
COMPOUNDS AND USES THEREOF FOR THE MODULATION OF HEMOGLOBIN 

FIELD OF THE INVENTION 

[0001] This invention provides compounds and pharmaceutical -compositions suitable as 

aflosteric modulators of hemoglobin, methods and intermediates for their preparation, and 

methods for their use in treating disorders mediated by hemoglobin and disorders that 

would benefit from tissue and/or cellular oxygenation. 

STATE OF THE ART' 

[0002] Sickle cell disease is a disorder of the red blood cells, found particularly among 

those of African and Mediterranean descent. The basis for sickle cell disease is found in 

sickle hemoglobin (HbS), which contains a point mutation relative to the prevalent peptide 

sequence of hemoglobin (Hb}, 

[0003] Hemoglobin (Hb) transports oxygen molecules from the lungs to various tissues 

and organs throughout the body. Hemoglobin binds and releases oxygen through 

conformational changes. Sickle hemoglobin (HbS) contains a point mutation where 

glutamic acid is replaced with valine, allowing HbS to become susceptible to polymerization 

to give the HbS containing red blood cells their characteristic sickle shape. The sickfed cells 

are also more rigid than normal red btood cells, and their lack of flexibility cars lead to 

blockage of blood vessels. US 7,160.910 discloses compounds that are ailosteric 

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, 

SUIVfMARY OF THE INVENTION 

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

suitable as ailosteric modulators of hemoglobin, in some aspects, this invention relates to 

methods for treating disorders mediated by hemoglobin and disorders that would benefit 

from tissue and/or cellular oxygenation. 



[0005] In certain aspects of the invention, a compound of Formula (A) is provided: 

\ B 

/ 
Y, 

'2 

' C 

(A) 

or a tautomer thereof, or pharmaceuticaliy acceptable salt of each of thereof or a 

pharmaceutical acceptable salt thereof, wherein 

L1 is a bond or is MR70, 0, S, or (CR71R72)d; wherein each R?0, R71, and R72 

independently are hydrogen or CrC6 alkyl; 

d is X, 2, or 3; 

L2 is C=0 orS02; 

each Y and Z is independently CR^R", O, 5, SO; S02. or NR10; each R10 and R11 

independently is hydrogen or CrC3 alkyi optionally substituted with 1-3 halo, 

OH, or CrC6 alkoxy, or CR10R1:l is OO, provided that if one of Y and Z Is G, S.. 

SO, SO2, then the other is not CO., and Y and Z are both not heteroatoms or 

oxidized forms thereof; 

wherein Y is a or (3 substituted relative to the -L^R3; 

wher ein 2 and -G/V^H are joined to adjacent atoms on ring C; 

V1 and V7" independently are Q-Ce alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

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

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

1 or 2; each Vs is independently CI-CG slkyl or CO7R"0, where each R6G 
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Independently Is Ci-C6 aikyl or hydrogen; t Is 0, 1, 2, or 4; or CVV' is C~V, 

wherein V is 0, NOR"0, or NNR31R82; 

R80 is optionally substituted Ci-Cg aikyl; 

R3" and R0/~ independently are selected from the group consisting of hydrogen; 

optionally substituted CrC6 aikyl, COR33 and C02RS4; 

Rt<b is hydrogen or optionally substituted Ci-C6 aikyl; and 

R84 is optionally substituted CrCs alky! 

and R3, B, and C are defined as follows. 

[0006] in one instance, 

R3 is Ci-Cs aikyl, C3-Cg cyc'loalkyl, CrC5 alkoxy, Cs-Cs cycloalkoxy, or -NP^R2; 

each R1 and R2 independently Is hydrogen, Cr-C6 aikyl, t3~C8 cycloalkyl, Cg-Ctoaryl, 4-

10 mernbered heterocycie 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 aikyl, 

cycloalkyl, heterocycie, aryl or heteroaryl is optionally substituted, or E5 and 

R2 together with the nitrogen atom they are attached to form an optionally 

substituted 4-7 membered heterocycie; 

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

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

substituted 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

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

oxidized forms of N and S; and 

ring C is a optionally substituted Cg-Caoary! or optionally substituted 5-10 membered 

heteroaryl containing 1-3 nitrogen atom's, or an oxidized form of N, wherein 

certain preferred-substituents include OH, halo, CrCe alkoxy, C3-C5 

cycioaikoxy or O-R, where R is a prodrug moiety, wherein the Ci-C6 alkoxy is 

optionally substituted with 1-5 haio;. 

[0007] In another instance, 

R3 is Cs-Cic'aryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected 

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

each of the aryl, or heteroaryl is optionally substituted with 1-4 Ci-Cs aikyl; 
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ring B is a optionally substituted 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 forms of N and S; 

ring C is Q-Cio aryl or a 5-10 membered .heteroaryl containing up to 5 nng 

heteroatoms, wherein the heteroatom is selected from the group consisting 

of 0, N, S, and oxidized forms of N and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR13, CrCs alky!, and/or CrC6 alkoxy, 

wherein the CrQ, aikyl is optionally substituted with 1-5 halo, CrC6 afkoxy 

and/or a 4-10 membered heterocycie containing tip to 5 ring heteroatoms, 

wherein the heteroatom is selected from the group consisting of 0, N, S, and 

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

halo, CrC5 alkoxy, CrCs cycloalkoxy or O-R, where R is a prodrug moiety, 

wherein the Q-Q aikoxy is -optionally substituted with 1-5 halo;; and 

R19is hydrogen or a prodrug moiety R. 

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

i B 

R3 

c 

v\ /v2 

,'Cx 
^ H 

(ID 

or a tautomer thereof, or pharmaceutical^' acceptable salt of each of thereof, 

wherein 

R"5 is CrC6 alkyl> C3-C3 cycloalkyl, CrC$ alkoxy, C3-Cs cycloalkoxy, or-NR^R2; 

each R1 and R2 independently is hydrogen, Ci-Cg aikyl, C.rCg cycloalkyl, C6-CiQaryl, 4-

10 membered heterocycie 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 aikyl, 
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cycloalkyl, heterocycie, aryl or heteroaryl is optionally substituted, or R1 and 

R2 together with the nitrogen atom they are attached to form an optionally 

substituted 4-7 membered heterocycie; 

L is a bond'or Is NR/0, O, S, or (CR?1R''2}d; wherein each Ryd, R71, and R73 independently 

are hydrogen orCi-C5 aikyl; 

d is 1, 2, or 3; 

ring B is a optionally substituted Cg-Cio aryl, optionally substituted 5-10 membered 

heteroaryl having 1-3 nitrogen atoms or oxidized forms of H, or optionally 

substituted 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

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

oxidised forms of N and S; 

each Y and Z is independently CRa0Rn, O, 5, SO, S02, or NR10; each R:l° and R11 

independently is hydrogen or Ci-C3 alky! optionally substituted with 1-3 halo, 

OH, or Ci-Cs alkoxy, or CR10RXi is C=0, provided that if one of Y and Z is O, S, 

SO, SO?., then the other Is not CO, and Y and Z are both not heteroatoms or 

oxidized forms thereof; 

wherein Y is a or substituted relative to the —LCOR5; 

ring C is a optionally substituted Cs-Cioaryl or optionally substituted 5-10 membered 

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

wherein 1 and -CVVYi are joined to adjacent atoms on ring C; 

V1 and V"4 independently are Ci-C6 alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

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

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

1 or 2; each V5 is independently Cj-Q; alky! or CO2Rb0, where each R60 

independently is Cr-Ce aikyl or hydrogen: t is 0,1. 2, or 4; or CVlV2 Is C=V, 

wherein V is Ot NOR80, or NNRS1R82; 
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R4 is OH, halo, CrCs alkoxy, C3~CS cycloalkoxy or 0-R, where R is a prodrug moiety, 

wherein the C1-C5 sikoxy is optionaliy substituted with 1-5 halo; 

R80 is optionally substituted CrC5 alky!; 

RKi and RS2 independently are selected from the group consisting-of hydrogen; 

optionally substituted CrC$ aikyl, COR83 and C02R84; 

R83 is hydrogen or optionally substituted QrQ aikyl; and 

R84 is optionally substituted C'rC& aikyl. 

In certain aspects of the invention, 3 compound of formula (IV) is provided: 

R' 

B1 : 
31---^ 

Y \ 
X 

c 
CV1V2H 

(IV) 

wherein 

R3 is Cg-Cioaryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected 

from the group consisting of O, N, S, and oxidized forms of N and 5, wherein 

each of the aryl, or heteroaryl is optionally substituted with :i-4: CrC& aikyl; 

L1 is a bond or is NR70,O, S, or (CR71R72)d; wherein each R70, R71, and R72 

independently are hydrogen or Q-Ce aikyl; 

d is 1, 2, or 3; 

L2 is OO or S02; 

ring B is a optionally substituted 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 forms of N and 5; 

each Y and Z is independently (CR10Rlx)e, O, S, SO, S02, or NRi0; e is 1 to 4, preferably 

1; each R10 and Rn independently is hydrogen or C1-C3 aikyl optionally 

substituted with 1-3 halo, OH, or CL-Q alkoxy, or CR10RU is C=0, provided 
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that if one of Y and 2 is O, S, SO, S02, then the other is not CO, and Y and Z 

are both not heteroatoms or oxidized forms thereof; 

wherein Y is a or p substituted relative to the -lA2R3; 

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

heteroatoms, wherein the heteroatom Is selected from the group consisting 

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

substituted with 1-4: halo, oxo, -OR2, Q-Q aikyl, and/or Ci~C6 alkoxy, wherein 

the Ci-Cg aikyl is optionally substituted with 1-5 halo, CrC6 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 

forms of N and S; 

P.2is hydrogen or a prodrug moiety R; and 

wherein Z and -CV1V2H are attached to adjacent atoms on ring C; 

V1 and V2 independently are CrC6 alkoxy; or Vx and V2 together with the carbon 

atom they are attached to form a ring of formula: 

wherein each XT and V4 are independently Q, S, or IMH. provided that when one of V3 

and V4 is S. the other is NH, and provided that V3 and V'1 are both not NH; q is 

1 or 2; each Vs is independently CrQ alley! or C02RoC), where each Reo 

independently is CrCs alky! or hydrogen; t is 0, 1, 2, or 4; or CV1V2 is C=V, 

wherein V is 0, NOR80, or NNR81R82; 

Rs0 is optionally substituted CrCe aikyl; 

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

optionally substituted CrC& aikyl, CORc3 and G02R^; 

R83 is hydrogen or optionally substituted Q-Q alkyi; and 

R®4 is optionally substituted Ci-C6 aikyl. 

[0010] In one embodiment, ring b is joined to L1 or L2 via a nitrogen atom. In another 

embodiment, R3 is joined to L3 via a nitrogen atom. 
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[0011] in further aspects of the invention, a composition is provided comprising any of the 

compounds described herein, and at least a pharroaceuticaily acceptable oxcipient. 

[0012] In still further aspects of the invention, 3 method is provided for increasing oxygen 

affinity of hemoglobin S in a subject, the method comprising administering to a subject in 

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

described herein. 

[0013] In further aspects of the invention, a method is provided for treating oxygen 

deficiency associated with sickle ceil 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] ft must be noted that as used herein and in the appended claims, the singular 

forms "a", "an", and "the" include plural referents unless the context cleariv dictates 

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

[0015] As used herein, the term "comprising" or "comprises'' is intended to mean that the 

compositions and methods include the recited elements, but not excluding others. 

"Consisting essentially of when used to define compositions and methods, shall mean 

excluding other elements of any essential significance to the combination for the stated 

purpose. Thus, a composition or process consisting essentially of the elements as defined 

herein would not exclude other materials or steps that do not materially affect the basic and 

novel characteristic^') of the claimed invention. "Consisting of" shall mean excluding more 

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

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

[0016] Unless otherwise indicated, all numbers expressing quantities of ingredients, 

reaction conditions, and so forth used in the specification and claims are to be understood 

as being modified in all instances by the term "about/' Accordingly, unless indicated to the 

contrary, the numerical parameters set forth in the following specification and attached 

claims are approximations. Each numerical parameter should at. least be construed in fight 

of the number of reported significant digits and by applying ordinary rounding techniques. 
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The term "about" when used before a numerical designation, e.g., temperature, time, 

amount, and concentration, including range, indicates approximations which may vary by ( + 

) or (-) 10 %, 5 % or 1 %. 

[0017] As used herein, Cm-Cn, such as CL-CH, Ci-Cg, or CrC5 when used before a group 

refers to that group containing m to n carbon atoms. 

[0018] The term "aikoxy" refers to -Oalkyi, Cycloafkoxy refers to -O-cycloalkyl. 

[0019] The term "aikyl" refers to monovalent saturated aliphatic hydrocarbyl groups 

having from 1 to 30 carbon atoms (i.e., C1-C30 aikyl) or 1 to 22 carbon atoms {i.e,, Ci-C22 

aikyl), 1 to 8 carbon atoms (i.e., CrCg aikyl), or 1 to 4 carbon atoms. This term includes, by 

way of example, linear and branched hydrocarbyl groups such as methyl (CH3-), ethyl 

{CH3CH2-), n-propyl (CH3CH2CH2-), isopropyi ({CH3)2CH-}, r?-butyl {CH3CH2CH2CH2-), isobutyl 

((CH3)2CHCHr), sec-butvl {(CH3)(CH3CH2)CH-), t-butyi ((CH3)3C-), n-pentyl (CH3CH2CH2CH2CH2-

), and neopentyl ((CH3).3CCHr). 

[0020] The term "aryl" refers to a monovalent, aromatic mono- or bicyciic ring having 6-10 

ring carbon atoms. Examples of aryl include phenyl and naphthyl. The condensed ring may 

or may not be aromatic provided that the point of attachment is at an aromatic carbon 

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

[0021] The term "-CO2H ester" refers to an ester formed between the --CO2H group and an 

alcohol, preferably an aliphatic alcohol. A preferred example included -C02RE, wherein R1^ is 

alkyi or aryl group optionally substituted with an amino group. 

[0022] The term "chiral moiety" refers to a moiety that is chiral. Such a moiety can 

possess one or more asymmetric centers. Preferably, the chiral moiety is enantiomerlcaliy 

enriched, and more preferably a single enantlomer, Man limiting examples of chiral 

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

naturally occurring amino acids, chiral alcohols including chirai steroids, and the Sikes, 

fGQ23j The term "cycloalkyl" refers to a monovalent, preferably saturated, hydrocarbyl 

mono-, hi-, or tricyclic ring having 3-12 ring carbon atoms. While cycloalkyl, refers 
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preferably to saturated hydrocarbyl rings, as used herein, It also includes rings containing 1-

2 carbon-carbon double bonds. Nonlirniting examples of cycloalkyl include cydopropyl, 

cyclobutyl, cyciopentyl, cyclohexyl, cycloheptyi, adamentyi, and the like. The condensed 

rings may or may not be non-aromatic hydrocarbyl rings provided that the point of 

attachment is at a cycloalkyl carbon atom. For example, and without limitation, the 

following is a cycloalkyl group; 

[0024] The term "halo" refers to K Ci, Br, and/or I. 

[0025] The term "heteroaryl" refers to a monovalent, aromatic mono-, bK or tricyclic ring 

having 2-16 ring carbon atoms and 1-8 ring heteroatoms selected preferably from N, 0, S, 

and P and oxidized forms of N.( S, and P, provided that the ring contains at least 5 ring 

atoms. Nonliroiting examples of heteroaryl include furan, imidazole, oxadiazole,. oxazole, 

pyridine, quinofine, and the like. The condensed rings may or may not be a heteroatom 

containing aromatic ring provided that the pomt of attachment is a heteroaryl atom. For 

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

[0026] The term "heterocyciyl" or heterocycie refers to a non-aromatic, mono-, bh or 

tricyclic ring containing 2-12 ring carbon atoms and 1-8 ring heteroatoms selected 

preferably from N, O, S, and P and oxidized forms of N, S, and P, provided that the ring 

contains at least 3 ring atoms. While heterocyciyl 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 heterocyciyl include, azalactones, oxazoline, 

piperidinyl, psperazinyl, pyrroiidinyi, tetrahydrofuranyl, and tetrahydropyranyl. The 

condensed rings may or may not contain a non-aromatic heteroatom containing ring 

provided that the point of attachment is 3 heterocyciyl group. For example, and without 

limitation, the following is a heterocyciyl group: 
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[0027] The term "hydrolyzirtg" refers to breaking an RH-0-C0-, RH-0-CS-, or an RH~0-5G2-

moiety to an RH-OH, preferably by adding water across the broken bond. A hydroivzing 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 OG group,, and to £3 substitution of 2 gemma! hydrogen 

atoms with a C=0 group. 

[0029] The term "optionally substituted" refers to a substituted or unsubstituted group. 

The group may be substituted with one or more substituents.. such as e.g., 1, 2, 3,4 or 5 

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

halo, -CN, N02) -N2+, -CO2RiG0, -OR100, -SB100, -SOR100, -SO:,R100. -NR101R102. -CONRI01R10?- -

SO2MR101Ria?-, Ci-Cg aikyl, CrCs alkoxy, ~CR100^C{R1QO}2, -CCR100, C3~C;LQ cycloalkyl, C3-Ci0 

heterocyciyl, C6-Ci2 3ry! and C2-C12 heteroaryl, wherein each R100 independently is hydrogen 

or CrCs aikyl; C3-C12 cycloalkyl; C3-C10 heterocyciyl; C6-Ci2 aryl; or Q C12 heteroaryl; wherein 

each aikyl, cycloalkyl, heterocyciyl, aryl, or heteroaryl is optionally substituted with 1-3 halo, 

1-3 CrC6 aikyl, 1-3 CrCe haloalkyi or 1-3 C1-C5 alkoxy groups. Preferably, the substituents 

are selected from the group consisting of chloro, fluoro, -OCH3, methyl, ethyl, /se-propyl, 

cyciopropyl, vinyl, ethynyl, -C02H, -C02CH3J -OCF3, ~CF3 and ~OCHF2. 

[0030] R101 and R10*' independently is hydrogen; C1-C3 aikyl, optionally substituted with -

C03H or an ester thereof, CrC6 alkoxy, oxo, -CR10J=C(R103)2, -CCR, CrC10 cycloalkyl, C3-Q0 

heterocyciyl, Cg-Cu aryl, or C2-C12 heteroaryl, wherein each Ritj3 independently is hydrogen 

or CrQ aikyl; C3-C12 cycloalkyl; C3~C:L0 heterocyciyl; OrC^ aryl; or CrCj2 heteroaryl; wherein 

each cycloalkyl, heterocyciyl, aryl, or heteroaryl is optionally substituted with 1-3 alky! 

groups or 1-3 halo groups,, or R102 and Rl0i together with the nitrogen atom they are 

attached to form a 5-7 membered heterocycie. 

[0031] The term "pharrnaceutically acceptable" refers to safe and non-toxic for in vivo, 

preferably, human administration. 
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[0032] The term "pharmaceu.ticai.ly acceptable salt" refers to a sait that is 

pharrnaceutically acceptable, 

[GG33] 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 salts include, 

without limitation, alkali metal, alkaline earth metal., and ammonium salts. As used herein, 

ammonium salts include, salts containing protonated nitrogen bases and alkylated nitrogen 

bases. Exemplary, and non-limiting cations useful in pharrnaceutically acceptable salts 

include Na, K, Rb, Cs, NH4, Ca, Ba, imidazoiium, and ammonium cations based on naturally 

occurring amino acids. When the compounds utilized herein contain basic functionality, 

such salts include, without limitation, salts of organic acids, such as carboxylic acids and 

sulfonic acids, and mineral acids, such as hydrogen haiides, sulfuric acid,, phosphoric acid, 

and the likes. Exemplary and non-limiting anions useful in pharrnaceutically acceptable salts 

include oxalate, maleate, acetate, propionate, succinate, tartrate, chloride, sulfate, 

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

[0034] The terms "treat", "treating" or "treatment", as used herein, include alleviating, 

abating or ameliorating a disease or condition or one or more symptoms thereof, preventing 

additional symptoms, ameliorating or preventing the 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 

condition, or suppressing the symptoms of the disease or condition, and are intended to 

include prophylaxis. The terms also include relieving the disease or conditions, e.g., causing 

the regression of clinical symptoms. The terms further include achieving a therapeutic 

benefit and/or a prophylactic benefit. By therapeutic benefit is meant eradication or 

amelioration of the underlying disorder being treated. Also, a therapeutic benefit is 

achieved with the eradication or amelioration of one or more of the physiological symptoms 

associated with the underlying disorder such that an improvement is observed in the 

individual, notwithstanding that the individual is still be afflicted with the underlying 

disorder. For prophylactic benefit, the compositions are administered to an individual at 

risk of developing a particular disease, or to an individual reporting one or more of the 
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physiological symptoms of a disease, even though a diagnosis of this disease has not been 

made. 

[0035] The terms "preventing" or "prevention''" refer to a reduction in risk of acquiring 3 

disease or disorder (/,e,; causing at 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 yet 

experience or dispiay symptoms of the disease}. The terms further include causing the 

clinical symptoms not to develop, for example in a subject at risk of suffer ing from such a 

disease or disorder, thereby substantially averting onset of the disease or disorder. 

[0036] The term "effective amount" refers to an amount that is effective for the treatment 

of a condition or disorder by an intranasal administration of a compound or composition 

described herein. In some embodiments, an effective amount of any of the compositions or 

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

[0037J 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 ceils, or tissues. 

{0038} As used herein, a "prodrug" is a compound that, after administration, is 

metabolized or otherwise converted to an active or mors active form with respect to at 

least one property. To produce a prodrug, a pharmaceutical^ active compound can be 

modified 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 biological 

processes. A prodrug may have., relative to the drug, altered metabolic stability or transport 

characteristics, fewer side effects or lower toxicity. For example, see the reference Nogrady, 

1985, Medicinal Chemistry A Biochemical Approach, Oxford University Press, New York, 

pages 38S-392. Prodrugs can also be prepared using compounds that are not drugs. 
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Compounds 

[0G39] In certain aspects of the invention, a compound of Formula {•!} is provided: 

or a tsutomer thereof, or pharmaceutical!1/ acceptable salt of each of thereof or a 

pharmaceutical!1/ acceptable salt thereof, wherein 

L1 is a bond or is NR70, O, S, or (CR7IR/2)d; wherein each R70. Rnf and R72 

independently are hydrogen or CrC5 aikyl; 

d is 1, 2, or 3; 

L2 is C=0 or S02; 

each Y and Z is independently CR10R", 0, S, SO, S02, or NR10; each R10 and R11 

independently is hydrogen or Ci-C3 aikyl optionally substituted with 1-3 halo, 

OH, or CrCe alkoxy, or CR^R11 is 0=0, provided that if one of Y-and 2 is O, S, 

SO, S02/ then the other is not CO, and Y and Z are both not heteroatoms or 

oxidized forms thereof; 

wherein Y is a or (5 substituted relative to the -LVR3; 

wherein Z and -CV1V/H are joined to adjacent atoms on ring C; 

V1 and V3 independently are CrC6 alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

1 B 

y 1 

(i) 
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wherein each V3 and V4 are independently 0, S, or NH, provided that when one of V5 

and V'5 is S, the other is NH, and provided that V3 and V4 are both not NH; q is 

1 or 2; each V5 is independently tyc6 alkyi or CG2R"0, where each Rfa0 

independently 15 Ci-C6 aikyl or hydrogen; t is 0, i, 2, or 4; or CVV2 is C==V, 

wherein V is 0, NOR80, or NNR8iR82; 

R4 is OH, halo, CrCe alkoxy, C3-C5 cycloalkoxy orQ-R.. where R Is a prodrug moiety, 

wherein the Ci~C5 alkoxy is optionally substituted with 1-5 halo; 

Rs0 is optionally substituted CrCG aikyl; 

Rai and R82 independently are selected from the group consisting of hydrogen; 

optionally substituted CrCs aikyl, COR83 and C02R84; 

R83 is hydrogen or optionally substituted Cx-C6 aikyl; and 

R84 is optionally substituted CrCg aikyl. 

and R3, B,. and C are defined as follows. 

|0040] In one instance, 

R3 is Ci-Ce alkyi, C3-Cs cycloalkyl, CrC6 alkoxy, C3-Cg cycloalkoxy, or -NRlR2; 

each R1 and R2 independently is hydrogen, Ci-C6 aikyl, Cs-Cg cycloalkyl, CG-C10aryl, 4-

10 membered heterocycie or 5-10 membered heteroaryl, each containing up 

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

consisting of 0, N, S, and oxidized forms of N and S, wherein each aikyl, 

cycloalkyl, heterocycie, aryl or heteroaryl is optionally substituted, or R1 and 

R2 together with the nitrogen atom they are attached to form an optionally 

substituted 4-7 membered heterocycie; 

ring B Is a optionally substituted Cs-C}0aryi, optionally substituted 5-10 membered 

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

substituted 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

wherein the heteroatom is selected from the group consisting of G, N, 5, and 

oxidized forms of N and S; and 

ring C is a optionally substituted CG-C10aryl or optionally substituted 5-10 membered 

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

[0041] in another instance. 
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R3 is Ce-Cioary!, or a 5-10 membered heteroaryl, wherein the heteroatom is selected 

from the group consisting of Q, Nf S, and oxidized forms of N and S, wherein 

each of the aryl, or heteroaryl is optionally substituted with 1-4 CrC6 alkyi; 

ring B is a optionally substituted 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 forms of N and S; 

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

heteroatoms, wherein the heteroatom is selected from the group consisting 

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

substituted with 1-4: halo, oxo, -OR19, CrC6 aikyl, and/or Ci-C6 alkoxy, 

wherein the Ci-Cg alkyi is optionally substituted with 1-5 halo, CrCs alkoxy 

and/or a 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

wherein the heteroatom is selected from the group consisting of 0, N, 5, and 

oxidized forms of N and S; and 

R19is hydrogen or a prodrug moiety R. 

[0042] In certain embodiments, L1 is a bond. 

[0043] In certain embodiments, L2 is OCX In certain embodiments, L2 is SO?. 

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

oxo, -OR2, CrC5 alkyi and/or CrC6 alkoxy, 
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[0045] In certain aspects of the invention, a compound of Formula (II) is provided: 

I B 

-v'-
Y, 

7 

1 c 

vV,/V2 

H 

(H) 

or a tautomer thereof, or pharmaceuticals*/ acceptable salt of each of thereof or a 

pharmaceuticalfy acceptable salt thereof, wherein 

R3 is Ci-Cg aikyl, CyC& cycloalkyl, Ci-Cs alkoxy, C3-Cg cycloalkoxy, or—NRW; 

each RA and R? independently is hydrogen, Ci-Cs alky!, C3-C8 cycloalkyl, Cfi-Cioaryl, 4-

10 membered heterocycie or 5-10 membered heteroaryl, each containing up 

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

consisting of 0, N, S, and oxidized forms of N and S, wherein each aikyl, 

cycloaikyi, heterocycie, sryi or heteroaryi is optionally substituted, or R* and 

R2 together with the nitrogen atom they are attached to form an optionally 

substituted 4-7 membered heterocycie; 

I1 is a bond or is MR70, O, S, or (CR71R72)d; wherein each R70, R71, and R72 

independently are hydrogen or Ci-Cg aikyl; 

d is 1, 2, or 3; 

ring B is a optionally substituted C6-Cioaryl, optionally substituted 5-1G membered 

heteroaryi having 1-3 nitrogen atoms or oxidized forms of N, or optionally 

substituted 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

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

oxidized forms of H and S; 

each Y and 2 is independently CR10Rri, O, 5, SO, S02, or NR10; each Rmand Ru 

Independently is hydrogen or CrC3 aikyl optionally substituted with 1-3 halo. 

OH, or Ci-Ce alkoxy, or CR10R1X is C=0, provided that if one of Y and Z is 0, S, 
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SO, SQ2, then-the other Is not CO, and Y and Z are both not heteroatoms or 

oxidized forms thereof; 

wherein Y is a or (3 substituted relative to the -LCOR3; 

ring C is a optionally substituted Cg-Cioaryl or optionally substituted 5-10 membered 

heteroaryi containing 1-3 nitrogen atoms, or an oxidized form of N; 

wherein Z and -CVV^H are joined to adjacent atoms on ring C; 

V1 arid V* independently are CrCg alkoxy; or V1 and V" together with the carbon 

atom they are attached to form a ring of formula: 

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

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

1 or 2; each V5 is independently C;rC6 alkyi or C02R6°, where each R60 

independently is CrC6 aikyf or hydrogen; t is 0,1. 2, or 4; or c/V2 is C-V, 

wherein V is 0, NOR30, or NfMRslR82; 

R'! is OH, halo, CrC& alkoxy, C3-C6 cycloalkoxy or Q-R, where R is a prodrug moiety, 

wherein the trCs alkoxy is optionally substituted with 1-5 halo; 

R80 is optionally substituted CrQ aikyi; 

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

optionally substituted Cx-C& alkyi, COR83 and C02Rs^; 

R8" is hydrogen or optionally substituted C:-C6 alkyi; and 

Hm is optionally substituted C1-C& aikyl. 

[0046] In certain embodiments, t is 0, in certain embodiments, t is 1. In certain 

embodiments, t is 2. in certain embodiments, t is 3. 

[0047] As used herein, Ro0 can be hydrogen, provided that the COOR60 is not joined to a 

nitrogen atom. 

[0048] Preferably, in certain embodiments, Y and Z are both not a heteroatom or a 

heteroatom containing moiety. Preferably, one of Y and Z is a methylene or substituted 
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methylene and the other is a heteroatom or a heteroatom containing moiety. More 

preferably, V is an alkyiene, and Z is a heteroatom or a heteroatom containing moiety, 

which, yet more preferably is oxygen. 

[0049] Preferably, V1 and V"4 together with the carbon atom they are attached to form a 

ring of formula: 

[0050] In some embodiments, V1 and V" Independently are Ci-Cg aikoxy; or V1 and V2 

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

wherein each V3 and V"1 are independently O, S, or NH, provided that when one or V3 and V4 

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

independently CrC6 alky! or CO?. R50, where each R60 independently is tVC6 alkyi or 

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

[0051] In certain aspects of the invention, the compound of Formula (H) Is of Formula (III): 
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(!!!) 

wherein Y-Z is -CH2Q~ or -CH2CH2- and the remaining substituents are as defined 

herein. 

[0052] In some embodiments, R4 and -CBQ are Joined to adjacent atoms on ring C. 

[0053] fn certain aspects of the invention, the compound of Formula (II) is of Formula 

wherein ring B is a optionally substituted C6~C10aryl, optionally substituted 5-10 

membered heteroaryl having 1-3 nrtrogen atoms or oxidized forms of N; 

R5 is hydrogen, CrC6 alky! or a prodrug moiety R; 

RG is haio, Ci-Cg alkyi, C3-C5 cycloalkyl CrC6 alkoxy, C3-C& cycloalkoxy, wherein the 

Ci-Cs alky! is optionally substituted with 1-5 halo; and 

p is 0, 1, 2 or 3. 

(IIIA): 

l B I 
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[0054] In some embodiments, the compound is of Formula 1116, ll!€, or HID: 

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

R'5 is hydrogen., CrC$ aikyl or a prodrug moiety; 

R6 is haio, CrCs aikyl; CrCs alkoxy, wherein the Ci-C& aikyl is optionally substituted 

with 1-5 halo; and 

p is 0, 1, 2 or 3. 

[0055] in some embodiments, ring B is substituted with 1-3: halo. Ci-.Cc alkyi, COR15, or 

COOR15; and 
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R15 is CrCg aikyl, C3-CG cycloalkyl Cg-C^ary!, 5-10 membered heteroaryl or a 4-10 

membered heterocycie containing up to 5 ring heteroatoms, wherein the 

heteroatom is selected from the group consisting of 0, N, S, and oxidized 

forms of N and.5, wherein the alkyi, aryl, heteroaryl or heterocyciyl is 

optionally substituted, 

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

or a tautqmer thereof, or a pharmaceutical acceptable salt of each thereof, 

R3 is C5"Ci0aryl(. 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 CrC6 alkyi; 

Ll is a bond or is NR70, O, 5, or (CR^R72).^ wherein each R70, R71, and R'2 

independently are hydrogen or CJ-CG alkyi; 

d is lt 2t or 3; 

L* is OO or S02; 

ring B is a optionally substituted 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 forms of U and S; 

each Y and I is independently CR10RU, O, S, SO, S02. or NR10; each R10 and R11 

independently is hydrogen or Ci-C3 aikyl optionally substituted with 1-3 halo, 

OH, or Ci-Cfi alkoxy, or CR10Rn is C=0„ provided that if one of Y and Z is O, S, 

15 

[IV) 

wherein 
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SO, S02, then the other is not CO., and Y and 2 are both riot heteroatoms or 

oxidized forms thereof; 

wherein Y is a or (3 substituted relative to the ~L1LilRi; 

ring C is C5-Cioaryi or a 5-10 membered heteroaryi containing up to 5 ring 

heteroatoms. wherein the heteroatom is selected from the group consisting 

of 0, N, 5. and oxidized forms of N and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR19, CrC6 alky!, and/or CrC'e alkoxy., 

wherein the CrC6 alky! is optionally substituted with 1-5-halo, C;rC6 alkoxy 

and/or 3 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

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

oxidized forms of N and S; 

R19is hydrogen or a prodrug moiety R; and 

wherein Z and -CvV^H are attached to adjacent atoms on ring C; 

V1 and V2 independently are Ci-Cg alkoxy; or V1 and together with the carbon 

atom they are attached to form a ring of formula: 

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

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

1 or 2; each V5 is independently Cj-C6 alkyi or COjRb0/ where each R"0 

independently is CrU aikyl or hydrogen; t is 0,1,.2, or 4; or CVVZ is C=V, 

wherein V is 0, NOR"0, or MNRS:R8'; 

R80 is optionaliy substituted CrC& aikyl; 

Rsl and Independently are selected from the group consisting of hydrogen: 

optionally substituted Ci-Cg aikyl, COR8" and C02R^; 

R83 is hydrogen or optionally substituted QrQ alky); and 

R*4 is optionally substituted Ci~C6 alkyL 

[D057] In certain embodiments. Z is CH2, Oy S, SO, S02or NH. In certain embodiments., z is 

O, S, SO or S02. Preferably, Z is O, and wherein the. remaining variables are defined herein. 
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[005B| In certain embodiments, Y is CR!°RU, O, 5, SO,. S02, or NR10: wherein each Ri0 and 

R11 independently is hydrogen or Ci-C3 aikyl. in certain embodiments, Y is CR^R11 wherein 

each Ri0 and R11 independently is hydrogen or C1-C3 aikyl. Preferably, Y is CH2/ and wherein 

the remaining variables are defined herein. 

[0059] In certain embodiments, t Is 0. in certain embodiments, t is 1. in certain 

embodiments, t is 2. in certain embodiments, t is 3, 

[0060] Preferably, CVXV2 is C=V, wherein V is O, and wherein the remaining variables are 

defined herein. 

[0061] In certain embodiments, a compound of formula {V} is provided: 

R* is CVCioaryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected 

from the group consisting of Q; N, S, and oxidized forms of N and S, wherein 

each of the aryl, or heteroaryl is optionally substituted with 1-4 CrC6 alkyi; 

Ll is a bond or is NR/0, O, S, or (CR^R'2^; wherein each R70, R;i, and R" 

independently are hydrogen or CrCg aikyl; 

d is 1, 2/ or 3; 

L2 is G=0 or S02; 

ring B is a optionally substituted 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 forms of N and S; 

2 is O, S, SO or S02; 

i B 

C ^ 

(VJ 

or a tautomer thereof, or a pharmaceutical^ acceptable salt of each thereof, 

wherein 
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ring CIs Cg-Cio-arvl or a 5-10 membered heteroaryl containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting 

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

substituted with 1-4: halo, oxo, -OR19, Cr-Cg- alkyi, and/or Ci-Cg alkoxy, 

wherein the Ci-Ce alkyi is optionally substituted with 1-5 halo, CrCs 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 forms of N and S; and 

FT9 is hydrogen or a prodrug moiety R. 

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

is Ce-Cjoaryl, or a 5-10 membered heteroaryl wherein the heteroatom is selected 

from the group consisting of 0, N, S, and oxidized forms of H and wherein 

each of the aryl, or heteroaryl is optionally substituted with 1-4 CrC6 alkvi; 

L1 is a bond or is NR'°, 0, S, or {CR^R'2}^; wherein each R'°, R,J", and R72 

independently are hydrogen or CrQ aikyl; 

d is 1, 2; or 3; 

L3 is OG or S02; 

B 

/ 

(VI) 

or a tautomer thereof, or a pharmaceuticalfy acceptable salt of each thereof, 

wherein 



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

heteroatoms, wherein the heteroatom Is selected from the group consisting 

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

R* is -OR19 or Cj-Cs alkoxy; and 

R19 is hydrogen or a prodrug moiety R. 

[0063] In one embodiment R4 is ~OH. 

[0064] In certain embodiments, R3 is optionally substituted phenyl, f.n other 

embodiments, RJ is optionally substituted pyridine.- in certain embodiments, R3 is 

optionally substituted pyrazole. 

[0065] In certain embodiments, R3 is selected from the group consisting of: 

[0066] in certain embodiments, compounds of formulas (IV)' and {V} are provided, wherein 

[0067] In one embodiment, ring B is a 5-6 membered heterocycie containing a heteroatom 

selected from N, $, or 0. in one embodiment, ring B is a 5-6 membered heterocycie 

containing a N as the heteroatom. 

CHO 

is 

OH 

CHO 
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[006B] in certain embodiments, ring B is selected from the group consisting of: 

-\N i 
U-WV 

0 

\HY or JVVV 
I 

[0069] In certain embodiments, L1 is a bond. 

[0070] in certain embodiments, L2 is C-0, in certain embodiments, \S is S02 
i. 

[0071] in one embodiment, ring C is phenyl which is optionally substituted with 1-4: halo, 

oxo, -OR', CrCs alkyi and/or CrQ alkoxy, 

[0072] in some embodiments, the compound is selected from the group consisting of 

P-. 

°yS 
NR1Ral 

O 
CHO 

OH 

' f~o,i 

NR'R2 

r ,CH 

~OH-

O r=0,1; 

NR'R2 l^0 

CH 

"OH-

Pv 

°"y ''r=0'1 

NR1R2 

CH 

OH-

r p 
rs=0,1. 

O 
c 

i 
CH 

OH-

r ? P) tssQ i 

^CH 
NR R 1o2 

OH 

? J 
Oy,<\^r.P) r^Q)i; 
NR1RS L O 

!i 7 
•v. 

OyL^Q 
NR1R2 "Q 

.CH 

"OH* 

XH 

"OH* 

O^M. 

/ 1 
NR1R2 

< v-CH 
-X 

OH-

J 
—A 

°TNT 
R17O L 

"XV" CHO 

OH 

y-^ > 
MR1R2 

O 

4. /CHO 

OH 

Co '%rH. 

RuO 
0 
A-^-CHO 

^ OH 

P 

R17O L 

fl ,CHO 

OH 



or an N oxide thereof, wherein 

* is a single or a double bond; 

each P and 0. is independently selected from CHR17, NCQR1S, NCO2R15; N-O, O, S, SO, 

and S02; 

each R'1 and R2 independently is hydrogen, C.i-C6 alkyi, a C6-C10aryl, 5-10 membered 

heteroaryl or 3 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 forms of H and 5, wherein the alky!, aryl, heteroaryi or 

heterocyciyl is optionally substituted, together RA and R2 can form a 3-7 

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

R13 is CrCe aikyl, C6-Ci0arylf 5-10 membered heteroaryl 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 forms of N and S, 

wherein the alkyi, aryl, heteroaryl or heterocyciyl is optionally substituted; 

R17 is Ci-Cs aikyl, C6-Ci0aryl. 5-10 membered heteroaryl or a 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 M and S, 

wherein the aikyl, aryl, heteroaryl or heterocyciyl is optionally substituted; 

and r is 0,1, or 2. 

[0073] in certain embodiments of the invention, a compound is provided of formula: 

r*s S 1 .CHO 

N 

Oy 
I k u 9 

^/CHG 

I X 
^ "OH 

t f 

CHO 

OH 

O YV 
XHO 

^ CI 

o 

o 
i. J 

CHO 

OH 

VN' J 
' i r\ ^ uy o 

"OH 
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G V 
"X^O 

V 
0 
-L^CHO 

'OH 

r °Y% 
\ "9 

CHO 

OH ; 

iyieN--\ °*> -4. v> r v-
r \ 
U./ 

,-CHO 
|i ! 

^k 
OH 

S~\ °w 
-N x X 

cr 
OH 

<VY V° k 
? 

^^CHO 

^OH 

Ac 
N-

Oy 
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X) 
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OH 

1 ? V? J 

xj I 
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r 7 
"9 
-1- ..CHO II 

"OH 

02 

f 
Ov"N 

/ 
-NH k 

1 •CHO 

^OH 

r 

'O 
? 
- .-CHO 

OH 

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

'OH . QH 'OH. 

O 
"O 0 

'OH . OH and 

or an N oxide thereof, or a pharmaceutical^- acceptable salt of each thereof. 

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

Prodrug Moiety 

[0076] in one aspect, R is hydrogen, a phosphate or a diphosphate containing moiety, or 

another promoiety or prodrug moiety. Preferably the prodrug moiety imparts at least a 2 

fold, more preferably a 4 fold, enhanced solubility and/or bioavailability to the active moiety 

(where R is hydrogen), and more preferably is hydrolyzed in vivo. The promoieties are 

structurally and functionally defined herein. 

|0077] In one embodiments, R is -COR90, COzR91, or CONR92RS3 wherein 

R90 and R91 independently are CrC5 aikyl, C3-Cg cycioaikyl, 4-9 membered heteroc 

5-10 membered heteroaryi, each containing at least 1 basic nitrogen moiety; and 
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R^and R93 independently are Ci-C& alkyi; C3-Cs cycloalkyl, 4-9 membered heterocycie,. or a 5-

10 membered heteroaryi/ each containing st least 1 basic nitrogen moiety; or Ry^ and R33 

together with the nitrogen atom they are bonded to for a 4-9 member heterocycie 

substituted with at ieast 1 amino, CrC6 aikyl amino, or di CrCg alkylamino group. 

[0078] In certain embodiments.. R is-C(Q)'R3\ C{0)'0R31, or CON{Rl3}2, 

each R31 is independently a CrQ alkyi; C3-C3 cycloalkyl; 4-9 membered heterocycie, 

or a 5-10 membered heteroaryi, containing at least 1 basic nitrogen moiety; and 

each R13 independently is C>C5 alky!; C3-C3 cycloalkyl, 4-9 membered heterocycie, or 

a .5-10 membered heteroaryl, containing at least 1 basic nitrogen moiety; or 2 Ri3 together 

with the nitrogen atom they are bonded to for a 4-9 member heterocycie substituted with 

at least 1 amino, CrC6 alkyi amino, or di Q-Q alkylamino group. 

[0079J In one aspect, R is C(0)0R3j\ C(S)0R31, C(0)5R3i or COR31, wherein R31 is as defined 

herein. 

[0080] In one embodiment, R31 is a group of the formula (CR32Rdi)eNR34R:i;>., wherein 

each R32 and R33 is independently-H, a Cs-Cg alky!, C3-C9 heterocyciyl, Cg-Cg cycloalkyl, 

CVC10 aryl, C3-C9 heteroaryl or R32 and together with the carbon atom they are bond to 

form a C3~CS cycloalkyl, Ce-Ci0 aryl, Q-Cy heterocyciyl or C3-C9 heteroaryi ring system, or 2 

adjacent moieties or 2 adjacent R33 moieties together with the carbon atom they are 

bond to form a CrCg cycloalkyl, Cg-Cio aryl, C3-C9 heterocyciyl or C3-C9 heteroaryl ring 

system; 

each R34 and R35 is a CrQ aikyl, C3-C9 heterocyciyl, Ca-Cg cycloalkyl, or R34 and R"5 

together with the nitrogen atom they are bond to form a C3~CS cycloalkyl or C3-C9 

heterocyciyl ring system; 

each heterocyclic and heteroaryl ring system is optionally substituted with CrC$ 

alkyi, -OH, amino and carboxyl groups; and 

e is an integer of from 1 to 4. 

[0081] in some less preferred embodiments R34 and R35 can be hydrogen. 

[0082] In one embodiment, the subscript e is preferably 2 and each R"52 and R33 is 

preferably independently selected from the group, H, CH3, and a member in which R32 and 
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R3" are joined together to form a cyclopropyf, cyclobutyi, cyclopent.yl, cyclohexyi, or 

lf:L-dioxo-hexahydro-lA6-thiopyr3n-4-yi or tetrahydropyran-4-y! group. 

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

NR3*!*35 is morphoiirio, 

[GG84] In one embodiment., R is: 

each R32 and R33 .is independently H, Ci-Cs aikyl, or optionally, If both present on the 

same substituent, may be joined together to form a C3-C3 cycloalkyl., C5-Ci0 aryl, C3-C9 

heterocyciyl or C3-C9 heteroaryl ring system. 

[0085] Within this embodiment, each and R33 is independently, H, Cbh, or are joined 

together to form -a cyciopropyl, cyciopbutyi, cyclopentyi. cyclohexyi, 1,1-dloxo- hexahydro-

3X6-thiopyran-4-yl or tetrahydropyran-4-yl group. 

[0086J In a preferred embodiment, linkage of the prodrug moiety to the rest of the active 

molecule is stable enough so that the serum half life of the prodrug is from about 8 to about 

24 hours. 

[G0S7] 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 3 pKa within i unit of 7.5 

are suitable alternatives amines for this purpose. The amine may be provided by the amine 

of a morpholino group. This pKa range of 6.5 to 8.5 allows for significan t concentrations of 

the basic neutral amine to be present in the mildly alkaline small intestine. The basic, 

neutral form of the amine prodrug is lipophilic and is absorbed through the wail of the small 

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

R32 R33 

wherein 
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cleaved by esterases which are naturally present in the serum to release an active 

compound, 

[0088] Examples of R Include, without limitation: 

'V 
G 

"O 
/ 

1 W .1 J 
0 

o 

o 

o o 

Q 

o 

vfVW \ 

o o 

0 
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and 

O 

o 

[0001] In another embodiment, R Is 35 tabulated below: 

R m R56 NR34R35 

C(0}{CH2}R1NRMR3S 1 Me Me 
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an N oxide thereof, or a pharmaceutical^ acceptable salt of each thereof. 

[0089] in another aspect, R is, 

C02H 

H?N 

R36 

,GQ2H 
H,N 

\ 

GQ2H 

CO2H 

CO->H 

CO2H 

CO2H 

or HM CO2H 

wherein 
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R36 is lower alkyi {e.g. CVCg alkyi). 

[0090] In yet another aspect, R is: 

wherein X1, Y1 and are as defined herein. 

[0091] In one embodiment, X1 is selected from the group consisting of O, S and NR3"' 

wherein R37 is hydrogen or CrC6 alkyi; 

Y1 is"-C(R3S)"2 or a sugar moiety, wherein each R38 is independently hydrogen or CrC6 

aikyl, C3-Q cycloalkyl, C3~CS heterocyciyl, C6-C10 aryi, or C3-C9 heteroaryl; 

X2 is selected from the group consisting of halogen, CrCs alkoxy, diacylglycerol, 

amino, CrQ alkylamino, Ci-Ce diaikyfamino, Ci-Ce aikyiihio, a PEG moiety, « bile acid moiety, 

a sugar moiety, an amino acid moiety, a di-or tri-peptide, a PEG carhoxylic acid, and ~ U-V 

wherein 

U is O or S; and 

V is selected from the group consisting of Ci-C6 alkyi, C3-Cg cycloalkyl, C3-Cg 

heterocyciyl, C5-C10 aryl, C3-C3 heteroaryl, C{WZ)X3, PO(X5}2, and S02X3; 

wherein W2 is 0 or NR39 

wherein R39 is hydrogen or CrQ aikyl, C3-C8 cycloalkyl, C3-C9 hetrocyciyl, C5-Ci0 aryl. 

or C3-C9 heteroaryl; and 

each X3 is independently amino, hydroxy!, mercapto, C1-Q3 alkyi, heteroalkyl, 

cycloalkyl, hetrocyciyl, aryl, or heteroaryl, CrQ alkoxy, CVC6 alkylamino, G-C& dialkylamino, 

CrC5 alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG moiety, and 

-O- CH 2- CH (OR40}CH 2X'1 R40, 

wherein: 

X4 is selected from the group consisting of Q, 5, S-O. and 5Q2; and 

each R40 is independently C1G-C22 alkyi, C3-C8 cycloalkyl, C3-C9 heterocyciyl, C6-Cio aryl, 

or C3-C9 heteroaryi Ci-Cs alkylene, or CrC8 heteroaSkylene. 
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[0032] Each heterocyclic and heteroaryi ring system Is optionally substituted with Cr€3 

alkyi -OH, amino and carboxyl groups. 

in one embodiment, the present invention utilizes the following V'1 groups: CH2, 

CHMe, CH(isopropyl), CH(tertiarybutyl), C{Me)2f C(Et}2, C(isopropyl}2, and• C(propyl)2. 

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

KJ „ \ 

Ck " t1 j L -l-o' ^ 
0- / 

\ 

Vv~"V ̂  
—«J~0 

-OMe, -GEt, -O-lsopropyl, G-isobutyl, O-tertiarybutyl, -O-CGMe, -0-C(sO)(isopropyl), 

-0-C(=0)(isobutyl), -0-C{=0)(tertiarybutyi}, -0-C(=0)-NMe2, -0-C(=0)-NHMe, -0-C(=0)-NHz, 

-0-C(=0)-NfH)-CH{R41)-C02Et wherein R41 is a side chain Cr Ce aikyl. or C3-C9 heterocyciyl 

group selected from the side chain groups present in essential amino acids; -O-P^OJfOMefe, 

-0-P(=:0}(0-isopropy!}2, and ~0-P{-0){0-isobutyi)2, Each heterocyclic is optionally 

substituted with one or more, preferably, 1-3.. Ci-C3 alkyi, -OH, amino and/or carboxyl 

groups. 

[0095] In another embodiment, In one embodiment, R is: 

R42 

wherein 

X3 is independently CrCf, alkyi, trCg cycloalkyl, C3-C9 heterocyciyl, Ge-Cy) aryl, or C3-

Co heteroaryi; and 

R4/* is independently hydrogen or CrCg alkyi, C3-Cg cycloalkyl, C3-C9 heterocyciyl, 

CS-CIG aryl, or C3-C9 heteroaryl, 
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[0096] Each heterocyclic is optionally substituted with one or more, preferably, 1-3, C1-C3 

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

[0097] in one embodiment, R is: 

each X3 is independently amino, hydroxy!, mercapto, Cr-C6 aikyl, C3-C3 cycloalkyl, C3-

Ca heterocyciyl Crs-Cio aryl, or C3-C9 heteroaryi, C1-C5 alkoxy, CrCe alkylamino, CrCs 

dialkyiamino, CI-CG alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG moiety, 

and -O"CH2'CH(OR-0}CH2X4R''0, 

wherein: 

X4 is selected from the group consisting of CVS, S-O, and SO;j and 

each R40 is independently C10-C22 alkyi, C3-Cg cycloalkyl, C3-C9 heterocyciyl, C6-Cnj aryl, 

C3-Cs heteroaryi, CrCg afkylene, or Cj-Cg heteroalkylene; and 

is independently hydrogen or Crt& alkyi, C3-C8 cycloalkyl, C3-C9 heterocyciyl, 

C6-C10 aryl, or C3-C9 heteroaryl, 

[0098] !n some embodiments, R4i is independently hydrogen or Ci-Ce aikyl, CTC3 

cycloalkyl, C3-C3'heterocyciyl, C6-C10 aryl, or C3-C3 heteroaryl; and each X3 independently is 

Cy-Cfc aikyl, C3-C3 cycloalkyl, C3-C9 heterocyciyl, C&-Ci0 aryl, or C3-C9 heteroaryi, CrCg alkoxy, 

Ci-Cs alkylamino, CrC5 dialkylamino, orQ-Q alkylthio. 

or 

wherein 

38 



[0099] In some embodiments, R Is represented by the following structures: 



NH2 Of 5 

R« O 

R44 O n44 n 
o 

4 o" > \ 0 
o' X>0" 

/ "OH 

R« 9 O 

A •» 
U 

rr 
R44 0 

O. -0 t u A yv. / 
/ 0 N 

V!—A 

R44 o 
I! •fAV, .vs, 

R« O 

'C02Et 

o f If V 
MvVr^ 

R46 O 

wherein, in the above examples, R43 is Ci0-C22 aikyl or alkylene, R44 is H or CrC6 aikyl 

and R',s represents side chairs aikyl groups present in naturally occurring alpha amino acids; 

O 

"0 / \ 
NH2 
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wheresn R46 is {CH2}n, f=2-4, and CO-R47~NH2 represents an aminoacyl group; or 

wherein is (CH2)n, n=2-4, R47 is n-1-3 and H4Ci is O or NMe. 

[0100] In one embodiment, R is: 

[0101] In one aspect,. R is -CtR^R^jOtR^R^PtOJOR^NR20^206, wherein each Rim, 

R201, R202, R203, R204 R205 and R206is independently H, a CrCs aikyl, C3-C9 heterocyciyl, C3-Cg 

cycloalkyl, C6-C10 aryl, C3-C9 heteroaryi, wherein each aikyl. heterocyciyl, cycloalkyl, aryl, and 

heteroaryi is optionally substituted. 

[0102] in some embodiments, R is -CH(R20i}OCH2P(Q}OR204NHR206, wherein R201 is CrC8 

aikyl, R204is phenyl, optionally substituted, fn one embodiment^06 is -€HR20'C(O}OR208 

wherein R207 is selected from the group consisting of the naturally occurring amino acid side 

chains and -CO^H esters thereof and R208 is CrCg alkyL in one embodiment, Ri06 is Ci-Q 

alky!, optionally susbtitued with 1-3, CO2H, SH, NH2, CG-QD aryl, and C2-C10 heteroaryi. 

[0103] in one embodiment, R is: 

O 
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[0104] in one embodiment, R is: 

O 

PEG 

r = 0 to 12 

wherein V1 is -C(R38)2, wherein each R38 is independently hydrogen or Ci-C5 alky!, C3 -

Cg cycloalkyl, C3-C9 heterocyciyl, Q-Cl0 aryl, or C3-C3 heteroaryl, 

[0105] Various polyethylene glycol {PEG) moieties and synthetic methods related to them 

that can be used or adapted to make compounds of the invention are described in U.S. 

Patent Nos. 6,608,076; 6,395,266; 6,194,580; 6,153/655; 6,127,355; 6,111,107; 5,565,565; 

5,880,131; 5,840,900; 6,011,042 and 5,681,567. 

[0106] In one embodiment, R is 

or 

wherein 
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FTU is -OH or hydrogen; 

ff1 is -OH, or hydrogen; 

W Is- CH(CH3)VV;; 

wherein W1 is a substituted C'rC3 alkyi group containing a moiety which is optionally 

negatively charged at physiological pH, 

said moiety is selected from the group consisting of G02H, S05H; SO?H, 

-P(0)(0R52)(0H)# -OP(Q}{OR5"}{OH), and 0S03H, 

wherein is CrCe alkyi, C3-C8 cycloalkyl, C3-C9 heterocyciyl, QrCi0 aryl, or C3--C9 

[0107] Each heterocyclic and heteroaryi ring system is optionally substituted with one or 

more., preferably l-3y C1-C3 aikyl -QH, amino and/or carboxyl groups. 

[0108] In one embodiment, R is: 

heteroaryi. 

OH 

\ 

HO 

0 

p 

wherein R°3 Is H or CrCg alkvh 
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[0109] In another aspect,, R is SO3H. 

[0110] In another aspect, R comprises a cleavable linker, wherein the term "cleavable 

linker'-' refers to a linker which has a short hair life in vivo. The breakdown of the linker I In 

3 compound releases or generates the active compound, in one embodiment, the cleavable 

linker has a half fife of less than ten hours. In one embodiment, the cleavable linker has a 

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 embodiment,, the cleavable linker has at least one 

connection with the structure: C*- C(=X*]X*-C* wherein C* Is a substituted or unsubstituted 

methylene group, and X* is S or O. in one embodiment, the cleavable linker has at least one 

G*-C(~G}G-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*-S02-N*-connection/ wherein N* is -NH- orCj-Ce alkylamino. In one embodiment, the 

cleavable linker is hydrolyzed by an esterase enzyme. 

[0111] In one embodiment, the linker is a self-immolating linker, such as chat disclosed in 

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

Pub, Mo. 2004/087075, in another embodiment, the linker Is a substrate for enzymes, See 

generally Rooseboom et al., 2004, Pharmacol. Rev. 56:53-102. 

Pharmaceutical Compositions 

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

compounds described herein, and at least a pharmaceutical!'/ acceptable excipient. 

[0113J In another aspect, this invention provides a composition comprising any of the 

compounds described herein, and a pharm.aceuticaily acceptable excipient. 

[0114] Such compositions can be formulated for different routes of administration, 

Although compositions suitable for oral delivery will probably be used most frequently, 

other routes that may be used include transdermal., intravenous, intraarterial, pulmonary, 

rectal, nasal, vaginal, lingual, intramuscular, intraperitoneal, intracutaneous, intracranial, 

and subcutaneous r outes. Suitable dosage forms for administering any of the compounds 

described herein include tablets, capsules, pills, powders, aerosols, suppositories, 

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 transdermal patch form. Ail 

dosage forms may be prepared using methods that are standard In the art (see e.g.. 

Remington's Pharmaceutical Sciences, 16th edv A. Oslo editor, Easton Pa. 1980), 

[0115] Fharmaceuticaliy 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, liquid, semi-solid or, in the case of an aerosol composition, 

gaseous excipient that is generally available to one of skill In the art. Pharmaceutical 

compositions in-accordance with the invention are prepared by conventional means using 

methods known in the art. 

[0116] The compositions disclosed herein may be used in conjunction with any of the 

vehicles and excipients commonly employed in pharmaceutical preparations, e,gv talc, gum 

arable, lactose, starch, magnesium stearate, cocoa butter, aqueous or non-aqueous 

solvents, oils, paraffin derivatives, glycols, etc. Coloring and flavoring agents may also be 

added to preparations, particularly to those for oral administration. Solutions can be 

prepared using water or physiologically compatible organic solvents such as ethanoi, 1,2-

propylene glycol, polyglycols, dimethylsulfoxide, fatty alcohols, triglycerides, partial esters of 

glycerin and the like. 

[0117] Solid pharmaceutical excipients include starch-, cellulose, hydroxypropyl cellulose, 

talc, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, 

sodium stearate, glycerol monostearate, sodium chloride, dried skim milk and the like. 

Liquid and semisolid excipients may be selected from glycerol, propylene glycol, water, 

ethanoi and various oils, Including those of petroleum, animal, vegetable or synthetic origin, 

e.g., peanut oil, soybean oil, mineral oil, sesame oil, etc. In certain embodiments, the 

compositions provided herein comprises one or more of ot-tocopheroi, gum arabic, and/or 

hydroxypropyl cellulose, 

[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 cellulose 

separately or In combination, in the presence of afpha-tocopherok Preferably, the 
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hydroxypropyl cellulose has an average MW of from 10,000 to IQQ.GOO. in a more preferred 

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

[0119] Compounds and pharmaceutical compositions 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 dosage form, or even the same route of 

administration be used for administration of both the compound of this invention and the 

other agent or that the two agents be administered at precisely the same time. However, 

co-administration will be accomplished most conveniently by the same dosage form and the 

same route of administration, at substantially the same time. Obviously, such 

administration most advantageously proceeds by delivering both active ingredients 

simultaneously in a novel pharmaceutical composition in accordance with the present 

invention. 

Methods of Treatment 

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

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

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

compositions described herein. 

[0121] In 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 effective amount of any of the compounds or compositions 

described herein. 

[0122] in aspects of the invention, a method is provided for treating a condition 

associated with oxygen deficiency, the method comprising administering to a subject in 

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

compositions described herein. 

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

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

compositions described herein, 

[0124] 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 compositions described herein. 

In still further aspects of the invention, a method is provided for treating cancer, a 

pulmonary disorder, stroke, high altitude sickness, an ulcer, a pressure sore, Alzheimer's 

disease, acute respiratory disease syndrome, and a wound, the method comprising 

administering to a subject in need thereof a therapeutically effective amount of a compound 

of any of the compounds or compositions described herein. 

Synthetic Methods 

[012-5] 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, 

etc. if needed to speed up the reaction, the reaction mixture can be heated, as is well 

known to the skilled artisan. The final and the intermediate compounds are purified, if 

necessary, by various art known methods such as crystallization, precipitation, column 

chromatography, and the likes., as will be apparent to the skilled artisan upon reading this 

disclosure. 

[0126] An illustrative and non-limiting method for synthesizing a compound of formula (I), 

is schematically shown below. 

> B,1 «' c) 
In the following Schemes, " - - and * - - refer to rings B and C as described herein; 

L, R3 and R?0 are as described herein; 

As and 8s are independently NRj4, O, S, S(C}x, NBoC, CH2, CHRi4, C.(R'M)2 

provided that when both Ab and Bs are present in a ring, both are not CH2, CHR14, C(RA4)2, 

and provided that if only a single A5 or 8^ is present in a ring, that A5 or B5 is not CH2, CHR14 

CiR14)*-
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is Ci-Cg alkyi, COR15 or COOR13; wherein RiS is optionally substituted CrCg 

alkyi, optionally substituted Ce-Cioaryl, optionally substituted 5-10 membered heteroaryi 

containing up to 5 ring heteroatoms, or optionally substituted 4-10 membered heterocycie 

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; 

X, and Xs each represents a leaving group and are independently selected from CI, 

Br, and L 

X6 represents CR, Ht O, S{G}x ; wherein x is 0,1, or 2; 

represents a leaving group selected from CI, F, Br, I, QSG^R''1 and QSOjAr; 

R'1 is Ci-Cg aikyl; 

Ar is phenyl optionally substituted with 1-3 haio and'/or CrC4 aikyl groups; 

n is 0.1. or 2. 

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

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

General Synthetic Schemes 

o ,'1\ 
.A A >3 T 

OH Method A 

Method C &D 

I R3 v r 
2 "X 

Aikylation 

Method B 

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

substituted methylene aicohol (1) and hydroxy! (hetero)aryj aldehyde derivatives (3a/3b). 
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A hydroxy! {hetero)ary!aldehyde derivatives {3a/3b} (0,1-2 romoi) mixture with substituted 

methylene alcohol {1} {0,8 to L2eq) and PPh3 {1-L5eq| in anhydrous THF (l-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 90 min and the mixture was stirred 

at RT for 2-48 hours. The mixture was stirred 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. 

[012S1 General method 8 for preparing aryloxy/heteroarylether analogs (4a/4b) from 

substituted methylene halide (2) and hydroxy! (hetero)aryi aldehyde derivatives (3a/3b). 

A mixture of hydroxy! (hetero)arylafdehyde derivatives (3a/3b) (0.1-2 mmoi, 1-4 eq.), 

substituted methylene chloride or bromide (2) (leq)f and K2C03 (2-5 eq.) (catalytic amount 

of Nal or BmNi may aiso be added) in DfVIF or acetonitrile (1 to 10 ml) was stirred at RT or 

heating up to 120 °C for 0.5-8 h under nitrogen atmosphere, in workup A, water was added 

to the reaction mixture, the precipitated product was collected, washed with water, and 

then subjected to preparative HPLC or flash silica ge! chromatography purification. In 

workup B (for products that did not precipitate), diluted HCI or aqueous NH4CI was added at 

0 °C to adjusted the pH to "?, the reaction mixture was partitioned between ethyl acetate or 

dichloromethane and aqueous sodium chloride 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). 

[01291 Genera! method C for preparing substituted methylene chloride (2a), To a 

solution of substituted methylene alcohol {%) (0.1 to 2 mmol) In DCM (1-10 ml) was added 

SOCl2 dropwise (2eq to 5eq ) at 0 °C or RT. The reaction mixture was stirred at RT for lOmin 

to 6 h, or until reaction is judged complete (LC/MS). The reaction mixture is concentrated to 

dryness over a rotavsp. The crude chloride residue was suspended in toluene, sonicated 

and concentrated to dryness. The process was repeated three times and dried under 

vacuum to give the substituted methylene chloride (2), usually as an off white solid, which 

was used for next step without further purification, Alternatively, a solution of aqueous IN 
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Na3C03 is then added to-produce a solution of pH~ 8. the mixture was extracted with DCM 

(3 xlO-5QmL), dried over sodium sulfate, and concentrated to the crude substituted 

methylene chloride '(2a), which is then purified by column chromatography on silica gel (0-

100% ethyl acetate-hexaries). 

[0130] General method D for preparing substituted methylene bromide (2b). To a 

solution of substituted methylene alcohol (1) {0.1 to 2 mniol) in DCM (1-10 ml) was added 

Ph3P Br2 dropwise (2eq to 5eq ) atO °C or RT, The reaction mixture was stirred at RT for 10 

min to 2 h, or until reaction is judged complete (LC/MS). The reaction mixture is 

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

silica gel (0-100% ethyl acetate-hexanes} to afford the pure bromide 2b, 

Step4 

LAH or 

R?1OOC° 

R3 

11-trans 
StepS 10-X 

OH L^o 

R3 

12-OH-trans 

OH L-.^O 

FT 

12-OH-cis 

Step9 

R3 

13-X-cis 

50 



[0131] General method £ for preparing heterocyclic methylene derivatives 9,10,12 and 

13» Reduction of the ester group of heterocyclohexene carboxylate 8 by LAH or DI8AL gives 

the corresponding alcohol 9-GH (Step 4). Further reaction of the alcohol 9-QH with thionyl 

chloride, Ph3P8r2 (or CBnrPh3P or PBr3), or alkyi/aryl sufonyl chloride produces the 

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

(0132] Alternatively, the double bond of heterocyclohexene carboxylate 8 is reduced to 

give the c/s-heterocyclohexane ll-cis carboxylate under palladium catalyzed hydrogenation 

conditions (Step 6). Reduction of the ester group of 11-cis by LAN or DIBAL yields cis-aicohoi 

12-OH-cis (Step 8). Conversion of the alcohol 12-OH-cfs to its chloride, bromide or sulfonate 

(such as mesylate,, tosylate) X3~X~cis can be achieved by reacting with thionyl chloride, or 

Ph3PBr2/ or sufonyl chloride (such as mesyl chloride ortosyl chloride} (Step 9). The cis-

cyclohexane carboxylate 11-cis can also be isomerized to the therrnodynamicaliy more 

stable trans-isomer 1 l-trms by the treatment with an alcoholic alko*ide (e.g., ethoxide) 

solution. Analogously, transformation of 11-trans ester to 12-trans alcohol and 13-X-trans 

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

corresponding cis-isomers. 

A ̂  

j f 
!' '"l"" 
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R3 
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R3 
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s; 
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Scheme 1 

AA' B ; 

2 

Sctiems 1 

[0133] Coupling of the (hetero)cyclic methylene derivatives 9,10,12 and 13 with hydroxy! 

(hetero)aryialdehyde derivatives <(3a/3b) by general method A or 8 affords the 

corresponding aryloxy/heteroarylether analogs (4c and 4d), 
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[0134] General method F for preparing heterocyclic methylene derivatives 18,19, 20 and 

21. The ketone ester 14 is converted to the triflate intermediate 15 by treating with a 

trifiating agent (e.g, triflic anhydride) in the presence of an organic base such as Hunig's 

base (Step 1). Suzuki-coupling ofth&triflaie IS with a boronic acid or'ester affords 

heterocycfo carboxylate 16 (Step 2). Subsequent reduction of the ester group by LAN or 

OIBAL gives the corresponding alcohol 18 {Step 3). Further reaction-of the alcohol 18 with 

thiony! chloride, PhsPBra (or CBr-pPfuP or PBrs), or alkyl/ary! sufonyl chloride produces the 

corresponding 19 chloride, bromide or sulfonate (Step 4), 

[0135] Alternatively, the double bond of 18 is reduced to give the saturated heterolic 

analog 17 under palladium catalyzed hydrogenation conditions (Step 5}. Reduction of the 

ester group of 17 by LAH or DIBAL yields alcohol 20 (Step 7). Conversion of the alcohol 20 to 

its chloride, bromide or sulfonate (such as mesylate, tosylate) 21 can be achieved by-

reacting with thionyl chloride,, or PhaPBr^ or sufonyl chloride (such as mesyl chloride or tosyi 

chloride) (Step 8}. 

[0136] Coupling of the (heterocyclic methylene derivatives 18,19, 20 and 21 with 

hydroxy! (hetero}aryia!dehyde derivatives (3a/3b) by general method A or B affords the 

corresponding aryloxy/heteroaryloxyether analogs (4e and 4fh 

V-/ 

a3 
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18/20 
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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 i,3-dipo(ar 

cydoaddltion of atkene 22 with 32omethine»ylIde generated in situ from formaldehyde and 

amino acid 23 alkene (Stepl). Subsequent reduction of the ester to alcohol 24 .and further 

conversion 25 are accomplished by analogous methods described herein, if a chiral auxiliary 

group such as chiral oxazoiidinone derivative 22a is used, optically active .pyrrolidine 

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

{hetero)aryiaidehyde derivatives (3a/3b) by general method A or 8 affords the 

corresponding aryioxy/heteroaryloxyether analogs (4). 

+ ^B-^COOH, CH?°. . O 
^70 R-/(j 

22 23 SMfp1 R3 

N Rv0 

. •I 
Step2 9 \ I O ' ' li 'j—• Step2 V V / O \ / 

X J \ StepS li ;—i. 
if COORn R '*~0H H3 r '*' 

24 25 26 

R Y N- Xo 25 Method A > O r~-NR?C, 

Methods ^ 4 
28 ** Q 

[0138] Separate from the general synthesis of tetrahydrothlophenes (i.e., 20 and 21, A=Sj 

described herein. Also described is a different synthetic approach to this class of analogs, 

R~ I" OMe H- • ' 

4 or 6 Method-A 

5or 7 Method B 

CH2O ^ % 

—XK CQOMe 

g r-s^x 
R;r 

xo 

\c) 

8 or 9 

" o CS> 
II 

R \f OH IK f<" i 

(Ok 

$ P 
R3 Y "" 

(0}x s / 
OH R" 1. 

[0139] Other heterocyclic analogs (compound 5} with C-N linkage are synthesized by 

applying Buchwaid/Hartwig amination conditions. Many of the cyclic amines (1) are 

available commercially (e.g., la, lb, lc. Id, and le). 
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!rr"Y 
HN.... ^ 
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[C^ Y Method A i 
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iff V • n j 
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2 OH 

R3 L Y 

OH 
J-s 4 

i c; 

Method B 

3 

HNL J r" 
1a 

OH 

HNS, 

1b 

r NBoc 
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"OH 

f f 
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/ 
HN, 

OH 
1d OH 1e 0H 

[0140] Protected amides of formula -CONHR95 and -CONHOR95 can be converted e.g., 

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

Scheme 1 

xi° 

Ri 

?1 
N. U) Step 

cr "OR 10 

x20 

"Y "A, 
R^Y'' 

^OH 

?H x» ~ 
Step 4 ^CHO " Y ^ 

"j P.rN' 3 

Ph3P 
DlAD 

O O 
A 

ot , /1a (R10=H) 
Step 2( * ' steo 3 f * 

1b (R10«alkyl) ep I 2b <R10=a!kyl) 
^ / 2a (R-jQ—H) 

2 b (R10=a!S< 

2c {Ri0=As7HeferoAr) 

R2 

[0141] Compounds of structure 4 cart be synthesized vis genera! synthetic scheme 1. 

Reduction of carboxylic acid derivative ! gives hydrxoymethyl analog 2, which can be N~ 

derivativtized at via copper-mediated N-aryiation reaction (Cul, Ar-I, base such as.N,N-

dimethylethylenediamine and potassium phosphate, heat) to give key hydroxymethyi 

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

5 via typical Mistunobu conditions using either triphenylphosphine or polymer supported 

triphenylphosphine. A-x is a heteroatom or a hydrocarbyl moiety as defined herein. 

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

alcohol 2: To a suspension of carboxylic acid l(l-10mmol) in IVfeQH or EtOH (2-10 ml) at 0 
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°C was added SQC!2 (1.5eq). After stirred at room temperature for l-12h, it was 

concentrated to remove all solvents, dried under high vacuum to give corresponding methyl 

or ethyl ester. The ester was dissolved in MeOH or EtOH (5-30 ml), to this solution, was 

added NaBH4 (l-4eq) at 0 °Cf the mixture was warmed up to room temperature and stirred 

for additional 1-24 h. The mixture was quenched with Sat. NHaCl, filtered off the insoluble.? 

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-aikyiation fla to lb): The carboxylate la (Ri-H) can be 

first alkylated and then reduced to give N-alkyl hydroxymethylene analog lb (R3—alkyi). in a 

typical procedure, the carboxylate la (1-lOmmoi) is first dissolved in DMF (2-20 mL); to this 

was then added a base such as'NaH or CsaC03 (1-1.2eq), followed by the addition of aikyl 

halide (eg, BnSr) (0,9-1,5eq). The reaction allowed to proceed at room temperature of heat 

at 40 to 115 °C for 0.5 to 24 h. In workup A, water was added to the reaction mixture, the 

precipitated product was collected, washed with water, and then subjected to preparative 

HPLC or flash silica gel chromatography purification, in workup B (for products that did not 

precipitate}, diluted HC! or aqueous NH4CI was added at 0 °C to adjusted the pH to "7, the 

reaction mixture was partitioned between ethy! acetate or dicbJoromelhane and aqueous 

sodium chloride and the organic layer separated, dried, and solvent removed under vacuum 

to afford crude productwhich was purified by automated silica gel column chromatography, 

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

[0144] Genera! method step 3 - Copper-mediated N-arylatlon from 2a to 2c: For cyclic 

amines (X-H, H), to a solution of hydroxymethylene compound 2a (1-10 mmol) and 

aryi/hetero iodide (1-l.Seq) In iPrOH (0.5-10 ml) was added ethylene diol (1 Jeq} and Cul 

{6.7mol%), followed by K3P04 (1.3eq), then it was degassed and heated at 88 °C for 6-24 h. 

[0145] Alternatively, for lactams (X^O), to a solution of hydroxymethylene compound 2a 

(1-lOmmol) and aryi/hetero iodide (i-L5eq) in Dioxane {2-20 mL) was added Cui (0,17eq), 

N,N-dirneihyfethyienediamine (0.17aq), K3PQ4 (1.7eq), then it was degassed and heated at 

100 °C for 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 aqueous layer was extracted with EtOAc, organic layer was combined, washed with 
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brine, dried and concentrated to give crude product, which was purified by flash silica gel 

chromatography to give N-aryl/heteroaryl compound 2c. 

[0147] General method € -Mitsunobu conditions A hydroxy! (hetero)arylaidehyde 

derivatives (4) (0,1-2 mmol) mixture with substituted methylene alcohol (3) {0.8 to L2eq) 

and (polymer-supported) PPh3 (1-l.Seqi in anhydrous THF (1-lOrnL) was stirred under 

nitrogen until complete dissolution. The solution was cooled to 0 °C on ice hath and DIAD or 

DEAD (1.1 eq) in THF or toluene was added dropwise over a 1-20 min period. The Ice cooling 

bath was allowed to expire over 90 min and the mixture was stirred at RT for 2-48 hours. 

The mixture was filtered through a pad of silica. The silica was 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. 

O Is «rt--i •> ^5 /'! 7 O v 

[03.48] Compounds of structure 5 can be synthesized via genera! synthetic scheme 1. 

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

aikyiated by simple alkyi halide (base, RjX, heat) or aryi halide (ArX) via copper-mediated -N-

aryiation reaction (C'ui., Ar-3, base such as N,N-dimethy!ethy!enediamine 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 

either triphenylphosphine or polymer supported triphenylphosphine. is a heteroatom or 

a hydrocarbyl moiety as defined herein. 

[0X49] General method step 1 - reduction of carboxylic scicS derivative 1 to methyl 

alcohol 2: To a suspension of carboxylic acid l(l-10mmof) in MeOH or EtOH (2-10 ml} at 0 

°C was added SOCI2 (l.Seq), After stirred at room temperature for 1-I2h, li was 
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concentrated to remove all solvents, dried under high vacuum to give corresponding methyl 

or ethyl ester. The ester was dissolved in MeOH or EtOH {5-30 mL), to this solution, was 

added NaBH4 (l-4eq) at 0 GC, the mixture was warmed up to room temperature and stirred 

for additional 1-24 h. The mixture was quenched with Sat. NH^O, filtered off the insoiubles 

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 IM-arylatlon; For cyclic amines (X=H, H), 

to a solution of hydroxymethylene compound 2 {2-10 mmol) and aryi/hetero iodide (1-

1.5eqJ in iPrOH {0.5-10 mL} was added ethylene diol {l.Beq} and Cul {6,71710}%), followed by 

K3PO4 (1.3eq), 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 (l-iOmmoi) 

and aryi/hetero iodide (l-1.5eq)-in Dioxane (2-20 mL) was added Cul (0.17eq), N,N-

dimethylethylenediamine (0.17eq), K3PO4 (1.7eq), then it was degassed and heated at 100 

°C for 6-48 h. 

[0151] 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 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 i can be first alkylated 

and then reduced to give N -alkyi hydroxy-methylene analog 3, in a typical procedure, the 

carboxylate 1 {l-'10mmoi) is first dissolved in DMF (2-20 ml); to this was then added a base 

such as NaH or Cs2C03 (l-l.'2eq), followed by the addition of alkyi halide {eg, BnBr) {0.9-

1.5eq). The reaction allowed to proceed at room temperature of heat at. 40 to 115 °C for 0.5 

to 24 b. 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 gei 

chromatography purification. In workup B {for products that did not precipitate), diluted 

HCI or aqueous MH4CI was added at 0 cC to adjusted the pH to "Jl, the reaction mixture was 

partitioned between ethyl acetate or dichloromethane and aqueous sodium chloride and 

the organic layer 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). 
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[0153] Genera! method C-Mitsunobu conditions A hydroxy] (hetero}ary!a(dehyde 

derivatives (4) (0.1-2 mmo!) mixture with substituted methylene alcoh.ol (3} (0.8 to l,2eq) 

and (polymer-supported) PPha (l-1.5eq} in anhydrous THF (1-lOmL) was stirred under 

nitrogen until complete dissolution. The solution was. cooled to 0 °C on ice bath and D1AD or 

DEAD (1.1 eq) in THF or toluene was added dropwise over a 1-20 min period. The ice cooling 

bath was allowed to expire over 90 min and the mixture was stirred at RT for 2-48 hours. 

The mixture was filtered through a pad of silica. The silica was 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. 

Prodrug Synthesis 

[0154] Syntheses of the ester prodrugs start with the free carboxylic acid bearing the 

tertiary amine, The free acid is activated for ester formation In an aprotic solvent and then 

reacted with a free 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 oxatyi chloride or thionyl chloride in an aprotic solvent, optionally with a 

catalytic amount of dimethyl form amide, followed by evaporation. Examples of aprotic 

solvents, include; hut are not limited to methylene chloride, tetrahydrofuran, and the like. 

Alternatively, activations can be performed in situ by using reagents such as SOP 

(benzotriazol-l-yioxytris(dimethylamino) phosphonium hexafluorolphosphate, and the like 

(see Nagy et a!., 1993, Proc. Natl. Acad. Scl. USA 90:6373-6376} followed by reaction with 

the free alcohol. Isolation of the ester products can be affected by extraction with an 

organic solvent such as ethyl acetate or methylene chloride, against a mildly acidic aqueous 

solution; followed by base treatment of the acidic 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 layer; and recrystalization from a solvent such 

as ethanoi. Optionally, the solvent can be acidified with an acid, such as HCi or acetic acid to 

provide a pharmaceutical acceptable salt thereof. Alternatively the crude reaction can be 

passed over an Ion exchange column bearing sulfonic acid groups in the proton a ted form., 

washed with desonized water, and eluted with aqueous ammonia; followed by evaporation. 
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[0155] Suitable free acids bearing the tertiary amine are commercially available, such as 2-

(N-morpholino)-propionic acid, diroethyl-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 alcohols 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 phenolic hydroxy group on the compounds utilized herein 

to provide carbonate and carbamate prodrugs, 

[0157] Various protecting groups and synthetic methods related to them that can be used 

or adapted to make compounds of the invention can be adapted from the references Testa 

et ai., Hydrolysis in Drug and Prodrug fvletabolism, June 2003, Wiley- VCH, Zurich, 419-534 

and Beaumont et aL, Curr. Drug Metab, 2003, 4:461-85.. 

[0258] Provided herein is a method of synthesizing an acyioxym ethyl version of a prodrug 

by adapting a method from the reference Soboiev et ai., 2002, J. Org. Chem. 67:401-410. 

R51 is CrC6 aikyl. 

[0159] Provided herein is a method for synthesizing a phosphonooxymet'hyi version of a 

prodrug by-adapting a method from Mantyla et ai., 2004, J, Med. Chem, 47:188-195. 

O 

RS1 

NaH, DMF 

j OEt 
OEt 

59 



[0160] Provided herein is a method of synthesizing an alkyioxymethyl version of a prodrug 

>/uw 

RS2 is CI-CG aikyl, Q-C$ cycloalkyl, C3~Cg heterocyciyl, Cs-Cio aryl, or C3-C9. heteroaryl. 

Examples 

[0161] The following examples are given for the purpose of illustrating various 

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 

representative of preferred embodiments, are exemplary, and are not intended as 

limitations on the scope of the invention. Changes therein and other uses which are 

encompassed within the spirit of the invention as defined by the scope of the claims will 

occur to those skilled in the art, 

[0162] in the 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 

RT = Room temperature 

min • - minute{s) 

h = = hour{s) 

pL = Microliter 

mL = Milliliter 

mmol -= Miilimoie 

eq = Equivalent 

mg Milligram 

ppm - Parts per million 

aim = = Atmospheric pressure 

MS - Mass spectrometry 

LC-MS = Li q u i d ch ro m a 10 gra p h y-m a ss s p ect ro m e t ry 
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HPLC =• High performance liquid chromatography 

NMR = Nuclear magnetic resonance 

Sat./sat. = - Saturated 

MeOH = Methanol 

EtOH = Ethanoi 

EtOAc = Ethyl acetate 

Et3N = = TriethyJamine 

AC20 = - Acetic anhydride 

N3fOAc)3BH = Sodium triacetoxy horohvdride 

PBr3 - phosphorus tribromide 

Ph3P = Triphenylphosphine 

Ph3PBr2 = Triphenylphosphine dibromide 

CBr4 Terra bromomethane 

DMF - N, N-Dimethyiformamide 

DCM = Dichloromethane 

LAH/ UAIH4 = Lithium aluminum hydride 

THF = Tetrahydrofuran 

DiBAL = Diisobutylafuminium hydride 

DIAD : Diisopropyl azodicarbox.ylate 

DEAD = Diethyl azodicarboxylate 

D1PEA = N,i\f-Diisopropyiethylamine 

Pd(dppf)Cl2 = : [l,r-8is(diphenylphosphino)ferrocene] 

dichioropalladiumflf), complex 

[0163] The following representative 6-ring and C-ring intermediates may be incorporated 

into the compounds of the invention by methods that sre commonly known to the skilled 

artisan. 
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|0164] Preparation of 5-hydroxy-2~(2-methoxyethaxy}isonicotinaldehyde). 

?H O^C' ;><s,c (TV 9 0 

CI' 'V A*. EiGH K.COa ,.'''••>5 l--Url ^003 ^ 

^ K^f* NaK. DMF ^ Nv^i DMF 
Step, Step 2 ^ Step 3 

i 
•.MeU. 0!PA [ Step 4 

DMF I 
t 

OH OH . yH i ,o" o' c o <• ^ K "T -o 
HO t3 N): THF 

V "+ Y*° ' steps ' .1/ + 

-o^-0 

Step 1 

°H o"^Xr 
ci o" 

NaH, DMF 
.1 .0 

JL 
rj-' 
N 

Y" 
-0 

[0165] To a solution of 6-(benr/!oxy)pyridin-3-oi (2.0 g, 10 mmol, 1 eq.) In DMF (20 mL} 

was added NaH (60% in mineral oil; 0.6 g, 15 rnmo!, l.Seq.) 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 NH4Ci(Mt.) solution. Ths aqueous layer was extracted with EtOAc (3 x 20 

mL) and the combined organic layers were washed with water and brine, dried over N32S04J 

concentrated, and purified on silica gel using 25% EtOAc/hexanes as eluent to give 2-

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

[M+H]+. 

Step 2 

0^0^ O^O' 

rT^i Rd/c rf^i 
N-V^J ~~ N. 

f EtOH 
OH 

[0166] To 2-(henzyloxy)-5-(methoxymethoxy)pyridine (1.8 g, 8.71 mol) in EtOH was added 

Pd/C (1.0 g). The mixture was charged with H-2 (15 psi), stirred at RT for 45 min, filtered, and 
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concentrated to give 5-{methoxymethoxy}pYridtn-2-oi {1.35 g, quantitative yield) as a pale 

yellow solid. MS (ESI) m/z 156.1 [M+H]+. 

Step 3 

[0167] To a mixture of 5~(methoxymetboxy)pynd!n-2-Ql (1.35 g, 8.71 mmol, 1 eq.) and 

K2CO3 (6.0:1 g, 43.6 mmol 5.0 eq.) in DMF (30.0 mL) was added l-bromo-2-rnethoxyethane 

(3.61 g, 26.1 mmol, 3eq.}. The mixture was heated at 60 °C for 2 h, cooled,, filtered, 

concentrated, and purified on silica gel using a mixture of EtOAc and hexanes as eluent to 

give 2-{2-methoxyethoxy)~5-(methoxymethoxy)pyndine (500 mg, 27%) as a colorless oil. XH 

NMR (400 MHz, CDCI3) 6 7.94 (d, J = 3.0 Hz, 1H), 7.35 (ddd, j = 8.9, 3.0, 1.0 Hz, 1H), 6.76 {dd, 

J = 8.9,1.0 Hz,. lHj, 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 (ESI) m/z 214.1 (M+H]+. 

Step 4 

[G168J To a mixture of 2-(2-methoxyethoxy)-5-(methoxymethoxy)pyridine (1,34 g, 6.3 mol, 

1 eq.) and dlisopropylamine (17.5 uL, 0.13 mmol, 0.02 eq.} in THF (50 ml) was added methyl 

lithium (1.6 M/THF, 7 ml, 11.3 mol, 2.8 eq.) at -40 °C. Upon the completion 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.} slowly. The mixture was then stirred at -40 °C 

for 1 h, quenched with a mixture of HCI (12 N, 12 ml) and THF (28 mL), warmed to RT, and 

added water (20 ml). The pH of the mixture was adjusted to pH 8-9 with solid K2C03. The 

aqueous layer was extracted with EtOAc (30 ml) twice. The combined organic layers were 
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dried over NazSQ^ concentrated, and purified on silica gel using a mixture of EtOAc and 

hexanes as eluent to give a mixture of 2-(2-methoxyethoxy)-5-

(m eth oxym et h o xy) i so n i cot i n a i d e h yde a n d 2 - {2- m eth oxyeth o xy)- 5-

(methoxymethoxy)nicotinaldehyde (5/1,1.27 g, 83.6%} as a pale yellow oil. NMR (400 

MHz, CDCI3} 6 10.45 (s, 1H), 8.23 {s, 1H), 7.16 (s, 1H), 5.27 (s, 2H), 4.46 (dd, J = 5.4, 3.9 Hz, 

2Hj, 4,14 (q, J - 7.1 Hz, 1.H), 3.77-3.71 [m, 2H), 3.56 (s, 3H), 3.46 (s, 3H) and XH NMR.(400 

MHz, CDCis) 5 10.41 (s, 1H), 8.18 (d, J = 3.2 Hz.. 1H), 7.85 (d, J = 3.1 Hz, l'H), 5.16 (s, 2H), 4.64 

- 4.57 (m, 2H), 3,85 -3.79 (m, J - 5.4, 4.0 Hz, 2H}, 3.50 (s, 3H), 3.46 (s, 3H); MS (ESI) m/z 

242.1 [M+H]*. 

Step 5 

[0169] To a solution of 2-methoxy-5-(methoxymethaxy}isomcotrnaidebyde (1.27 g, 5.29 

mol) In THF (5 ml) was added HCI (3 N, 4 mL). The reaction was stirred at 50 °C for 1 h, 

cooled to RT, and diluted with water (5 mL}, The mixture was neutralized to pH 7-8 with 

solid K2C03 and the aqueous layer was extracted with EtOAc (100 mL} twice. The combined 

organic layers were dried over N32SO4, concentrated. and purified on silica gei using 3 

mixture of EtOAc and hexanes to give 5-hydroxy-2-(2-methoxyethoxy)isonicotlnaldehyde 

(630 mg, 60%) and 5-hydroxy-2-(2-methoxyethoxy}nicotinafdehyde (120 mg, 1X96). Data for 

5-hydroxy-2-(2-methoxyethoxy}isonicotina!dehyde: 1H NMR (400 MHz, CDCI3) 6 9.98 (s, 1H), 

9.50 (5,1H), 8.07 fs, 1H), 7.02 (s, 1H), 4.51-4.39 (m, 2H), 3.81- 3.72 (m, 2H), 3.47 (s, 3H). 

IBM5 (M+H*) m/z 198.1. Data for and 5-hydroxy-2-(2-rnethoxyethoxy) nicotinaldehyde; lH 

NMR (400 MHz, CDCI3) 6 10.3 (s, 1H), 7.99 (d, J = 3.2 Hz, 1H), 7.58 (d, J = 3.2 Hz, 1H), 7.18 -

7.07 {br, 1H), 4.54 (dd, J - 5.4, 3.7 Hz.. 2H), 3.84 (dd, /- 5,4, 3.7 Hz, 2H), 3.49 (s, 3H); MS <ES?) 

m/z 198.1 [M+H]+. 
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[03.70] Preparation of 2, b-dihydroxybenzaidehyde, 

•° ro 
,n. Airj« HHM f 

.OH ArV- AiCi3,DCM HO. X 
l J " ** li 'v>' 

(0X71] Into a 3000-ml three neck round-bottom flask, was placed a solution of AiCU (240 

g, 1.8G mol, 3,00 equiv) in dichioromethane (1200mL). A solution of 2,6-

dimethoxybenzaldehycie (100 g, 601.78 mmol, 1.00 eq) in dichioromethane (800m!) was 

added to the reaction mixture dropwlse at 0*C. The resulting solution was stirred overnight 

at room temperature,, and then it was quenched with 200 mL of diluted HCI (2M). The 

resulting solution was extracted with 2x200 mL of dichioromethane. 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-ofe) 5 11.25(s,.2H), 10.25(5, 1H), 7.36(m, 1H), 6.36 (d, J=8.4Hz 2H); 

MS (ESI) m/z 139 [iVHHf. 

[0172] Preparation of 5 -hyd roxy-2-rneih oxy ison ico tin a I dehyde. 

OH Stepl Q^Q„, Step 2 Step 3 

A] !fS t^sLi, DtpA |fV% HCgNtTHF II J ° 
^ NaH, DMF N.. ̂  

•>*> ,.0 -o 

[0173] Step 1: To a solution of 6-methoxypyridin-3-ol (20 g, 0.16 mof) in DMF (200 mL) was 

added NaH (60% in mineral oil; 9.6 g, 0.24 mol) at 0-5 cC portion-wise. Upon the completion 

of addition, the mixture was continued to stir at 0-5 °C for 15 min followed by additional of 

chioromethyf methyl ether. The mixture was stirred at 0-5 °Cfor another 20 min and 

quenched with aqueous NHaClfsag. The aqueous layer was extracted with EtOAc (3 x 100 

mL) and the combined organic layer was washed with water and brine, dried over NaaSO^ 

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

EtOAc/hexanes as eluent to give 2»methoxy-5-(methoxyrnethoxy)pyridine (24.1 g, 89.3%) as 
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a colorless oil. 1H NMR (400 MHz; CDCi3) 7.S7 (d, 1 H), 7.35 (dd, 1 H), 6.70 (d, 1 H], 5.12 (s, 2 

H), B.91 (s, 3 H).. 3.51 (s, 3 H); MS (ESI) m/z 170.1 [M+H]+. 

[0174] Step2: To a mixture of 2-methoxy-5-(methoxymethoxy)pyrldine (30 g, 0.178 mo!) 

and diisopropyfamine {507 uL, .3.6 mmol) in THF {500 mL) was added methyl lithium (1.6 

M/THF, 200 mL, 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 -4'0 °C followed by addition of DMF (24.7 mL, 0.32 mof) 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 K2CO3. The mixture was extracted with EtOAc (300 ml) twice. The organic layer 

was combined, dried over Na2504, and concentrated to give 2-methoxy-5-

(methoxymethoxy)isonicotinaldehyde {33.5 g, 95.7%)-as a brown solid, which was used for 

next step without further purification. SH NMR (400 MHz; CD3OD) 7.90 (s, 1 H), 6.32 (s, 1 H)# 

5.64 (s, 1 H), 5.20 (s, 2 H), 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 2-methoxy-5-(methoxymethoxy)isonicoti'nald-ehyde (33.5 g, 

0.17 mol) in THF (150 mL) was added HO {3 N, 250 mL), The reaction was stirred at 50 °C for 

1 h, cooled to RT and diluted with water {500 ml). The mixture was neutralized to pH 7-8 

with solid K2C03, The pale yellow solid was collected, washed with water, and dried in 

vacuum oven (40 °C) overnight to give 5-hydroxy-2-methoxyisonicotinaldehyde (17,9 g, 

74.6%). XH NMR (400 MHz; DMSO) = 10.31 (s, 1 H), 8.03 (s, 1 H), 6.89 {s, 1 H), 3.80 (s, 3 H); 

MS (ESI) m/z 154.0 [M+Hf. 

GBT915 

(S)-2-{{1 -benzoy ipy r roi idi n-2 -y S) m ethoxy )-6-
hyd roxybenza !d ehyd e 
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[0176] SBT915- (S}-2-({l~benzoy!pyrFoHdin-2~Yf}methoxY}-6~hydroxyben2a!dehyde. 

[0177] Step 1: To a solution of (S}"pyrrolidin-2-y!niethanol (700 mg, 6.92 mmol) and DiPEA 

{1,20 mL, 6.92 mmol) in DCM (12 ml) at 0 X was added benzoyl chloride (0.80 mL, 6.92 

mmol}, 30 min later It was diluted with more DCM and was washed with Sat. NaHCOj, brine, 

dried over TvigSO^ concentrated to give crude product., which was purified by column 

(EtOAc 0-10096) to give (S)~{2-(hydroxymethy!)pyrrolidin~l~yi)(pheny])methanone (1.2 g). 

[0178] Step 2: To a solution of (5)-(2~(hydroxymethyi}pyrrondin-l-y})(pheny^ethanone 

(100 mg, 0.49 mmol) .and 2,6-dihydroxybenzaldehyde (90 mg, 0.64 mmol) in THF (1 ml) was 

added PPh3 (190 mg, 0.73 mmol) and DIAD {0.15 mL, 0.73 mmol) at room temperature, 30 

min later, it was concentrated and the residue was purified by column 

(Hexanes/EtOAc=100:0 to 1:1) to give (5)-2-(.(l-benzoylpyrrolidin-2;-yl)methoxy)-6-

hydroxybenza'dehyde (65 mg}. 1H NMR (400 MHz, Chiorofbrm-t/} 5 11.9.0 (s, IN), 10.40 (s, 

1H), 7.51 - 7.3.1 (m, 6H), 6.53 (t, J = 9.2 Hi, 2H)f 4.65 (s, 1H), 4.38 (d, J = 6.1 Hz, 2H), 3,51 (t, J 

= 6.8 Hz, 2H), 2.29 -1.90 (m, 2H), 1.79 (d, J = 36.4 Hz, 1H), 1.31 - 1.18 {m, 1H). MS found for 

CisHaaNO^: 326.5. 

1-c 

6BT952 
/" 

( 

(S)-2-f(1-benzoy lpiperidin-2-yl) methoxy}-6-
hydroxybenzaidehyde 
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[0179] C3BT952- {5)-2-{{l43erszGylpiperidin-2-yf)methoxy)-6'hydrQxybenzaldehyde 

[0180] Step 1: To a suspension of (S}-piperidin-2-ylmethanol hydrochloride- (0.11 g, 0.70 

mmol) in DCM (2 mL} was added DfPEA (0,27 mL, 1.54 mmol) and-benzoyl chloride (0.08 mL, 

0.70 mmol) at room temperature, after stirred for 30 min, it was diluted with DCM and 

washed with Sat. NH4CI, brine, dried over MgS04 and was concentrated to give crude 

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

(hydroxymethyl)piperidin-l-yi){phenyl)methanone (84 mg). 

[0181] Step 2: To a solution of 2,6-dihydroxybenzaidehyde (110 mg, 0.80 mmol) and (5)-(2-

(hydroxYme.thyl)piperidin-l-yl}(phenyl)methanone (0.23 g, 1.04 mmol) in THF (1.5 mL) was 

added PPh3 (310 mg, 1.20 mmol) and DfAD (0-23 mL, 1.20 mmol) at 0 T, 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-((l-benzoylpiperidin-2-yl)methoxy)-

6-hydroxybenzaldehyde 62 mg. XH NMR (400 MHz, Chloroform-ri} 6 11.98 (s, 1H), 10.29 (s, 

1H). 7.45-7.28 (m, 5H), 6.58-6.50 (m, 2H), 6,40 (dt, J = 8.1, 0.8 Hz, 1H), 4.32 {t, J - 8.5 Hz, 

1H), 4.1S (s, IHl 3.04 fs, 1H), L94 -1.76 (m, 3H), 1,73 -1.58 (m, 3H), 1.26 (dt../ - 7.0, 3.1 

Hz, 2HJ. MS found for C2oH21N04: 340.2. 

GBT961 

(£)-2-hydroxy-6-((1-nlcotinoy[pyrro!idin-2-yi)methoxy)benza!dehyde 
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[0182] GBT961- CS}-2-hydfoxy-6~{(l-n!cotfriQyfpyrroHditv2-yf}rnethoxy)beriza!dehyde 

OH 0 . 
Step 1 Step2Jv ^ f\ 

r\ HCi ? r-\ fi H 
HN-Y + N-"VACI DiPEA O^-OH 0 V~0 , l! j ^ TV — " ° V /-
, ^ o ,, / Ph3P DIAD 
H0 HO GBT361 V 

[0183] Step 1; To a solution of (S}"pyrro!idin-2-yimethanol (500 mg, 4.94 mmol) in DCM (10 

mL) was added DIPEA (1.89-ml, 10.87 mmol}, followed bynicotiny! chloride (0.92 g, 5.19 

mmol) at 0 °C, after stirred for 30 min, it was diluted with DCfVI, washed with aqueous Sat. 

NaHC03, brine, dried and concentrated to give crude product, which was purified by column 

(DCM/MeOH=100:0to 80:20) to give {S)-{2-{hydroxymethy!)pyrroIidin-l-Yl)(pyridin-3-

yljmethanone (900 mg). 

[0184] Step 2: To a solution of (S)-(2-(hydroxymethyl)pyrroiidin-l-yl)(pyridin-3-

yi)methanone (150 mg., 0.73 mmo!) and 2,6-dshydroxybenzaidehyde (0.13 g, 0.91 mmol) in 

THF (1.5 ml) was added PPh3 (0.29 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 resulting residue 

was purified by column (hexanes/EtOAc=100:0 to 40:60 to DCM/MeOH=1.00:0 to 90:10) to 

give a mixture of products, which was further purified by preparative HPLC to give (S)-2-

hydroxy-6-((l-nicotinoylpyrrolidin-2-yl)methoxy)benzaldehyde (68 nig). H\ NMR (400 MHz, 

Chloroform-Gf) 6 11.90 (s, 1H), 10.40 (s, 1H), 8-78 - 8.72 (m, 1H), 8,68 (dd, J = 4.9,1.7.Hz, 

1H), 7.82 (dt, J =• 7.9, 2.0 Hz, 1H), 7,40 (t, J = 8.3 Hz, 1H), 7.36 (ddd, 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, J = 5.8 Hz, 2H), 3.54 (t, J = 7.6 

Hz,. 2H), 2.26 (dtd, J - 12.8, 7.6, 5.3 Hz, 1H), 2.19 - 2..10 {rn, 1H), 2.10 - 1.98 (m, 1H), 1.88 (dt, 

J - 12.5, 7.8 Hz, 1H). MS found for CiflHigN204: 327.4. 
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(3BT962 

•(S)-2-hydroxy-6-((1risonicotinoylpyrro)idin-2-yl)methoxy)benzaldehyde 

[0185] 6BT962- {S}~2-hydroKV"6-{(l-isortJcotinoylpvrro!idirs-2-vi)methoxv}foenzalclehyde 

„ OH O ^ 

» I "" o ' AA» CV-? 
W Ph'P DiAD GET962 0^OH 

[0186] Step 1: To a solution of (5)-pyrrolidin-2-yirnethanol (50G mg, 4.94 mmol} in DCM (10 

mL) was added DIPEA (1.89 mL, 10.87 mmol), followed by nicotinyl chloride (0.88 g, 4,94 

mmo!} at 0 °C, after stirred for 30 min, it was diluted with DCM, washed with aqueous Sat. 

NaHC03, brine, dried and concentrated to give crude product, which was purified by column 

(DCM/MeQH=lG0:Q to 80:20} to give (S)-{2-(hydroxymethyi)pyrroiid}n-l-yl)(pyridin-4-

yI)methanone (900 mg). 

[0187] Step 2: To a solution of (5}-{2~(hydroxymethy!)pyrrolidlfvl-yl}{pyrldin-3-

yS)meihanone (150 mg, 0.73 mmol) and 2,6-dihydroxybenzafdehyde (0,13 g, 0.91 mmol) in 

THF (1.5 mL) was added PPh3 (0.29 g, 1,1 mmo!) and DIAD (0.21 ml, 1.1 mmol) at 0 CC and 

stirred at room temperature for 2 h, it was subsequently concentrated., the resulting residue 

was purified by column (hexanes/EtOAc=100:0 to <10:60 to DCM/MeOH~100:0 to 90:10} to 

give a mixture of products, which was further purified by preparative HPLC to give (S)-2-

hydroxy-6-((l-isonicotinoy)pyrroltdin-2-yl)methoxy)benzaidehyde (36 mg). lH NMR (400 

MHz, Chloroform-^') 6 11.88 {s, 1H), 10.38 (s, 1H), 8.72 - B.63 (m, 2H), 7.39 (t, J = 8.4 Hz, 1H), 

735 - 7.24 (m, 2H), 6.52 {t,J ~ 8.6 Hi, 2H)f 4.63 (dq, J = 8,4, 5.1 Hz, 1H), 4.42 - 4,29 (m, 2H}; 

r\ 
HN 

HO' 
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3.46 (hept, J = 6,3, 5.4 Hz, 2H], 2.24 (dtd, J = 13.3, 7.7, 5.5 Hz, 1H), 2.13 (dq, J = 13.0, 6.8 Hz, 

1H), 2.03 (dt, J - 12.4, 6.3 Hz, 1HJ, 1.95 -1.79 (m, 1H). MS found for CiaHls,M204: 327.4. 

GBT979 

(S)-2-hydro>fy-6-((1-picolinoylpyrrolidln-2-yl}methaxy)benzaidehyde 

GBT979- (S}-2-hvdroxv~6-({l~p]coiinoyipyrrolici!n-2-vl}methoxy}ben2aSdehyde 

[0188] Step 1; To a solution of (5}-pyrrolidin~2-yirnethanal (500 rng, 4.94 mmol) in DCM (10 

ml} was added DIPEA (1.89 ml. 10.87 mmoi), followed by isonicotinyi chloride (0.88 g; 4.94 

mmol) at 0 *C, after stirred for 30 min, it wss diluted with DCM, washed with aqueous Sat. 

NaHC03, brine., dried and concentrated to give crude product, which was purified by column 

(DCM/MeC)H=100:Q-to 80:20) to give (S)-(2-(hydroxymethylJpyrrolidin-l-yl){pyridin-2-

y})methanone {.900 mg). 

[0189] Step 2: To a solution of (SH2-(hydroxymethyI)pyrro!idin-l-yl)tpyrldin-2-

yijmethanone {100 nig, 0.48 mmol) and 2,6-dfhydroxybenzatdehyde (0.08 g, 0.6 mmo!) In 

THF (5 mL) was added PPh3 (polymer supported,. 600 mg, 0.72 mmol} and DIAD (015 ml, 

0.72 mmol) at room temperature. After stirred at room temperature for 3 h, the mixture 

was diluted with AcCN, the insoluble material was filtered off, the filtrate was concentrated 

to give crude product, which was purified by preparative HPLC to give (5)-2-hydroxy-6-((l-

picolinoyipyrro!idin-2-v/i)methoxy)benzaldehyde (15 mg). aH NMR (400 MHz, Chloroform-of) 

5 11.92 (s, 1H], 10.39 (d, J - 0.6 Hz, 1H), 8.55 {ddt, 7 = 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 (m, 1H), 4.48 

(dd, J 9.5, 3.3 Hz, 1H), 4.32 -4.18 (m, 1H), 3.99-3.81 (m, 1H), 3.81. - 3.67 {m, 1H), 2.25 -

1.83 (m, 4H). MS found for C18H-1SN204: 327.3. 

V" o •:>ib 
1/ VOH 

"H 

< S)-2-hydroxy-6-{( 1 -(1 -isopropyl-1 H-pyrazo!s-5-carbonyl)pyrroiidfn-2-
yl)methoxy}benzaIdehyde 

[0190] GBT1064- (5}-2~hYdrQKy-6-({l-(l-i$oprapyf~lH-pyr3ZQle-5-earbQrsyl)pyrroildin-2-

yi)rnethoxy)benz3idehyde 

OH 0 

rs § ^ r\ (V" •CtM m\* or"°""™ isi«i . x» s; 
HCT N r ^ ̂ HO Ph*P DiAD GET10S4 f \\ 

V—/ On 

[0191] Step 1: To a solution of (S}-pyrrolidm-2-ylmethanoI (100 mg, 1 mmol) and 2-

isopropyl-lH-pyrazoie-S-carhoxylic acid (0.15 g, Immol) in DMF (2 ml) was added HATU 

(0.B8 g, 1 mmol) and then the mixture was stirred until finished, it was diluted with water 

and extractedwith EtOAc, organic layer was dried and concentrated to give crude product, 

which was purified by column (100% EtOAc) to give (5}-{2-(hyd.roxymethyl)pyrroIidin-l-yl)(l-

isopropyl-lH-pyrazol-5-yl)methanone (120 mg). 

[0192] Step 2: To a solution of {SK2-(hydroxymethy))pyrroiidin«l~y3Rl-isopropyi-lH-

pyrazoi-5-yl}methanone (120 mg, 0,51 mmol) and 2,6-dihydroxybenzsldehyde (0.09 g, 0.66 

mmol) in THF (4 ml) waas added PPh^ (Polymer supported, 640 mg, 0.77 mmol) and DIAD 

(0,16 mL, 0,77 mmol) at 0 °C After stirred at room temperature for 1 h, it. was diluted with 

AcCN, the insoluble materia! was filtered off and the filtrate was concentrated to give crude 

product, which was purified by preparative HPLC to give {S)-2-hydroxy-6-{(l-(l*isopropyl-lH-

pyrazoie-5"Carbonyl}pyrrolidin-2*-yl)methoxy)benzaldehyde {46 mg). XH NMR (400 MHz,. 
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Chloroform-flf) 6 11.90 (s, 1H}.. 10.37 (s, 1H},. 7,55 (d, J = 2.0 Hz, 1H), 7.41 (t, J - 8.4 Hz, 1H), 

6.54 (d, J - 8.5 Hz, IK), 6.48 (d, J = 8.3 Hz,. 1H), 6.37 (d, J = 2.0 Hz, 1H), 5.03 - 4.94 (m, 1H), 

4.65 (s, 1-H), 4.37 (d, J = 5.4 Hz, 2H), 3.67 (s, 1H), 3.60-3,45 (m, 1H), 2.25 (dd, J = 13.1, 6.1 

Hz, XH), 2.11 (ddt> 7 = 30.4, 12.0, 6.4 Hz, 2H), 1.93 (s, 1H),. 1.53 (d, .7 = 6.6 Hz, 3H), 1.46 (d, 7 = 

6.7 Hz, 3H). MS (M+H) found for C1c1H23N304: 358,3. 

G8TI118 

(S)-2-hydroxy-6-((1-nicotihoylpiperidin-2-yl)methoxy)benzaldehyde 

[0193] GBTXX1S- (5)™2"hydroxv-6-{(l-nicotinovlp]peridjn-2-yi)methoxv)benzaldehyde 

Step 1 &2 Step 3 ?H J { \ 
1)4NHCI" ,/S O ,f T H '^>vNY o 

Bo cN-/ 2) D[PEA ^ 6 -0 

HO HCI I ^ HO GBT1118 f t OH 
N 'V Ci OH 

[0194] Step 1&2: To a solid sample of (S/tert-buty! 2-(hyd.roxymethyl)piperidine-l-

carhoxyiate (215 mg, 1.02 mmol) was added 4IS1 HCI in dioxane (1 mL). After stirred for 30 

min, it was concentrated to give (S)~piperidin-2-yimethanol HCI salt. To a suspension of (S)-

piperidin-2-ylmethanol HCI salt in DCM (3 ml) at 0 °C was added DIPEA (0.39 ml, 2.24 

mmol) and nicotinyl chloride (0.2 g, 1.12 mmol), After stirred for 30 min, it was diluted with 

DCM, washed with aqueous Sat, NaHCOB, brine, dried and concentrated to give crude 

product, which was purified by column (DCM/MeOH=90:lO) to give (5}-{2-

(hydroxymethyI)piperidin-l-y'l)(pyridin-3-yl)methanone (130 mg). 

[0195] Step 2: To a solution of (S)-(2-(hydroxymethyl)piperidin-l-y!)('pyridin-3-

yl)methanone (130 mg, 0.59 mmol) and 2^6-dihydroxybenzald.ehyde (0.11 g, 0.77 mmol) in 
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THF (4 mL) was added P'Pb3 {polymer supported, 0.74 g, 0.89 mmoi) and DIAD (0.17 ml, 0.89 

mmol) at Q °C and stirred at room temperature for 2 h; it was subsequently concentrated, 

the resulting residue was purified by preparative HPLC to give (S)-2-hydroxy-6-((l-

nicotlnoyIpipendin-2-yl)methoxy}ben2aldehyde (30 nig). 1H NMR (400 MHz, Chloroform-*/} 5 

11.95 (s; 1 H), 10.29 {$_, IH), 8.66 (dd, J = 4.9,1.7 Hz, 1H), 8.65 - 8,62 (m, 1H), 7.73 (dt, J = 7.8, 

2.0 Hz, IH}, 7.41 (d, J = 8.4 Hz, IH), 7.37 (ddd, J = 7.8, 4.9, 0.9 Hz, IH}, 6.59 - 6,54 (m, IH), 

6.40 (d, -/ = 7.0 Hz, IH), 4.39 - 4,30 (mr 2H), 4.19 is, 2H), 3.15 (s, IH), 1,97 - 1.78 {m, 4H), 

1.72 - 1.56 (m, 2H). MS found for C^Q^Q*: 3413. 

GBT001579 

{S)-2-hydroxy-6-({ 1 -<6-methylnl'cotinoyl)piperidin~2-
y!)methoxy)benzaldehyds 

[0196] 68T1579- {S)-2-hydroxy-6-{{l-(6^methy!nicotinoyl)piperidln-2-

Step 1&2 Bisp 3 TH f 
8 V {COCI)2 DMF N 

Uw , ~ & vo 
£«n PhjP D,AD OH 

[0197] Steps 1&2: To a suspension of 6-methylnicotinic acid (270 mg, 2mmoi) in DCM (5 

mL) was added oxalyi chloride (0.34 mL, 4mmol) at 0 "C followed by a drop of DMF. after 

stirred for 2 hour at room temperature, the solution was concentrated to give crude acid 

chloride. 

To the above crude acid chloride in DCM (4 mL} was added (S)-piperidin-2-ylmethanoi 

hydrochloride (300 mg, 1.98 mmol) and DIPEA (1.04 mL, 5.94 mmol) at 0 T, 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. NaHCCB, brine, dried and concentrated to 

give crude product, which was purified by column (DCM/MeOH=90:10) to give desired (S}~ 

{2-(hydroxymethyi}piperidin-l-yI)(6-met.hyipyridin-3-y0methanone (100 mg). 

[0198] Step 3: To a solution of {5)-(2~{hydroxymethyi)pipendin»i-yi)(6-methylpyridin-3-

yl)methanone(100 mg, 0.43 mmo!) and 2.6-dihydroxybenzaldehyde {80 mg, 0.56 mmo!) in 

THF (2.5 ml) at 0 5C was added polymer supported triphenylphosphine (435 mg, 0.52 mmol) 

and DIAD (0-11 mL, 0.52 mmo?), after stirred for 4 hour at room temperature, the solution 

was filtered, the filtrate was concentrated and was purified by prep HPLC to give (S)~2-

hydroxy~6-((l-{6-methy!nicotinoyl}plpendin-2-yi)rnethoxy)ben2aldehyde (29 mg). 1H NMR 

(400 MHz, Chloroform-d) 6 11.95 (s, IH), 10,28 (s, IH), 8.53 (d, J = 2.2 Hz, IH), 7.62 (dd, J = 

8.0, 2.3 Hz, IH), 7.39 (t, J = 8.4 Hz, IH), 7.21 (d, J = 8,0 Hz, IH), 6.55 (dd, J = 8.5, 0.8 Hz, IH), 

6.40 (s, IH), 4.33 {t, J ~ 8.6 Hz, 2H), 4,19 (s, IH), 3.09 (s, 2H), 2,59 (s, 3H), 1.73 (m, 6H). MS 

(M+H) found for C20H22N2O4: 355.3. 

GBT001580 

N 

(S)-2-hydroxy-6-((1-(2.-fristhylriicotinoyl)pipericlin-2-
yI)methoxy)benzaidehyde 

[0199] GBT1580- (S)"2-hydroxy-6-((l-(2-Riethyhifcot!nQy/)piperidfn-2" 

y{)methoxy)bsnzaidehyde 
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[0200] Step 1&2: To a suspension of 2-methyimcotmic acid (300 mg, 2.19 mmoi) In DCM [5 

ml) was added oxalyl chloride (0.28 ml, 33 mmoi) at 0 °C and was further stirred for 2 hour 

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

[0201] To the acid chloride in DCM {5 mL) was added {S)-piperidin--2-ylmethanol 

hydrochloride (250 mg, 1.65. mmol) and triethyiamine (0.69 ml, 4.95 mmo!) 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, NaHC03 and brine, dried and concentrated to 

give crude product, which was purified by column (DCM/MeOH.=95:5) to give (S)-(2-

(hydroxymethyI)piperidln-l-y!)(2-methylpYridin-3-yl)methanone (200 mg). 

[0202] Step 3: To a solution of (S)-(2-(hydroxymethyl)piperldin-l-y!}(2-methyfpyridin-3-

yljmethanone (ISO mg., 0.77 mmoi) and 2,6-dihydroxybenzaldehyde. (140 mg, 1.0 mmo!) in 

THF (5 ml) at 0'°C. was added polymer supported triphenylphosphine (1.0 g, 1,16 mmol) and 

DIAD (0.21 mL, 1.08 mmol), after stirred for 15 hour at room temperature, the solution was 

filtered, the filtrate was concentrated and was purified by prep HPLC to give (5}-2-hydroxy-

6-((l-{2-methylnicotinoyi)piperidin-2-yl)methoxy)benzaidehyde (129 mg). JH NMR {400 

MHz, Chloroform-cr) 6 11,99 (s, IH), 10.40 (s, IH), 8.53 (m, IH), 7.42 (t, J = 8.4 Hz, IH), 7.32 

(m, IH), 7.20 {m, IH), 6.56 (d, / - 8.4 Hz, IH), 6.47 (d, J - 83 Hz, IH), 5.39 (s, IH), 4.38 {t, J = 

8.8 Hz, IN), 4.21 (dd, J = 9.5, 6.6 Hz, IH), 3.36 (d, J - 13.5 Hz, IH), 3.14 (m, IH), 2.52 (s, 3H), 

2.10 - 1.35(m, 6H), MS (M+H) found for C2QH22N2O4: 3553. 

GBT1124 

(S)-2-((4-benzoyImorpholln-3-yl)methoxy)-6-hydroxybenzaldehyde 
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[02033 <3BT1124- (S}~2-((4-benzoyirnQFj3hGfsn~3~y{|metb0xy}-6~hydrGxybenza!dehyde 

Step1&2 steo 3 ?H ° /"° 

0 1)4N-HCl/dioxane 

^ DIPEA Q . 

HO r," '---f "CS O 
°Hc/ Ph=P DiAD 

[0204] Step 1&2: To a soficf sample .of (/?)-tert-butyl 3-(hydroxymethyl)morpho!ine-4-

carboxyiaie (150 mg, 0,69 mmoi) was added 4N HCi in dioxane (1,5 mL), After stirred for 30 

min, it was concentrated to give (R)-(3-{hydroxymethyl)morpho!ino){phenyi)methanone as 

HCI salt. To a suspension of {R)~{3-{hydroxymethy3)morpho!ino)(phenyl)methanone HCi salt 

In DCM {2 mL) at 0 °C was added DIPEA (0.36 mL, 2.07 mmol) and benzoyl chloride {0.08 mL, 

0.69 mmol). After stirred for 30 min, it was diluted with DCM, washed with aqueous Sat. 

NaHC03, brine, dried and concentrated to give crude product, which was purified by column 

{100% EtOAc) to give (R)-(3-(hydroxymethyl)morphoiino)(phenyl)methanone (120 mg). 

Step 3.. To a solution of •(fif).-(3-(hydroxymethyi)morpholino)(phenyl)methanone (30 mg, 0.36 

mmol) and 2,6-dihydroxybenzaidehyde (0.06 g, 0.47 mmoi) in THF {2 mL) was added PPh3 

(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 (S)-2-{(4-ben20y!morphoiin-3-yl)methoxy)-6-

hydroxybenzaldehyde (20 mg). AH NMR (400 MHz, Chloroform-^) 5 11.96 (s, IH), 10.28 (s, 

IH), 7.50-7.35 (m, 7H), 6.61-6.41 (m, IH), 4.37 (s, 2H), 4.07 (s, IH), 3,39 (s, IH), 3.76 {dd, 

J = 12.2, 3,2 Hz, IH), 3:55 (s, 2H), 3.39 (s, IH), 1.35 - 1.18 (m, IH). MS found for C19Hi9N05: 

342.3. 

GBT1126 

^ "OH 

(S)-2-hydroxy-6-((1-(phenylsulfonyl)pyrrolidin-2-yl)nr5sthoxy)benzaldehyde 
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[0205] GB7112S- (5}-24iydroxy-6-{(X-(pheny[suJfonyi}pyrrofidrn~2~ 

yi)methoxy)benzaldehyde 

OH 0 

r\ 
HIW + ^y cs Et3N 

Step 1 

r\ ("X >( 
C,N ̂  ^-OH 

O'^o > YHC)' Ph,P DIAD 

Step 2 ! 
.-A: 

> OJ 
HO 

[0206] Stepl: To a solution, of (5)-pyrrolidin-2-ylmethanol (500 mg, 4.94 mmol) in D0V1 (10 

mL} at 0°C was added TEA {1.04 mL, 7.41 mmoi) followed by benzenesulfonyl chloride (0-63 

mL. 4.94 mmol). After stirred for 30 min, it was diluted with DCM,. washed with aqueous Sat. 

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

to ($}-(l-(phenylsulfony{)pyrroiidm-2-yilrnethanoh 

[0207] Step 2: To a solution of (S)-(l-(phenylsulfonyl}pyrrolidin-2-yl)methanol {125 mg. 

0.54 mmol}-and 2,,6-dihydroxyben2afdehyde (0.1 g, 0.7 mmoi) in THF (2 mL} was added PPh3 

{0.21 g, 0.81 mmol} and DIAD (0,16 mL, 0.81 mmol} at 0 °C and stirred at room temperature 

for 2 h, it was subsequently concentrated, the resulting residue was purified by preparative 

HPLC to give (S)-2-hyd.roxy-6-((l-(phenylsuif6nyl}pyrrolidin-2-ylJmethoxy)benzaldehyde (37 

mg}, H\ NMR (400 MHz, Chloroform-d) 6 11.90 (d, J = 0.4 Hz, IH), 10,28 (d, J = 0.6 Hz, IH), 

7.93 - 7.76 (m, 2H}, 7.65 - 7.56 (m, IH), 7.56 » 7,47 (m, 2H), 7.43 {td, J = 8.4, 0.4 Hz, IH), 

6=55 (dt, J = 8.5, 0.7 Hz, IH), 6.48 (dd, J = 8.3, 0.8 Hz, IH), 4.42 - 4.31 (m, IH), 4.08 - 3.95 (m, 

2H), 3.56-3,45 (m, IH), 3,20 (ddd, J - 10.0, 8.0, 7.0 Hz, IH), 2.03 - • 1,83 (m, 2H), 1.81 - 1,50 

{m, 2H). MS-found for-C'iaHigNOsS: 362.4. 
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GBT1X28 

O 
--S" 

r~\ 

r 
•'x 0 

% 

OH 

{S}-2-hydroxy-6-((.1-(pyridin-3-ylsulfonyi)pyrrolidin-2-yl)methoxy)benzaldehyde 

[0208] G8T1128- (5)-2-hydroxy-6-{(l-{pyrfdiri-3-y!sulfDny3)pyrro!idm»2-

yi)methoxy}benzaidehyde 

r\ 
HN^-V 

HO' 

Step 1 
(W 

"N^ HCI 
HO' 

r > 
Step 2 

OH O 

Ph3P DiAD 

H CXJ N-.y 

Y v-O b o 

GBT1128 f \ 
-H 

'OH 

[0209] Stepl: To a solution of (5)-pYrroiidin~2-ylmethanoi (320 mg, 3.16 mmoi) in DCM {6 

mL) at 0 °C was added TEA (0,97 mL, 6,95 mrnol} followed by pyridine-3-sulfonyl chloride 

(0.68 g, 3.16 mmoi). After stirred for 30 min, it was diluted with DCM, washed with aqueous 

Sat. NaHC03, brine, dried and concentrated to give crude product, which was purified by 

column to give {S)-(l~(pyridin-3-ylsuifGny[)pyrrolidin-2-yl)meth3noi (66 mg). 

[0210] Step 2: To a solution of (SHi-{py"din-3-ylsulfonyt)pyrr6lidin-2-yijmethano! (65 mg, 

0.29 mmol) and 2,6-dihydroxybenzaldehyde ("0.06 g, 0.41 mmol) in THF (2 mL) was added 

PPh3 (polymer supported, 0,37 g, 0,44 mmol) and DIAD (0.09 mL, 0.44 mmol) at 0 °C and 

stirred 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 fS)-2-hydroxy-6--({l-{pyridin-3-Yteu!fony1)pyrro!!din'2-

yl)methoxy)benzaldehyde (17 mg). 1H NMR (400 MHz, Chioroform-cf) 6 11,90 (s, IH), 10.29 

(d, J = 0.6 Hzf IH), 9.08 (dd, J = 2.3, 0.9 viz, IH), 8.83 (dd, J ~ 4.9,1.6 Hz, IH)., 8.18 - 8.09 (m, 

IH), 7.53 - 7,46 (m, IH), 7.44 (t, J — 8.4 Hif IH), 6.61 -6.54 (m, IH), 6.50 - 6.44 (m, IH), 4.40 
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-4.31 {m, 1H); 4.12 -3,96 (m, 2H), 3.56 {ddd,i - 10.5, 7,1, 4.2 Hz,- IH), 3.21 (dt, J- IO.I, 7.4 

Hz, IH), 2.08 - 1.88 (m, 2H), 1.87 - 1.66 (nr., 2H). MS (M+H) found for C17HlgN205S: 363.4. 

[0211] from the foregoing it wli! be appreciated that,, although specific embodiments of 

the invention have been described herein for purposes of illustration, 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 

1. A compound of Formula (f) 

L2 

i 
R3 

B ; 

Yx 

c 
Vv2 

(A) 

or a tautomer thereof, or pharmaceutical^ acceptable salt of each of thereof or a 

pharmaceutical^ acceptable salt thereof, wherein 

R3 ES CrC6 aikyl, c>C8 cycloalkyl, CrC5 alkoxy, C3~C8 cycloalkoxy, or -NR1?,2; 

each R1 and R2 independently is hydrogen, CrQ alkyi, C3-C3 cycloalkyl, C6-Cioaryl, 4-

10 membered heterocycie or 5-10 membered heteroaryl, each containing up 

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

consisting of 0, N, S, and oxidized forms of N and 5, wherein each aikyl, 

cycloalkyl, heterocycie, aryi or heteroaryl is optionally substituted, or RA and 

R2 together with the nitrogen atom they are attached to form an optionally 

substituted 4-7 membered heterocycie; or 

R3 is Cs-Cioaryl, or a 5-10 membered heteroaryl, wherein the heteroatom is selected 

from the group consisting of 0, N, 5, and oxidized forms of N and S, wherein 

each of the aryl, or heteroaryl is optionally substituted with 1-4 Ci-Ce aikyl; 

L1 is a bond or is NR70, 0, S, or (CR;1R72}d; wherein each R70, Rn, and Rn 

independently are hydrogen or Cx-C6 aikyl: 

d is 1, 2, or 3; 

L2 is C=0 or$02; 

ring B is a optionally substituted C6-Ci0aryl, optionally substituted 5-10 membered 

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

substituted 4-10 membered heterocycie containing, up-to 5 ring heteroatoms, 
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wherein the heteroatom is selected from the group consisting of O, N, S, and 

oxidized forms of N and S; or 

ring B is a optionally substituted 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 S; 

each Y and Z is independently CR10Rn, O, S, SO, SG?, or NR10; each Ri0 and R11 

independently is hydrogen or CrC3 alkyi optionally substituted with 1-3 halo, 

OH, or C;rC5 alkoxy, or CR10Rn is C-O, provided that if one of Y and 2 is O, S, 

SO, SO?, then the other is not CO, and Y and Z are both not heteroatoms or 

oxidized forms thereof; 

wherein Y is a or $ substituted relative to the -LVR3; 

wherein 2 and -CV^H are joined to adjacent atoms on ring C; 

ring C is 3 optionally substituted C6-C1Qaryi or optionally substituted 5-10 membered 

heteroaryi containing 1-3 nitrogen atoms, or an oxidized form of N; or 

ring C is Ce-C^ary! or a 5-10 membered heteroaryl containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting 

of O, N, 5, and oxidized forms of N and 5, each-of which is optionally 

substituted with 1-4: halo, oxo, -OR13, CrC6 alky!, and/or CrQ alkoxy, 

wherein the O.-Cg alkyi is optionally substituted with 1-5 halo, CrCs alkoxy 

and/or a 4-10 membered heterocycie 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 5; and 

Ri9 is hydrogen or a prodrug moiety R; 

V1 and V2 independently are CrCe alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

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

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

1 or 2; each Vs Is independently CrC6 alky! or C02R60, where each R60 
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independently is Ci-Cg aikyl or hydrogen; t is 0,1, 2, or 4; or CV1V2 is C=V, 

wherein V is O, NOR50, or NNRS1R82; 

Rs0 Is optionally substituted Ci-C6 aikyl; 

R81 and R31 Independently are selected from the group consisting of hydrogen; 

optionally substituted CrC6 alkyi, CORSd and <84 

R83is hydrogen or optionally substituted C1-C6 aikyl; and 

R8^is optionally substituted C1-C6 aikyl. 

2. A compound of Formula (li) 

0 

» B ; 

-RJ 2 

H c ; 

in) 
or a tautomer thereof, or pharmaceutical acceptable salt of each of thereof, 

wherein 

RJ is Ci-Ce aikyl, C3-C8 cycloalkyl, Ci-C6 alkoxy, C3-C8 cycloalkoxy, or ~NR1R2; 

each R1 and R2 independently is hydrogen, Ci-Ce alky!, C3-C8 cycloalkyl, C6-C1G aryl, 4-

10 membered heterocycie or 5-10 membered heteroaryl, each containing up 

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

consisting of O, N, St and oxidized forms of N and S, wherein each alkyi, 

cycloalkyl. heterocycie, aryl or heteroaryi is optionally substituted, or R1 and 

R2 together with the nitrogen atom they are attached to form an optionally 

substituted 4-7 membered heterocycie; 

L1 is s bond or Is NR70, 0, S, or (CR/3R/2}d; wherein each R70, R71, and R" 

independently are hydrogen or CrCs aikyl; 

d Is 1, 2, or 3; 

83 



ring B Is a optionally substituted C6-Cioaryf, optionally substituted 5-10 membered 

heteroaryi having 1-3 nitrogen atoms or oxidized forms of N, or optionally 

substituted 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

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

oxidized forms of N and S; 

each Y and Z is independently CR10^11, G, S, SO, S02, or NR10; each R10 and R11 

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

OH, or Ci-Cg alkoxy,. or CR10RU is C-O, provided that if one of Y and Z is O, S, 

SO, SO?. then the other is not CO, and Y and Z are both not heteroatoms or 

oxidized forms thereof; 

wherein Y is a or [5 substituted relative to the —LCOR3; 

ring C is a optionally substituted C6-Cmaryi or optionally substituted 5-10 membered 

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

wherein Z and -CVaVzH are joined to adjacent atoms on ring C; 

V1 and V2 independently are Ci-Cg alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula; 

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

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

1 or 2; each \{b is independently QrCg aikyl or CG2R60, where each Rso 

independently is Ci-Ce aikyl or hydrogen; t is 0, 1, 2, or 4; or CVV2 is D=V, 

wherein V is O, NOR80, or NNR81R8Z; 

Ra0 is optionally substituted CrC6 aikyl; 

R8i and Ra?' independently are selected from the group consisting of hydrogen; 

optionaily substituted Ci-Q alkyi, COR83 and €0?RS4: 

R°3 is hydrogen or optionally substituted CrC6 alkyi; and 

R84 is optionally substituted CVQ, aikyl; 

R4 is OH, halo, Ci-C6 alkoxy, cycloalkoxy or Q-R. where R is a prodrug moiety, 

wherein the C.rC5 alkoxy is optionally substituted with 1-5 halo. 
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3. The compound of claim 2, wherein V1 and V'? independently are-Ci-Q alkoxy; or V1 

and V4 together with the carbon atom they are attached to form a ring of formula: 

< 
,(V£}t 

q 

v'J. 
V'-

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

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

independently Ci-Ce alM or CQjR'10, where each R60 independently is Cs-Q alkyi or 

hydrogen;-1 is 0,1, 2, or 4; or CVlV~ is C=V, wherein V is O, 

4, A compound-of claim 2 of Formula (IN): 

\ B : 

1 C A. 

.CHO 

SD4 

(HO 

wherein Y-Z is -~CH2Q~ or -CH2CH2- and the remaining substituents are defined as In 

daim 2. 

5. The compound of claim 4, wherein and R4 and -CHO are joined to adjacent atoms on 

ring C. 

6. The compound of any one of claims 3-5, of Formula IIIA; 
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' B : 

Y-
Z 

•CHO 

(R6>i 

OR5 ; 

IMA 

wherein ring B is a optionally substituted CVCioaryl, optionally substituted 5-10 

membered heteroaryl having 1-3 nitrogen atoms or oxidized forms of N; 

R5 is hydrogen, CrQs alkyi or a prodrug moiety R; 

R5 is halo, CyO; alky!, Ci-Cg alkoxy, wherein the CrQ aikyl is optionally substituted 

with 1-5 halo; and 

p is 0, 1, 2 or 3. 

The compound of any one of claims 3-5, wherein the compound is of Formula !H8, 

litC, or HID: 

: B B 

z z 

•CHO CHO 

SUB 1IIC 
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R3 Yv^ 

are optionally substituted 4-10 membered heterocycie as defined in claim 1; 

R5 is hydrogen, CrC& aikyl or a prodrug moiety; 

R6 is halo. CI-CG aikyl, CrC6 alkoxy, wherein the C^Cg aikyl Is optionally substituted 

with 1-5 halo; 

p is 0,1, 2 or 3. 

8, The compound of any one of claims 3-7, wherein ring B is substituted with 1-3: halo, 

CrC6 alkyi, CORi5; or COOR15; and 

R15 is CrC6 aikyl, CG~CI0aryl> 5-10 membered heteroaryl 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 forms of N and S, 

wherein the aikyl, aryl. heteroaryl or heterocyciyl is optionaily substituted. 

9. The compound of claim -3, wherein the compound is selected from the group 

consisting of 
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1 
0^ 

f V R2R,N vo 
<rV 
i' 
^ ) 

r i 
1 r=0;1,2 

R^N 

O; 

o 
A>^GHO 

OH 

r\ GY^f<l'' rs°'1>2 
R2RIN \ 

S-L ,CHO f "Vs-' 

I! J 

OH 

0; *T 
,RaRtN 

j' ̂
0,1,5 o 

R.RlN 

CHO 

OH 

' ̂ 0,1,2 s A,x:\\o l x 
OH 

l *7 

^0 *1,2 s (V° 
"OH 

f \ 
° ' r~0,1 't 

o O „-Q 

OH 

R2R,N k 

a .-CHO 

OH 

R2R.,N 

c '? 
0-y*NY'''' 
R»b I 

A^-CHO 

OH a CHO 

TV 
R2R|N L 

^•9 
X . CHO 

o. 

rr 
*V X^'-K 

r-\ 
>V 

R*?0 L x CHO 

OH 
OH 

I.,A. 
OH ; 

f ? 
Sy^Y 

RirO 1 
CHO 

OH 

or an N oxide thereof, wherein 

is a single or a double bond; 

each P and Q is independently selected from CHR17, NCOR15, NC02R15; N-O, O, S, SO., 

and SO?.; 

each R1 and FT independently .is hydrogen, CrCs alkyf, a C6-Ci0aryL 5-10 membered 

heteroaryl or a 4-10 membered heterocycie containing up to 5 ring 

heteroatoms, wherein the heteroatom is seiected from the group consisting 

of 0, N, S, and oxidized forms of N and S, wherein the alkyi, aryi,.heteroaryl or 

heterocyciyl is optionally substituted; 

R15 is Ci-Cf, alkyi, C5-Ci0aryl, 5-10 membered heteroaryl or 3 4-10 membered 

heterocycie containing up to 5 ring heteroatoms, wherein the heteroatom is 
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selected from the group consisting of Q. N, S, and oxidized forms of N and S, 

wherein the aikyl, ary!; heteroaryl or heterocyciyl is optionally substituted; 

Ri; is Ci-Cs alkyi, C$-Ci0a'ryl, 5-10 membered heteroaryl or a 4-10 membered 

heterocycie 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, 

wherein the aikyl, aryl, heteroaryl or heterocyciyl is optionally substituted; 

and r is 0, 1, or 2, 

10. The compound of claim 1 of Formula (IV) 

(ivy 

or a tautomer thereof, or a pharmaceutical^ acceptable salt of each thereof, 

wherein 

R3 is Cfi-Cioaryl, 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 optionaliy substituted with 1-4 Ci-Cs alkyi; 

Ll is a bond or is NR70, O, S, or (CR71R7i}d; wherein each R/0, R'1, and R72 

independently are hydrogen or CrC5 alkyi; 

d is 1, 2, or 3; 

L2 is C-0 or 50?; 

ring B is a optionally substituted 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 forms of N and S; 

each Y and Z is independently CR^R11, Q, S, SO, SO? or MR10; each Ri0 and R11 

independently is hydrogen or C1-C3 alkyi optionally substituted with 1-3 halo, 
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OH, or Ci-Cg alkoxy, or CR10Rn is C=0, provided that if one of Y and Z is O, S, 

SO, SO2, then the other is not CO. and Y and Z are both not heteroatoms or 

oxidized forms thereof; 

wherein Y is a or p substituted relative to the -LVR1; 

ring C is C6-Ci0aryl or a 5-10 membered heteroaryl containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting 

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

substituted with 1-4; halo, oxo; -OR~s, CrC6 alkyi, and/or Ci-C6 alkoxy.. 

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

and/or a 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

wherein the heteroatom is selected from the group consisting of 0, N, S, and 

oxidized forms of N and S; 

Rly is hydrogen or a prodrug moiety R; and 

wherein Z and ~C\^yzH are attached to adjacent atoms on ring C; 

V1 and V2 independently are CrC& alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

wherein each V3 and V4 are independently O, 5, or NH, provided that when one of V3 

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

1 or 2; each V5 is independently Ci-C6 aikyl or CG2Ru0, where each R60 

independently is CrCg aikyl or hydrogen; t is 0,1, 2, or 4; or O/V is C=V, 

wherein V is 0,. NOR30, or NNRS1R82; 

Rs0 is optionaily substituted CrCs alkyi; 

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

optionally substituted CrC6 aikyl. COR83 and COaR84; 

RSo is hydrogen or optionally substituted CrQ, aikyl: and 

R°* is optionally substituted Ci-C6 aikyl. 
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11. A compound of claim 10 of Formula (V): 

/ 
L2 

I 
R3 

L1-

.CHO 
C 

(V) 

or a tautamer thereof, or a pharmaceutical acceptable salt of each thereof,, 

wherein 

R3 is C6-Cioaryt, or a 5-10 membered heteroaryi, 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 Q-Q alkyi; 

LJ is a bond or is NR70, 0, S, or (CRnR")d; wherein each R70, R71, and R72 

independently are hydrogen or Ci-Q, aikyl; 

d is 1, 2, or 3; 

L2 is OO or S02; 

ring B is a optionally substituted 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 forms of H and 5; 

2 is O, S, SO or S02; 

ring C is Cg-Cioary! or a 5-10 membered heteroaryi 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, -ORly, Gt-Q a J ky and/or Ci-Q alkoxy, 

wherein the CVCG alkyi is optionally substituted with 1-5 halo, Ci-Ce alkoxy 

and/or a 4-10 membered heterocycie containing up to 5 ring heteroatoms, 

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

oxidized forms of N and S; and 
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Rx9is hydrogen or a prodrug moiety R. 

12. A compound of claim 10 of Formula (VI): 

(VI) 

or a tautomer thereof,, or a pharmaceutieaiiy acceptable salt of each thereof, 

wherein 

R3 is Cg-Go aryl, or a 5-10 membered heteroaryi, wherein the heteroatom is selected 

from the group consisting of Q, N,.S, and oxidized forms of N and S, wherein 

each of the aryl, or heteroaryi is optionally substituted with 1-4 .CrCs alky?; 

tA is a bond or is NR70. 0# S, or •{CR/1R'2)d; wherein each R70, R71, and R/x 

independently are hydrogen or Ci-C6 aikyl; 

d is 1, 2, or 3; 

l/' is C~Q or S02; 

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

heteroatoms, wherein the heteroatom is selected from the group consisting 

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

R4 is -OR19 or CrC6 alkoxy; and 

R19 is hydrogen or a prodrug moiety R. 
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i 

13. The compound of any one of claims 10-12.. wherein R3 is selected from the group 

consisting of: 

J 
sxnsv 

I 

II 

JVW 
i 

N—( 
or \ 

14, The compound of any one of claims 10-13, wherein r ing B Is selected from the group 

consisting of 

JVW 
I or 

14, The compound of any one of claims 10-14, wherein 1/ is a bond and L2 Is 0=0 or S02. 

15. The compound of claim 1 of formula: 

0 o 
H M, 

" ? 
.CHO 

"OH 

-CHO 

Go VV 
L 

II T 
-CHO 

OH ; 

CHO 

A \ 
,-L .CHO u. 

r"i 
OyN. 

X 

O 
!) 

O 0 
IT 
N-^ 

HO 

,1 
SCI 

oS 
iTT 'CHO 

OH 

L/ s? 
y'^^CriO 

OH 

O. •y-N, 

CV c 
°V'\> 
^ L 

H 

OH 

^W^CHO iX 
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or an N oxide thereof, or a pharmaceutical!/ acceptable salt of each thereof. 

17. A composition comprising a compound of any one of claims 3-9 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 subject m 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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