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COMPOUNDS AND USES THEREOF FOR THE MODULATION OF HEMOGLOBIN

FIELD OF THE INVENTION

{0001} This invention provides compounds and pharmaceutical compositions suitable as
allosteric modulators of hemogiobin, methods and intermediates for their preparation, and
methods for their use in treating disorders meadiated by hemoglobin and disorders that
would benefit from tissue and/or cellular oxygenation.

STATE OF THE ARY

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

seqguence of hemoglobin (Hb).

{6003] Hemoglobin (Hb) transports oxvgen molecules from the fungs to various tissues
and organs throughout the body. Hemoglobin binds and releases oxygen through
conformational changes. Sickie hemogiobin {(HbS) contains a point mutation where
glutamic acid is replaced with valine, allowing HbS to become susceptible to polymerization
to give the HbS cantaining red blood cells their characteristic sickle shape. The sickled cells
are also more rigid than normal red blood cells, and their lack of flexibility can lead to
biockage of blood vessels. US 7,160,910 discloses compounds that are alloste
modulators of hemogiobin. However, a need exists for additional therapeutics that can
treat disorders that are mediated by Hb or by abnormat Hb such as HES.
SUMMARY OF THE INVENTION

[OU04]  This invention relates generally to compounds and pharmaceutical compositions

uitable as allosteric modulators of hemogiobin. in some aspects, this invention relates to
methods for treating disorders mediated by hemoglobin and disorders that would benefit

from tissue and/or cellular oxygenation.
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{0005} In certaln aspects of the invention, a compound of Formula (A} is provided:
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or a tautomer thereof, or pharmaceutically acceptable salt of gach of thereofor a

pharmaceutically acceptable salt thereof, wherein
V1 : FL n71p72 . o707 77
Lisabondoris NR'®, 0,5, or (CR7'R™),; wherein each RS R7?, and R7

independently are hydrogen or C-C; aliyl;

L is =0 or SOy;

each Y and 2 is independently CR™R™, O, 5, SO, 50, or NR™®; each %% and RM
independently is hydrogen or C;-Cy alkyl optionally substituted with 1-3 halo,
OH, or C-Cg alkoxy, or CRR™ is C=0, provided that foneofYand Zis G, S,

50, S05, then the other is not CO, and Y and 7 are both not heteroatoms or

oxidized forms thereot;

3
,

wherein Y is o or B substituted relative to the ~L'LR

wherein Z and ~CVVH are joined to adjacent atoms onring ¢

v and V7 independently are C3-Cg alkoxy; or V' and V¥ together with the carbon
atom they are atiached 1o form a ring of formula;
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wherein each V™ and V' are independently G, §, or NH, provided that when one of V
and V' is S, the other is NH, and provided that V° and V* are both not NH; g is
r 5. . . . . 50 R 60
1or2; each V7 is independently (-Cy alkyl or CO3R™, where each R
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1 £

independently is Ci-Cg alkyl or hydrogen; tis 0, 1, 2, or 4; or OV s C=V,
wherein Vis O, NOR™, or NNRURY;
8% 45 ¢ ;«m nafly substituted C;-Cp alkyl;
R* and R* independently are selectad from the group consisti ing of hydrogen;
optionally substituted C,-Cs, alkyl, COR™ and CO,R®
R® is hydrogen or aptionally stituted C-Cs atkyl; and
R™ is optionally substituted C,-C, aliyl,

: 3 .
and R, B, and C are defined as follows.
{00061 Inone instance

RY s €;-Ce alkyl, CoCe cycloalkyl, Ci-Cg altkoxy, C5-Cg cycloatkoxy, or ~NR'R%

each R* and R? independantly is hydrogen, C-Cs alkyl, C3-Cg oveloatkyl, Co-Croaryl, 4-
10 membered heterocycle or 5-10 membered hetercaryl, each containing up
to 5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of O, N, §, and oxidized forms of N and &, wherein each aiky%,
cycloalkyl, heterocycle, aryl or hetercaryl is optionally substituted, or R and
R together with the nitrogen atom they are attached to form an opticnally
subistituted 4-7 membered heterocycle;

ing B is a optionally substituted Cs-Cigaryl, ontionally 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 hetercatom is selected from the group consisting of G, N, §, and
oxidized forms of N and §; and

ring C is a optionally substituted Ce-Cyp aryi or optionally stituted 5-10 mambered
heteroaryi containing 1-3 nitrogen atoms, or an oxidized form of N, wherein
certain preferred substituents include OH, halo, (-G alkoxy, (-G
cycloalkoxy or O-R, where R is a prodrug moiety, wherein the ;-G atkoxy is
optionally substituted with 1-5 halo;.

{0007] inanother instance,

s

*is Cp-Cyparyl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected

from the group consisting of G, N, &, and oxidized forms of N and §, wherein

each of the aryl, or hetercaryl is optionally substituted with 1-4 C-C5 alkyl
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ring B is a optionally substituted 4-10 membered heterocyele containing up to 5 ring

hetergatoms, whereln the hetercatorm is selected from the group consisting

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

ring Clis Ce-Cyparyl or a 5-10 membered heteroaryl containing up to S ring

heteroatoms, whereln the heteroatom is selected from the group consisting

of O, N, §, and oxidized forms of N and S, each of which i3 optionally
substituted with 1-4: halo, oxo, -ORY , C1-Cg alkyl, and/or $-Cg alkony,

wherein the C;-Cg alkyl is optionally substituted with 1-5 hale, C;-Cq atkoxy

and/or a 4-10 membered heterocycle containing up 1o 5 ring hateroatoms,

wherein the hetercatom is selected from the group consisting of O, N, 5, and

oxidized forms of N and S, wherein certain preferred substituents include OH,

halo, C4-Cs alkoxy, Ci-Co cycloalkoxy or O-R, where R is a prodrug moisty,

wherein the C;-C; atkoxy is optionally substituted with 1-5 hale;; and

15, .
R™7is hydrogen or a prodrug moiety R

[0008]  In certain aspects of the invention, a compound of Formula (i1} is provided:

or a tautomer thereof, or pharmaceutically acceptable sait of each of thereof,

wherein
R is £1-C alkyl, Co-Ce eycloalkyl, C)-Ce alkoxy, Co-Cy cycloalkoxy, or —NR 'R?

each RY and R” independently is hydrogen, Ci-Cq alleyl, C3-Cs cycloalioyl, Ce-Crgaryl, 4

10 membered heterocycle or 5-10 membered heteroaryi, each containing up

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

consisting of O, N, §, and oxidized forms of N and §, wherein
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cycloatkyl, heterocyde, aryl or heteroaryl is optionally substituted, or ' and
R’ together with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocydle;

Lisabondoris NR™, O,S, or {CRR)g; wherein each R, R, and B independently
are hydrogen or (-Cs alkyl;

disd, 2, 0r3;

ring B is a optionally substituted Cp-Cip aryl, optionaily 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, &, and
oxidized forms of N and §;

each Y and Z is independently CR'R™, 0, 5, SO, 50, or NR'; each R and R*
independently is hydrogen or (-G alkvl optionally substituted with 1-3 halo,
OH, or C-Cs alkoxy, or CR™ s is C=0, provided thatfone of Yand Zis O, S,
SQ, 30,, then the other is not CO, and Y and 7 are both not heteroatoms or
oxidized forms therecf;

wherein Y is a or § substituted relative to the ~LCOR;

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

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 formuia:

wherein each V* and V' are independently G, 5, or NH, provided that when one of V°
and V' is S, the other is NH, and provided that V¥ and v* are both not NH; g is
1or 2; each V7 is independently C1-Ce alkyl or CO-R®, where each R®
ndependently is Cy-Cq alkyl or hydrogen; tis 0, 1, 2, or 4; or OV is 0=V,

¥ "WU S 81,82,
whearein Vis O, NORE™, or NNRTR™;
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Yis OH, halo, €,-Ce atkoxy, C3-Cs oycloatkoxy or G-R, where R is a prodrug moiety,
wherein the C;-Cs alkoxy is optionally substituted with 1-5 halo
R*™ is pptionally substituted C-Cy alkyl;
R* and RY independently are selected from the group consisting of hydrogen;
optionally substituted C;-Cq alkyl, COR™ and CO,RY;

s atkyl: and

R s hydrogen or optionally substituted C4-C,

7% s optionally substituted C-Cq alkyl

[0008]  In cartain aspects of the invention, a compound of formuia {1V} s provided:

\l\/ﬂ‘z‘f'3

RYis Co-Ciparyl, or a 5-10 membered heteroaryl, wherein the heteroastom is selected
from the group consisting of O, N, S, and oxidized forms of N and 5, wherein
each of the aryl, or hetergaryl is optionally substituted with 1-4: {,-C; alkyl;

LYisabondoris NR'®, O, S, or fCR’lku} ; wherein each B 0 R and g™
independently are hydrogen or C-Cy alkyl;

disl, 2,0r3:;

L is C=0 or 504

g B is a optionally substituted 4-10 membered heterocycie containing up to 5 ring

hetercatoms, wherein the heteroatom is selected from the group consisting

of O, N, 5, and oxidized forms of Nand &;
gach Y and Z is independently {CR”R“;N D,5,5C,50, or NR* eis 110 4, preferably

10 S s P - s .
1; each R and R* independently is hydrogan or C-Cs alkyl optionaily

ar 1

substituted with 1-3 halo, OH, or C-C; alkoxy, or CR™R™ is C=0, provided
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that ifone of Yand Zis 0, §, 50, 80;, then the other s not C0, and Yand 7

or oxidized forms thereof;

(%4

are both not heteroatom

wherein Y is ¢ or § substituted relative to the —L'L°R7;

ring Cis Ce-Cygaryt or a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selacted from the group consisting
of O, N, §, and oxidized forms of N and §, each of which is optionally
substituted with 1-4: halo, oxo, -OR”, C-C, alkyl, and/ar C1-Cg alkoxy, wherein
the C1-Cg alky! is optionally substituted with 1-5 halo, C-Ce alkoxy and/or a 4-
10 membered heterocycie containing up 1o 5 ring heteroatoms, wherein the
hetercatom is selected from the group consisting of O, N, S, and oxidized
forms of N and §;
is hydrogen or a prodrug moiety R; and
wherein Z and ~CV'V7H are attached to adjacent atoms on ring C;
v and V7 independently are Ci-Cq atkoxy; or V* and V' together with the carbon

atom they are attached to form a ring of formula;

5
« VY
N /\ \\' i
{ 7 X
g' 8] Y s
E /‘V'
Vi /

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

and v* the other is NH, and provided that V7 and v’ are both not NH; g is
1 or 2; each V7 is independentiy C,-Cs alkyl or COLRY, where each R™

independently is (;-Cg atkyl or hydrogen; tis 0, 4, 2, or & or O Ay s C=V,
wherein V is 0, NOR™, or NNR*'RY;

~

R “*sc ionally substituted C-Cg alkvl:

R* and R* independently are selected from the group consisting of hydrogen;
optionally substituted C,-Cy atkyl, COR and CO,R5

R s s hydrogen or optionally substituted C;-C; alkyl; and

&4 . . § . A -
R7 is optionally substituted C;-Cs atkyl,

[0010] In one embodiment, ring b is joined to L or L7 via a nitrogen atom. in another

embodiment, R is joinedio L *viaa nitrogen atom,

~ut
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[0011] in further aspects of the invention, a composition is provided comprising any of the
compounds described herein, and at least a pharmaceutically acceptable excipient.

(00121 Instill further aspects of the invention, a method is provided for increasing oxyges
affinity of hemoglobin § 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 herein.

[0013]  In further aspects of the invention, a method is provided for treating oxygen
deficiency associated with sickie cell anemia, the method comprising administering to a
subject in need thereof a therapautically effective amount of any of the compounds or

ompositions described herein,

DETAILED DESCRIPTION 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 referants unless the context dearly dictates

otherwise. Thus, for example, reference to “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 essentially of” when used to define compositions and methods, shall mean
excluding other elements of any essential significance to the combination for the stated
purpose. Thus, a composition or process consisting essentially of the elements as dafined
herein would not exclude other materials or steps that do not materially affect the basic and

we

novel characteristic{s) of the claimed invention. “Consisting of” shall mean excluding more

[

than trace elements of other ingredients and substantial method steps. Embodiments

Lt

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

[0016] Unless otherwise indicated, ail 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 “ahout.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are spproximations. Each numerical parameter should at least be construed in Hght

of the number of reported significant digits and by applving ordinary rounding technigues.
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The term “sbout” when used before a numerical designation, e.g., temperature, time

xr

arneunt, and concentration, including range, indicates approximations which may vary by { +

[0017] Asused herein, Co-C, such as C-Coo, C-Cy, or C-C; when used before a group

el L

refers to that group containing m to n carbon atoms.
[3038] The term “alkoxy” refers to ~O-alkyl. Cycloatkoxy refers to ~O-cycloallyi

[0018] The term “alkyl” refers to monovalent saturated aliphatic hydrocarbyl groups
having from 1 to 30 carbon atoms (i.e., C;-Cse alkyl) or 1 to 22 carbon atoms (e, C-Cys
alkyl}, 1 to 8 carbon atoms (ie., C-Cy alkyl}, or 1 to 4 carbon atoms. This term includes, by
way of example, linear and branched hydrocarbyl groups such as methyl {CHa-}, ethyl

5

{CHaCH,-), n-propyt {CHCHCHy-L, isopropyt {CH:),CH-), n-butyl {CHCHLCHLCHy-), isobuty
{CH3 L CHCH,-}, sec-butyl ({CH3H{CHCHLICH-), t-butyl {{CH3)30-), n-pentyl {CHCHCHCHLCH,-
3 and neopentyl {TH}CCH-1

[0020] 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
ar may not be aromatic provided that the point of attachment is at an aromatic carbon

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

2N -
N
i] !
i s
i i
W \\ P
- VZ,\ \/ s

[0021] The term “-CO.H ester” refers 1o an ester formed between the ~CO;H group and an
alcohol, preferably an aliphatic alcohol. A preferred example included —CO5R, wherein 8 is

alkyl or aryl group optionally substituted with an amino group.

{00221 The term “chiral moiety” refers to a molety that is chiral. Such a moiety can

pOSSEss one Or more asyrmmetric centers. Preferably, the chiral moisty is enantiomerically
wriched, and more preferably a single enantiomer. Non limiting examples of chiral

moieties include chiral carboxylic acids, chiral amines, chiral amino acids, such as the

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

{00231 The term “cycloalkyl” refers to a monovalent, preferably saturated, hydrocarbyl

mono-, bi-, or tricyclic ring having 3-12 ring carbon atoms. While cycloalkyl, refers

G
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preferably to saturated hydrocarbyl rings, as used herein, it also includes rings containing 1-
2 carbon-carbon double bonds. Nonlimiting examples of cycloalkyl include cyclopropyl,
cyclobutyl, cyclopantyl, cyclohexyl, cycloheptvl, adamentyl, and the like. The condensed
rings may or may not be non-aromatic hydrocarby! rings provided that the point of
attachment is at a cycloalkyl carbon atom. For example, and without limitation, the

following is a cycloalkyl group:

5,
/
N

W
B 4
FIIIIIIITN,
\
LA

=
N N
e ~ N

e

[0024] The term “halo” refers to F, T, Br, and/or |

{00251 The term “heteroaryl” refers 1o a monovalent, aromatic mono-, bi-, or tricyclic ring
having 2-16 ring carbon atoms and 1-8 ring heteroatoms selected preferably from N, 0, S,
and P and oxidized forms of N, §, and P, provided that the ring contains at least S ring
atoms.  Nonlimiting examples of heteroaryl include furan, imidazole, oxadiazols, oxazole,
pyridine, quinoling, and the fike. The condensed rings may or may not be a heteroatom
containing aromatic ring provided that the point of attachment is a heteroaryl atom. For

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

P N
e el ™y
i H H
1 H {
i H {
H H H
! i i
i H H
S A 2
ey ~. .
P e
e ~
Fa!
S

[0026] The term "heterocychyl” or heterocyele refers to a nen-aromatic, mons-, bi-, or
tricyelic ring containing 2-12 ring carbon atoms and 1-8 ring heteroatoms selected
preferably from N, O, &, and P and oxidized forms of N, §, and P, provided that the ring
contains at least 3 ring atoms. While heterocyclyl preferably refers to saturated ring
systems, it also includes ring systerns containing 1-3 double bonds, provided that the ring is
non-aromatic. Nonlimiting examples of heterocyclyl include, azalactones, oxazoline,
piperidinyl, piperazinyl, pyrrolidinyd, tetrahydrofuranyl, and tetrahydropyranyl. The
condensead rings may or may nof contain a non-aromatic hetercatom containing ring
provided that the point of attachment is a heterocyclyl group, For example, and without

limitation, the following is a heterooyolyl group:

10
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[0027] The term “hydrolyzing” refers to breaking an R¥-0-C0-, R™-0-C5-, or an 8'~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 iimiting examples of
which include acidic and basic hydrolysis.

[0028] Theterm “oxo” refers to a C=0 group, and to a substitution of 2 geminal hydrogen

i 2 B yarog
atams with 2 C=0 group.

[8029] The term “optionally substituted” refers to a substituted or unsubstituted group.

The group may be substituted with one or more substituents, suchaseg, 1, 2,3, 4or5

substituents. Preferably, the substituents are selected from the group consisting of oxo,

hala, -CN, NO,, -Ny+, -COR, 0™ 581% _sOR*™ 'fso;,R”D, SNRIIR? LcoNRIIRI L
SONRIRME -G alkyl, C1-Cy alkoxy, -CR*™P=C{R™),, -0CRY C3-Cio cycloaliyl, Ci-Cag

haterocyelvl, Co-Cop aryt and Co-0; heteroaryl, wherain each R independent thy is hydrogen
or C-Cg alkyl; $3-Chs oydloalioyl; Co-Chg heterooyaivl; Co-Crnaryl, or Co-Cop hieteroaryl; wherein
each alkyl, cvcloalkyl, heterocyclyl, arvl, or hetercaryl is optionally substituted with 1-3 halo,
1-3 C-Cs alkyl, 1-3 C-Ce haloalkyl or 1-3 C1-Cs atkoxy groups. Preferably, the substituents
are selected from the group consisting of chioro, flucro, ~OCH;, methyl, ethyl, iso-propyl,

cyclopropyl, vinyl, ethynyl, -CO5H, -CO.CHg, -OCF,, -CF3 and -DCHF,.

¥is

[0030] R™ and R independently is hydrogen; C;-Cy alkyl, optionally substituted with -

g . ~ i a3,y , -
CO.H or an ester thereof, -Gy alkoxy, oxa, -CRP=C(r™),, VCR, C3-Cag oycioatkyl, C5-Cyp
heterocyelyi, (s-Ciraryl, or C5-Cy; heteroaryl, wherein each g naepmd ntly is kydrogen

or Cy-Ca alkvl; C5-Chs oycloalkyl; C3-Cyp heterooyelvl; Co-Coz arvl; or C5-Cyp heteroaryl; wherein
each cycioalkyl, heterooyelyl, ary, or hetercaryl is optionally substituted with 1-3 alkyl
groups or 1-3 hale groups, or 8% and R*™ together with the nitrogen atom they are

attached to form a 5-7 membered heterocycle,

[0031] The term “pharmaceutically acceptable” refers to safe and non-toxic for in vivo,

preferably, human adminisiration.

oo
[a—
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[00632] The term “pharmaceutically avceptable salt” refersto a salt that is

pharmaceutically acceptable.

{00331 The term “salt” refers to an ionic compound formed between an acid and 2 base.
When the compound provided herein contains an acidic functionality, such saits include,
without limitation, alkali metal, alkaline earth metal, and ammonium salts. As used herein,
armmonium salts include, salts containing protonated nitrogen bases and alkyiated nitrogen
bases. Exempilary, and non-limiting cations useful in pharmaceutically acceptable salts
include Na, K, Rb, (s, NH,., Ca, Ba, imidarolium, and ammonium cations based on naturally
ocourring amino acids. When the compounds utilized herein contain basic functionality,
such salts include, without limitation, salts of organic acids, such as carboxylic 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 pharmaceuticaily acceptable salts
include oxalate, maleate, acetate, propionate, succinate, tarirate, chioride, suifate,

bisaifate, mono-, di-, and tribasic phosphate, mesylate, tosyiate, and the likes.

{0034] The terms “treat”, “treating” or “treatment”, as used herein, include alleviating,
abating or ameliorating a disease or condition or one or more symptoms thereof, preventing
additional symptoms, ameliorating or preventing the underlving metabolic causes of
symptoms, inhibiting the disease or condition, e.g., arresting or suppressing the
development of the disease or condition, relieving 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
ametlioration of the underiving disorder being treated. Also, a therapeutic benefit is
achieved with the eradication or amelioration of one or more of the physiological symptoms
associated with the underlying disorder such that an improvement is observed in the
individual, notwithstanding that the individual is still be afflicted with the underlying
disorder. For prophylactic benefit, the compositions are administered to an individual at

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

o

fa—
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physiclogical symptoms of a disease, even though a diagnesis of this disease has not been

[0035] The terms "preventing” or "prevention” refer to a reduction in risk of acquiring a
disease or disorder {.e., causing at least one of the clinical symptoms of the disease not to
develop in 3 subject that may be exposed to or predisposed 1o the disease but does not vet
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 disorder, thereby substantially averting onset of the disease or disorder

(00361 The term “effective amount” refers to an amount that is effective for the treatment
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 describad herein is the amount used to treat a disorder mediated by

hemogiobin or a disorder that would benefit from tissue and/or cellular oxygenation of any

oglh
of the compositions or dosage forms described herein to a subject in need thereo
{0037] The term “carrier” as used herein, refers to refatively nontoxic chemical
compounds or agents that facilitate the incorporation of a compound into cells, e.g,, red

blood cells, or tissues.

{0038} Asused 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
maodified chemicaily 1o 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 biological
processes. 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,
1985, Medicinal Chemistry A Biochemical Approach, Oxford University Press, New York,

pages 3838-392. Prodrugs can also be prepared using compounds that are not drugs.
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Compounds
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in certain aspects of the invention, a compound of Formula (1} is provided:

or a tautomer thereof, or pharmaceutically acceptable sait of each of thereof or a

pharmaceutically acceptable salt thereof, wherein

1. : . 70 o Fip72 . 7 71 Iy
tYisabondoris NR™, O, 5, or {CR7'RY,; wherein each R, R™, and R7?

independentiy are hydrogen or C-Cs alkyl;

disl, 2, 0r3;

L*is C=0 or SOy;

. L e 0A11 P 10 N i0 11
each Y and Z is independently CR'™R™, 0, S, 50, SO, or NR™; each R*® and R

independently is hydrogen or C,-Cy alkyl optionally substituted with 1-3 halg,

-~ 10510 0 . o .
OH, or $3-Cg alkoxy, or CRTR™ 15 C=0, providad thetifone of Yand 7is

-~
¢
WS,

50, 50, then the other is not CO, and Y and 7 are both not heteroatoms or

oxidized forms thersof;
. . y . ] N 1243
wherein Y is o or B substituted relativa to the ~L'L°R%;

wherein 7 and -CV'V'H are joined to adjacent atoms on ring ¢

V*and V' independently are {-Cg alkoxy; or V™ and V* together with the carbon

atom they are attached to form a ring of formula:

A 9
/ },/”/\ Vo
{ };,, \
T4 N\ "
Ve
i N
\\!"3\\ V4

..4.}
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wherein each V° and V* are ind pendently O, 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; g is
1or2: each Vo is independently C,-Cq alkyl or CO;R . where each R
independentiy is T-Cs alkyl or hydrogen: ti5 0,1, 2, or 4; or VIV is =y,
wherein V is O, NOR™, or NNRYRY;

8% is OH, halo, C,-C; atkoxy, (5-Cg cycloalkoxy or O-R, where Ris a prodrug molety,
wherein the C-C, alkoxy is optionally substituted with 1-5 halo;

R¥ is optionally substituted C,-C; alioyl;

R*! and R™ independently are selected from the group consisting of hydragen;
optionally substituted C;-Cg alkyl, COR™ and CO,R™,

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

R* is optionally substituted Cy-Cg alkyl.

3 Y I3
and R°, B, and C are defined as follows.

{0040] Inone instance,

RYis (1-Cq athyl, C3-Cg oycloatlyl, C-Cy alkoxy, C3-Cq cycioalkoxy, or ~--~NR1R3;

each R and R” independently is hydrogen, C;-Cy alkyl, Ca-Cp cycloalkyl, Co-Crparyl, 4-
10 membered heterocycie or 5-10 membered heteroaryl, each containing up
to 5 ring heteroatems, wherein the hetergatom is selected from the group
consisting of O, N, S, and oxidized forms of N and §, wherein each alkyl,
cycloalkyl, heterocycle, aryl or heteroaryl is optionally substituted, or R’ and
R? tog gether with the nitrogen atom they are attached to form an optionaily
substituted 4-7 membered heterocycle;

ring B is a optionally substituted Ce-Cyo aryl, optionally substituted 5-10 membered
hetercaryl having 1-3 nitrogen atoms or oxidized forms of N, or optionally
substituted 4-10 membered heterocycle containing up t0 5 ring heteroatoms,
wherein the heterpatom is selected from the group consisting of O, N, §, and
oxidized forms of N and §; and

ring Cis a optionally substituted Ce-Cigaryl or optionally substituted 5-10 membered

heteroaryl containing 1-3 nitrogen atoms, or an oxidized form of §;

[0041] inanother instance,

f—
R4
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Ny

RYis Ce-Crgaryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected
from the group consisting of O, N, §, and oxidized forms of N and S, whergin
sach of the aryl, or heteroaryl is optionally substituted with 1-4 C-C; alkyl;

ring B is a optionally substituted 4-10 membered heterocycle containing up to 5 ring
heterpatoms, wherein the heteroatom is selected from the group consisting
of O, N, S, and oxidized forms of N and §;

rinng Cis Co-Croarylt or @ 5-10 membered hetercaryl containing up to 5 ring
heterpatoms, wherein the heteroatom is selected from the group consisting
of G, N, S, and oxidized forms of N and 5, each of which is optionally
substituted with 1-4: halo, oxo, -OR™, C,-C; alkyl, and/or C,-Cs alkoxy,
wheregin the ;- alkyl is optionally substituted with 1-5 halo, C;-Cg atkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of O, N, §, and
oxidized forms of N and §; and

149, .
£ is hydrogen or a prodrug molety R,
[0042] incertain embodiments, L is a bond,
[0043] In certain embodiments, L% is C=0. In certain embodiments, L is 50;.

[0044] Inone embodiment, ring Cis phenyl which s optionally substituted with 1-4: halo,

o~ ~

oxo, -OR%, C1-Cs alkyl and/or G-Cg alkoxy,
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[0045] In certain aspects of the invention, a compound of Formula (11} is provided:

B .
R
N +
a Al
AN Li H
\\*\\\/ |
} |
RN
. ~ .,
R‘j .;'.{
{ \13 \YE
A T
. e ]
N CRE-
[ N
T g
(i}

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

RY s C;-Cq alkyl, -Gy eyeloalkyl, C-Cs alkoxy, Ca-Cq cycloalkoxy, or ~MRMRE

each R* and R independently is hydrogen, C-Cs atkyi, C5-Cy oyctoalkyi, Ce-Ciparvi, 4
10 membered heterocycle or 5-10 membered heteroaryl, each containing up
1o 5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of O, N, §, and oxidized forms of N and S, wherein each alkyl,
cycloaliyl, heterocycle, aryl or heteroaryl is optionally substitutad, or R and
RY together with the nitrogen atom they are attached to form an opti onally

substituted 4-7 membered heterocycle;

71 T

1 : . bt fempy 71y 72 . ¥ 7
thisabondoris NR™ 0,8, or (CRT'R™),; wherein each R’ R

)

, and
independently are hydrogen or (-Cs alkyl;

disi, 2, 0r3;

ring B is a optionally substituted Co-Cyparyl, optionally substituted 5-10 memberad
hetercarvl having 1-3 nitrogen atoms or oxidized forms of N, or optionally
substituted 4-10 membered heterocycie containing up to 5 ring heteroatoms,
wherein the hetercatom is selected from the group consisting of O, N, S, and
oxidized forms of N and §;

each ¥ and 7 is independently CRYR™, 0, S, 30, SO, or NR*: each R'" and R
independently is hydrogen or Ci-Cs atkyl optionally substituted with 1-3 halo

OH, or £;-Ce atkoxy, or CRR™ is €=0, provided that fone of Y and 215 O, S,
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530, SO,, then the other is not CO, and ¥ and 7 are both not heteroatoms or

oxidized forms thereof;
wherein ¥ is o or 8 substituted relative to the ~LC R
ring C is a optionally substituted Co-Cparyl or optionally substituted 5-10 membered
heteroaryi containing 1-3 nitrogen atoms, or an oxidized form of N;
wherein Z and -OV'V'H are joined to adiacent atoms on ring C;
v and V¥ independently are C,-C¢ alko xy; or ¥ and V7 together with the carbon
atom they are attached to form a ring of formula:

5
\
Ei

l“/‘ﬂ\
Lo /\

/

A

a

V3 s
S

VP I~
LA
/ M

: Y 4 e S !
wherein each V™ and V' are independently O, S, or NM, provided that when one of V7

and V¥ is 5, the other is NH, and provided that V* and V' are both not NH; g is

&0 60

1or2; each V' is independentiy C-C; alkyl or COR™, where each R
independently is C1-Cq alkyl or hydrogen; tis 0, 1, 2, or 4; or TV is C=V,
wherein V is O, NOR™, or NNR¥RY,;

R is OH, halo, 03-Cs alkoxy, C3-Cs cycloalkoxy or O-R, where R is a prodrug moety,

wherein the Ci-Cs alkoxy is optionally substituted with 1-5 halo

is optionally substituted C;-Cy alkyl;

RE and R™ independently are selected from the group consisting of hydrogen;
optionally substituted C3-C alleyd, COR® and COR:

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

R® is optionally substituted C-Cy alkyil.

{00461 Incertain embodiments, 1158, In certain embaodiments, tis 1. in certain
embodiments, tis 2. In certain embodiments, 1is 3.
[0047] As used herein, R®C can be hydrogen, provided that the COOR™ is not joined to a

nitrogen atom.

[0048]

Preferably, in certain embodiments, Y and Z are both not a heteroatom or a

hetercatom containing moiety, Preferably, one of Y and 7 is a methylene or substituted
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nethylene and the other is a hetercatom or a heterostom containing moiety. Mare
preferably, ¥ is an alkviene, and Z is a heteroatom or a heteroatom containing moiety,
which, yet more preferably 15 oxygen.

[0048] Preferably, V' and V7 together with the carbon atom they are attached to form a

ring of formula:

\~ 4 o # i
\::;Z;“” ‘3.__ \\\ / . v 1\“~
VLA, e S b ST
1 ~ g
e Vil qS Wy &

[0050] In some embodiments, V' and V¥ independently are C;-Cq atkoxy; or V! and V*
together with the carbon atom they are attached to form a ring of formula:

D
V%

Y 7y
:
+

\ b
/V

AN

Y 3 7/
B Ay

U ~

<

. N 3 4 P iy . X 3
wherein gach V™ and V° are independently 0, §, or NH, provided that when one or V° and v

{ J%/”""/

is 5 the other is NH, and provided that V7 and V™ are both not NH; g is 1 or 2; each V' is
- - . 60 L 60 ; e .
independently C;-Cq alkyt or COR™ where each B independeantly is C,-C alioyl or

P P T , .
hydrogen; 1is 0, 1, 2, or 4; or OV is C=V, wherein Vis O,

{0051} In certain aspects of the invention, the compound of Formula (i1} is of Formula {IH)

5 ~.
[ .
R L
Z
H
H
H
i HO
- N //
¢ -~
IS *
-t t
(R O
s
“~
\~ o "l \\
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(i}
wherein ¥-7 is —CH0- or ~CHCHa- and the remaining substituents are as defined
herein,
3 s 4 oy g . N . . -~
00521 Insome embodiments, R” and -CHO are joined to adjacent atoms on ring C.
{60531  in certain aspects of the invention, the compound of Formula () is of Formula

HIA):

P

wherein ring B is a optionally substituted Ce-Cyn aryl, optionally substituted 5-10
membered heteroary! having 1-3 nitrogen atoms or oxidired forms of N;

R” is hydrogen, C;-C, alkyl or a prodrug moiety R;

R is halo, €;-Ce atkyl, C3-Cg oycloalioyl, C4-C alkoxy, C5-C; cyclealkoxy, whearein the

4
S

C,-Cg alkyl is optionally substituted with -5 hale; and

pis0, 1, Zor3.

393
o



PCT/US2014/022769

WO 2014/150268

[0054]

{0055}
COCR

in some embodiments, the compound is of Formula 1B, BIC, or D

. . .
s “' 5
. g : . s
(5\\\ ,./\.\ ’ G\ - \§\ ;
N N Sy SR
- = 1y
i ] i
i ! i
i i
3 (- o3
R \I\\ Hat Y
~ ~
N ~ .
- e
a |
i |
PN ~CHO N LCHO
N - TN -
ol NN -~ N
i - ; !
e By . By ..i.. i
R CET [EaR0 Y ! i
L!\ PN N ////J\
\\-;,:’// ™~ . N~ s,
OR” ; ~ ORS :
.
i Hie
l(“ ~0\\
A ¢
B
O~ o :
N PN ‘
RN N
\{ L N
A
i
}
o3 y
R Yoo
\\“
Z
i
i
i
/)\\\ CHO
P
5// NN \//
PN |
(R n ii i
i o
N
\\\‘//,/ .
:
- IR®
D
wherein
- . s il
. ~. « . PR
. . ; N , <
¢ A . N . .
1 2
DB LB Cops
Loy PR 4 [ s 4 3 K
e "~ B 7 e \\\:\\ . . — K
. - ~ - . . -
iy il N Oy N
1 ] e N
i 3 O
.y
NaVaVAR N ~ .and i
; : VA WaVaVeY
i f

are optionally substituted 4-10 membered heterocycle as defined herein;

moiety;

B

5o - ‘
is hydrogen, C1-Cg alkyl or a prodrug

“is halo, C1-C, atkyl, C-Cs alkoxy, whereain the (-, alkyl is optionally substituted

2 b

o
d

£ "«

1-5 hale; and

with

pisO, 1, 2or 3.

’

in soma embodiments, ring B is substituted with 1-3: halo, €;-Cg alkyl, COR™, o

1.)

o and
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R is C3-Cy alkyd, Co-Cg eycloaliyl, Co-Cigaryi, 5-10 membered heteroaryl or a 4-10
membered heterocycle containing up to 5 ring heteroatoms, wherein the
hetergatom is selected from the group consisting of O, N, §, and oxidized
forms of N and &, wherein the alkyl, aryl, heteroaryl or heterocyciviis

optionally substituted.

{3056]  In certain aspects of the invention, a compound of formula (V) s provided:
If{ w N
S
glx. gr‘
L2 ’
Y

o _CVVH

or 3 tautomer thereof, or a pharmaceutically acceptable salt of each thereof,
wherein
R is Ce-Croaryl, 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 &, wherein
each of the aryl, or hetercaryl is optionally substituted with 1-4 3-Cs atkyd;
t'is a bond oris NR'® 0., or (CR7'R™)s; wherein each R'® R™ and R
independently are hydrogen or C-Cy alkyl;

di

2

L2, 003

A4l
[N

is =0 or SO,

-,

ring B is a optionally substituted 4-10 membered heterocycle containing up 1o 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting

of O, N, S, and oxidized forms of N and 5;

" and RM

each Y and 2 is independently CRRY, 0, S, 80, 50, or NR'® each R
independently is hydrogen or C-Cy alkyl optionally substituted with 1-3 halo,

OH, or £,-Cq alkoxy, or CR Wpttis C=0, provided thatifone of Yand Zis G, 5,

i
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50, 8¢, then the other is not CO, and Y and 7 are both not heteroatoms or
oxidized forms thereof;
wherein ¥ is o or B substituted relative to the L L°RY:
ring (is Cy-Cygaryl or a 5-10 membered heteroary! containing up to Sring
heteroatoms, wherein the hetercatom is selected from the group consisting
of O, N, 5, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -ORY™, C-Cq alkyl, and/or C,-Ce atkoxy,
wherein the C-C; alkyl is optionaily substituted with 1-5 halo, C,-C alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the heteroatom is selectad from the group consisting of O, N, 5, and
oxidized forms of Nand §;
R¥is hydrogen or a prodrug moiety R; and
wherein Z and —CV'VH are attached to adjacent atoms on ring C;
V' and V7 independently are Ci-Cg alkoxy; or VF and V° together with the carbon
atom they are attached to form a ring of formula:

o

iy,

: “N (\" 7
(i A
H \[ld

wherein each V7 and V* are independently O, S, or NH, provided that when one of V°
and v is S, the other is NH, and provided that V° and V' are both not NH; g is
1 or 2; each V’ is independently C;-Cg atkyl or CO.R™, where each R™
independently is Ci-Cg alkyl or hydrogen; 1150, 1, 2, or 4; or CVhe s C=v,
wherein V is 0, NOR™, or NNRMRY,

R™ is optionally substituted (-

R* and R¥ independently are selected from the group consisting of h ydrogen;
optionally substituted C,-Cq alkyl, COR™ and CO,RY:

¥ is hydrogen or optionally substituted C-Cy alkyl and
R* is optionally substituted C,-Cq alkyl.
00571 incertain embodiments, Z is CH,, O, §, 80, SGy or NH. in certain embodiments, 7 s

(0, S, S0 0r SG,. Preferably, 7 is O, and wherain the remaining variables are defined hersin.

S
)
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o

H gy ¥ . N H " LN s 10 - - P 135 1. . e
IB088]  Incertain embodiments, Yis CR it 0,5, 80,80, or NR'Y™: wherein each R™ and

i1 v : e : c P e 30 A0 .
R* independentiy is hydrogen or C,-Cy alkyl. In certain embodiments, Vis CRYYRY wherein

o

each R™ and R* independently is hydrogen or C-C; alkyl. Preferably, Y is CHs, and wherein

the remaining variables are defined herein,

{00581 incertain embodiments, tis 8. In certain embodiments, tis 1. in certain
embodiments, tis 2. in certain embodiments, tis 3

. U T S . o ‘ . L .
{00601 Preferably, (VW is C=V, wherein Vis O, and wherein the remaining variables are
defined herein.

[0081] In certain embodiments, a compound of formula (V) is provided:

; BN
E
3
A T
A ?
L e
7 i
/ H
- i
14 i
T N
e
R~ L
!
{
i
N i
RN /J(Jﬁ(‘j
p WION
. (», e
] 14
. B

fvi
or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof,
wherein
RYis Ce-Crparyl, 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, whersin
each of the aryl, or heteroanyd is optionally substituted with 1-4 C-Cs alkyl;
L'is a bond oris NR'®, Q, S, or (CR7R™)y; wherein each 7%, 87, and 87
independently are hydrogen or (-G alkyl;
dis 1, 2, 0r3;
L is C=0 or SO
ring B is a optionally substituted 4-10 membered heterocycle containing up to 5 ring
heteroatoms, wherein the hetercatom is sefected from the group consisting

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

Zis G, 5, 50 or $0,;

b
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ring Cis Co-Ciparyl or a 5-10 membered heteroaryl containing up to 5 ring

heteroatoms, wherein the heteros is selacted from the group consistin

of O, N, 5, and oxidized forms of N and §, each of which is optionatly

Su tuted with 1-4: halo, oxo, ‘”, (U atkyl, and/for C-Ce alkony,

wherein the C3-Ug alkyl is optionally substituted with 1-5 halo, -Cg alkoxy

and/or a 4-10 membered heterocycle containing up to 5 ring hatarcatoms,

wherein the heterpatom is selected from the group consisting of O, N, §, and
oxidized forms of N and §; and

19 .
R s hydrogen or a prodrug moiety R

[0062] in certain embodiments, a compound of formula (Vi) is provided:

t” \5
e B
/"/ o
LZ
|
f ~.
R3 o
J\ CHC
e PRV I AW
{/// \\\\\\\///
3 ¥
|
§ N
N
o
\\”;/\Wg
AN
(Vi)

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

wherein

g’ «Cigaryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected

from the group consisting of O, N, $, and oxidized forms of ¥ and §, wherein
each of the aryl, or heteroaryl is optionally substituted with 1-4 C-C5 abkyl;
tYis a bond or is NR™ L 0,S, or {CR”R’?‘}. whersin each ~<’(‘ tand R7
ndependently are hydrogen or (4-Cg aliyl;
disl, 2, 0r3;

L7 is C=0 or 504

[
L4
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ring B is a optionally substituted 4-10 meambered heterocycle containing up to Sring
heteroatoms, wherein the heterpatom is selected from the group consisting

of O, N, §, and oxidized forms of N and S,
4. & ' :
RYis -COR’ or C-Cs alkoxy; and

19,

R*is hydrogen or a prodrug moiaty K,

(00631 in one embodiment, R' s ~OH.

[0064]  In certain embodiments, R is optionally substituted phenyl. In other
embodiments, R* is optionally substituted pyridine. in certain embodiments, R? s

optionally substituted pyrazole

[0065] in certain embodiments, R? is selected from the group consisting of:

N / '\‘\ -~
ﬂ// \\\\T} {{ N N ,’; N Q\ (‘./f \Q . - 1 /
i § i i R /
E i L f 3 f f i N _“4/\
‘\\ P /; :‘/’ \‘:: o k\ /,::/; N - ,:/i E *:::\ Vi \\
\E/ ’ f 3 \f!/ 3 \j/ or :11/\)' N
H >3 W
VAEAPJ wu;vv A J\/;U"J |

00661 In certain embodiments, compounds of formulas (V) and (V) are provided, wherein
LV}

{0067} Inone embodiment, ring B is a 5-6 membered heterooycle containing a hetercatom
seiected from N, 5, or O, Inone embodiment, ring B is a2 5-6 membered heterocycle

containing a N as the hetergatom.

26
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[0088] Incertain embodiments, ring B is selected from the

A

-\ (,, \f P

>
N ~y N. .
l? } . kz& T -5 ‘\t//
*”\’:‘u hd A - VW
H

] Or

[0069]  in certain embodiments, U is a bond,

. . . e ) . .
[0070]  incertain embodiments, L7 is C=0. In certain embodiments, L

{0071] inone embodimeant, ring Cis phenyl which is

oxo, -OR?, C-Cy alkyl and/or s atk

{00721  Insome embodiments, the compound is selected from the

P
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or an N oxide thereof, wherein
o
T —
is a single or a double bond;

each P and Q is independently selected from CHRY, NCORY™, NCOsRY: N-O, O, S, SO,

and SOy

B and R ared

ntly is hydrogen, C-Cs alkyl, a Cs-Ciparyl, 5-10 memb

ol

&3 independe

(]

heterparyl or a 4-10 membered heterocycle containing up to 5ring

heterpatoms, wherein the hetercatom is selected from the group consisting

of O, N, S, and oxidized forms of N and 5, wherein the alkyl, aryl, hetercaryl or

heterocyclyl is optionally substituted, together R and R” can form a 3-

membered ring, preferably a 4-7 membered ring with 1-2 hetero atoms ;

R is C,-Cg alkyl, Co-Ciparyl, 5-10 membered heteroarvt or 3 4-10 membered
he heteroatom is

heterocyele containmg up to 5 ring heteroatoms, wherein t

the group consisting of O, N, §, and oxidized forms of Nand 5,

onally substituted;

selected from
wherein the alkyl, aryl, hetercaryl or heterocyclyl 1s opti

|, Ce-Ciparvl, 5-10 membered heteroaryl or a 4-10 membered

RY is C-Cg alkyl,

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,

wherein the alkyl, arvl, heteroaryl or heterocyclyl is optionally substituted;

andris 0, 1, or 2.

{00731 Incertain embodiments of the invention, a8 compound is provided of formula:
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or an N oxide thereof, or a3 pharmaceutically acceptable salt of each thereof,

[6074]
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in certain embodiments of the invention, a compound is provided of formula:
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or an N oxide thereof, or a pharmaceutically acceptable salt of each thereof,

[8075] Compounds provided herein include those in the Examples section,

Prodrug Molety

{00761 Inone aspect, Ris hydrogen, a phosphate or a diphosphate containing moiety, or
another promotety or prodrug moiety. Preferably the prodrug molety imparts atleasta 2
fold, more preferably a 4 fold, enhanced solubility and/or bioavailability to the active moiety
{where R is hydrogen}, and more preferably is hydrolyzed in vivo. The promoieties are

structurally and functionally defined herein.

T DR R, 92,93 .
[0077] In one embodiments, Ris ~COR™, CO.R™, or CONRYR™ wherein
R™ and R independently are (-G alkyl, $5-Cy cycloalkyl, 4-5 membered heterocyele, or a

5-10 membered heteroaryl, each containing at least 1 basic nitrogen moiety; and
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independently are {;

10 membered heteroaryi

5 alkyl; C3-Cq cycloaliyl, 4-9 membered heterocycle, ora 5-
vi, each containing at least 1 basic nitrogen moiety; or R” and g™
together with the nitrogen atom they are bonded to for a 4
substituted with at e
[8078] iInc

nernber heterocycle
st 1 aming, C-Cg atkyl amino, or di C-Cs atkylamino group
rtain embodiments, R

i

is ~C{OJR™, C{OJOR™, or CON{R),,
each R is independently a C,-Cg alkyl; Ca- oalkyl, 4-9 membered heterooycle,
or a 5-10 membered het ontaining at least 1 basic nitrogen moiety; and
each R* independently
5-10 member

s £4-C5 alkyl C3-Cy eydloalkyl, 4-9 mambered heterocycle, or
heteroaryl, containing at lea basic nitrogen moiety; or 2 R™ together
with the nitrogen atom they are bonded to for a 4-9

at least 1 amino, C~Cg alkyl aming, or di C-Cy alkylamine group.

member heterocyele substituted with
< CIMORY 31 3l
[0079]  In one aspect, Ris CIOIOR™, CISIOR™, CO1R™ or COR™, wherein R™ is as defined
herein.
fG080] In one embodiment, R™ i a group of the formula {
each R* and R

Co-Cap aryl, C5-Cg heteroaryt or R* and /% together with the carbon
form a C3-Ch

. wherein
s heterooyalyl, C5-C
yeloallyl, CorCyp aryi, (G-C
adjacent B

(CRPR% NRPRT
is independently H, a C4-Cy alkyl, C3-C

cycloalleyl,
Cy heteroc

m they are bond to
seyclyl or CpeC

s heteroaryl ring system, or 2

jeties or 2 adjacent R™ moleties together with the carbon atom they are

bond to form a C3-Ce eycloaikyl, Ce-Chp aryl, Co-Ce heterocyeiyl or
system;

L w34
gach R*

and R
together

3-Cs heteroaryl ri

is & C1-Cg alkyl, Ca-Co heteroeyelyl, Co-Ce cveloalkyd, or R™ and 1*
with the nitrogen atom they are bond t
heterocyelyl ring system

form a C3-Cy cycloalkyl or $3-C
each heterocyclic and

sne embodiy

heteroaryl ring system is optionally substituted with -Gy
atkyl, -OH, amino and carboxyl groups; and
e is an integer of from 1 to 4.
{00811 in some less preferred embodiments RY and B¥” can be hydrogen
[O082] ino

yent, the subscript e is preferably
preferably independently sele

2 and each R and R
d from the group, H, CH

,and a member in which B°

T and
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R™ are joined together to form a cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyi, or

1, 1-dioxo-hexahydro- (A%-thi iopyran-4-yi or tetrahydropyran-4-vi group.

[0083] With regard to the prodrug group, preferred embodiments are compounds wherein

NRTR™ is morpholino.

{0084]  In one embodiment, Ris:

wherein
gach B* and R*? is inde ependently H, C:-Cq alkyl, or optionally, if both present on the
same substituent, may be joined together to form a Co-Cy oycloatkyl, Ca-Cip arvl, C3-Co

heterocyelyl or Ce-Co heteroary! ring system,

[0085] Within this embodiment, each R* and R” is independently, H, CHs, or are joined
together to form a ovclopropyl, cvclopbutyl, cyclopentyl, cyclohexyi, 1,1-dioxo- hexahydro-

12.>-thiopyran-4-yl or tetrahydropyran-4-yl group.

[0088] Ina preferred embodiment, linkage of the prodrug moiety to the rest of the active
molecule is stabie enocugh so that the serum half ife of the prodrug is from about 8 to about

24 hours

[0087]  in an embodiment of the invention, the prodrug molety comprises a tertiary amine

----- A

having a pKa near the physiological pH of 7.5, Any amines having a pKa within 1 unit of 7.5
are suitable alternatives amines for this purpose. The amine may be provided by the amine
of a morpholino group. This pKa range of 6.5 to 8.5 allows for significant concantrations of
the basic neutral amine o 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 blood, Following absorption into the bloodsiream, the prodrug moiety is

fad
S
B
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cleaved by esterases which are naturally present in the serum to release an active

compound.
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and

{0001} In another embodiment, R is as tabulated below:

R m g p NRIR*®

ClOHCH, ) NRPR™ 1 Me Me

CLONCH,) - NRTRP 2 Me Me
CLOHCH,) W NRZRT 3 Me Me
CIONCHWNE¥R® 4 Me Me
C{ONCH ), NRRT 1 VAN
NP
N\ 7
COHCH )NRRT 2 TN
N, D
P \»\_MJ/
C{ONTH, ) NRMR 3 N
*5“N /‘-J
C{O}(CH L NRR™ 4 VAN
g°N o
~ AN /
A
COICHNNRMR 12 | Me I ve
C{O)0{CH L NRPR® 13 Me Me
CIOJOICHLLNRPRY 4 Me Me
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. ; ; 54525 5 e

&~{O}Q{CH2)MNRj“R £ . / \\

Z ~Z-N [

» N

Py ~3E 53 :

g CLOICICH NR TR 3 / M\\

H ; g \‘\___m_./

P C{OJO{CHA o NRTR™ 4 ‘ ! / '\

| k ~2N O
AN /

Rl

PLONOH);

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

[6088] in another aspect, Ris,

O
Py
o7 ™

wherein

0
/QK
. : ,f’f\
g S eo,H

”UHU:{
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R is lower alkyl {e.g. C4-Cy alkyi).

60901 In vet another aspect, Ris:

% X‘i/y:g\ X2

wherein X%, ¥* and X7 are as defined herein

[0091] in one embodiment, X' is selected from the group consisting of O, § and NR®’
wherein R* is hydrogen or €;-Ce alkyl;

viis -CIR¥™), or a sygar moietly, wherein each R s independently hydrogen or (-
alkyl, C-Cg oycloalkyl, C3-Cy heterooylyl, Ce-Cyp aryl, or (5-Cs heteroaryl;

¥ is selected from the group consisting of halogen, £4-Cs altkoxy, diacyiglyeerod,
amino, (- alkylaming, (- dialivlamino, C,-C; alkyithio, a PEG moiety, a bile acid molsty,
a sugar moiety, an amino acld molety, a di-or tri-peptide, a PEG carboxylic acid, and ~U-V
wherein

Uis QorS; and

Vis selected from the group consisting of C-Cq alkyl, G- oycioaltkyl, C3-Cq
heterooyeivi, Co-Cig aryl, C3-Cy heteroaryl, CIW X, POIXY),, and SO.X%;

wherein W2 is O or NR”

wherein R¥ is hydrogen or {3-Cg alkyl, C voloatkyd, Co-Cg hetrooyelyl, Cs-Cip aryvl,
or U3-Ug heteroaryl; and

each X is | independently aming, hydroxyl, mercapto, C.-C; alkyl, heteroalkyl,
cycloalieyl, hetrooyelyl, aryl, or hetercaryl, (-C; alkoxy, C,-Cy alkvlaming, (- dialkylamin

(1-Cs atkylthio, a bile acid based atkoxy group, a sugar moiety, a3 PEG molety, and

H

-O-CHo-CHIOR ™ CHX'R™
wherein
%% is selected from the group consisting of 0, 5, =0, and 50,; and
each RY s independently Cyo-Con alkyl, Co-Cy cycloaltkyl, Co-Co heterooyolyl, Ce-Crp arvd,

or C-Cg heteroarnyl, C-C, atkyiene, or C1-Cq heteroalkylene.

36



WO 2014/150268 PCT/US2014/022769

{00921 Fach heterocydlic and heteroaryl ring system is optionally substituted with £,-C

atkyl, -OH, amino and carboxyl groups.

[0093] in one embodiment, the present invention utilizes the following ¥* proups: CHa,
CHvie, CHiisopropyl), CHitertiarybutyl), C{Mely, C{Et),, Clisoprooyl)y, and Clpronyla.

[0084] in another embodiment, the present invention utilizes the following X7 groups:

g i~
5 ~ i 2
LAY - ! 5
kY - i e ASY e
' \"‘Q” N\\ \Q’ &\\Q”/»‘ f,,‘"‘\\ P §:§'\
) hS O —
it i < / N
;”"l \ ;” 3 S e \\ TNl
i \ —es - .
N S { Ry ” ~F
RV S g 4
¢
O ; a , Q .
e
\\
N T
/ ‘“”r,/ \1’0.
Q oy i ;
b e N\ J! i
D S
= 7
50 g

-Ole, -OEt, -O-isopropyl, O-isobutyl, O-tertiarybutyl, -0-COMe, -0-C(=0}{isopropyl),
-O-C{=Ciisobutyl), -O-C{=0{tertiarybutyl], -0-C{=0-NMe,, -0-C{=
~O-C{=0)-N{H-CH{R™-CO,Et wherein R™ is a side chain C;-Cg alkyl, or C3-Cg heterocyclyi

group selected from the side chain groups present in essential amino acids; -O-P=0H0OMel,,
Each heterocyclic is optionally

O)-NHMe, -0-C(=0)-MH

=D} C-isopropyll,, and ~0-P{=0}O-isobutyil;.

-O-B{
r more, preferably, 1-3, C-Cy alkyl, -CH,

substituted with one o

amine and/or carboxyl

groups.

[00951  in ancther embodiment, In one embodiment, Ris:

gx@Q

2 X
< -~
/ 7. 0

wherein
¥ s independently C-Cg alkyl, Ci-Cg oycloalkyl, 0-Co heterocyelvl, Co-Cig aryl, or Ca-
Cq hateroaryl; and

R* is independently hydrogen or {;-Cg all 3-Uo heterocyclyd,

oyl Ca-Cy cyaloalkyl, C

Co-Cig aryl, or C3-Cq heteroaryl,
Y, /

(2
~3
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[0086] Each heterocychic is optionally substituted with one or more, preferably, 1-3, T-C;

p

s : § 7

alkyl, -OH, amino and/or carboxyl groups.

{00871 inone embodiment, B is:

RA? O

| x
/\21) /p’ NG

Lo

wherein

each X is independently amino, hydroxyl, mercapto, C;-Cg

D_a

atkyl, C4-Cy cycloalkyl, Cs-

il

Co heterocyelyl, Co-Cyp aryl, or C5-Co heteroaryl, C-Cy alkoxy, C-0g atkylamine, (-Cg
dialkylamino, Ci-C; alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG molety,
and -O-CH,- CH{OR™JCHCR™,

wherain,
X% is selected from the group consisting of 0, 5, $=0, and SC;; and

each RY s independently Cip-Cyy alkyl, G-y cycloathyl, T5-C heterocyelyl, Ce-Cip aryi,

C3-Cq heteroaryl, C;-Cy alkvlene, or (4-Cg heteroaikyiene; and

42

5 independently hydrogen or (-G atkyl, C3-Cg aycloalkyl, C3-Cy heterocyclyl,

s-Cip aryl, or C5-Cy heteroaryl

[0098] In some embodiments, R is independently hydrogen or C3-Cg alkyl, C5-Cy

cycloalkyl, (5-Cq heterooyolyl, Ce-Cig arvl, or GGy heteroaryl; and each X independently is
C1-Co atkyl, $o-Cy oycloalkyl, C5-Co heterooyeivi, Co-Cin aryl, or C5-Cg heteroaryl, C-Cs alkoxy,

C-Cy atkylamino, C-C distkyiaming, or C-C; atkyithio.

o
o0
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[0038]  in some embodiments, Ris represented by the following structures:

o NHCOR®

o) ff
“OCOR® JL\ /i\\JfNHQQR“
-
@r// o

- 0'

OCOR*S

et
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wherein, in the above examples, R™ s Cio-Cyy aliyl or alkylene, R*is Hor C,-C alioy
a% . N 5 N . - . .
and R represents side chain alkyl groups present in naturally occurring alpha amino acids;
O
i |
Rf\ | A
ra
E (}/ o =47
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. 4 . 47 »
wherein B™ is (CHy),, f22-4, and CO-R™-NH; represents an aminoacyi group; or

/’/\\ R4

o O

? ~ N

| R4 ~
};L\Q N (:}/ R47

wherein R* is {CHaly, n=2-4, RY is (CHa)n, n=1-3 and R¥ is 0 or NMe.

]
i

[0100]  inone embodiment, Ris:
/

= [

}gf\\(}f\.a/ oy O %“\\ //\\ < ™ou

206

" wherein each R

ulz

[0101] in one aspect, Ris -C{ R“’”«’\‘O‘SQ(R‘ P (O)ORPNRPR
RO R R R RSB ang R s ependenthy H, a C-Cg alkyl, -G heterocyelvl, Co-Cy
eycloaliod, Ce-Cig aryl, C3-Co heteroaryl, wherein each allyl, heterocyclyl, cycloalkyl, aryl, and

heteroaryl is optionally substituted.

[0102] In some embodiments, R is -CH{R™HOCH, P{O)OR™NHR wherein R™ is €;-C
alkyl, R7%is phenyl, optionally substituted. In one embodiment, B9 is -cHR*C(O)OR™

ey . , ) . 4 e
wherein R™Y is selected from the group consisting of the naturally occurring amine acid side

208 206

chains and ~CCyH esters thereof and R™7 is C-Cy alkyl. In one embodiment, R™is C-Cq

atlyl, optionally susbtitued with 1-3, COuH, SH, NH,, Co-Cip aryl, and 03-Cyp heteroaryl

[0103] inone embodiment, Ris:

41
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{03104} Inone embodiment, Ris:

. . _PEG ﬁ
"}' \ ‘v:) /‘?1\ /,pEG

F=0t0 12 or

wherein ¥© is -C{R™"};, wherein each # s independently hydrogen or C-Cy alkyl, Cs-

(g cycloalkyl, T5-Cy heterocyclyl, Co-Cyp aryl, or C5-Cy heteroaryi,

{01081 Various polyethylens glycol {PEG) moleties and synthetic methods reiataed to them
that can be used or adapted to make compounds of the invention are described in U S,
Patent Nos. 6,608,076; 6,395,206, ,194,580; 6,153,655, 6,127,355; 6,111,107; 5,965,565,

5,880,131; 5,840,800; 6,011,042 and 5,681,567

[0106] inone embodiment, Ris

RS X
/ _
3

,.
Rai or

[
-

wherein

47
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A7 s -OH or hydrogen;

R7" 5 -OH, or hydrogen:

W ois- CH{CH W

wherein W is a substituted C4-Cg allyl group containing a molety which is optionally
negatively charged at physiological pH,

said moiety 15 selected from the group consisting of COLH, SO3H, 5034,
-POHORTHOH), ~-OP{OHOR™){OH), and 050,44,

wherein R7 is C-Cg alkyl, Co-Cy cycloaliyl, Ca-Co heterocyelyl, Co-Cip aryl, or Co-Co

heteroaryl

{0107} Each heterocyclic and heteroary

—
o
GQ

ystem js optionally substituted with one or

ore, preferably 1-3, C,-C3 alkyl, -OH, amino and/or carboxyl groups.

[0108] Inone embodiment, Ris:

DR

oH N ;
\ o] & e i
A i B4 i "’\
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§ / ,—"J\ .// S N
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wherein R™ is H or C;-C; alkvl.
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{0109} o another aspect, R is SOzH.

{83101  in anocther aspect, R comprises a cleavable linker, wherein the term “cleavable
finker” refers to a linker which has a short half life in vivo, The breakdown of the linker 2 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 emmbodiment, the cleavable linker has a
haif fife of less than an hour. In one embodiment, the half life of the cleavable linker is
hetween one and fifteen minutes. In one embodiment, the clesvable linker has at least one

o~k

connection with the structure: C*- {{=X*IX¥-C* wherein C* is a substituted or unsubstituted
methylene group, and X*is Sor 0. In one embodiment, the cleavable linker has at least one
C*-C{=0)0-C* connection. In one embodiment, the cleavabie linker has at least one C*-
C{=0)5-C* connection. In one embodiment, the cleavable linker has at least one -C{=0}N*-
C*-80.-N*-connection, wherein N* is -NH- or {,-C; alkylamino. in one embodiment, the

cleavable linker Is hvdrolvzed by an esterase enzyme,

{0111] in one embodiment, the linker is a self-immolating linker, such as that disclosed in

S. patent publication 2002/0147138, to Firestone; PCT Appl. No. US05/08161 and PCT

\

Pub. No. 2004/087075. In another embodiment, the linker is a subsirate for enzymes, See

]

generally Rooseboom et al., 2004, Pharmacol. Rev. 58:53-102,

Pharmaceutical Compositions

{01121 infurther aspecis of the invention, a composition is provided comprising any of the

compounds described herein, and at least a pharmaceutically accepiable excipient.

[0113] in another aspect, this invention provides a composition comprising any of the

compounds described hergin, and a pharmaceutically acceptable excipient,

H

[0114] Such compositions can be formulated for different routes of administration.
Although compositions suitable for oral delivery will probably be used most frequently,
other routes that may be used include transdermal, intravenous, intraarterial, pulmonary,
rectal, nasal, vaginal, ingual, intramuscular, intraperitoneal, intracutanecus, intracranial,
and subcutaneous routes. Suitable dosage forms for administering any of the compounds
described herein include tablets, capsules, pills, powders, aerasols, suppositorias,

parenterals, and oral Hguids, including suspensions, solutions and emulsions. Sustainad

44
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£

sage forms may also be usad, for example, i a transdermai pateh form. Al

y

release

('”:

dosage forms may be prepared using methods that are standard in the art {ses e.g.,

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

{0115] FPharmaceutically acceptable excipients 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,
gasecus excipient that is generally available to one of skill in the art. Pharmaceutical
compositions in accordance with the invention are prepared by conventional means using

methods known in the art,

[0118] The compositions disciosed herein may be used in conjunction with any of the
vehicles and excipients comunonly employed in pharmaceutical preparations, e.g., tale, gum
rabic, lactose, starch, magnesium stearate, cocoa butter, aguesus or nON-aguUecus
solvents, oils, paraffin derivatives, glvcols, etc. Coloring and flavoring agents may also be
added to preparations, particularly to those for oral administration. Solutions ¢an be
prepared using water or physiologically compatible crganic solvents such as ethanol, 1,2
propyiene giveol, polyglycols, dimethyisulfoxide, fatty alcohols, triglycerides, pantial esters of

glycerin and the like.

f0117] Solid pharmaceutical excipients include starch, celluloss, hydroxypropy! cellulose,
tale, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate,
sodium stearate, glycerol monostearate, sodium chioride, dried skim milk and the like.
Liguid and semisolid excipients may be selected from ghycerol, propylene glycol, water,
ethanol and various oils, including those of petroleum, animal, vegetable or synthetic origin,
e.g., peanut o, soybean ofl, mineral oil, sesame oil, etc. In certain embodiments, the
compositions provided herein comprises one or more of a-tocopherch, gum ara and/ar

hydroxypropy! cellulose.

{01181 Inone embodiment, this invention provides sustained release formulations such as
drug depots or patches comprising an effective amount of a2 compound provided herein. in
another embodiment, the patch further comprises gum Arabic or hydroxypropy! celivlose

¥

separately or in combination, in the presence of alpha-tocopherol Preferably, the
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hydroxypropyt cellylose has an average MW of from 10,000 to 100,000, in a mare preferred

embodiment, the hydroxypropy cellulose has an average MW of from 5,000 to 50,000

{0131%] Compounds and pharmaceutical compositions of this invention mavbe used alone
or in combination with other compounds, When administered with another agent, the co-
administration can be in any manner in which the pharmacological effects of both are
marifest in the patient at the same time, Thus, co-administration 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
other agent or that the two agents 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 substantially the same time. Obviously, such
administration most advantageously proceeds by delivering both active ingredients
simultaneously in 2 novel pharmaceutical composition in accordance with the present

invention.

Methods of Treatment

[0120]  In aspects of the invention, a method is provided for increasing tissue

and/or cellular oxygenation, the method comprising administering to a subject in

need thereof a therapeutically effective amount of any of the compounds or

compositions described herein.

{01211 Inaspects of the invention, a method is provided for increasing onygen 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 compositions

described herein

[0122] in aspects of the invention, a mathod is provided for treating a condition
associated with oxygen deficiency, the method comprising administering to a subject i
need thereof a therapeutically effective amount of any of the compounds or

compositions described herein

[0123] In further aspects of the invention, a method is provided for treating oxygen

deficiency associated with sickle cell anemia, the method comprising administering to 2

;{;;
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subject in need thereof a therapeutically effective amount of any of the compounds or

compositions described herein,

(01241 Infurther aspects of the invention, a method is provided for treating sickle cell
disease, the method comprising administering 1o a subject in need thereof a therapeutically
gffective amount of a compound of any of the compounds or compositions described here
iy still further aspects of the invention, a method is provided for treating cancer, a
pulmonary disorder, stroke, high altitude sickness, an ulcer, a pressure sore, Alzheimer's
disease, acute respiratory disease syndrome, and a wound, the method comprising

administering 1o a subject in need thereof a therapeuticaily effective amount of a compound

of any of the compounds or compositions described herein.

Synthetic Methods

[9125] Certain methods for making the compeounds described herein are also provided.
The reactions are preferably carried out in a suitable inert solvent that will be apparent to
the skilled artisan upon reading this disciosure, for a sufficient period of time to ensure
substantial completion of the reaction as observed by thin layer chromatography, "H-NMR,
etc. If needed to speed up the reaction, the reaction mixture can be heated, as is well

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 iliustrative and non-limiting method for synthesizing 2 compound of formula {),
is schematically shown beiow.

. o , ‘ ‘
In the following Schemes, “~-" and - reler to rings B and C as described herein;

70 5 . .
R® and R” are as described herein;

A% and B® are independently NR™, O, 5, SIOJ, NBoC, CH,, CHRY™, C(R'),
provided that when both A’ and 8 are present in a ring, both are not CH,, CHRY, CRMY,,
4

and provided that if only a single A” or B is present in a ring, that A> or B® is not CHa, CHRY,

CR™);
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R s C)-Cg alkyl, COR™ or COOR™; wherein R™ is optionally substituted C,-Ce
alkyl, optionally substituted Co-Ciparyl, optionally substituted 5-10 membered heteroary
containing up to 5 ring hetercatoms, or optionally substituted 4-10 membered heterogycle
containing up 1o 3 ring heteroatoms, wherein the heteroatom is selacted from the group

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

%, and X7 each represents a leaving group and are independently selected from ¢,

Br,and L
X represents CR, N, O, ${Q)x ; wherein xis 0, 1, or 2;
v® represents a leaving group selected from Cl, F, Br, 1, OSO,R’ and 0SGLAr
R is €05 alkyl:
Ar is phenyl optionally substituted with 1-3 halo and Jor C-C; alkyl groups;
nisg, 1, or 2.

Where variables already used in the structures hersinabove are used in the shcemas,

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

General Synthetic Schemes

L N
Ao LB,
o AT
a9 i -
) TOMH e 5
1 ~e_ Method A
T Mitsunobu 9 o
~\~‘\- 3/{1\ /__\:’a
T R® Ty
A HO T "o
Method C &0 Sy WA
’ El
'\ E‘_j(: /»//*’ " E_‘. N
,///
3a o 3b - 4a or 4b
e - 7L :
Allylation
) " Method B
0 e o “‘ -
DI
R 7T
3 X

[0127] General method A for preparing arvioxy/hetercarylether analogs (4a/4b} from

substituted methylene alcohol {1} and hydroxyl {heterolaryl aldehyde derivatives {3a/3b).

48
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A hydroxyl {heteroaryialdehyde derivatives {3a/3h) {0.1-Z mmol)l mixture with substituted
methyiene alcohol {1} {0.8 to 1.2eqg) and PPha {1-1.5eq} in anhydrous THF {1-10mL) was
stirred under nitrogen until complete dissoiution. The solution was cooled to 0 "Con ice
bath and DIAD or DEAD (1.1 eql in THE 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
a1 RT for 2-48 hours. The mixture was stirred for 10 min, then filtered through a pad of silica.
The siica was washed with ethyl acetate 2-20mi. The combined filtrates were evaporated
and the residue was dried on highvac. The residus was punified by preparative HPLC or flash

silica gel chromatography.

{0128} General method B for preparing arvioxyfheteroarylether analogs {4a/4b) from
substituted methylene halide {2} and hydroxyl (heterslaryl aldehyde derivatives {3a/3b).
A mixture of hydroxyl (hetero)arylaldehyde derivatives {3a/3b} {0.1-2 mmol, 1-4 &q.),
substituted methylens chloride or bromide {2} (Teq), and K005 {2-5 eq.} {catalyvtic amount
of NMal or BusNI may also be added) in DMF or acetonitrile {3 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
1o the reaction mixture, 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}, diluted HC or agueous NH,Clwas added at
0 °C to adjusted the pH to =7, the reaction mixture was partitioned between ethyl acetate or
dichloromethane and agusous sodium chioride and the organic layer separated, dried, and
solvent removed under vacuum to afford crude product which was purified by automated
sitica gel column chromatography using appropriate solvents mixture {e.g., ethyi

acetate/hexanes),

[0128] General method C for preparing substituted methylene chioride (23}, To a
solution of substituted methylene aleohol {3} (0.1 to 2 mmol) in DCM (1-10 mb) was added
SOCH dropwise {Zeq to Seq ) 2t 0 °C or RT. The reaction mixture was stirred at RT for 10min
to & h, or untif reaction is judged complete (LC/MS) The reaction mixture is concantrated to
dryness over a rotavap. The crude chioride residue was suspended in toluene, sonicated
and concentrated to dryness. The process was repeated three times and dried under
vacuum to give the substituted methyiene chioride {2}, usually as an off-white solid, which

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

o]

.
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A

Na:{0; is then added to produce a solution of pH™~ 8. the mitture was extracted with DO

{3 x10-50ml}, dried over sodium sulfate, and concentrated 1o the crude substituted

~v

methylene chloride {2a}, which is then purified by column chromatography on sifica get {0~

100% sthyl acetate-hexanes),

{0130} General method D for preparing substituted methylene bromide (2h). To s
solution of substituted methylene alcohol (1} (0.1 to 2 mmall in DCM {1-10 mL) was added
PhaP Br, dropwise {2eqto Seq } at 0 °Cor RT. The reaction mixture was stirred at RT for 10
min to 2 h, or until reaction is judged complete {LC/MS). The reaction mixture is

concentrated to dryness over a rotavap. The residue purified by column chromatography on

sifica 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 alcohol 9-0H (Step 4}, Further reaction of the alcohol 8-0OH with thionyl

chioride, PhyPBry {or CBro-PhaP or PBry), or alkyl/ary! sufonyi chloride produces the

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

[0132] Alternatively, the double bond of heterocyclohexene carboxyiate & is reduced to
give the cis-heteracyclohexane 11-cis carboxylate under palladium catalyzed hydrogenatior
conditions {Step 6). Reduction of the ester group of 11-cis by LAH or DIBAL vieids cis-alcohol
12-OH-cis (Step 81 Conversion of the alechol 12-OH-cis to its chioride, bromide or sulfonate
{such as mesyiate, tosylate} 13-X-cis can be achieved by reacting with thionyl chioride, or
PhsPBry, or sufonyi chioride {such as mesyl chloride or tosyl chioride) (Step 8). The
cycichexane carboxylate 11-uls can also be isomerized to the thermodynamically more
stable trans-isomer 11-trans by the treatrment with an alcoholic alkoxide {e.g., ethoxide)
solution. Analogously, transformation of 11-trans ester to 12-trans alcohol and 13-X-trans

halide is accomplished by applying conditions of Step 8 and Step 9 similar to these for the

corresponding cis-isomers.

o A"_',Bs wethod A - “585 Method B
o 3aor3n A Ja or 3b
N R — e
oM L;\&,O O "
R’ ! ~
L .
8-GH N
12-OH-cls 10-x
12-OH-trans 13-K-cis
13-X-trans
J I
(O
Iois:
R
1 OH g X

Bchems 4

Scheme 1
{0133] Coupling of the (hetero)cyclic methylene derivatives 9, 10, 12 and 13 with hydroxy!
{heterolarvialdehvde derivatives {3a/3b) by general method A or B affords the

corrgsponding aryioxy/heteroarylether analogs {d¢ and 44d).

Ay
iy
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[6134] General method F for preparing heterocyclic methylens derivatives 18, 19, 20 and
21. The ketone ester 34 is converted to the triflate intermediate 15 by treating with a
triflating agent {a.g, triflic anhvydride} in the presence of an organic base such as Hunig's
base {Step 1}. Suzuki coupling of the trifiate 15 with a boronic acid or ester affords
heterocyclo carboxylate 16 (Step 2}, Subsequent reduction of the ester group by LAH or
DHBAL gives the corresponding alcohol 18 (Step 3}, Further reaction of the alcoho! 18 with
thionyl chioride, PhyPBr, {or CBry-PhaP or PBrs), or atkyl/aryl sufonyt chioride produces the
corresponding 198 chioride, bromide or sulfonate (Step 45

[0135] Alternatively, the double bond of 16 is reduced to give the saturated heterolic
analog 17 under palladium catalyzed hydrogenation conditions (Step 5}, Reduction of the
aster group of 17 by LAH or DIBAL vizlds alcohol 28 (Step 71, Conversion of the alcohol 20 to
its chioride, bromide or sulfonate {such as mesyiate, tosylate) 21 can be achieved by
reacting with thionyi ciloride, or PhyPBr;, or sufonyl chioride (such as mesyl chioride or tosyl
chioride) {Step B}

[0138] Coupling of the theterojoyclic methylene derivatives 18, 18, 20 and 21 with
hiydroxy! {heterolarylaldehvde derivatives {3a/3h) by general method A or B affords the

corresponding aryioxy/heteroarvioxyether analogs {4e and 4f}.
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{0237} Chiral pyrrolidine methylene derivatives 25 and 28 can be prepared according to

reaction sequence depicted herein. The pyrrolidine ester 24 is produced via 3-dipolar

with azomathine-ylide generated in situ from formaldehyde and

cycloaddition of alkene 22

amine acid 23 alkene {Stepl). Subseguent reduction of the ester 1o alcohol 24 and further

conversion 25 are accomplished by analogous methods described herein. if 2 chiral auxiliary
uch as chiral oxazolidinone derivative 22a is used, optically active pyrrolidine

roup su

derivatives 25 and 26 can also be obtained. Coupling of 25 and 26 with hydroxyl

?“
e

erolaryialdehyde derivatives (3a/3B) by general method A or B affords the

corresponding aryloxy/heteroaryloxyether analogs {4).

e P‘?o; COOH
22 23
8] G i
R |
RE YT Ty 25 Methoda g NRw
p/’v ~ sz3L‘f” s
22a 77 Method 8 = 4
28 7777777777777777777777 = Q
{0138] Separate from the general synthesis of tetrahydrothiophenes (e, 30 and 21, A=S)

scribed herein. Also described is a different synthetic approach to this class of analogs.
q o S.
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{0139]  Other heterocyclic analogs (compound 5) with C-N tinkage are synthesized by

applying Buchwald/Hartwig amination conditions, Many of the cyclic amines {1) are

available commercially {e.g., 1a, 1b, ¢, 1d, and 1le}.
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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 1o the skilled artisan.

Scheme ¥
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[8141] Compounds of structure 4 can be synthesized via general synthetic scheme 1.

Reduction of carboxylic acid derivative 1 gives hydrxoymethyl analog 2, which can be N-

derivativiized at via copper-mediated N-arvlation reaction {Cul, Ar-, base such as N,N-

dimethyiathylenediamine and potassium phosphate, heat) to give key hydroxymethy!

intermediate 3. Coupling of 3 with phenol aldehyde 4 produces the desired aldehyde analog

5 via typical Mistunobu conditions using sither triphenyiphosphine or polymer supported

triphenylphosphine. A;is a heteroatom or a hydrocarbyl moisty as defined herein,

[0142] General method step 1~ reduction of carboxylic acid derivative 1 to methyl

aleohol 2: To a suspension of carboxylic acid 1{1-10mmol} in MeOH or BIOH (2-10mb) at O

LI
I
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*C was added 50CH (1.52g). After stirred at room temperature for 1-12h, it was
concentrated to remove all solvents, dried under high vacuum 1o giva corresponding meathy!
or ethyl ester. The ester was dissolved in MeOH or EtOM {5-30 ml), to this solution, was
added NaBH, {1-4eq) at 0 °C, the mixture was warmed up to room temperature and stirred
for additional 1-24 h. The mixture was guenched with Sat. §NHC, filtered off the insolubles
angd the filtrate was concentrated to give crude product, which was purified by flash silica
chromatography to give the corresponding hydroxymethyiens compound 2.
[6143] General method step 2 - N-alkylation {1a to 1b}: The carboxylate 1a (Ry=H) can be
first alkylated and then reduced to give N-alkyl hydroxymathylene anaiog 1b (Ry=alkyll. In a
typical procedure, the carboxyiate 1a {1-10mmol} is first dissolved in DMF {2-20 ml); to this
was then added a base such as NaH or (5,00, {1-1.2eg), followed by the addition of alkyl
halide {eg, BnBr) {0.9-1.52q}. The reaction allowed 1o procead at room tempearature of heat
at 4010 115 °C for 0.5 10 24 h. in workup A, water was added to the reaction mixture, the
precipitated product was collecied, washed with water, and then subjected 1o preparative
HPLC or flash silica gel chromatography purification. in workup 8 {for products that did not
precipitate}, diluted HC or agueous NHCwas added at 0 °C to adjusted the pH to ~7, the
reaction mixiure was partitioned between ethyl acetate or dichloromethane and agueous
sadium chioride and the organic faver separated, dried, and solvent removed under vacuum
to afford crude product which was purified by automated silica gel column chromatography,

reaction appropriate sclvents mixture {e.g., ethyl acetate/hexanas).

{0144} General method step 3 ~ Copper-madiated N-arylation from 2a to 2o For cyclic
amines {X=H, H), 1o a solution of hydroxymethylene compound 28 {1-10 mmol) and
aryl/hetero iodide {1-1.52g) In IPrOH {0.5-10 mi) was added ethylene diol {1.3eq) and Cu!
{6.7mol%;), followed by K:PO4 (1.3eg), then it was degassed and heated at 88 °C for 6-24 h.
[01458]  Alternatively, for lactams {X=0), to a solution of hydroxymethylene compound 3a
{(1-10mmol} and aryl/hetero indide {1-1.5eq} in Dioxane {2-20 mL) was added Cut {0.172q),
N, M-dimethylethylenediamine {0.172qg), K3PO, {1.72q), then it was degassed and heated at
100 °Cfor 6-48 h,

[0146] Workup for both procedures: the reaction mixture was cooled 10 roo

temperature the mixiure was diluted with EtOAC and water, organic layer was separated

and the aqueous layer was extracted with EtOAg, organic laver was combined, washed with

(2
i
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brine, dried and concentrated to give crude product, which was purified by flash silica gel
chromatography to give N-aryi/heterocaryl compound 2¢.

{01471 General method ¢ ~Mitsunobu conditions A hydroxyl {heterolarvialdehyde
derivatives {8) {0.1-2 mmeol) mixture with substituted methvlens alcohol (3} {0.8 to 1,200}
and {polymer-supported) PPhy {1-1.5eq) in anhydrous THF (1-10ml) was stirred under
nitrogen untii complete dissolution. The solution was cooled to 0 °C on ice hath 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 mixture was filtered through a pad of silica. The silica was washad with ethy! acetate 2-

20mib. The combined filtrates were evaporated and the residue was dried on highvac, The

esidue was purified by preparative HPLC or flash silica gel chromatography,

Scheme 2 i
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[0148] Compounds of structure 3 van be synthesized via general synthetic scheme 1.
Reduction of carboxylic acid derivative 1 gives hydrxoymethyl analog 2, which can be N-
atkylated by simple alkyi halide (base, R:X, heat) or aryi halide (ArX) via copper-mediated N-
aryiation reaction {Cul, Ar-l, base such as N,N-dimethylethylenediamine and potassium
phosphatis, heat} to give key hydroxymethyl intermediate 3. Coupling of 3 with phenol

aldehyde 4 produces the desired aldehyde analog 5 via typical Mistunobu conditions using

"

either triphenylphosphine or polymer supported triphenyiphosphine. Ay is a heteroatom or
a hydrocarby! moiety as defined herein.

{01431 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 EIOH {2-10 mL} at O

C was added SOCHL {(1.5eq). After stirred 3t room temperature for 1-12h, it was
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concentrated to remove all solvents, dried under high vacuum to give corresponding methyl

or ethyl ester. The ester was dissolved in MeOH or EtOH (5-30 mbL), to this soluticn, was
added NallH, (1-4eqg) a C, the mixture was warmed up to room temperature and stirred

x

for additional 1-24 k. The mixture was guenched with Sat. NH:CE filtered off the insolubles
and the filtrate was concentrated to give crude product, which was purified by flash silica
zel chromatography to give the corresponding hvdroxymethyiene compound 2.

{0150} General method step 2 — Copper-mediated Nearylation: For cyclic amines (X=H, H},
to a solution of hydroxymethylene compound 2 {1-10 mmol} and aryl/hetero iodide {1-
1.5eg) in iPrOH {0.5-10 mL) was added ethylene diol (1.3eq} and Cul {6.7mol%), followed by
KoP0O, {1.3eq), then it was degassed and hested at 88 "Cfor 6-24 h.

Alternatively, for lactams {X=0}, to a solution of hydroxymethylene compound 2 {1-10mmol)
and aryl/hetero indide {1-1.5eq) in Dioxane {2-20 mL) was added Cul {0.17eq), N,N-
dimethyiethylenediamine {0.17eq), K5P0, (1 7eq), then it was degassed and heated at 100
°C for 6-48 h.

{01511 Workup for both procedures: the reaction mixture was cooled to room
temperature the mixture was diluted with EtOAc and water, organic layer was separated
and the agueous layer was extracted with EtOAc, organic layer was combined, washed with
brine, dried and concentrated to give crude product, which was purified by flash silica gel
chromatography to give N-aryl/hetercaryl compound 3.

{0152} General method step 2b — N-alkylation: The carboxylate 1 can be first alkylated
and then reduced to give Neatkyl hydroxymethylenes analog 3. in a typical procedure, the
carboxyiate 1 {1-10mmol} is first dissolved in DMF {2-20 mL); to this was then added a base
such as NaH or (5,004 {1-1.2eqg), followed by the addition of alkyl halide {eg, BnBr) (0.9-
1.5eq}. The reaction allowed to procesd at room temperature of heat 2t 40 to 115 °Cfor 0.5

i

to 24 h. i workup A, water was added to the reaction mixture, the precipitated product was

collected, washed with water, and then subjected to preparative HPLC or flash silica ge
chromatography purification. In workup B {for products that did not precipitate), diluted
HCl or agueous NH.Clwas added at ¢ °C to adjusted the pH to ~7, the reaction mixture was
partitioned between ethyl acetate or dichloromethane and aqueous sodium chioride and
the organic laver separated, dried, and sclvent removed under vacuum to afford crude

olumn chromatography, reaction

%

product which was purified by automated silica gel

appropriate solvents mixture {e.g., ethyl acetate/hexanes).

L
~-1
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{0153] General method € ~Mitsunobu conditions A hy druxv' (hetergjarylaldehyde

Pt

derivatives (4} {0.1-2 mmol} mixture with substituted methylene alcohol (3} {0.8 to 1.2eq}
and {polymer-supported) PPhs {(1-1.5eq} in anhydrous THF {1-10mL) was stirred undear
nitrogen until complete dissolution. The solution was cooled to § °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 80 min and the mixture was stirred at RY for 2-48 hours.
The mixture was filtered through a pad of silica. The silica was washed with ethyl acetate 2-
20mi. The combined filtrates were evaporated and the residus was dried on highvac. The

residue was purified by preparative HPLC or flash sitica gel chromatography,

Prodrug Synthesis

{8154] Synthesss 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 sobvent and then
reacted with a free aicohol group in the presence of an inert base, such as triethyl amine, to
provide the ester prodrug. Activating conditions for the carboxvlic acid include forming the
acid chioride using oxalyt chloride or thionyl chioride in an aprotic solvent, optionally with a
catalytic amount of dimethyl formamide, followed by evaporation. Examples of aprotic
selvents, include, but are not limited to methylene chloride, tetrahydrofuran, and the like.
Alternatively, activations can be performed in situ by using reagents such as BOP
{benzotriazol-byloxytris{dimethylaming) phosphonium hexafluorolphosphate, and the like
{see Nagy et al., 1993, Proc. Natl Acad. Sci. USA 90:6373-6376) followed by reaction with
the free alcohol Isolation of the ester products can be affected by extraction with an
organic solvent, such as ethyl acetate or methylene chloride, against a mildly acidic aqueous
solution; followed by base treatment of the acidic agueous phase so as to render it basic;
followed by extraction with an organic sclvent, for example ethyl acetate or methylene

chroride; evaporation of the organic solvent laver; and recrystalization from a solvent, such

as ethanol Optionally, the solvent can be acidified with an acid, such as HCl or acetic acid 1o
provide a pharmaceutically acceptable salf thereof. Alternatively the crude reaction can be
passed over an lon exchange colummn bearng sulfonic acid groups in the protonated form,

washed with delonized water, and eluted with agueous ammonia; followed by evaporation.

LA
e
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[3155] Suitable free acids bearing the tertiary amine are commercially available, such as 2-
(N-morpholinol-propionic acid, N,N- dimethyl-beta-alanine, and the like. Non- commercial

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

5

{0156} Carbonate and carbamate prodrugs can be prepared in an analogous way. For
example, amine alcohols and diamines van be activated using activating agents such as
phosgene or carbonyi dilmidazele, to provide an activated carbonates, which in turn can
react with the alcohal and/or the phenolic hydroxy group on the compounds utilized herein

to provide carbonate and carbamate prodrugs.

[G1571 Various protecting groups and synthetic methods related to them that can be used
or adapted to make compounds of the invention can be adaptad from the references Test
et al., Hydrolysis in Drug and Prodrug Metabolism, June 2003, Wiley- VCH, Zurich, 419-534

and Beaumont et al., Curr. Drug Metab, 2003, 4:483-85.

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

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

SSS O O

I O
OH . )
{ ey Jj\g“ BLCO,, DME . :???* \\\// \{
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R s C3-Ce alkyl.

{01581 Provided herein is a method for synthesizing a phasphonooxymethyl version of 3

prodrug by adapting a method from Mantyla et al,, 2004, J. Med. Chem. 47:188-195,
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[0160] Provided herein is a method of synthesizing an alkyloxymethyl version of a prodrug

OH » _ O
VRS2 K, CO,LDMF O e

AN

SN

f

[

R4

is Cy-Cp alkyl, C3-C eyeloalid, C3-Co heterooyolyl, Ca-Ciyg aryl, or C3-Cy hetercaryl.

{01611 The following examples are given for the purpose of ilustrating various
embodiments of the invention and are not meant {o limit the present invention in any
fashion. The present exampiles, along with the methods described herein are presently
represeniative 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 tha scope of the claims will

cour to those skilied 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 = degress Celsius

Y = Room temperature
min = minute(s)
h = hour{s)
pl = Microliter
mb = Mitliiter
mmaol = Millimole
eq = Equivalent
mg = Milligram
ppm = Parts per million
atm = Atmospheric pressure
MS = Mass specirometry
LC-MS = Liquid chromatography-mass spectrometry
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HPLC

NMR
Sat./sat.
MeOH
EYOH
£10AC

ML

AcO
Na{OAc):BH
PBr;

PhyP
PhsPBr,
CBrs

DMF

Lo

LAH/ LIAlH,
THF

DEAD
DIPEA
Pd{dppfici

[0163]

I
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High performance liguid chromatography
Nuclear magnetic resonance
Saturated

Methanot

Ethangl

Fihvl acetate

Triethylamine

Acetic anhydride

Sodium triacetoxy borohydride
phosphorus tribromide
Triphenyiphosphine
Trighenylphosphine dibromide
Tetrabromomethane

N, N-Dimethylformamide
Dichloromethane

Lithiurn aluminum hydride
Tetrahvdrofuran
Diisobutvialuminium hydride
Diisopropyl azedicarboxylate
Diethyl azodicarboxylate

N N-Diisopropylethylamine
[1,1-Bis{diphenyiphosphinojferrocene]

dichloropaliadiumili), complex

The following representative B-ring and C-ring intermediates may be incorporated

into the compounds of the invention by methods that are commonly known te the skilied

artisarn.
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{0164 Preporotion of S-hydroxy-2-{2-methoxyethoxylisonicotinaldehyde).

OH N
i o0
A N L
ﬁ/ \\\\: Ci O/ //-'\\\
i H :r ~
o, N NaH, DMF .
N BHOME o N
. )3 o) ! 1 :
NN is J ¢
- - \\Q/x" e O

[8165] To a solution of 6-{benzyioxyipyridin-3-0l (2.0 g, 10 mmol, 1 eq.) in DMF {20 ml}
was added NaH (60% in mineral oil; 0.6 g, 15 mmo}, 1.52q.) at 0-5 °C portion-wise. Upon the
completion of addition, the mixture was continued to stir at -5 °C for 15 min, added
chloromethyl methyl ether {0.88 g, 11 mmol, 1.1 eq.}, stirred at 0-5 °C for another 20 min,
and quenchad with NH,Clae solution. Thea agueous fayer was exiracted with £10Ac 3 x 20
ml} and the combined organic layers were washed with water and brine, dried over Na,50,,
concentrated, and purified on silica gel using 25% EtDAc/hexanes as eluent to give 2-

{benzvioxyl-5-{methoxymethoxyijpyriding (2.1 g, 87%) as a coloriess ail. MS {ESH m/z 246.1

IM+H]
tep 2
NP - N e
\;- 0 o C
|
- s
%/{ 51 nd {» E»/ \_»j
o~ Nzt N =
T EI0H 7
! i H
I\\QQ,/; S Q O

[8186] To 2-(benzyloxy}-5-{methoxymethoxylpyridine {1.8 g, 8.71 mol} in EtOH was added

PA/C{1.0 g}, The mixture was charged with Hy {15 psi), stirred at RT for 45 min, filtered, and
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concentrated to give 5-{methoxymethoxylpyridin-2-0l {1.35 g, quantitative yield) as a pale

yellow solid. MS {(ESH m/z 156.1 [M+#]"

=~ Q,/ N O/‘}
NG ' ~
%‘} O By TN N 7
] ’ A
i RN
{//’\\\\\ K’} C O 3 H 4 \\\'
i : o
i N
N DMF :
i N -~ ~
O ~ {:}/ \,\//b

[0167] To a mixture of 5-{methoxymethoxy)pyridin-2-0l {1.35 g, 8.71 mmol, 1 eq.} and

Ko, (6.01 g, 43.6 mmol, 5.0 eq.} in BMF (30.0 ml} was added 1-bromo-2-methoxyethane

Y

{3.61 g 26.1 mmol, 3eq.}. The mixture was heated at 60 °C for 2 h, cooled, filterad,
concentrated, and purified on silica gel using a mixture of EtDAc and hexanes as eluent to
give 2-{2-methoxyethoxy}-5-(methoxymethoxylpyridine (500 mg, 274%) as a calorless oil. *

NMR {400 MHz, COCl:) 6§ 7.94 {d, /= 3.0 Hz, 1H}, 7.35 {ddd, / = 8.9, 3.0, 1.0 Hz, 1H), 6.76 {dd,

I=8.9 1.0Hz, 1H), 5,11 (s, 2H}, 4.48 ~4.40 {m, 2H}, 3.79-3.71 {m, 2H}, 3.50 {s, 3H), 3.45 {5,
3H), MS {ESH m/fz 214.1 [M+HTT
Stap
"y sy AN NN o
O S 0" 0
//\\\ /’L PN ,/‘/L\\\
s MeLi, DIPA ﬁ" e T
N~ o N - Nz 20
T DMF NG S
\\':3,/\\\"/0 ~ \{:‘r - \,,'({:) \‘O//\\J/Q
[0168] To a mixture of 2-{2-methoxyethoxy}-5-{methoxymethoxy)pyridine {1.34 g, 6.3 mol,
1 eq) and dilsopropylamine (375 ul, .13 mmol, 0.02 eq.}) in THF {50 mi} was added methyl

lithium (1.6 M/THF, 7 mi, 113 mol, 1.8 eq.) at -40 °C. Upen 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 mi, 11.3 mol, 1.8 eq.} slowly. The mixture was then stirred at -40°C
for 1 h, quenched with a mixture of HOH{12 N, 12 mi) and THF (28 mL), warmed to RT, and
added water {20 mL]. The pH of the mixture was adjusted 1o pH 8- with solid K00, The

agueous layer was extracted with EtOAC (20 mi) twice, The combined organic lavers were
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dried over Na,50., concentrated, and purified on silica gel using a mixture of FtOAc and
hexanes as eluent to give a mixture of 2-{Z-methoxyethoxy)-5
{methoxymethoxylisonicotinaldehyde and 2-{2-methoxyethoxy}-5-
{methoxymethoxyjnicotinaldehyde (5/1, 1.27 g, 83.6%} as a pale yellow oil. "H NMR (400
Mz, COCLY & 1045 (s, TH}, 8.23 (s, 1H}, 7.16 {s, 1H}, 5.27 {5, 2H}, 4.46 {dd, /= 5.4, 3.9 Hz,
2H), 414 (g, /= 7.1 Hz, 1H), 3.77 = 3.71 (m, 2H), 2.56 {5, 3H), 3.46 (s, 3H} and "H NMR {400
MMz, CDCIY G 1041 (s, IH), 818 {d, /= 3.2 Mz, 1H), 7.85(d, 4 = 3.1 Hz, 1H), 5.16 (5, 2H), 4.64
~4 57 {m, 2H}, 3.85 379 {m, /= 5.4, 4.0 Mz, 2H), 3.50 {5, 3H), 3.45 {s, 3H}; MS{ESI) m/z

242.1 [M+H).

Step 5
e /‘\A /‘/‘ -~
H H i N3
H e : OH
NG As. HCH@ Ny THF g
[ T PN .
| + i | 2 e <Ry
N v M e \\&)/U i J 4 i :
] I N No_zA 0
\\q/\\v/C \\,‘ e //O ‘ \I
[ (" \\C e //C; NN 0
Y N (\/ "
—

{0169} To a solution of 2-methoxy-5-{methoxymethoxylisonicotinaldehyde {1.27 g, 5.28

med} in THE {5 mL) was added HCH3 N, 4 mL). The reaction was stirred at 50 °Cfor 1 h,

!

cooled to RT, and diluted with water {5 mi}. The mixture was nautralized to pH 7-8 with
solid K005 and the aqueous fayer was extracted with Et0Ac {100 mL) twice. The combined
organic layers were dried over Na,504, concentrated, and purified on silica gel using a

mixture of EtOAc and hexanes to give S-hydroxy-2-{2-methoxyethoxylisonicotinaldehyde

{630 mg, 60%} and 5-hydroxy-2-(2-methoxyethoxyinicotinaldehyde (120 mg, 11%). Data for
L-hydroxy-2-{2-methoxyethoxylisonicotinaldehyde: TH NMR (400 MHz, COCH) 6 9.98 {s, 1H),

9.50 {5, 1H}, 8.07 {5, 1H}, 7.02 {s, 1H}, 4.51 ~4.38 {m, 2H), 3.81 - 3.72 {m, 2H)}, 3.47 {s, 3H).

LRMS (M+H) m/z 198.1. Data for and S-hydroxy-2-{2-methox vethoxy} nicotinaldehyde

T

NMR {400 MHz, COCHL) 5103 (s, 1K), 7.99 {d, S = 3.2 Hz, 1M}, 7.58(d, /= 3.2 Hz, 14}, 7.18 —

7.07 {br, 1H), 4.54 (dd, /= 5.4, 3.7 Hz, 2H), 3.84 (dd, J = 5.4, 3.7 Hz, 2H}, 3.49 (s, 3H); MS {ES))

i

m/z 198.1 [M+H
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[0170]

Preparation of 2,6-dihydroxybenzaldehyde,

AICEH. DCM

PCT/US2014/022769

{01711 into 2 3000-mi three neck round-bottom Hask, was piaced a solution of AT {240
g, 1.80 mol, 3.00 equiv} in dichloromethane (1200mL). A solution of 2,6-

dimethoxybenzaldehvde

added to the reaction mixiure dropwise at §°

(3100 g, 601.78 mmol, 1.00 eg) in dichlorometh:

at room temperature, and then it was quenched with 200 mib of

resulting solution was extrs

layers we

with ethyl acetate/petroleum ether

concentrated under vacuum. The ra

acted with 2x200 mL of dichloromethane. The combine

dihwydroxybenzaldebyde as a yellow solid.

'HNMR (300MHz, DMSO-d) & 11.25(s, 2H), 10.25(s, 1H), 7.360y

MS {ESH m/z 139 [M+H]"

{0172} Preporation of 5-

hydroxy-2-methoxyisonicotinaldehyde.
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{0173] Step 1:To asolutio

added NaH (60% in mineral oil;

of additi

n of 6-methe

tion, the mixture was continued to stir st 0-5

guenched with agueous NHaClisae

mbla

S6g 024moliat 0

i,

axypyridin-3-0f {20 g, 0

°Cfor 15 min

diluted HCH {2

ane {(800ml) was

C. The resulting solution was stirred overnight

A ot
“\‘,: ne

sidue was applied onto a silica gel column

{1:200-1:50) as eluent to furnish 40 g {48%) of 2,6-

1, 1H), 6.36 {d, 1=8.4Hz 2H);

Step 3 I
HCH (3 NY THE f

-5 °C portion-wise.

& mol) in DMF (200 mL) was

Upon the completion

n followed by additional of
chioramethyl methyl ether. The mixture was stirred at 0-5 °C for another 20 min and
The agueous layer was exiracted with EtOAc {3 x 100

and the combined organic layer was washed with water and brine, dried over Na»50,,

and concentrated under reduced pressure. The residue was purified on silica gel with 25%

ent to

E1OAc/ hexanes as ely

give 2-methoxy-5

=)
173

S-{methoxymethoxyipyridine [24.1 g, 89.3%) as
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a colortess oil. 'H NMR (400 MHz; CDCL) 7.97 {d, 1 H), 7.35 (dd, 1 H), 6 70 (d, 1 H), 5.12 (s, 2

MY, 3.914s, 3H), 3.50{s, 3H) MSESI m/z 170.1 [M=+H]"

[0174] Step?: To a mixture of 2-methoxy-5-{methoxymethoxyjpyridine {30 g, 0.178 mol)
and difsopropylamine {507 ul, 3.8 mmol} in THF (500 ml} was added methyl lithium (1.6
M/THF, 200 mi, 0.32 mol) at -40 °C. Upon the completion of addition, the mixture was
warmed to 0 °C and continued to stir at 0 °C for 3 h. The reaction mixture was then cooled
back down to -40 °C followed by addition of DMF (24.7 mi, 0.32 mol] slowly. The mixture
was then stirred at -40 °C for 1 h and quenched with a mixture of HC {12 N, 120 mi) and
THE {280 mb). Water (200 ml) was added and the pH of the mixture was adjusted to pH 8-9
with solid KoC0,, The mixture was extracted with EtOAc (300 mL) twice. The organic layer
was combined, dried over Na;50,, and concentrated to give 2-methoxy-5-
{methoxymethoxylisonicotinaidehyde {33.5 g, 95.7%) as a brown solid, which was used for
next step without further purification. 'H NMR {400 MHz; CD=0D) 7.0 (s, 1 H), 6,92 {5, 1 H),

5.64 (s, 1 H}, 5.20 {s, 2 H), 3.84 (s, 3 H}, 3.48 {5, 3 H); MS (ES1} m/z 198.1 [M+H]".

{0175] Step 3: To a solution of 2-methoxy-5-{methoxymethoxylisonicotinaldehyde (33.5 g,
.17 mol} in THF {150 mi) was added HCH{3 N, 250 mL}. The reaction was stirred at 50 °C for
1 h, cooled to BT and diluted with water (500 ml}. The mixture was neufralized to pH 7-8
with solid K;C0;. The pale vellow solid was collected, washed with water, and dried in
vacuum oven {40 °C) overnight to give S-hydroxy-Z-methoxyisonicotinaidehyde {17.9 g,
74.6%). *H NMR (400 MHz; DMSO) = 10.31 {s, 1 H), 8.03 (s, 1 H), 6.89 (s, 1 H}, 3.80 (s, 3 H);

MS{ESH m/z 154.0 [M+H]"
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{3)-2<{{T-venzoyipyrroidin-2-yhimethoxy)-6-
hydroxybenzalkdehyde
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{01761 GBT215- {$}-2-{{1-benzovipyrrolidin-2-ylimethoxy}-6-hydroxybenzaldehyde.

oH O . -
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i S = h PN ; \ s %/ o
FIN- A ey DIPEA | - .t - ~
v “+ [E ~ A &}_:}/ )\\\T‘*’({ M i OH . 9 O 1:
) ~ S} e oap ) e

h d e LA s Y
HO HO ; GBTES L

\\‘ - #

vy

{0177} Step 1: To a solution of (Sh-pyrrolidin-2-yimethanol (700 mg, 6.92 mmol) and DIPFA
{1.20 mi, 6,92 mmoel} in DCM {12 mi} at 0 "C was added henzoy! chloride (0.80 mi, 6.92
mmoi}, 30 min later it was diluted with more DCM and was washed with Sat. NaHCQ,, brine
dried over MgSQ,, concentrated to give crude product, which was purified by column
{E10Ac 0-100%) to give (S)-{2-{hydroxymethylipyrrolidin-1-yl}{phenylimethanone (1.2 g).
[0178] Step 2: To a solution of {5)-{2-{hydroxymethylipyrrolidin-1-vl}{phenylimethanone
(100 mg, 0.4%9 mmol} and 2,6-dihydroxybenzaldehyde (30 mg, 0.64 mmol) in THF {1 mL) was
added PPhy {190 mg, 0.73 mmol} and DIAD {0.15 mL, .73 mmaol) 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-benzovipyrroiidin-2-ylimethoxy)-6-
hydroxybenzaidehyde (65 mg). 'H NMR (400 MHz, Chioroform-d) § 11.90 (s, 1H}, 10.40 (s,
1H), 7.51 - 7.3 {m, 6H}, 5.53{t, /= 9.2 Hz, 2H}, 4.65 {5, 1H), 4.38 {d, /= 6.1 Hz, 2H}, 3.51 (1, /
= 6.8 Hz, 2H}, 2,29~ 1.90 {m, 2H}, 1.79 {d, /= 36.4 Hz, 34}, 1.31 ~ 1.18 {m, 1H). M5 found for
CiaHisND, 326.5.
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{6379] GBTY52- {5}-2-{{1-benzoylpiperidin-2-yiimethoxy}-6-hydroxybenzaldehyde

O
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{0180] Step 1:70 asuspension of (§}-piperidin-2-ylmethanol hydrochloride (011 g, 0.7
mmol} in DCM (2 mi) was added DIPEA {0.27 mi, 1.54 mmol) and benzovi chioride (0.08 mi,
0.70 mmoll at room temperature, after stirred for 30 min, it was diluted with DCM and
washed with Sat. NH,{, brine, dried over MgSCy and was concentrated to give crude

product, which was purified by column {Hexanes/EtCAc= 0:100} to give {5)-(2-

2

{hydroxymethylpiperidin-1-vh{phenylimethanone {84 mg).

[0181] Step 2: To a soiution of 2,6-dihydroxybenzaldehyde {110 mg, 0.80 mmol} and (§}-(2-
{hydroxymethylipiperidin-1-vi}iphenviimethanone {{.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 mmol) at £ °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 {S}-2-{{1-benzoyipiperidin-2-yl)methoxy}-
S-hydroxybenzaldehyde 82 mg. 'H NMR {400 WMHz, Chioroform-d) § 11.98 (s, 1H), 10.28 {s,
1H), 7.45-7.28 {m, 5H), 6.58-6.50 {m, 2H}, 6.40{dt, /= 8.1, 0.8 Hz, 1H}, 4.32 {t, 1 = 8.5 Hz,

1H), 4.18 (s, 1H), 3.04 {5, 1M}, 1.94 = 176 {m, 3H}, 1.73 — 1L.58 {m, 3H), 1.26 (dt, /= 7.0, 3.1

fHz, 2H1 MS found for CopHa NG, 340.2,

GBTY61
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{8)-2-hydroxy-8-{( 1-nicotinoyvipyrrolidin-2-viimethoxybenzaldehyde
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[0182] GBTY61- {S}-2-hydroxy-6-{{1-nicotinoyipyrrolidin-2-ylimethoxylbenzaldehyde

e OH O
o Step 1 Step 2 J\ h\
o s o e o TN
r \S HE i A \,> rs S ( H
HN- WS g DIPEA G N Sy
{f ; g Ry \\Y( y i) o
Y bl i
S e oo PhaP DIAD
HO THOD }

{0183} Step 1: To a solution of {(S}pyrrolidin-2-yimethano! (500 mg, 4.94 mmol} in DCM {10
mil} was added DIPEA (1.89 mi, 10.87 mmol}, followed by nicotinyl chioride {0.92 g, 5.19
mrnot} at 0 °C, atter stirred for 30 min, it was diluted with DCM, washed with aqueous 5at.
NaHCOs, brine, dried and concentrated to give crude product, which was purified by column
(DCM/MeOH=100:0 to B0:20) to give {S}-{2-{hydroxymethylipyrrolidin-1-y{pyridin-3-
viimethanone {300 mg}.

[0184] Step 2:To a solution of (5)-[2-{hvdroxymethyljpyrrodfidin-1-yIH{pyridin-3-
yvhimethanone {150 mg, 0.73 mmol) and 2,6-dihydroxybenzaldehyde {0.13 g, 6.91 mmol) in
THF (1.5 mb) was added PPh; {0.29 g, 1.1 mmol} and DHAD {021 mi, 1.1 mumol) at 0 °C and
stivved at room temperature for 2 iy it was subseguently concentratad, the resulting residue
was purified by column (hexanes/EtOAc=100:0 to 40:60 to DCM/MeCH=100:0 to 90:10) to
give a mixture of products, which was further purified by preparative HPLC to give (5)-2
hydroxy-6-{{1-nicotinoyipyrrolidin-2-ylimethoxy)benzaldehyde (63 me). *H NMR {400 MHz,

Chioroform-d) § 11.90 {s, 1H}, 10,40 {s, 1H), 878 - 8.72 {m, 1H), 8.68 {dd, /= 4.9, 1.7 Hz,

M}, 7.82{dt, /= 7.8, 2.0 Hz, 1K), 7.40(f, S = 83 Hz, 1H}, 7.36 {ddd, J = 7.9, 4.9, 0.9 Hz, 1H],
6.53 {dd, J=8.5, 4.8 Hz, 2H), 4.66{d, /=111 M), 4.38(d, i=5.8Hz, 2H), 3.54 {1, /=76
Mz, 2H), 2.26 (did, /= 12.8, 7.6, 5.3 Hz, 1H}, 2.19 - 2,10 {m, 1K), 2,10~ 1.98 (m, 1H), 1.88 {dt,
J=12.5, 7.8 Hz, IH) MS found for CiaHigN,Oyr 3274,
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GBTY962

{8)-2-hydroxy-8-{{ 1-isonicotinoylpyrrotidin-2-yhimethoxy)benzaldehyds

fug

[0185] GBTY96Z- {(81-2-hydrony-6-{{1-isonicotinoyipyrrolidin-2-ylimethoxylbenzaldehyde

CH G -
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f0186] Step 1: To a solution of (§)-pyrrolidin-2-vimethanol {5300 mg, 4.94 mmal} in DCM {10

mil} was added DIPEA {1.88 mi, 10.87 mmol), followed by nicotinyl chioride {0.88 g, 4.94
mmol} at 0 °C, after stirred for 30 min, it was diluted with DCM, washed with agueocus Sat.
NaHCOs, bring, dried and concentrated to give crude product, which was purified by column

{(DCA/MeCQOH=100:0 to 80:20) to give (S}-(2-{hydroxymethylipyrrolidin- -y} {pyridin-4-
yvhimethanone {800 mg).

[0187] Step 2: To a solution of {$1{2-(hydroxyimethylipyrrolidin-1-yi{pyridin-3-
viimethanone {150 mg, 0.73 mmol) and 2,6-dihydroxvbenzaidebyde {0.13 g, 0.91 mmol} in
THF (1.5 mb) was added PPh; (.29 g, 1.1 mmol) and DIAD {0.21 mi, 1.1 mmol) at 0 °C and
stirred at room temperature for 2 h, it was subsequently concentrated, the resulting residue
was purified by column {hexanes/Et0Ac=100:0 to 40:60 to DCM/MeOH=100:0 to 90:10) to
give a mixture of products, which was further purifiad by preparative HPLC to give {S}-2-
hydroxy-6-{{1-isonicotinayipyrrolidin-2-yiimethoxy jbenzaidehyde (36 mg). 'H NMR (400
Mz, Chioroform-d) 8 11.88 (s, 1H), 10.38 (s, 1H), 8.72 — 8.63 (m, 2H}, 7.39 {t, J = 8.4 Hz, 1H),

7.35 - 7.24 (m, 2H), 6.52 (t, /= 8.6 Hz, 2H), 4.63 {da, J = 8.4, 5.1 Hz, 1H}, 4.42 - 4.29 {m, 2H},

-3
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3.46 thept, J= 6.3, 5.4 Hz, 2H), 2.24 (dtd, /= 13.3, 7.7, 5.5 Hz, 1H}, 2.13 {dg, /= 13.0, 6.8 He,
1H}, 2.03 {dt, J=12.4, 6.3 Hz, 1H), 1.95 - 1.79 {m, 1H). MS found for CiaHeN,Cy 327.4.

kY

GBTS79

{8)-2-hydroxy-6-({1-picclinoyipyrrolidin-Z-yhimethaxyibenzaidehyde

GBY979- {3}-2-hydroxy-6-{{1-picolinoyipyrrolidin-2-yvlimethoxylbenzaldehyde

OH O
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[0188] Step 1. To a solution of (Si-pyrrolidin-2-yvimethanol (500 mg, 4.94 mmol} in DCM {10
mi} was added DIPEA {1.89 mi, 10.87 mmol), followed by isonicotiny! chioride (0.88 g, 4.94
mmol) at § °C, after stirred for 30 min, it was diluted with DOM, washed with agueous Sat.
NaHCO3, brine, dried and concentrated to give crude product, which was purified by column
{(DCMI/MeOH=100:0 to 80:20) to give (S)-(2-{hydroxymethylipyrrolidin-I-yiH{pyridin-2-
yviimethanone {900 mg).
[0188] Step 2: To a solution of (§)-(2-(hydroxymethylipyrrolidin-L-vil{oyridin-2-
yviimethanone {100 mg, 0.48 mmecl) and 2 6-dibydroxybenzaldehyde {0.08 g, 0.6 mmol} in

F {5 mL} was added PPhy {polymer supported, 600 mg, 0.72 mmol} and DIAD {015 mi,
(1,72 mmaol) at room temperature. After stirred at room temperature for 3 b, the mixture
was difuted with AcCN, the inscluble material was filtered off, the filtrate was concentrated
io give crude product, which was purified by preparative HPLC to give (S)-2-hydroxy-6-{{1-
picolinoylpyrrolidin-2-yiimethoxyjbenzaldehyde (15 mg). 'H NMR {400 MHz, Chloroform-d)

511.92 (5,14}, 1039 (d, /= 0.6 Hz, 1H), 855 {ddt, 1 =40.7,4.9, 1.1 Hz, 1H), 7.89-7.74 {m,

71
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ZHY, 7401 S =84 He, I, 7.37 - 723 (m, 1K), 5,60~ 6.46 {m, 2H}, 6.76 - 4.65 {im, 1M), 4.48

{dd, /=95, 33 Hz, 1H), 432 -4.38 (m, 1H),3.99-3.81 {m, 1H}, 3.81 - 3.67 {m, 1H}, 2.25 -

1.83 {m, 4H) MS found for CiaH N2y 3273,

GBT1064

{S)-2-hydroxy-8-{{1-{1-is0propyl-1 H-pyrazols-S-carbonylpyrrolidin-2-
ylimathoxyibenzaidehyde

{0190] GBT1064- {5}-2-hydroxy-6-{{1-{3-isopropyl-1H-pyrazele-S-carbonylipyrrolidin-2-

yvilmethoxylbenzaldehyde

o, OH O
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{0181} Step 1: To a solution of {S}-pyrrolidin-2-yimethano! {160 mg, 1 mmol} and 3-
isopropylk-1H-pyrazole-S-carboxylic acid {0.15 g, Tmmioll in DMF (2 mi) was added HATU
{0.38 g, 1 mmol} and then the mixture was stirred until finished, it was diluted with water
and extracted with EtOAc, organic laver was dried and concentrated to give crude product,
which was purified by column {100% EtOAc) to give (S3-{Z-(hydroxymethylipyrrolidin-1-yi}{i-
isopropyl-1H-pyrazolk-S-viimethanone {120 mg).

{0182] Step 2: To asolution of (SH2-(hydroxymethyllpyrrolidin-1yi{ 1-isopropyl-1H-
pyrazol-5-yilmethanone {120 mg, 0.51 mmol} and 2 6-dihydrovybenzaldehyde {(8.09 g, 0.66
mmol} in THF {4 mi) waas added PPhy (Polymer supported, 640 mg, 0.77 mmol} and DIAD
(.16 mL, 0.77 mmal} at 0 °C. After stirred at room temperature for 1h, 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 1o give (53} 2-hvdroxy-6-{{1-{1-isopropyh-1H-

pyrazole-5-carbonylipyrrolidin-2-viimethoxy)benzaldehyde {46 mz). “H NMR {400 MHz,
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Chioroform-o} & 11.90 (s, 14}, 10.37 {5, 1H), 7.55{d, /= 2.0 Hz, 1H}, 7.41 {t, / = &.4 Hz, 1H},
f % H

6.54 {d, /= 8.5 Hz, 1H), 6.48 {d, J = 8.3 Hz, 1H), 6.37 (d, J = 2.0 Hz, 1H}, 5.03 ~ 4.94 [m, 1H),
465 {s, 1H), .37 (d, J = 5.4 Hz, 2K}, 3.67 (s, 1H), 3.60 ~ 3.45 {m, 1H}, 2.25 {dd, /= 13.1, 6.1

Hez, 1H}, 210 (ddt, J =304, 12.0, 6 4 Hz, 2H), 1 93 (s IHL, 1.53{d, f = 6.6 Hz, 3H), 146 {d, J=

7 Hz, 3K} MS (MaH) found for CioHaNsO4: 358.3.
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{&)-2-nydroxy-8-{{1-nicotinoylpiperidin-2-yhmethaxybanzaldehyde

{0193] GBT1118 {§}-2-hydroxy-6-{{1-nicotinoyipiperidin-2-yi}methoxyibenzaidehyde

Step 1&2 /;N ~ 7 \
e, D 4N HClHdioxane . T | i \:‘\ |
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[0124] Step 182: 7o a sclid sample of (S}-tert-butyl 2-{hydroxymethylipiperidine-1-
carboxyiate {215 mg, 1.02 mmol} was added 4N HC in dioxane (1 mL) After stirred for 30
min, it was concentrated to give (Shpiperidin-Z-yimethanol HC salt. To a suspension of {S)-
piperidin-2-yimethano! HC salt in DOM {3 ml) at § °C was added DIPEA (039 mi, 2.24
mmael} and nicotiny! chloride (0.2 g, 1.12 mmol}, After stirred for 30 min, it was diluted with
DCM, washed with agueous Sat. NaHCO3, brine, dried and concentrated to give crude
product, which was purified by column (DCM/MeOH=90:10) to give {$)-{2-
{hydroxymethyhpiperidin-1-yBipyridin-3-yiimethanone {130 mg}

(0185} Step 2: To a solution of (8)-{2-{hydroxymethylipiperidin-1-vi}{pyridin-3-

viimethanone {130 mg, 0.52 mmol) and Z,6-dihydroxybenzaldehyde (0,11 g, 0.77 mmol) in
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THF {4 mL} was addad PPhy {polymer supported, 0.74 g, 0.89 mmol} and DIAD (0,17 mi, 0.88
mmaot} at §°C and stirred at room temperature for 2 b, it was subsegquently concentrated,
the resulting residus was purified by preparstive HPLC to give (8- 2-hydroxy-6-{{1-
nicotinoylpiperidin-2-ylimethoxylbenzaldehyde (30 mg). *H NMR {400 Mz, Chioroform-d} &
11.85 {s, 1H}, 10.28 {5, 1M}, 866 {dd, /= 4.9, 1.7 Hz, 1H}, 865 - 8.62 {m, 1H}, 7.73 {d
2.0 Hz, 1H), 7.41 {d, J = 8.4 Hz, 1H), 7.37 (ddd, /= 7.8, 4.9, 0.9 Mz, 1H), 6.59 - 6.54 {m, 1H},

6.40 {d, /= 7.0 Hz, 1H), 4.3~ 4.30 {m, 2H}, 4.19 {s, 2H), 3.15 {5, 1H), 1.97 - 1.78 {m, 4H),
1.72 —~ 3.56 (m, 2H). M5 found for CoabuelN204: 341.3.
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{S)-2-hydroxy-5-{{ 1-(8-methyinicotinoylpiperidin-2-
yiimethoxybenzaldehyde

[0196] GBTL579- {$})-2-hydroxy-6-{1-{6-methyinicotinoyl}piperidin-2-
yiimethouylbenzaldehyde

oH O
o Step 182 o sepd | .
Yo D00t pME L Ne T T/\\'/ H
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(01971 Steps 1&2: To a suspension of 6-methylnicotinic acid (270 mg, Zmmeol} in DCM {5
mb) was added oxalyl chioride {0.34 ml, 4dmmaol} at 0 °C foliowed by a drop of DMF, after
stirred for 2 hour at room temperature, the solution was concentrated to give crude acid
chioride.

To the ahove crude acid chioride in DUM {4 mL) was added {S)-piperidin-2-vimethanol
hydrochioride {200 mg, 1.98 mmol} and DIPEA {1.04 mi, 5.94 mmol} at 0 °C, after stirred at

room temperature for 2 b, more DIPEA was added to drive the reaction to completion. The
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reaction was diluted with DUM, washed with Sat. NaHCO3, brine, dried and concentrated o

oy

give crude product, which was purified by column {(DCM/MeOH=80:10) to give desired {§)-

o

2-{hydroxymethylipiperidin-1-yl}{&-methylpyridin-3-yiimethanone {100 mg).

£

[0188] Step 3. To asolution of (5)-{Z-{hydroxymethylipiperidin-1-yB{6-methyipyridin-3-

viimethanone {100 mg, 0.43 mmol} and 2,6-dihydroxyhenzaldehvde (80 mg, .56 mmol) in
THF (2.5 mi} 21 0 °C was added polymer supported triphenylphosphine (435 mg, 0.52 mmaol)
and DIAD {0.11 mi, 0.52 mmol), after stirred for 4 hour at room temperature, the solution
was filtered, the filtrate was concentrated and was purified by prep HPLC to give (8)-2
hydraxy-6-{{1-{6-methyinicotinoyl}piperidin-2-yl)methoxy)benzaldehyde {29 mg). 'H NMR
{400 MHz, Chioroform-d} & 11.95 {s, 1H}, 10.28 {5, 1H), 8.53 (d, J = 2.2 Hz, 1H), 7.62 {dd, } =
3.0, 2.3 Mz, M), 739, J = 84 Hz, M), 7.23 (d, /= 8.0 Hz, 1H), 6.55 {dd, J = 8.5, 0.8 Hz, 1H),

6.40 {s, 1H}, 4.33 {t, /= 8.6 Hz, 2H}, 4.19 {5, 1H), 3.09 {5, 2H), 2.59 (s, 3H), 1.73 {m, 6H}. MS

{0+ H]} found for CobaN2 04 355.3.
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[0199] GBT15880- (8)-2-hydroxy-6-{{1-{Z-mathyinicotinoyl}piperidin-2-

viimethoxyibenzaldehyde
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{0200} Step 182:7To asuspension of Z-methyinicotinic acid {300 mg, 2.19 mmol} in BCM (5

ml) was added oxalyl chioride {0.28 ml, 3.3 mmol) at 0 °C and was further stirred for 2 hour

at room temperature, then the sclution was concentrated to give crude acid chigride,

{0201] To the acid chioride in DOM {5 mb) was added {5)-piperidin-2-vimethano!
hydrochloride (250 mg, 1.65 mimol) and triethylamine {0.69 mL, 4.9% 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. NaHCU3 and brine, dried and concentrated to
give crude product, which was purified by column [DOM/MeOH=95:5} to give {S)-{2-

{hydroxymethylipiperidin-1-yl}{Z-methylpyridin-3-vi}methanone {200 ma)

{0202] Step 3:To asolution of (5)-{2-(hvdroxymethylipiperidin-1-y1H2-methyipyridin-3-
yiimethanone {180 mg, 0.77 mmol} and 2,6-dihydroxybenzaldehyde {140 mg, 1.0 mmol} in
THF {5 ml} at 0 °C was added polymer supported triphenyiphosphine {1.0 g, 1.16 mmol) and
DIAD {0.21 mi, 1.08 mmol}, after stirred for 15 hour at room temparature, the solution was
filtered, the filtrate was concentrated and was purified by prep HPLC to give {53-2-hydroxy-
&-{{1-{2-methyinicotinoylipiperidin-2-ylimethoxylbenzaldehyde {129 mgh. 'H NMR (400
WMz, Chioroform-d} & 11.99 (s, 1H}, 10.40 (s, 1H), 853 (m, 1H), 7.42 {, /= 8 4 Hz, 1H), 7.32
{m, IH}, 7,20 0m, 1H), 656 {d, /=84 Hz, 1H), 6.47 {d, /= 8.3 Mz, 1H}, 5.39 {s, 1H}, 4.38 {1, J =
B8 Hz, 1H), 4.21{dd, /= 9.5, 6.6 Hz, 1H}, 3.36{d, /= 13.5 Hz, 1H), 3.14 {m, 1H}, 2.52 {5

2.10~1.35{m, 6H). M5 (M+H) found for CeHN04 355.3

GBTi124
/////\\ N E// N O
I J J /.’
N \\.f'/ N ~
i
o
OO
] ]
ey /J\ i
LA
> OH

{S12-{(4-benzoylmorphoiin-3-ymethoxy}-5-hydroxybenzaldehyde
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[0203] GBT1124- {8}2-{{4-berzovimorpholin-3-vijmethoxy}-6-hydroxybenzaidehyde

ST e e,
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[0204] Step 182: To a solid sample of {R)-tert-butyl 3-{hydroxymethvlimorgholine-4-
carboxylate {150 mg, 0.69 mmol) was added 4N HC in dioxane {1.5 mi). After stirred for 30
in, it was concentrated to give {R)-{3-{hvdroxymethylimorpholino}{phenylimethanone as
HC salt. To a suspension of {R)-{3-(hydroxymethylimorpholinoHphenyiimethanone HCl sal
n DCM {2 mi) at 0 °C was added DIPEA [0.36 mlL, 2.07 mmol} and benzoyl chioride {0.08 mL,
0.69 mmol}. After stirred for 30 min, it was diluted with DCM, washed with aguecus Sat.

NaHCO03, brine, dried and concentrated to give crude product, which was purified by column

{100% EtOAc) to give (R}-{3-{hydroxymethyhmorpholina){phenylimethanone {120 mg).
Step 3. To a solution of {R)-{3-{hydroxymethyiimorpholing}{phenylimethanone (80 mg, 0.36

mmol} and 2,6-dihydroxybenzaldehyde {0.06 g, 0.47 mmol} in THF {2 mL) was added PPh;
{polymer supported, 0.45 g, 0.54 mmol} and DIAD {G.11 miL, .54 mmol) at 0 °C and stirred
at room temperature for 2 h, it was subsequently concentrated, the resulting residue was
purified by preparative HPLC to give {S}-2-{{4-benzoyimorpholin-3-ylimethoxy}-6-
hydroxybenzaldehyde (20 mg). *H NMR {400 MHz, Chioroformed) 6 11.96 {5, 1H), 10.28 (s,
1M}, 7.50 - 7.35 {m, 7H}, 6.61 - 641 {m, 1H}, 4.37 {s, 2H}, 4.07 {s, 1H}, 3.89 {s, 1K}, 3.76 (dd,

F=12.2, 3.2 Hz, BH), 355 (s, 2H), 3.39 (s, TH), 1.35 - 1.18 {m, 1H)L MS found for CioHgNOs:
342.3.
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[0205] GBT1126- {§)-2-hydroxy-6-{{1-{phenyisulfonyijpyrrolidin-2-
yiimethoxyjbenzaldehyde
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[0206] Stepi:To a solution of (Si-pyrrolidin-2-vimethano! (500 mg, 4.94 mmol) in DCM {10
mi at 8 °Cwas added TEA {1.04 mi, 7.41 mmol) followed by benzenesulfonyl chloride {063
mi, 4.94 mmeol} After stirred for 30 min, it was diluted with DCM, washed with agueous Sat.
NaHCO3, brine, dried and concentrated to give crude product, which was purified by column
to (Si-{1-{phenyisulfonylipyrrolidin-2-yiimethanol

[0207] Step 2: To a solution of (S)-{1-{phenyisulfonylipyrrolidin-2-yimethanoi {125 mg,
0.54 mmol} and 2,6-dihvdroxybenzaldehyde (0.1 g, 0.7 mmeol) in THF (2 mi) was added PPhy
{0.21 g, 0.81 mamol} and DIAD {0.16 mL, 0.81 mmoi} at 8 °C and stirred at room temperature
for 2 h, it was subsequently concentrated, the resulting residug was purified by preparative
HPLC to give {S)-2-hydroxy-8-{(1-{phenyisulfonyhipyrrolidin-2-ylimethoxyibenzaldehyde {37
mg) H MMR (400 MHz, Chioroform-d} 6 11.90{d, J = 0.4 Hz, 1H), 10.28 {d, f = 0.6 Hz, 1H},
7.93-7.76{m, 2H), 7.85 = 7.56 {m, IH}, 7.56 - 7.47 {m, 2H), 7.43 {1d, 1 = 8.4, 0.4 Hz, 1H),

6.55 (dt, /= 8.5, 0.7 Hz, 1H}, 6.48 {dd, /= 8.3, 0.8 Hz, 1H}, 4.42 ~4.31 {m, iH), 4.08 -~ 3.95 {m,
2HY, 3.56 - 3.45 {m, 1H], 3.20 {ddd, /= 10.0, 8.0, 7.0 Hz, 1H}, 2.03 - 1.83 {m, 2H), 1.81 - 1.50

{m, 2H} MS found for CiaHisNGs5: 362.4,
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GBT1128
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{(S2-hydroxy-G-({ 1-{pyridin-3-yisulferyhpyrrolidin-2-ylimethoxybenzaldehyde
[0208] GBT1128- {5}-2-hydroxy-6-{{1-{pyridin-3-yisulfonylpyrrolidin-2-
ylimethoxyibenzaldehyde
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{0209] Stepl: To asolution of (Sl-pyrrolidin-2-vimethang! (320 mg, 3.16 mmaol) in DCM (6

b} at 0 7C was added TEA {0.87 mi, 5.95 mmol} followed by pyridine-3-sulfonyl chioride
{G.68 g, 3.16 mmol}l. After stirred for 30 min, it was difuted with DCM, washed with agueous
Sat. NaHCO3, brine, driad and concenirated to give orude product, which was purified by
column to give (5)1-{1-{pyridin-3-yisulfonylipyrrofidin-2-yiimethanoi (66 mg).
{02101 Step Z2: To a solution of (S}-{1-{pyridin-3-ylsulfonvylipyrrolidin-2-ylimethanol (65 mg,
0.29 mmol) and 2,6-dihydroxybenzaldehyde {0.06 g, 0.41 mmol} in THF {2 mL) was added
PPhy {polymer supported, 0.37 g, 0.44 mmol} and DIAD (0.09 mi, 0.44 mmol) at 0 °C and
stirred at room temperature for 2 h, it was subseguently diluted with AcCN, the insoluble
naterial was filtered off, the filtrate was concentrated, the resufting residue was purified by
preparative HPLC to give (5)-2-hydroxy-6-{{1-{pyridin-3-yisulfonyljpyrrolid
yiimethoxyibenzatdehyde (17 mg). *H NMR {400 MHz, Chloroform-d} 8 11.80 (s, 1H), 10.29
{d, /=06 Hz, 1H), 2.08 {dd, f=2.3, 0.8 Hz, 1H}, 883 {dd, /= 4.9, 1.6 Hz, 1M}, 8.18 ~8.09 {m,
iHY, 753 746 (m, 1K), 7.44(t, J = 8.4 Hz, 1H), 6.61 - 6.54 {m, 1H}, 6.50 - 6,44 {m, 1H), 4.40
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my, LML, 4012 ~3.96 {1, 2H), 3.56 (ddd, /=105, 7.1, 4.2 Hz, 1H), 3.21 {dt, /=101, 7.4

—4.3

fank

Hz, 1H), 2.08 — 1.88 {m, 2H}, 1.87 — 1.66 {m, ZH). M5 {MM+H) found for CyHsN-0sS: 363.4.

[0211} From the foregoing it will be appreciated that, although specific embodiments of
the invention have been described herein for purposes of Hustration, various modifications
may be made without deviating from the spirit and scope of the invention,

{8242] Throughout the dascription of this invention, referencs is made 1o various patent
applications and publications, each of which are herein incorporated by reference in their

entirety.

)

,
)
-
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CLAIMS

1. A compound of Formula {B)

.
{_2
§ Y\\\\.
R3S Z
VA 2
\“1 4
I NIPA
PRI /,L\.
. ‘\// 'Vi
L G
(A}

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

g}harmaceuticaiéy acceptable salt thereof, wherein
is Cy-Ce alkyl, Ts-Cy eycloalieyd, C-C alkoxy, C4-Cg cycloalkoxy, or —NR gl
ach R* and R? independently is hydrogen, C-Cs alkyl, C4-Cy cycloalkyl, Ce-Cigaryl, 4-

10 membered heterocycle or 5-10 membered hetercaryl, each containing up
to 5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of O, N, 5, and oxddized forms of N and 5, wherein sach alkyi,
cycloalkyl, heterocycle, aryl or heteroaryl is optionatly substituted, or B and
R* togethar with the nitrogen atom they are attached to form an opticnally
substituted 4-7 membered heterocyele; or

is Ce-Urp aryl, or 3 5-10 membered heteroaryl, wherein the heteroatom is selected

i5 Q

from the group consisting of G, N, §, and oxidized forms of N and 5, wherein

each of the aryf, or heteroaryl is optionally substituted with 1-4 C;-C¢ alky;
1. e Tle 724 70 71 72
Lhisabondoris NR™® 0,S, or (CR™R"%)d; wherein eac “h R, R and R
independently are hydrogen or C-Cg alkyi;
disd, 2, 0r3;
L5905 C=0 or SOy

ring B is a opticnally substituted Ce-Cioaryl, optionally substituted 5-10 membered

o

heteroaryl having 1-3 nitrogen atoms or oxidizad forms of N, or optionally

substituted 4-10 mambered haterooycle containing up to 5 ring heteroatoms,

8l
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whereain the heteroatom is selected from the group consisting of O, N, 5, and
oxidized forms of N and §; or

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, 8, and exidized forms of N and 5;

each Y and 7 is independently CRUR™, 0, 5, SO, 50,, or NR™, each R*® and g™
independently is hydrogen or (-G alkyl optionally substituted with 1-3 halo,

311

OH, or C1-Cs alkoxy, or CRYaM is £=0, provided thatfoneof Yand 2is G, 5,

50, SO», then the other s not CO, and ¥ and Z are both not heteroatoms ¢

wherein ¥ is o or B substituted relative to the -L'1L°R%;

wherein Z and ~CV'V’H are joined to adjacent atoms on ring G

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

ring Cis Lg-Ciparyl or a 5-10 membered heteroary! containing up to Sring
heteroatoms, wherein the heteroatom is selected from the group consisting
of O, N, 5, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -ORY, €,-C alkyl, and/for C;-Cg alkoxy,
wherein the C-Cq alkyl is optionally substituted with 1-5 halo, (- alkoxy
and/or a 4-10 membered heterocyele containing up to 5 ring hetergatoms,
wherein the heteroatom is selected from the group consisting of G, NL §, and
oxidized forms of Nand &; and

R*is hydrogen or a prodrug moiety R;

v and V7 independently are Ci-Cq alkoxy; or V¥ and V¥ together with the carbon

atom they are attached to form a ring of formuia:

A
N
K \

V4
s
u"g’,\v_\ o
/ »

. 3 4 . . P 3
wherein each V° and V" are independently O, §, or NH, provided that when one of V

,««\
< ““:%
£a3
Lo

and V¥ is S, the other is NH, and provided that V* and V* are both not NH: qis

1or 2; each V7 is independently {-Cg atkyi or €O, R where each R™

82
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independently is Ci-Ug alkyl or hydrogen; tis 0, 1, 2, or 4; or CVIV2 is {sV,

wherein Vis O, NORY, or NNa¥ R

R™ is aptionally substituted C;-Cg atkyl:

LB SB2 ., . o e
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-C8 alkyl; and

R™ is optionally substituted C1-C6 alkyl.

2. A compound of Formula (i)
LB
O Lﬂ/\“.“‘/‘
! ¥
Ny
RN
. ~
R? Z
\V/‘E \/2
o
o
EREEREN YN
; 7 H
(O
) K
. £
v RN
LN
{1}
or a tautomer thereof, or pharmaceutically acceptable salt of each of thereof,
wherein

R7 is C1-Cy atkyl, C3-Ca cycloaliyl, C1-Cq alkoxy, Ci-Cp cycloalkoxy, or ~NR'RY;
PR . e SR i S s
each R' and R” independently is hydrogen, C;-Ce atkyl, C3-Cs cycloaliyl, Ce-Ciparyl, 4-
10 membered heterocycle or 5-10 membered heteroaryl, each containing up

te 5 ring heteroatoms, wherein the hetercatom is selected from the group

eie}

consisting of O, N, 5, and oxidized forms of N and §, wherein each alkyl,
cycloalkyl, heterocycle, aryl or heteroaryi is optionally substituted, or 8% and
R together with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocycle;

isabondorisNR™ 0,5 , O t.R R’“)G, wherein each R’ ?3‘, and R7?
independently are hydragen or (-G alkyl;

b 7.
s, OF 3

o
o
[
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ring 8 is a optionally substituted Ce-Ciparyl, optionally substituted 5-10 membered
heteroaryl having 1-3 nitrogen atoms or oxidized forms of N, or optionally
ubstituted 4-10 membered heterocycle containing up 1o 5 ring heteroatom

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

54

exidized forms of Nand S;

R, 0, 58,50, 50, Q*\i‘“ pach R* and

cach ¥ and Z is independently CR

independently is hydrogen or C;-Cs alkyl optionally substituted with 1-3 halo,
OH, or £-C; alkoxy, or CRYrM is C=0, provided thatHoneofYand 715 3, 5,
SO, SO, then the other is not CO, and ¥ and 7 are both not heteroatoms or
oxidized forms thereof;

wherein Y is o or B substituted relative to the ~LCOR?

ng Cis a optionally substituted Co-Cig aryl or optionally substituted 5-10 membered

heteroaryl containing 1-3 nitrogen atoms, or an oxidized form o

wherein 7 and ~-CV'V’H are jcined to adjacent atoms un ring ¢

2. ~ N H N .
v and V7 independently are C-Cq alkoxy; or V' and V° together with the carbon

atom they are attachad to form a ring of formula:

wherein gach V* and V" are independently O, 5, or NH, provided that when one of 7
and V' is S, the other is NH, and provided that V° and V¥ are both not NH; g is

Lor 2; each V7 is independently C-Ce atkyl or C0.R™, where each R®
independently is Cl“'f:»;; alkyl or hydrogen; tis 0, 1, 2, or 4; or CVV7 is C=V,
whergin V is O, NOR™, or NNR¥RY,

R 15 optionally substituted C;-Cs alkyd;

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

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

R* is optionally substituted Cy-Cq allyl;

R*is OH, halo, Cy-Cy atkoxy, Co-Co cycloatkoxy or O-R, where Ris a prodrug molety,

wherein the C-Cs alkoxy is optionally substituted with 1-5 halo

&4
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e 1

3, The cornpound of claim 2, wherein V' and V' independently are (-C; altkoxy; or V'

“

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

i

?’ 3
{7
e
H
H
5 /
Vi
o
V/‘m i ¢

. 2 W . 3 5 H SO : e casd s /3 "
wherein each V7 and V7 are independently O, $, or NH, provided that when one or V° and V*
. : . , ) s 343 L . - 5
is S the other is NH, and provided that V' and V" are both not NH; g is L or 2; each V7 is
o [T S B . [y ' 10 I i f
independently C-Ce alkyl or COR™, where each R™ independently is C;-C; alkyi ar

R . . P N AU . .
hydrogen; tis Q, 1, 2, or 4; or V'V is O=V, wherein Vis O,

4, A compound of claim 2 of Formula {11}

g

claim

- . . . 4 ~ e N

5. The compound of claim 4, wherein and R” and ~CHO are joined to adjacent atoms on
ring C.

. The compound of any one of claims 3-5, of Formula lilA:
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R
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i S N
) B
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S 'J
H
H .
=3 AN
124 e
T
i
4 SHO
’//% ///(:/,'“u
s vy
{
- il
ESIM gi
N
L\ N
\\\f;;/’ \\\N .
» 4
OR~
HHA

wherain ring B is a optionally substituted Co-Ciparyl, optionaily substituted 5-10
membered heteroaryl having 1-3 nitrogen atoms or oxidized forms of N;

R s hydrogen, C;-Cs alkyl or a prodrug molety R;

g% s halo, C-Cs atkyl, C-C; atkoxy, wherein the (-Cg athyl is optionaily substituted

with 1-5 halo; and

pis0, 1, 2013

—~d

The compound of any one of claims 3-5, wharein the compound is of Formula I8,

G, or HiD:

’ ~ N ’ ’ ~ M
C, M " i)
. .
: B [ N 12 .
O - ! O . '
d -~ \\ ’ \,.«ﬂ\\ -~ \\\ “
N ~ . \//; \\\:_,J
- [ < Py
I §
i i
. i : N |
R Y\\ = ‘(\\
\'\ o \‘\.
| T
J Oy i PR
P \\\ Pt uis) /,/\\\ ///\JHL/
e N - e
Oy O
H i
E 3 H
By e | wii) i
B <] E H i s }.) U i
i i !
K A AN
- s
el \\\ A N
I ORS ~ s
O
,
H -
iHB H;L

e,
[
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. - P
% ! i “} - Z N 3

are optionally substituted 4-10 membered heterocycle as defined in claim 1;
R’ is hydrogen, Ci-Cq alkyi or a prodrug moiety;
% s halo, C-Cg atkyl, C,-Cq alkoxy, wherein the C,-Cq alieyl is optionally substituted

with 1-5 halo;
pisQ, 1, 20r3.

8. The campound of any ane of claims 3-7, wherein ring B is substituted with 1-3: halo,
Cy-Cg ablopl, COR®, or COORY: and
R¥ is €40 alkyi, Co-Cyparyl, 5-10 membered heteroaryl or a 4-10 membered
heterocycle containing up to 5 ring heteroatoms, wherein the heteroatom is
selacted from the group consisting of G, N, 5, and oxidized forms of Nand 5,

wherein the alkyl, aryl, heteroaryl or heteracyclyl is optionally substituted.

Q. The

]
()

ompound of claim 3, wherein the compound is selected from the group

&7
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N

i \t~»= [, P\\. / ?

i H H H IR

i - Pl . 4
Dy Gyt ) R R R
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i /‘\\2\5{”{3 HO e S CHO h“ \~§/
S I AL
T : SN ey SO
P - e P
Uy L o MY o Q
Ose gyt rm0 2 Osy M =002 Oy ™y r0,1,2 Py
. / | i y ;
RZRXN k"\. Q2R1N ‘\\ F;?QR-;N ‘\\. RzQ»QN \\0
Ay CHO A - b o
N _ACHO i/ - CHO A, CHO
S on 2N N N
: ~F e . OH O

i j e - N
A, -CHO s CHO P 7y
J: i i )/ "\ N iy //J\
H N ~ - ~
K\\/)//\\ OH I\\v///"#\\ Cybd - [als ; ~ OH
s ’
AN

or an N oxide thereof, wherein

3
ped

7-7 is a single or a double bond;
L . 7 e 15 g gl
each P and Qs independently selected from CHRY, NCOR™, NCO,R™;

and 5C5;

heteroaryl or a 4-10 memberead heterooycle containing up to S ring
heterpatoms, wherein the heteroatom is selected from the group consisting
of G, N, $, and oxidized forms of N and $, wherein the alkyl, aryl, heteroaryl or
heterocyciyl is optionally substituted;

R™ s C-Ce alieyl, Co-Cigaryl, 5-10 membered heteroaryl or a 4-10 membered

heterocyele containing up to 5 ring heteroatoms, wherein the heteroatom is
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selected from the group consisting of O, N, S, and oxidized forms of Nand S,
wherein the alkyl, arvl, heteroaryl or heterocycivi is optionally substituted;
RY s Cy-Cy alkyl, Co-Crparyl, 3-10 membered heteroaryl or a 4-10 membered
heterocycle containing up to 5 ring hetercatoms, wherein the heteroatom is
selected from the group consisting of G, N, 5, and oxidized forms of N and 5,
wherein the alkyl, arvl, hetercaryl or hetercoyoiylis optionally substituted;

andris(, 1, or 2.

10, The compound of claim 1 of Formula {1V)
SR
AN
1 2 ;
i f
Yoo
\\
3, i
Rr? <

H
A SOV IVEH
RN

or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof,
wherein
RYis Ce-Ciparyl, or a 5-10 membered hetercaryl, wherein the heteroatom is selectad
from the group consisting of O, N, S, and oxidized forms of N and S, wherein

¥

cach of the arvl, or heteroaryl s optionally substituted with 1-4 C-C5 alkyil:

£Yis a bond or is NR™, 0, 5, or (CR'R™),; wherein each R”°, R, and R™?
indepandently are hydrogen or Ci-Cg alkyl;

disi 2, or3;

i C=0 or 50,;

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 5;

10

sach ¥ and 7 is independently CRRYM, O, S, 30, 30, or NR'™; each R and g

independently s hydrogen or C-C; alkyl optionally substituted with 1-2 halo,

89
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OH, or €,-Cg alkoxy, or CRORY is C=0Q, provided that ifone of Y and Zis O, ,
50, SO;, then the otheris not 0, and Y and Z are both not heteroatoms or
oxidized forms thereot,

wherein Y is « or B substituted refative to the —L'L'R:;

-~

ring Cis Tg-Uip aryt or a 5-10 mambered hetercaryt containing up to 5 ring
hetergatoms, wherein the heteroatom is selected from the group consisting
of G, M, S, and oxidized forms of N and §, each of which is optianally
substituted with 1-4; halo, oxo, -OR* , Ci-Cg alkyl, and/or C-Cs alkoxy,
wherein the C;-Cg alkyl s optionally substituted with 1-5 hale, (;-C; alkoxy
and/or 3 4-10 membered heterocyche 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 §;

1M is hydrogen or a prodrug moiety R; and
. - w piy i N .
wherein Z and ~CV'VH are attached to adjacent atoms on ring
N X 1 2 . . s
v'and V¥ independently are C;-Ce atkoxy; or V7 and V™ together with the carbon

atom they are attached to form aring of formula:

” ,3\

/ N AV
! }/f( f\
L3 .\‘/4
7/

~ 7/
\7\\_‘,_5:~
‘/’}*“v‘s N

wherein each V7 and V" are independently O, S, or NH, provided that when one of V°

Z
3

and V¥ is §, the other is NH, and provided that V¥ and V* are both not NH; g is

1or 2: each V' is independently C;-Cg alkyl or CO.R™, where each g%

independently is C-C

i
H

afkyl or hydrogen: tis 0, 1, 2, or 4; or CVV* is C=V,

<

wherein V is O, NOR™, or NN RngZ,

R¥ is optionally substituted Ci-Cy alkyl:

R¥ and R* independently are selected from the group consisting of hydrogen;
optionally substituted (-G alkyl, CORY % and CO.R™:

R* is hydrogen or optionally substituted C,-Cg atkyl; and

R is optionally substituted C;-Cq alkyi.
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11 A compound of claim 10 of Formuia [V]:

-7 h ~
4 kS
M - s
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i Tt L ’
L
2
L a
: .
i N

A
N

e~ -CHO
™ o

i (‘ \\‘)/
g *

\ .

.

N

Py ory

Vi

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

R s Ce-Chparyl, or a 5-10 membered hetercaryl, wherein the hetereoatom is selected
from the group consisting of O, N, §, and oxidized forms of N and §, wherein
each of the aryl, or heteroaryl is optionally substituted with 1-4 C3-Cg alkyl;

t!isabond oris NR™®, O, 5, or (CR7'R7%); wherein each 7%, R, and R”
independently are hytdrogen or (-G, alkyl;

dis i, 2, or3;

3

L7is (=0 or 502

ring B is a optionally substituted 4-10 membered heterocycle containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the groun consisting
of O, N, 5, and oxidized forms of Nand §;

Zis (0, §,5C or 50;;

ring Cis Ce-Cyparyt or a 5-10 membered hetercaryl containing up to S ring
heterpatoms, wherein the hetercatom is selected from the group consisting
of O, N, S, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -OR™, C1-Cq alkyl, and/or C-C altkoxy,
wherein the -Gy alkyl is optionally substituted with 1-% halo, C;-Cg alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring heteroatoms,

"

wherein the hetergatom is selecied from the group consisting of O, N, 5, and

oxidized forms of N and §; and
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G, " v
R is hydrogen or a prodrug moiety R,

12, A compound of claim 10 of Formuia (VI
x/ 1
{2
’ ~.
R3 0
CHO
o e i
a// \\\ -
L
\\\::;// 4
kY
Vi)
or a tautomer thereof, or a pharmaceutically accepiable salt of each thereof,
wherein

B2 is Co-Cao aryl, or a 5-10 membered heteroaryl, wherein the hetercatom is selected
from the group consisting of O, N, 5, and oxidized forms of N and 5, wherein
each of the aryl, or heteroaryl is optionally substituted with 1-4 C-Cs alkyl;

*is a bond or is i“&Ri?G,. (3,8, or {CRHRTZjd; wherein each R, R, and ™
independently are hydrogen or C-C; alkyl;

disi, 2, 0r3;

z

L7 is C=0 or 50,

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, &, and oxidized forms of Nand &;

4. o i N § i
R is ~OR™ or -y alkoxy; and

'Y G . *
R'is hydrogen or a prodrug moiety R.

N
P2
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13 The compound of any one of claims 10-12, wherein R is selected from the group

consisting of:
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14 The compound of any one of claims 10-13, wherein ring B is selected from the group

SavAVaV) [EAYAVAV S
i i

O r' A A

14, The compound of any one of claims 10-14, wherein L' is a bond and L’ is C=0 or 50.

15. The compound of claim 1 of formula:
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or an N oxide thereot, or a pharmaceutically acceptable salt of each thereof.

18, The compound of dlaim 1 of formula:

N . . =
'& /] [\ @i - /e
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or an N oxide thereof, or a pharny

17. A composition compris

T T OH
. ?N E {/”‘\]
L‘ﬁ‘/ -~ f\i N
i
O .
o o
A B
:
S

(@1

least one pharmaceutically acceptable excipient,
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Kz
and T NOH

ceutically acceptable salt of each thereof,

sing a compound of any one of claims 3-9 and 131-16 and a1

18. A method for increasing oxygen affinity of hemogliobin S in a subject, the method

comprising

administering to a subje

tin need thereof a therapeutically effective amount of

£

a compound of any one of claims 3-9 and 11-16 or the composition of claim 17.

18. A method for treating oxygen deficiency associated with sickle cell anemia,

the

method comprising administering to a subjact in need thereof a therapeutically effective

amount of a compound of any one of ¢laim

935

3-9 and 11-16 or the ¢co

mposition of claim |



