COMPOUNDS AND USES THEREDF FOR THE MODULATION OF HEMOGLOBIN

FIELD OF THE INVENTION

[B0G1] This invention provides compounds and pharmaceutical compositions suitable as
allosteric modulators of hemoglobin, methods and intermediates for their preparation, and
methods for their use in treating disorders madiated by hemoglobin and disorders that
would banefit from tissue and/or cellular oxygenation.

STATE OF THE ART

[0602] Sickle cefi disease is a disorder of the red blood cells, found particularly among
those of &frican and Mediterranean descent. The basis for sickie cell disease is found in
sickle hemoglobin {1h5), which contains a point mutation relative to the prevalent peptide

sequence of hemoglobin (Hb).

{0003] Hemoglobin (Hbj} transports oxygen molecules from the lungs 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 containing red blood cells their characteristic sickle shape. The sickled cells
are also more rigid than normal red blood cells, and their lack of flexibility can leadto
hlockage of blood vessels. US 7,160,910 discloses compounds that are allosteric
modulators of hemoglobin. However, a need exists for additional therapeutics that can

treat disorders that are mediated by Hb or by abnormal Hb such as HBS,
SUNMMARY OF THE INVENTION

[o004]  This invention relates generally to compounds and pharmaceutical compositions
suitable as allosteric modulators of hemoglobin. I some aspects, this invention relates to
methods for treating disorders mediated by hemoglobin and disorders that would benefit

from tissue and/or cellular oxygenation.



[8005] (n certain aspects of the invention, a compound of Formula (A} is provided:
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or a tautomer thereof, or pharmaceutically acceptable salt of each of thereof or a
pharmaceutically acceptable salt thereof, wherein

tisabond oris NR™, 0, 5, or (CR'R7%)y; wherein each R’®, ™, and R™?
independently are hydrogen or C;-Cg alityl;

disl, 2, 0r3;

L2 is C=0 or SO;

each Y and Z is independently CRRY, ©, 5, SO, 50, or NR™; each R and R™
independently is hydrogen or C;-C3 alkyl optionally substituted with 1-3 halo,
OH, or C4-Cg alkoxy, or CR™R™ is C=0, provided that ifoneof Yand Zis O, S,
SO, 505, then the other is not CO, and Y and Z are both not heteroatoms or
oxidized forms thereof;

wherein Y is a or B substituted relative to the ~L'L°R?,;

wherein Z and ~CVV?H are joined o adjacent atoms onring C;

v* and V? independently are Ci-Cs alkoxy; or V* and V* together with the carbon
atom they are attached to form a ring of formula:
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wherein each V? and V* are independently O, S, or NH, provided that when one of V?

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

1 or 2; each V* is independently C;-Cs atky! or CO-R™, where each R®

bJ



independently is Cs-Cg alkyl or hydrogen; tis 0, 1, 2, or 4; or CV'V* is C=V,
wherein V is O, NOR™, or NNR¥'R®?;

R¥ s optionally substituted C;-Ce alkyl;

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

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

R* is aptionally substituted C,-Cy alkyl.

3 - ‘.. e
and R”, B, and C are defined as follows.
[0006] inoneinstance,

R is C-Ca atkyl, $3-Cg cycloalkyl, C4-Cy alkoxy, C5-Cg cycloatkoxy, or —N RIR%

each R* and R’ independently is hydrogen, C;-Cg alkyl, C3-Cs cycloalkyl, Cs-Ciparyl, 4-
10 membered heterogycle or 5-10 membered hetercaryl, each containing up
to 5 ring heteroatoms, wherein the hetercatom is selected from the group
consisting of O, N, §, and oxidized forms of N and 5, wherein each alkyi,
cycloalkyl, heterocycle, aryl or heteroaryl is optionally substituted, or R’ and
R’ together with the nitrogen atom they are attached to form an oplicnally
substituted 4-7 membered heterocycle;

ring B is a optionally substituted Cs-Cyg arvl, optionally substituted 5-10 membered
heteroaryl having 1-3 nitrogen atorns or oxidized forms of N, or optionally
substituted 4-10 mambered heterocycle containing up to S ring hetercatoms,
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-Cso ary! or optionally substituted 5-10 mamberec
heteroaryl containing 1-3 nitrogen atoms, or an oxidized form of N, wherein
certain preferred substituents include OH, halo, C-Cs alkoxy, C3-Cs
cycloatkoxy or O-R, where R is a prodrug moiety, wherein the C;-Cg alkory is
optionally substituted with 1-5 halo;.

[0007] inanother instance,

R® is Cs-Cip aryi, or a 5-10 membered heteroaryl, wherein the heteroatom is selected

from the group consisting of O, N, S, and oxidized forms of Nand §, wherein

each of the aryl, or heteroaryl is optionally substituted with 1-4 C3-Cs alkyl;



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

ring Cis Co-Cigaryl or a 5-10 membered heteroaryl containing ug to 5 ring
heteroatoims, wherein the heteroatom is selected from the group consisting
of O, N, §, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -OR”, Ci-Cg atkyi, and/or C,-Cg atkoxy,
wherein the C;-Cq alkyl is optionally substituted with 1-5 halo, C;-Cy atkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring hetercatoms,
wherein the heteroatom is selected from the group consisting of O, N, §, and
oxidized forms of N and S, wherein certain preferred substituents include OH,
halo, €31-Cs alkoxy, Ci-Cg cycloalkoxy or O-R, where R is a prodrug moiaty,
wherein the C;-Cs alkoxy is optionally substituted with 1-5 halo;; and

RYis hydrogen or a prodrug moiety R.

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

()
or a tautomer thereof, or pharmaceutically acceptable salt of each of thereof,
wherein
R is Cy-Ce alkyl, Co-Cq cycloalkyl, €1-Co alkoxy, Ca-Cy cycioalkoxy, or ~NR'R?;
each R* and R? independently is hydrogen, C;-Cg alkyl, C3-Cs cycloalkyl, Ce-Cigaryl, 4-
10 membered heterocycie or 5-10 membered heteroaryl, each containing up
to 5 ring heteroatoms, wherein the hetercatom is selected from the group

consisting of 0, N, §, and oxidized forms of N and $, wherein each alky),



cycloalkyl, haterocycle, aryl or heteroaryl is optionally substituted, or B! and
R? together with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocycle;

Lis a bond oris NR™, O, S, or {CR™'R7?)y; wherein each R™, R™, and 1™ independently
are hydrogen or £;-Cs atkyl;

dis1, 2, or3;

ring B is a optionally substituted Co-Cig aryl, optionaily substituted 5-10 membered
heteroaryl having 1-3 nitrogen atoms or oxidized forms of N, or optionally
substituted 4-10 membered heaterccyrle containing up to 5 ring heteroatoms,
wherein the heteroatom is selécted from the group consisting of G, N, §, and
oxidized forms of N and §;

each Y and Z is independently CR'RY, 0, 5, SO, 50,, or NR'®; each R and R**
independently is hydrogen or C;-C; alkyl optionally substituted with 1-3 halo,
OH, or C1-Cs alkoxy, or CR*®R™ is C=0, provided that f one of Yand Zis O, S,
SO, 50,, then the otheris not CO, and Y and Z are both not heteroatoms or
oxidized forms thereof;

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

ring C is a optionally substituted Cg-Cyg 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 (;

V! and V2 independently are C-Cg alkoxy: or V' and V* together with the carbon

atom they are attached to form a ring of formuia:

, = //\{’(\\/ q)‘
(o A
4 4
\vi

vﬁ% -
ekl
wherein each V° and V* are independently O, §, 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; q is
1 or 2; each V° is independently Ci-Cs alky! or CO.R%, where each R

independently is C-Cg alkyl or hydrogen; tis 0,1, 2, or 4; or CV'V7 is C=V,

wherein Vis O, NOR™, or NNR™'R™;



R*is OH, halo, C;-Cg atkoxy, C3-Cg cycloalkoxy or O-R, where R is a prodrug moiety,
wherein the (;-C; alkoxy is optionally substituted with 1-5 halo;

R*™ is optionally substituted Cy-Cg alkyl;

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

R¥ s hydrogen or optionally substituted Cy-Cy alkyl; and

R¥ s optionally substituted C-Cg altkyl.

{0609] In cartain aspects of the invention, a compound of formula {IV) is provided:
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whereain

RYis Cs-Cigaryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected
fram the group consisting of O, N, S, and oxidized forms of N and 5, wherein
each of the aryl, or heterparyl is optionally substituted with 1-4: {;-Cg alkyl;

L is a bond oris NR™, O, S, or (CR™'R"?)y; wherein each R”%, R”!, and "
independently are hydrogen or C-Cg alkyl;

disi, 2,0r3;

L” is C=0 or SOy;

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

each Y and 7 is independently (CRR™),, O, S, 5O, 50, or NR™; e is 1 1o 4, preferably
1; each R'® and R* independently is hydrogen or C;-C; alkyl optionally

substituted with 1-3 halo, OH, or C,-C; alkoxy, or CRY™RM s C=0, provided



thatifone of Yand Zis Q, S, 50, 50, then the otherisnot €O, and Y and 7
are both not heteroatoms or oxidized forms thereof;

wherein Y is o or 8 substituted relative to the -L1U7R:

ring Cis Cg-Cyparyl or a 5-10 membered hetercary! 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 of which is opticnally
substituted with 1-4: halo, oxo, -OR?, C1-Cs atkyl, and/or C3-Cq alkoxy, wherein
the C;-Cg alkyi is optionally substituted with 1-5 halo, (;-C¢ alkoxy and/or a3 4-
10 membered heterocycie containing up to 5 ring heteroatoms, wherein the
heteroatom is selected from the group consisting of G, N, S, and oxidized
forms of N and §;

R®is hvdrogen or a prodrug moiety R; and

wherein Z and ~CV*V*H are attached to adjacent atoms on ring ¢,

v and V? independently are Cy-Cq alkoxy; or V* and V¥ together with the carbon
atom they are attached to form a ring of formula:
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wherein each V° and V* are independently O, S, or NH, provided that when one of V2
and V* is 5, the other is NH, and provided that V* and V* are both not NH; q is
lor2;each Vis independently C-Cg alkyl or COZRSD, where each R®
independently is C;-Cg atkyl or hydrogen; tis 0, 1, 2, or &; or cviV2is C=v,
wherein V is 0, NOR™, or NNR*'R;

R¥ i cptionally substituted Ci-Cg alkyl;

R® and R¥ independently are selacted from the group consisting of hydrogen;
optionally substituted C:-Cg altkyl, COR® and CO.R,

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

R¥ is optionally substituted C,-Cs alkyl.

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

T U V2 : '
embodiment, R® is joined to L° via a nitrogen atom.



[0013] In further aspects of the invention, a composition is provided comprising any of the

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

[0012] Instill further aspects of the invention, a method is provided for increasing oxygen
affinity of hemoglobin S in a subject, the method comprising administering to a subject in
need thereof a therapeutically effactive amount of any of the compounds or compositions

described herein.

{8013] Infurther aspects of the invention, a meathod is provided for treating oxygen
deficiency asseciated with sickle cell anemia, the method comprising administering to a
subject in need thereof a therapeutically effective amount of any of the compounds or

compositions described herein,
DETAILED DESCRIPTION OF THE INVENTION
Definitions
[0014] It must be noted that as used herein and in the appended claims, the singular

forms “a", “an”, and “the” include plural referents unless the contexd clearly dictates

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

[0015] Asused 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 compesitions and methods, shall mean
exciuding other elements of any essential significance to the combination for the stated
purpose. Thus, a composition or process consisting essentially of the elements as defined
hierein wouid not exclude other materials or steps that do not materially affect the basic and
novel characteristic(s) of the claimed invention. “Consisting of” shall mean excluding more
than trace elements of other ingredients and substantial method steps. Embodiments

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

[0616] 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 “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are approximations. Each numerical parameter should at least be construed in light

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



The term “about” when used before a numerical designation, e.g., temperature, time,
amounit, and concentration, including range, indicates approximations which may vary by { +
Jor{-)10% 5% or 1 %.

[0817] As used herein, Coy-Cr, such as Ci-Cya, Cy-Cg, or Ci-Cg whan used before a group

refers to that group containing m to n carbon atoms.
[0018] The term “atkoxy” refers to -O-alkyl. Cycloatkoxy refers to ~O-cycloalkyl.

{6019] The term “alkyl” refers to monovalent saturated aliphatic hydrocarbyl groups
having from 1 to 30 carbon atoms (i.e., Ci-Cap alkyl) or 1 to 22 carbon atoms (e, C-Cyuy
alkyl}, 1 to 8 carbon atoms (L.e., {y-Cg alkyl), or 1 to 4 carbon atoms. This term includes, by
way of example, linear and branched hydrocarbyl groups such as methyl (CH;-), ethyl
{CHyCH,-), a-propyt {CH3CHCHy), isopropyl {CHa)CHY), n-buty! (CH3CHRCHLCHy-), isobutyl
{{CH3}.CHCH), sec-butyl {CH3){CH;3CHL)CH-), -butyl {{CHa)sC-), n-pentyl {CH3CHCHCHLCH,-
). and neonentyl {{CH4),CCH;-).

{00201 The term “aryl” refers to a monovalent, arematic mona- 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

atom. For example, and without limitation, the following Is an aryl group:

N
by L\

[0021] The term “-CO;H ester” refers to an ester formed between the ~CO;H group and an

alcohol, preferably an aliphatic alcohol. A preferred example included —CO,R®, wherein R is

alkyl or aryl group optionally substituted with an amino group.

[6022] The term “chiral maiety” refars to a moiety that is chiral. Such a moiety can
possess one or more asymmetric centers. Preferably, the chiral moiety is enantiomerically
enriched, 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 amino acids, chiral alcohols including chiral steroids, and the likes.

[0023] The term “cycloalkyl” refers to a monovaient, preferably saturated, hydrocarbyl

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

b



preferably to saturated hydrocarbyl rings, as used herein, it also includes rings containing 1-
2 carbon-carbon double bonds. Nonlimiting examples of cycloalky! include cvclopropyl,
cyclobutyl, cyclopentyl, cyclahexy, cycloheptyl, adamentyl, and the like. The condensed
rings may or may not be non-aromatic hydracarbyl rings provided that the point of
attachment is at a cycloaikyl carbon atom. For example, and without limitation, the

following is a cycloalkyl group:

(/’h\ﬁ//\ S
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[8024] The term “halo” refers to F, {1, Br, and/for L

[0025] The term “heteroaryl” refers to a monovalent, aromatic mono-, bi-, or tricyclic ring
having 2-16 ring carbon atoms and 1-8 ring heteroatoms selected preferably from N, O, S,
and P and oxidized forms of N, $, and P, provided that the ring contains at least 5 ring
atoms. Nonlimiting examples of heteroaryi include furan, imidazole, oxadiazole, oxazole,
pyridine, quinching, and the like. The condensed rings may or may not be a hetercatom
containing aromatic ring provided that the point of attachment is a heteroaryl atom. For

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

L

[0026] The term "heterocyclyl” or heterocycle refers to a non-arematic, mono-, bi-, or
tricyclic 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 systems containing 1-3 double bonds, provided that the ring is
non-aromatic. Nonlimiting examples of heterocyclyl include, azalactones, oxazoline,
piperidinyl, piperaziny!, pyrrolidinyl, tetrahydrofuranyl, and tetrahydropyranyl. The
condensed rings may or may not contain a non-aromatic heterostom containing ring
provided that the point of attachment is a heterocychyl group. For example, and without

limitation, the following Is a heterocyclyl group:

10



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

which include acidic and basic hydrolysis.

[0028] The term "oxo” refers to a (=0 group, and to a substitution of 2 geminal hydrogen

atoms with a C=0 group.

[6628] The term “optionally substituted” refers to a substituted or unsubstituted group.
The group may be substituted with one or more substituents, suchaseg, 1,2,3,40r5
substituents. Preferably, the substituents are selected from the group consisting of oxo,
halo, -CN, NOy, -No+, -CO,R', -0R™™, 58'°, -SOR™®, .50,R™, -NR™IR'™, _CONRI®R!? -
SO.NRMIRM, €,-Cq alkyl, C3-C; alkoxy, -CR™=C{R™),, -CCR™™, €;3-Cyq cycloaliyl, C3-Cro
haterocyclyl, Co-Ciparyl and Co-Cyy hateroaryl, wherein each R0 independently is hydrogen
or (4-Cg alkyl; Ca-Cys eycloaliyl; Co-Cip heterocyelyl; Co-Ciaaryl; or Cp-Cyp heteroaryl; whersin
each alkyl, cycloalkyl, heterocychyl, aryl, or hetaroaryl is optionally substituted with 1-3 hale,
1-3 C4-Cs alkyl, 1-3 Ci-Ce haloalkyl or 1-3 C;-Cs atkoxy groups. Preferably, the substituents
are selected from the group consisting of chioro, fluoro, -QCHs, methyl, ethyl, iso-propyl,

cyclopropyl, vinyl, ethynyl, -CO;H, -CO:CHa, -OCF3, -CF; and -OCHF,.

[0030] R™ and R*™ independently is hydrogen; C;-Cy alkyl, aptionally substituted with -
CO.H or an ester thereof, C1-Cg alkoxy, oxo, -CR™=C(RY™),, -CCR, C3-Cyp cycioalkyl, C5-Cio
heterocyclyl, Cg-Cyaaryl, or C-Cyy heteroaryl, wherein each Ri03 independently is hydrogen
or C3-Cg alkyl; Ca-Cha cycloalkyl; C3-Cyp heterocyelyl; Co-Cyp aryl; or C3-Cyp heteroaryl; whergin
each cycloalkyl, heterocyclyl, arvi, or heteroaryl is optionally substituted with 1-3 alkyl
groups or 1-3 halo groups, or R and R*™ together with the nitrogen atom they are

attached to form & 5-7 membered heterocycle.

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

preferably, human administration.



[0032] The term “pharmaceutically acceptable salt” refers to a salt that is

pharmaceuticaily acceptable.

[0033] The term “salt” refers to an ionic compound formed between an acid and a bass.
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,
ammonium salts include, salts containing protonated nitrogen bases and altkylated nitrogen
bases, Exemplary, and non-limiting cations useful in pharmaceutically acceptable salts
include Na, X, Rb, Cs, NH,, Ca, Ba, imidazolium, and ammenium cations based on naturally
cccurring amine acids. When the compounds utilized herein contain basic functionality,
such salis include, without limitation, salts of arganic 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 pharmaceutically acceptable salts
include oxalate, maileate, acetate, propionate, succinate, tartrate, chioride, sulfate,

bisalfate, mono-, di-, and tribasic phosphate, mesylate, tosylate, and the likes.

f0034] The terms "treat”, “treating” or “treatment”, as used herein, include alleviating,
abating or amelinrating a disease or condition or one or more symptoms thergof, preventing
additional symptoms, ameliorating or preventing the underlying 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
candition, or suppressing the symptoms of the disease or condition, and are intended to
include prophylaxis. The terms also include relieving the disease or conditions, e.g,, causing
the regression of clinical symptoms. The terms further include achieving a therapeutic
benefit and/or a prophylactic benefit. By therapeutic benefit is meant eradication or
amelioration of the underlying disordeér heing treated. Also, a therapeutic benefit is
achieved with the eradication or amelioration of one or more of the physioclogical symptoms
assoclated with the underlying disorder such that an improvement is cbservad in the
individual, notwithstanding that the individual is still be afflicted with the underlying
disorder. For prophylactic henefit, the compositions are administered to an individual at

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



hysiological symptoms of 3 disease, even though a diagnosis of this disease has not heen
g g

made.

[0035]) The terms “preventing” or “prevention” refer to a reduction in risk of acquiring a
disease or disorder (i.e., causing a1 least one of the clinical symptoms of the disease not to
develop in a subject that may be exposed to or predisposed to the disease hut 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.

{0038} The term “effective amount” refers to an amount that is effective for the treatment
of a condition or disaorder by an intranasal administration of a compound or compaosition
described herein. In some embodiments, an effective amount of any of the compositions or
dosage forms described herein is the amount used to treat a disorder mediated by
hemoglobin or a disorder that would benefit from tissue and/or cellular oxygenation of any

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

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

blood cells, or tissues.

{0038] As used herein, a “prodrug” is a compound that, after administration, is
metabolized or otherwise converted to an active or morea active form with respect to at
least one property. To produce a prodrug, a3 pharmaceutically active compound can be
maodified chemically to render it less active or inactive, but the chemical modification is such
that an active form of the compound is generated by metabolic or other biclogical
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 Bischemica!l Approach, Oxford University Press, New York,

pages 388-392. Prodrugs can also be prepared using compounds that are not drugs.

—
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Compounds

[0039]

In certain aspects of the invention, a compound of Formula (i} is provided
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or a tautomer therecf, or pharmaceutically acceptable salt of each of thereof or a
pharmaceuticelly acceptable salt thereef, wherein

1is a bondoris NR™®, O, 5, or (CR™R™%)4; wherein each R™, R™, and R™

independently are hydrogen or Cy-Cs atkyl;
disl, 2,0r3;

2. -
1705 C=0 or SOy;

each Y and Z is independently CR™R™, 0, S, 50, SO, or NR'?; each R*® and R™

independently is hydrogen or C;-C5 alkyl optionally substituted with 1-3 hale,
OH, or C1-Cg atkoxy, or CR™R™ is C=0, provided that if one of Y and 7 is 0, 5,

S0, 50, then the other is not CO, and Y and Z are both not heteroatoms or
gxidized forms thereof;

wherein Y is o or B substituted relativa to the —L'L2RY,
wherein Z and ~CV'V’H are joined to adjacent atoms on ring €

V' and V? independently are Cp-Cg atkoxy; or V2 and V7 together with the carbon

atom they are attached to form a ring of formula:



wherein each V° and V* are independently O, S, or NH, provided that when one of V*
and V' is S, the other is NH, and provided that V* and V* are both not NH; g is
1or2; each Vis independently C;-Cg alkyl or CO;_R-'m, where each R*
independently is C,-Cg atkyt or hydrogen; tis 0, 1, 2, or 4; or CVV2 is C=V,
wherein V is O, NOR*, or NNR¥R%;

8% is OH, halo, C;-C¢ alkoxy, C3-Cs cycloalkoxy or Q-R, where R is a prodrug moiety,
wherein the C;-C; alkoxy is optionally substituted with 1-5 halo;

R¥ is aptionally substituted C,-Cg alkyl;

R* and R¥ independently are selected from the group consisting of hydrogen:
optionally substituted C3-Cg alkyl, COR™ and CORY,

R® i hydrogen or optionally substituted Cy-Cg atkyl; and

R® is optionally substituted Cy-Cg alkyl.

and /%, B, and C are defined as follows.

[00403] In one instance,

RYis C1-Cs alkyl, C3-Cg cycloalieyi, C1-Ce alkoxy, C5-Cs cycioalkoxy, or ~NR'RY;

each R! and R? independently is hydrogen, C;-Cs alkyl, Ca-Cy cycloalkyl, Co-Cigaryl, 4-
10 membered heterocycle or 5-10 membered heteroaryl, each containing up
to 5 ring heteroatoms, wherein the heteroatom is selected from the group
cansisting of 0, N, §, and oxidized forms of N and S, wherein each alkyl,
cycloalkyl, heterocycle, aryl or heteroary! is optionally substituted, or R! and
R’ together with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocycie;

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

ring C is a optionally substituted Ce-Cyp aryl or optionally substituted 5-10 membered
heteroary! containing 1-3 nitrogen atoms, or an oxidized form of N;

[0041] Inanother instance,

[
L



R} is Ce-Cagaryl, or a 5-16 membered heteroaryl, whergin the heteroatom is selected
from the group consisting of O, N, §, and oxidized forms of N and S, wherein
each of the aryl, or heteroaryl is optionally substituted with 1-8 C,-Cq alkyl;

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

ring € is Cg-Cig aryl ora 5-10 membered heteroary! 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, each of which is optionally
substituted with 1-4: halo, oxo, ~OR®, C;-Cg alkyl, and/or C;-Cg alkoxy,
wheregin tha C;-Cg alkyl is optionally substituted with 1-5 halo, C;-Cg atkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring hetercatoms,
wherein the hetercatom is selected from the group consisting of G, N, §, and
oxidized forms of N and §; and

R¥is bydrogen or a prodrug molety R.
[0042] In certain embodiments, L' is a bond.
{0043] o certain embodiments, £2is C=0. In certain embodiments, L7 is 50,.

[0044] In one embodiment, ring C is phenyl which is optionaily substituted with 1-4: halo,

oxo, -OR?, C4-Cs alkyl and/or €4-Cq alkoxy,

16



[0045} In certain aspects of the invention, a compound of Formula {11} is provided:

OB
A
O 1
\.\ﬁ/LI f
Y-
b
! 2
{ V\“/\/
P Ly
ST
rCo
. PRl
N \RA
{1

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

R® is C;-Cg alkyl, €3-Ca cycloaltkyl, C1-Cs alkoxy, Ci-Cg cycloatkoxy, or ~NR'R?;

each R*and R? independently is hydrogen, C-Cs alkyl, C5-Cg cycloalkyl, Cs-Cioaryl, 4-
10 membered heterocycle or 5-10 membered heteroaryl, each containing up
to 5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of O, N, S, and oxidized forms of N and S, wherein each alkyl,
cycloalkyl, heterocycle, 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 heterocycle;

i'isabondorisNR™ 0,8, or (CR‘”Rn}d; wherein each Rm, R’ and 8™
independently are hydrogen or C4-Cg alkyi;

dis1,2,0r3;

ring B is 2 optionally substituted Cy-Cyp aryl, optionally substituted 5-10 memberad
hateroaryl 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 O, N, §, and
oxidized forms of N and §;

each Y and 7 is independently CR™®R™, 0, 5, SO, SO,, or NR'®, each R*® and R"
independently is hydrogen or Ci-Cs atkyl optionatly substituted with 1-3 halo,

OH, or C;-Cg atkoxy, or CRPR¥ is €=0, provided that ifone of Y and 2is 0, S,



50, SO,, then the otheris not £0, and Y and Z are both not hetercatoms or
oxidized forms thereof;

wherein Y is a or B substituted relative to the ~LCOR®:

ring C is a optionally substituted Cs-Cyp 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;

yland vV independently are (-Cg alkoxy; or v!and v together with the carbon
atom they are attached to form a ring of formula:

, (V)
'\ 4 (} \ "

o/
5a S

wherein each V¥ and V¥ are independently O, S, or NH, provided that when one of v?
and V' is S, the other is NH, and provided that V¥ and V* are both not NH: g is
1 or 2; each V* is independently C;-Cs alkyl or CO.R%, where each R®®
independently is C1-Cg alkyl or hydrogen; tis 0, 1, 2, or 4; or CV'V? is C=V,
wherein V is 0, NOR™, or NNR®'R%;

R* is OH, halo, C:-Cs alkoxy, C3-Cs cycloalkoxy or O-R, where R is a prodrug moiety,
wherein the C;-C5 aikoxy is optionally substituted with 1-5 hailg;

A%is optionally substituted C;-Cg alkyi;

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

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

R™ is optionally substituted C;-Cs atkyl.

in certain embodiments, t is 0. in certain embadiments, tis 1. n certain

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

{0047} As used hergin, R can be hydrogen, provided that the COOR® is not joined to a

nitrogen atom.

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 methviene or substituted
o 2

18



methylene and the other is a heteroatom or a hetercatom containing moiety. More
preferably, Y is an alkylene, and Z is a heteroatom or a heteroatom containing molety,
which, yet more preferably is oxygen.

[0049] Preferably, V' and v? together with the carbon atom they are attached to form a

ring of formuia:

CORM
I‘ &
oy /
{ 1/‘%

é / N M2
\?L“CS:- S / Vq\\ /
Wa ¢ B -
4 :}""1 ¢ ‘?"f\ [

2
<

[0650] In some embodiments, v!and V? independently are C;-Cg aikoxy; or V! and V
together with the carbon atom they are attached to form a ring of formula:

N

wherein each V* and V* are independently G, S, or NH, provided that when one or v and v*
is § the other is NH, and provided that V* and V* are both not NH; g is 1 or 2; each V7 is
independently Cy-Cq alkyl or CO,R%, where each R0 indepandently is C-C alkyl or

hydrogen; Tis 0, 1, 2, or 4; or CV'V’ is C=V, wherein V is O.

[0051} In certain aspects of the invention, the compound of Formula () is of Formula {1it):

N (B
L-\\\ /‘-.,'_l_,
e
v
r3 "\
ya
{
4
’_i.‘/CHO
i C o
s A

R4



herein.

[0052]

[0053]
(1A):

i Y
{1

wherein Y-Z is ~CH,0~ or ~CH2CH,- and the remaining substituents are as defined

in some embodiments, R® and ~CHO are joined to adjacent atoms on ring C.

in certain aspects of the invention, the compound of Formula {il} is of Farmula

HA
wherein ring B is a optionally substituted Cg-Cag aryl, ontionally substituted 5-10
membered heteroaryl having 1-3 nitrogen atoms or oxidized forms of N;
R® is hydrogen, C;-Cs alkyl or a prodrug moiety R;
REis halo, €,-Ce atkyl, C3-Cg cycloalkyl, C4-Cq alkoxy, G5-Cs cycloalkoxy, wherein the

C;-Us alieyl is optionally substituted with 1-5 halo; and

pisC,1,2or3.



[0054]

{0055}

COORY

In seime embodiments, the compound is of Formula B, HC, or {HD:
t" ‘ N '.f" ) §
~ B : . L\ B :'
O T RN
hT “ \1 | \\7/ N ]1
1
i H
3 3
R Y\\‘ R Y\\
b4 z
CHO " LCHO
q//\\ !,I//\\\\\{// bl
e s i
®S, I R, /l\
i
P L
o I ~. /
ST Mors W Tors;
HB Hie
o i B
N PPt R
\7/ 2 N
i1
r" t
!'{" Y\\\
z
{
S CHO
H/&Q}//
R |
i 1
\\57//‘\\’ .
ORS
HHD)
wherein
DB t\? ; PR
/ ’3 . " ‘ /: k -:-
:TCL 2 \\i - 1 /C‘é/z\\\\\l- '} ?’Ej? \\N‘ g
N . and il
'\.%’\/\ s JU"V\: i ! [P AVAVAY
H

l

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

R® is hydrogen, Ci-Cg atkyl or a prodrug moiety;

R® is halo, C-Cg atkyl, C-Cs aikoxy, wherein the 0;-C, alkyl is optionally substituted

with 1-5 haio; and
pisG, 1, Zor3.

in some embadiments, ring B is substituted with 1-3: hale, C,-Cg alkyl, COR™, or

s and



R¥ is C4-Ce atkyl, Ca-Cq cycloalkyl, Co-Ciparyl, 5-10 membered hatercaryl or a 4-10
membered heterocycle containing up to 5 ring hateroatoms, wherein the
hetercatom is selected from the group consisting of O, N, §, and oxidized
forms of N and 5, wherein the alkyl, aryi, heteroaryl or heterocyciyl is

optionally substituted.

[0056] In certain aspects of the invention, a compound of formula (IV) is provided:

A
&
N

3

\l\/,CV'V‘H

N
L G
B :

.,

-

{iv)

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

R? is Cg-Cyparyl, or a 5-10 membered hetercaryl, wherein the heteroatom is selected
from the group consisting of O, N, S, and oxidized forms of N and §, wherein
sach of the aryl, or heteroaryi is optionally substituted with 1-4 C;~C; atkyl;

L'isabondoris NR™, O, S, or (CR'R"Yg; wherein each R, R7*, and R™
independently are hydrogen or C4-C; alkyl;

disi,2,0r3;

t?is C=0 or 503,

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

each ¥ and 2 is independentiy CrR¥R™M 0, S, SO, 50, or NR*® each R and RM
independently is hydrogen or C;-Cy alky! optionally substituted with 1-3 halo,

OH, or C;-Cg alkoxy, or CR¥RM is C=0, provided that if one of Y and Zis O, 5,



S0, SOy, then the other is not CO, and Y and 7 are both not heteroatoms or
oxidized forms thereof;

wherein Yis o or B substituted relative to the ~L'LRY

ring Cis Cs-Cygaryl or a 5-18 membered heteroary! containing up to Sring
heteroatoms, wherein the hetercatom is selected 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;-Cg alkyl, and/or C-Ce alkoxy,
wherein the C-C; alkyl is optionally substituted with 1-5 halo, Cy-Cg alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring hetercatoms,
wherein the heteroatom is selected from the group consisting of Q, N, S, and
oxidized forms of N and S;

R*is hydrogen or a prodrug moiety R; and

wherein Z and —CVV*H are attached to adjacent atoms onring C;

v and V¥ independently are C3-Cq alkoxy; or V! and V° together with the carbon

atom they are attached to form a ring of formula:
N 5:&
( ()q A
V4
Vi

vugiﬁs‘
it

N\
-

wherein each V¥ and V* are independently O, S, or NH, provided that when one of V°
and v is S, the other is NH, and provided that V? and V* are both not NH; q is
1 or 2; each V° is independently C;-Cg alkyl or CO:R™, where each R*
independently is C;-Cg alkyl or hydrogen; tis 0, 1, 2, or 4; or cviv?is c=v,
wherein V is O, NOR™, or NNR*"R™;
R¥ s optionally substituted C;-Cg alloyl;
R™ and R¥ independently are selected from the group .consistmg of hydrogen;
_optionally substituted C,-Cg alkyl, COR® and CO,R™:
R* is hydrogen or optionally substituted C;-Cy alkyl; and
R* is opticnally substituted Cy-Cg alkyl.
100571 In certain embodiments, 2is CH,y, O, 5, SO, SO or NH. In certain embodiments, Z is

0, S, S50 or SO,. Preferably, 7 is O, and wherein the remaining variables are defined hergin.

b
(9%
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[0058] In certain embodiments, Yis CRR™, O, S, S0, 50, or NR™: wherein each R* and
R independently is hydrogen or C,-Cs alkyl. In certain embodiments, ¥ is CRR™ wherein
each R and R™ independently is hydrogen or C;-C3 alkyl. Preferably, Y is CH;, and wherein

the remaining variables are defined herein,

[0052] in certain embodiments, tis 0. In certain embodiments, tis 1. in certain
embodiments, tis 2. In certain embodiments, tis 3.

[0060] Preferably, cviv? is C=V, wherein V is O, and wherein the remaining variables are
defined herein.

{00811 In certain embodiments, a compound of formula (V) is provided:

{ B
Pl L
|

12 |
| g
R3 Z

v)
or a tautomer thereof, or a pharmaceutically acceptabie salt of each thereof,
wherein

R*is Ce-Croaryl, or a 5-10 membered heteroaryl, wherein the hetercatom is sefected
from the group consisting of O, N, §, and oxidized forms of N and §, wherein
each of the aryl, or heteraaryl is optionally substituted with 1-4 C-Cg alkyl;

L'isa bond oris NR'™ O, §, or [CR™R™)y; wherein each 7Y, R”?, and R7?
independently are hydrogen or $-Cg alky!;

disd, 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 heteroatom is selected from the group consisting
of O, N, S, and oxidized forms of N and §;

Zis 0, 5,50 or 80y



ring Cis Cg-Ciparvl or a 5-10 membered heteroaryl containing up to Sring
heternatoms, wherein the heteroatom is selected from the group consisting
of O, N, S, and oxidized forms of N and S, each of which is optionaliy
substitutad with 1-4: halo, oxo, -OR'®, C-Cs alkyl, and/or Ci-Cs alkoxy,
wherein the Cy-Cq alkyl is optionally substituted with 1-5 halo, C1-Ce alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring heterostoms,
wherein the hetercatom is selected fram the group consisting of O, N, S, and
oxidized forms of N and S; and

R¥is hydrogen or a prodrug moiety R.

[06662] in certain embodimeants, a compound of formula (Vi) is provided:

i B ;
;o
LZ
R3 o]
/L\\\\ /CHO
BN

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

R is Ce-Ciparyl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected
from the group consisting of O, N, S, and oxidized forms of N and S, wherein
each of the aryl, or heteroaryl is optionally substituted with 1-4 C-Cs alkvi;

tYisabondorisNR™ O, S, or {CR”R”}G; whersin each Rm, R’?, and R?
independently are hydrogen or C-Cg alkyl;

disl, 2. 0r3;

?is C=C or S0

3]
Ly



ring B is a optionally substituted 4-10 membered heterocycle containing up to S ring
heteroatoms, wherein the heteroatom is selected from the group consisting
of O, N, 5, and oxidized forms of N and §;
R'is -OR™ or C;-Cs alkoxy; and
R*¥is hydrogen or a prodrug moiety K.
[0063] In one embodiment, R is —OH.
[0064] 0 certain embodiments, R? is optionally substituted phenyl. In other
embodiments, R? is optionally substituted pyridine. in certain embodiments, R is

opticnally substituted pyrazole.

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

NG _N
/ﬁ ,,( | K\\I Y /

[0886] In certain embodiments, compounds of formutlas (IV} and (V) are provided, wherein

.)‘U" AV o

-CHO

\\/,

(]

NI

f0067] inone embodiment, ring 8 is a 5-& membered heterocycle containing a hetercatom
selected from N, 3, or 0. In one embodiment, ring B is a 5-6 membered heterocycle

containing a N as the heterpatom.



[8068] In certain embodiments, ring B is selected from the group consisting of:

N
.

AN ANy

u“\Ji'U'U’

N

[ aor

[0069] in certain embodiments, L*is a bond.

[0070] In certain embodiments,

z
~—<\

WY

1%is C=0. In certain embodiments, 12

is 502.

[0071) In one embaodiment, ring C is phenyl which is optionally substituted with 1-4: halo,

oxo, ~-OR*, C1-Cg aikyl and/or

Ci-Cg atkoxy,

[0072] in some embodiments, the compound is selected from the group consisting of
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or an N oxide thereof, wherein

-
-
-
g

-

is a single or a double bond;
each P and Q is independently selected from CHRY, NCORY, NCO.R™; N-O, O, S, SO,
and S0y
each R* and R? independently is hydrogen, Ci-Cg atkyl, a Ce-Ciparyl, 5-10 membered
heteroaryl or 3 4-10 membered heterocycle containing up to 5 rin
heterpatoms, wherein the hetercatom is selected from the group consisting
of O, N, S, and oxidized forms of N and §, wherein the alkyl, aryl, heteroaryl or
heterocyclyl is optionally substituted, together R and R? can form a 3-7
membered ring, preferably a 4-7 membered ring with 1-2 hetero atoms ;

R™ is C,~Cg alkyl, Ce-Cip aryl, 5-10 membered hetercaryl or a 4-10 membered
haterocycle containing up to 5 ring heteroatoms, wherein the heteroatom is
selected from the group consisting of O, §, S, and oxidized formsof N and §,
wherein the alkyl, aryl, heteroaryl or heterocyclyl is optionally substituted;

RY is C-Cg alkyl, Cg-Cyg aryl, 5-10 membered heteroaryl or a 4-10 membered
heterocycle containing up to 5 ring heteroatoms, wherein the heteroatom is
selected fram the group consisting of O, N, §, and oxidized formsof N and S,

wherein the alkyl, aryl, heteroaryl or heterocyelyl is optionally substituted;
andrisQ, 1, or 2.

{00731 Incertain embodiments of the invention, a compound is provided of formula:
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or an N oxide thereof, or a pharmaceutically acceptabie sait of each thereof.

[6074] In certain embodiments of the invention, a compound is provided of formula:




/O
AN
[e)
=N
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3
’Kf’” ~OH !! : @\j/"

/o\.

OH  and “OH

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

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

Prodrug Moiety

[0076] Inone aspect, R is hydrogen, a phosphate or a diphosphate containing moiety, or
another promoiety or prodrug moiety. Preferably the prodrug molety imparts at leasta 2
fold, more preferably a 4 fold, enhanced solubility and/or bicavailability to the active moiety
{where R is hydrogen}, and more preferably is hydrolyzed in vive. The promoieties are

structurally and functionally defined herein.

93

[0077] In one embodiments, R is ~COR™, CO.R™, or CONR¥R™ wherein
R¥ and r* independently are C-Cg alkyl, (3-Cg cycloalkyl, 4-8 membered heterocvele, or a

5-10 membered heteroaryl, each containing at ieast 1 basic nifrogen moiety; and



R* and R™ independently are C;-Cs alkyl; C3-Cg cycloalkyl, 4-9 membered heterocyele, or a 5-
10 membered heteroaryl, each containing at least 1 basic nitrogen moiety; or R™ and B>
together with the nitrogen atom they are bonded to for a 4-9 member heterocycle
substituted with at least 1 amino, C;-Cs aikyl amino, or di C;-Cs alkylaminoe group.
[0678] in certain embodiments, R is ~CIOJR™, C{OYOR™, or CON{R™),,

each R* is independently a C,-Cg alkyi; C3-Ca cycloalkyl, 4-9 membered heterocycle,
or a 5-10 mambered heteroaryl, containing at least 1 basic nitrogen moiety; and

each B™ independently is C4-Cg alkyl; C3-Cg cycloalkyl, 4-9 membered heterocycle, or
a 5-10 membered heteroaryl, containing at least 1 basic nitrogen moiety; or 2 R: together
with the nitrogen atom they are bonded to for a 4-9 member heterocycle substituted with

at least 1 amino, C;-C;; alkyl amino, or di C-C; alkylamine group.

[0079] In one aspect, Ris CLOJOR, C{SIOR™, CLO)SR®! ar COR®, wherein R* is as defined

herein.

[0080] in one embodiment, R*® is a group of the farmula (CRP*R¥)NRYMR®, wherein

each R* and R® is independently H, a C4-Cg alkyl, C3-Co heterocyclyl, C5-Cq cycioalkyl,
Co-Cap aryl, C3-Co heterparyl or R*? and R*® together with the carbon atom they are bond to
form a C3-Cs cycloaliyl, Co-Cyg aryl, C3-Cg heteracyclyl or C3-Cs heteroaryl ring system, or 2
adjacent 8% moieties or 2 adjacent R® moieties together with the carbon atom they are
bond to form a C3-Cg eycloalkyl, Ce-Cig aryl, C3-Ca heterocychy or C3-Cs heteroaryl ring
system;

ecach R* and R¥ (s a (1-Cs atkyl, C3-Co heterocyelyl, Co-Ce cycloalkyl, or R* and R*®
together with the nitrogen atom they are bond to form a C3-Cs cycloalkyl or G-y
heterocyelyl ring system;

each heterocyclic and heteroaryl ring system is optionally substituted with €;-Cs
atkyl, -OH, amino and carboxyl groups; and

e is an integer of from 1 to 4.
[0081] in some less preferred embodiments R* and B*® can be hydrogen.

[0082] In one embodiment, the subscript e is preferabiy 2 and each R* and & is

preferably independently selected from the group, H, CHa, and a member in which R* and



R™ are joined together to form a cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or

1,1-dioxe-hexahvdro-1AS-thiopyran-4-yl or tetrahydropyran-4-yi group.

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

NR¥R* is morpholino.

{0084] In one embodiment, R is:

RS? R33
32

each R and R* is independently H, C;-Cq atkyl, or optionally, if hoth present on the

wherein

same substituent, may be joined together to form a C3-Cy cycloalkyl, Co-Cip aryl, C5-Co

heterocyelyl or C3-Ce heteroary! ring system.

F0085] Within this emboadiment, each f¥ and R¥ is independently, H, CHs, or are joined
together to form a cyclopropyl, cyclopbutyl, cyclopentyl, cyclohexyl, 1,1-dioxo- hexahydro-

5-thiopyran-4-yl or tetrahydropyran-4-yl group.

{0086} in a preferred embodiment, linkage of the prodrug moiety to the rest of the active
motecule is stable encugh so that the serum half life of the prodrug is from about 8 to about

24 hours.

[0087] in an embodiment of the invention, the prodrug moiety comprises a tertiary amine
having a pKa near the physiological pH of 7.5. Any amines having a pKa within L unitof 7.5
are suitable altarnatives 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 to be present in the mildly alkaline small intestine. The basic,
neutral form of the amine prodrug is pophilic and is absorbed through the wall of the small

intestine into the blood. Following absorption into the bloodstream, the prodrug mojety is

e
D



cleaved by esterases which are naturally present in the serum to release an agtive
compound.,

[0u88] Examples of R inciude, without limitation:
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[0001] in another embodiment, R is as tabulated below:
R m R+ R NR¥R*®
C{ONCH, )L NRIR® 1 Me Me
C{OHCHa)mNR¥R® 2 Me Me
C{O}CH,) o NR¥MR® 3 Me Me
CO)CHWNR¥R®™ 14 Me Me o
C{ONCH,)WNR¥R™ 1 /N
NP
N/
C{ONCHJuNRTR® |2 SN
N, D
N/
C{O){CTH2)mNRMRY 3 ST\
-.,(LNI 8]
] e
Nt
C{O}CHz}NR¥R™ 4 VAR
""’;‘N O
N\
C{O)O(CH)NR¥R® |2 Me Me
C{O)OICHo)mNRPRY® [ 3 Me Me B
C{OJO{CH)NRPR® 14 Me Me
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C{OYO{CH,)mNR* R VAR
N O
AN
COIOICH, ) NRTR™ T3 Van N
_.‘J_ ; o)
5N /
Nt
| C(O)O(CH,)mNR™ R o
-2-N o]
P(O}OH); .

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

[0089]
SOyH
¢
N
H,N
i
O
CO,H
HyN E
O
wherein
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in another aspect, Ris,
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R is lower alkyl {e.g. C4-Cg alkyl).

{80807 In yet another aspecy, Ris:

AN

x1 X2

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

[0091] In one embodiment, X is selected from the group consisting of @, § and NR>
wherein R¥ is hydrogen or C;-Cg allyl;

¥ is -C(R®); or a sugar moiety, wherein each R is independently hydrogen or C;-Cg
alkyl, C3-Cg cycloalkyl, C3-Cs heterocylyl, Ce-Chp aryl, or C3-Co heteroaryl;

X% is selected from the group consisting of halogen, Ci-Cs alkoxy, diacylglycerol,
amino, C-Cg atkylaming, C,-Cg dialkylamino, C-Cq alkylthio, a PEG moiety, a bile acid moiaty,
a sugar molety, an amino acid moiety, a di-or tri-peptide, a PEG carboxylic acid, and ~-U-V
wherein

Uis O or5; and

V is selected fram the group consisting of C3-Cg alkyl, T3-Cg cycioalkyl, C5-Ca
heterocyciyl, Cs-Cyp aryl, C3-Cy heteroaryl, C{W x>, PO{X*),, and S0.X%

wherein W is O or NR®

wherein R™ is hydrogen or C4-C; alkyl, Ca-Ca cycloalkyl, Cs-Co hetrocyclyl, Co-Cho aryl,
or C3-Cy heteroaryl; and

each )C is independently amino, hydroxyl, mercapto, C,-Cg alkyi, heteroatkyl,
cycloalkyl, hetrocyclyl, aryl, or heteroaryl, Ci-Cs alkoxy, C3-Ce alkvlamino, Ci-Cs dialkylamino,
C1-Cs atkyithio, 2 bile acid based atkoxy group, a sugar moiety, a PEG moiety, and

O-CH,-CHIOR)CHXR™,

wherein:

%% is selected from the groun cansisting of O, 5, $=0, and 50,; and

each R s independently Cig-Cay alkyl, C3-Cg cycloalkyl, C3-Co hetarocyclyl, Ce-Cyp arvl,

or C3-Cs heteroaryl, C-Cp alkyvlene, or C1-Cy heteroalkylene,
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[0092] Each heterocydlic and heteroaryl ring system is optionally substituted with C;-Cy

alkyl, -OH, aming and carboxyl groups.

[0093] in one embodiment, the present invention utilizes the following ¥* groups: CHa,

CHMe, CH{isopropyl), CH{tertiarybutyl}, C{Me});, C{Et};, Clisopropyl),, and Clpropyl)..

[0094] In another embodiment, the present invention utilizes the following X° groups:

¢ Ry L'PL ’}\\
Y, X
\5{\::/\\ T N g PN
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-OMe, -QEt, -C-isopropyl, O-iscbutyl, O-tertiarybuiyi, -O-COMe, -Q-C{=0}{isonropyl},
-0-C{=0}{isobutyl), -0-C{=0){tertiarybutyl), -0-C{=0}-NMe;, -O-C{=0}-NHMe, -O-C(=0)-NH,,
~0-C{=0}-N{H)}-CH{R™-CO,Et wherein R* is a side chain €,-Cg alkyl, or C3-Co heterocycly!
group selected from the side chain groups present in essential amino acids; -0-B{=0}{OMe},,
-O-P(=0}{C-isopropyl}y, and ~O-P{=0}{0-iscbutyl},. Each heterocyclic is optionally
substituted with one or more, preferably, 1-3, C;3-Cy alkyl, -OH, amino and/or carboxyl

groups.

f00958] in another embodiment, In one embodiment, Ris:

R-‘L’Z

wherein

s independently Cy-Cg alkyl, C-Cg oycloalikyl, Ci-Cy heterocyclyl, Co-Cig aryl, or Ca-
Cq hetaroaryl; and

R* is independently hydrogen or C1-Cg alkyl, C3-Cs cycloalkyl, C3-Co heterocyclyi,

Cs-Cyg aryl, or C5-Cq heteroaryl,



[0096] Each heterocydic is optionally substituted with one or more, preferably, 1-3, €;-C;

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

{00871 in one embodiment, Ris;

R3¢ o)

PP

wherein

each X is independently amino, hydroxyl, mercapto, C;-Cq alkvl, C5-Cy cycloalkyt, Cs-
Cq heterocyclyl, Co-Cyg aryl, or Co-Co heteroaryl, C-Cy atkoxy, C1-Cq alkylamino, TG-Ce
dialkylamino, C;-Cs alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG molety,
and -0-CH,-CH{OR)CHCRY,

wherein:

X% is selected from the group consisting of O, 5, 5=0, and 50;; and

each R% is independently Cio-Cyp alkyl, C3-Cq cyeloalkyl, Ca-Cy heterocyclyl, Ce-Cyg aryl,
C3-Cg heteroaryl, Ci-Cy alkylene, or Cy-Cg heteroatkviene; and

R* is independently hydrogen or C;-Ce alkyl, C3-Cg cycloalkyl, C3-Cy heterocyciyl,

Co-Cia arvi, or C5-Cy heteroaryl,

[0098] In some embodiments, R* is independently hydrogen or C:-Cg alkyl, C3-Cs
cycloalkyl, C3-Cq heterocyalyl, Ce-Cyp aryl, or Cs-Cs heteroaryl; and each X* independently is
C3-Ce atkyl, C3-Cy eycloalkyl, C3-Cy heterocyelyl, Co-Cip aryl, or C5-Cg heteroaryl, C1-Cs alkoxy,

Cy-Cs atkylamino, C-Cs diatkylamino, or C4-C; alkylthio.
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[0099] insome embodiments, R is represented by the following structures:
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4

wherein, in the above examples, R* is Cyo-Cay alkyl or alkylene, R* is H or C;-Cg alkyl

and R* represents side chain alkyl groups present in naturally occurring alpha amino acids;

0
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wharein R*® is {CHy),, £22-4, and CO-RY-NH, represents an aminoacy! group; or

e

wherein R% is {CHa},, n=2-4, RY is (CHy)y, n=1-3 and R¥ is © or NMe.

[0100] Inone embodiment, Ris:

L

G/\.o/ o ){“\ " PN

]

/

H 0

[6101} in one aspect, Ris -C{RZQOREOX}OQRmzR‘OZ‘}P(O}ORZMN RZPR™ wherein each R*®
R R22 g3 R2% RIS and R4s independently H, a C;-Cg allyl, (5-C; heterocyelyl, C3-Cg
evcloaikyl, Ce-Cig aryl, C3-Cs heteroaryl, wherein each alkyl, heterocyclyl, cycloalkyl, aryi, and

heterozaryl is optionally substituted.

{0102} In some embodiments, R is -CHR*HOCHP{O)OR™NHR? wherein R* is C;-Cg
alkyl, R%™ is phenyl, optionally substituted. In one embodiment, k% is -CHR* c(O)OR™®
wherein R™ is selected from the group consisting of the naturaily occurring amino acid side
chains and —CO,H esters thereof and R* is C-Cg atkyl. in one embodiment, R is C1-Ce

alkyl, opticnally susbtitued with 1-3, CO4H, SH, NH,, Cs-Cyp aryl, and C3-Cip heteroaryl.

f0103] In one embodiment, R is:

f \1

Nl

e

i ~ 1 |
‘2:_,' ,/ \p,N\\r \O..—f ~

i
i

<
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[0104] In one embodiment, Ris:

G
oy PEG )
& \O . :) /Y\O /F’Eﬁ

r=0t012 or

7’

wherein Y% is -C{R*);, wherein each R*® is independently hydrogen or C;-Cg atkyl, Ca-

Cg cycloaliyl, Ca-Cg heterocyclyl, Cs-Cyo aryl, or C3-Co heteroaryi.

{0105] Various polyetivlene glycol (PEG} moieties and synthetic methods refatad to them
that can be used or adapted to make compounds of the invention are described in U.S,
Patent Nos. 6,603,075, 6,395,266; 6,194,530; 6,153,655; 6,127,355, 6,111,107; 5,965,565;
5,880,131; 5,840,300; 6,011,042 and 5,681,567.

{0106] inone embodiment, Ris

B
A5F

Rﬁ(}

1004

wherein

5
3

oF

W
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R™ is -OH or hydrogen;
R*Lis -OH, or hydrogen;
W is- CH{CHa)w;

wharein W' is a substituted C;-Cg atkyl group containing a moiety which is optionally
negatively charged at physiological pH,

said moiety is selected from the group consisting of CO,H, S0:H, SO.H,

-P{OYORTHOH), -OP[OHOR™HOH), and OSO3H,

O3
wherein B> is €,-C

s atkyl, Ca-Cy cycloalkyl, C-Co heterocyelyl, Co-Cyp arvl, or C3-Cs
heteroaryl.

[8107] Each heterocyclic and hetercaryl ring system is optionally substituted with one or

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

[0108] In one embodiment, Ris:
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wherein R* is H or C;-Cg aikyl.



[0109] In another aspect, Ris SOzH.

{0110] in another aspect, R comprises a cleavable linker, wherein the term “cleavable
finker” refers to g linker which has a short halif life in vivo. The breakdown of the linker Z in
a compound releases or generates the active compound. In one embadiment, the cleavable
linker has a half life of less than ten hours. in one embodiment, the cleavable finker hasa
half life of less than an hour. In one embodiment, the half life of the cleavable linker is
between one and fifteen minutes. In one ambodiment, the cleavable linker has at least one
connection with the structure: T*- CEXFIX*-C* wherein C* is a substituted or unsubstituted
methylene group, and X*is S or C. In gcne embodiment, the cleavable linker has at least one
C*-C{=0)0-C* connection. In one embodiment, the cleavable linker has at least one C*-
C(=0)S-C* connection. in one embodiment, the cleavable linker has at least one -C{=0)N*-
C*-50,-N*-connaction, wherein N* is -NH- or C,-C; alkylamino. in one embodiment, the

cleavabie linker is hydrolyzed by an esterase enzyme.

{0111] in one embaodiment, the linker is a self-immolating linker, such as that disclosed in
U.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 &t al.,, 2004, Pharmacol. Rev. 56:53-102.

Pharmaceutical Compositions

{01121 In further aspects of the invention, a compaosition is provided comprising any of the

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

{01313} In another aspect, this invention provides a composition comprising any of the

compounds described herein, and a pharmaceutically accepiabie excipient.

f0114] Such compositions can be formulated for different routes of administration.
Although compositions suitabie for oral delivery will probably be used most frequently,
other routes that may be used include transdermal, intravenous, intraarterial, pulmonary,
rectal, nasal, vaginal, lingual, intramuscular, intraperitoneal, intracutansous, intracranial,
and subcutaneous routes. Suitable dosage forms for administaring any of the compounds
described herein include tablets, capsules, pills, powders, aerosols, suppositorias,

parenterals, and oral liquids, including suspensions, solutions and emulsions. Sustained
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release dosage forms may also be used, for example, in a trensdermal patch form. All
dosage forms may be prepared using methods that are standard in the art {ses e.g.,

o . . h . - . '
Remington’s Pharmaceutical Sciences, 16" ed., A. Oslo editor, Faston Pa. 1980},

{0118] Pharmaceutically 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, fiquid, semi-solid or, in the case of an aerosol composition,
gaseous excipient that is generally available to one of skill in the art. Pharmaceutical
compaositions in accordance with the invention are prepared by conventional means using

methods known in the art.

j0118] The compositions disclosed herein may be used in conjunction with any of the
vehicles and excigients commonly employed in pharmaceutical preparations, e.g., talc, gum
arabic, lactose, starch, magnasium stearate, cocoa butter, agueous or non-aguecus
solvents, oils, paraffin derivatives, glycols, etc. Coloring and flavering agents may also be
added to preparations, particularly to those for oral administration. Solutions can be
prepared using water or physiclogically compatible organic solvents such as ethanol, 1,2-
propylene glycol, polyglycols, dimethylsulfoxide, fatty alcohels, triglycerides, partial esters of

glycerin and the like.

[0117] Solid pharmaceutical excipients include starch, celiutose, hydroxypropyl cellulose,
tatc, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate,
sodium stearate, givcerol monostearate, sodium chioride, dried skim milk and the fike,
Liguid and semisclid exciplents may be selected from glycerol, propylene glycol, water,
ethanol and various oils, including those of petroleum, animal, vegetable or synthetic origin,
e.g., peanut oil, soybean oll, mineral oil, sesame oil, etc. In certain embadiments, the
compositions provided herein comprises one or more of a-tocopherol, gum arabic, andfor

hydroxynropyl celfulose,

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

separately or in combination, in the presence of alpha-tocopherol. Preferably, the

e,
A



hydroxypropyi cefiulose has an average MW of from 10,800 to 100,000, in a more preferred

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

[0119] Compounds and pharmaceutical compesitions of this invention maybe 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
manifest in the patient at the same time. Thus, co-administration does not require that a
single pharmaceutical composition, the same désage forin, or even the same route of
administration be used for administration of both the compound of this invention and the
thar agent or that the two agents be administered at precisely the same time. However,
co-administration will be accomplished most conveniently by the same dosage form and the
same route of administration, at substantially the same time. Chviously, such
administration rost advantageousiy procseds by delivering both active ingredients
simultansously in a novel pharmaceutical compaosition in accordance with the present

invention.

NMethods of Treatment

{01206] In aspects of the invention, a8 method is provided for increasing tissue
and/or cellular oxygenation, the method comprising administering to a subject in

need thersof a therapeutically effective amount of any of the compounds or
compaositions described herein.

{0121] In aspects of the invention, a method is provided for increasing oxygen affinity of
hemogiobin 5 in & 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 inventicn, a method is provided for treating a condition
associated with oxygen deficiency, the method comprising administering to a subject in
need thereof a tharapeutically effective amount of any of the compounds or
compusitions described herein,

[0123} Infurther aspects of the invention, a method is provided for treating oxygen

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

compaositions described herein,

{01241 in further aspects of the invention, a method is provided for treating sickle cell
disease, the method comprising administering to a subject in need thereof a therapeutically
effective amount of a compound of any of the compounds or compeositions described herein.
In still further aspects of the invention, a method is provided for treating cancer, a
puimonary disorder, stroke, high altitude sickness, an ulcer, a pressure sore, Alzheimer's
disease, acute respiratory disease syndrome, and a wound, the method comprising
administering to a subject in need thereof a therapeutically effective amount of a compound

of any of the compounds or compaositions described herein.

Synthetic Methods

{0125] Certain methods for making the compounds 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 disclosure, 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 heatad, as is well
known to the skilied artisan. The final and the intermadiate 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.

[0126] An illustrative and non-limiting method for synthesizing a compound of fermula {f),
is schematically shown below.

RN < T

i ot

3 £ . ' B , § i {4‘ s - 5 N
In the following Schemes, *~- and -~ refer to rings B and C as described herein;

/

L. R% and R™ are as described herein;

A® and 87 are independently NR*, 0, 5, S{O)x, NBoC, CH,, CHRM™, C{RY),
provided that when both A® and 8% are present in a ring, both are not CH,, CHR™, C(R™),,
and provided that if only a single A® or B’ is present in a ring, that A% or B” is not CH,, CHRY,

CR™)z
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R* is €,-Cg alkyl, COR™ or COOR'®; wherein R*® is optionally substituted C,-Cs
alkyl, optionaily substituted Cg-Cigaryl, optionaily substituted 5-10 membered heteroaryl
containing up 1o 5 ring heteroatoms, or optionally substituied 4-10 membered heterocycle
containing up 1o 5 ring hateroatoms, wherein the hetercatom is selected from the group

consisting of Q, N, 5, and oxidized forms of N and S;

X, and X® each represents a feaving group and are independently selected from Ci,

Br,and &
X% represents CR, N, O, S{O)x : wherein xis 0, 1, or 2;
Y? represents a Eeavé.ng group selected from Cl, F, Br, {, 05Q;R"* and OSO,AT;
R™ is C4-Cg alkyl:
Ar is phenyi optionally substituted with 1-3 halo and Jor C,-C; alkyl groups;
nist, 1,0r2.

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

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

General Synthetic Schemes

o
iois)
R T
L\
. O~ .
1 g . Method A
T . -
\\@SLinobu ﬁ _;"B".,
\\\ R3 \L,/ .,:,
‘\\\“H l‘\
HO - o}
Method C &D A ne
o) 7 Lol
c _ -
/////
33 or 3b /f/ 42 or 4%}
///'
f’//
7
" Aikylation
T
o =~ Method B
I is)
R
2 X

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

substituted methylene aloohol {1} and hydroxy! (heterolaryl aldehyde derivatives (3a/3b3.
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A hydroxyl (hetero)aryialdehyde derivatives {3a/3b] (0.1-2 mmol} mixture with substituted
methylene alcohol (1) (0.8 to 1.22q) and PPha {1-1.5eqg) in anhydrous THF (1-10ml} was
stirred under nitrogen untii complete dissolution. The solution was cooled to 0 °C onice
bath and DIAD or DEAD {1.1 eg} in THF or toluene was added dropwise over a 1-20 min
period. The ice cooling bath was allowed to axpire over 80 min and the mixture was stirred
at RY for 2-48 hours. The mixture was stitved for 10 min, then filtered through a pad of silica.
The silica was washed with ethyl acetate 2-20ml. The combined filtrates were evaporated
and the residue was dried on highvac. The residue was purified by preparative HPLC or flash

silica gel chromatography.

[0128] General method B for preparing aryloxy/hetercarylether analogs {4a/4b} from
substituted methylene halide {2} and hydroxyt (hetsrolary! aldehyde derivatives {3a/3b).
A mixture of hydroxy! (hetero)arylaidehyde derivatives {3a/3b) (0.1-2 mmol, 1-4 eq.},
substituted methylene chloride or bromide (2} (1eq)}, and KC023 {2-5 eq.} (catalytic amount
of Nal or BugN! may also be added) in DMF or acetonitrile (1 to 10 mi) was stirred at RT or
heating up to 120 °C far 0.5-8 h under nitrogen atmosphere, in workup A, water was added
to the reaction mixture, the precipitated product was collected, washed with water, and
then subiected to preparative HPLL or flash silica gel chromatography purification. In
workup B {for products that did not precipitate}, diluted HCl or aguecus NH,Cl was added at
0 °C to adjusted the pH to ~7, the reaction mixture was partitioned betwsen ethyl acetate or
dichloromethane and agueous sodium chioride and the organic layer separated, dried, and
solvent removed under vacuum to afford crude product which was purified by automated
silica gel column chromatography using appropriate solvents mixture {e.g., ethyl

acetate/hexanes).

[0128] General method C for preparing substituted methylene chloride {23). Toa
solution of substituted methyiene alcchol (1) {0.1 to 2 mmol) in DCM (1-10 mL) was added
SOCH dropwisa {Zeq to 5eq ) at 0 °C or RT. The reaction mixture was stirred at RT for 10min
to & h, or until reaction is judged complete (LC/MS). The reaction mixture is concentrated to
dryness over a rofavap. The crude chioride residue was suspanded in toluene, sonicated
and concentrated to dryness. The process was repeated three times and dried under
vacuurn to give the substituted methylene chioride {2), usually as an off-white solid, which

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



MNa;C0Os is then added to produce a solution of pH™ 8. the mixture was extracted with DCM
{3 x10-50mL), dried over scdium sulfate, and concentrated to the crude substituted
methylene chloride {2a), which is then purified by column chromatography on silica ge! (0-
100% ethyl acetate-hexanes).

{01301 General method D for preparing substituted methylene bromide (2b). To a
solution of substituted methyiene alcohol {1} (0.1 to 2 mmal} in DCM {1-10 mL) was added
PhsP Br, dropwise {2eq to 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). Tha 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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10131} General method £ for preparing heterocyclic methylene derivatives 8, 10, 12 and
13. Reduction of the ester group of hetergcyclchexene carboxylate 8 by LAH or DIBAL gives
the corresponding aicohol 9-OH {5tep 4}. Further reaction of the alcoho! 8-OH with thionyl
chioride, PhsPBro lor CBry-PhaP or PBry), or aliyl/aryl sufonyi chloride produces the

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

{01321 Alternatively, the double bond of heterocyclohexene carboxylate 8 is reduced to
give the cis-heterocyciohexane 11-¢is carboxylate under palladium catalyzed hydrogenation
conditions (Step 6). Reduction of the aster group of 11-cis by LAH or DIBAL yieids cis-alcohol
12-OH-cis (Step 8}, Convarsion of the alcohol 12-0OH-¢is to its chioride, bromide or sulfonate
{such as mesylate, tosylate} 13-X-cis can be achieved by reacting with thionyl chioride, or
PhaPBr,, or sufony! chioride {such as mesyl chloride or tosyl chloride) (Step 8). The cis-
cyciohexane carboxylate 1i-cis can also be isomerized to the thermodynamically more
stable trans-isomer 11-trans by the treatment with an alcoholic alkexide {e.g., ethoxide)
solution. Analogously, transformation of 11-trans ester to 32-trans alcohol and 13-X-trans
halide is accomplished by applying conditions of Step 8 and Step ¢ similar to these for the

corresponding cis-isomers.
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[0133] Coupling of the (hetero)cyclic methylene derivatives 8, 18, 12 and 13 with hydroxyi
{hetero)arylaldehyde derivatives {3a/3b) by general method A or B affords the

corresponding aryloxy/heteroarylether analogs (4¢ and 4d).
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[0134] General method F for preparing heterocydic methylens derivatives 18, 19, 20 and
21. The ketone ester 14 is converted to the triflate intermediate 15 by treating with a
triflating agent (e.g, triflic anhydride} in the presence of an organic base such as Hunig's
base {Step 1). Suzuki coupling of the triflate 15 with a boronic acid or ester affords
heteracyclo carboxylate 16 (Step 2). Subseguent reduction of the ester group by LAH or
DIBAL gives the corresponding alcohol 18 (Step 3). Further reaction of the alcchol 18 with
thiony! chloride, PhsPBr, {or CBry-PhaP or PBrs), or alkyl/aryl sufonyl chloride produces the

corresponding 19 chloride, bromide or sulfonate (Step 41

{0135] Alternatively, the double bond of 18 is reduced to give the saturated heterolic
analog 17 under palladium catalvzed hydrogenation conditions (Step 5}, Reduction of the
ester group of 17 by LAH or DIBAL vields alcohol 20 (Step 7). Conversion of the alcohol 20 to
its chloride, bromide or sulfonate (such as mesylate, tosyiate} 21 can be achieved by
reacting with thionyi chloride, or PhaPBr;, or sufonyl chioride {such as mesyl chloride or tosyl
chloride) {Step 8}

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

carresponding aryloxy/hetercaryloxyether anafogs (4e and 4f).
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[0137] Chiral pyrrolidine methylene derivatives 25 and 26 can be prepared according to
reaction sequence depicted herein. The pyrrolidine ester 24 is produced via a 1,3-dipolar
cycloaddition of aikene 22 with azomethine-yiide generated in sity from formaldehyde and
aming acid 23 alkene (Stepl). Subsequent reduction of the ester to alcohol 28 and further
conversion 25 are accomplishad by analogous methods described herein. if a chiral auxiliary
group such as chiral oxazolidinone derivative 22a is used, optically active pyrrolidine
derivatives 25 and 26 can alse be obtained. Coupling of 25 and 26 with hydroxy!
{hetero}arylaldehyde derivatives (3a/3B) by general method A or B affords the

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

described herein. Also described is a different synthetic approach to this class of analogs.
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[p138] Other heterocyclic analogs (compound 5} with C-N linkage are synthesized by
applying Buchwald/Hartwig amination conditions. Many of the cyclic amines {1) are

available commerdially {e.g., 1a, 1b, 1¢, 1d, and 1e).
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[0140] Protected amides of formula ~CONHR™ and -CONHOR™ can be converted e.g.,

hydrolyzed to the corresponding amides according to methods known to the skilled artisan.
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[0141] Compounds of structure & can be synthesized via general synthetic scheme 1.
Reduction of carboxylic acid derivative 1 gives hydrxoymethyl analog 2, which can ba N-
derivativtized at via copper-mediated N-arylation reaction {Cul, Ar-, base such as N, N-
dimethylethylenediamine and potassium phosphate, heat) to give key hydroxymethyl
intermediate 2. Coupling of 3 with phenol aldehyde 4 produces the desired aldehyde analog
5 via typical Mistunobu conditions using either triphenyiphosphine or polymer supported
triphenyiphosphine. Ay is a hetercatom or a hydrocarbyl moisty as defined herein.

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

alcohol 2: To a suspension of carboxylic acid L{1-10mmol} in MeOH or BtOH (2-10mb) at 0
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°C was added S0C, {1.520). After stirred at room temperature for 1-12h, it was
concentratad to remove all solvents, dried under high vacuum 1o give corrasponding methyl
or ethyi ester. The ester was dissolved in MeOH or E1OH (5-30 ml), to this solution, was
added NaBH, (1-4eq} at 0 °C, the mixture was warmed up to room témperature and stirred
for additional 1-24 h. The mixiure was quenched with Sat, NH., filtered off the insolubles
and the filtrate was concentrated to give crude product, which was purified by flash silica
gel chromatography to give the corresponding hydroxymethylene compound 2,

[0143] General method step 2 — N-alkylation {1a te 1b): The carboxylate 1a {Ry;=H) can be
first alkylated and then reduced to give N-alicyl hydroxymethylene analog 31b {Ry=alkyl). In a
typical procedure, the carboxylate 1a {1-10mmol} is first dissolved in DMF (2-20 mL); 1o this
was then added a base such as NaH or (5,003 (1-1.2eq}, followed by the addition of alkyl
halide {eg, BnBr) {0.9-1.52q). The raaction allowed 1o proceed at room temperature of heat
at 40 to 115 °C for 0.5 to 24 h. In workup A, water was added to the reaction mixture, the
precipitated product was collected, washed with water, and then subjected to preparative
HPLC or flash silica gel chromatography purification. in workup 8 {for products that did not
precipitate), diluted HCl or aqueous NH.Cl was added at 0 °C to adjusted the pH ta ~7, the
reaction mixture was partitioned between ethyl acetate or dichloromethane and agueous
sodium chloride and the organic fayer separated, dried, and solvent removed under vacuum
to afford crude product which was purified by automated silica gel column chromatography,

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

[0144] General method step 3 ~ Copper-madiated N-arylation from 2a to 2¢: For cyclic
amines {X=H, H), to a solution of hydroxymethvyiene compound Za (1-10 mmol) and
aryl/hetero iodide (1-1.5eq) in IPrOH {0.5-10 mL} was added ethylene diol {1.3eq) and Cu!
{6.7mol%), followed by KsPQ4 {1.3eq), then it was degassed and heated at 88 °Cfor 6-24 h,
[0345] Alternatively, for lactams (X=0), to a solution of hydroxymethylene compound 2a
(1-10mmol} and aryl/hetero lodide (1-1.5eq) in Dioxane (2-20 ml) was added Cul (0.17eq),
N, M-dimethylethylenediamine {0.172q), K3PO4 {1.7eq), then it was degassed and heated at
100 °Cfor 6-48 h,

{0146] 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 agqueous layer was extracted with EtOAc, organic layer was combined, washed with

Ly
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ring, dried and concenirated to give crude product, which was purified by flash silica gel
chromatography to give N-aryi/heteroaryl compound 2¢.
{0147] Gensral method C ~Mitsunobu conditions A hydroxyl {heterolaryialdehyde
derivatives {4) {0.1-2 mmol) mixture with substituted methylene alcohol (3) {0.8 1¢ 1.22q])
and {polymer-supported} PPh; {1-1.5eqg} in anhydrous THF (1-10ml} was stirred under
nitrogen until complete dissolution. The solution was cooled to 0 °C on ice bath and DIAD or
DEAD {1.1 g} in THF or toluene was added dropwise over 3 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 washed with ethyl acetate 2-
20mL. The combined filtrates were evaporated and the residue was driad on highvar. The

residue was purified by preparative HPLC or flash silica gel chromatography.
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[8148] Compounds of siructure 5 can be synthesized via general synthetic scheme 1.
Reduction of carboxylic acid derivative 1 gives hydrxoymethy! analog 2, which can be N-
alkylated by simple alkyl halide (base, R3X, heat) or aryi halide (ArX) via copper-mediated N-
arylation reaction (Cul, Ar-l, base such as N,N-dimethyiethylenediamine and potassium
phosphate, 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
sither triphenylphosphine or polymer supported triphenyiphosphine. Ay is a heteroatom or
a hydrocarbyl moiety as defined herein.

{0149] General method step 1 - reduction of carboxylic acid derivative 1 to methyl

- alcohol 2: To a suspension of carboxylic acid 1{1-10mmol} in MeOH or EtOH (2-10 mi}at 0

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



concentrated to remove all soivents, dried under high vacuum to give corresponding methyl
ar ethyl ester. The ester was dissolved in MeQOH or EtOR {5-30 mL), to this soluticn, 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. NH,Cl, filtered off the insolubles
and the filtrate was concentrated to give crude product, which was purified by flash silica
gel chromatography to give the corresponding hydroxymethylene compound 2.

[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-
1.5eq) in iPrOH (0.5-10 mL) was added ethylene diol {1.3eq) and Cul {6.7mol%), followed by
K3P0, (1.32q), then it was degassed and heated at 88 *C for 6-24 h.

Alternatively, for lactams {X=0}, to a solution of hydroxymethylene compound 2 {1-10mmoi)
and aryl/hetero icdide (1-1.5eq) in Dioxane {2-20 mL) was added Cul {0.17eq), N,N-
dimeathylethylenediamine {0.17eq), 3P0, {1.7eq), then it was degassed and heated at 100
°C for 6-48 h.

[e151] Workup for both procedures: the reaction mixture was cooled to room
temperature the mixture was diluted with FtOAc and water, prganic layer was separated
and the aqueous 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/heteroaryl compound 3.

[0152] General method step 2b — N-alkylation: The carboxylate 1 can be first alkylated
and then reduced to give N-alkyl hydroxymethylene analog 3. In a typical procedure, the
carboxylate 1 (1-10mmol) is first dissclved in DMF (2-20 mL); to this was then added a base
stich as NaH or (2005 {1-1.2eg), followed by the addition of alkyl halide {eg, BnBr) (0.9~
1.5eqg). The reaction allowed to proceed at room temperature of heat at 40 to 115 *Cfor 0.5
to 24 h. In workup A, water was added to the reaction mixturg, the precipitated product was
collected, washed with water, and then subjected to preparative HPLC or flash silica gel
chromatography purification. In workup B {for producis that did not precipitate)}, diluted
HC or aqueous NH4Cl was added at 6 °C to adjusted the pH to ~7, the reaction mixture was
partitioned between ethyl acetate or dichloromethane and aguecus sodium chioride and
the organic layer separated, dried, and solvent removed under vacuum to afford crude
product which was purified by automated silica gel column chramatography, reaction

appropriate selvents mixiure {e.g., ethyl acetate/hexanes).



[0153] General method C-Mitsunobu conditions A hydrﬁgyi theterolarvialdebhyde
derivatives {4) (0.1-2 mmol} mixture with substituted methylene alcoho! (3} {0.8 to 1.2eq}
and {polymer-supported) PPhy {1-1.5eq} in anhydrous THF {1-10ml) was stirred under
nitrogen until complete dissolution. The solution was cooled to 0 °C on ice bath and DIAD or
DEAD (1.1 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 RT for 2-48 hours.
The mixture was filtered through a pad of sHlica. The silica was washed with athyl acetate 2-
20mL. The combined filtrates were evaporated and the residue was dried on highvac. The

residue was purified by preparative HPLC or flash silica ge! chromatography.

Prodrug Synthesls

[8154] Syntheses of the ester prodrugs start with the free carboxylic acid bearing the
tertiary amine. The free acid is activated for ester formation in an aprotic solvent and then
reacted with a free alcohol group in the presence of an inert base, such as triethyl amine, to
provide the ester prodrug. Activating conditions for the carboxylic acid include forming the
acid chloride using oxalyl chioride or thionyl chloride in an aprotic solvent, optionally with a
catalytic amount of dimethyt formamide, followed by evaporation. Examples of aprotic
solvents, include, but are not fimited to methylene chloride, tetrahydrofuran, and the like.
Alternatively, activations can be performed in situ by using reagents such as BOP
{(henzotriazol-l-yloxytris{dimethylamino] phosphonium hexafluorolphosphate, and the like
{see Nagy et ai., 1993, Proc. Natl. Acad. Sci. USA 90:6373-6376) foliowad 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 methyiene chloride, against a mildly acidic agqueous
solution; followed by base treatment of the acidic aqueous phase so as to render it basic;
followed by extraction with an organic solvent, for example ethyl acetate or methylene
chroride; evaporation of the organic 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 salt thereof. Alternatively the crude reaction can be
passed over an ion exchange cofumn bearing sulfonic acid groups in the protonated form,

washed with deionized water, and sluted with aguecus ammonia; followed by evaporation.



[0155] Suitzble free acids bearing the tertiary amine are commercially available, such as 2-
{(N-morpholinoi-propionic acid, N,N- dimethyl-beta-alanine, and the like. Non- commercial

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

{0156] Carbonate and carbamate prodrugs can be prepared in an analogous way. For
example, amino aicohols and diamines can be activated using activating agents such as
phosgene or carbony! diimidazole, to provide an activated carbonates, which in turn can
react with the alcohol and/or the phenotlic hydroxy group on the compounds utilized herein

to provide carbonate and carbamate prodrugs,

[0157) Various protecting groups and synthetic methods reiated to them that can be used
or adapted 1o make compounds of the invention can be adapted from the references Testa
et al., Hydrolysis in Drug and Prodrug Metabolism, June 2003, Wiley- VCH, Zurich, 419-534

and Beaumont et al,, Curr. Brug Metab, 2003, 4:451-85.
{0158] Provided herein is 2 method of synthesizing an acyloxymethyl version of a prodrug

hy adapting a method from the reference Sobolev et al., 2002, 1. Org. Chem. 67:401-410.
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[0158] Provided herein is a method for synthesizing a phosphonooxymethyl version of a

prodrug by adapting a method from Mantyla et al,, 2004, . Med. Chem. 47:188-195,
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[0180] Provided herein is a method of synthesizing an alkyloxymethyl varsion of g prodrug
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R* is C3-Cg alkyl, Cs-Ce cyeloalkyl, C3-Co heterocyclyl, Ce-Cao aryl, or C3-Co heteroaryl,

Examples

[0161] The following examples are given for the purpose of iliustrating varicus
embodiments of the invention and are not meant to limit the present invention in any
fashion. The present examples, 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 the scope of the claims will
occur to those skilled in the art.

[0162} inthe examples below as well as throughout the application, the following
abbreviations have the following meanings. If not defined, the terms have their generally

accepted meanings.

°C = degrees Celsius
RY = Room temperature
min = minute{s)
h = hour{s)
ub = Microliter
mL = Milliliter
mmol = Millimole
egq =  Equivalent
mg = Milligram
pom = Parts per million
atm =  Atmospheric pressure
MS = NMass spectrometry
LC-MIS = Liquid chromatography-—mass spectrometry
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HPLC

NMR
Sat./sat,
MeCH
EtOH
EtCAC

EtsN

ACO
Na{OAc)BH
PBr;

PhsP
PhsPBr;
CBry

DMF

DM

LAH/ LiATH,
THF

DIBAL

D{ab

DEAD
DIPEA
pd{dpphHicl,

{0163]

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

artisan.

High performance liquid chromatography

Nuclear magnetic resonance
Saturated

Methanol

Ethancl

Ethyi acetate

Triethylamine

Aceatic anhydride

Sodium triacetoxy borohydride
phosphorus tribromide
Triphenylphosphine
Triphenylphosphine dibromide
Tetrabromomethane

N, N-Dimethylformarmide
Dichloromethane

Lithivrm aluminum hydride
Tetrahvdrofuran
Diisobutylaluminium hydride
Diisopropyl azodicarboxylate
Diethyl azodicarboxylate

N,N-Diisopropylethylamine

{1,1-Bis{diphenyiphosphino)ferrocene]

dichloropalladiumf{fi}, complex

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



{01641 Preparotion of 5-hydroxy-2-{2-methoxvethoxylisonicotinaldehyvde).
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[0165] To a solution of 6-(benzyloxylpyridin-3-0l {2.0 g, 10 mmol, 1 eq.} in DMF {20 mlL}
was added NaH (50% in mineral oil; 0.6 g, 15 mmo!, 1.5eg.) at 0-5 °C portion-wise. Upon the
completion of addition, the mixture was continued to stir at 0-5 °C for 15 min, added
chloromethyl methyl ether {0.88 g, 11 mmol, 1.1 eq.), stirred at 0-5 °C for another 20 min,
and quenched with NH,Cli.) solution. The aqueous layer was extracted with EtOA¢ (3 x 20
mil} and the combined organic layers were washed with water and bring, dried over N2,50,,
concentrated, and purified on sifica gel using 25% EtOAc/hexanes as eluent to give Z-

{benzvioxy}-5-{methoxymethoxylpyridine (2.1 g, 87%) as a colorless ail. MS (ESI) m/z 246.1

{M+H]™
tep 2
(J:,/r\\ O/’ ?/"‘\O/
P 3 PAIC 0 “\\‘*J
o~ N T N~
(‘ “ | EtOH {
NN OH

{0166] To 2-(benzyloxy}-5-(methoxymethoxyipyridine {1.8 g, 8.71 mol} in EtOH was added

Pd/C (1.0 g). The mixture was charged with Hp {15 psi), stirred at RT {or 45 min, filtered, and
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concentrated to give 5-{methoxymethoxylpyridin-2-ol (1.35 g, quantitative yield] as a pale

yelfow solid. MS (ESI) m/z 156.1 [M+HT".
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{01871 To a mixture of S-{methoxymethoxy)pyridin-2-01 {1.35 g, 8.71 mmol, 1 eq.) and
KoCGs [6.01 g, 43.6 mmol, 5.0 eq.) in BMF {30.0 ml) was added 1-bromo-2-methoxyethane
{3.61 g, 26.1 mmol, 3eq.). The mixture was heated at 60 °C for 2 h, cooled, filtered,
concentratad, and purified on silica gel using a mixture of EtOAc and hexanes as eluent to
give 2-(2-methoxyethoxy}-5-{methoxymethoxy)pyridine (500 mg, 27%) as a colorless oil. *H
NMR {400 MHz, CDCl) 6 7.94 {d, /= 3.0 Hz, 1H}, 7.35 {ddd, /= 8.9, 3.0, 1.0 Hz, 1H), 6.76 {dd,
7=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 (s,

3H). MS {ESH} m/z 214.1 [M+H]"
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[0168] Toa mixture of 2-{2-methoxyethoxy}-5-(methoxymethoxy)pyridine {1.34 g, 6.3 mol,
1 eq.) and dilsopropylamine {17.5 ul, 0.13 mmol, 0.02 eq.) in THF (50 mL} was added methyl
lithium {1.6 M/THF, 7 mi, 11.3 mol, 1.8 eq.) 3t -40 °C.  Upon the compietion of addition, the
mixture was warmed to 0 °C, continued to stir at 0 °C for 3 h, cooled back down to -40 °C,
and added DMF (0.83 ml, 11.3 mol, 1.8 eq.} stowly. The mixture was then stirred at -40 °C
for 1 h, quenched with a mixture of HCOH{I2 N, 12 mi) and THF (28 mi), warmed to RT, and
added water (20 mL]. The pH of the mixiure was adjusted to pH &-9 with solid K,CO5. The

agusous layer was extracted with EtOAc (30 mi) twice. The combined organic layers were
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dried over Na>5Q4, concentrated, and purified on silica gal using a mixture of EtDA¢ and
hexanes as eluent to give a mixture of 2-(2-methoxyethoxy)-5-
{methoxymethoxylisonicotinaldehyde and 2-{2-methoxyethoxy}-5-
{methoxymethoxylnicotinaldehyde (5/1, 1.27 g, 83.6%) as a pale yellow oil. 'H NMR (400
MHz, COCl3} & 16.45 {s, 1H]}, 8.23 (s, 3H), 7.36 {5, 1H}, 5.27 (s, 2H)}, 4.46 {dd, 1 = 5.4, 3.9 Hz,
2H), 4.14 (g, J = 7.1 Hz, 1H), 3.77 = 3.71 {m, 2H), 3.56 {s, 3H), 3.46 (s, 3H} and *H NMR (400
MHz, COClL) 6 10.41 (s, 1#), 8.18 (d, / =3.2 Hz, 1H), 7.85 {d, s = 2.1 Hz, 1H), 5.16 {s, 2H), 4.64

~4.57 {m, 2H}, 3.85 = 3.79 (m, S = 5.4, 4.0 Hz, 2H), 3.5C {s, 3H}, 3.46 (s, 3H}; MS{ESH) m/z

242.1 [M+H}
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[0168] To a solution of 2-methoxy-5-{methoxymethoxylisonicotinaldehyde (1.27 g, 5.29
mol} in THF {S mL) was added HCl (3 N, 4 mL). The reaction was stirred at 50 °C for 1 h,
covled to RT, and diluted with water {5 mL}. The mixture was neutralized to pH 7-8 with
solid K;CO5 and the aqueous layer was extracted with ELOAc {100 mL) twice. The combined
organic layers were dried over Na,504, concentrated, and purified on silica gel using a
mixture of EtGAc and hexanes o give 5-hydroxy-2-{2-methoxyethoxylisonicotinaldehyde
{630 mg, 60%} and 5-hydroxy-2-{2-methoxyethoxynicotinaldehyde {120 mg, 11%). Data for
5-hydroxy-2-{2-methoxyethoxy)isonicotinaldehyde: 'H NMR {400 MHz, CDCl;) 6 9.98 (s, 1H),
9.50 (5, 1H), 8.07 {s, 1H), 7.02 (s, 1H}, 4.51 —4.39 {m, 2H), 3.81—3.72 {m, 2H), 3.47 {s, 3H).
LRMS (M+H') m/z 198.1. Data for and 5-hydroxy-2-(2-methoxyethoxy) nicotinaldehyde:
NMR (200 MHz, CDCl3) 6 10.3 (s, 1H), 7.95 {d, J = 3.2 Hz, 1M}, 7.58 (d, J = 3.2 Hz, 1H}, 7.18 -
7.07 {br, 1H), 4.54 (dd, /= 5.4, 3.7 Hz, 2H}, 3.84 (dd, f = 5.4, 3.7 Hz, 2H)}, 3.49 {s, 3H}; MS {ES!}
m/z 198.1 [M+H]",



{0470} Preporotion of 2,6-dihydroxybenzaldehyde.
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[03171] Into a 3000-mib three neck round-bottom flask, was piaced a solution of AlCl; (240
g, 1.80 mol, 3.00 equiv} in dichloromethane {1200mL). A solution of 2,6-
dimethoxybenzaldehyde {100 g, 601.78 mmol, 1.00 g} In dichloromethane {(800mil) was
added to the reaction mixture dropwise at 8°C. The resulting solution was stirrad overnight
at room temperature, and then it was quenched with 200 mb of diluted HCI {20}, The
resulting solution was extracted with 2x200 ml of dichloromethane, The combined organic
layers were concentrated under vacuum. The residue was applied onto a silica gel column
with ethyl acetate/petroleum ether {1:200-1:50) as eluent to furnish 40 g {48%) of 2,6-

dihydroxybenzaldehyde as a yellow solid.

'HNMR {300MHz, DMSO-dg} 8 11.25(s, 2H), 10.25(s, 1H), 7.36{m, 1H}, 6.36 (d, J=8.4Hz 2H);

MS (ESI) m/z 139 [M+H]".

[0172) Preporation of 5-hydroxy-2-methoxyisonicotinaldehyde.
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[0173] Step 1:To asolution of 6-methoxypyridin-3-of (20 g, .16 mol) in DMF {200 mi] was
added NaH {60% in mineral oil; 9.6 g, .24 mol} at 0-5 °C portion-wise. Upon the completion
of addition, the mixture was continued to stir at 0-5 °C for 15 min followed by additional of
chloromethyi methyl ether. The mixture was stirred at 0-5 °C for another 20 min and
guenched with agueous NH,Clia). The agueous layer was extracted with EtOAc {3 x 100
mlj 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%

EtQAc/hexanes as eluent to give 2-methoxy-5-{methoxymethoxylpyridine (24.1 g, 89.2%) as



a coloriess 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
H), 3.91 {s, 3 H) 3.51 {5, 3 H); MS (ESI} m/z 170.1 [M+H]"

[0174] Step2: To a mixture of 2-methoxy-5-(methoxymethoxy)pyridine {30 g, 0.178 moi)
and diisopropyfamine {507 ul, 3.6 mmol} in THF (500 mL} was added methyl lithium (1.6
M/THF, 200 mt, 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 ml) and
THF {280 mL). Water (200 mL) was added and the pH of the mixture was adjusted to pH 8-9
with solid KoCO;. The mixture was extracted with EtOAc (300 mi) twice. The organic layer
was combined, dried over Na,50,, and concaentrated to give 2-methoxy-5-
{methoxymethoxylisonicotinaldehyde {33.5 g, 95.7%) as a hrown solid, which was used for
next step without further purification. *H NMR {400 MHz; C;0D} 7.90 (s, 1 H), 6.82 {s, 1 H),

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

{0175] Step 3: To a solution of Z-methoxy-5-{methoxymethoxylisonicotinaldehyde (33.5 g,
0.17 mol) in THF {150 mb) was added HCI {3 N, 250 mL)}. The reaction was stirred at 50 °C for
1 h, cooled to RT and diluted with water (500 mi}). The mixture was neuiralized to pH 7-8
with solid K,C0;. The pale yellow solid was collected, washed with water, and dried in
vacuum oven (40 °C) overnight to give 5-hydroxy-2-methoxyisonicotinaldehyde (179 g,
74.6%). *H NMR (400 MHz; DMSO) = 10.31 {s, 1 H), 8.03 (s, 1 H), 6.89 (s, 1 M}, 3.80 (s, 3 H);
MS {ESI) m/z 154.0 [M+H]".

{3)-2-{{1-benzovipyirolidin-2-yhimethaxy)-6-
hydroxybenzaidehyde
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[0176] GBT215- ($}-2-{{1-benzoyipyrrolidin-2-ylimethoxy}-6-hydroxybenzaldehyde.
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[0177] Step 1: To a solution of (§)-pyrrolidin-2-yimethano! (700 mg, 6.92 mmol] and DIFEA
{1.20 mL, 6.92 mmol) in DCM {12 mi} at 0 “C was added benzayl chloride {0.80 i, 6.92
mmol), 30 min later it was diluted with more DCM and was washed with Sat. NaHCO,, brine,
dried over MgSO,, concentrated to give crude product, which was purified by column
{E1OAc 0-100%) to give {S)-{2-(hydroxymethyl}pyrrolidin-1-yi}{phenyl}imethanona {1.2 g).
[0178] Step 2: To a solution of (5)-(2-{hydroxymethyl)pyrrolidin-1-vl}(phenvl)methanone
{100 mg, 0.49 mmol) and 2,6-dihydroxybenzaldehyde {30 mg, 0.64 mmol) in THF {1 mbL} was
added PPhs (120 mg, 0.73 mmol} and DIAD {0.15 mL, 0.73 mmol) at room temperature, 30
min later, it was concentrated and the residue was purified by column
{Hexanes/EtOAc=100:0 to 1:1) to give {5}-2-({1-benzoylpyrrolidin-2-yl}methoxy}-6-
hydroxybenzaldehyde {65 mg). *H NMR (400 MHz, Chioroform-d} § 11.90 (s, 1H}, 10.40 (s,
1H), 7.51—7.31 {m, 6H), 6.53 {t, / = 9.2 Hz, 2H), 4.65 (s, 1H), 4.38 {d, J = 6.1 Hz, 2H}, 3.51 (1, /
= 6.8 Hz, 2H), 2.29 - 1.90 {m, 28}, 1.79{d, /= 36.4 Hz, 1H), 1.31 - 1.18 {m, 1H}. MS found for
CioH30NO4: 326.5.
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{S)-2-{{1-banzaylpipeddin-2-ymethoxy}-6-
hydroxybenzaldehyde



{0179] GBTI952- {5}-2-{{1-benzoyipiperidin-2-yi}methoxy}-6-hydroxyhenzaldehyde
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[0180] Step 1! To a suspension of (S}-piperidin-2-ylmethancl hyidrochloride (0.11 g, 0.70
nunol} in DCM (2 ml) was added DIPEA {0.27 mi, 1.54 mmaol} and benzoyl chioride {0.08 mi,
0.70 mmol) at room temperature, after stirred for 30 min, it was diluted with BCM and
washed with Sat. NH,Cl, brine, dried over MgSQ,; and was concentrated to give crude
product, which was purified by column {Hexanes/EtOAc= $:100) to give (5)-(2-
{hydroxymethylipiperidin-1-yi}{phenyllmethanone (84 mg).

[0181] Step 2: To a solution of 2,6-dihydroxybenzaldehyde {110 mg, 0.80 mmol} and (S)-{2-
{(hydroxymethylipiperidin-1-yl}{phenvlmethanone (0.23 g, 1.04 mmol} in THF (1.5 mL) was
added PPh; {310 mg, 1.20 mmoi} and DIAD {0.23 ml, 1.20 mmol} at 0 °C, then it was
warmed up to room temperature and stirred for 1 h. The mixture was concentrated and
purified by column (hexanes/EtOAc=60:40) to give {S)-2-{{1-benzovipiperidin-2-y{Jmethoxy}-
6-hydroxybenzaidehyde 52 mg. 'H NMR {400 MHz, Chioroform-d} & 11.98 (s, 1H}, 18.29 (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, J=8.5 Hg,
1H), 4.18 (s, 1H}, 3.04 {s, 1H}, 1.94 - 1,76 {m, 3H}, 1.73 — 1.58 im, 3H), 1.26 (dt, /= 7.0, 3.1
Hz, 2H}. MS found for CyoH2NO4: 340.2.
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{5)-2-hydroxy-6-((1 -nicotinoylpyrrolidin-2-ylimethoxyibenzaldehyde
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{0182] GBY961- {S}-2-hydroxy-6-{{1-nicotinoylpyrrolidin-2-ylimethoxylhenzaldehyde
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{0183} Step 1: To a selution of (S}pyrrolidin-Z-yimethano! (500 mg, 4.94 mmol} in DCM (10
mL) was added DIPEA (1.82 mi, 10.87 mmol}, followed by nicotinyl chloride {0.92 g, 5.19
mmol) at 0 °C, after stirred for 30 min, it was diluted with DCM, washed with aquecus Sat.
NaHCO,, brine, dried and concentrated to give crude product, which was purified by column
{DCM/MeOH=100:0 to 80:20) to give {S}-{2-{hydroxymethyl)pyrrolidin-1-yli{pyridin-3-
vlimethanone {800 mg].

f0184] Step 2: To a sclution of (5)-{2-(hvdroxymethylipyrralidin-1-vl}{pyridin-3-
yiimethanone (150 mg, 0.73 mmol} and 2,6-dihydrosybenzaldehyde {0.13 g, 0.81 mmof)} in
THF {1.5 mL} was added PPhs {0.29 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/FtOAc=100:0 to 40:60 to DCM/MeQH=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-nicatinoyipyrrolidin-2-ylimethoxy}benzaldehyde (68 mg). H NMR {400 MHz,
Chioroform-d) § 11.90 {s, 1H), 10.40 {s, 1H}, 8.78 — 8.72 {m, 1H), 8.68 (dd, /= 4.9, 1.7 Hz,
1H), 7.82 {dt, /= 7.8, 2.0 Hz, 1H), 7.40{t, = 8.3 Hz, 1H}, 7.36 {ddd, j= 7.9, 4.9, 0.9 Hz, 1H),
6.53 (dd, J = 8.5, 4.9 Hz, 2H), 4.66 {d, J = 11.1 Hz, 1H), 4.38 (d, 1 = 5.8 Hz, 2H), 3.54 {, /= 7.6
Mz, 2H), 2.26 {did, /= 12.8, 7.5, 5.3 Hz, 1H}, 2.18 - 2,10 {m, 1H), 2.10 - 1.88 (m, 1H), 1.88 {dt,
J=12.5, 7.8 Hz, 1H). M§ found for CigHigN04 327.4.
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{8}-2-hydroxy-8-({ 1-isanicatinoylpyrrolidin-2-ylymeinoxy)benzaidehyds

{0185] GBT962- {§}-2-hydroxy-6-{{1-isonicotinoyipyrrolidin-2-ylimethoxylbenzaldehyde
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[0186] Step 1: To a solution of {5)-pyrrolidin-2-yimethanol {500 mg, 4.94 mmaol} in DCM {10
ml} was added DIPEA {1.82 L, 10.87 mmol), followed by nicotiny! chioride {0.88 g, 4.94
nmiol) at 0 °C, after stivred for 30 min, it was diluted with DCM, washed with aqueous Sat.
NaHCO;3, brineg, dried and concentrated to give crude product, which was purified by column
{(DCM/MeOH=100:0 to 80:20) to give (5]-(2-thydroxymethylipyrrolidin-1-vi}{pyridin-4-
ylimethanone {900 mg).
[0187} Step 2: To a solution of {§}-{2-{hvdroxymethyljpyrrolidin-1-vi}{pyridin-3-
yl)methanone {150 mg, 0.73 nunol) and 2,6-dihydroxybenzaidehyde {0.13 g, 0.91 mmoi) in
THF {1.5 mL} was added PPh3{6.29 g, 1.1 mmol} and DIAD {0.21 mL, 1.1 mmol} at 0 °C and
stirred at room temperature for 2 h, it was subsequently concentrated, the resuliing residue
was purified by column {hexanes/EtOAc=100:0 to 40:60 te DCM/MeOH=100:0 to 90:10) to
give a mixture of products, which was further purified by preparative HFLC 1o give {§)-2-
hydraxy-6-{(1-isonicotinoylpyrralidin-2-ylimethoxy)benzaidehyde (36 mg). *H NMR (400
MHz, Chioroform-d) § 11.88 (s, 1H), 10.38 (s, 1H), 8.72 — 8.63 {m, 2H}, 7.35 {t, / = 8.4 Hz, 1H),
7.35—7.24 {m, 2H), 6.52 {t, J = 8.6 Hz, 2H), 4.63 {dq, J = 8.4, 5.1 Hz, 1H), 4.42 ~ 4.29 (m, 2H),



3.46 (hept, J = 6.3, 5.4 Rz, 2H), 2.24 (dtd, S = 13.3, 7.7, 5.5 Hz, 1H), 2.13 {dq, /= 13.0, 6.8 Hz,
1H), 2.03 {dt, J = 12.4, 6.3 Hz, 1H}, 1.95 ~ 1.79 {m, 1H). MS found for CizH1gN:Oa: 327.4.

GBT979
=N
7N
N
‘}7-— P‘é,, Ve
O ~
11
[
ﬁ/)ﬁ‘z’/ H
~Fon

{S)-2-hydroxy-6-{{1-picotinoyipyrrolidin-2-yiimethoxyjbenzaidehyds

GBT979- {5)-2-hydroxy-6-{{1-picolinoyipyrrolidin-2-yvijmethoxylbenzaldehyde
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{0188} Step 1: To a solution of {S}-pyrrolidin-2-yimethanal (500 mg, 4.94 mmol} in DCM {10
ml} was added DIPEA {1.88 mi, 10.87 mmol), followed by isenicotinyl chioride {0.88 g, 4.94
mmol} af 0 °C, after stirred for 36 min, it was diluted with DCM, washed with agqueous Sat.
NaHCO3, brine, dried and concentrated to give cride product, which was purified by column
{DCMI/MeOH=100:0 to 80:20) to give (S)-{Z-(thydroxymethylpyrrolidin-1-yl}{pyridin-2-
yvhimethanone {800 mg).

[0189] Step 2: To a solution of (8)-{2-{hydroxymethylipyrrolidin-1-yi){pyridin-2-
ylimethanone (100 mg, 0.48 mmol) and 2,6-dihydroxybenzaldehyde (0.08 g, 0.6 mmoi) in
THF {5 mL) was added PPhy {polymer supported, 660 mg, 0.72 mmol} and DIAD {0.15 mi,
(.72 mmol} at reom temperature. After stirred at room temperature for 3 b, the mixture
was diluted with AcCN, the inscluble material was fiitered off, the filtrate was concentrated
o give crude product, which was purified by preparative HPLC to give (S)-2-hydroxy-8-{{1-
picolinoylpyrrolidin-2-vl)methoxylbenzaldehyde {15 mg). *H NMR {400 MHz, Chloroform-d)
§11.52 (s, iH}, 10.35 {d, / = 0.6 Hz, 1H}, 8.55 (ddt, /= 40.7,4.9, 1.1 Hz, 1H}, 7.89 -~ 7.74 {m,
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2H), 7.40 {t, J = 8.4 Hz, 1H), 7.37 — 7.23 {m, 1H), 6.60 — 6.46 {m, 2H), 4.76 ~ 4.65 {rn, 1H), 4.48
{dd, 7= 9.5, 3.3 Hz, 1H), 432 -4.18 (m, 1H), 3.99 - 3.81 (m, 1M}, 3.81 - 3.67 {m, 1K}, 2.25 -
1.83 {m, 4H}. MS found for CyztyaN.Oy 327.3.
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{ 8)-2-hydroxy-8-({1-( 1 -isapropyl-1 H-pyrazole-5-carbonyl)pyrrolidin-2-
ylimathoxy)benzaidehyde

[0190] GBT1064- (5)-2-hvdroxy-5-{{1-(1-isopropyl-1H-pyrazole-5-carbonyl)pyrrolidin-2-
vi)methoxyibenzaldehyde
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f0191} Step 1: To a solution of (Shpyrrolidin-2-yimethanol {160 mg, 1 mmol} and 1-
isopropyl-1H-pyrazole-S-carboxylic acid (0.15 g, Immol) in DMF (2 ml) was added HATU
{0.28 g, 1 mmol} and then the mixture was stirred until finished, it was diluted with water
and extracted with EtOAc, organic layer was dried and concentrated to give crude product,
which was purified by column (100% EtOAc) to give {5}-{2-(hydroxymethyl}pyrrolidin-1-yij{1-
isopropyi-1H-pyrazol-S-ylimethanone {120 mg).

[0492] Step 2: To a solution of (S)-{2-(hydroxymethylpyrrolidin-1-yI}{ I-isopropyl-1H-
pyrazoi-5-ylimethanone {120 mg, 0.51 mmol) and 2,6-dihydroxybenzaldehyde (0.09 g, 0.66
mmael} in THF {4 mL) waas addad PPhs (Palymer supported, 640 mg, 0.77 nunol) and DIAD
{0.16 mi, 0.77 mmaol} at 0°C. After stirred at room temperature for 1 h, it was difuted with
AcCN, the insoluble material was filtered off and the Hitrate was cancentrated to give crude
nroduct, which was purifiad by preparative HPLC to give (5)-2-hvdroxy-6-{(1-{1-isopropyl-1H-

pyrazole-5-carbonyl)pyrrolidin-2-yl)mathoxylbenzaidehyde {46 mg). "H NMR {400 MHz,
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Chloroferm-d) § 11.90 (s, 1H), 10.37 (s, 1H), 7.55 {d, J = 2.0 Hz, 1H), 7.41 (1, J = 8.4 Hz, 1H),
6.54 {d, J = 8.5 Hz, 14}, 6.48 {d, J = 8.3 Hz, 1H], 6.37 (d, J = 2.0 Hz, 1H), 5.03 — £.94 {m, 1H),
4.65 (s, 1H), 4.37 (d, J = 5.4 Hz, 2H), 3.67 {5, 1H), 3.60 - 3.45 {m, 1H), 2.25 (dd, /= 13.1, 6.1
Hz, 1H), 2.11 (ddt, /= 30.4, 12.0, 6.4 Hz, 2H), 1.93 (s, 1H), 1.53 (d, J = 6.6 Hz, 3H}, 1.46 (d, / =
6.7 Hz, 3H). MS {M+H) found for CyoblysN304: 358.3.
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{8}-2-hydroxy-6-((1-nicotinoylpiperidin-2-ylimethoxy)benzaldehyde

{0193] GBT1118 (§)-2-hydroxy-&-{{1-nicotinoyipiperidin-2-ylimethoxyibenzaldehyde
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[3124] Step 1&2: To a solid sample of {S)-tert-butyl 2-{hydroxymethyl)piperidine-1-
carboxylate {215 mg, 1.02 mmol) was added 4N HCI in dioxane {1 mL). After stirred for 30
min, it was concentrated to give {S)-piperidin-2-yimethanoi HC sall. To a suspension of {S}-
piperidin-2-vimethano! HC salt in DCM {3 mL) at 0 °C was adéed DIPEA (039 mt, 2.24
mmel) and nicotinyl chioride (0.2 g, 1.12 mmol}. After stirred for 30 min, it was diluted with
DCM, washed with agueous 5at, NaHCO3, brine, dried and concentrated (o give crude
product, which was purified by column {DCM/MeOH=90:10) to give ($}-(2-
{hydroxymethyipiperidin-1-yl}{pyridin-3-ylimethanone (130 mgj.

{0195} Step 2: To a solution of (§)-{2-{hydroxymethytipiperidin-1-y!){pyridin-3-

viimethanone {130 mg, 0.59 mimol) and 2,6-dihydroxybenzaldehyde (0.11 g, 0.77 mmoil) in
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THF {4 mL) was added PPhs {polymer supported, 0.74 g, 0.89 mmol} and DIAD (0.17 mL, 0.88
mmal} 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 (8)-2-hvdroxy-6-{(1-
nicotinoylpiperidin-2-yljmethoxy}benzaldehyde (36 mg). *H NMR {400 MHz, Chioroform-d) §
11.95 (s, 1), 10.28 {5, 1H), 8.66 (dd, / = 4.9, 1.7 Hz, 1M}, 8.65 — 8.62 (m, 1H), 7.73 (dt, /= 7.8,
2.0 Hz, 1H), 7.431 {(d, s = 8.4 Mz, 1H]}, 7.37 {ddd, 1= 7.8, 4.9, 0.9 Hz, 1H)}, .59~ 6.54 {m, 1H],
6.40 {d, J = 7.0 Hz, 1H), 4.39 ~ 4.30 {m, 2H}, £.19 {s, 2H), 3.15 (s, 1H), 1.97 ~ 1.78 {m, 4H),
1.72 — 1.56 {m, 2H). M5 found for CigHagN3Oy 341.5,
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{S)-2-hydroxy-6-({ 1-(6-methyinicotinoylpiperidin-2-
ylimethoxy)benzaldehyde

[0196] GBT1579- {8)-2-hydroxy-6-{{1-{6-methvinicotinovl)piperidin-2-

yiimethoxylbenzaldehyde
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[0197] Steps 1&2: To a suspension of 6-methylnicotinic acid {270 mg, Zmmol} in DCM (5
mb) was added oxalyl chioride {0.34 mL, 4mmaol} at 0 °C followed by a drop of DMF, after
stirred for 2 houwr at room temperature, the solution was concentrated to give crude acid
chioride.

To the above crude acid chloride in DOM {4 mL} was added (S)-piperidin-2-vimethanol
hydrochloride (300 g, 1.98 mmol) and DIPEA {1.04 ml, 5.94 mimol} at 0 °C, after stirred at

room temperature for 2 h, more DIPEA was added to drive the reaction to completion. The
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reaction was diluted with DCM, washed with Sat. NaHCO03, brine, dried and concentrated to
give crude product, which was purified by column {DCM/MeOH=80:10) to give desired (S)-
(2-(hydroxymethyljpiperidin-1-vl}{6-methylpyridin-3-yl)methancne (100 mg).

[0198] Step 3: To a solution of {5)-{2-{hyvdroxymethvlipiperidin-1-yi){6-methylpyridin-3-
yiimethanone (100 mg, 0.43 mmol} and 2,6-dihydroxyvbenzaldehyde {80 mg, 0.56 mmoi} in
THF {2.5 mL} at 0 °C was added polymer supported triphenylphosphine (435 mg, 0.52 mmol)
and DIAD {0.11 mL, 8.52 mmaol), after stirrad for 4 hour at room temperature, the solution
was filtered, the filtrate was concentrated and was purified by prep HPLC to give {§)-2-
hydroxy-6-{{1-(6-methylnicotinoyl}piperidin-2-yl}methoxyjbenzaldehyde (29 mg). 'H NMR
{400 MHz, Chloroform-d) 6 11.95 (s, 1H]), 10.28 (s, 1H}, 8.53(d, J= 2.2 Hz, 1H), 7.62 {dd, / =
8.0, 2.3 Hz, 1K), 7.38 {1, /= 8.4 Hz, 1H), 7.21 (d, / = 8.0 Hz, 1H), 6.55 {dd, J = 8.5, 0.8 Hz, 1H},
6.40 (s, 1H), 4.33 [t, 4 = 8.6 Hz, 2H), 4,19 (5, 1H), 3.09 {5, 2H), 2.59 (s, 3H), 1.73 {m, 6H). MS

“VH‘H) found for CaoHyaN2 Oy, 355.3.
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(S)-2-hydroxy-B-{{ 1+{ 2-msthylnicotinoyl)pipendin-2-
ylymethoxy)benzakdshyde

{0199] GBTY15880- (5}-2-hydroxy-6-{{1-{2-msthylnicotinoyllpiperidin-2-
ylimethoxyibenzaldehyde
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[0200] Step 1&2:To a suspension of 2-methyinicotinic acid {300 mg, 2.19 mmoi} in DCM (5
mb) was added oxalyl chioride (0.28 mi, 3.3 mmol) at 0 °C and was further stirred for 2 hour

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

[0201] To the acid chloride in DCM (5 mL) was added (5)-piperidin-2-vimethanol
hydrochioride {250 mg, 1.65 mmol} and triethylamine {0.69 mi, 4.95 mmal) 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. NaHCG3 and brine, dried and concentrated to
give crude product, which was purified by column {DCM/MaQH=95:5] to give ($)-{2-

thydroxymethyl)piperidin-1-yl}{Z-methylpyridin-2-yl)methanone {200 mg).

[02062] Step 3:To asolution of {5}-(2-(hydroxymethylipiperidin-1-yl{2-methylpyridin-3-
ylimethanone {180 mg, 0.77 mmel} and 2,6-dihydroxybenzaidehyde (140 mg, 1.0 munol) 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 temperature, the solution was
filtered, the filtrate was concentrated and was purified by prep HPLC to give (5)-2-hydroxy-
6-{{1-{2-methylnicotinoylipiperidin-2-yl)methoxy)benzaidehyde (129 mg). 'H NMR {400
MHz, Chioroform-d} & 11.99 {s, 1H}, 10.40 (s, 1H), 8.53 (m, 1H), 7.42 {t, I = B.4 Hz, 1H), 7.32
{m, 1H), 7.20 {m, 1H), 6.56 {d, / = 8.4 Hz, 1H), 6.47 (d, J = 8.3 Hz, 1H), 5.39 (s, 1H), 4.38 {t, /=
8.8 Hz, 1H), 4.21 (dd, J = 9.5, 6.6 Hz, 1H)}, 3.36 {d, / = 13.5 Hg, 1H), 3.14 (m, 1H), 2.52/{5, 3H},
2.10—1.35{m, 6H). MS (M+H) found for CyeH2:N04, 355.3.
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[6203] GBT1124- (§}-2-{{4-benzoyimorpholin-3-ylimethoxy}-6-hydroxybenzaldehyde
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[0204] Step 1&2: To a solid sample of {R}-tert-butyl 3-{hydroxymethyl)morgholine-4-
carboxylate (150 mg, 0.69 mmol) was added 4N HCl in dioxane {1.5 mL). After stirred for 30
min, it was concentrated to give (R)-(3-(hydroxymethyl)morpholino}{phenylimethanone as
HCl salt. To a suspension of {R)-{3-(hydroxymethylimorpholino}{phenylimethanone HCl salt
in DCM {2 mL) at 0 °C was added DIPEA (0.356 ml, 2.07 mmol) and benzoyl chioride {0.08 mL,
0.69 mmol). After stirred for 30 min, it was diluted with DCM, washed with agueous Sat.
NaHCO3, brine, dried and concentrated to give crude product, which was purifiad by column
{100% EtOAC) to give {R)-{3-{hydroxymethyl)morpholino}{phenyl)methanone {120 mg).
Step 3. To a solution of (R)-{3-(hydroxymethyijmorpholino}{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 {0.11 mL, 0.54 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 {§}-2-{(4-benzoyimorpholin-3-ylimethoxy)-6-
hydroxybenzaldehyde {20 mg). *H NMR {400 MHz, Chloroform-d} § 11.96 {s, 1H), 10.28 {s,
1H}, 7.50 - 7.35 {m, 7H), 6.61 —6.41 {m, 1H), 4.37 {5, 2H)}, 4.07 (s, 1H), 3.89 (s, 1H), 3.76 {dd,
J=12.2,3.2 Hz, 1H}, 3.55 (s, 2H}, 3.39 {5, 1H}, 1.35 - 1.18 {m, 1H}. MS found for CioHgNGs:
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(S)-2-hydroxy-B-{{ 1-{phenvisulfonylpyrrolidin-2-ymathoxy)benzaldehyde



[0205] GBT1126- (5}-2-hydroxy-6-{{1-{phenylsulfonyljpyrrofidin.2-
yiimathoxylbenzaldehyde
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[6206] Stepl: To a solution of (S}-pyrrolidin-2-ylimethanol (500 mg, 4.94 mmoi) in DCMV (20
ml) at 0 °C was added TEA {1.04 ml, 7.41 mmol) followed by benzenesulfony! chioride {0.63
ml, 4.94 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
to (S}-(1-{phenylsulfonyl)pyrrolidin-2-yljmethanol.

[0207] Step 2: To a solution of (S)-{1-{phenyisulfanylipyrrolidin-2-ylimethanol {125 mg,
0.54 mmol} and 2,6-dihydroxybenzaldehyde (0.1 g, 0.7 mmol) in THF (2 mL) was added PPh;
{0.21 g, 0.81 mmol} and DIAD {0.16 mi, 8.81 mmol)} at § °C and stirred at room temperature
for 2 b, it was subsequently concentrated, the resulting residue was purified by preparative
HPLC to give {S)-2-hydroxy-6-{{1-{phenyisulfonyl}pyrrofidin-2-yl)methoxy)benzaldehyde (37
mg). *H NMR (400 MHz, Chloroform-d) & 11.90 (d, J = 0.4 Hz, 1H), 10.28 {d, J = 0.6 Hz, 1H},
7.93~7.76 (m, 2H), 7.65 — 7.58 (m, 1H), 7.56 - 7.47 (m, 2H), 7.43 (td, / = 8.4, 0.4 Hz, 1H),
6.55 (dt, J = 8.5, 0.7 Hz, 1H), 5.48 {dd, J = 8.3, 0.8 Hz, 1H)}, 4.42 ~4.31 {m, 1H), 4.08 —3.95 {m,
2H), 3.56 — 3.45 {m, 1H), 3.20 {ddd, s = 10.D, 8.0, 7.0 Hz, 1H}, 2.03 ~ 1.83 {m, 2H}, 1.81 - 1.50
{m, ZH}. MS found for CigHioNGsS: 362.4.
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{ Sh2-hydroxy-6-({ 1-(pyridin-3-yisulforiylipyrrolidin-2-ymethoxy)benzaldehyde
[0208] GBT1128- {§}-2-hydroxy-6-{{1-{pyridin-3-ylsulfonyl)pyrrolidin-2-
yi)methoxylbenzaldehyde
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{02021 Stepl: To a solution of (S}-pvrrolidin-2-yimethano! (320 mg, 3.16 mmuol} in DCM {6

ml) at 0 °C was added TEA (0.97 mi, 5,95 mmol) followed by pyridine-3-sulfonyl chloride
{0.68 g, 3.16 mmol). After stirred for 30 min, it was diluted with DCM, washed with agueous
Sat. NaHCO3, brine, dried and concenirated to give crude product, which was purified by
column to give (§)-(1-{pyridin-3-ylsulfonyl)nyrrolidin-2-ylimethanoi (66 mg).

[0210] Step 2: To a solution of (§}-{1-{pyridin-3-yisulfonyl}pyrrolidin-2-yiimethanol (65 mg,
0.29 mmol} and 2,6-dihydroxybenzaldehyde {Q.06 g, 0.41 mmeol} in THF {2 mL} was added
PPhy {polymer supported, 0.37 g, 0.44 mmol} and DIAD {$.09 mil, 0.44 mmeol) at 0 °C and
siirred at room temperature for 2 h, it was subsequently diluted with AcCN, the insoluble
material was filtered off, the filtrate was concentrated, the resulting residue was purified by
preparative HPLC to give {5}-2-hydroxy-6-({1-{pyridin-3-ylsulfonylipyrrolidin-2-
ymethoxy)benzaldehyde {17 mg). 'H NMR {400 MHz, Chioroform-d} 6§ 11.90 {s, 1H), 10.29
{d, /= 0.6 Hz, 1H), 9.08 {dd, J = 2.3, 0.9 Hz, 1H), 8.83 (dd, J = 4.9, 1.6 Hz, 1M}, 8.18 — 8.09 (m,
iH), 7.53 - 7.46 {m, 1H), 7.44 (t, / = 8.4 Hz, 1H), 6.61 ~ 6.54 (m, 1H}, 6.50 ~ 6.44 {m, 1H}, 4.40

~
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~ 4,31 {m, 1H}, 4.12 - 3.96 {m, 2H), 3.56 (ddd, / = 10.5, 7.1, 4.2 Hz, 1H), 3.21 (dt, /= 10.1, 7.4
Hz, 1H), 2.08 - 1.88 {m, 2H}, 1.87 — 1.66 {m, 2H}. MS (M+H) found for Gy HysNz0sS: 363.4,

{0212} rrom the foregoing it will be appreciated that, although specific embodiments of
tha invention have been described herein for purposes of Hlustration, various modifications
may be made without deviating from the spirit and scope of the invention,

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

entirety.
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CLAIMS

i A compound of Formula (i)

B
1/“ -
L
o
L ¥
i Y.
R3 \Z .
'\j 12
| N
T N
CCog
(A}

or a tautomer thereof, or pharmaceutically acceptable salt of each of thereofor a
pharmaceutically acceptable salt thereof, wherein
R? is C;-Ce alkyl, Ca-Ca cycloalkyl, C1-Cs alkoxy, Cs-Cg cycloalkoxy, or ~NR'R;
each R and R* independently is hvdrogen, C;-Cs aikyi, C5-Cg cycloalkyl, Co-Cigaryl, 4-
10 membered heterocycle or 5-10 membered heteroaryi, each containing up
to 5 ring heteroatoms, wherein the hetercatom is selected from the group
consisting of O, N, 5, and oxidized forms of N and S, wherein each alkyi,
cycloalkyl, heterocycle, aryl or heteroaryl is optionally substituted, or R* and
R* togethar with the nitrogen atom they are attached to form an optionally
substituted 4-7 membered heterocycle; or
R*is Cg-Cig arvl, 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 tha aryl, or heteroary! is optionally substituted with 1-4 C;-Cg atkyl;
LYis a bond or is NR'®, 0, S, or (CR'R™*}d; wherein each R7®, R’Y, and R™?
independently are hydrogen or C:-Cg alkyl;
disl, 2,07 3;

L% is C=0 or SO

ring B is 3 optionally substituted Ce-Cio aryl, optionally substituted 5-10 membered
heteroaryl having 1-3 nitrogen atoms or oxidized forms of N, or optionally

substituted 4-10 mambered heterocycle containing up to § ring heteroatoms,
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wherein the hetercatom is selected from the group consisting of G, N, 5, and
oxidized forms of N and $; or

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

each Y and Zis independently CR™R™, 0, S, SO, 50,, or NR'%; each R™® and R™
independently is hydrogen or C;-Cy alkyl optionally substituted with 1-3 halg,
OH, or C-Cs atkoxy, or CR*a™ is C=0, provided that ifone of Yand Zis O, 5,
50, 50,, then the other is not CO, and Y and Z are both not heteroatoms or
oxidized forms thereof;

wherein Y is o or B substituted relative to the ~L7R7,

wherein 7 and ~CV'V*H are ioined 1o adjacent atoms on ring C;

ring C is 8 optionally substituted Cs-Cig ary! or opticnally substituted 5-10 membered
heteroaryl containing 1-3 nitrogen atoms, or an oxidized form of N; or

ring Cis Cg-Ciparyl or @ 5-10 membered heteroaryi containing up to 5ring
heteroatoms, wherein the heteroatom is selected from the group consisting
of O, N, 8, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, -OR™®, C;-C, atkyl, and/or C;-Cg alkoxy,
whereain the ;-Cg alkyl is optionaliy substituted with 1-5 halo, C3-Cg alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring hetercatoms,
wherein the hetercatom is selected from the group consisting of Q, N, §, and
oxidized forms of N and §; and

R*¥is hydrogen or a prodrug moiety R;

Vv and v? independently are C3-C4 alkoxy; or Vi and V¥ te sgather with the carbon

atom they are attached to form a ring of formula:

Y (Vq)t

)’fq )
¢ :
-5

‘flpu,l I~

V 2
wherein each V° and V* are independently O, §, or NH, provided that when one of V?
and ¥ 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 alkyt or CO;R™, where each R®
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independently is C:-Cg alkyl or hydrogen; tis 0, 1, 2, or 4: or CVIVZ is C=V,
wherein V is O, NOR® or NNrEIR®:

R™ is optionally substituted C-Cq atkyl;

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

R¥is hydrogen ar cptionally substituted C1-Cb alkyl; and

R* is optionally substituted C1-C6 alkyl.

A compound of Formula {1}

B
Ao
Q K T
Ye
RS 2z
A
A C
ARRENZ R
toCo
‘u-*’\\RA
{n

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

wherein

R¥is -Gy atkyl, Ca-Cq uycloaliyl, C;-Cq alkoxy, C3-Cg cycloalkoxy, or ~NR'RY;

each R and R? independently is hydregen, Ci-Ce alkyl, C3-Cg cycloalkyl, Co-Cigaryl, 4-
10 membered heterocycle or 5-10 membered heternaryi, each containing up
te 5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of O, N, 5, and oxidized forms of N and S, wherein each akkyl,
cycloatkyl, heterocycle, aryl or heteroaryi is optionally substituted, or R* and
R’ together with the nitrogen atom they are attached to form an opticnally
substituted 4-7 membered heteracycle;

tYiss bond oris NR'® 0, S, ar {CRR™?)y; wherein sach R7® R7, and R™
independently are hydrogen or C;-Cg alkyi;

disi 2,0r3;



ring B is a optionally substituted Cs-Cp aryi, optionally substituted 5-10 membered
hetergaryl having 1-3 nitrogen atoms or oxidized forms of N, or eptionally
substituted 4-10 membered heterocycle containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of Q, N, S, and
oxidized forms of N and S;

each ¥ and Z is independently CRR™, 0, 5, S0, 50, or NR'®; each R and R
independently is hydrogen or C,-C3 alkyl optionally substituted with 1-3 haig,
OH, or €,-C; alkoxy, or CR*°R™ is C=0, provided that if one of Yand Zis O, S,
50, SO», then the other is not CO, and Y and 7 are both not heteroatoms or
oxidized forms thereof;

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

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

wherein 7 and ~CV'V*H are joined to adjacent atoms on ring

viand v? independently are C;-Cg alkoxy; or V' and y? togeth&r with the carbon

atom they are attached to form a ring of formula:

IsY;

r/\
v'

‘f\flq

e

wherein each v* and V' are independently O, S, or NH, provided that when one of y?
and V' is S, the other is NH, and provided that V? and V* are both not NH; g is
Lor2; each Vs independently C,-Cg alkyl or CO:R®, where each R®®
independently is C1-C alkyl or hydrogen; tis 0, 1, 2, or 4; or cviv?is cav,
wherain V is O, NOR™, or NNR¥'RY;

R s optionally substituted ;-C; alkyl;

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

R is hydrogen or optionally substituted Cy-Cy alkyl; and

R®"is optionally substituted C;-Ce atkyi;

R*is OH, halo, C;-Cq alkoxy, C5-Cy cvcloalkoxy or O-R, wheare R is a prodrug moiety,

wherein the C-Cs atkoxy is optionally substituted with 1-5 halo.
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3. The compound of claim 2, wherein V' oand v independently are £;-C; atkoxy; or V!
and v? together with the carbon atom they are attached to form a ring of formula:
v
; ¥ NN t
Ll A
l 4
vi_
"/L"Ln‘ ";‘SS:‘
wherein each V¥ and V' are independentiy 0, 5, or NH, provided that when one or V° and V!
is S the other is NH, and provided that V° and V* are both not NH: gislor?2; each Viis
independentiy C+-Cs alkyl or CO.R*®, where each R independently is C;-Cg alkyl or

hydrogen; tisQ, 1, 2, or 4; or cViviis C=V, wherein Vis O,

4, A compound of claim 2 of Formula {111}
PR
O /:\_' _‘t’
P\3 \{\
z
i _CHO
'.' ‘V//
I G
i‘. ‘J\
S \\R4
{1y
wherein Y-7Z is ~CHyO- or ~CH,CHy- and the remaining substituents are defined as in
claim 2.
5. The compound of claim 4, wherein and R* and ~CHO are joined to adjacent atoms on
ring C.
6. The compound of any one of clairs 3-5, of Formula iA:
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whaerein ring 8 is a optionally substituted Cs-Ciparyl, optionally substituted 5-10
membered heteroaryl having 1-3 nitrogen atoms or oxidized forms of N;
R is hydrogen, C,-C;; alkyl or a prodrug moiety R;
R®is hals, C-Cs alkyl, C1-Cg alkoxy, wherein the C;-Ce atkyl is optionally substituted

with 1-5 halo; and
pis0, 1, 20r3.

The compound of any one of claims 3-5, wharein the compound is of Formula 118,

HIC, or ftD:
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are optionally substituted 4-10 membered heterocycle as defined in claim 1;
R is hydrogen, Ci-Ce alkyl or a prodrug moiety;
R®is halo, C1-Cg alkyl, C;-Cg alkoxy, wherein the C,-Cg alkyl is optionally substituted

with 1-5 halo;
pis0, 1, 2or3.

8. The compound of any one of claims 3-7, wherein ring B is substituted with 1-3: halo,
C1-Ce atkyl, COR®, or COORY; and
R™ is C;-Cg alkyl, Co-Cio aryl, 5-10 membered heteroaryl or 2 4-10 membered
heterocycle containing up to 5 ring heteroatoms, wherein the hetaroatom is
selected from the group consisting of O, N, S, and oxidized forms of N and S,

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

g, The compound of claim 3, wherein the compound is salected from the group

consisting of
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or an N oxide thereof, wherein
/ is a single or a double bond,

each P and QLis independently selected from CHRY, NCOR™, NCO,R™; N-0, O, §, SO
and 50;;

each R and R” independently is hydrogen, C,-Cg alkyl, a C-Cigaryi, 5-10 membered
hetarcaryl or a 4-10 membered heterocycle containing up to Sring
heteroatoms, wherein the heteroatom is selected from the group consisting
af G, N, §, and oxidized forms of N and S, wherein the alkyi, aryl, heteroaryl or
heterccyclyl is optionally substituted;

is C1-Cy alkyl, Cs-Crparyl, 5-10 membered heteroaryl or a 4-10 membered

heterocycle containing up to 5 ring heteroatoms, wherein the hetercatom is



selected from the group consisting of O, N, S, and oxidized forms of N and S,
wherein the alikyl, aryl, heteroaryl or heterocyclyi is optionally substituted;
RY is C4-Cs alkyl, Co-Cioaryl, 5-10 membered heteroaryl or a 4-10 membered
heterocycle containing up to 5 ring hetercatoms, wherein the heteroatom is
selectad from the group consisting of O, N, 5, and oxidized forms of N and §,
wherein the alkyl, aryl, heteroaryl or heterocyelylis optionally substituted;

andris{, 1, 0rd,

10. Thecompound of daim 1 of Formula {1V}
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or a tautomer thereof, or a pharmaceutically acceptable 3alt of each thereof,
wherein

R®is Ce-Cro aryl, or a 5-10 membered heteroaryl, wherein the hetercatom is selectad
from the group consisting of O, N, S, and oxidized forms of N and S, wherein
each of the aryl, or heteroaryt is optionally substituted with 1-4 C-Cs alkyi;

tYisabondoris NR™® O, S, or (CR71R72).:;; wherein each R’°, R7Y, and R?
independeantly are hydrogen or C4-Cg alkyl;

dis 1,2 0r3;

L?is C=0 or 50y;

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

each Y and Z is independently CRR™, 0, §, $0, 80, or NRY: sach R* and g

independantly is hydrogen or C4-Cs alkyl optionally substituted with 1-3 halo,
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OH, or C1-Cg alkoxy, or CR™R' is C=0, provided that if one of Yand 2 is O, S,
SG, SC,, then the otheris not CO, and Y and Z are both not heteroatoms or
oxidized forms thereof;

wherein Y is a or f substituted refative to the —L'L*R":

ring Cis Cg-Cyp aryl or a 5-10 membered hetercaryl containing up to 5 ring
hateroatoms, wherein the hetercatom 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, «ORE’, C;-Ce alkyl, and/or C-C; atkoxy,
wherein the C1-Cq alkyl is optionaily substituted with 1-5 hale, C4-Cg alkoxy
and/or a 4-10 membered heterocycie containing up to 5 ring heteroatoms,
wherein the heteroatom is selected from the group consisting of O, N, S, and
oxidized formsof Mand §;

R is hydrogen or a prodrug moiety R; and

wherein Z and —CV'V?*H are attached to adjacent atoms on ring C;

v and V¥ independently are Ci-Cy alkoxy; or V! and V* together with the carbon

atom they are attached to form a ring of formula:

( I
Fq/;\/\.v*‘*

Vi /

T Nfgi

wherein each V? and V* are independentiy O, S, or NH, provided that when one of V3
and V'is 5, the other is NH, and provided that v* and V* are both not NH; gis
1 or 2; each V* is independently Cy-Cg alkyl or CO.RY, where each R®
independently is C-Cq atkyl or hydrogen; tisG, 1, 2, or 4; or cviv2is =V,
wherein V is 0, NOR™, or NNR*'RY;

R¥ is optionally substituted Cy-Cg alkyl;

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

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

R® is optionally substituted C;-Cg alkyl.
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11 A compound of claim 10 of Formuia [V}
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or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof,

wherein
R s Ce-Cag aryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected

from the group consisting of O, N, S, and oxidized forms of N and S, wherein
gach of the aryl, or heteroaryl is optionally substituted with 1-4 C;-Cg alkyl;

t*isa bond or is NR™ 0, 5, or [CR™R7%)y; wherein each R’°, ™Y, and R™
independently are hydrogen or C3-Cs alkyl;

disi, 2, or3;

1%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 fram the group consisting
of O, N, §, and oxidized forms of N and §;

ZisQ, §, 50 or 50

ring Cis Ce-Ciparyl or a 5-10 membered heteroaryl containing up to Sring
hetercatoms, wherein the heteroatom is selected from the group consisting
of O, N, S, and oxidized forms of N and S, each of which is optionaliy
substituted with 1-4: haio, oxo, -ORY, C,-C; alkyl, and/or Ci-Cg atkony,
wherein the C-Cs alkyl is optionally substituted with 1-5 halo, C-Cs alkoxy
and/or a 4-10 membered heterocycle containing up to 5 ring hetercatoms,
wherein the heteroatom is selected from the group consisting of O, N, §, and

oxidized forms of N and S; and



R¥is hydrogen or a prodrug moiety R.

12, Acompound of claim 10 of Fermula {VI}:
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or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof,
wherein

R’ is Ce-Caoaryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected
from the group consisting of O, N, 5, and oxidized forms of N and S, wherein
each of the aryl, or heteroaryl is optionally substituted with 1-4 C;-Cs alkyd;

L*is a bond or is NR®, 0, §, or {CR7*R"?)¢: wherein each R'®, R™, and R™
independently are hydrogen or C;-Cs atkyi;

dist, 2, 0r3;

L*is C=0 or 50y;

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

RYis -OR™ or C1-C; alkoxy; and

RY¥is hydrogen or a prodrug molety R.



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

consisting of

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 thereof, or a pharmaceutically acceptable salt of each thereof.

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

17. A composition comprising a compound of any ona of claims 3-3 and 11-16 and at

least one pharmaceutically acceptable excipient.

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

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

19. A method for treating oxygen deficiency associated with sickle cell anemia, the
method comprising administering to a subjaect in 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.
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