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COMPOUNDS AND USES THEREOF FOR THE MODULATION OF 

HEMOGLOBIN 

FIELD OF THE INVENTION 

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

allosteric modulators of 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 ceil 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 sickled 

cells are also more rigid than normal red blood ceils, and their lack of flexibility can lead to 

blockage of blood vessels. U.S. 7,160,910 discloses compounds that are allosteric 

modulators of hemoglobin. However, a need exists for additional therapeutics that can treat 

disorders that arc mediated by Hb or by abnormal Hb such as HbS. 

SUMMARY OF THE INVENTION 

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

suitable as allosteric modulators of hemoglobin. In some aspects, this invention relates to 

methods for treating disorders mediated by hemoglobin and disorders thai would benefit from 

tissue and/or cellular oxygenation. 
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In certain aspects of the invention, a compound of formula (I) is provided: 

; B 

A ; i 
Y-

^CV1VZH 

or a tautomer thereof, or a pharmaceutical I y acceptable sait of each thereof, wherein 

L10 is optionally substituted methylene or, preferably, a bond; 

is a single or a double bond; 

each X and Y is independently (CR20R'')e, 0> S, SO, SO2, or NRz0; e is 1 to 4, 

preferably 1; each R20 and R"' independently is hydrogen or C1-C3 alkyl 

optionally substituted with 1-3 halo, OH, or CpCf, alkoxy, or CRz0R/! is OO, 

provided that if one of X and Y is O, 8, SO, SO?, then the other is not CO, and 

X and Y are both not heteroatoms or oxidized forms thereof; 

V! and V2 independently are Ci-Cg alkoxy: or V! and V2 together with the carbon 

atom they are attached to form a ring of formula: 

wherein each VJ and V4 are independently O, S, or NH, provided that when one ofV" 

and V4 is S, the other is NH, and provided that VJ and V are both not NH; q is 
1 /-vr 1 • onnU \'f-> 151 - olVx/l : r->ri 1 \r c t >l>cf if t s*7itr< 1 I OX ^..5 VUV1X V JCl XJ IVAVAii-Ji J x—j "" s—.-f-, t upuvtiuiij '«i"l i 

OH groups, or V" is COaR"0, where each R60 independently is Ci-Cs alkyl or 

hvdroeen: t is 0, 1, 2, or 4; or CV'V"4 is C~V, wherein V is O. NOR80, or v s,^ - 7 7 " > • ' ' 

81R82 
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R8G is optionally substituted Cj-Ce alkyl; 

R81 and R8Z independently are selected from the group consisting of hydrogen, 

optionally substituted Cj-Ce alkyl, CORSj. or CG2R*4; 

R" is hydrogen or optionally substituted Ci-Cg alkyl; and 

R84 is optionally substituted Ci-Q alkyl; 

provided that the compounds provided herein exclude those disclosed in U.S. patent 

application nos. 13/730,730 and 13/730,674; and 

provided that the compounds provided herein exclude those in Table 1 hereinbelow; 

and A, B, and C are defined as follows, 

{0006] In one instance, 

ring A is Cg-Cioaryl, 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 heteroaryi is optionally substituted, preferably 

with 1-4 Cj-Cfi alkyl and/or Cj-Q alkoxy groups; 

ring B is: 

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forms of N and S, wherein each of the heteroaryi and the heterocycle 

is optionally substituted, preferably with 1-4 Ci-Ce alkyl groups; 

ring C is Cs-Ctoary! 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 S, each of which is optionally 

substituted, preferably with 1-4: halo, oxo, -OR1, Ci-CV, alkyl, -COOR1, and 

NR3R6, 

R! is a hydrogen, Ci-Cg alkyl or a prodrug moiety; wherein the alkyl is optionally 

substituted with a 5-10 membered heteroaryi containing up to 5 ring 
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heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms of N and S, which is optionally substituted with 

with 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 S, wherein the heteroaryi is optionally substituted with Ci-Cg 

alkyl; 

R3 and R6 are each independently hydrogen, optionally substituted Ct-Cs alky! or 

-COOR3; 

R* is hydrogen or optionally substituted Cj-Ce alkyl; 

with the proviso that when ring C is CVCio aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Cg-Cio aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi: 

then ring A is not optionally substituted 4-10 membered heterocycle. 

[0007] In another instance: 

ring A is Cg-Cjoaryl, a C3-Cs cycloalkyl, a 5-10 membered heteroaryi or a 4-10 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

heteroatom is selected from the group consisting of O, N, 8, and oxidized 

forms of N and S, wherein each of the aryl, heteroaryi, cycloalkyl, or 

heterocycle is optionally substituted, preferably with 1-4: halo, C|-C6 alkyl, 

C.-Q, alkoxy, and/or C3-C(o cycloalkyl, wherein the Cj-C6 alkyl is optionally 

substituted with 1-5 halo, Ct-Q alkoxy, and/or C3-C10 cycloalkyl; 

ring B is a 5-10 membered heteroaryi or a 4-10 membered heterocycle containing up 

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

consisting of O, N, S, and oxidized forms of N and S, wherein each of the 

heteroaryi and the heterocycle is optionally substituted, preferably with 1-4: 

halo, Cj-Cg alkyl and/or -CO-Cj-Cg alkyl, 

''' is a single or a double bond; 
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ring C is Cs-Cmaryl 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 S, each of which is optionally 

substituted, preferably with 1-4: halo, oxo, -OR!, Cj-C/, alkyl, -COQR1, and/or 

Ci-C6 alkoxy, wherein the Ci-Cg alkyl is optionally substituted with 1-5 halo, 

Cj-Cs alkoxy and/or a 4-10 membered heterocycle containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

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

R1 is hydrogen or a prodrug moiety; 

provided that when ring C is Cg-Cio aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Cg-Cio aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle. 

[0008J In certain aspects of the invention, a compound of formula (X-I) is provided: 

B 

(X-I) 

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

each of the preceding, wherein 

ring A is phenyl optionally substituted with 1-3 halo and/or Cj-Ce alkoxy, or is a 4-10 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

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

forms of N and S, optionally substituted, or is 
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R7N ^ 

and ; 

wherein R' is Ci-Q alkyl, optionally substituted with 3-5 fluoro groups, or is 

C3-C6 cycloalkyl; 

ring B is selected from the group consisting of 

R8 

'*-0 ••• - " ''f X" 

v. s* 
N 

..' "i. 2 v"' 

vA^X/ 
i 

T 
> 

./ 

2"Vf .and 
i 

j\,y J \ 

wherein R is Ci-Cg alkyl, -CO-Cj-Cg alkyl or a prodrug moiety and wherein 

the pyridyl ring is optionally substituted with a halo or an NRiS(CH2)2N(R25)2 

group where each R25 is independently hydrogen or C-.-Cg alkyl; 

X is O, S, SO, or S02; 

is a single or a doable bond; 

ring C is phenyl or a 6 membered nitrogen-containing heteroaryi, each of which is 

optionally substituted with 1-4: halo, oxo, -OR', C\-Cc alkyl, -COOR' and/or 

Ci-C6 alkoxy, wherein the Cj-Cg alkyl is optionally substituted with 1-5 halo, 

Cj-Q alkoxy and/or 4-10 membered heterocycle containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

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

each R® is hydrogen or a prodrug moiety R; 

V® and V2 independently are C1-C6 alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

v4 

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

and V is S, the other is NH, and provided that V and V* are both not NH; q is 
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1 or 2; each V5 is independently Cj-Cg alkyl or CO2R60, where each Ro0 

independently is Ci-Ce alkyl or hydrogen; t is 1, 2, or 4; or CV!V2 is C=V, 

wherein V is O, NOR80, or NNRSiR82; 

wherein R80 is optionally substituted Cj-Ce alkyl; 
01 ^ 

R' and R" independently are selected from the group consisting of hydroge; 

optionally substituted CrCg alkyl, COR83, or COjR84; 

R is hydrogen or optionally substituted Cj-Ce alkvl; 

R84 is optionally substituted < \ alkyl; 

provided that when ring C is CVCi 0 aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyi; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

provided that when ring C is C6~Cio arvl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle; 

provided that the compounds provided herein exclude those disclosed in U.S. patent 

application nos. 13/730,730 and 13/730,674; and 

provided that the compounds provided herein exclude those in Table 1 hereinbclow. 

[0009] Preferably, V! and V2 together with the carbon atom they are attached to form a ring 

of formula: 

'7 ' ? [0010] In some embodiments, V' and V" independently are Ci-Cg alkoxy; or V* and V 

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

CO2RS0 

,{V5}< 
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wherein each V3 and V4 are independently O, S, or NH, provided that when one or V 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 Ci-Cg alkyl or CO2R60, where each R60 independently is Ci-Cg alkyl or 

hydrogen; t is 0, 1, 2, or 4; or CV'V4 is C=V, wherein V is O, and wherein the remaining 

variables are defined herein. 

[0011] in certain embodiments, a compound of formula (il) is provided: 

(II) 

wherein the remaining variables are defined herein. 

[0012] In certain embodiments, a compound selected from formulas (1IA), (11B) and (DC) 

is provided: 

IIA IlB IIC 

wherein 

R9 is hydrogen, -OR1, Ci-Cg alkoxy optionally substituted with 1-3 Ci-Cg alkoxy or 4-

10 membered heterocycle containing up to 5 ring heteroatoms selected from 

N, O, S or oxidized forms thereof; 
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Rt0 is hydrogen, hydroxy, halo or Ci-Cg alkoxy; 

Ru is hydrogen or Cs-Cg alkyl; and 

R12 is -OR1; 

wherein R1 is hydrogen or the prodrug moiety R. 

[0013] In certain aspects of the invention, a compound of formula (I) is provided: 

or a tautomer thereof, or a pharmaceutical!)- acceptable salt of each thereof, wherein 

L'° is optionally substituted methylene or, preferably, a bond; 

ring A is Ce-Cio aryl, or a 5-10 membered heteroaryi, wherein the heteroatom is 

selected from the group consisting of O, N, 8. and oxidized forms of N and S, 

wherein each of the aryl, or heteroaryi is optionally substituted with 1-4 CrCe 

alkyl and/or Ci-C^ alkoxy groups; 

ring B is: 

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forms of N and S, wherein each of the heteroaryi and the heterocycle 

is optionally substituted with 1-4 Cj-CV, alkyl groups; 

each X and Y is independently (CR20R2l)e, O, S, SO, SO,, or NR20; e is 1 to 4, 

preferably 1; each R20 and Rzl independently is hydrogen or C1-C3 alkyl 

optionally substituted with 1-3 halo, OH, or Cj-Cr, alkoxy, or CR20R21 is C:=:0, 

provided that if one of X and Y is O, S, SO, SO?., then the other is not CO, and 

X and Y are both not heteroatoms or oxidized forms thereof; 

ring C is CVCso arvl 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 S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR', Q-Cg alkyl, -COOR5, NR5R6, 
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R is a hydrogen, Ci-Cg alkyl or a prodrug moiety; wherein the aikyl is optionally 

substituted with 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 S, which is optionally substituted with 

with 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 S, wherein the heteroaryi is optionally substituted with Ci-Cg 

aikyl; 

R/ and R" are each independently hydrogen, optionally substituted CVC/, alkyl or 

•COOR3 ; 

R3 is hydrogen or optionally substituted Ci-Cg alkyl; 

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: 

( 1 h V 
r 

s5 
/ 

wherein each V3 and V4 are independently Q, S, or NH, provided that when one of V1 

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

1 or 2: each V3 is independently Ci-C-e alkyl optionally substituted with 1-3 

OH groups, or V5 is COjR60, where each R60 independently is C-.-Cg alkyl or 

hydrogen; t is 0, 1, 2, or 4; or CV1 V2 is C~V, wherein V is O, NOR80, or 

NNR8IR82; 

Rxu is optionally substituted Q-Cg alkyl; 

R8' and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted Ci-Cs alkyl, COR83, or CQ2.Rg4: 

RSj is hydrogen or optionally substituted CpCft alkyl; and 

R84 is optionally substituted Cj-Cf, alkyl; 

with the proviso that when ring C is CVCio aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 
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and provided that when ring C is C<$-Cio aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle. 

[0014] In further aspects of the invention, a composition is provided comprising any of the 

compounds described herein, and at least a pharmaceutical^ acceptable excipient. 

[0015] In still farther 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. 

[0016J 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 

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

compositions described herein. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

[0017] It must be noted that as used herein and in the appended claims, the singular forms 

"a", "an"', and "the'' include plural referents unless the context clearly dictates otherwise. 

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

[00181 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 charaeteristie(s) of the claimed invention. "Consisting of' shall mean excluding more 

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

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

[0019] t jnless otherwise indicated, ail numbers expressing quantities of ingredients, 

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

being modified in ail instances by the term ''about." Accordingly, unless indicated to the 

contrary, the numerical parameters set forth in the following specification and attached 
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claims are approximations. Each numerical parameter should at least he construed in light of 

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

[0020] As used herein, Cm-Cn, such as CrCi2, CrQ, or Ci~C6 when used before a group 

refers to that group containing m to n carbon atoms. 

[0021] The term "alkoxy" refers to -O-alkyl, 

[0022] The term "alkyl" refers to monovalent saturated aliphatic hydrocarbyl groups having 

from 1 to 12 carbon atoms (i.e., Cj-C^ alkyl) or 1 to 8 carbon atoms (i.e., Ci-Q alkyl), or 1 

to 4 carbon atoms. This term includes, by way of example, linear and branched hydrocarbyl 

groups such as methyl (CH3-), ethyl (CH3CH2-), «-propyl (CH3CH2CH2-), isopropyl 

((CH.O2CH-X «-butyl (CH3CH3CH2CH2-), isobutyl ((CH3)2CHCH2-), sec-butyl 

((CH3)(CH3Cn2)CH-), /-butyl ((CH^C-), n-pentyl (CH3CH2CH2CH2CH2-), and neopentyl 

((CH3)3CCH2-). 

[0023] The term "aryl" refers to a monovalent, aromatic mono- or bi cyclic ring having 6-10 

ring carbon atoms. Examples of aryl include phenyl and naphlhyl. 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: 

[0024] The term "-C02H ester" refers to an ester formed between the -CCbH group and an 

is alkyl or aryl group optionally substituted with an amino group. 

[0025] 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 enantiomericaily enriched, 

and more preferably a single enantiomer. Non limiting examples of chiral moieties include 

chiral earboxylic acids, chiral amines, chiral amino acids, such as the naturally occurring 

amino acids, chiral alcohols including chiral steroids, and the likes, 

[00261 The term "cycloalkyl" refers to a monovalent, preferably saturated, hydrocarbyl 

mono-, bi-, 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, Nonlimiting examples of cycloalkyl include cyclopropyi, 

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamentyl, 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: 

[0027] The term "halo" refers to F, CI, Br, and/or I. 

[0028] The term "'heteroaryi" refers to a monovalent, aromatic mono-, bi-, or tricyclic ring 

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

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

Nonlimiting examples of heteroaryi include furan, imidazole, oxadiazole, oxazole, pyridine, 

quinoline, and the like. The condensed rings may or may not be a heteroatom containing 

aromatic ring provided that, the point of attachment is a heteroaryi atom. For example, and 

without limitation, the following is a heteroaryi group: 

[0029] The terra "heterocyclyl" or heterocycle refers to a non-aromatic, mono-, bi-, 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 heterocyclyl preferably refers to saturated ring systems, it also includes 

ring systems containing 1-3 double bonds, provided that the ring is non-aromatic. 

Nonlimiting examples of heterocyclyl include, azalactones, oxazoline, piperidinyl, 

piperazinyi, pyrrolidinyl, tetrahydrofuranyl, and tetrahydropyranyl. The condensed rings 

may or may not contain a non-aromatic heteroatom containing ring provided that the point of 

attachment is a heterocyclyl group. For example, and without limitation, the following is a 

heterocyclyl group: 
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H 

[0030] The term "hydrolyzing" refers to breaking an Rh-0-C0, RH-0-CS-, or an RH-0-

SO2- moiety to an RH-OH, preferably by adding water across the broken bond. A 

hycirolyzing is performed using various methods well known to the skilled artisan, non 

limiting examples of which include acidic and baste hydrolysis. 

[0031] The term "oxo" refers to a C=0 group, and to a substitution of 2 geminal hydrogen 

atoms with a C-0 group. 

[0032] The term "optionally substituted,"unless defined otherwise, 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 suhstituents. Preferably, the substituents are selected from the group 

consisting of oxo, halo, -CN, N02, -N2+, -CO2Ri00, -OR500, -SRi0°, -SOR100, -SO2R!0°, •• 

NRI0IR'02, -CONRi0iRf02, -SO2NRf0!R102, CrC6 alkyl, Ci-C6 alkoxy, -CR!G°C(KI00)2, -

CCRU,°, C3-C10 cycloalkyl, C3-C10 heterocyclyl, Q-C^aryl and C2-C12 heteroaryi, wherein 

each Ri0° independently is hydrogen or Ci-Cg alkyl; C3-C12 cycloalkyl; C3-C10 heterocyclyl; 

C6-C12 aryl; or Cj-C: 2 heteroaryi; wherein each alkyl, cycloalkyl, heterocyclyl, aryl, or 

heteroaryi is optionally substituted with 1-3 halo, 1-3 Ch-Cg alkyl, 1-3 C\-C(, haloalkyl or 1-3 

Ci-Ce alkoxy groups. Preferably, the substituents are selected from the group consisting of 

chloro, fluoro, -OCH3, methyl, ethyl, /so-propyl, cyclopropyl, vinyl, ethynyl, -CO2H, -

CO2CH3, -OCF3, -CF3 and -OCHF2. 

[0033] Rl0! and RlU2 independently is hydrogen; Cj-Cg alkyl, optionally substituted with -

C02H or an ester thereof, Cj-Cg alkoxy, oxo, -CR10',=C(RiG',}2, -CCR, C3-C10 cycloalkyl, Cj-

Cio heterocyclyl, €VC-,2 aryl, or C2-Ci2 heteroaryi, wherein each Rk,J independently is 

hydrogen or CpGg alkyl; C3-C12 cycloalkyl; C3-C[o heterocyclyl; Cg-Cnaryl; or C2-C|2 

heteroaryi; wherein each cycloalkyl, heterocyclyl, aryl, or heteroaryi is optionally substituted 

with 1-3 alkyl groups or 1-3 halo groups, or Ri0i and RUl' together with the nitrogen atom 

they are attached to form a 5-7 membered heterocycle. 

10034] The term "pharmaceutical!y acceptable" refers to safe and non-toxic for in vivo, 

preferably, human administration, 

{0035] The term "pharmaceutical!}' acceptable salt" refers to a salt that is pharmaceutieally 

acccptable. 
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[0036] The term "salt" refers to an ionic compound formed between an acid and a base. 

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 pharmaceutically acceptable salts 

include Na, K, Rb, Cs, Nik, Ca, Ba, imidazolium, 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 caroboxylic acids and sulfonic 

acids, and mineral acids, such as hydrogen halides, sulfuric acid, phosphoric acid, and the 

likes. Exemplary and non-limiting anions useful in pharmaceutical ly acceptable salts incl ude 

oxalate, maleate, acetate, propionate, succinate, tartrate, chloride, sulfate, bisalfate, mono-, 

di-, and tribasic phosphate, mesylate, tosylate, and the likes, 

[0037] 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 physiological symptoms of a disease, even though a diagnosis of 

this disease has not been made. 

[0038] The terms "preventing" or "prevention" refer to a reduction in risk of acquiring a 

disease or disorder (i.e., causing at ieast one of the clinical symptoms of the disease not to 

develop in a subject that may be exposed to or predisposed to the disease but does not yet 

experience or display symptoms of the disease). The terms further include causing the clinical 
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symptoms not to develop, for example in a subject at risk of suffering from such a disease or 

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

[0039] 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, 

10040] The term "carrier' as used herein, refers to relatively nontoxic chemical compounds 

or agents that facilitate the incorporation of a compound into cells, e.g., red blood cells, or 

tissues. 

[0041] As used herein, a "prodrug" is a compound that, after administration, is metabolized 

or otherwise converted to an active or more active form with respect to at least one property. 

To produce a prodrug, a pharmaceutical!y 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 388-392. Prodrugs can 

also be prepared using compounds that are not drugs. 
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Compounds 

[0042] In certain aspects of the invention, a compound of formula (I) is provided: 

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

ring A is CS-CJO aryl, a Ca-Cg cycloalkyl, a 5-10 membered heteroaryi or a 4-10 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

heteroatom is selected from the group consisting of O, N, 8, and oxidized 

forms of N and S, wherein each of the aryl, heteroaryi, cycloalkyl, or 

heterocycle is optionally substituted with 1-4: halo, Ci-Cg alkyl, Ci-Cg alkoxy, 

and/or C3-C10 cycloalkyl, wherein the Cj-Ce alkyl is optionally substituted 

with 1-5 halo, Ci-Cg alkoxy, and/or C3-C10 cycloalkyl; or 

ring A is Q-C10 aryl, 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 heteroaryi is optionally substituted with 1-4 C j-Cg 

alkyl and/or Cj-Cg aikoxy groups; 

ring B is a 5-10 membered heteroaryi or a 4-10 membered heterocycle containing 

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

consisting of O, N, S, and oxidized forms ofN and S, wherein each of the 

heteroaryi and the heterocycle is optionally substituted with 1-4: halo, Cj-Co 

alkyl and/or-CO-Ci-Cfi alkyl, or 

B 

X 

L10 is optionally substituted methylene or, preferably, a bond; 

ring B i 
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f Y v/yw or >/vw> 

wherein ring B' including the -N-CO- raoiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forms ofN and S, wherein each of the heteroaryi and the heterocycle 

is optionally substituted with 1-4 Cj-Ce alkyl groups; 

''' is a single or a double bond: 

each X and Y is independently (CR'°R2,)e, O, S, SO, SO2, or NR20: e is I to 4, 

preferably 1; each Rid and Rzi independently is hydrogen or C1-C3 alkyl 

optionally substituted with 1-3 halo, OH, or Cj-Ce alkoxy, or CR/0R21 is C:::0, 

provided thai if one of X and Y is O, S, SO, SOo, then the other is not CO, and 

X and Y are both not heteroatoms or oxidized forms thereof; 

ring C is Cg-Cjoaryl 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 ofN and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR', CpCf, alkyl, -COOR', and/or C1-C6 

alkoxy. wherein the Ci-Cs aikyl is optionally substituted with 1-5 halo, CpC,, 

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

heteroatoms, wherein the heteroatom. is selected from the group consisting of 

Q, N, S, and oxidized forms of N and S; or 

ring C is Ce-Cio aryl 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 ofN and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR1, Ci-Cg alkyl, -COOR1, NR5R°, 

R1 is a hydrogen, Ci-Cg alkyl or a prodrug moiety; wherein the alkyl is optionally 

substituted with 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 ofN and 8, which is optionally substituted with 

with a 5-10 membered heteroaryi containing up to 5 ring heteroatoms, wherein 
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the heteroatom is selected from the group consisting of O, N, S, and oxidized 

forms of N and S, wherein the heteroaryi is optionally substituted with Ci-Ce 

alkyl; 

R"1 and R6 are each independently hydrogen, optionally substituted Ci-Cg alkyl or 

-COOR3; 

R' is hydrogen or optionally substituted CrCe alkyl; 

V1 and V2 independently are C-.-Cf, alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

wherein each VJ and V'4 are independently O, S, or NH, provided thai when one of V ! 

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

1 or 2; each V5 is independently CpCe alkyl optionally substituted with 1-3 

OH groups, or V" is CO2R"', where each R6u independently is Ci-Cg alkyl or 

hydrogen; t is 0, 1, 2, or 4; or CV'V2 is C=V, wherein V is O, NOR8'1, or 

NNR8iR82; 

R80 is optionally substituted C-.-Cg aikyl; 

R81 and R8Z independently are selected from the group consisting of hydrogen, 

optionally substituted Cj-C., alkyl, COR8'', or CO?.Rs4; 

R5j is hydrogen or optionally substituted CpCg alkyl; and 

Rs4 is optionally substituted Cr-Ce alkyl; 

with the proviso that when ring C is Cg-C-io aryl; 

arid ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Cs-Cio aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle, 
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00431 In certain aspects of the invention, a compound of formula (X-l) is provided: 

13 \ 

X 

••'W. ^CVVH 
c • 

t ' 

(X-I) 

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

ting A is Cfi-Cso aryl, a Cj-Cg cycloalkyl, a 5-10 membered heteroaryi or a 4-10 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

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

forms ofN and S, wherein each of the aryl, heteroaryi, cycloalkyl, or 

heterocycle is optionally substituted with 1-4: halo, Ci-Q, alkyl, C|-Cs alkoxy, 

and/or C3-C10 cycloalkyl, wherein the Q-Cb alkyl is optionally substituted 

with 1 -5 halo, Ci-C'e alkoxy, ancl/or C3-C10 cycloalkyl; 

ring B is a 5-10 membered heteroaryi or a 4-10 membered heterocycle containing up 

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

consisting of O, N, S, and oxidized forms of N and S, wherein each of the 

heteroaryi and the heterocycle is optionally substituted with 5-4: halo, Ci-Cf, 

alkyl and/or -CO-CVCs alkyl, 

' ' is a single or a double bond; 

X is O, S, SO, or SO;,: 

ring C is Cft-Cjoary! 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 ofN and S, each of which is optionally-

substituted with 1-4: halo, oxo, -OR1, C|~C& aikyl, -COOR', and/or Ci-Q 

alkoxy, wherein the CpCf, alkyl is optionally substituted with 1 -5 halo, Cj-Cg 

alkoxy and/or a 4-10 membered heterocycle containing up to 5 ring 
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heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms of N and 8; and 

Rl is hydrogen or a prodrug moiety; 

V1 and V~ independently are Ci-Cf, alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

{ r^X(v5)i 
• rq \ I 1 y 

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

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

I or 2; each V3 is independently C;-C'6 alkyl or C02Ro°, where each R611 

independently is Ci-Q alkyl or hydrogen; t is 0, 1, 2, or 4: or CV'V* is C;::V, 

wherein V is O, NOR80, or NNRgiR82; 

Rso is optionally substituted Ci-Cg alkyl; 

R8' and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted Cj-Cg alkyl, COR8"*, or C02RS4; 

R8J is hydrogen or optionally substituted Ci-Cg alkyl; 

R^4 is optionally substituted CrQ, alkyl: 

provided that when ring C is C&-Cio aryl; 

and ring B is optionally substituted 4-iO membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Cg-Qo aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle. 

[0044] In certain aspects of the invention, a compound of formula (X-I) is provided: 

or a tautomer thereof, or a pharmaceutical! y acccptable salt of each thereof, wherein 

ring A is phenyl optionally substituted with 1-3 halo and/or C\-C(, alkoxy, or is a 4-10 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

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

forms ofN and S, ootionallv substituted, or is 
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-NR7 

R'N' 

and 

wherein R' is C1-C5 alkyl, optionally substituted with 3-5 fluoro groups, or is 

C3-C6 cycloalkyl; 

ring B is selected from the group consisting of 
Rs 

N ^ 

SU 2\^-' "Tl 

PS 

N 

, and 
,N~ 

-X- 2 A 

\ 

wherein R8 is Cj-Cg alkyl, -CO-Ci-C6 alkyl or a prodrug moiety; 

X is Q, S, SO, or SO2; 
/ 

is a single or a double bond; 

ring C is phenyl or a 6 membered nitrogen-containing heteroaryi, each of which is 

optionally substituted with 3-4: halo, oxo, -OR', C1-C6 aikyl, -COOR', and/or 

CrC6 alkoxy, wherein the Ci-C6 aikyl is optionally substituted with 1-5 halo, 

C-i-Cs alkoxyand/or 4-10 membered heterocycle containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms ofN and S; and 

each R1 is hydrogen or a prodrug moiety R; 

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

atom they are attached to form a ring of formula: 

,{V5)t 

j" 'V 
V!-_. /' 

•ytrf-
/ 

wherein each V"' and V4 are independently O, S, or NH, provided that when one of VJ 

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

1 or 2; each V is independently Cj-Ce aikyl or CO2R00, where each R60 

independently is Cj-Q, alkyl or hydrogen; t is 0. 1, 2, or 4; or CV'VZ is C=V, 

wherein V is O, NOR'S0, or NNR8IR82; 
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R ' is optionally substituted Ci-C5 alkyl; 

R8i and Rs~ independently are selected from the group consisting of hydrogen, 

optionally substituted Ci-Cg alkyl, COR83, or CO2R8"; 

R83 is hydrogen or optionally substituted C.-Cf, alkyl; 
a 

R ' is optionally substituted Ci-Ce alkyl; 

provided that when ring C is C6-C10 aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is C&-C.0 aryl: 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle. 

Preferably, V1 and V2 together with the carbon atom they are attached to form a ring 

of formula: 

CO2RS0 
/ i 

i\r )t 
rT X 'q \ o 1 / NH y 

„ v 

/ ^}An s 

In some embodiments, V! and V" independently are C1-C6 alkoxy; or V1 and V" 

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

. , OA ( X r > 
v~"VY 

wherein each V° and V are independently O, S, or NH, provided that when one or V" 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 Ci-Cg alkyl or CO2R60, where each R°° independently is CVCg alky! or 

hydrogen; t is 0, 1,2, or 4: or CV'V2 is C=V, wherein V is O, and wherein the remaining 

variables are defined herein. 

In certain embodiments, a compound of formula (III) is provided: 
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i A I 

(III) 

or a tautomer thereof, or a pharmaceutical!}' accep table saii of each thereof, wherein 

ring A is phenyl optionally substituted with 1-3 halo and/or C]-Q alkoxy, or is a 4-10 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

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

forms ofN and S, optionally substituted, or is 

„--NR7 _^~-N 

\\ 
\ RV 

// 

w 

and 

wherein R7 is Ci-Cs alkyl, optionally substituted with 3-5 fluoro groups, or is 

CVCs cycloalkyl; 

ring B is selected from the group consisting of 

R8 

S '--j — N-''* 

,-0-^ 

2 T1 ''1 2 , T 

\ ./ 
N 

X L J 
-v" 

I vw 
, and 

.N-. 
?-V ^ 

\ 
/ 

wherein R8 is CpCg alkyl, -CO-Ci-C<, alky] or a prodrug moiety; 

X is O, S, SO, or S02; 

A- S 

is a single or a double bond; 

ring C is phenyl or a 6 membered nitrogen-containing heteroaryi, each of which is 

optionally substituted with 1-4: halo, oxo, -OR', Cj-Cg alkyl -COOR1, and/or 

C]-C6 alkoxy, wherein the CpCs aikyl is optionally substituted with 1 -5 halo, 
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Cj-Cg alkoxy and/or 4-10 membered heterocycle containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms ofN and S; and 

each R! is hydrogen or a prodrug moiety R; 

V1 and V2 independently are (' ••(',. alkoxy; or V! and V" together with the carbon 

atom they are attached to form a ring of formula: 

•\y(V3), 

1 
-3 

( <x 
>—c5-

-r 

'q 

' ? 

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

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 Ci-Q alkyl or CO2R60, where each R6t 

I ,2 • 1 independently is C1-C& alkyl or hydrogen; t is 0, 5,2, or 4; or CV V is C=V, 

wherein V is O, NOR80, or NNRS,RS2; 

R80 is optionally substituted Ci-Ce alkyl: 

R8i and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted C|-C(, alkyl, COR53, or CO2R84; 

Rs'' is hydrogen or optionally substituted CVC& alkyl; 

R*4 is optionally substituted C'rCg alkyl; 

provided that when ring C is Cg-C-io aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Q-CJO aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-1 0 membered heterocycle. 

18] In certain embodiments, t is 0. In certain embodiments, t is 1. In certain 

embodiments, t is 2. In certain embodiments, t is 3. In one embodiment, --X-Y- is --CH2-O-. 

In another embodiment, -X-Y is -O-CH2-. 
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[0049J In certain embodiments, a compound selected from formulas (HIA), (IIIFS) and 

(IHC) is provided: 

B B /' B 

1IIA nm liic 

wherein 

R9 is hydrogen. -OR', C|-C6 alkoxy optionally substituted with 1-3 CI-C& alkoxy or 4-

10 membered heterocycle containing up to 5 ring heteroatoms selected from 

N. O, S or oxidized forms thereof; 

R,u is hydrogen, halo, hydroxy or Ci-Ce alkoxy; 

R!i is hydrogen or Ci-Cg aikyl; and 

R12 is -OR1; 

wherein R! is hydrogen or the prodrug moiety R. 

[0050] In certain embodiments, ring A is 

phenyl substituted with 1-3 halo or Cj-Ce alkoxy, or 

C3-C8 heterocyclyl containing 1-3 heteroatoms, wherein the heterocycle is optionally 

substituted with i-3 halo. 

[005.1] in certain embodiments, ring A is pyridyl, optionally substituted as defined herein. 

[0052] In certain embodiments, compounds of formulas (II), (III), (HIA), (IIIB) and (IHC) 

are provided, wherein 
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is selected from the group consisting of: 

vA 

CHO 

0 
N \ so* 

Q,„ 

-CHO 

>s\nj\r 

CHO 

A 

7 
6v 

CHO 

o 

vVUV 

XHO 

C! 

j\/\r\r •jxr\/\r 

CHO 

and 

CHO 

[0053] in certain embodiments, compounds of formulas (II), (III), (II1A), (IIIB) and (IIIC) 

are provided, wherein 

vA/UV 

is 
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[0054] In certain embodiments, a compound is provided, wherein the compound selected 

from the group consisting of: 

>1^ 
r 

9 

6. 

ci-v. 
N 

*~V' -o / A r 
HN-./ 

O 
J 

o 

jf ^V-N. /' ' / 

1 o 
1^' V" 

OH : 

HO 
O. w 

"w H c 
V 

\ 
/ 

.N-
A 

r 
,-N-. 

't '° fl 
r ^ L ^ 

OH; 
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a N' 
A. A 

f';" 

// 
/ 

\ / \ 
\\ 

\ \ — N ... / 

\ 
,N^ 

ii W--J 
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i I 

N 
W / f ^ -/ ft -/ 
O" A / / 
/ \ __ 

W 
N / 

pr 
1 ^ v 

'OH: 

O 

O N 
A 

;-0 

N O 

W ; 
N-N. 

N* 
Y' 

F3C 

"o" 

/^r \\ ' 
M-N, 

F3C-

N 
1. ^ 

o o 
Ar U 

u ri i 
V"' o 
/ JL JJ 

N-N 

'CI: 

i •y 

F,C 

O O X ) r lr 
N^Ai 

./ .-CK 

W Jj 
9 ^ 

N' 
il 

\N ? 

H-NX 

/ 
F*C 

O 0 

f T r 
N 

^A 
w 
N"^ 

F-;C 
'? ? 
~Y 

/ 
'SS ' 
W'N \ 

FX" 

"O O 
A J 
" ir 

^V„N 

N 
il 

\\ I 
N'NS O 

A NyJ 
f 
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N'^ 
X ->r-

/ 
-Nv 

F,C 
0 
1 

Os 
0 

\\ I 

N"N-. 9 9 

N-V 
(X 

<fy 
N-N 

CF, 

N' v 

A^ 
0 

ox ; and 

A ^ 
X\ I 

/ 
9 0 

Hfsk 

O 

or an N ox ides thereof, or a pharmaceutical!}' acceptable sait of each thereof. 

[0055] In certain embodiments, a compound is provided, wherein the compound selected 

from the group consisting of: 

A 
% / [ 

A k N'N. 

^Y" ^b 
A. 

OH 

N' 

'1 \ \
 c 

/ 1 
M L 

N" N. V 9 9 / i y rv 
h i 
A--A\ T OH 

^ I 

A'? 
iu A^o 

OH 

'MB isj ' ^ QMs 

O O 
X Jj 

OH: 

<\ ' 
M'N 

N"'% .Y 
XJ 1 x o 

A " OH : 

\N ' 
fsj-N y ? 

V. 

o 

OH: 
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/~-w 
< V I 
N"N- 9 

I"; 

\ OH 

OMe 
I Li J 

N V"" " 

X 1r 
o 

~os-

OMe 

-W-
.O. 

? ? 
OH ; 

R14 

OMe <""Nxi 

O O 

OH; 

R-14 

r 
^ L w-N. N v-" o 

"OH; and 

f 
W 1 I 
N"NV--VO O 

/ ! ii 

v 
OH 

or an N oxides thereof, or a piiarmaceuticaiiy acceptable salt of each thereof. 

100561 In certain aspects of the invention, a compound is provided, wherein the compound 

is selected from the group consisting of: 

/ 

V 

O 0 

V 
^ OH 

\ o 

CrN 
0 o 

.JJ 

OH 

3 r 
N 

O O 
s i 

o. 

fj 

F 
O O 

"V 
OH OH 

.0 / \ 

O 0 

OH. 
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O ' 6"° 

OH 
OH ; and 

or a prodrug thereof, or a pharmaceutic}aly acceptable salt of each thereof. Other compounds 

of this invention are illustrated in the Examples section. 

[0057] In certain aspects of the invention, a compound of formula (I) is provided: 

! A 

B 

•' C 
CV1V2H 

(I) 

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

L'° is optionally substituted methylene or, preferably, a bond; 

ring A is Cs-Cso aryl, or a 5-10 membered heteroaryi, wherein the heteroatom is 

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

wherein each of the aryl, or heteroaryi is optionally substituted with 1-4 C;-C6 

alkyl and/or Ci-Cg alkoxy groups; 
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ring B is: 

Ov -----

| B' ; 
. u ̂  N -

T T" 
vAjA /xr or jxruxr-

i I 

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forms ofN and 8, wherein each of the heteroaryi and the heterocycle 

is optionally substituted with 1-4 Ci-Cg alkyi groups; 

each X and Y is independently (CR20R2i)c. O, S, SO, SO?, or NRzQ; e is 3 to 4, 

preferably 1; each Ri0 and R21 independently is hydrogen or CrC3 alkyl 

optionally substituted with 1-3 halo, OH, or Ct-Cg alkoxy, or CR20Rzi is C=0, 

provided that if one of X and Y is O, S, SO, SO2, then the other is not CO, and 

X and Y are both not heteroatoms or oxidized forms thereof; 

ring C is Q-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 S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR', CI-CG alkyl, -COOR", NR"R°, 

R ' is a hydrogen, CVCg alkyi or a prodrug moiety; wherein the alkyi is optionally 

substituted with 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 ofN and S, which is optionally substituted with 

with 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 ofN and S, wherein the heteroaryi is optionally substituted with C,-C6 

alkyl; 

R5 and R" are each independently hydrogen, optionally substituted CpCs alkyl or 

-COOR3 ; 

R3 is hydrogen or optionally substituted Cj-Cg alkyl; 
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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: 

x fV5), /} 
/v ( ft '\ , 

3 /V 

7^ 
r3 wherein each V3 and V4 are independently O, S, or NH, provided that when one of \ 

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

1 or 2; each V3 is independently Cj-Ce alkyi optionally substituted with 1-3 

OH groups, or V3 is CO2R00, where each R60 independently is CrCfj alkyl or 

hydrogen; t is 0, 1,2, or 4; or CV! V2 is C~V, wherein V is (3, NOR80, or 

NNR^R82; 

R8J is optionally substituted Cj-Ce alkyl; 

R81 and RS/* independently are selected from the group consisting of hydrogen, 

optionally substituted CrC& alkyl, COR83, or CO?R84; 

R83 is hydrogen or optionally substituted Cj-Cg alkyl; and 

R84 is optionally substituted C-i-Cg alkyl; 

with the proviso that when ring C is C(,-C\o aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl: 

then ring A cxciudes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Cg-Cio aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle. 
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In certain aspects of the invention, a compound of formula (IV) is provided: 

i A 

,CV'V2H 

(IV) 

or a tautomer thereof, or a pharmaceutical ly acceptable salt of each thereof, wherein 

ring A. is Cs-Cioaryl, or a 5-10 membered heteroaryi, wherein the heteroatom is 

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

wherein each of the aryl or heteroaryi is optionally substituted with 1-4 Ci-Ct 

alkyl; 

ring B is: 

O. 

z. 
or •jxrjxr 

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forms ofN and S. wherein each of the heteroaryi and the heterocycle 

is optionally substituted with 1-4 Cr-C6 alkyl groups; 

each X and Y is independently CR^R"1, O, S, SO, 80?„ or NR!°; each R"'° and R"' 

independently is hydrogen or C1-C3 alkyl optionally substituted with 1-3 halo, 

OH, or Ci-C-6 alkoxy, or CR'lR is C=0, provided thai if one of X and Y is O, 

S, SO, S02, then the other is not CO, and X and Y are both not heteroatoms or 

oxidized forms thereof; 
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ring C is Cg-Cioaryl or a 5-10 membered heteroaryi containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, 8, and oxidized forms ofN and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR', Cj-Q alkyi, -COOR5, NR5R6, 

R1 is a hydrogen, Ci-Cg alkyl or a prodrug moiety; wherein the alkyi is optionally 

substituted with 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 ofN and S, which is optionally substituted with 

with 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 ofN and S, wherein the heteroaryi is optionally substituted with Ci-C6 

alkyi; 

R5 and R6 are each independently hydrogen, optionally substituted Ci-Cg alkyl or 

-COOR3 ; 

R': is hydrogen or optionally substituted Ci-C-6 alkyl; 

V and V" independently are CpCg alkoxy; or V and V together with the carbon 

atom they are attached to form a ring of formula: 

q 

V3-. /_ 

^ /i _ 

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

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 CrCe alkyl optionally substituted with 1-3 

OH groups, or V5 is CO2R60, where each R6u independently is Ci-Cg alkyi or 

hydrogen; t is 0, 1, 2, or 4; or CV'V* is C:=V. wherein V is O, NOR80, or 

NNR81R82; 

Rs0 is optionally substituted Cj-Cg alkyl; 

R6® and R82 independently are selected from the group consisting of hydrogen, 

optionally substituted CrC6 alkyl, COR83, or C02R84; 

R8J is hydrogen or optionally substituted Ci-C$ alkyl: and 

R84 is optionally substituted CrC6 alkyl. 
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[0O59| In certain embodiments, ring C is substituted with at least one substituent selected 

from with 1-4: halo, -OR1, C,-C6 alkyl, -COOR5, NR5R6. 

[0069] In certain embodiments, X is CI 12, O, S, SO, S02 or NH. In certain embodiments. X 

is O, S, SO or S02. Preferably, X is O, and wherein the remaining variables are defined 

herein. 

[0061] In certain embodiments, Y is CR*°R2', O, 5, SO, S02, or NRi0; wherein each R20 

and R2' independently is hydrogen or Cj~C3 alkyl. In certain embodiments, Y is CR20R"" 

wherein each R"40 and R2' independently is hydrogen or Q-Cj alkyl. Preferably, Y is CH2, 

and wherein the remaining variables are defined herein. 

[0062] In certain embodiments, t is 0, In certain embodiments, t is 1, In certain 

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

[0063] Preferably, CV'V2 is C~V, wherein V is O, and wherein the remaining variables are 

defined herein. 

[0064] In certain embodiments, a compound of formula (V) is provided: 

B ' 

X 

; (~-

(V) 

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

ring A is Cg-Cjoaryl, or a 5-10 membered heteroaryi, wherein the heteroatom is 

selected from the group consisting of O, N, 8, and oxidized forms ofN and S, 

wherein each of the aryl, or heteroaryi is optionally substituted with 1-4 Cj-Cg 

alkyi and/or Ci-Ce alkoxy groups; 

ring B is: 
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N 
0 

B' 

^nj\fx>-• or 

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forms ofN and S, wherein each of the heteroaryi and the heterocycle 

is optionally substituted with 1-4 Ci-Cg alkyl groups; 

X is O, S, SO or SO2; 

ring C is Cg-Cioaryl 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 ofN and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR1, CrC6 alkyl -COOR5, NR'R'\ 

R' is a hydrogen, Ci-Cg alkyl or a prodrug moiety R; wherein the alkyi is optionally 

substituted with 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 ofN and S, which is optionally substituted with 

with 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 ofN and S, wherein the heteroaryi is optionally substituted with Ci-C'6 

alkyl; 

R5 and R6 are each independently hydrogen, optionally substituted Cj-Cg alkyl or 

[0065] In certain embodiments, a compound of formula (VI) or (VII) is provided: 

-COOR3 ; and 

R3 is hydrogen or optionally substituted C.-Q alkyl. 
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6 B 

(VI) (VII) 

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

ring A is C6~Cioary], or a 5-10 membered heteroaryi, wherein the heteroatom is 

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

wherein each of the aryl, or heteroaryi is optionally substituted with 1-4 Ci-Cf-, 

alkyl; 

ring B is tVCsoaryl, Cj-Cg cycloalkyl, a 5-10 membered heteroaryi containing up to 

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

heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms ofN and S, wherein each of the arvl, heteroaryi, 

cycloalkyl or heterocycle is optionally substituted with 1-4: halo, Cj-Cg alkyi, 

or CrC6 alkoxy, wherein the Cr-Ccj alkyl is optionally substituted with 1-5 

halo, CpCb alkoxy, and/or C3-C10 cycloalkyl; 

FT is halo, oxo, -OR18, Cj-Ce alkyl, Cj-Cg alkoxy, -COOR5, and/or NR'Rb; 

R18 is hydrogen, subsitued Ci-C-6 aikyl, or a prodrug moiety R; 

R5 and R6 are each independently hydrogen, optionally substituted Cj-Cg alkyl or 

-COOR3; and 

R3 is hydrogen, provided that the COOR3 is not joined to a nitrogen atom, or is 

optionally substituted Cs-Cg alkyl, 

[0066] In one embodiment, R4 is -OH. In another embodiment, R"* is NH2. In one 

embodiment, R4 is NHfCHj). in one embodiment, R4 is N(CH3)2. hi one embodiment, R4 is 

NHC(0)0C(CH3)3. In one embodiment, R4 is COOH. In one embodiment, R" is optionally 
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substituted dioxolan. In one embodiment, R4 is a substituted pyridine. As used herein, R3 is 

hydrogen, provided that the COOR3 is not joined to a nitrogen atom. 

J In certain embodiments, ring B is selected from the group consisting of: 

o 

owv 
s 

\r 

o 
w \ Y 

i\ In certain embodiments, compounds of formula (V) are provided, wherein 

vA/W 

/-
.CHO 

is 

vA/VlT 

XHO 

^ v \ OH 

[0069] In certain embodiments, a compound of formula (IV) as disclosed above is 

provided, with the proviso that: 

when ring C is Q-Cio aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi. 

[0070] In certain embodiments, a compound is provided, wherein the compound is selected 

from the group consisting of: 
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or N oxides thereof, or a pharmaceutical!}' acceptable salt of each thereof. 

[0071] Compounds provided herein include those in the Examples section. 

Prodrug Moiety 

[0072] 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. 

[0073] In one embodiments, R is -COR90, C02R9\ or CONR92R93 wherein 

R90 and R9' independently are Ci-Cg alkyl, C3-Q cycloalkyl, 4-9 membered heterocycle, or a 

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

R92and R93 independently are Ci-Cg alkyl; Cj-Cg cycloalkyl, 4-9 membered heterocycle, or a 

5-10 membered heteroaryi, each containing at least I basic nitrogen moiety; or R92 and R9~ 

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

with at least 1 amino, CpCg alkyl amino, or di Ci-Cg alkylamino group, 

[0074] In certain embodiments, R is -C(0)RJ!, C(0)0R3!, or CGN(R!3)2, 

each R3' is independently a C1-C5 alkyi; C-3-Cg cycloalkyl, 4-9 membered heterocycle, 

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

each R13 independently is Cj-Ce alkyl; Cj-Cg cycloalkyl, 4-9 membered heterocycle, 

or a 5-10 membered heteroaryi, containing at least 1 basic nitrogen moiety; or both R1"' 
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together with the nitrogen atom they are bonded to for a 4-9 member heterocycle substituted 

with at least i amino, CpCs alkyl amino, or di Ci-Q alkylamino group. 

[0075] In one aspect, R is C(0)C)R3\ C(S)OR31, C(0)SR3i or COR3"', wherein R31 is as 

defined herein. 

[0076] In one embodiment, R'1 is a group of the formula (CR'vR3j)eNR^R35, wherein 

each R3Z and R3J is independently H, a CrCg alkyl, C3-C9 hcterocyclyl, Cj-Cg 

cycloalkyl, Cg-Cjo aryl, C3-C9 heteroaryi or R°2 and R33 together with the carbon atom they 

are bond to form a C3-Q cycloalkyl, Cs-Cio aryl, C3-C9 heterocyclyl or C3-C9 heteroaryi ring 

system, or 2 adjacent R3"' moieties or 2 adjacent R33 moieties together with the carbon atom 

they are bond to form a C3-Q cycloalkyl, Cg-Cio aryl, C3-C9 heterocyclyl or C3-C9 heteroaryi 

ring system; 

each R34 and R35 is a C,-C8 alkyl, C3-C9 heterocyclyl, C3-C8 cycloalkyl or R3'4 and R35 

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

heterocyclyl ring system; 

each heterocyclic and heteroaryi ring system is optionally substituted with C1-C3 

alkyl -OH, amino and carboxyl groups; and 

e is an integer of from 1 to 4. 

[0077] In some less preferred embodiments R14 and R35 can be hydrogen. 

[0078] In one embodiment, the subscript e is preferably 2 and each RJi and R>J -Is 

preferably independently selected from the group, H, CH3, and a member in which R32 and 

Rj3 are joined together to form a eyclopropyl, cyclobutyl, cyclopentyl, cyclohcxyl, or 

1,1 -dioxo-hexahydro-1 A6-thiopyran-4-yl or tetrahydropyran-4-yl group. 

[0079] With regard to the prodrug group, preferred embodiments are compounds wherein 

NR^R35 is morpholino. 

[0080] In one embodiment, R is; 
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wherein 

each SR.3'1 and R'-' is independently H, Ci-Cs alkyl, or optionally, if both present on the 

same substituent, may be joined together to form a C.rCg cycloalkyl, Ce-Cio aryl. C3-C9 

heterocyclyl or C3-C9 heteroaryi ring system. 

[0081] Within this embodiment, each R32 and RJJ is independently, H, CH3, or are joined 

together to form a cyclopropyl, cyclopbutyl, cyclopentyl, cyclohexyl, 1,1-dioxo- hexahydro-

iA°-thiopyran-4-yl or tctrahydropyran-4-yl group, 

[0082] 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. 

[0083] in an embodiment of the invention, the prodrug moiety comprises a tertiary amine 

having a pKa near the physiological pH of 7,5. Any amines having a pKa within 1 unit of 7.5 

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

a morphoimo group. This pKa range of 6.5 to 8.5 allows for significant 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 wall of the small intestine 

into the blood. Following absorption into the bloodstream, the prodrug moiety is cleaved by 

esterases which are naturally present in the serum to release an active compound. 

[0084] Examples of R include, without limitation: 
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[0001] In another embodiment. R is as tabulated below: 

R m Ru Rji NRJ4RJ5 

C(0)(CH2)mNRJ4RJS 1 Me Me 

C(0)(CH2)mNR:MRJ5 2 Me Me 

OOHCIb^NK I?'' 3 Me Me 

C(0){CH2)1)iNR34Rj3 4 Me Me 

C(0)(CH2)raNR34RJ5 1 
~yN 0 

CCOXCH^NR^R" 1 
c /"\ 

C(0)(CH2)FRNRJ4RJ5 3 
-|-N 0 * \_V 

C(0)(CH2)n,NRj4RJ5 4 /~~~~\ y° 
C(0)0(CH2)!riNRJ4R4"> •-> Me Me 

C(0)0iCH2)111NRi4R.-i:' 3 Me Me 

C(0)0(CH2)mNRJ4Rj:i 4 Me Me 

C(0)0(CH2)mNRJ4RJ:> 2 
-5"N^ O 

C(0)0(CH2)rnNRJ4RJS 3 
~2-N XO 5 v_y 

C(0)0(CH2)mNRj4R-'5 4 O 
P(0)(0H)2 

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

[0085] In another aspect, R is, 
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H,N 

s 36 

7H 

\ 

CO.H 

CO2H 

wherein 

R3G is lower aikyl {e.g. C-.-Cs alkyl). 

In yet another aspect, R is: 

wherein X . Y' and X" are as defined herein. 

*7] In one embodiment, X' is seiected from the group consisting of O, S and NR37 

wherein RJ/ is hydrogen or Ci-C* alkyl; 
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Y® is -C(Ri5)2 or a sugar moiety, wherein each RJ* is independently hydrogen or 

Ci-Cs aikyl, C.rCs cycloalkyl, C3-C9 heterocyclyl, Q-Cio aryl, or C3-C9 heteroaryi; 

Xz is selected from the group consisting of halogen, Ci-Cg alkoxy, diacylgiycerol, 

amino, Q-Ce alkylamino, CVCs dialkylamino, C]-C& alkylthio, a PEG moiety, a bile acid 

moiety, a sugar moiety, an amino acid moiety, a di-or tri-peptide, a PEG carboxylic acid, and 

—U-V wherein 

U is O or S; and 

V is selected from the group consisting of C1-C5 alkyi, C3-C* cycloalkyl, C3-C9 

heterocyclyl, Ce-Cfo aryl, C3-C9 heteroaryi, C(Wi)XJ, PO(X'')2, and SCbX"; 

wherein W' is O or NR39 

wherein R39 is hydrogen or Cj-Q, alkyl, Qs-Cg cycloalkyl, C3-C9 hetrocyclyl, Cg-Cto 

aryl, or C3-C9 heteroaryi; and 

each X3 is independently amino, hydroxy!, mereapto, Cj-Cg alkyl, heteroalkyl, 

cycloalkyl, hetrocyclyl, aryl, or heteroaryi, Ci-C,-, alkoxy, CVC& alkylamino, C|-C;, 

dialkylarnino, C1-C6 alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG moiety, 

and -O-CH2-CH(OR40)CH2X4R40, 

wherein: 

X4 is selected from the group consisting of O, S, S=0, and SO2; and 

each R40 is independently CJO-C?? alkyl, C3-C8 cycloalkyl, C3-C9 heterocyclyl, Ce-Cio 

aryl, or C3-C9 heteroaryi. CpC* aikylene, or Ci-Gs heteroalkyiene. 

[0088] Each heterocyclic and heteroaryi ring system is optionally substituted with C.-C3 

alkyl, -OH, amino and carboxyl groups. 

[0089] In one embodiment, the present invention utilizes the following Y1 groups: CH2, 

CHMe, CH(isopropyl), CH(tertiarybutyl), C(Me)2, C(Et)2, C(isopropyl)2, and C(propyl)2. 

|0090j In another embodiment, the present invention utilizes the following X2 groups: 
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o 

o 

-OMe, -OEt, -O-isopropyl, O-isobutyi, O-tertiarybutyl, -O-COMe, 

-0-C(=0)(isopropy!), -0-C(=0)(isobutyl), -0-C(=0)(tertiarybutyi), -0-C(=0)-NMe2, 

-0-C(=0)-NHMe, -0-C(=0)-NH2, -0-C(=0)-N(H)-CH(R'u)-C02Et wherein R4! is a side 

chain Cj-Cg alkyl, or C3-C9 heterocyclyl group selected from the side chain groups present in 

essential amino acids; -0-P(=0)(0Me)2, -0-P(=0)(0-isopropyl)2, and -0-P(~0)(0-

isobutyl)?. Each heterocyclic is optionally substituted with one or more, preferably, 1-3, Q-

C3 alkyl, -OH, amino arid/or carboxyl groups. 

[0091] In another embodiment. In one embodiment, R is: 

Cg-Cio aryl, or C3-C9 heteroaryi, 

[0092] Each heterocyclic is optionally substituted with one or more, preferably, 1 ~3, C1-C3 

alkyl, -OH, amino and/or carboxy] groups. 

[0093] In one embodiment, R is: 

wherein 

X3 is independently Ci-Cg aikyl, CyCg cycloalkyl, C3-C9 heterocyclyl, Cr,-C|o aryl. or 

C3-C9 heteroaryi; and 

R4/ is independently hydrogen or C1-C5 alkyl, Cj-Cg cycloalkyl, C3-C9 heterocyclyl, 
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wherein 

each X3 is independently amino, hydroxy!, mercapto, C|-Q aikyl, C3-Q cycloalkyl, 

C3-C9 heterocyclyl, Q-C10 aryl or C3-C9 heteroaryi, Q-Q alkoxy, Ci-Ce alkylamino, C|-Q 

dialkylamino, CrQ alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG moiety, 

and-O-CH2-CH(OR40)CH2X4R40, 

wherein: 

X4 is selected from the group consisting of O, S, S=0, and SO;?; and 

each R*° is independently Cio-C22 alkyi, Cs-Cg cycloalkyl, C3-C9 heterocyclyl, C6-C|0 

aryl, C3-C9 heteroaryi, Cj-Ca alkylene, or CrQ heteroalkyiene; and 

R42 is independently hydrogen or CrQ alkyi, C3-Cg cycloalkyl, C3-C9 heterocyclyl, 

Cft-Cio aryi, or C3-C9 heteroaryi. 

[0094] in some embodiments, R42 is independently hydrogen or CrQ alkyl, Q-Q 

cycloalkyl, C3-C9 heterocyclyl, Q-Qo aryl, or C3-C9 heteroaryi; and each X3 independently is 

Q-Q aikyl, Q-Q cycloalkyl, Q-Q heterocyclyl, Q-Qo aryl, or Q-Q heteroaryi, Q-Q 

alkoxy, Q-Q alkylamino, Q-Q dialkylamino, or CrQ alkylthio. 

[0095] In some embodiments, R is represented by the following structures: 
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O 

K O H 

R44 O 

'0/ ^V" X 

o R44 O 

R44 9 

^NH2 or / 
' '2. O 

R« O 

\ V'X/ N0' 

R44 o 

i "o °' 

] 

R44 O 'O , [j »JL A X NNY/' "~O' /• •r^n/ 

f5*w O 

J X A,. A ox 0 f 

COjEt 

wherein, in the above examples, R43 is C.Q-C22 alkyl or aikvlene, R44 is H or Cj~C6 

alkyl and R45 represents side chain alkyl groups present in naturally occurring alpha amino 

acids; 

s47 
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wherein R46 is (CH2)n, f;;:2-4, and CO-R47-NH2 represents an aminoacyl group; or 

wherein R't6 is (CHi),,, n=2-4, R'" is (CI l2)n, n=l-3 and R4"' is O or NMe. 

[0096] (n one embodiment, R is; 

O O 

or 

[0097] In one aspect, R is -C(R200R30i)O(R202R203)P(O)OR204NR205R206, wherein each R:o°, 

R201, R202, R203, R204 R205and R206 is independently H, a CrCg alkyi, C3-C9 heterocyclyl, C3-

Cg cycloalkyl, Ce-Cio aryl, C3-C9 heteroaryi, wherein each alkyl, heterocyclyl, cycloalkyl, 

aryl, and heteroaryi is optionally substituted. 

[0098] In some embodiments, R is ~CH(R20f )OCH2P(O)OR204NHR206, wherein R201 is C> 

Cg alkyl, R294 is phenyl, optionally substituted. In one embodiment»R206 is -CHR20,'C(O)OR208 

•yon wherein R"J is selected from the group consisting of the naturally occurring amino acicl side 

chains and -CCbH esters thereof and R7"08 is Ci-Cg alkyi. in one embodiment, R20° is Ci-Co 

alkyl, optionally susbtitued with 1-3, CO2H, SH, NH?., Cj-Cio aryl, and C2-C10 heteroaryi. 

[0099] In one embodiment, R is: 

O 

|0100f In one embodiment, R is: 
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'7-

PEG 
V 

r0 to 12 , or 

•I 3S wherein Y is -C(R"' )z, wherein each R"' is independently hydrogen or Cj-Cg alkyl, 

Cj-Cg cycloalkyl, C3-C9 heterocyclyl, Cg-Cjo aryl, or C3-C9 heteroaryi. 

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; 5,965,566; 

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

In one embodiment, R is 

wherein 

R,u is -OH or hydrogen; 

RM is -OH, or hydrogen: 
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Wis- CH(CH3)W!; 

wherein W! is a substituted Ci-Q aikyl group containing a moiety which is optionally 

negatively charged at physiological pH, 

said moiety is seiected from the group consisting of CO2H, SChH, S()2H, 

-P(0)(0R")(0H), -0P(0)(0RS2)(0H), and OSO3H, 

wherein R52 is Ci-Cg alkyl, Cs-Cg cycloalkyl, C3-C9 heterocyclyl, C6-C10 aryl, or C3-

CQ heteroaryi. 

(0103} Each heterocyclic and heteroaryi ring system is optionally substituted with one or 

more, preferably 1-3, C1-C3 alkyl, -OH, amino and/or carboxyl groups. 

[0104] In one embodiment, R is: 

wherein R"' is I! or Cs-C$ alkvi. 

[0105] In another aspect, R is SO3H. 
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[0106] In another aspect, R comprises a cleavable linker, wherein the term "cleavable 

linker" refers to a linker which has a short half life in vivo. The breakdown of the linker Z in 

a compound releases or generates the active compound. In one embodiment, the cleavable 

linker has a half life of less than ten hours. 1 n 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 C*-

C(=0)0-C* connection. In one embodiment, the cleavable linker has at least one C*-

C(:::0)S-C* connection. In one embodiment, the cleavable linker has at least one -C(=Q)N*-

C*-S02-N*-eonnection, wherein N* is -NH- or Cj-Cc alkylamino. In one embodiment, the 

cleavable linker is hydrolyzcd by an esterase enzyme. 

|0107] In one embodiment, the linker is a self-immolating linker, such as that disclosed in 

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

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

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

Pharmaceutical Compositions 

[0108] In further aspects of the invention, a composition is provided comprising, any of the 

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

[0109] In another aspect, this invention provides a composition comprising any of the 

compounds described herein, and a pharmaceuticaliy acceptable excipient. 

10110 j 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 routes. 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 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 cd., A. Oslo editor, Easton Pa. 1980). 
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[0111] Pharmaceuticaliy acceptable excipicnts are non-toxic, aid administration, and do not 

adversely affect the therapeutic benefit of the compound of this invention. Such excipicnts 

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, 

[0112] The compositions disclosed herein may be used in conjunction with any of the 

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

arabic, 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 ethanol, 1,2-propylene glycol, 

polyglycols, dimethyisulfoxide, fatty alcohols, triglycerides, partial esters of glycerin and the 

like, 

[0113] 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 seiected from glycerol, propylene glycol, water, 

ethanol 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 o-tocopherol, gum arabic, and/or 

hydroxypropyl cellulose. 

[0114] 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 alpha-tocopherol. Preferably, the 

hydroxypropyl cellulose has an average MW of from 10,000 to 100,000. In a more preferred 

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

[0115] Compounds and pharmaceutical compositions of this in vention 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 
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manifest in the patient at the same time. Tlius, 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 

fOl 16] 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. 

[0117] 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. 

[0118] 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. 

[0119] 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 

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

compositions described herein. 

[0120] 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 
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in need thereof a therapeutically effective amount of a compound of any of the compounds or 

compositions described herein. 

[0121] Certain methods for making the compounds described herein are also provided. The 

reactions are preferably carried out in a suitable inert solvent that will be apparent to the 

skilled artisan upon reading this disclosure, for a sufficient period of time to ensure 

substantial completion of the reaction as observed by thin layer chromatography, !H-NMR, 

etc. If needed to speed up the reaction, the reaction mixture can be 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 he apparent to the skilled artisan upon reading this disclosure. 

[0122 ] An illustrative and non-limiting method for synthesizing a compound of formula (I), 

is schematically shown below. 

\ 5 0 1 0 
In the following Schemes, s--' and '' refer to rings A, B and C as described 

herein; 

A5 and B5 are independently NR14, O, S, S(0)x, NBoC, Cl b, CMRM, C(RI4)2 

provided that when both A5 and B5 are present in a ring, both are not CH2, CHR'4, C(RI4>2» 

and that when only I A3 or B5 is present in a ring the A5 or B5 is not CH?, CHRi4, C(R,4)2; 

R'4 is C|-C& alkyl, COR15 or COOR13; wherein RIS is optionally substituted Cj-Cg 

alkyl, optionally substituted Cg-Cioaryl, optionally substituted 5-10 membered heteroaryi 

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

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

consisting of O, N, S, and oxidized forms ofN and S: 

X, and X5 each represents a leaving group and are independently selected from CI, Br, 

and 1. 

v' ro TO n c/'ow • ,,,-v.oTOi^ v n 1 ^ n-A v-i-v, i><, v..*, «, vviivi^iu ict v, UJ 

R/! is Ci-C-6 alkyi; 

Y5 represents a leaving group selected from CI, F, Br, 1, OSO2R1' and OSQ?Ar; 
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Ar is phenyl optionally substituted with 1-3 halo and/or C1-C4 alkyl; 

n is 0, 1, or 2; and 

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

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

General Svnihetie Schemes 

B; 
A ; 

OH 

Method C &D 

A I 

Method .A 
Mitsunobu 

A ; 

B ; 

X 
h;t 
{ cj 

i or 3 

>. C, 

Alkylatiors 

Method B 

[0123] General method A 1 

(4a/4b) from substituted methylene alcohol (1) and hydroxy! (hetero)aryl aldehyde 

derivatives (3a/3b). A hydroxyl (hetero)arylaldehyde derivatives (3a/3b) (0.1-2 mmol) 

mixture with substituted methylene alcohol (1) (0.8 to 1.2eq) and PPh3 (1-1.5eq) 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. 
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[0124] General method A (Scheme 1) for preparing aryloxy/heteroarylether analogs 

(4a/4b) from substituted methylene halide (2) and hydroxy! (hetero)aryl aldehyde 

derivatives (3a/3b). A mixture of hydroxy! (hetero)arylaldehyde derivatives (3a/3b) (0.1-2 

mmol, 1-4 eq.)» substituted methylene chloride or bromide (2) (icq), and K2C03 (2-5 eq.) 

(catalytic amount ofNal or B114NI may also be added) in DMF 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 gel chromatography 

purification. In workup B (for products that did not precipitate), diluted HC1 or aqueous 

NH4CI was added at 0 °C to adjusted the pH to ~7, 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). 

[0125] General method C for preparing substituted methylene chloride (2a). To a 

solution of substituted methylene alcohol (1) (0.1 to 2 mmol) in DCM (1-10 mL) was added 

SOCI2 dropwise (2eq to 5eq ) at 0 °C or RT. The reaction mixture was stirred at RT for 

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

concentrated to dryness over a rotavap. 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 

NajCOj is then added to produce a solution of pH~ 8. the mixture was extracted with DCM 

(.3 xl0-50mL), 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-hexanes). 

[0126] General method D for preparing substituted methylene bromide (2b). To a 

solution of substituted methylene alcohol (1) (0.1 to 2 mmol) in DCM (1-10 mL) was added 

PI13P Bra dropwise (2eq to 5eq) at 0 °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. 
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[0127] Genera! method E (Scheme 2) for preparing heterocyclic methylene derivatives 

9,10,12 and 13, Condensation of heterocyclic ketone analog 5 with chlorformats or dialkyl 

carbonate gives (hetero)cyclic beta-ketone ester 6 (Step 1). The ketone ester 6 is converted to 

the triflate intermediate 7 by treating with a Inflating agent (e.g, triflic anhydride) in the 

presence of an organic base such as Hunig's base (Step 2), Suzuki coupling of the triflate 7 

with a boronic acid or ester affords heterocyclobexene carboxylate 8 (Step 3). Subsequent 

reduction of the ester group by LAH or D1BAL gives the corresponding alcohol 9-OH (Step 

4). Further reaction of the alcohol 9-OH with thionyl chloride, PhnPBra (or CBr^PbjP or 

PBri), or alkyl/aryl sufonyl chloride produces the corresponding 10-X chloride, bromide or 

sulfonate (Step 5). 

[0128] Alternatively, the double bond of heterocyciohexene carboxylate 8 is reduced to 

give the c«-heterocyclohexane 11-cis carboxylate under palladium catalyzed hydrogenation 

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

alcohol 12-OH-cis (Step 8). Conversion of the alcohol 12-OH-cis to its chloride, bromide or 
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sulfonate (such as mesylate, tosylate) 13-X-cis can be achieved by reacting with thionyl 

chloride, or PhjPB^. or sufonyl chloride (such as mesyl chloride or tosyl chloride) (Step 9). 

The cw-c-yclohexane carboxylate 11-cis can also be isomerizeci to the therrnodynamlcally 

raore stable trans-isomer 11-trans by the treatment with an alcoholic alkoxide (e.g., ethoxide) 

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

halide is accomplished by applying conditions of Step 8 and Step 9 (Scheme 2) similar to 

these tor the corresponding cis-isomers. 

Scheme 3 

,Al 

OH 
\ A ' 

9-OH 
12-QH-cis 
12-QH-trans 

Method A 

3a or 3b 

OH 

JL Method B 
3a or 3b 

10-x 
13-X-cis 
13-X-trarts 

Es; e; 
A ; 

1 
OH 

Coupling of the (hetero)cyelic methylene derivatives 9,10,12 and 13 with hydroxy! 

(hetero)arylaldehyde derivatives (3a/3b) (Scheme 3) by general method A or B affords the 

corresponding aryloxy/heteroarylether analogs (4c and 4d), 

fO130! Similarly, N-linked heterocyclic analogs (compound 5, Scheme 4) can also be 

synthesized from animation procedures developed by Buchwald and Hartwig. 
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[0131] 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 triethy! amine, to 

provide the ester prodrug. Activating conditions for the carboxylic acid include forming the 

acid chloride using oxalyl chloride or thionyl chloride in an aprotic solvent, optionally with a 

catalytic amount of dimethyl formamide, followed by evaporation. Examples of aprotic 

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

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

(benzotriazol-l-yloxytris(dimethylamino) phosphonium hexafluoroJphosphate, and the like 

(see Nagy et al., 1993, Proc. Natl. Acad. Sei. 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; 

follo wed 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 ethanol. 

Optionally, the solvent can be acidified with an acid, such as HC1 or acetic acid to provide a 

pharmaceuticaliy acceptable salt thereof. Alternatively the crude reaction can be passed over 

an ion exchange column bearing sulfonic acid groups in the protonated form, washed with 

deionized water, and eluted with aqueous ammonia; followed by evaporation. 

[0132] Suitable free acids bearing the tertiary amine are commercially available, such as 2-

(N-morphoiino)-propionic acid, N,N- dimethyl-bcta-alanine, and the like, Non- commercial 

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

[0133] 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 carbonyl 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 lo 

provide carbonate and carbamate prodrugs. 

j0134{ 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 al,, 

Hydrolysis in Drug and Prodrug Metabolism, June 2003, Wiley- VCH, Zurich, 419-534 and 

Beaumont et al., Curr. Drug Metab. 2003, 4:461-85. 
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|0135] Scheme 5 below pro vides a method of synthesizing an acyioxymethy! version of a 

prodrug by adapting a method from the reference Sobolev et al, 2002, J. Org. Cfaem, 67:401-

410. 

JVW + >51 KjCO ,. DMF K 

wherein RS! is C]-Cf, alkyl, 

[0136] Scheme 6 below provides a method for synthesizing a phosphonooxymethyl version 

of a prodrug by adapting a method from Mantyla et al., 2004, J. Med. Chern. 47:188-195. 

V°\ ..0 

i^Q— 
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\ 

0137] Scheme 7 below provides a method of synthesizing an aikyloxymethyi version of a 

prodrug 

Scheme 7 

»/vw 

wherein R52 is Cj-Cfi alkyi, Cj-Cg cycloalkyl, C3-C9 heterocyclyl, Cg-Cio aryi, or C3-

C9 heteroaryi. 
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[0138] Compounds of structure 17 can be synthesized via general synthetic scheme 8. 

Reduction of carboxylic acid derivative 14 gives hydrxoymethyl analog, which can be 

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

N,N-dimethy3ethylenediamine and potassium phosphate, heat) to give key hydroxymethyl 

intermediate 15. Coupling of 15 with phenol aldehyde 16 produces the desired aldehyde 

analog 17 via typical Mistunobu conditions using either triphenylphosphine or polymer 

supported triphenylphosphine. 

[0139] General method step 1 - reduction of carboxylic acid derivative 14 to methyl 

alcohol 15: To a suspension of carboxylic acid 14(l-10mmol) in MeOI-I or EtOH (2-10 mL) 

at 0 °C was added SOO2 (1.5eq). After stirred at room temperature for 1-12h, 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 NaBI-Lj (l-4eq) at 0 °C, the mixture was warmed up to room temperature and stirred 

for additional 1-24 h. The mixture was quenched with Sat. NH4C1, filtered off the insolubles 

and the filtrate was concentrated to give crude product, which was purified by flash silica gel 

chromatography to give the corresponding hydroxymethylene compound 15. 

[0140] General method step 2 - N-alkylation (14a to 14b): The carboxylate 14a (R:=H) 

can be first alkylated and then reduced to give N-alkyl hydroxymethylene analog 14b 

(R]=alkyl). In a typical procedure, the carboxylate 14a (1-I0mmo3) is first dissolved in DMF 

(2-20 mL); to this was then added a base such as NaH or CS2CO3 (1-1.2eq). followed by the 

addition of alkyl halide (eg, BnBr) (0.9-1.5eq). The reaction allowed to proceed at room 

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 HC1 or aqueous NH4G was added at 0 °C to 
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adjusted the pH to ~7, the reaction mixture was partitioned between ethyl acetate or 

dichioromethane 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). 

[0141] General method step 3 - Copper-mediated N-arylation from 15a to 15c: For 

cyclic amines (X=H, H), to a solution of hydroxymethylene compound 15a (1-10 mmol ) and 

aryl/hetero iodide (1-1.5eq) in iPrOH (0.5-10 mL) was added ethylene dio! (l,3eq) and Cul 

(6.7moi%), 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 15a (1-

lOmmol) and aryl/hetero iodide (1-1.5eq) in Dioxane (2-20 mL) was added Cul (0.17eq), 

N,N-dimethylethylenediamine (0.17eq), K3PG4 (1.7eq), then it was degassed and heated at 

100 °C for 6-48 h. 

[0142] 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 bv flash silica gel chromatography to 

give N-aryl/heteroaryl compound 15c. 

[0143] General method C -Mitsunoba conditions A hydroxyl (hetero)arylaldehyde 

derivatives (17) (0.1-2 mmol) mixture with substituted methylene alcohol (16) (0.8 to 1.2eq) 

and (polymer-supported) PPI13 (1-1.5eq) 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 i-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, 
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Scheme 9 
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[0144] Genera! method step 1 (Scheme 9) for preparing substituted methylene alcohol 

(2) by Suzuki coupling reaction. To a solution of (2-chloropyridin-3-yl)methanol or (2-

bromopyridin-3-yl)methanol (l-100mmol) and appreciate bronie acid or ester (0.8 to 1.5 eq) 

in dioxane (2-200 mL) was added a solution of sodium bicarbonate (3 eq) in water (1-100 

mL), followed by the addition of Pd(dppf)Cl2 (5 to 10mol%). After heating at 100 °C for 4-

24 h, the reaction mixture was cooled and diluted with EtOAc, organic layer was washed 

with water, brine, dried and concentrated to give crude product, which was purified by 

column chromatography. 

[0145] General method step 2 (Scheme 9) for preparing substituted methylene 

chloride (3a). To a solution of substituted methylene alcohol (2) (0.1 to 2 mmol) in DCM 

(1-10 mL) was added SOCI2 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/M8), The reaction 

mixture is concentrated to dryness over a rotavap. 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 (3a), usually as an off-white 

solid, which was used for next step without further purification. Alternatively, a solution of 

aqueous IN Na?C03 is then added to produce a solution of pH~ 8. the mixture was extracted 

with DCM (3 xlQ-50mL), dried over sodium sulfate, and concentrated to the crude 

substituted methylene chloride (3a), which is then purified by column chromatography on 

silica gel (0-100% ethyl acetate-hexanes). 

[0146] General method 2 (Scheme 9) for preparing substituted methylene bromide 

(3b). To a solution of substituted methylene alcohol (2) (0.1 to 2 mmol) in DCM (1-10 mL) 

was added PI13P Br? dropwise (2eq to 5eq ) at 0 UC or rt. The reaction mixture was stirred at 
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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 3b. 

[0147] Genera! method step 3 (Scheme 9) for preparing aryloxy/heferoaryleiher 

analogs (5) from subsisted methylene alcohol (2) and hydroxy! (hetero)aryl aldehyde 

derivatives (4). A hydroxy! (hetero)arylaldehyde derivatives (4) (0.1-2 mmol) mixture with 

substituted methylene alcohol (2) (0.8 to 1.2eq) and (polymer-supported)/PPh3 (l-1.5eq) in 

anhydrous THF (1-lOmL) was stirred under nitrogen until complete dissolution. The solution 

was cooled to 0 JC on ice bath and DIAD or DEAD (1.1 eq) in THF or toluene was added 

drop wise 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. 

[0148] Gesiera! method step 4 (Scheme 9) for preparing aryloxy/heteroarylether 

analogs (5) from substituted methylene halide (3) and hydroxy! (hetero)aryl aldehyde 

derivatives (4), A mixture of hydroxy! (hetero)arylaldehyde derivatives (4) (0.1-2 mmol, 1-4 

eq.), substituted methyiene chloride or bromide (3) (Icq), and K2CO3 (2-5 eq.) (catalytic 

amoun t of NaT or Bu4.NI may also be added) in DMF, acetonitrile, NMP or DMSO (1 to 10 

mL) was stirred at RT or heating up to 120 °C for 1-24 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 gel 

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

or aqueous NH4CI was added at 0 °C to adjusted the pH to ~7, the reaction mixture was 

partitioned between ethyl acetate or dichloromethane and aqueous sodium chloride and the 

organic layer separated, dried, arid solvent removed under vacuum to afford crude product 

which was purified by automated silica gel column chromatography using appropriate 

solvents mixture (e.g., ethyl acctate/hexanes). 
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Examples 

[0149] In the examples below as well as throughout the application, the following 

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

accepted meanings. 
°c — degrees Celsius 

RT = Room temperature 

min = minute(s) 

h hour(s) 

|iL = Microliter 

mL = Milliliter 

mmol Millirnole 

eq ::: Equivalent 

mg = Milligram 

ppm = Parts per million 

atm = Atmospheric pressure 

MS Mass spectrometry 

LC-MS = Liquid chromatography-mass spectrometry 

HPLC - High performance liquid chromatography 

NMR Nuclear magnetic resonance 

Sat./sat. Saturated 

MeOH Methanol 

EtOH = Ethanol 

EtOAc Ethyl acetate 

= Trie thyl amine 

ACN = Acetonitriie 

Ac?.0 = Acetic anhydride 

Na(OAc)3BH Sodium triacetoxv borohvdride 

PBl"3 phosphorus tribromide 

Pll-T' = Triphenylphosphine 

Ph'PBr- — Tri?>henv!nhosnhine dih^oniidc 

CBr,j T etr abromomethane 

DMF N, N-Dimethylformamide 

DCM ::: Dichloromethane 
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LAH/ LiAlLU - Lithium aluminum hydride 

THF ==: Tetrahydrofuran 

DIBAL ::r Diisobutylaluminium hydride 

DIAD ::: Diisopropyl azodicarboxylate 

DEAD = Diethyl azodicarboxylate 

D1FEA =: N,N-Diisopropylethylamine 

Tf20 ~ Trifiuoromethanesulfonic (tritlic) anhydride 

Pd(dppf)Cl2 [1J '-Bis(diphenylphosphino)ferroeene] 

dichloropalladium(II), complex 

[0150] The following examples are given tor 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 spiri t of the 

invention as defined by the scope of the claims will occur to those skilled in the art. 

Experimental Procedures for Intermediates 

[0151] (E)-l-(3-(((tert-butyldimethylsilyl)oxy)methyl)pyridin-2-yl)-3-

(dimethylamino)prop-2-en-1 -one (INT-1) 

-Ns 

V A r r 
° ""OTBS 

Step 1 

ar 

N" 
11 
i! 

. 

imidazole N 
1 ̂  

cr 

"OTBS 

[0152] To a mixture of (2-bromopyrid.in-3-yl)methanol (20.0 g, 106.4 mmol. 1 eq.; refer to 

example 14) and imidazole (14.5 g, 212.8 mmol, 2 eq,) in DMF (50.0 mL) was added TBSC1 
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(19.2 g, 150.7 mmol, 1.2 eq.) at RT, The mixture was stirred at RT for 1 h and diluted with a 

mixture of water (100 mL) and EtOAc (300 mL). The organic layer was washed with 

NEUCifsat.) solution and brine, dried over NaiSO/s, concentrated, and purified on silica ge! 

using 10% EtOAc/hexanes as eluent to give 2-bromo-3-((tert-

buty]dimethylsilyloxy)methy])pyridine (30.1 g, 94%) as a colorless oil, MS (ESI) m/z 302,0 

[M+H]+. 

Step 2 

N-^i Zn(CN)2 

Br Y Pd(PPh3)4 NC 

"OTBS "OTBS 

[0153] A mixture of 2-bromo-3-((tert-butyldimethylsilyloxy)methyl)pyridine (30.1 g, 100.0 

mmol, 1 eq.) and Zn(CN)2 ( 23.5 g, 200.0 mmol, 2.0 eq.) in DMF (100.0 mL) was purged 

with Ni for 5 min and added Pd(PPh3),<, (5.78 g, 5.0 mmol, 0.05 eq.). The mixture was heated 

at 120 °C for 2 h under N2, cooled, filtered, concentrated, and purified on silica gel using a 

mixture of EtOAc and hexanes as eluent to give 3-((tert-

butyldimethylsilyloxy)methyl)picolinonitrile (20.4 g, 82%) as a colorless oil. MS (ESI) m/z 

249.1 [M+Hf. 

Step 3: 

-<v 
N MeMqBr 

NC THF 

\")TBS 

j 

Y V 6 
OTBS 

|0154] Methylmagnesium bromide (3M/ether, 41.0 mL, 123.4 mmol) was added to a stirred 

solution of 3-((tert-buty3dimethylsilyloxy)methyl)picolinonitrile (20.4 g, 82.25 mmol) In THF 

(100.0 mL) at -78 °C. The reaction mixture was warm to RT, quenched with aqueous citric 

acid solution, and extracted with EtOAc (50 mL) twice. The combined organic layers were 

washed with NaHCOs (Sat) solution and brine, dried over Na2S04, concentrated, and purified 

on silica gel using a mixture of EtOAc/hexanes as eluent to give 1 -(3-((tert-
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butyldimethy3sily]oxy)methyl)pyridin-2.-y])ethanone (12.9 g, 59%) as a colorless oil. MS 

(ESI) m/z 266.2 iM Hj . 

Step 4: 

O 
"OTBS 

>r' i! 6 
KJ 

"OTBS 

l-(3-((tert-butyldimethylsilyloxy)methy!)pyridin~2-yl)ethanone (3 0.8 g, 40.75 

mmol) in dimethoxy-N,N-dimethylmethanamine (15.0 mL) was heated to reflux for 3 days. 

The mixture was concentrated and used for next step without further purification. MS (ESI) 

m/z 321.1 [M+Hf. 

101561 Preparation of3-(chloromethyl)-2-(l-(2,2,2-lrifluoroethyl)-lH-pyrazol-5-

y'Qpyridine (1NT-2). 

N' 

N \ CI 

F-"K-

Step 1: 

HCi(12N) HC! HCi 

[0157] To (3,3,3-trifluoroethyl)hydrazine (25 g, 50% wt in water, 153.5 mmol, 1 eq.) in a 

RB flask (250 mL) was added HCI (12 N, 25.6 mL, 307.0 mmol, 2 eq.). The mixture was 

concentrated to give (3,3,3-trifluoroethyl)hydrazine dihydrochioride (1.07 g) as a yellow-

solid. MS (ESI) m/z 3 3 5. 1 [M+H]\ 

F .F H 
N 

70% wt inwater 
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Step 2: 

,-N 

,-F 
2 HCI 

1 C) "N 
H 

.NH, 

EtOH 
O 

vOTBS 

N"N \ 
' ,-F 

r P 

"OTBS 

|6158] To (/E,i~l~(3-((teit-biityidimethylsilyloxy)metiiyi)pyridin-2-yi)-3-

(dimethylamino)prop-2-en-1 -one (crude above, 5,91 g, 18.44 mmol. 1 eq.) in EtOH (20 mL) 

was added (3,3,3-trifluoroethyl)hydrazine dihydrochioride (4.13 g, crude above, 22.13 mmol, 

1.2 eq.) at RT. The mixture was heated at 80 °C for 1 h, concentrated, and diluted with 

EtOAc (50 ml.) and NaHC03,sat) solution (10 mL). The layers were separated and aqueous 

layer was extracted with EtOAc three times. The combined organic layers were dried over 

Na^SO*}, concentrated, and purified on silica gel using a mixture of EtOAc and hexanes as 

eluent to give 3-((tert-butyldimethylsilyloxy)methyl)-2-(l-(3,3,3-trifluoroethyl)-lH-pyrazol-

5-yl)pyridine (5.90 g; 86% for 2 steps). MS (ESI) m/z 372.2 [M+H]\ 

>tep 3: 

N' H ri 

MeOH ^ j 

L F 
F^> 

-OT3S VOH 
j p 

[0159] To 3-((tert-butyldimethylsilyloxy)methyl)-2-(l-(3,3,3-trifluoroethyl)-lH-pyrazol-5-

vl)pyridine (5.91 g, 15.93 mmol) in McOH (20 mL) was added HCI (4 N, 8.0 mL). The 

mixture was stirred al RT for 1 h, concentrated, and diluted with EtOAc (50 mL) and 

NaHC03(5at) solution (10 mL). The layers were separated and aqueous layer was extracted 

with EtOAc three times. The combined organic layers were dried over NasSOij, and 

concentrated to give (2-(l-(3,3,3-trifluoroethyi)-lH-pyrazoi-5-yl)pyridin-3-yl)methanol (4.1 

g, quantitative yield) as colorless oil. !H NMR (400 MHz, CDCU) 8 8.54 (dd, J~ 4.7, 1,5 Hz, 

1H), 7.92 (dd, J = 7.9, 1.2 Hz, 1H), 7.57 (d,J = 1,9 Hz, IE), 7.30 (dd, J= 7.8, 4.8 Hz, 1H), 
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6.50 (d,J = 1.9 Hz, 1H), 5.09 (q, J=8.6Hz, 2H), 4.63 (s, 2H), 1.76 (s, 1H). MS (ESI) m/z 

258.1 [M+H]+. 

Step 4: 

N' ^ 

VN \ "OH 

F" 

HCI 

[0160] To (2-(l-(2,2,2-trifluoroethyl)-lH-pyrazol-5-yl)pyridin-3-yl)methanol (408 nig, 1.59 

mmol) in DCM ( 5 mL) was added SOC32 (1.5 mL) at RT. The reaction mixture was stirred at 

RT for 4 h and concentrated to dryness. The crude solid was suspended in toluene and 

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

give 3-(chloromethyl)-2-(l-(2,2,2-trifluorocthyl)-lH-pyrazol-5-yl)pyridine hydrochloride 

(498 mg) as an off-white solid, which was used for next step without further purification. 

[0161] Preparation of 3-(chloromeihyl)-2-(l-(3,3,3-trijluoropropyl)-JH-pyrazol-5• 

yijpyridine (JNT-3), 

\\ 
N-

Step 

N/-
i 

H2N'NY°^ 
6 

Jfli 
DIEA, DMF 

H 
'NyOs 

o 
1 

[0162| To a mixture of benzyl hydrazinecarboxyiate (5.0 g, 30.3 mmol, 1 eq.) and DIEA 

(15.0 mL, 90.9 mmol, 3 eq.) in DMF (20 mL) was added 3,3,3-trifluoropropyl bromide (10.7 

g 60.6 mmol, 2 eq.) at RT. The mixture was heated at 80 °C for 20 h, concentrated, and 

purified on silica gel using a mixture of EtOAc and hexanes as eluent to benzyl 2-(3,3,3-
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trifluoropropyl) hydrazinecarboxyfate (4.2 g; 53%) as a white solid. 'H NMR (400 MHz, 

CDCb) 5 7.33 - 7.17 (m, 5H), 6.11 (s, 1H), 5.01 (s, 2H), 4.00 (s, IH), 3.00 (dd, J ~ 12,2, 7.1 

Hz, 2H), 2.17 (qt, J~ 10.8, 7.3 Hz, 2H). MS (ESI) m/z 263.1 [M+H]\ 

Step 2: 

v F H h 1 » 
' N EtOH, HCi (12 N) 

H O 

[0163J To benzyl 2-(3,3»3-trifluoropropyl)hydrazinecarboxylate (1.7 g, 6.49 mmol, 1 eq.) 

in a mixture of EtOH (30 mL) were added Pd/C (1,0 g) and HCI (12 N, 2,0 mL). The mixture 

was charged with H2 (60 psi), stirred at RT for i h, filtered, and concentrated to give (3,3,3-

trifluoropropyl)hydrazine dihydrochioride (1.07 g) as a yellow solid. MS (ESI) m/z 129.1 

IM Hi . 

Step 3: 

.,N. 

A * 
X T L' V. 

F 

EtOH 

"OTBS 

2 HCi 
-NH, 

\\ 
N-K OTBS 

[0164] To (E)~l -(3 -((tert-butyldimetbylsi3yloxy)metbyl)pyridin-2-yl)-3-

(dimethylamino)prop-2-en-l -one (crude above, 1,73 g, 5.41 mmol, 1 eq.) in EtOH (10 mL) 

was added (3,3,3--trifluoropropyl)hydrazine dihydrochioride (1.30 g, crude above, 6.49 mmol, 

1.2 eq.) at RT. The mixture was heated at 80 °C for 1 h, concentrated, and diluted with 

EtOAc (50 mL) and NaHC03(Sat) solution (10 mL). The layers were separated and aqueous 

layer was extracted with EtOAc three times. The combined organic layers were dried over 

NaiSO/j, concentrated, and purified on silica gel using a mixture of EtOAc and hexanes as 

eluent to give 3-((tert-butyldimethylsilyloxy)methyl)-2-(l-(3,3,3-trifluoropropyl)-lH-

pyrazo 1-5-y 1 )pyridine ( 1.58 g; 76% for 2 steps). ;H NMR (400 MHz, CDCI3) S 8.53 (dd, J-
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4.7, 1.6 Hz, Hi), 7.96-7.88 (ni, IH), 7.51 (d, J= 1.9 Hz, IH), 7.29 (dd,./= 7.9, 4.7 Hz, IH), 

6.34 (d, J= 1.9 Hz, IH), 4.62 (s, 2H), 4.45 - 4.33 (m, 2FI), 2.82 - 2.61 (m, 2H), 0.85 (s, 8H), 

-0.00 (s, 5H), MS (ESI) m/z 386,2 [M+H]+. 

Step 4: 

N" 

-N-N 

HCI 

MeOH 

^ OTBS 
F 

N 

\\ ! 
N-S 

I 

F 

"OH 

>j To 3-((tert-butyldimethylsilyloxy)methyl)-2-(l-(3,3.3-trifluoropropyl)-lH-pyrazol-

5-yl)pvridine (1.58 g, 4,1 mmol) in MeOH (20 mL) was added HCI (4 N, 4.0 mL). The 

mixture was stirred at RT for 1 h, concentrated, and diluted with EtOAc (50 mL) and 

NaHC03(S8[) solution (10 mL), The layers were separated and aqueous layer was extracted 

with EtOAc three times. The combined organic layers were dried over Na-^SO^, and 

concentrated to give (2-(l-(3,3,3-lriIluoropropyl)»lH-pyrazol-5-yl)pyridin-3-yl)rnethaiiol (1. 

g, 99%) as colorless oil. 'H NMR (400 MHz, CDCI3) 5 8.64 (dd, 4.7, 1.7 Hz, IHj. 8.00 

(dd,J = 7.9, 1.7 Hz, IH), 7.57 (d,./ = 1.9 Hz, HI), 7.38 (dd, J- 7.9, 4.8 lb., Ill), 6.48 (d,J = 

1.9 Hz, IH), 4.69 (s, 2H), 4.51 - 4.43 (m, 2H), 2.85 - 2.72 (m, 2H), 2.70 (s, IH). MS (ESI) 

m/z 272.1 [M+H]+. 

Step 5: 

N 

-•CY' 
I 

-N! 

F f i 
1 

"OH 

SOCU 

DCM 4 "T 
F F / 

Nf ' 
A, HCI 

"C! 

[01661 To (2-( 1 -(2,2,2-trifluoropropyl)- i H-pyrazo!-5-y3)pyridin-3-yl)methanol (140 mg, 

0.52 mmol) in DCM ( 5 mL) was added SOC1? (2.0 mL) at RT. The reaction mixture was 

stirred at RT for 4 h and concentrated to dryness. The crude solid was suspended in toluene 

and concentrated to dryness. The process was repealed three times and dried under vacuum 
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to give 3-{ch3oromethyl)-2-(l-(2!2>2-trifluoropropyl)-1 H-pyrazo!~5~yl)pyridip.e hydrochloride 

(498 mg) as an off-white solid, which was used for next step without further purification. 

|0167j Preparation of 3~(chloromethyl)~2~(l-isopropyl-1 H-pyrazol-5-yl)pyridine (INT-4). 

[0168] Step 1: To a 500-mL flask containing the pyrazoie boronate (9.0g, 38.1 mmol), 2-

chloropyridine (5.47g, 38.1mmol), Pd(dppf)Cl2 ([1,1 -bis(diphenylphosphino)ferrocene] 

dichloropalladium) (1.39g, 1.91 mmol, 5%raol), and sodium bicarbonate (9.6lg, 114.4mmol, 

3 equiv) was added 100 mL of dioxane and 30 niL of water. The mixture was heated under 

nitrogen at 100 °C for 12 hrs. Then solvents were removed on a rotavap at 40 oC 

undervacum. The resulting brown residue was suspended in 20%EtOAc/DCM (60mL), 

filtered through a pad of silica gel (15g); washed with 2G%EtOAc/DCM (4x20mL). The 

combined filtrate were concentrated to afford a brown oil (13 g). The residue was dissolved 

10% EtOAc/hexanes (20mL) and loaded on a Biotage lOOg snap Si()2 column and eluted 

with 0-50% EtOAc. (2-(l -isopropyl-1 H-pyrazo!-5-y!)pyridin-3-yl)methanol was obtained as 

a light brown oil (3.32 g, 40%), MS (ESI) m/z 218 [M+H]+. 

[0169] Step 2: To a solution of (2-( 1 -isopropyl-1 H-pyrazoi-5-yl)pyridin-3-yl)methanol) 

(440mg, 2.02mmol) in DCM (4 mL) was added SOCI2 (2eq) at 0 °C. The reaction mixture 

was stirred at RT for 15mins and concentrated to dryness. The crude solid was suspended in 

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

vacuum to give 3-(chloromethyl)-2-( 1 -isopropyl-1 H-pyrazoI~5-yl)pyridine hydrochloride 

(432 mg) as an off-white solid, which was used for next step without further purification. MS 

'OH 

Step 1 

(ESI) m/z 236.5 [M+Hf. 
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Preparation of 3-(chioromethyl)-2-(l-cyclopentyl-lH-pyrazol-5-yl)pyridine (INT-

\| „ fsl'' ' ^ 
-\ N Step 1 II j-ygr* + ilyV - rrV : - o"r 

o N~'V>OH N"NWCI 
INT-1 0TBS I 

INT-5 

[0171] Step 1: To (E)-l-(3-((tert-butyldimethyisiIyloxy)methyl)pyridin-2-yI)-3-

(dimethylamino)prop-2-en-1 -one (crude,3.205g, 10.0 mmol. i eq.) in EtOH (30 mL) was 

added cyclopentylhydrazine HCI salt (1.639g, 12.0 mmol, 1.2eq) at RT. The mixture was 

heated at 80 °C for 2 h, concentrated, and purified on silica gel using a mixture of EtOAc and 

hexanes as eluent to give a mixture of regio-isomers, the less polar (2-( 1 -cyclopentyl-1H-

pyrazol-5-yl)pyridin-3-y!)methanol was obtained as a light brown oil (440rag). MS (ESI) m/z 

244.2 [M+H]+. 

[0172] Step 2; To a solution of (2-(l-cyelopentyl-lH-pyrazol-5-yl)pyridin-3-

yl)methanol(301mg, 1.24mmol) in DCM ( 3 mL) was added SOCl2 (3eq) at 0 °C. The 

reaction mixture was stirred at RT for 15mins (thew reaction was done in lOmins by LCMS) 

and concentrated to dryness. The crude solid was suspended in toluene and concentrated to 

dryness. The process was repeated three times and dried under vacuum to give 3-

(chiororaethyl)-2-( 1 -cyclopentyl-1 H-pyrazol-5-yl)pyridine hydrochloride (305 mg) as an off-

white solid, which was used for next step without further purification. MS (ESI) m/z 262.2 

[M+Hf. 

[0173] Preparation of 5-hydroxy-2-(2-methoxyethoxy)isonicotinaldehyde (INT-6). 

T - . P*C 9^ 
(I ^ -".e » ;r-S . ^ 

1^ NaM DMF ^ _ KJ DMF !-»YJ 

Step 1 J! _ J, Siep 2 OH Step 3 

SU. DiPA 

DMf 
SD 4 

9* p-
HC:(3N>; THF J 

N 

C O O 

Y'^0 + 
J N, ,^0 r ^ r ' Steps NT ..T 

yO 

INT-6 
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OH 

X „.Q 

cr ^o" 
NaH, DMF 

0' 

ifS 
] 7 

.0 

[0174] To a solution of 6-(benzyloxy)pyridin~3-ol (2.0 g5 10 mmol, 1 eq.) in DMF (20 mL) 

was added NaH (60% in mineral oil; 0,6 g, 15 mmol, l,5eq.) at 0-5 °C portion-wise. Upon 

the completion of addition, the mixture was continued to stir at 0-5 °C for 15 min, added 

chioromethyl methyl ether (0,88 g, 11 mmol, 1.1 eq.), stirred at 0-5 °C for another 20 min, 

and quenched with NFLC],^!., solution. The aqueous layer was extracted with EtOAc (3 x 20 

ml.) and the combined organic layers were washed with water and brine, dried over NajSO,*, 

concentrated, and purified on silica gel using 25% EtOAc/hexanes as eluent to give 2-

(benzyloxy)-5-(methoxymethoxy)pyridine (2.1 g, 87%) as a colorless oil. MS (ESI) m/z 

246.1 i M • nr. 

Step 

O* 0" O O' 

Pd/C 
.J.. 

EtOH 
.0 

T 
OH 

[0175] To 2-(benzyloxy)-5-(methoxymethoxy)pyridine (1.8 g, 8.71 mol) in EtOH was 

added Pd/C (1.0 g). The mixture was charged with Ha (15 psi), stirred at RT for 45 min, 

filtered, and concentrated to give 5-(methoxymethoxy)pyridin-2-o! (1.35 g, quantitative 

yield) as a pale yellow solid. MS (ESI) m/z 156.1 [M-HH] \ 

Step 3 

O O 

OH 

Br" 
K2CO3 

.0. 

DMF 

il 

O' 

O"' 
T 

,o 

"O' 

[0176] To a mixture of 5-(methoxymethoxy)pyridin-2-ol (1,35 g, 8.71 mmol, 1 eq.) and 

K2CO3 (6.01 g, 43.6 mmol, 5.0 eq.) in DMF (30.0 mL) was added 1 -bromo-2-methoxyethane 
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(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)pyridine (500 mg, 27%) as a colorless oil. 'H 

NMR (400 MHz, CDC13) 5 7.94 (d, J = 3.0 Hz, IH), 7.35 (ddd, ./= 8.9, 3.0, 1.0 Hz, IH), 6.76 

(dd, J = 8.9, 1.0 Hz, IH), 5.11 (s, 2H), 4.48-4.40 (m, 2H), 3.79-3.71 (in, 2H), 3.50 (s, 3H), 

3.45 (s, 3H). MS (ESI) m/z 214.1 [M+H]*. 

cr ^o" 
MeLi. DIPA 

DMF 
-vx-x G 
O ^ 

o o 

TJ' 
,0 

'o 

"O 

0 <r 
1 

. h 

[0177} To a mixture of 2-(2-methoxyethoxy)-5-(methoxymethoxy)pyridine (1.34 g, 6.3 

mol, 1 eq.) and diisopropylamine (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, 1.8 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 

K2CO3. The aqueous layer was extracted with EtOAc (30 ml.) twice. The combined organic 

layers were dried over NajSO^ concentrated, and purified on silica gel using a mixture of 

EtOAc and hexanes as eluent to give a mixture of 2-(2--methoxyethoxyV5-

(meihoxymethoxy)isotticotinaldehyde and 2-(2-methoxyethoxy)-5-

(methoxymethoxy)nicotmaldehyde (5/1, 1.27 g, 83.6%) as a pale yellow oil. *H NMR (400 

MHz, CDClj) 5 10.45 (s, IH), 8.23 (s, IH), 7.16 (st IH), 5.27 (s, 2H), 4.46 (dd, J= 5.4, 3,9 

Hz, 2H). 4.14 (q, J= 7.1 Hz, IH), 3.77 - 3.71 (m, 2H), 3.56 (s, 3H), 3.46 (s, 3H) and lti 

NMR (400 MHz, CDCI3) 5 10.41 (s, i 11), 8.18 (d, J = 3.2 Hz, IH), 7.85 (d, J = 3.1 Hz, IH), 

5.16 (s, 2H), 4.64 - 4.57 (m, 2H), 3.85 - 3.79 (m, J = 5.4, 4.0 Hz, 21-1), 3.50 (s, 3H), 3.46 (s, 

3H); MS (ESI) m/z 242.1 IM - Hi. 

Step 5 
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HQ (3 N); THF 

O' 

NY 
... , 6 

N x fl 
N. 

OH 
! 

"O 

"O* 
-Q" 

-O 
"O' 

9H 

if 
N. .y. 

,-•6 
.0 

[0178] To a solution of 2-methoxy-5-(methoxymethoxy)isonicotmaldehyde (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 K2CO3 and the aqueous layer was extracted with EtOAc (100 mL) twice. The 

combined organic layers were dried over Na2SC>4, concentrated, and purified on silica gel 

using a mixture of EtOAc and hexanes to give 5-hydroxy-2-(2-

methoxyethoxy)isonicotinaidehyde (630 mg, 60%) and 5-bydroxy-2-(2-

methoxyethoxy)nicotinaldehyde (120 mg, 11%). Data for 5-hydroxy-2-(2-

mcthoxycthoxy)isonicotinaidehyde: fH NMR (400 MHz, CDCI3) 5 9.98 (s, IH), 9.50 (s, IH), 

8.07 (s, 1H), 7.02 (s, IH), 4.51 - 4.39 (m, 2H), 3.81 - 3.72 (m, 2H), 3.47 (s, 3H). LRMS 

(M-H-r) m/z 198.1. Data for and 5-hydroxy-2-(2-methoxyethoxy) nicotinaldehyde: 'H NMR 

(400 MHz, CDC13) S 10.3 (s, IH), 7.99 (d, ,7=3.2 Hz, 111), 7.58 (d,J = 3.2 Hz, IH), 7.18-

7.07 (br, 1H), 4.54 (dd, J = 5.4, 3.7 Hz, 211), 3.84 (dd, J = 5.4, 3.7 Hz, 2H), 3.49 (s, 3H); MS 

(ESI) m/z 198.1 [M+H]4". 

[0179] Preparation of 2,6-dihydroxybertzaldehyde (INT-7). 

^,0 

AiCkDCM 
HOv 

iNT-7 

Into a 3000-mL three neck round-bottom flask, was placed a solution of AICI3 (240 

g, 1.80 mol, 3.00 equiv) in dichloromethane (1200mL). A solution of 2,6-

dimethoxybenzaldeliyde (100 g, 601.78 mmol, 1.00 equiv) in dichloromethane (800ml) was 

added to the reaction mixture dropwise 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 dichloromethane. 'Hie combined organic layers 

were concentrated under vacuum. The residue was applied onto a silica gel column with ethyl 
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acetate/petroleum ether (1:2QQ~1:50) as eluent to furnish 40 g (48%) of 2,6-

dihydroxybenzaldehyde as a yellow solid. 

!HNMR (300MHz, DMSO-40 S 11.25(s, 2H), 10,25(s, IH), 7.36(m, IH), 6.36 (d, J=8.4Hz 

2H); MS (ESI) m/z 139 [M+H]+, 

[0181] Preparation of5-hydroxy-2-methoxyisonicotinaidehyde (INT-8). 

OH Step 1 step 2 o^o"' step 3 X, ----
1 " ^ HCI (3 N): THF f\ ^ ^0 

rf -^1 L.I O MeLi, DiPA sr" ' f-l. 

NaH. DMF Q 

Ji 

[0182] Step 1: To a solution of 6-methoxypyridin-3-ol (20 g, 0.16 mol) in DMF (200 mL) 

was added NaH (60% in mineral oil; 9,6 g, 0.24 mol) at 0-5 UC portion-wise. Upon the 

completion of addition, the mixture was continued to stir at 0-5 °C for 15 min followed by 

additional of chloromethyl methyl ether. The mixture was stirred at 0-5 °C for another 20 

min and quenched with aqueous NHfCiftat.-,. The aqueous layer was extracted with EtOAc (3 

x 100 mL) and the combined organic layer was washed with water and brine, dried over 

NaiSCU, and concentrated under reduced pressure. The residue was purified on silica gel 

with 25% EtOAc/hexanes as eluent to give 2-metkoxy-5-(methoxymethoxy)pyridine (24.1 g, 

89.3%) as a colorless oil. 'H NMR (400 MHz; CDC13) 7.97 (d, 1 H), 7.35 (dd, 1 H), 6.70 (d, 

1 H), 5.12 (s, 2 II), 3.91 (s, 3 H), 3.51 (s, 3 H); MS (ESI) m/z 170.1 [M+Hf. 

[0183] Step 2: To a mixture of 2-methoxy-5~(methoxymethoxy)pyridine (30 g. 0. i 78 mo!) 

and diisopropylamine (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 -40 °C followed by addition of DMF (24,7 mL, 0.32, mol) slowly. The mixture 

was then stirred at -40 °C for 1 h and quenched with a mixture of HCI (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 Na2SC>4, 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. 'H NMR (400 MHz; CD3OD) 7.90 (s, 1 H), 6.92 (s, 1 

H), 5.64 (s, 1 H), 5.20 (s, 2 H), 3.84 (s, 3 H), 3.48 (s, 3 ii): MS (ESI) m/z 198.1 [M+HJ+. 
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[0184| Step 3: To a solution of 2-methoxy-5-(methoxymethoxy)isomcotinaidehyde (33.5 g, 

0.17 mol) in THF (150 mL) was added HCI (3 N, 250 mL). The reaction was stirred at 50 °C 

for 1 h, cooled to RT and diluted with water (500 mL). The mixture was neutralized to pH 7-

8 with solid K2CG3. 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%). Ti NMR (400 MHz; DMSO) 5= 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 Hi . 

Experimental procedures for Examples: 

|018Sj GBT527 Preparation of 2-methoxy-5-[[24M2,2,2-trifluoroethyl)pyrazol-3-

y^]pyridin-3-y3]methoxy]pyridine-4-carbaldebyde. 

|0186| GTB527 was prepared using general method B from 5-hydroxy~2-

methoxyisonicotinaldehyde and INT-2. 

[0187] G.BT576 Preparation of 2-oxo-5-[[2-(2-propan-2-ylpjTazol-3-yi)pyridin-3-

yljmethoxyj-1 H-pyridme-4-carba3dehyde 

o. 

'O 

o 
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>— NIHNHo 
' HCI 

Step 1 
I! 

HCi "0 

..0 

Step 1: 

[0188] To (£>l-(3-((tert-butyIdimethylsilyIoxy)methyl)pyridin-2-yl)-3-

(dimethyiamino)prop-2-en-l-one (crude, 1.03 g, 3.22 mmol 1 eq.; INT-1) in EtOH (10 mL) 

was added isopropylhydra/ine hydrochloride (430 rng, 3.86 mmol, 1.2 eq.). The mixture was 

heated at 80 °C for 2 h, cooled, added HCI (6 N, 0.5 mL), and stirred O/N. The mixture was 

concentrated and diluted with EtOAc (80 mL) and NaHCCK'sao (10 mL) solution. The layers 

were separated and the aqueous layer was extracted with EtOAc three times. The combined 

organic layers were dried over Na2S04, concentrated, and purified on silica gel using EtOAc 

as eluent to give (2-(l-isopropyl-IH-pyrazol-5-yl)pyridin-3-yl)methanol (500 mg, 71%) and 

(2-(l-isopropyI-lH-pyrazol-3-yl)pyridin-5-yl)methanol (55 mg, 25%) as pale yellow oils, 

Data for 2-( 1 -isopropyl-1 H-pyrazol-5-yl)pyridin-3-yl)methanoi: !H NMR (400 MHz, CDCI3) 

8 8.67 (dd, J= 4.7, 1.5 Hz, IH), 8.0 (d, J 7.8 Hz, IH), 7.61 id../ • 1.8 Hz, IH), 7.39 (dd,J 

7.8, 4.8 Hz, IH), 6,37 (d, 1.8 Hz, IH), 4.67 (s, 2H), 4.55 (sep, J= 6.6 Hz IH), 1.98-2.05 

(br, IH), 3.47 (d, J - 6,6 Hz, 6H). LRMS (M+H+) iiy'z 238.1 Data for (2-( 1 -isopropyl-1 H-

pyrazol-3-yl)pyridin-5-y[)methanol: !H NMR (400 MHz, CDCI3) 8 8.62 (dd, J~ 4.8, 1.6 Hz, 

IH). 7.72 (d. J = 7.6 Hz. IH). 7.55 (d, J== 2.4 Hz, IH), 7.23 (dd, 7.6, 4.8 Hz, IH). 6.99 

(dd, J= 8.0, 6.5 Hz, IH), 6.07 (t, J~ 7.6 Hz, IH), 4.67 (d, J ------ 7.6 Hz, 2H), 4.58 (sep, J = 6.7 

Hz, IH), 1,60 (d, J - 6.7 Hz, IH). MS (ESI) m/z 218.1 [M+H]\ 

Step 2 
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1 
SOCi, 

V" "OH 

DCM HCI 

[0189] To (2-(l -iospropyl-1 H-pyrazol-5-yl)pyridin-3-yl)methanol (560 mg, 2.58 mmol) in 

DCM ( 10 mL) was added SOCfe (3.0 mL) at RT. The reaction mixture was stirred ai RT for 

4 h and concentrated to dryness. The crude solid was suspended in toluene and concentrated 

to dryness, '["he process was repeated three times and dried under vacuum to give 3-

(chloromethyl)~2-(l -isopropyl-1 H-pyrazol-5-yl)pyridine hydrochloride (700 mg) as an off-

white solid, which was used for next step without further purification. 

[0190] A mixture of 5-hydroxy-2-methoxyisonicotinaldehyde (395 mg, 2.58 mmol, 1 eq.), 

3-(chloromethyl)-2-(l-isopropyl-lH-pyrazol-5-yl)pyridine hydrochloride (700 mg, 2.58 

mmol, 1 eq,), and K2CO3 (1.4 g, 10.32 mmol, 4 eq.) in DMF (10.0 mL) was heated at 70 °C 

for 2 h. The mixture was cooled, filtered, concentrated, and purified on silica gel using a 

mixture of EtOAc and hexanes as eluent to give 5-((2-( 1 -isopropyl-1 H-pyrazol-5-yl)pyridin-

3-yl)methoxy)-2-methoxyisonicotinaldeliyde (590 nig, 65%) as an off-white solid, !H NMR 

(400 MHz, CDCI3) 8 10.41 (s, IH), 8.76 (dd, J = 4.7, 1.6 Hz, IH), 8,04 (dd, J- 7.9, 1,6 Hz, 

IH), 7.90 (s, IH), 7.61 id..! " 1.8 Hz, IH), 7.44 ted../ 7.9, 4.8 Hz, IH), 7.10 (s, IH), 6.37 

(ct, J • 1.8 Hz, IH), 5.14 (s, 2H), 4.65 (sep,./ 6.6 Hz, IH), 3.91 (s, 3H), 1.49 id../ 6.6 Hz, 

6H); MS (ESI) m/z 353,1 i M • H|' 

[0191] To 5 --((2-( 1 -isopropyl-1 H-pyrazol-5 -yl)pyridin-3-yl)methoxy) • 2 •• 

methoxyisonicotinaldehyde (590 mg) suspened in water (5.0 mL) was added HCI (6 N, 4 

mL), Once the mixture turned into a homogeneous solution, it was frezee at -78 °C to an 

solid and pump under high vaccum O/N. The yellow solid was continued to pump at 45 °C 

Step 3: 

'3 r n 
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for 20 h, dissolved in water (2.0 mL), and basifted to pi i 31 with NaOH (2 N). The aqueous 

layer was waslied with DCM three times and the pH of the mixture was adjusted to pH 6-7. 

The solid was collected and dried to give 2-oxo-5-[[2-(2-propan-2-ylpyrazol-3-yl)pyridin-3-

y]]mcthoxy]~lH-pyridine~4-carba!dehyde as a yellow solid. NMR (400 MHz, CDCh) 8 

10.3 (s, IH), 8.8 (dd, J = 4.7, 1.6 Hz, 3H), 8.1 (dd, J - 7.9, 1.5 Hz, IH), 7.6 (s, 1H},7.5 (d, J = 

1.8 Hz, IH), 7.1 (s, IH), 7.0 (s, III), 6.6 (d, J = 1.8 Hz, IH), 4.9 (s, 2H), 4.7 (sep, J - 6.6 Hz, 

IH}, 1.5 (d, I - 6.6 Hz, 6H); MS (ESI) m/z 339.4 [M+Hf. 

[0192] GBT779 Preparation of 2-(2-morpholin-4-ylethoxy)-5-[[2-(2-propan-2-ylpyrazol-3-

yl)pyridin-3-yi]methoxy]pyridine-4-earbaIdehyde 

[0193] GTB779 was prepared according to general method B from 5-hydroxy-2-(2-

morpholinoethoxy)isonicotinaldehyde and INT-4, 

N'% 

<cr T 
i X ^ 

r"" jf "vo 

Y 

[0194| 'H NMR (400 MHz, Chloroform-^) 8 10.33 (s, IH), 8.68 (dd, J ------ 4.8, 1.7 Hz, IH), 

7.95 (dd, ./ - 7.9, 1.7 Hz, 1H), 7.79 (s, 111), 7.53 (d, J ------ 1.8 Hz. 1H), 7.36 (dd, ./= 7.9, 4.7 

Hz, IH), 7.04 (s, IH), 6.28 (d, J- 1.8 Hz, IH), 5.06 (s, 2H), 4.57 (s, OH), 4.32 (t, J= 5.7 Hz, 

2H), 3.69 - 3,62 (m, 4H), 2.70 (t, J = 5.7 Hz, 2H), 2.53 - 2.45 (m, 4H), 1.41 (d, J = 6.6 Hz, 

6H); MS (ESI) m/z 452 [M+H]+. 

[0195] GBT832 Preparation of 2-(2-methoxyethoxy)-5-[[2-[2-(2,2,2-

trifluoroethyl)pyrazol-3-yl]pyridin-3-yl]methoxy]pyridine-4-carba3dehyde. 

[0196] GTB832 was prepared according to general method B from 5-hydroxy-2-(2-

methoxyethoxy)isonicotinaldehyde (INT-5) and INT-2. 
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|0197] 'H NMR. (400 MHz, CDCI3) 8 10.32 (s, IH), 8,67 (dd, J - 4.8, 1.6 Hz, IH), 7.97 

(dd, J = 7.9, 1.5 Hz, IH), 7.87 (s, IH), 7.59 (d, J - 1.9 Hz, IH), 7.38 (dd, J = 7.9, 4.8 Hz, IH), 

7.11 (s, IH), 6.47 id. J = 1.9 Hz, IH), 5.17 (q, J - 8.6 Hz, 2H), 5,10 is. 2H), 4,39-4.32 (m, 

2H), 3.70 - 3,63 (m, 2H); MS (ESI) m/z 437 [M+H]+. 

[0198] GBT835 Preparation of 6-methyl-3-[i"2-[2-(2,2,2-trifluoroethyl)pyrazol-3-

y 3 jpyridi n - 3 • v 1 ] methoxy] pyridine-2-carbaldehyde 

[0199] GTB835 was prepared according to general method B from 3-hydroxy-6-

rnethyipieolinaidehyde and INT-2. 

[0200] lll NMR (400 MHz, CDCI3) 8 10.23 (s, IH), 8.64 (dd, J = 4.7, 1.6 Hz, IH), 8.16 

(dd, J = 7.9, 1.5 Hz, 1H), 7.61 (d, J = 1,9 Hz, 3 H), 7.38 (dd, J = 7.9, 4.8 Hz, IH), 7,21 (d, J = 

8,6 Hz, IH), 7,10 (d, J = 8.6 Hz, IH), 6.47 (d, J = 1.9 Hz, IH), 5.19 (q, J = 8.6 Hz, 2H), 5.12 

(d, J = 6.1 Hz, 2H), 2.51 (s, 311): MS (ESI) m/z. 377 [M il)'. 

[0201] GBT836 Preparation of 6-methyi-3-[[2-[2-(3,3,3-trifluoropropyl)pyrazol-3-

yl]pyridin-3-yl]methoxy]pyridiiie-2-carbaldehyde 

[0202] GTB836 was prepared according to general method B from 3-hydroxy-6-

methylpicolinaldehyde and INT-3. 
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|0203] !H NMR (400 MHz, CDC13) S 10,31 (s, IH), 8.75 (dd, J = 4.7, 1.7 Hz, IH), 8.27 

(dd, J = 7.9, 1.6 Hz, IH), 7.62 (d, i = 1.9 Hz, IH), 7,49 (dd, J = 7.9, 4.8 Hz, IH), 7.33 (d, J = 

8.6 Hz, IH), 7.24 (d, J - 8.6 Hz, IH), 6.46 (d. J = 1.9 Hz, IH), 5.18 (s, 2H), 4.61 -4.44 (m. 

2H), 2.96 - 2.75 (m, 2H), 2.62 (s, 3H); MS (ESI) m/z 391 [M+H]+. 

[0204J GBT839 Preparation of 3-[[2-(2-(2,2,2-trifluoroethyl)pyrazol-3-yi]pyridin-3-

yI]methoxy]pyridine-2-carbaldehyde 

[0205] GTB839 was prepared according to general method B from 3-

hydroxypicoiinaldehyde and INT-2. 

[0206] lli NMR (400 MHz, CDC13) 6 10.26 (s, IH), 8.65 (dd, J = 4.7, 1.5 Hz, 1H), 8.38 

(dd, J -4.4, 1.0 Hz, IH), 8.19 (dd, J = 7.9, 1.0 Hz, IH), 7.61 (d, J = 1.9 !!z, IH), 7.43-7.33 

(m, 2H), 7.21 (d, J - 8.6 Hz, IH), 6.48 (d, J - 1.9 Hz, IH), 5.19 (q, J = 8.6 Hz, 2H), 5,15 (s, 

2H); MS (ESI) m/z 363.1 [M+H]+. 

[0207} GBT840 Preparation of 3-[[2-[2-(3,3,3-trif!uoropropyl)pyrazol-3-yl]pyridra-3-

yl]methoxy]pyridme-2-earbaldehyde 

[0208] GTB839 was prepared according to general method B from 3-

hydroxypicolinaldehyde and INT-3, 

O 
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[0289] iHNMR (400 MHz, CDCI3) S 10.24 (s, 1H), 8.66 (dd, J = 4.7, {.6 Hz, 1H), 8.39 

(dd, J = 4.5, 1.1 Hz, IH), 8.21 (dd, J = 7.9, 1.6 Hz, IH), 7.53 (d, J - 1.9 Hz. IH), 7.44 - 7,37 

(m, 2H), 7.26 (d, J = 8.5 Hz, IH), 6.37 (d, J = 1.9 Hz, IH), 5,13 (s, 2H), 4,49 ~4.40 (m, 2H), 

2,87 - 2.64 (m, 2H); MS (ESI) m/z 377.1 [M+H]". 

[02JO] GBT841 Preparation of S-eMoro-S^P^-propan-^-ylpyrazoi-S-yOpyridin-S-

yljmethoxyjpyridine^-carbaidehyde. 

[0211] GTB841 was prepared according to general method B from 3-chloro-5-

hydroxyisonicotinaldehyde and INT-4. 

[0212] 'HNMR (400 MHz, CDCi3) 5 10.51 (s, IH), 8.77 (dd, J = 4.7, 1,6 Hz, IH), 8.41 (s. 

IH), 8.28 (s, IH), 8,13 (dd, J = 7.9, 1.5 Hz, IH), 7.63 (d, J - 1.8 Hz, IH), 7.47 (dd, J - 7.9, 

4,8 Hz, IH), 6.37 (d, J = 1.8 Hz, IH), 5,23 (s, 2H), 4.66 (sep, J - 6,6 Hz, IH), 1.49 (d, J - 6.6 

Hz, 6H); MS (ESI) m/z 357 [M+H] \ 

[0213| GBT844 Preparation of 3-chloro~5-[[2-[2-(2,2,2-trifluoroethyi)pyrazol-3-

yi]pyridin-3-yl]methoxy]pvTidine-4-carbaldehyde. 

[0214] GTB844 was prepared according to general method B from 3-chloro-5-

hydroxyisonicotinaidehyde and INT-2. 
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[02151 'H NMR (400 MHz, CDC13) 5 10.43 (s, 1H), 8.67 (dd, J = 4.7, 1.5 Hz, IH), 8.35 (s, 

1H), 8.26 (s, iH), 8.06 (dd, J « 7.9, 1.3 Hz, IH), 7.61 (d, J = 1.9 Hz, IH), 7.40 (dd, J = 7.9, 

4.8 Hz, IH), 6.47 (d,.! - 1.9 Hz, IH), 5.21 - 5.10 (m, 4H): MS (ESI) m/z 397 i M - H] 

[0216] GBT860 Preparation of fm-butyl 4-(((4-formyS-6-methoxypyridin-3-

yl)oxy)methyl)-5-( 1 -isopropyl-1 H-pyrazoi-5-yl)-3,6-dihydropyridine-1 (2H)-carboxylate 

[0217] Step 1: To a solution of 1-tert-butyl 4-ethyl 3-oxopiperidine-1,4-dicarboxylate 

(2.0g, 7.37 mmol) in DCM (45 mL) was added DIPEA (1.54 ml, 8.84 mmol) and TfjO (1.36 

mL, 8.11 mmol) at -78 °C, then the temperature was wanned up to room temperature and the 

solution was stirred at RT for 1.5 h, the mixture was diluted with DCM (100 mL). organic 

layer was washed with Sat. NaHCQs, brine, dried and concentrated to give l-(tert-butyi) 4-

ethyl 5-(((trifluoromethyl)sulfonyl)oxy)-3,6-dihydropyridine-l,4(2H)-dicarboxylate, which 

was used for next step without purification. 

O O OTf O 

\ 

BocN 

OTf O 
PddppfC!2 

Na2C03 

O 
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[0218] Step 2; To a solution of 1 -tert-butyl 4-ethyl 3-(((trifhioroiTiethyl)sulfbnyl)oxy)-5,6-

dihydropyridine-l,4(2H)-dicarboxy!ate (1,49 g, 3.7 mmol) and (1 -isopropyl -1 H-pyrazol-5-

yl)boronie acid (0.57 g, 3.7 mmol) in dioxane (10 mL) was added Pd(dppf)Cl2 (0.27 g, 0.37 

mmol) and a solution of sodium carbonate (1.18 g, 11.10) in water (3 ml), the mixture was 

degased with N2 for 5 min, and was heated at 100 °C for 15 h, after cooling to room 

temperature the mixture was diluted with EtOAc and washed with Sat. NaIIC03 and brine, 

organic layer was combined, dried and concentrated to give crude product, which was 

purified by column chromatography (Hexanes/EtOAe=%3:1) to give desired product 830 mg 

(62%). 

[0219] Step 3: To a solution of 1-(tert-butyl) 4-ethyl 5-( 1 -isopropyl-1 H-pyrazol-5-yl)-3,6-

dihydrapyridine-1,4(2H)-dicarboxylate (450 mg, 1.24 mmol) in THF (6 mL) was added 

LiAlH4 (1M in TOP, 1.49 mL, 1.49 mmol) at -20 °C, the reaction was stirred at -20 °C for 30 

min, and was quenched with Sat, NH4CI, the aqueous layer was extracted with EtOAc, the 

combined organics were washed with brine, dried and concentrated to give crude oil, which 

was purified by column (Hexanes/EtOAe™ 100:0 to 40:60) to give tert-butyl 4-

(hydroxymethyl)-5-(l-isopropyl-lH-pyrazol-5-yl)-3,6-dihydropyridine-l(2H)-carboxylate 

(370 mg, 91%). 

|622G] Step 4; To a solution of give tert-butyl 4-(hydroxymethyl)-5-(l-isopropyl-lH-

pyrazol-5-yl)-3,6-dihydropyridine-l(2H)-carboxylate (25 mg, 0.08 mmol) in DCM (1 mL) 

was added triphenylphosphine bromine adduct (40 trig, 0.09 mmol) at room temperature, 

after stirring for 30 min, it was diluted with DCM, washed with Sat, NaHC03, brine, dried 

and concentrated to give crude product, which was purified by column to give tert-butyl 4-

(bromomethyl)-5-( 1 -isopropyl -1 M-pyrazol-5-yl)-3,6-dihydropyridine-l(2H)-carboxylate (18 

mg). 
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[0221] Step 5: To a solution of tert-butyl 4-(bromomethyl)-5-( 1 -isopropyl-3 H-pyrazol-5-

yl)-3,6-dihydropyridine-1 (2H)-carboxylate (18 mg, 0.05 mmol) and 5-hydroxy-2-

methoxyisonicotmaldehyde (10 mg, 0,06 mmol) in DMF (1 mL) was added K2CO3 (14 mg, 

0.1 mmol). After stirred at room temperature for 1 h, it was diluted with water and EtOAc, 

organic layer was separated, and the aqueous layer was extracted with EtOAc, organic layer 

was combined, washed with brine, dried and concetrated to give crude product, which was 

purified by column (Hexanes/EtOAc=2:l ) to give tert-butyl 4-(((4-formyl-6-methoxypyridin-

3~yl)oxy)methyi)-3-(l -isopropyl-lH-pyrazol-5-yl)-5,6-dihydropyridine-l(2H)-carboxy!ate 

(7.2 mg). IH NMR (400 MHz, CDC13) (ppm) 10.39 (s, IH), 7.79 (s, 311), 7.56 (d, J 1.6 Hz, 

Ills 7.05(s, IH), 6.11 (d, J=1.6 Hz, !H), 4.40 (s, 2H), 4.38 (m, Hi), 4.01 (s, 2H), 3.88 (s, 

3H). 3.66 (bs, 2H), 2.46 (bs, 2H), 1.48 (s, 9H), 1.43 (d. 6.4 Hz, 6H). MS (ESI) m/z 457.3 

[M+Hf. 

[0222] GBT861 Preparation of 2-hydroxy-6-((5-(1 -isopropyl-1 H-pyrazol-5-yl)-3,6-

dihydro-2H-pyran-4-yl)methoxy)benzaldehyde 

O 

"Y 6 Y o 
,0.. 

9 
•v 

OTf 6 

u. 

[0223] Step 1: To a solution of ethyl 3-oxotetrahydro-2H-pyran-4-carboxylate (1.0 g, 5.8 3 

mmoljin DCM (30 mL) was added DIPEA (1.22 mL, 6.97 mmol) and Tf20 (1.08 mL, 6.39 
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mmol) at -78 °C, then it was warmed up to room temperature and stirred at room 

temeperature for 2 h, the solution was diluted with DCM, washed with Sat. NaHC03, brine, 

dried and concentrated to give ethyl 5-(((trifluoromethyl)sulfonyl)oxy)-3,6-dihydro-2H-

pvran-4-carboxylate as crude product (2 g). 

[0224] Step 2: To a solution of ethyl 5-(((trifluoromethyl)suifonyl)oxy)-3,6-dihydro-2H-

pyran-4-carboxylate (crude from step 1) and 1 -isopropyl-5-(4,4,5,5-tetramethyl-1,3^2-

dioxaborolan-2-yI)-1 H-pyrazole (1.37 g, 5.82 mmol) in dioxane (20 ml) was added 

Pd(dppf)Cl2 (430 mg, 0,58 mmol) and Na2C03 (1.85 g, 17.46 mmol) in water (6 mL), the 

mixture was degased with N2 for 5 min, and was heated at 100 °C for 15 h, after cooling to 

room temperature the mixture was diluted with EtOAc and washed with Sat. NaHCC'3 and 

brine, organic layer was combined, dried and concentrated to give crude product, which was 

purified by column chromatography (Hexanes/EtOAc=3:1) to give ethyl 5-( 1-isopropyl-1H-

pyrazoi-5-yl)-3,6-dihydro-2H-pyran-4-carboxylate (850 mg). 

[0225] Step 3: To a solution of ethyl 5-(l-isopropyl-lH-pyrazo!-5-yl)-3,6-dihydro-2l I-

pyran-4-carboxylate (600 mg, 2.27 mmol) in THF (10 mL) was added LiA!H4 (1M in THF, 

2.72 mL, 2.72 mmol) at -20 °C, the reaction was stirred at -20 °C for 30 min, and was 

quenched with Sat. NH4CI, the aqueous layer was extracted with EtOAc, the combined 

organics were washed with brine, dried and concentrated to give crude oil, which was 

purified by column (Hexanes/EtOAe:;;: 100:0 to 20:80) to give (5-(1 -isopropyl-lH-pyrazol-5-

yi)-3,6~dihydro-2H-pyran-4-yl)methanol (500 rng). 

\ 

4814-3854-0057.1 95 



WO 2014/150276 PCT/US2014/022789 

Atty. Dkt No,: 104592-0210 

0^ 

r Br 
\ 

N: 

[0226] Step 4: To a solution of (5-(.l-isopropyi-lH-pyrazol~5~yl)-3,6-dihydn>2H-pyran-4-

yl)methanol (300 mg, 1.35 mmol) in DCM (5 mL) was added dibromotriphenylphosphorane 

(630 mg, 1.35 mmol) at room temperature, after stirring for 30 min, it was diluted with DCM. 

organic layer was washed with Sat. NaHCCh, brine, dried and concentrated to give crude 

product, which was purified by column(Hexanes/EtOAc= 4:1) to give 5-(4-(bromomethyi)-

5,6-dihydro-2H-pyran~3~yl)-! -isopropyl-1 H-pyrazole (360 mg). 

[0227] Step 5: To a solution of 5-(4-(broraomethyl)-5,6-dihydro-2H-pyran-3-yl)-l-

isopropyl-lH.-pyraz.ole (110 mg, 0.38 mmoi) and 2,6-dihydroxybenzaidehyde (100 rng. 0.76 

mmol) in DMF (6 mL) was added K1CO3 (110 rng, 0.76 mmol), Alter stirred at room 

temperature for 1 h, it was diluted with water and EtOAc, 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 column 

(Hexanes/EtOAc= 1:1) to give 2-hydroxy-6-((5-( 1 -isopropyl-1 H-pyrazol-5-yl)-3,6~dihydro-

2H-pyran-4-yl)methoxy)benzaldehyde (90 mg). IH NMR (400 MHz, CDCI3) 8 (ppm) 11.89 

(s, Hi), 10.33 (s, IH), 7.53 (d, 1=1.6 Hz, IH), 7.33(t, 1=8.8 Hz, IH), 6.51 (d, J=8.8 Hz. IH), 

6.16 (d, J=8.0 Hz, IH), 6.08 (d, J=2.0 Hz, IH), 4.40 (dd, J = 12.8, 6.4 Hz, IH), 4.35 (s, 2H), 

4.18 (s, 2H), 3.97 (t, J-5.2 Hz, 2H), 2.44 (s, 2H), 1.40 (d, J-6.4 Hz, 6H); MS (ESI) m/z 343.3 

[0228] GBT863 Preparation of 2-methoxy-5-[[5-(2-propan-2-ylpyrazol-3-yl)-3,6-diliydro-

2H-pyran-4-yI]methoxy]pyridine-4-earbaldeliyde 

[M Ilj . 
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[0229] To a solution of 5-(4-(bromomethyl)--5,6-dihydro-2H-pyran~3-yl)-1-isopropyl-1H-

pyrazole (50 mg, 0.19 mmol) (see the .synthesis of GBT861) and 5-hydroxy-2-

mcthoxyisonicotinaidehyde (30 mg, 0,2.3 mmol) in DMF (1 mL) was added K2CO3 (50 mg, 

0.38 mmol). After stirred at room temperature for 3 h, it was diluted with water and EtOAc, 

organic layer was separated, and the aqueous layer was extracted with EtOAc. organic layer 

was combined, washed with brine, dried and concetrated to give crude product, which was 

purified by column (Hexanes/EtOAc= 1:1) to give 5-((5-(l-isopropyl-lH-pyrazol-5-yl)-3,6-

dihydro-2H-pyran-4-yl)methoxy)-2-methoxyisonicotinaldehyde (26 mg). 1FI NMR (400 

MHz, CDCI3) 8 (ppm) 10,40 (s, 1H), 7.81 (s, IH), 7.54 (d, J • 1.6 Hz. IH), 7,05 (s, 1FI), 6.08 

(d, .1=1.6 Hz, Hi), 4.42 (s, 2IT), 4.40 (m, IH), 4.19 (s, 2H), 3.98 (t, J=5.6 Hz, 2H), 3.88 (s, 

3H), 2.47 (s, 2H), 1.41 (d, J=6.S Hz, 6H); MS (ESI) m/z 358.4 [M+Hf. 

[0230] GBT864 Preparation of 6-methyl-3-[[5-(2-propan-2-ylpyrazol-3-yI)-3,6-dihydro-

2H-pyran-4-yl]methQxy]pyridmc-2-carbaldehyde 
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[0231] To a solution of 5-(4-(bromomethyl)-5,6-dihydro-2H-pyran-3-yl)-i-isopropyl-lH~ 

pyrazole (50 mg, 0.19 mmol) (see the synthesis of GBT861) and 3-hydroxy-6-

methylpicolinaldehyde (30 mg, 0.24 mmol) in DMF (1 mL) was added K2CO3 (50 mg, 0,38 

mmol). After stirred at room temperature for 3 h, it was diluted with water and EtOAc, 

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 column (Hexanes/KtOAc=40:60) to give 5-((5-( 1 -isopropyl-1 H-pyrazol-5-yi)-3,6-

dihydra-2H-pyran-4-yl)methoxy)-2-methoxyisonicotinaldehyde (37 mg). IH NMR (400 

MHz, CDCI3) 8 (ppm) 10.30 (s, Hi), 7.54 (d, J-1.6 Hz, IH), 7.24 (d, 8.4 Hz, IH), 7.09 (d, 

1=9.2 Hz, IH), 6.08 (d, J=2.0 Hz, IH), 4.42 (m, IH), 4.38 (s, 2H), 4.18 (s, 2H), 3.98 (t, J-5.6 

Hz, 2H), 2.56 (s, 3H), 2.51 (s, 2H), 1.39 (d, J=6.4 Hz, 6H); MS (ESI) m/z 342.4 [M+Hf. 

[0232] GBT867 Preparation of 2-hydroxy-6-[(5-phenyl-3,6-dihydro-2il-pyran-4-

yl)methoxy]benzaldehyde 

[0233] Step 1: To a. solution of ethyl 5-(((trifluoromethyl)sdfonyl)oxy)-3,6-dihydro-2H-

pyran-4-carboxyiate (1.77 g, 5.81 mmol) and phenylboromc acid (1.42 g, 11.62 mmol) in 

OH 

( 
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dioxane (15 ml) was added PdidppOCF (430 mg, 0.58 mmol) and Na^COj (1.85 g, 17.46 

mmol) in water (4.5 mL), the mixture was degased with N2 for 5 min, and was heated at 100 

°C for 15 h, after cooling to room temperature the mixture was diluted with EtOAc and 

washed with Sat. NaBCCb and brine, organic layer was combined, dried and concentrated to 

give crude product, which was purified by column chromatography (Hexanes/EtOAc=4:1) to 

give ethyl 5-phenyl-3,6-dihydro-2H-pyraa-4-carboxylate (1.05 g, 78%). 

[0234] Step 2: To a solution of ethyl 5-phenyl-3,6-dihydro-2H-pyran-4-carboxylate (1.05 

g. 4.52 mmol) in THF (20 mL) was added LiAlEU (1M in THF, 5.42 mL, 5.42 mmol) at -20 

°C, the reaction was stirred at -20 °C for 30 min, and was quenched with Sat. NFLC1, the 

aqueous layer was extracted with EtOAc, the combined organics were washed with brine, 

dried and concentrated to give crude oil, which was purified by column (Hexanes/EtOAc-

100:0 to 35:65) to give (5-phenyl-3,6-dihydro-2H-pyran-4-yl)methanol (720 mg). 

[0235| Step 3: To a solution of (5-pheny3-3,6-dihydro-2H-pyran-4-yl)methanol (360 mg, 

1.89 mmol) in DCM (6 mL) was added dibromotriphenylphosphorane (880 mg, 2,08 mmoi) 

at room temperature, after stirring for 30 min, it was diluted with DCM, organic layer was 

washed with Sat, NaHCQ3, brine, dried and concentrated to give crude product, which was 

purified by eolumn(Hexanes/EtOAc:= 9:1) to give 4-(bromomethyl)-5-phenyl-3,6-dihydro-

2H-pyran (380 mg). 
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|G236] Step 4: To a solution of 4-(broraomethyl)-5-phenyl-3,6-dihydro-2H-pyran (110 mg, 

0.45 mmol) and 2,6-dihydroxybenzaldehyde (120 mg, 0.90 mmol) in DMF (3 mL) was added 

K2CO3 (120 mg, 0.90 mmol). After stirred at room temperature for 1 h, it was diluted with 

water and EtOAc, 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 column (Hexanes/EtOAc;;:3:1) to give 2-hydroxy-6-((5-

phenyi-3,6-dihydro-2H-pyran-4-yl)methoxy)benzaldehyde (120 nig). IH NMR (400 MHz, 

CDCI3) 5 (ppm) 11.92 (S> IH), 10.36 (s, 1H), 7.35 (ra, 4H), 7.18 (m, 2H), 6.49 (d, J-8.0 Hz, 

IH). 6.13 (d, J=8.0 Hz, IH), 4.48 (s, 2H), 4.32 (s, 2H), 3.95 (t, J-5.6 Hz, 2H), 2.41 (m, 2H); 

MS (ESI) m/z 309. 

[0237] GBT868 Preparation of 3-methoxy-5-[[2-[2-(2,2,2-trifluoroethyl)pyrazol-3-

y 1] pyridin-3 -y 1 jmethoxy] pyridine-4-earhal dehyde 
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To a solution of 3-hydroxy-5-methoxyisonicotinaldehyde (0.13 g, 0,88 mmol) in 

DMF was added 3-(chloromethyl)-2-( 1 -(2,2,2-trifluoroethy!)-1 H-pyrazol-5-yi)pyridine (0.24 

g, 0.88 mmol) (INT-2) and potassium carbonate (0.49 g, 3.52 mmol) and the reaction mixture 

was heated (60 °C). After 3 hours, the reaction mixture was filtered through a plug of silica 

(MeOH/CHjCk, 0-20%). Purification of the resulting residue by Prep-HPLC, provided 2-

raethoxy-6-((2~( 1 -(2,2,2-trifluoroethyi)- lH-pvrazoi-5-vl)pvridin-3-Y!)methQxy)benzaidehyde 

(12 nig, 5% yield). 'H NMR (400 MFIz, Chloroform-^) 5 10.54 (s, Hi), 8.71 (dd, J:zz: 5.0, 1.8 

Hz, IH), 8.23 (s, IH), 8.21 (ddd, J = 7.9, 1.7, 0.7 Hz, 1H), 8.10 (s, 1H), 7.67 (dd, J = 1.9, 0.5 
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Hz, IH), 7.46 (dd, ./= 8.0, 4.5 Hz, IH), 7.26 (d,./ 0.5 Hz, 3H), 6.56 (dd,./ 1.9, 0.5 Hz, 

IH), 5.23 (s, 2H), 5.28 - 5.15 (m, 2H), 4.04 (s, 3H); MS (ESI) m/z 393 [M+H]4. 

[0239] GBT870 Preparation of 2-methoxy-5-[[2-(2-methoxyphenyl)pyridin-3-

yl]methoxy]pyridine-4-carhaldehyde 

CHO 

CHO 

Ci 

.OH 
K2C03, Kl, CH3CN 

[0240] Step 1: Into a 50-mL round-bottom flask, was placed a solution of (2-chioropyridin-

3-yl)methanol (500 rag, 3.48 snrnol, 1.00 equiv) in a solvent mixture of dioxane and H7.O 

(10/10 mL). (2-Methoxyphenyl)boronic acid (532 mg, 3.50 mmol, 1.20 equiv), sodium 

bicarbonate (882 mg. 10,50 mmol, 3.00 equiv), and Pd(dppf)Cl2 (286 mg, 0.39 mmol, 0.10 

equiv) were added to the reaction mixture. The resulting solution was stirred for 2 h at 100°C, 

and then it was diluted with 100 mL of ILO. The resulting solution was extracted with 2x100 

mL of ethyl acetate, and the combined organic layers were concentrated under vacuum. The 

residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:5) as eluent 

to furnish 650 mg (87%) of [2-(2-methoxyphenyl)pyridin-3-yl]methanol as a yellow solid. 

[0241] Step 2: Into a 50-mL round-bottom flask, was placed a solution of [2-(2-

methoxyphenyl)pyridin-3-yi]methanol (600 mg, 2.79 mmol, LOO equiv) in thionyl chloride 

(10 mL). The resulting solution was heated to reflux for 2 hr, and then it was concentrated 

under vacuum. This resulted in 600 nig (92%) of 3-(chioromethyl)-2-(2-

methoxyphenyl)pyridine as a yellow solid. 

[0242] Step 3: Into a 100-mL round-bottom flask, was placed a solution of 3-

(ch3oroniethy!)-2.-(2-methoxypheny1)pyridine (306 mg, 1.31 mmol, 1.00 equiv) in CH3CN 

(20 mL). 5-Hydroxy-2-methoxypyridine-4-carbaldehyde (200 mg, 1.31 mmol, 1.00 equiv), 

potassium carbonate (364 mg, 2.63 mmol, 2.00 equiv), and Kl (44 mg, 0.27 mmol, 0.20 

equiv) were added to the reaction mixture. The resulting solution was stirred tor 5 h at 60°C, 

and then it was concentrated under vacuum. Hie crude product (200 mg) was purified by 
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Prep-HPLC with the following conditions (Prep-HPLC-010): Column, SunFire Prep C18 

OBD Column, Sum, 19* 150mm.; mobile phase, water with 0.1%HC(X)H and MeCN (10,0% 

MeCN up to 40.0% in 10 min, up to 95.0% in 2 min, down to 10.0% in 2 rain); Detector, 

Waters2545 UvDector 254&220nm. This resulted in 65 mg (9%) of 2-methoxy-5-[[2-(2-

methoxyphenyl)pyridin-3-yl]methoxy]pyridine-4-carbaldehyde bis(trifluoroacetic acid) as a 

yellow solid. The compound exhibited a melting point of 105-l07°C, !HNMR(300MHz, 

CDClj) S 10.32 (s, IH), 8.69 (s, IH), 7.93 (m, 2H). 7.36(m, 3H), 6.99 (m, 3H), 5.35 (s, 

2H),3.86(m, 6H); MS (ESI) m/z 351 [M+Hf. 

[0243] GBT871 Preparation of 2-methoxy-5-[[2-(3-methoxyphenyl)pyridin-3-

yi]methoxy]pyridine-4-earbaldehyde 

-o 
" w // 

// \\ / 
, . <! T'-o 

O—' O ^ ' 

w 
(> X'N 

5-, CHO 
OH II ! f? ^ I 

I I HO. HO 
N 
O *<y>h N,A. -C! "°VVNT-8 

„ 1 W'J . T ' il A 
f ^ JL "S3 O Y Y 
X. Pd(cp^f)C!'7, NaHCO;, j ji r' 7i * 1 11 1 

^ dioxane, H2C, 10CPC ^ A ^ K2C03, Kl, CH3CN ^ 
t*ep^ -0- , i !j 

Stepl sleP3 "CT ^ 

[0244] Step 1: Into a 50-mL round-bottom flask, which was purged and maintained with an 

inert atmosphere of nitrogen, was placed a solution of (3-methoxypheny3)boronic acid (1.6 g, 

10.53 mmol, 1.20 equiv), (2-chloropyridin-3-yl)methanol (1 g, 6.97 mmol, 1.00 equiv), 

sodium bicarbonate (1.7 g, 20.24 mmol, 3.00 equiv), Pd(dppf)Cl2 (0.57 g, 0.10 equiv) in a 

solvent mixture of dioxane (10 mL) and waterflO mL). The resulting solution was stirred for 

1.5 h at 100°C, and then it was diluted with 20 mL of H?0. The resulting solution was 

extracted with 2x50 mL of ethyl aectate, and the combined organic layers were concentrated 

under vacuum. The residue was applied onto a silica gel column with ethyl acetate/petroleum 

ether (1:50-1:1) as eluent to yield 1.3 g (87%) of [2-(3-methoxyphenyl)pyridin-3-yl]methanol 

as a colorless oil. 

[0245] Step 2A Into a 50-mL round-bottom flask, was placed a solution of [2-(3-

methoxyphenyf)pyridin-3-yl]methanol (1 g, 4.65 mmol, 1.00 equiv) in thionyl chloride (20 

mL). The resulting solution was stirred for 2 h at reflux. The resulting mixture was 
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concentrated under vacuum to furnish 600 mg (55%) of 3-(chloromethyl)-2~(3-

methoxyphenyl)pyridine as a white solid. 

[0246] Step 3: Into a 100-mL round-bottom flask, was placed a solution of 3-

(chlorornethyl)-2-(3-raethoxyphenyl)pyridine (234 mg, 1.00 mmol, 1.00 equiv), 5-hydroxy-2-

raethoxypyridine-4-carbaldehyde (153 mg, 1.00 mmol, 1.00 equiv), and potassium carbonate 

(278 rng, 2.01 mmol, 2,00 equiv) in CH-CN (30 mL). The resulting solution was stirred for 4 

h at 70°C, and then it was concentrated under vacuum. The crude product (200 mg) was 

purified by Prep-HPLC with the following conditions (Prep-HPLC-010): Column, SunFire 

Prep CIS OBD Column,5um, 19* 150rnm,; mobile phase, water with 0.1%TFA and MeCN 

(20% MeCN up to 40% in 10 min, up to 95% in 2 min, down to 20% in 1 min): Detector, 

Waters2545 UvDector 254&220nm. This resulted in 100.8 mg (17%) of 2-methoxy-5-[[2-(3-

methoxyphenyl)pyridin-3-yl]methoxy]pyridine-4-carbaldehyde bis(trifluoroacetic acid) as a 

yellow solid. 

lHNMR(300MHz, DMSO-4) 8 1G.Q1($, IH), 8.65 (m, IH), 8.39(s, IH), 8.10(m, 2H), 7,57 

(d, J= 9Hz, 2H), 7.42 (m, IH), 6.97 (m, 3H), 5.33 (s, 2H) 3.80 (m, 6H); MS (ESI) m/z 351 

[MH-H/f. 

[0247J GBT874 Preparation of 2-hydroxy-6~[( 1 -methyl-5-phenyI-3,6-dihydro-2H-pyridin-

4-yl)methoxy] benzaldehyde 

[0248] Step 1: To a solid of tert-butyl 4-(hydroxymethyl)-3-phenyl-5,6-dihydropyridine-

1 (2H)-carboxvlate (300 mg. 1.04 mmoD in round bottom flask was added 4N HCI in dioxane 

(6 mL) at room temperature, after stirring for 1 h, the mixture was concentrated, and dried 

under high vacuum to give (5-phenyi-i,2,3,6-tetrahydropyridm-4-yI)methano! as HCI salt. 

M 

BocN 4M HC! 

Dioxane 
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HN' 
OH 

HCHO 

NaB(OAc)3H 

AcCN 

.OH 

2: To a solution of (5-phenyl-1,2,3,6-tetrahydropyridin-4-yl)methanoI 

hydrochloride (230 mg, 1.04 mmol) in ACN (10 mL) was added EtjN (0.15 mL, 1.04 mmol) 

followed by formalin (340 mg, 4.16 mmol). After stirred at room temperature for 10 min, it 

was added Na(OAc)jBH (440 mg, 2.08 mmol) and was stirred for 30 min, the mixture was 

concentrated to remove most of the ACN, and the residue was diluted with CHCh. organic 

layer was washed with Sat. NaHCO?, brine, dried and concentrated to give crude product, 

which was purified by column (DCM/MeQH=9:l) to give (l-methyl-5-phenyl-l,2,3,6-

tetrahydropyridin-4-yl)methanol (140 mg). 

N ^ ;o cu 
,OH 

'N ! 
I XI 

[0250] Step 3: To a solution of (l-methyl-5-phenyl-l,2,3,6-tetrahydropyridin-4-

y!)methanol (130 mg, 0.64 mmol) in DCM (4 mL) was added SQCL (1.16 mL, 16 mmol) at 

room temperature, after stirred at room temperature for 30 min, the mixture was concentrated, 

dried under high vacuum to give 4-(chloromethyl)-1 -methyl-5-phenyl-1,2,3,6-

tetrahydropyridine as crude HCI salt. 

L OH O 
A A 

OH 

K2CO3 

DMF 
50 °C 

./V 

"O 0 
A A 

H 

OH 

[0251! Step 4: To a suspension of K2CO3 (350 mg, 2.56 mmol) and 2,6-

dihydroxybenzaldchyde (180 mg, 1.28 mmol) in DMF (3 ml) was added a solution of 4-

(chloromethyl)-l-methyl-5-phenyl-l,2,3,6-tetrahydropyridine (140 mg, 0.64 mmol) in DMF 

(4 mL), the mixture was heated at 50 °C for 3 h, cooled to room temperature, and was diluted 
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with EtOAc, organic layer was separated and aqueous layer was extracted with EtOAc. 

EtOAc layers were combined, washed with Sat. NaHC03> brine, dried over Na2S04s and was 

concentrated to give crude oil, which was purified by column (Hexane/EtOAc- 1:1 followed 

by DCM/MeOH= 90:10) to give 2-hydroxy-6-((l-methyl-5-phenyI-1,2,3,6-tetrahydropyridin-

4-yl)methoxy)benzaidehvde (55 mg). IH NMR (400 MHz, CDC33) 8 (ppm) 11.92 (s, IH), 

10.35 (s, IH), 7.34 (m, 5H), 7.19 (dd, J = 8,4 , 8.0 Hz, IH), 6.46 (d, J = 8.4 Hz, IH), 6.16 (d, 

j - 8.0 Hz, 1H), 4.45 (s, 2H), 3.20 (s, 2H), 2.68 (t, J = 5.6 Hz, 2H), 2.47 (m, 2H), 2.42 (s, 

3H); MS (ESI) m/z 324.3 |M Hi . 

[0252] GBT875 Preparation of 2-methoxy-5~[[2-(4~raethoxypheny3)pyridm-3-

y 1] methoxyjpyrid ine-4-carbaldehyde 

il 

jort 

. CHO 

l[ J NN^X^..CI hi !! CHO 

Pj5|dftpf)C!^, NaHCO^ f "] K^. Kl, CH3CN " 
dioxane H20, !00»C ^ Slep2 V ' S(ap3 

Step! 

10253 j Step 1: Into a 50-mL round-bottom flask, which was purged and maintained with an 

inert atmosphere of nitrogen, was placed a solution of (4-methoxyphenyl)boronic acid (1.6 g, 

10.53 mmol, 1.20 equiv), (2-chloropyridin-3-yl)methanol (1 g, 6.97 mmol, 1.00 equiv), 

sodium bicarbonate (1.7 g, 20.24 mmol, 3.00 equiv), Pd(dppf)Cl2 (0.57 g, 0,10 equiv) in a 

solvent mixture of dioxane (10 mL) and water(10 mL). The resulting solution was stirred for 

1.5 h at 100"C, and then it was diluted with 20 mL of H2O. The resulting solution was 

extracted with 2x50 mL of ethyl acetate, and the combined organic layers were concentrated 

under vacuum. The residue was applied onto a silica gel column with ethyl acetate/petroleum 

ether (1:50-1:1) as eluent to furnish 1 g (67%) of [2-(4-methoxyphenyi)pyridin-3-yl]methanol 

as a colorless oil. 

[0254] Step 2; Into a 50-m.L round-bottom flask, was placed a solution of }2-(4~ 

methoxyphenyl)pyridin-3~yi]methanol (1 g, 4.65 mmol, 1.00 equiv) in thionyl chloride (20 

mL). The resulting solution was stirred for 2 h at reflux. The resulting mixture was 
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concentrated under vacuum to yield 600 mg (55%) of 3-(chloromethyl)-2-(4-

methoxyphenyl)pyridine as a white solid. 

[0255] Step 3: Into a 50-mL round-bottom flask, was placed a solution of 3-

(chloromethyl)-2-(2-methoxyphenyl)pyridine (234 mg, 1.00 mmol, 1.00 equiv), 5-hydroxy-2-

methoxvpyridine-4-carbaldehyde (153 mg, 1.00 mmol, 1.00 equiv), and potassium carbonate 

(278 mg, 2.01 mmol, 2.00 equiv) in CH3CN (20 mL). The resulting solution was stirred for 4 

h at 70°C, and then it was concentrated under vacuum. The crude product (300 mg) was 

purified by Prep-HPLC with the following conditions (Prep-HPLC-010): Column, SunFire 

Prep C18 OBD Column,Sum, 19* 150mm; mobile phase, water with 0.1 %TFA and MeCN 

(20.0% MeCN up to 50.0% in 10 min, up to 95.0%> in 2 min,down to 20.0% in 1 min); 

Detector, Waters2545 UvDector 254&2.20nm. This resulted in 265.1 mg (46%) of 2-

methoxy-5-[[2-(4-methoxyphenyl)pyridin-3-yl]methoxy]pyridinc-4-carbaldchyde; 

bis(trifluoroacetic acid) as a brown oil. 
!HNMR(300MHz, DMSO-cfc) 8 I0.08(s, IH), 8.69 (m, IH), 8,15(m, 21 {.). 7.50(m, Ui). 

7.37(m, IH). 7.18(m, 2H), 7.16(m, IH), 6.99(m, IH), 5.34(s, 2H), 3.86(s, 3H), 3.77(s, 3H); 

MS (ESI) m/z 351 [M+H]+. 

[0256] GBT877 Preparation of 5-[[2-(2-chlorophenyl)pyridin-3-yl]methoxy]-2-

methoxypyridine-4-carbaldehydc 

C! N' 
X ,iUJ (J 

Ms. SV 

0 

Ci OH HO 
B-'OH O INT-8 li^i VHC 

xOH J A „ i| I UytK .0, A 
N. 

J., Pd(dpp()CI;. NaHCOj j" ;| y -fl K-CO-. Kl CHXN [ l: '* 
U dioxan8. H,0, 100°C ^ i^JI 

Stepl " S;eP3 

[0257] Step 1: Into a 50-mL round-bottom flask, was placed a solution of (2-

chlorophenyl)boronic acid (1.6 g, 10.23 mmol, 1.20 equiv), (2-chloropyridin-3-yl)methanol 

(1 g, 6.97 mmol, 1,00 equiv), Pd(dppf)Cl2 (570 mg, 0.78 mmol, 0.10 equiv), and sodium 

bicarbonate (1.7 g, 20,24 mmol, 3.00 equiv) in a solvent mixture of dioxane (10 mL) and 

water(10 mL). The resulting solution was stirred for 3 h at 70°C, and then it was diluted with 

4S14-3854-0057 1 | 0^ 



WO 2014/150276 PCT/US2014/022789 

Atty. Dkt, No,; 104592-0210 

20 mL of HjO, The resulting solution was extracted with 2x20 mL of dichloromethane, and 

the combined organic layers were concentrated under vacuum. The residue was applied onto 

a silica gel column with ethyl acetate/petroleum ether (1:100-1:5) as eluent to furnish 1 g 

(65%) of [2-(2~chlorophenyl)pyridin-3-yl]methanol as a white solid. 

[0258] Step 2: Into a 25-mL round-bottom flask, was placed a solution of [2-(2-

chloropheny{)pyridin*3-yl]methanol (1 g, 4.55 mmol, 1.00 equiv) in thionyl chloride (5 mL), 

The resulting solution was stirred for 1 h at reflux. The resulting mixture was concentrated 

under vacuum to yield 1 g (92%) of 3-(chloromethyl)-2-(2-chlorophenyl)pyridine as a white 

solid. 

[0259] Step 3: Into a 50-mL round-bottom flask, was placed a solution of 3-

(chloromethyl)-2-(2-chlorophenyl)pyridine (309 mg, 1.30 mmol, 1.00 equiv), 5-hydroxy-2-

mcthoxypyridine-4-carbaidehyde (200 mg, 1.31 mmol, 1.00 equiv), and potassium carbonate 

(361 mg, 2,61 mmol, 1.50 equiv) in CH.3CN (20 mL). The resulting solution was stirred for 4 

h at 70°C, and then it was concentrated under vacuum. The residue was purified by prep-

HPLC, This resulted in 86.2 mg (11%) of 5-[[2-(2-chlorophenyl)pyridin-3-yl]methoxy]-2-

methoxypyridine-4-carbaldehyde; bis(trifluoroacetic acid) as a brown oil. 

! HNMR(3Q0MHz, DMSC)-a'6) 8 10.06(s, IH), 8.69 (m5 If is. 8.19(m, IH), 8.05(s, Hi). 

7.56(m, 2H), 7.4l(m, 3H), 6,92(s, IH), 5.14(m, 2H), 3,81(s, 3H); MS (ESI) m/z 355 [M+Hf. 

[0260] GBT878 Preparation of 2-[(l-acctyl-5-pheny]-3,6-dihydro-2H-pyridin-4-

yl)methoxy] -6-hydroxybenzaldehy de 

VY 

o 0 
.JJ 

hi HCi 
N. 

E13N 

Ac20 
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{0261] Step 1: To a solution of (5-phenyl-1,2,3,6-tetrahydropyridin-4-yl)methanol 

hydrochloride (90 mg, 0.38 mmol) in DCM (2 mL) at 0 °C was added Et3N (0.11 raL, 0.76 

mmol) and a solution of Ac20 (0.04 mL, 0.38 mmol) in DCM (0.4 mL), after stirred for 15 

min, it was diluted with Sat. NH4CI and EtOAc, organic layer was separated and the aqueous 

layer was further extracted with EtOAc, organic layers were combined, washed with Sat. 

NaHCO.?, brine, dried over NajSO^ and was concentrated to give 1 ~(4-(hydroxymethyi)-5-

phenyl-3,6-dihydropyridin-l(2H)-yl)ethan-l-one as crude product (95 mg). 

° I 
SOC:2 ''' y^l 

- Y ̂-"Ci 

""il f^i! ii 

ep 2; To a solution of l-(4-(hydroxymethyl)-3-phenyl-5,6-dihydropyridin-l(2H)-

yi)cthanone (86 mg, 0.37 mmol) in DCM (2 mL) was added SOC1? (0,67 raL, 9.25 mmol). 

After stirred at RT for 15 min. the mixture was concentrated and was diluted with Sat. 

NaHCQ3 and EtOAc, organic layer was separated and the aqueous layer was extracted with 

EtOAc, organic layer ere combined, washed with brine, dried and concentrated to give crude 

oil, which was purifed by column ( Hexanes/EtOAc-l 00:0 to 25:75) to give 1~(4-

(chioromcthyl)~5-phenyl-3,6-dihydropyridin-.1 (2H)-yi)ethan-l-one (35 mg). 

1 
°'T' 

N r 1 ^ t J c ex H 11 
0H 50 °C i| X H 

OH 

[G263J Step 3: To a suspension of K9CO3 (40 mg, 0.2.8 mmol) and 2,6-

dihydroxybenzaidehyde (40 mg, 0.28 mmol) in DMF (1 mL) was added a solution of l-(4-

(chloromethyl)-5-phenyl-3,6-dihydropyridin-l(2H)-yl)ethan-l-one (35 mg, 0.14 mmol) in 

DMF (1 mL), the mixture was heated at 50 °C for 3 h, cooled to room temperature, and was 

diluted with EtOAc, organic layer was separated and aqueous layer was extracted with 

EtOAc. EtOAc layers were combined, washed with Sat. Na.HCO.3, brine, dried over Na2.S04, 

and was concentrated to give crude oil, which was purified by column (DCM/MeOH= 90:10) 

to give 2-(( 1 -acctyl-5-phenyi-1,2,3,6-tetrahydropyridin-4-yl)methoxy)-6-
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hydroxybenzaldehyde (17 rng). IH NMR (400 MHz, CDC13, NMR shows roiamer exist, only 

one set of signal was reported) • (ppm) 11.93 (s, iH), i0.36 (s, IH), 7.34 (m, 5H), 7.22 (rn, 

IH), 6.49 (d, J = 8,8 Hz, IH), 6.10 (d, J = 8.8 Hz, IH), 4,47 (s, 2H), 4.32 (s, 2H), 3.68 (t, J === 

6.0 Hz, 2H). 2.47 (m, 2H), 2.18 (s, 3H); MS (ESI) m/z 352.5 [M+Hf. 

[0264] GBT88I Preparation of 2-[( 1 -acetyl-4-phenyl-3»6-dihydro-2H-pyridin-5-

yl)methoxyJ-6-hydroxybenzaldehyde 

o 

o o 
U 

OH 

NBoc DiPEA f "NBoc 

0 > Tf,0 TfO 

Step 1: To a solution of 1-tert-butyl 3-methyl 4-oxopiperidine-1,3-dicarboxylate 

(2.50 g, 9.72 mmoi) in DCM (50 mL) was added DIPEA (2,03 mL, 11.66 mmol) and Tt20 

(1.80 mL, 10,69 mmoi) at -78 °C, and then it was wanned up to room temperature and stirred 

further for 2 h, the solution was diluted with DCM and the organic layer was washed with 

Sat. NaHCCh, dried and concentrated to give 1-tert-butyl 3-methyl 4-

(((trifiuoromethy!)sulfony!)oxy)-5,6-dihydropyridine-l,3(2H)-dicarboxylate as crude product 

(4.4 g). 

TfO 

"'NBoc ^ .B(QH)2 Pdfdppf)C!2 _ 

-V + 13 — 11 J 
"NBoc 

Ov "0" 

Ns2C03 ^ o'/xQ-

[02661 Step 2: To a solution of 1 -tert-butyl 3-methyl 4-(((trifluoromethyi)sulfonyl)oxy)-

5,6-dihydropyridine-1,3(2H)-dicarboxylate (1,95 g, 5 mmol) and phenylboronic acid (1.22 g, 

10 mmoi) in Dioxane (20 ml) was added Pd(dppf)Cl2 and a solution ofNa2COa (3.18 g, 30 

mmol) in water (6 mL), after degassed with N? for 5 min, the reaction was heated at 100 °C 

for 15 h, the mixture was cooled to room temeprature, diluted with EtOAc, organic layer was 

washed with water, brine, dried and concentrated to give crude product, which was purified 
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by column (Hexanes/EtQAc= 3:1) to give 1-tert-butyl 3-methvl 4-pheny 1-5,6-

dihydropyridine-13(2H)-dicarboxylate (740 rng). 

"NBoc LIALM4 
r''^NBoc 

.^5;^ 

O'^'O" "OH 

[0267J Step 3: To a solution of 1-tert-butyl 3-methyl 4-phenyi-5,6-dihyc3ropyridine~ 

1,3(2H)-dicarboxylate (740 mg, 2.33 mmol) in THF (7.2 mL) was added 1M LiAlH4 in THF 

(2.80 mL, 2.80 mmol) at -20 °C dropwise, after stirring at -20 °C for 30 min, it was quenched 

with Sat. NH4CI, the mixture was extracted with EtOAc. Organic layers were combined, 

washed with brine, dried and concentrated to give crude product, which was purified by 

column (Hexanes/EtOAc= 60:40) to give tert-butyl 5-(hydroxymethyi)-4-phenyl-3,6-

dihydropyridine-1 (2H)-carboxylate (512 mg). 

"NBoc 
J 
"OH "OH 

Step 4: To tert-butyl 3-(hydroxymcthyl)-4-phenyl-5,6-dihydropyridine-l(2H)-

carboxylate (510 mg, 1.76 mmol) was added 4N HCI in Dioxane (3 ml), after stirring at room 

temperature for Ih, it was concentrated to give (4-phenyl-1,2,5,6-tetrahydropyridin-3-

yl)methanol as HCi salt. 

H 
N, V 

.OH 
DiPEA 

AC'; O 
.-OH 

[0269] Step 5: To a solution of (4-phenyl-l,2,5,6-tetrahydropyridin-3-yl)methanol 

hydrochloride (110 mg, 0.49 mmoi) in DCM (2 mL) was added DIPEA (0.17 mL, 0,98 

mmol) and AC2O (0.05 g, 0.49 mmol), 15 min later, it was diluted with water and extracted 

with DCM. Organic layers were combined, dried and concentrated, the resulting crude oil 

was purified by column (EtOAc followed by DCM/MeOH =9:1) to give l-(5-

(hydroxymethyl)-4-phenyl-3,6-dihydropyridin-1 (2H)-yl)ethan-1 -one (88 mg). 
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O 

SOCI 2 
y 

o 
r N kj 

OH 'Ci 

6: To a solution of l-(3-(hydroxymethyl)-4-phenyI-5,6-dihydropyridin-l (2H)~ 

vl)ethanone (88 rag, 0.38 mmol) in DCM (2. mL) was added SQCL (0.67 mL, 9.50 mmol) at 

0 °C. After stirring at 0 °C for 15 min, the solution was concentrated to remove SOCL, dried 

under high vacuum to give 1 -(5-(chioromethyl)-4-phenyl-3,6-dihydropyridin-1 (2H)-yl)ethan-

1 -one as crude product. 

o 
A 

s.\. 

I 
OH O 

OH 

K2C03 

DMF 

err "o o 

OH 

[0271] Step 7: To a solution of 1 -(3-(chloromethyl)-4-phenyi-5,6-dihydropyridin-l (2H)-

yl)ethanone (100 mg, 0.40 mmol)and 2,6-dihydroxybenzaldehyde (110 rag, 0.80 mmol) in 

DMF (2.5 mL) was added K2CO3 (170 mg, 1.20 mmol). after heated at 50 degree for 2 h, the 

reaction was diluted with EtOAc, organic layer was separated and aqueous layer was 

extracted with EtOAc. EtOAc layers were combined, washed with Sat. NaHCOj, brine, dried 

over NajSO*!, and was concentrated to give crude oil. which was purified by preparative 

HPLC (eluted with ACN/H?0) to give 2-(( 1 -acety l-4-phenyl-1,2,5,6-tetrahydropyridin-3-

yl)methoxy)-6-hydroxybenzaldehyde (26 mg). IH NMR (400 MHz, CDCI3, NMR shows 

rotaraers exist, only one set of signal was reported) 8 (ppm) 11.97 (s, IH), 10.34 (s, IH), 7.34 

(m, 4H), 7.17 (m, 2H), 6.49 (d, J = 8.0 Hz, IH), 6.11 (d, J = 8.8 Hz, 1H), 4,48 (s, 2H), 4,33 (s, 

2H). 3,69 (t, J = 6,0 Hz, 2H), 2.55 (m, 2H), 2.18 (s, 3H); MS (ESI) m/z 352.3 [M+Hf. 

[0272j GBT887 Preparation of 2-((2-(l-cyclopentyl-lH-pyrazol-5-yl)pyridin-3-

yl)methoxy)-6-hydroxybenzaldehyde 

i ^ 
v—, 
/ \ 

OH 
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N ^ OH 
1 CHO Method B 

'OH 

•s INT-7 
'OH 

[0273] To a mixture of 3-(ch3oromethyl)-2-(l-cyclopentyl-lH-pyrazol-5-yl)pyridine 

hydrochloride (44.7mg, O.lSmmol) and 2,6-dihydroxybenzaldehyde (83mg, 0,6inmol, 4eq) 

and potassium carbonate (41.5mg, 0.3mmol, 2eq) were added ImL anhydrous DMF. The 

mixture was heated to 80 oC for 40mins. The reaction was almost done by LCMS. Solvent 

was removed at 50 oC on a rotavap. Water 3mL and 0.3mL of formic acid were added to the 

resulting brown residue, the mixture was sonicated to make sure ail carbonate was 

neutralized. Solvents were then reomved at 45 oC on a rotavap, DCM (4x1 ml) was added to 

the yellow residue, the mixture was sonicated and filtered. The filtrate was concentrated to 

give the crude product as a yellow-light brown film. It contains the product, 2,6-

dihydroxybenzaldehyde, and some starting chloride, no bis-alkylation product was observed. 

The residue was taken up in 2mI DCM, filtered and loaded on a 4g ZAP Si02 column. It was 

purified on Biotage Isolera One system eiuted with 5%-100% EtOAc (the product canre out 

around 25% EtOAc, 2nd peak; the 1st peak is dihydroxybenzaldehyde). The product as a 

yellow film was ontahied after removing solvents, the residue was re-dissolved in 0.3mL 

CH3CN and to this was added Q,5mL of water. This suspension was freezed and put on a 

lyophilizer over the weekend. The product was obtained as a light brown film (18.6mg, 34% 

yield). 'HNMR (400 MHz, CDC13-^ 8 11.94 (s, IH), 10.37 (s, IH), 8.75 (dd, J = 4.8,1.7 

Hz, IH), 7.97 (dd, J8.0, 1.4 Hz, 1H). 7.59 (d, J= 2.0 Hz. IH), 7.42 (dd, J= 7.7, 4.8 Hz, 

IH), 7.37 (t ,./= 8.3 Hz, IH), 6.56 (d, J= 8,6 Hz, iH), 6.35 (d, J - 1.9 Hz. IH), 6.25 (d,./-

8.3 Hz, IH), 5.07 (s, 2H), 4.79 -4.67 (m, IH), 2.18 - 1.95 (rn, 4H), 1.95 - 1.84 (rn, 2H), 1.66 

- 1.50 (m, 2H); MS (ESI) m/z 364.3 [M-Hlf. 

[0274] GBT888 Preparation of 2-hydroxy-6-[[(2S)-1 -phenylpyrrolidin-2-

yl] me thoxyjbenzal dehyde 

i 
o o 
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[0275] Step 1: To a solution of (S)-pyrrolidin-2-ylmethanol (1.52 g, 15 mmol) and Cul 

(190 mg, Immoi) in iPrOH (10 mL) was added (CHjOH^ (LI 1 mL, 20 mmol), 

iododhenzene (2.04 g, 20 mmol) and K3PO4 (4.25 g, 20 mmol), after degassed with N2, the 

mixture was heated at 88 °C for 15 h. Water and ether was added , organic layer was 

separated and aqueous layer was further extracted with ether. Organic layers were combined, 

concentrated and the resulting crude oil was purified by column (hexanes/EtOAc=2:1) to give 

(S)-(l-phenylpyrrolidin-2-yl)methanol (1.6 g). 

[0276] Step 2: To a solution of (S)-(l-phenylpyrrolidin-2-y3)methanol (45 mg, 0.23 mmol) 

and 2,6-dihydroxybenzaldehyde (60 mg, 0.46 mmol) in THF (1 ml) was added PPhs (0.12 g, 

0.46 mmol), followed by DIAD (90 mg, 0.46 mmol) at room temperature. After stirrer for 10 

min, the mixture was concentrated and the residue was purified by column (Hexanes,/EtOAc= 

9:1) to give (S)-2-hydroxy-6-((l-phenylpyrro!idin-2-yl)melhoxy)benzaldehyde (14 mg). IH 

NMR (400 MHz, CDCL (ppm) 11.96 (s, IH), 10.37 (s. iH), 7.35 (t, J = 8.0 Hz, IH), 7.25 (m, 

2H), 6.73 (rn, 3H), 6.53 (d, J = 8.4 Hz, HI), 6.33 (d, J = 9.2 Hz, IH), 4.21 (m, IH), 4.15 (d, J 

- 3.6 Hz, IH), 3.83 (t, J= 8.0 Hz, IH), 3.53 (m, IH), 3.22 (m, IH), 2.11 (m, 4H); MS 

m/z 298.4 

[0277j GBT892 Preparation of 5-f[2-(3-ehlorophenyl)pyridin-3-yl]methoxy]-2-

methoxypyridine-4-carbaldehyde 

cr 1/j 
V0 

-Sr 

if ^ 
S()C! 1 ?riidppf)Cl2. Nst-iCOa r:" ~]| 

dioxane, HjO. 100"C Step2 

Slepl 

CHO 

Ai IN1~-B 
L A „ N. A 

iN 0 T 
K'^OOj, Kl, CH3CN 

Step3 
X 

CHO 
X 
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[0278] Step 1: Into a 50-mL round-bottom flask, was placed a solution of (3-

ch!orophcnyl)boronic acid (1.6 g, 10.23 mmol, 1.20 equiv), (2-ch]oropyridin-3-yl)methano! 

(1 g, 6,97 mmol, 1.00 equiv), Pd(dppf)Cl2 (570 mg, 0.78 mmol, 0.10 equiv), and sodium 

bicarbonate (1.7 g, 20.24 mmol, 3.00 equiv) in a solvent mixture of dioxane (10 mL) and 

water(10 mL). The resulting solution was stirred for 3 h at 70°C, and then it was diluted with 

20 mL of H2O. The resulting solution was extracted with 2x20 mL of dichloromethane, and 

the combined organic layers were concentrated under vacuum. The residue was applied onto 

a silica gel column with ethyl acetate/petroleum ether (1:100-1:5) as eluent to yield 1.2 g 

(78%) of [2-(3-ehioropheny])pyridin-3-yl]meihanol as a white solid. 

[0279] Step 2: Into a 50-mL round-bottom flask, was placed a solution of [2-(3-

ch]orophenyl)pyridin-3-yl]methanol (600 mg, 2.73 mmol, 1,00 equiv) in thionyl chloride (10 

mL). The resulting solution was stirred for 1 h at reflux. The resulting mixture was 

concentrated under vacuum. This resulted in 500 mg (77%) of 3-(chloromethyl)-2-(3-

chiorophenyDpyridine as a white solid. 

[0280] Step 3: Into a 50-mL round-bottom flask, was placed a solution of 3-

(chloromethyl)-2-(3-chlorophenyl)pyridine (309 mg, 1.30 mmol, 1.00 equiv), 5-hydroxy-2-

methoxypyridine-4-carbaldehyde (200 mg, 1.31 mmol, 1.00 equiv), and potassium carbonate 

(361 mg, 2.61 mmol, 2.00 equiv) in CH3CN (20 mL). The resulting solution was stirred for 4 

h at 70°C, and then it was concentrated under vacuum. The crude product (300 mg) was 

purified by Prep-HPLC with the following conditions (Prep-HPLC-010): Column, SunFire 

Prep CIS OBD Column,Sum, 19* 150mm; mobile phase, water with 0.05%TFA and MeCN 

(20.0% MeCN up to 60.0% in 10 min, up to 95.0% in 2 min, down to 20,0% in 1 min); 

Detector, Waters2545 UvDector 254&220nm. This resulted in 71 mg (9%) of 5-[[2-(3-

chlorophenyl)pyridm-3-yl]methoxy]-2-methoxypyridine-4-carbaldehyde; bis(trifluoroacetic 

acid) as a yellow solid. 

'HNMR (400MHz, DMSO-c/(5) 8 10,Q7(s, IH), 8.72 (m, IH), 8.20(m, 2H), 7.79(s, IH), 

7,60(m, 4H), 6.95(m, IH), 5.21(m, 2H)„ 3.85(s, 3H); MS (ESI) m/z 355 [M+H]h. 

[0281] GBT893 Preparation of 5-[[2-(4-chlorophenyl)pyridm-3-yl]methoxy]-2-

methoxypyridi ne-4-carbal dehyde 
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[0282] Step 1: Into a 100-niL round-bottom flask, was placed a solution of (4-

chlorophenyl)boronic acid (1.6 g, 10.23 mmol, 1.20 equiv), (2-chloropyridin-3-yi)methanol 

(1 g, 6.97 mmol, 1,00 equiv), Pd(dppf)Cl2 (570 rng, 0.78 mmol, 0.10 equiv), and sodium 

bicarbonate (1.7 g, 20,24 mmol, 3.00 equiv) in a solvent mixture of dioxane (10 mL) and 

water(l0 mL). The resulting solution was stirred for 4 h at 70°C, and then it was diluted with 

100 mL of H20. The resulting solution was extracted with 2x200 mL of dichloromethane, 

and the combined organic layers were concentrated under vacuum. The residue was applied 

onto a silica gel column with ethyl acetate/petroleum ether (1:100-1:5) as eluent to yield 1 g 

(65%) of [2-(4-chlorophenyl)pyridin-3-yl]mcthanol as a light yellow oil. 

[0283] Step 2: Into a 25-mL round-bottom flask, was placcd a solution of [2-(4-

chlorophenyl)pyridin-3-yI]methanol (1 g, 4.55 mmol, 1.00 equiv) in thionyl chloride (5 mL). 

The resulting solution was stirred for 1 h at reflux. The resulting mixture was concentrated 

under vacuum. This resulted in 1 g (92%) of 3-(chloromethyl)-2-(4-chlorophenyl)pyridine as 

a white solid. 

[0284J Step 3: Into a 50-mL round-bottom flask, was placed a solution of 3-

(chloromethyI)-2-(4-chlorophenyl)pyridine (309 mg, 1.30 mmol, LOO equiv), 5-hydroxy-2-

methoxypyridine-4-carbaldehyde (200 mg, 3.31 mmol, 1.00 equiv), and potassium carbonate 

(361 mg, 2.61 mmoi, 2.00 equiv) in CH3CN (20 mL). The resulting solution was stirred for 4 

h at 70°C, and then it was concentrated under vacuum. The crude product (300 mg) was 

purified by Prep-HPLC with the following conditions (Prep-HPLC-010): Column, SunFire 

Prep C18 OBD Column,Sum, 19* 150mm; mobile phase, water with 0.05%TFA and MeCN 

(20.0% MeCN up to 60.0% in 10 min, up to 95.0% in 2 min, down to 20.0% in 1 min), 

Detector, Waters2545 UvDector 254&220nm. This resulted in 148,2 mg (20%) of 5-[[2-(4-

ch!orophenyl)pyridin-3-yl]methoxy]-2-mcthoxypyridine-4-carbaldehyde; bis(trifluoroacetic 
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acid) as a yellow solid. 

"'HNMR (300MHz, DMSO-de) 5 10.05(s, IH), 8.69 (m, IH), 8.16(m, 2H), 7.64(m, 2H), 

7.50(m, 3H), 5.32(s, 211), 3.81(s, 3H); MS (ESI) m/z 355 [M+H]+. 

GBT903 
r~ v( 

/ N/ 

x9 o 

fVA"H 

(R)-2-hydroxy-6-{(1-phenyipyrroiidin-2-yl)methoxy)benza!dehyde 

[0285] GBT903 - Preparation of (R)-2-hydroxy-6-((l-phenylpyrroIidin-2-

yl)methoxy)benzaIdehyde. The compound was prepared from (j?)-pyrrolidin-2-ylmethanol 

and iodobenzene according to scheme 8. reaction steps 3 and 4. 'H NMR (400 MHz, 

Chloroform-</) 5 11.96 (d, J = 0.4 Hz, IH), 10.37 (s, IH), 7.37 (td,7= 8.4, 0.4 I!z, IH), 7.31 

- 7,18 (m, 2H), 6.77 - 6.64 (m, 3H), 6.53 (dt, J = 8.5, 0.7 Hz, IH), 6.33 (dd, J = 8.3, 0.8 Hz, 

IH), 4.25 -4.12 (in, 2H), 3.88-3.78 (m, IH), 3.53 (dt,J = 8.8, 4.4 Hz, IH), 3.27 -3.16 (m, 

IH), 2.11 (dqt, ./= 13.0, 6.4, 2.8 Hz. 4H). MS (M+H)+ found for C^H^NO^: 298.2. 

GBT904 

y N if 

"O O 

"H 

"OH 

2-hydroxy-6-((2-(1-methyl-1 H-pvrarol-5-y^pyridin-3-yl)metho>^)benzaldehy'ie 

[0286] GBT904 - Preparation of 2-hydroxy-6-((2-(l-methyl-lH-pyrazol-5-yi)pyridin-3~ 

yi)methoxy)bcnzaldehyde. The compound was prepared from (2-chloropyridin-3-

yDmethanol and 1 'methyl-5-(4,4>5,5-tetramethvl-l,3,2-dioxaboro!an-2-yl)-lH-r)yrazo!e 

according to scheme 9, reaction steps 1, 2 and 4. In step 4, 2-hydroxy-6-

(methoxymethoxy)benzaldehyde.was used; die MOM ether protecting group fell off after the 

reaction to give the final product. !H NMR (400 MHz, Chloroform-c/) 8 11.94 (s, IH), 10.36 

4314-3854-0057. 116 



WO 2014/150276 PCT/US2014/022789 

Atty. Dkt No.: 104592-021 

(s, IH), 8.75 (dd, .7 = 4.8, 1.7 Hz, IH), 7.98 (d,J=8.0Hz, IH), 7.54 (d,,/- 1.9 Hz, IH), 7.41 

(dd, J------ 8.0, 4.0Hz, IH), 7.38 (t, J ------ 8.0 Hz, IH), 6.5S (dt, ./= 8.5, 0.7 Hz, IH), 6.39 (d, J = 

1.9 Hz, III), 6.28 (dd, J= 8.3, 0,8 Hz, IH), 5.12 (s, 2H), 3.95 (s, 3H), MS (M+H) found for 

C17H15N3O3; 310.3. 

C*BT907 and GBT908 

[0287] GBT907 and GBT908 - Preparation of (£)-2-hydroxy-6-((l-(2-

methoxyphenyl)pyrrolidin-2-yl)methoxy)benzaldehyde (GBT907) and 2-hydroxy-6-((l-

(2-methoxyphenyl)piperiditt-3~yi)oxy)benzaldehyde (GBT908). The reaction of (S)~ 

pyrrolidin-2-ylmethanol with 2-iodoanisole, and subsequent Mitsunobu reaction, according to 

scheme 8, gave a mixture of GBT907 and GBT908 in 3:2 ratio, which were separated by 

reverse-phase prep HPLC. 

[0288] GBT907- (S)-2-hydroxy-6-(( 1 -(2•methoxyphenyl)pyrrolidin-2-

yl)methoxy)benzaldehyde 'H NMR (400 MHz, Chloroform-^/) 8 11.96 (d, 0.4 Hz, IH), 

10.37 (d, J = 0.6 Hz, IH), 7,39 (td,J----- 8.4, 0.4 Hz, IH), 7.04 - 6.87 (m, 3H), 6.84 (dd, J = 

8.0, 1.4 Hz, IH), 6.52 (ddt, 13,7, 8.4, 0.7 Hz, 2H), 4.66 (tt, J = 8.2, 3.9 Hz, IH), 3.80 (s, 

3H), 3.67 - 3.58 (m, IH), 3.29 (dt, J - 9.9, 4.3 Hz, IH), 2.85 (dd, J = 11.3, 8.3 Hz, 1H), 2.82 

-2.74 (m, IH), 2.20 (dd,/= 12.4, 4.9 Hz, IH), 2.00 (dp, J= 13.0. 4.6 Hz, IH), 1.94- 1.79 

(m, IH), 1.72 (dddd, J = 13.0, 10.7, 9.0, 4.3 Hz, IH). MS (M+H)+ found for Cf9H2iN04: 

[0289] GBT908- 2-hydroxy-6-(( 1 -(2-methoxyphenyl)piperidin-3-yl)oxy)benzaldehyde (40 

mg, 'H NMR (400 MHz, Chloroform-a) 8 11.91 (s, IH). 10.09 (d, J-'-'- 0.6 Hz, IH), 7,32 (d, J 

= 8.4 Hz, IH), 6.93 - 6.80 (m, 4H), 6.46 (dt, J------ 8.5, 0.7 Hz, IH), 6.23 (dd, J = 8.4, 0.8 Hz. 

IH), 4,49 (tt, 7= 7.2, 4.7 I-Iz, IH), 4.06 (dd, J= 9.3, 4.4 Hz, IH), 3.88 - 3.78 (m, IH), 3.80 

(s, 3H), 3,63 (ddd, J ----- 9.1, 7.3, 6.3 Hz, IH), 3.21 - 3.11 (m, IH), 2.35 - 2.22 (m, IH), 2.09 -

1.86 (m, 311). MS (M+H)+ found for C|.,HJ:NO.I: 328.3). 

H 

'OH 

(S)-2-hydroxy-6-((1-(2-methoxyphenyI)pyrro!idin-2-
yl)methoxy)benzaldehyde 

2-hydroxy-6-((1-(2-m8thoxyphenyljpiperidin-3-
y!)oxy)benzsidehyde 

328.3). 
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GBT912 

O 

F N 

I T H 

OH 

2-(((3S,4/:<)-1-acetyi-4-(2,5-dif!uorophenyi)pyrroi|din-3-yi)methoxy)'-6-hydroxyben2a!dehyde 

[0290] GBT912- 2-(((3^'>4i?)-l-a€etyI-4-(2,5-diSluoropheeyl)pyrro!id!n-3-j'1)methoxy)-

6-hydroxybeBzaldehyde. The compound was prepared from -(2,5-difluorophenyl)-4-

(hydroxymethyl)pyrro1idin-1 -yl)ethan- 1 -one and 2,6-dihydroxybenzaldehyde (INT-7) using 

genera] method. A (Mitsunobu conditions). !H NMR (400 MHz. Chloroform-*/) 8 11.90 (s, 

IH), 9,88 (s, IH), 7.37 (dd, J= 8,4, 6.4 Hz, IH), 7.01 (m, 3H), 6.53 (t, J= 8.6 Hz, iH), 6.27 

(dd,,7=8.3, 0.8 Hz, IH), 4.02 (m, 4H), 3.55 (m, 3H), 2.96 (in, IH), 2.11 (s, 311). MS 

(M+H)+ found for C20H19F2NO4: 376.3. 

[0291] Preparation of -(2,5-difluorophenyl)-4-(hydroxymethyI)pyrrolidin-l-y!)ethan~ 1 -one 

O, 
HHCi V~-

^-N / 

[0292] To a solution of ((3.S',4/?)-4-(2,5-difluorophenyl)pyrrolidin-3-yl)methanoi 

hydrochloride (200 mg, 0.8 mmol) in DCM (2 mL) at 0 °C was added DIPEA (0.3 mL, 1.68 

mmoi) and AcjO (90 mg, 0.84 mmol), after stirred for 30 min, the solution was diluted with 

DCM, organic layer was washed with Sat. NaHCCh, brine, dried over MgS(>4 and was 

concentrated to give l-((3i?,4S)-3-(2,5-dif!uorophenyl)-4-(hydroxymethyl)pyrrolidin-l-

yl)cthan-1-one as crude product (175 mg). 

GBT913 and GBT914 

F 
F 
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0 O 

OH 

(S)-2-hydroxy-6-((1-(3-methoxypheny!)pyrrolidin-2-
yi)methoxy)benzaidehyde 

2-hydroxy-6-((1-(3-methoxypheny!)piperidin-3-
yl)oxy)benzaidehyde 

[0293] GBT913 and GBT914 - Preparation of (S)-2-hydroxy-6-((l-(3-

methoxypheny l)py rroIidin-2-yl)roethoxy)benzaIdehyde (GBT913) and 2-hydroxy-6-((l-

(3-methoxyphenyI)piperidin-3-yl)oxy)benzaidehyde (GBT914). The reaction of (S)-

pyrrolidin-2-yimethanoi with 3-iodoanisole, and subsequent Mitsunobu reaction, according to 

scheme 8, gave a mixture of GBT913 and GBT914 in 5:4 ratio, which were separated by 

reverse-phase prep HPLC. 

[0294] GBT913- (S)-2-h ydroxy-6-((l-(3-methoxyphenyl)pyrrolidin-2~ 

yl)methoxy)betizaldehyde ''HNMR (400 MHz, Chloroform-rf) 5 11.95 (s, IIS), 10.37 (t, ,/=== 

0.5 Hz, IH), 7.42 - 7.31 (m, IH), 7.16 (t, J= 8.2 Hz, IH), 6.53 (dq, J= 8.4, 0.6 Hz, IH), 6.36 

- 6,24 (m, 3H). 6.23 (t, J= 2.4 Hz, IH), 4.23 - 4.12 (m, 2H), 3.79 (s, 4H), 3.50 (ddd, J~9.0, 

5.6, 3.5 Hz, IH), 3,27 - 3.16 (m, IH), 2.17 - 1.98 (m, 4H). MS (M+H)+ found for 

Ci9H2iN04: 328.3 

GBT914 - 2-hydroxy-6-((l-(3-raethoxyphenyl)piperidin-3-yl)oxy)benzaldehyde 11 NMR 

(400 MHz, Chloroform-^) 8 11.94 (d, J= 0,4 Hz, IH), 10.25 (d, J= 0.6 Hz, IH), 7,39 (td,J = 

8.4, 0,4 Hz, IH), 7.19 - 7.08 (m, IH), 6.51 (dt, J= 8.5, 0.7 Hz, 2H), 6.48 - 6.37 (m, 3H), 

4.58 (m, IH), 3.78 (m, IH), 3,77 (s, 3H), 3.74 - 3.64 (m, 11I), 3,39 (ci, J= 5.6 Hz, IH), 3.17 

(dd,J = 12.4, 7.6 Hz, IH), 3.11 -3.01 (m, 1H), 2.14 (s, IH), 2.02 - 1.92 (m, ILL), 1.86-1.74 

(m, IH). MS (M+H)+ found for C!9H2iN04: 328.4). 

[0295] GBT916 - 2-hydroxy-6-((2-(2-methoxypfaenyl)pyridin-3-

y])methoxy)benzaldehyde. The compound was prepared from (2-chloropyridin-3-

GBT916 

..CHO 

OH 
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yl)metbanol and (2-methoxyphenyl)boronic acid according to schcme 9, reaction steps i, 2 

and 4. In step 4, alleviation with 2,6-dihydroxybenzaldehyde, the product of TFA sail was 

obtained after HPLC purification. ''HNMR (300MHz, DMSO. ppm): 11.71 (s, IH), 9.99 (s, 

IH), 8.65 (rn, IH), 8.13 (d, i=7,5Hz, IH). 7.50 (m, 3H), 7.31 (m, IH), 7.04 (m, 2H), 6.47 (m, 

IH) 6.38 (m, d, J=8.4Hz, IH), 5.00 (s, 2H), 3.73 (s, 3H); MS (ES, m/z): 336 [M+lf. 

T3 N' 
' i I : ! 

9 
,CHO 

"OH 

7 - 2-hydroxy-6-((2'-methoxy-[2,3'-bipyridin|-3-

yl)methoxy)benza!dehyde. The compound was prepared from (2-chloropyridtn-3-

y!)methanoI and (2-methoxypyridin-3-yl)boronic acid according to schcme 9, reaction steps 

1, 2 and 4. In step 4, alkylation with 2,6-dihydroxybenzaldehyde, the product TFA salt was 

obtained after HPLC purification. 

'HNMR (300MHz, CDC13,/>/w?): 11.91 (s, IH), 10.24 (s, IH), 8.71 (t, IH), 8.69 (m, IH), 

7.93 (d, IH), 7.75 (d, IH), 7.40 (m, IH), 7.39 (m, IH), 7.08 (m, IH), 6.53 (d. IH). 6,50 (d, 

IH), 5.07 (s, 2H), 3.94 (s, 3H); MS (ES, m/z): 337 [M+l]+ 

,-0. ,OH 

-u 
:/ 

[0297] GBT930- 2-((2-(l-cycIobutyl-lH-pyrazol-5-yl)pyridin-3-yl)inethoxy)-6-

hydroxybenzaidehyde, The compound was prepared by Mitsunobu reaction (scheme 9, step 

3) of (2-( 1 -cyclobutyl-1 H-pyrazol-5-yl)pyridin-3-yi)methanol (A) with 2,6-

dihydroxybenzaldehyde (INT3). The product was obtained as pale yellow solid, 'HNMR 

(300MHz, CDC13, ppm): 11.95 (s, IH), 10.35 ($, IH), 8.75 (m, IH), 7.97 (d, J=7.2Hz, IH), 

7.62 (m, HI), 7.45 (m, IH), 7.36 (m, IH), 6.56 (d, J=8,4Hz, IH), 6.38 (m, IH), 6.23 (d, 
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J=8.4Hz, IH), 5.07 ($, 2H), 4.85 (m, IH), 2.75 (m, 2H), 2.27 (m, 2H), 1.25 (m, 2H); (ES, 

m/z)i 350 [M+l]" 
OH 

[0298] Preparation of intermediate A, Intermediate A was prepared from pyrazole in 

three steps according scheme below. 

[0299] Step 1: Into a 500-mL round-bottom flask, was placed a solution of ! H-pyrazole (i 0 

g, 146,89 mmol, 1,00 equi v), CS2CO3 (95.9 g, 294.33 mmol, 2.00 equiv), and 

bromocyclobutane (29.7 g, 220.00 mmol, 1.50 equiv) in CH3CN (150 mL). The resulting 

solution was stirred overnight at 80°C, and then it was concentrated under vacuum. The 

residue was applied onto a silica gel column with ethyl acetate/petroleura. ether (1:400~1:200) 

as eluent to yield 8 g (45%) of 1-cyclobutyl-lH-pyrazole as a colorless liquid. 

[0300] Step 2: Into a 250-mL round-bottom flask, was placed a solution of 1-cyclobutyl-

1 H-pyrazole (6.5 g, 53.21 mmol, 1.00 equiv) in tetrahydrofuran (100 ml). This was followed 

by the addition of BuLi (2.5 M, 22.7 mL, 1.10 equiv) dropwise with stirring at -30°C. The 

mixture was stirred for 30 min at the same temperature. To this was added 4,4,5,5-

tetramethyl-2-(propan-2-yloxy)-l,3,2-dioxaborolane (14.9 g, 80.08 mmol, 1,50 equiv) 

dropwise with stirring at -78°C. The resulting solution was stirred tor 3 h at -78°C, and then it 

was quenched by the addition of 30 mL of water. The resulting solution was extracted with 

2x200 mL of dichloromethane. The combined organic layers were concentrated under 

vacuum. The residue was applied onto a silica gel column with ethyl acetate/petroleum ether 

(1:200-1:30) as eluent to furnish 6.2 g (47%) of l-cyc3obutyl-5-(tetramethyl-l,3,2-

dioxaborolan-2-yi)-lH-pyrazole as a colorless oil. 

[0301] Step 3: Into a 100-mL round-bottom flask, was placed a solution of l-cyelobutyl-5-

(letrarnethyl-1,3,2-dioxaboroJan-2-yl)-lH-pyrazole (791 mg, 3.19 mmol, 2.00 equiv), (2-
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bromopyridin-3-yl)methanol (500 rag, 2.66 mmol, 1.00 equiv), Pd(dppf)CJ2 (217 mg, 0.30 

mmol, 0.10 equiv),and sodium carbonate (670 nig, 6.32 mmol, 3.00 equiv) in a solvent 

mixture of dioxane (10 mL) and water(!0 mL). The resulting solution was stirred lor 2 h at 

80°C. The resulting solution was extracted with 3x20 mL of dichloromethane. The combined 

organic layers were concentrated under vacuum. The residue was applied onto a silica gel 

column with ethyl acetate/petroleum ether (1:3-1:1) as eluent to provide 200 mg (33%) of [2-

(l-cyc1obutyl~1H-pyrazol-5-yl)pyridin-3-yl]methanol as a yellow oil. 

GBT934 
/-.r-x 

[0302] GBT934- 2-((2,-ethoxy-[2,3,-bipy«''idin]-3-yl)methoxy)-6-hydroxybeiizaldehyde 

The compound was prepared from (2-chloropyridin-3 -yl)methanol and ((2-ethoxypyridin-3 -

yl)boronic acid according to scheme 9, reaction steps 1, 2 and 4. In step 4, alkylation with 

2,6-dihydroxybenzaldehyde (INT3), the product TFA salt as white solid was obtained after 

HPLC purification. !HNMR(400MHz, CDC]3,ppm): 11.91 (br s, IH), 10.29 (s, IH), 8.97 (s, 

2H), 8.97 (br s, IH), 8.46 (d, J= 8.0 Hz, IH), 8.40 (d,./ 4.8 Hz, IH), 7.87 (s, IH), 7.81 (d, 

J = 6.8 Hz, 1H), 7.53 (t, J= 4.4 Hz, IH), 7.12 (t, J = 6.0 Hz, IH), 6.59 (d, J = 8.4 Hz, IH), 

6.14 (d, J= 8.4 Hz, IH), 5.17 (s, 2H), 4.46 (q, J= 6.8 Hz, 2H), 1.32 (t,./- 6.8 Hz, 3H); MS 

(ES, m/z:) 351.1 [M+lf 

GBT948 

[0303] GBT948- 3-cbloro-2-hydroxy-6-((2-(l-isopropyl-lH-pyrazoI-5-yl)pyridra-3-

yI)methoxy)benzaIdehyde. The compound was prepared using general reaction step 4 of 

scheme 9, by O-alkylation of 3-ehloro~6-hydroxy-2-(methoxymethoxy)benzaldehvde (B) 

with 3-(chloromethyl)-2-(l-isopropyl-lH-pyrazol-5-yl)pyridine (A) and subsequent 

M_n' ! 

,CHQ 
rf 

Ci 
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deproteclion of the MOM ether by treating with aqueous 6N HCI in THF. 'HNMR 

(400MHz,CDCh,ppm): 12.49(s, IH), 10.34(s, IH), H.80(dd,J 3.6!!/. IH), 8,0Q(dd 

J=5.7IJz, 111), 7.63(d, -2Hz, lH),7.47(m, 2H), 6.36 (m, 2.H) ,5.11 (d, ,/=10.8Hz, 

4.70(iii, IH), 4.6l(m, IH), 1.53(d,/-4.5Hz, 6H); MS (ES, m/z): 372[M+lf 

2H) 

- / v—-N-N y y~{ 
/ CI 

OH 

y 
Ci 

1) K2CO3,KI 
DMSO 
2) HCi 

'OMOM 

W 7 
N-N 

\ 
/ 0 

X. 

T 
Ci 

,CHO 

"OH 

The MOM-protected phenol aldehyde intermediate B was prepared according to the 

following synthetic scheme; 
Step 1 

MOMDr.K2COa 

Step 2 

Br.Br.K?CO> 

Acetone 
Y 'OH 
Ci 

OH 

(;x , 
OMGM Mcexne 

CI 

03n Step 3 

LDA.DMF 

"""HF 

CBn 
^CHO 

Step 4 

Rh/'C.H^ 

ethyl acetate 
6fH0 
^ OMOi. 

[8305] Step 1: Into a 2000-mL round-bottom flask, was placed a solution of 4-

chlorobenzene-1,3-diol (50.0 g, 345.89 mmol, 1.00 equiv) and potassium carbonate (95 g, 

687,36 mmol, 2.00 equiv) in acctone (1000 mL). This was followed by the addition of 

MOMBr (40 g. 320,10 mmol, 0,90 equiv) dropwise with stirring. The resulting solution was 

stirred for 60 h at room temperature. The solids were filtered out. The resulting mixture was 

concentrated under vacuum. The residue was applied onto a silica gel column with ethyl 

acetate/petroleum ether (1:10-1:2) as eluent to furnish 49 g (75%) of 4-chloro-3-

(methoxymethoxy)phenol as a colorless oil. 

[0306] Step 2: Into a lOQO-mL round-bottom flask, was placed a solution of 4-chloro-3-

(methoxymethoxy)phenol (49.0 g, 259.80 mmol, 1.00 equiv) and potassium carbonate (57.4 

g, 415.31 mmol, 1.60 equiv) in acetone (500 mL). This was followed by the addition of BnBr 

(55 g, 321.58 mmol, 1.20 equiv) dropwise with stirring in 40 min. The resulting solution was 

stirred overnight at room temperature. The solids were filtered out. The resulting mixture was 

concentrated under vacuum. The residue was applied onto a silica gel column with ethyl 

acetate/petroleum ether (1:99-1:10-1:2) as eluent to furnish 40.0 g (55%) of 4-(benzyloxy)-l-

chloro-2-(methoxymethoxy)benz.ene as a colorless oil. 
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[0307] Step 3: Into a 500-rnL three neck round-bottom flask, was placed a solution of 

bis(propan-2-yl)amine (29.7 g, 293,51 mmol, 5.00 equiv) in tetrahydrofuran (70 mL). This 

was followed by the addition ofBuLi (100 raL, 3.00 equiv) dropwise with stirring at -78 °C. 

The mixture was stirred for 10 min at -78 °C, then stirred for 10 min at 0°C, To this was 

added a solution of 4-(benzyloxy)-l-chloro-2-(methoxymethoxy)bcnzene (23.3 g, 83.59 

mmol, 1,00 equiv) in tetrahydrofuran (70 mL) dropwise with stirring at -78 °C. The mixture 

was stirred for 1 hat -40 °C. To the mixture was addedN,N-dimethylformamide (18.3 g, 

250.38 mmol. 3.00 equiv) dropwise with stirring at -78°C. The resulting solution was stirred 

for 30 min at -78 °C. The reaction was then quenched by the addition of 50 mL of NH4CI 

(aq). The resulting solution was diluted with 50 mL of water. The resulting solution was 

extracted with 3x100 mL of ethyl acetate and the organic layers combined and dried over 

sodium sulfate and concentrated under vacuum. The residue was applied onto a silica gel 

column with ethyl acetate/petroleum ether (1:5) as eluent. This resulted in 8.8 g (34%) of 6-

(benzyloxy)-3-chloro-2-(methoxymethoxy)benzaldebyde as a yellow soild. 

[0308] Step 4: Into a 500-mL round-bottom flask, was placed a solution of 6-(benzyloxy)~ 

3-chioro-2-(methoxymethoxy)benzaldehyde (8.8 g, 28.69 mmol, 1.00 equiv) in ethyl acetate 

(100 mL). Rh/C (1,0 g) was added to the reaction. The resulting solution was stirred for 20 h 

at room temperature under 1 atm of hydrogen gas. The solids were filtered out. The resulting 

mixture was concentrated under vacuum. The residue was applied onto a silica gel column 

with ethyl acetate/petroleum ether (1:2) as eluent. This resulted in 5,2 g (84%) of 3-chloro-6-

hydroxy-2-(methoxymethoxy)benzaldehyde as a light yellow solid. 

[0309] GBT954- 4-hydrGxy-2-((2-(l-isopropy}-lH-pyrazo!-5-yl)pyridiii-3-

yi)methoxy)heozaldehyde. The compound was prepared by Mitsunobu reaction (scheme 9, 

step 3) of 2-hydroxy-4-(methoxymethoxy)benzald.ehyde (A) with (2-(1 -isopropyl- 1H-

pyrazo3-5-yI)pyridin-3-yl)methanol (B) and subsequent deproteetion of the MOM ether by 

treating with aqueous 6N HCi in THF according the scheme below. 'HNMR (400MHz, 

GBT954 

N 

N'NV^O O 
/ JL JJ 
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DMSO, ppm): 10,70 (s, IH), 10.09 (s, IH), 8.75 (m, IH), 8.22 (d, J HI!/. IH), 7,59 (m, 311;. 

6.52 (m, 3H), 5.16 (s, 2H), 4.65 (m, IH), 1.37 (m, 6H); (ES, m/z): 338 [M+l]+ 

~J0 C 
OH O OH 0 O 1 /vV 

"i K--- O O SNHCi I ) MOMBr f I ) JH N-N. k RMun V ' V-' 0 O 6NHU \ j ~N 
f; f - f; j - ~ / ! !: »- N V" O O 

K2C03, scetone (,r.,,n-'V^1 DfAD, PPhj. THF ' f THF, r.t I 1J HO' ^ ' '•>'MOMC' 
A MOMC"' 

HO" 

J Preparation of intermediate 2-hydroxy-4-(methoxymethoxy)benzaldehyde 

OH O OH O 
I [j MOMBr i ij 

fT5^ - f 1 
f A) HO ^ K2C03, acetone 

[0311] Into a 100-raL round-bottom flask, was placed a solution of 2,4-

dihydroxybenzaldehyde (3 g, 21.72 mmol. 1.00 equiv), MOMBr (3,2 g, 25.60 mmol, 1.20 

equiv), and potassium carbonate (3.9 g, 28.22 mmol, 1.30 equiv) in acetonc (20 mL). The 

resulting solution was stirred overnight at room temperature, The resulting solution was 

diluted with 30 mL of LLO. The resulting solution was extracted with 3x20 raL of 

dichloromethane and the organic layers combined and concentrated under vacuum. The 

residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:50-1:30) as 

eluent to furnish 2.6 g (66%) of 2-hydroxy-4-(meth.oxymethoxy)benzaldehyde as a white 

solid. 

OMe N' 
A JL 

MeO" V0 O 

cV 
[0312] GBT967- 2-((2',6'-dimethoxy-[2,3'-bipyridin]-3-yI)methGxy)-6~ 

hydroxybenzaldehyde. The compound was prepared from (2-chloropyridin-3-yl)methanol 

and 2,6-dimethoxy-3-(4,4,5,5-tetramcthyl-1,3,2-dioxahoro!an-2-yl)pyridine according to 

scheme 9, reaction steps 1, 2 and 4. In step 4, alkylalion with 2,6-dihydroxybenzaldehyde, the 

product of TFA salt as white solid was obtained after HPLC purification. 'HNMR (400MHz, 

DMSO, ppm): 10.04 (s, IH), 8,65 (m, IH), 8.14 (d, J=7.6Hz, IH), 7.73 (d, J=8Hz, Hi), 7.51 

(rn, 2H), 6,50 (rn, 3H), 5.16 (m, 2H), 3.91 (s, IH), 3.86 (s, IH); (ES, m/z): 367 [M+lf 

14-3854-0057 1 125 



WO 2014/150276 PCT/US2014/022789 

Atty. Dkt. No.: 104592-0210 

F F 

I 
,N'\ 

' ? 0 
-NV 

N""\ 

F 

[0313] GBT985- 3-(diflu©romethyl)-l-methyI-5-((2-(l-(2,2,2-trifluoroethyl)-lH-

pyrazol-5-yl)pyridm-3-yl)methoxy)-lH-pyrazole-4-earbaldehyde. 

pJ 
F-N. 

H9 HCi ,N^'>) 1 /.< ',1 N \—% 

r y^s — !Li c 
\ F V"J ? ° 

F F f - A: F F ci \>— 

F 

[0314] 3-(Difluoromethyi)-5-hydroxy-1 -methyl-1 H-pvrazo!e-4-carbaldehyde (100 mg, 

0.568 mmol) was dissolved in DMF (2.8 ml). 3-(chloromethy!)-2-( 1 -(2,2,2-trifluoroethyi)-

lH-pyrazol-5-yl)pyridine hydrochloride (0.195 g5 0.625 mmol) and potassium carbonate 

(0.235 g, 1.7 mmol) were then added and the mixture was stirred in a 60 °C heat block for 16 

h. The reaction mixture was cooled and water (50 ml) and ethyl acetate (100 ml) were added. 

The phases were separated and the aqueous phase was extracted with ethyl acetate (2 x 50 

ml). The combined organic phases were washed with water (20 mi) and a saturated aqueous 

sodium chloride solution (20 ml). After drying over sodium sulfate and evaporation, the 

residue was purified by silica gel chromatography (5 - 50 % ethyl acetate/hexanes) to give 86 

mg (36%) of 3-(difluoromethyl)-l-methyl-5-((2-(l-(2,2,2-trifluoroethyl)-lH-pyrazol-5-

yl)pyridin-3-yl)methoxy)-1 H-pyrazole-4-carbaldehyde as an off-white solid. 'H NMR (400 

MHz, CDCI3) 6 9.97 (s, IH), 8.75 (d, J = 3.64 Hz, IH), 8.08 (d, J = 7.31 Hz, IH), 7.68 (d, J =: 

1.69 Hz, IH), 7.44 (dd, J = 4.66, 7.83 Hz, IH), 6.65 (t, J = 53.67 Hz, IH), 6.61 (d, J - 1.78 

Hz, IH), 5.64 (s, 2H), 5.24 (q, J - 8.60 Hz, 2H), 3.54 (s, 3fi). MS (ESI) m/z 416 [M+H]+, 
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GBT986 

F 

[0315] GBT986- l-methyI-5-((2-(l-(2£,2-trifluoroethyI)-lH-pyrazo»-5-yl)pyridin-3-

yl)methoxy)-3-{trifluoromethyI)-lH-pyrazoIe-4-carba!dehyde 

[0316] 5-Hydroxy-1 -methy{-3-(trifluoromethyl)-1 H-pyrazole-4-carbaldehyde (100 rag, 

0.515 mmol) was dissolved in DMF (2.5 ml).). 3-(chloromethyl)-2-( 1 -(2,2,2-trifluoroethyl)-

1 H-pyrazoI-5-yl)pyridinc hydrochloride (0.177 g, 0.567 mmol) and potassium carbonate 

(0.213 g, 1.545 mmol) were then added and the mixture was stirred in a 60 UC heat block for 

16 h. The reaction mixture was cooled and water (50 ml) and ethyl acetate (100 ml) were 

added. The phases were separated and the aqueous phase was extracted with ethyl acetate (2 

x 50 ml). The combined organic phases were washed with water (20 mi) and a saturated 

aqueous sodium chloride solution (20 ml). After drying over sodium sulfate and evaporation, 

the residue was purified by silica gel chromatography (5 - 50 % ethyl acetate/hexanes) to 

give 86 mg (36%) of 1 -methyi-5~((2-( 1 -(2,2,2-trifluoroethyi)-lH-pyrazoi-5-yl)pyridin-3-

yl)methoxy)-3-(trifluoromethyl)-1}i-pyrazole-4-carbaldehyde as an off-white solid. ! 11 NMR 

(400 MHz, CDCI3) 8 9.87 (s, IH), 8.75 (d, J= 4.33 Hz, 1H), 8.08 (d,J = 7.73 Hz, IH), 7.68 

(d, J — 1.74 Hz, IH), 7.45 (dd, J — 4.64, 7.84 Hz, IH), 6.59 (d, J — l./OHz, 1H), 5.63 (s, 2H), 

5.24 (q, J = 8,60 Hz, 2H), 3,57 (s, 3H). MS (ESI) m/z 434 [M+Hf, 

F-X 
1 
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rl ,0. 

-N ^ 
V 

N 

V) 
2CF3COOH 

4-fluoro-7-((2-(l-isopropyl-lH-

ro-lH-inden-l-one bis(2,2,2-trifluoroacetate). The compound was prepared by 

Mitsunobu reaction of of 4-fhioro-7-hydroxy-2,3 -dihydro-1 H-inden-1 -one with [2-[l-

(propan-2-yl)-1 H-pyrazol-5-yl]pyridin-3-yl]methanol according to scheme 9, reaction step 3 

The product TFA salt as white solid was obtained after HPLC purification. 5HNMR 

(300MHz, DMSO,/?/?m): 8.72 (m, 1H),8.23 (m, IH), 7.56(m, IH), 7,5l(d, IH), 

7.43(m, Hi}, 6.93 (m, IH), 6.58(d, J i.Hii/. IH), 5.08(s, 2H), 4.63(m, 1 H), 3.03 (m, 211), 

2.61 {m, 21 Ii. 1.33 (d, J 0.61Ix. 6H); MS (ES, m/z): 366[M+lf 
o 

OH 
/=N N- N 

\ //~\J 
\ 
X'—OH 

GBT1133 

N-N o. 

o 
v-'A • > DiAD,PPh3,THF 

r V 
,o.. .O 

O 

OH 

2-(((2-(l-isopropyl-lH-pyrazoI~5-yl 

yl)oxy)methyI)benzaldehyde, The compound was prepared from ethyl 2-

(bromomethyi)benzonitrile in 2 steps according to reaction scheme below. 
Step 2 

BK 

„CN 

Step 1 

OiBAL-H 

Br-v 

OH 

DCM K2CO:J,K! 
CH-.CN 

N 

YV 
-N _0. 

/' 
I 

N 

GBT1133 X 
"OH 

[0319] Step 1: Into a 100-mL round-boitom flask, was placed a solution of 2-

(bromomethyl)benzonitrile (1,0 g, 5.10 mmol, 1.00 equiv) in dichloromethane (40 mL). This 
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was followed by the addition of DIBAL-H (5.5 mL, 1.10 equiv) at 0 °C. The resulting 

solution was stirred for 3.5 h at 0 °C. The reaction was then quenched by the addition of 10 

mL of 5% 1 IBr at 0 °C. The resulting solution was extracted with 3x30 mL of 

dichloromethane and the combined organic layers were dried over anhydrous sodium sulfate. 

The residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:10) as 

eluent. This resulted in 500 mg (49%) of 2-(bromomethyl)benzaldehyde as a green oil. 

[0320] Step 2: Into a 50-mL round-bottom flask, was placed a solution of 2-

(bromomethyi)benzaldehyde (150 mg, 0.75 mmol, 1.00 equiv) in CITCN (25 mL). 2-[i~ 

(Propan-2-yi)-iH-pyrazo!-5-yl]pyridin-3-ol (150 rng, 0.74 mmol, 1.00 equiv), potassium 

carbonate (210 mg, 1,52 mmol, 2.00 equiv), and Kl (40 mg, 0.30 equiv) were added to the 

reaction. The resulting solution was heated to reflux for 6 h, and then it was cooled to rt. The 

resulting solution was diluted with 20 mL of LIjO, and then it was extracted with 3x2.0 mL of 

ethyl acetate. The combined organic layers were washed with 1x30 mL of brine and 

concentrated under vacuum. The crude product (200 mg) was purified by Prep-HPLC with 

the following conditions (Prep-HPLC-010): Column, SunFire Prep CIS OBD 

Column,Sum, 19* 150mm,; mobile phase, water with 0.05%TFA and MeCN (38.0% MeCN 

up to 55.0% in 8 min); Detector, am. This provided 98.6 mg (41%) of 2-[([2-[1 -(propan-2-

vi)-lH-pyrazol-5~yi]pyridin-3-yl]oxy)rnethyl]benzaldehyde as a light yellow solid; 'HNMR 

(300MHz, CDCij, ppm): 10.01 (s, IH), 8.43 (m, IH), 7.88(m, IH), 7.86 (m, IH), 7.61-

7.79(m, 6H), 6.61(d, ./-2.1Hz, IH), 5.60 (s, 2.H), 4.69-4.78 (m, IH), 1.46(d,,/-6.6Hz, 6H); 

(ES, m/z): 322 [M+lf 

GBT1197 

[0321 ] GBT1197- 2-((2-(l-isopropyl-lH-pyrazol-5-yl)pyridin-3-

yI)methoxy)benzaldehyde. The compound was prepared by O-alkyfation of 2-
hvHrnYvfrpJTZa MehvHp with I"/rhlr.r^m^f hvlL')-/ 1 -icn.-nrv-vTWi-.l M.. ny vo 70I - S - V' ) n VTS d 1 fie flNT-

4). The product of TFA salt as white solid was obtained after HPLC purification. 'HNMR 

(300MHz, CDCL,ppm): 10.49(s, IH), 8,78(m, IH), 8T6(m, HI), 7.88(m, IH), 7.69(d, 
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J=6.0Hz, lH),7.54(m, 211), 7.13(rn, IH), 6.90(d, J=8.4Hz, IH), 6.41(d,,/ 1.811/. IH), 5.1: 

(s, 2H), 4.62 (m, IH); (ES, m/z): 322[M+lf 

JBT.1.252 

H" 
il 

Br 
1 

XI o N-N 

" "OH 

[0322] GBT1252- 2-((6-bromo-2-(l-isopropyl-1 H-pyrazol-5-yl)pyridin-3-yI)methoxy)-

6-hydroxybenzaIdehyde. The compound was prepared by Mitsunobu reaction of (6-bromo-

2-(!-isopropyl-lH-pyrazol-5-y!)pyridin-3-yl)methanol (intermediate A) and 2,6-

dihydroxybenzaldehyde (INT-3) according to scheme 9, reaction step 3. The product as white 

soiid was obtained after flash column purification. 'HNMR (300MHZ, DMSO, ppm): 11,70 

(s, IH), 11.20 (s, IH), 8.17 (d, J - 8.1 Hz, IH), 7.81 (d, J = 8,1 Hz, IH), 7.57 (s, IH), 7.50 (t, 

J - 8.4 Hz, IH), 6.60 (s, IH), 6.55 (dd, J = 8,4 Hz, 3.6 Hz, IH), 5.19 (s, 2H), 4.65-4.55 (m, 

IH), 1.38 (d, J = 6,6 Hz, 6H); (ES, m/z:) 418.1 [M+lf 

Br 
Br OH O 

INT-1 

OH 

N' A J 
N'N 

"OH 
V-

I 
I 

-9 o 

A GBT1252 u OH 

[0323] Preparation of intermediate A. Intermediate A was prepared from 2,6-

dichloropyridine-3-carboxylic acid in five steps according to the synthetic scheme below. 
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Stsp 3 

N 

A 5 
Step 1 

-BuOK, MeOH 

CI' 
:OOH 

OMe 
JL 

N' A J T 
COOH 

Step 2 

SOCI?, MeOH 

N-. 
OMe 

AJ ci Y 
COOMe 

o-

Pd(dppf)(DCM)C 

MeOQC v"tSP 4 MeOOC Step 5 

—*-v .. V_/~\ ,JOSr3' "*POA f\ )~\ L.iBH4, THh ^ \ T>i, LfK — ^ u 
/ / Br 

/ 

[0324| Step 1: Into a 500-m.L round-bottom flask, was placed a solution of 2,6-

dichloropyridtne-3-carboxylic acid (25 g, 130.21 mmol, LOO equiv) in methanol (350 mL). 

This was followed by the addition of t-BuOK (43.8 g, 390,34 mmoi, 3.00 equiv), in portions 

at 0 °C. The resulting solution was heated to reflux for 3 days. The resulting mixture was 

concentrated under vacuum, arid then it was diluted with 400 mL of water. The pH value of 

the solution was adjusted to 1 with hydrogen chloride aq. The solids were collected by 

filtration. The solid was dried in an oven under reduced pressure. This provided 20,5 g (84%) 

of 2-chloro-6-methoxypyridine-3-carboxylic acid as a white solid. 

|0325] Step 2: Into a 100-mL round-bottom flask, was placed a solution of 2-chloro-6-

rnethoxypyridine-3-carboxylic acid (11.3 g, 60.24 mmol. 1.00 equiv) in methanol (50 mL). 

This was followed by the addition of SOCi? (26 mL, 5.00 equiv) dropwise with stirring at 0 

°C. The resulting solution was stirred for 1 h at room temperature and for an additional 2 h at 

reflux. The resulting solution was diluted with 100 ml, of water. The pH value of the solution 

was adjusted to 10 with 2M sodium carbonate aq. The resulting solution was extracted with 

3x80 mL of ethyl acetate and the organic layers combined. The resulting mixture was washed 

with 1x150 mL of water and 1x100 mL of brine, dried over anhydrous sodium sulfate and 

concentrated under vacuum. The residue was applied onto a silica gel column with ethyl 

acetate/petroleum ether (1:10) as eluent to furnish 7.8 g (64%) of methyl 2-chloro-6-

methoxypyridine-3-carboxylate as a white solid. 

[0326] Step 3: Into a 100-mL round-bottom flask, which was purged and maintained with 

an inert atmosphere of nitrogen, was placed methyl 2-chloro-6-methoxypyridine-3-
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carboxylate (3.29 g, 16.32 mmol, 1.00 equiv), 1 -(propan-2-yl)-5-(tetramethyl-1,3,2-

dioxaborolan-2-yl)-l H-pyrazole (4.63 g, 19.61 mmoi. 1.20 equiv), toluene (45 mL), ethanol 

(15 mL), sodium carbonate (2M in H2O) (15 mL), This was followed by the addition of 

Pd(dppf)(DCM)Cl2 (665 mg, 0.05 equiv). The resulting solution was stirred for 20 h at 90 °C. 

The reaction was then quenched by the addition of 20 raL of water and 100 mL of ethvi 

acetate. The resulting mixture was washed with 2x50 mL of water and 1x50 mL of brine. The 

mixture was dried over anhydrous sodium sulfate. The residue was applied onto a silica gel 

column with ethyl acetate/petroleum ether (1:25-1:15) as eluent to furnish 3.83 g (85%) of 

methyl 6-methoxy-2-[l-(propan-2-yl)-lH-pyrazol-5-y1]pyridme-3-carboxylate as a light 

yellow oil. 

[0327] Step 4: Into a 250-mL round-bottom flask, was placed methyl 6-methoxy-2-[l-

(propan-2-yl)-1 H-pyrazol-5-yl]pyridine-3-carboxylate (3.6 g, 13,08 mmol. 1.00 equiv), CgHs 

(60 mL), H3P04(85%) (150 mg, 1,53 mmol, 0.10 equiv), PyllBr (208 mg, 1.30 mmol, 0.10 

equiv), PQBn (11,5 g, 40.11 mmoi, 3.00 equiv). The resulting solution was heated to reflux 

for 40 h. The reaction mixture was cooled to 0 °C with an ice bath. The pH value of the 

solution was adjusted to 10 with potassium carbonate sat. The resulting solution was 

extracted with 3x80 mL of ethyl acetate and the organic layers combined. The resulting 

mixture was washed with 2x50 mL of water and 1x50 mL of brine. The mixture was dried 

over anhydrous sodium sulfate and concentrated under vacuum. The residue was applied onto 

a silica gel column with ethyl acetate/petroleum ether (1:10-1:8) as eluent. This provided 2,62 

g (62%) of methyl 6-bromo-2-[ 1 -(propan-2-yl)-1 H-pyrazoi-5-yl]pyridine-3-carboxylate as a 

yellow oil. 

[0328] Step 5: Into a 50-mL round-bottom flask, was placed methyl 6-bromo-2-[ 1 -(propan-

2-yl)-1H-pyrazol-5-yi]pyridine-3-carboxylatc (2.62 g, 8.08 mmol, 1.00 equiv), 

tetrahydrofuran (30 mL). This was followed by the addition of LiBH4 (350 mg, 16.07 mmol, 

2.00 equiv) at 0 °C. The resulting solution was stirred for 30 min at 0 °C and for an additional 

1 h at room temperature. The reaction mixture was cooled to 0 °C with an ice bath. The 

reaction was then quenched by the addition of 20 mL of water. The resulting solution was 

extracted with 3x60 mL of ethyl acetate and the organic layers combined. The resulting 

mixture was washed with 2x50 mL of water and 1x50 mL of brine. The mixture was dried 

over anhydrous sodium sulfate and concentrated under vacuum. The residue was applied onto 

a silica gel column with ethyl acetate/petroleum ether (1:8-l :5) as eluent to furnish 1,97 g 
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quenched by the addition of 100 ml, of sodium hydroxide (aq). The pH value of the solution 

was adjusted to 12 with sodium hydroxide (aq). The resulting solution was extracted with 

3x60 mL of ethyl acetate. The combined organic layers were washed with 1x60 mL of water 

and 1x60 mL of brine, dried over anhydrous sodium sulfate and concentrated under vacuum. 

The residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:1-1:0) 

as eluent to yield 2.08 g (75%) of4-(dimethylamino)-2,6-dimelhoxybenza3dehyde (3) as a 

white solid, 

[0332] Step 3: Into a 50-mL round-bottom flask, was placed a solution of 4-

(dimethylaxnino)-2,6-dimethoxybenzaldehyde (3) (630 mg, 3.01 mmoi, 1.00 equiv) in 

dichloromethane (25 mL). AICI3 (6 g, 45.11 mmol, 12.50 equiv) was added to the reaction. 

The resulting solution was heated to reflux for 24 h. The pH value of the solution was 

adjusted to 8-9 with sodium bicarbonate (aq). The resulting solution was extracted with 3x80 

mL of ethyl acetate. The combined organic layers were washed with 1x60 mL of water and 

1 x6Q mL of brine, dried over anhydrous sodium sulfate and concentrated under vacuum. The 

residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:4) as eluent 

to furnish 383 mg (70%) of 4-(dimethylamino)-2,6-dihydroxybenzaldehyde (4) as a light 

yellow solid. 

[0333] Step 4: Into a 25-mL round-bottom flask, was placed a solution of [2-[l -(propan-2-

yl)-1 H-pyrazol-5-yl]pyridin-3-yl]methanol (5) (132 mg, 0.61 mmol, 1.00 equiv), 4-

(dimethylamino)-2,6-dihydroxybenzaldehydc (4) (110 mg, 0.61 mmoi, 1.00 equiv), PPh3 

(207.3 mg, 0.79 mmol, 1.30 equiv) in tetrahydrofuran (10 mL). DIAD (160 mg, 0.79 mmoi, 

1.30 equiv) was added to the reaction dropwise dropwise at 0 °C. The resulting solution was 

stirred for 10 min at 0 °C and for an additional 2 h at room temperature. The reaction was 

then quenched with 10 mL of water. The resulting solution was extracted with 3x40 mL of 

ethyl acetate. The combined organic layers were washed with 3x20 mL of water and 1x20 

mL of brine, dried over anhydrous sodium sulfate and concentrated under vacuum. The crude 

product was purified by Prep-HPLC with the following conditions (Prep-HPLC-010): 

Column, SunFire Prep CIS OBD Column, Sum, 19* 150mm,; mobile phase, water with 

0,05%'TFA and MeCN (30.0% MeCN up to 60.0% in 10 min, up to 95.0% in 4 min.down to 

30.0% in 2 min); Detector, Waters2545 UvDector 254&220nm. This resulted in 60 mg (26%) 

of 4-(dimethylamino)-2-hydroxy-6-([2-[l-(propan-2-yl)-lH-pyrazol-5-yl]pyridin-3-

yljmelhoxyjbenzaldehyde (GBT933) as a light yellow solid. 
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(82%) of [6-bromo-2-[ 1 -(propan-2-yl)-1 H-pyrazoi-5-yl]pyridin-3-yl]methanol as a light 

yellow solid. 
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[0329] GBT933 - 4-(diinethylamino)-2-hydroxy-6-((2-(l-isopropyi-lH-pyrazoI-5-

yl)pyridin-3-yl)methoxy)benzaldehyde 

10330] Step 1: Into a 250-mL round-bottom flask, was placed a solution of 3,5-

dimethoxyaniline (1) (4.6 g, 30.03 mmol, 1.00 equiv) and potassium carbonate (14.6 g, 

105.64 mmol, 4.00 equiv) in N,N-dimethylformamide (80 mL). This was followed by the 

addition of S02(0Me)2 (8.4 g, 66.67 mmol, 2.00 equiv) dropwise with stirring at 0 °C. The 

mixture was stirred for 2h at 0 "C. The resulting solution was stirred overnight at room 

temperature, and then it was quenched by the addition of 100 mL of water. The resulting 

solution, was extracted with 2x80 ml, of ethyl acetate. The combined organic layers were 

washed with 1x50 mL of waler and 1x50 mL of brine, dried over anhydrous sodium sulfate. 

The residue was applied onto a silica gel column with PE:EA (30:1-10:1) as eluent to furnish 

2.8 g (51%) of 3,5-dimethoxy-N,N-dimethylaniline (2) as a white solid. 

[0331] Step 2: Into a 50-mL round-bottom flask, was placed a solution of 3,5-dimethoxy-

N,N-dimethylaniline (2) (2.4 g, 13.24 mmol, 1.00 equiv) in N,N-dimethylformamide (25 

mL). This was followed by the addition of POCI3 (2,57 g, 16.76 mmol, 1.30 equiv) dropwise 

with stirring at 0 °C. The resulting solution was stirred for 15 min at 0 °C, and then it was 
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Ij HNMR (400MHz, CDCI3,ppm): 12.45 (br s, IH), 9.87 (s, IH), 8.70 (d, J" 4.0 Hz, 

IH), 7.96 (d, J::: 7.2 Hz, IH), 7.58 (s, IH), 7.42-7.39 (m, 131), 6.32 (s, IH), 5.68 (s, IH), 5.43 

(s, IH), 4.94 (s, 2H), 4.58-4.51 (m, IH), 2.96 (s, 6H), 1.40 (d,J = 6.8 Hz, IH); MS (ES, 

m/z-) 381.2 [M-2CF3COOH+I]4 

GBT953 

in N.AJ 
ph OH 0 Nv N. (' f 
! i I j'.j D ! : ' . 

r ';1 Urotropin ^ ^ 3 a ^JJ 0 NsOH ? 
_ W. .-V, XSMs " T ;l " r^v-'' 

If i FA, reflux, 3 h "jj K2CO3, Ki. CH;C!\i, 8CTC /v TriF. H,0 | ][ 

1 S,8i>1 2 " S!ec2 4 ^~-Xv0Ms Step G8T963 X jl 3 O 

[0335] GBT953 - (S)-2-hydroxy-6-((2-(l-isopropyl-lH-pyra2oi-5-yI)pyridin-3-

yl)niethoxy)henzaldehyde 

[0336] Step 1: Into a 250-mL round-bottom flask, was placed a solution of methyl 3-

hydroxybenzoate (3 g, 19.72 mmol, 1.00 equiv) in trifluoroacetic acid (100 mL). Urotropin 

(5.5 g, 39.29 mmol, 2.00 equiv) was added to the reaction. The resulting solution was heated 

to reflux for 2 hr. The resulting mixture was concentrated under vacuum. The residue was 

applied onto a silica gel column with ethyl acetate/petroleum ether (1:5) as eluent to furnish 

0.5 g (14%) of methy l 2-formyl-3-hydroxybenzoate as a yellow solid. 

[0337] Step 2: Into a 100-mL round-bottom flask, was placed a solution of methyl 2-

formyl-3-hydroxybenzoate (400 mg, 2.22. mmol, 1.00 equiv) in CH3CN (30 mL), 3-

(ChlorGmethyl)-2-[l-(propan-2-yl)-lH-pyrazol-5-yl]pyridine (523 mg, 2.22 mmol, LOO 

equiv), potassium carbonate (927 mg, 6.71 mmol, 3.00 equiv), and KI (40 mg, 0.24 mmol, 

0.10 equiv) were added to the reaction. The resulting solution was stirred for 2 h at 60UC, and 

then it was diluted with 200 ml of EA. The resulting mixture was washed with 2x100 mL of 

brine, and then il was concentrated under vacuum. This provided 500 rng (59%) of methyl 2-

formy3-3 -({2- [ 1 -(propan-2-y!)-1 H-pyrazoi-5-yI ]pyridin-3-yl]methoxy)benzoate as a yellow 

oil. 

J] Step 3: Into a 100-mL round-bottom flask, was placed a solution of methyl 2-

formyl-3-([2-{1 -(propan-2-yl)-1 H-pyrazol-5-yl jpyridin-3-yl jmethoxy )benzoate (100 mg, 0.26 

mmoi, 1.00 equiv) in tetrahydrofuran (10 mL). This was followed by the addition of a 

solution of sodium hydroxide (22 rag, 0.55 mmol, 2.00 equiv) in water (3 mL) dropwise with 

stirring at 0 °C. The resulting solution was stirred for 3 h at room temperature. The pH value 

of the solution was adjusted to 6 with hydrogen chloride (3 mol/L). The resulting solution 
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was extracted with 2x100 mL of ethyl acetate and the organic layers combined and 

concentrated under vacuum. The crude product (100 mg) was purified by Prep-HPLC with 

the following conditions (Prep-HPLC-010): Column, SunFire Prep C18 OBD Column, Sum, 

19* 150mm,; mobile phase, water with 0.05%TFA and MeCN (30% MeCN up to 60% in 10 

min, up to 95% in 3 min, down to 30% in 2. min); Detector, Waters2545 UvDector 

254&220nm. This resulted in 30 mg (19%) of 2-formyl-3-([2-[l-(propan-2-yl)-3H-pyrazol-5-

yl]pyridin-3-yl]methoxy)benzoic acid; bis(trifluoroacetic acid) as a white solid. 'l!NMR 

(300MHz, DMSO, ppm): 8.75(dd, J=4.8Hz, IH), 8.15 (m, 2H), 7.59(m,3H), 7.40(d, J=7.8Hz, 

IH), 7.33(d, J=8.1Hz, IH), 6.66((d, J=7.8Hz, IH), 6.60 (s, IH), 5.18 (m, 2H), 4.70 (m, IH), 

1,35(m, 6H); MS (ES, m/z):366 [M+l]+ 

GBT963 
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[0339] GBT963 - (S)-2-hydroxy-6-((5-oxo-l-phenylpyrrolidiii-

[0340] Step 1: To a suspension of (.S)-5-(hydroxymethyl)pyrrolidin-2-one (230 mg, 2 

mmol) and iodobenzene (0.49 g, 2.4 mmol) in Dioxane (4 ml,) was added Cul (0.08 g, 0.4 

mmoi), N,N-dimethylethylenediamine (0.05 mL, 0.4 mmol), K2CO3 (0.55 g, 4 mmol). After 

heating at 100 °C for 24 h, the mixture was cooled and was diluted with EtOAc, insoluble 

material was filtered off, the filtrate was concentrated and purified by column ( 

Hexanes/EtOAc-1 00:0 to 0:100) to give (S)-5-(hydroxymethyi)-1-phenylpyrroiidin-2-one 

(280 mg). 

[0341] Step 2: To a solution of (5)-5-(hydroxyraethyl)-1 -phenyIpyrrolidin-2-one (100 mg, 

0.52 mmol) and 2,6-dihydroxybenzaldehyde (0.09 g, 0.65 mmol) in THF (5 mL) at 0 °C was 

added PPI13 (polymer supported, 650 mg, 0.78 mmoi) and DIAD (0.16 mL, 0,78 mmol). Alter 

stirred for 1 h, it was diluted with AcCN, the insoluble material was filtered off and the 

filtrate was concentrated and purified by preparative HPLC to give (S)-2-hydroxy-6-((5-oxo-

l-phenylpyrrolidin-2-yl)methoxy)benza!dehyde (86 mg). 'H NMR (400 MHz, Chloroform-d) 
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6 11.91 (d, J0.4 Hz, IH), 9.93 (d, J= 0.6 Hz, )H), 7.50-7.18 (m, 6H), 6.53 (dt,J=8.5, 

0.7 Hz, 111), 6.21 (dd, J= 8.3,0.8 Hz, IH), 4.70 - 4.59 (m, IH), 4.15 - 4.01 (m, 2H), 2.82 -

2.58 (m, 2H), 2.50 (ddt, J= 13.1, 9.9. 8.3 Hz, IH), 2.16 (dddd, J = 13.6, 9.5, 5.1, 3.9 Hz, IH). 

MS found for CigHi7N04: 312.3. 
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(S)-2-hydroxy-6-((5-oxo-l-f 
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[0343j Step 1: To a suspension of (S)-5-(hydroxymethyi)pyrrolidin-2-one (230 mg, 2 

mmol) and 1 -iodo-2-methoxybenzene (0.56 g, 2.4 mmol) in Dioxane (4 mL) was added Cul 

(0,08 g, 0,4 mmol), N,N-dimcthytethylenediamine (0.05 mL, 0.4 mmol), K3PO4 (0.85 g, 4 

mmol). After heating at 100 °C for 24 h, the mixture was cooled and was diluted with EtOAc, 

insoluble material was filtered off, the filtrate was concentrated and purified by column 

(Hexanes/EtOAc^lOOD to 0:100) to give (S)-5-(hydroxymethyi)-l~(2-

methoxyphenyl)pyrrolidin-2-one (110 mg). 

[0344] Step 2: To a solution of (S)-5-(hydroxymethyl)-l-phenylpyrro!idin-2-one (115 mg, 

0.54 mmol) and 2,6-dihydroxybenzaldehyde (0,10 g, 0.70 mmol) in THF (4 mL) at 0 °C was 

added PPI13 (polymer supported, 675 mg, 0.81 mmoi) and DIAD (0.16 mL, 0.81 mmol). After 

stirred for 1 h, it was diluted with AcCN, the insoluble material was fi ltered off and the 

filtrate was concentrated and purified by column (100% EtOAc) to give (S)-2~hydroxy-6-((l -

(2-methoxyphenyl)-5-oxopyrra]idin-2-yl)rnethoxy)bcnzaldehyde (53 mg). *H NMR (400 

MHz, Chloroform-*/) 5 11.92 (s, IH), 9.68 (t, J= 0.5 Hz, IH), 7.38 - 7.30 (in, IH), 7.30 -

7.22 (m, IH), 7.14 (dd, J= 7.7, 1.7 Hz, IH), 6.99 - 6.89 (m, 2H), 6.50 (dq, J = 8.5, 0.6 Hz, 

IH), 6.25 - 6.18 (m, IH), 4.55 (dtd, J - 9.0, 5.1, 4.0 Hz, IH), 4.10 - 3.94 (m, 2H), 3.73 (s, 
11 1 7z, "> n AS (AAAA f— n A O K 9 4 n 1 xjrr 1 u\ n 1 c o m ix.r> ^ x x /? A** t .J VlA 4? XJ 5 ^ *'~r" V «/ i . v,', j , u, o / .j! i ii.* iiij, ^,10 — i. Jl 

MS found for C19H19NO5: 342.3. 
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Step 1: Into a 250-mL round-bottom flask, was placed a solution of 4-chioropyridin-

2-amine (10 g, 77.78 mmol, 1.00 equiv) in tetrahydrofuran (150 mL). This was followed by 

the addition of LiHMDS(lM) (156 mL) dropwise with stirring at 0°C. The mixture was 

stirred for 20 min at 0 °C. To this was added BocjO (17.02 g, 77.98 mmol, 1.00 equiv). The 

resulting solution was stirred for 1 h at 0 °C. The reaction was then quenched by the addition 

of 100 mL of NH4CI. The resulting solution was extracted with 2x200 mL of ethyl acetatc 

and the organic layers combined. The resulting mixture was washed with 1x150 mL of brine. 

The resulting mixture was concentrated under vacuum, washed with 2x20 mL of EA/hexane 

(3:7). This resulted in 12.5 g (70%) of tert-butyl N-(4-chloropyridin-2-yl)carbamate as a 

white solid, 

[0347] Step 2: Into a 100-mL three neck round-bottom flask, was placed a solution of tert-

butyl N-(4-chloropyridin-2-yl)carbamate (2 g„ 8.75 mmol, 1.00 equiv) in tetrahydrofuran (50 

mL). This was followed by the addition of BuLi (2.5M) (7.0 mL, 2.00 equiv) dropwise with 

stirring at -78 °C in 20 min. The mixture was stirred for 0.5h at -78 °C. To this was added 

N,N-dimethylformamide (2.0 mL, 3.00 equiv) dropwise with stirring at -78 °C in 5 min. 'fhe 

resulting solution was stirred for 1 h at -78 °C. The reaction was then quenched by the 

addition of 3 mL of hydrogen chloride (12M). The resulting mixture was concentrated under 

vacuum. The resulting solution was diluted with 50 mL of ethyl acetate. The resulting 

mixture was washed with 1x40 mL of 5% sodium bicarbonate and 1x30 mL of brine. The 

resulting mixture was concentrated under vacuum. The residue was applied onto a silica gei 

column with EA:PE (1:4). This resulted in 1.46 g (65%) of tert-butyl N-(4-chloro-3-

formylpyridin-2-yl)carbamate as a yellow solid. 
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[0348] Step 3: into a 100-mL round-bottom flask, was placed a solution of [2-[l-(propan-2-

yl)-1 H-pyrazol-5-yl]pyridin-3-yl]methanol (500 rng, 2,30 mmol, 1,20 equiv) in N,N~ 

dimethylformamide (50 mL). This was followed by the addition of sodium hydride (190 mg, 

7,92 mmol, 2.50 equiv) at 0 °C. The mixture was stirred for 20 min at 0 °C. To this was added 

tert-butyl N-(4-chloro-3-formylpyridin-2-yl)carbamate (500 mg, 1.95 mmol, 1.00 equiv). The 

resulting solution was stirred overnight at room temperature, and then it was quenched by the 

addition of 50 raL of water. The resulting solution was extracted with 8x20 mL of ethyl 

acetate and the organic layers combined and concentrated under vacuum. This resulted in 506 

mg (59%) of tert-butyl N-[3-formy!-4-([2-[l-(propan-2-yl)-lH-pyrazol-5-yl]pyridin-3-

yl]methoxy)pyridin-2-yi]earbamate as a yellow7 oil. 

[0349] Step 4: Into a 100-mL round-bottom flask, was placed a solution of trifluoroacetic 

acid (10 mL) in dichloromethane (60 mL), tert-butyl N-[3-formyl-4-([2-[l-(propan-2-yl)-1H-

pyrazol-5-yl]pyridin-3-yi]methoxy)pyridin-2-yl]carbamate (500 mg, 1.14 mmol, 1.00 equiv). 

The resulting solution was stirred overnight at room temperature. The resulting mixture was 

concentrated under vacuum. The crude product (500 mg) was purified by Prep-HPLC with 

the following conditions (Prep-HPLC-010): Column, SunFire Prep C18 OBD 

Column,5um, 19* 150mm,; mobile phase, water with 0.05%TFA and MeCN (5,0% MeCN up 

to 26,0% in 10 min, up to 95.0% in 2 min,down to 5.0% in 2 min); Detector, Waters2545 

UvDector 254&220nrn. This resulted in 122,9 mg (32%) of 2-amino-4-([2-[l-(propan-2-yl)-

lH-pyrazol-5-yl]pyridin-3-yl]methoxy)pyridine-3-carbaldehyde as a yellow solid, 'HNMR 

(300MHz, DMSO,ppm): !0.12(s, IH), 8.79(m, IH), 8.24(m, 2H), 7.59(m, 2H), 6.76(d, 

J::-5.1Hz, IH), 6.55(d, J=1,2Hz, IH), 5.43(m,2H), 4.67(m,lH), 1.36(m, 6H); MS (ES, m/z): 

338 [M+1 -3CF3COOH]+ 

;BTIOO6 

"Y U 1 N A j 
CI C! Ci O N-N' Y 

A-. X X A. N- If I \J 
NaH, Me! Buli.DMF . k "O O 

" f OH ] 
N NHBoc ^N^N3oc ~^r XNT~*°C NaH DMF crH 
2 Step 1 2a S{ep 2 3a gtep 3 ~N' >JMsX 

Sa (X ~ Boc)—-; TFA/ 

GBT1006 -—: DCIW 

(X=H) Step 4 

[0350] GBT1006 - 4-((2-(l -isopropyl-! H-pyrazol~5-yI)pyridin-3-yl)niethoxy)-2-
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|0351] Step 1: Into a 100-mL round-bottom flask, was placed a solution of tert-butyl N-(4-

chloropyridin-2-yl)carbamate (3.0 g, 13.12 mmol, i.00 equiv) in tetrahydrofuran (50 mL). 

This was followed by the addition of sodium hydride (631 mg, 26.29 mmol, 1.20 equiv) at 0 

°C. The mixture was stirred for 20 min at 0 °C, To this was added iodomethane (2.24 g, 15.78 

mmoi, 1.20 equiv) dropwise with stirring. The resulting solution was stirred for 6 h at room 

temperature. The reaction was then quenched by the addition of 30 mL of water. The 

resulting solution was extracted with 3x30 mL of ethyl acetate and the organic layers 

combined and concentrated under vacuum. This resulted in 3.01 g (95%) of tert-buty l N~(4~ 

chloropyridin-2-yl)-N-methylcarbamate as a yellow oil. 

[0352] Step 2: Into a 100-mL three neck round-bottom flask, was placed a solution of tert-

butyl N-(4-chloropyridin-2-yl)-N-methy!carbamate (1.5 g, 6.18 mmol, 1.00 equiv) in 

tetrahydrofuran (50 mL). This was followed by the addition of BuLi (2.5M) (3.0 mL, 1,20 

equiv) dropwise with stirring at -78 °C. The mixture was stirred for 30 mins at -78 °C. To this 

was added N,N-dimethyIformamide (1.5 mL, 3.00 equiv) dropwise with stirring at -78 °C. 

The resulting solution was stirred for 1 h at -78 °C. The reaction was then quenched by the 

addition of 2.5 mL of hydrogen chloride (12.M). The resulting mixture was concentrated 

under vacuum. The residue was dissolved in 40 mL of EA, The resulting mixture was washed 

with 1x30 mL of 5% sodium bicarbonate and 1x20 mL of brine. The resulting mixture was 

concentrated under vacuum. The residue was applied onto a silica gel column with EA:PE 

(1:4). This resulted in 0.97 g (92%) of 4-ehioro-2-(methy!amino)pyridine-3~earbaldehyde as a 

yellow solid. 

[0353] Steps 3 &4: Into a 100-mL round-bottom flask, was placed a solution of [2-[l-

(propan-2-yl)-IH-pyrazol-5-y3]pyridin-3-yi]methanol (1.15 g, 5.29 mmol. 1.00 equiv) in 

N,N-dimethyiformamide (40 mL). This was followed by the addition of sodium hydride (530 

mg, 13.25 mmol, 2.50 equiv, 60%) at 0 °C. The mixture was stirred for 15 min at 0 °C. To 

this was added 4-chloro-2-(methylamino)pyridine-3-carbaldehyde (900 mg, 5.28 mmol, 1.00 

equiv). The resulting solution was stirred overnight at room temperature. The reaction was 

then quenched by the addition of 30 mL of water. The resulting solution was extracted with 

5x30 mL of ethyl acetate and the organic layers combined and concentrated under vacuum. 

The crude product (300 mg) was purified by Prep-HPLC with the following conditions (Prep-

i TPLC-020): Column, SunFire Prep C"18 OBD Column,5um, 19*100mm,; mobile phase, water 

with 0.1%TFA and MeCN (3.0% MeCN up to 20.0% in 5 min, up to 95.0% in 2 min,down to 

3.0% in 1 min); Detector, waters2489 254&220nm. This resulted in 107.1 nig (6%) of 2-
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(methyIamino)-4-([2-[l-(propan-2-yl)-lH-pyrazol-5-yl]pyTidin-3-yl]methoxy)pyridine-3-

carbaldehyde as a yellow solid. ®HNMR (400MHz, DMSO,ppm): 8.72 (m, IH), 8.17 (s, 111), 

7.91 (m,lH), 7.52 (m, 3H), 6.56 (s, IH), 6,26(d, J-4.2Hz, IH), 6,15(d, >3,3Hz, IH), 5.43 

(m, 1H), 5.12 (m,lH), 4.60 (m,lH), 2.87(d, 7=3.3Hz, IH), 1.46(d, ,/==5.1Hz, IH), 1.35(d, 

J~5.3Hz, IH); (ES. m/z):3S2A [M+lf 

HO-

T 
N=^ 

.OH 

1007- 2-(4-(hydroxymethyI)-l,3-dioxolan-2-yl)-3-((2-(l-isopropyl-

-5-v 

\ i 
)- A 

N 

IT 
OH 
k ..-OH 

OH 

HO™\ 

,,0-. 

HO 

X." i xOH Y 
[0355] 2-Hydroxy-6-((2-( 1 -isopropyl-1 H-pyrazol-5-yl)pyridin-3-yl)methoxy)benzaldehyde 

(0.4 g, 1.19 mmoi) was dissolved in a solution of propane-1,2,3-triol (5.8 ml, 79 mmoi) and 

DMF (5 ml). Amberlyst 15 resin (80 mg) and 3A molecular sieves (1 g) were added and the 

mixture was stirred in a heat block at 70 °C for 18 h. After cooling the mixture was filtered 

and taken up in ethyl acetate (200 ml) and water (100 ml). The phases were separated and the 

aqueous phase was extracted with ethyl acetate (2 x 50 ml). The combined organic phases 

were washed with water (50 ml) and a saturated aqueous sodium chloride solution (50 ml), 

and dried over sodium sulfate. After evaporation, the residue was purified by silica gel 

chromatography (0 - 90% ethyl acetate/dichloromethane) to give 0.138 g (24%) of 2-(4-

(hydroxymethy!)-1,3 -dioxolan-2-yl)-3 -((2-( 1 -isopropyl-1 H-pyrazol-5-yl)pyridin-3-

yl)methoxy)phenoI as an off-white solid after iyopiiilization from acetonitrile/water. 'H NMR 

(400 MHz, CDCfO 5 8.74 - 8.67 (rn, IH), 8.53 (s, 0.6H), 8.18-8.12 (m, 0.4H), 7.97 (d, ./== 

7.90 Hz, 3H), 7.62 - 7.55 (rn, IH), 7.44 - 7.34 (m, IH), 7.17 - 7.07 (m, IH), 6.55 (d,./= 8.47 

Hz, IH), 6.42 - 6.36 (ra, IH), 6.31 - 6.23 (m, 1.6H), 5.95 - 5.89 (m, 0.4H), 4.98 (s, 2H), 4.71 

- 4.58 (m, IH), 4.40 - 4.28 (m, 1.5H), 4.24 - 4.17 (m, 0.6H), 4.10 - 4.01 (m, IH), 3.99 -

3.92 (m, 0.6H), 3.73 - 3.65 (m, 0.6H), 3.56 (dd,J= 10.09, 20.18 Hz, IH), 1.53 - 1.43 (m, 

6H), MS (ESI) m/z 412 [M-KHJ1. 
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hydroxyhenzaldehyde 

[0357] Step 1: To a solution of (S)-methyl 5-oxopyrrolidine-2-carboxylate (700 rng, 4,89 

mmoi) in DMF (5 mL) was added CsoCCh (1.97 g, 5.99 mmol) and BnBr (0.59 mL, 4.99 

mmol). After heated at 60 °C for 15 h, it was diluted with EtOAc, organic layer was washed 

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

(Hexanes/EtOAc=40:60) to give methyl (S)-l-benzyl-5-oxopyrrolidine-2-carboxylate (240 

mg). To a solution of methyl (S)-l-benzyl-5-oxopyrrolidine-2-carboxylate (240 mg, 1.0 

mmol) in THF ( 2mL) was added LiBH4 (1M in THF, ImL, lmmol) at room temperature. 

After stirred at room temperature for 1 h, the solution was quenched with Sat. NI14CI, 

aqueous layer was extracted with EtOAc, EtOAc layer was combined, dried and concentrated 

to give crude product, which was purified by column (100% EtOAc) to give (S)-l -benzyl-5-

(hydroxymethyl)pyrrolidin-2-one (170 mg). 

[0358] Step 2: To a solution of (S)-l-benzyl-5-(hydroxymethyl)pyrrolidin-2-one (1.70 mg, 

0.83 mmol) and 2,6-dihydroxybenzaldehyde (0.15 g, 1.08 mmol) in THF (6 mL) was added 

PPh3 (polymer supported. 1,0 g, 1.25 mmol) and DIAD (0.24 mL, 1.25 mmol) at 0 °C. Then 

it was warmed up to room temperature and stirred for 1 h, AeCN was added to dilute the 

mixture, the insoluble material was filtered off, the filtrate was concentrated and was purified 

by preparative HPLC to give (S)-2-((l-benzyl-5-oxopyrrolidin-2-yl)methoxy)-6-

hydroxybenzaldehyde (95 mg). 'H NMR (400 MHz, Chloroform-eft 8 11.93 (t,J- 0.4 Hz, 

IH), 10,17 (t, J:r:: 0,5 Hz, IH), 7.39 - 7.29 (m, IH), 7.29 - 7,18 (m, 5H), 6.54 (dt. J~ 8.5, 0.7 

Hz, IH), 6.17 (dd, 8,3, 0,9 Hz, IH), 4.85 (d, J- 15.2 Hz, IB), 4.28 (d, J= 15.2. Hz, IH), 

3.99 (d, J= 4.0 Hz, 2H), 3.92 (td, J = 7.8, 7.2, 3.6 Hz, I H), 2.68 - 2.45 (in, 2H), 2.33-2.19 

(m, IH), 2.10 - 1.96 (m, IH). MS (M+H) found for CigH^NO^ 326.4, 
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Step 1: To a solution of (5>benzyl 2-amino-3-hydroxypropanoate hydrochloride (5 

g, 21.58 mmol) in THF-water (1/1. 80 mL) was added K2CO3 (8.95 g, 64.74 mmol) and 

chloroacetyl chloride (2.92 mL, 36.69 mmol). After stirred for 1 h, it was diluted with 

EtOAc, organic layer was washed with water, brine, dried and concentrated to give benzyl (2-

chloroacetyi)-L-scrinatc (5 g). 

[0361| Step 2: A solution of (S)-benzyi 2-(2-chloroacetamido)-3-hydroxypropanoate (2.55 

g, 9.39 mmol) in iPrOH (20 mL) was added to KOtBu (3.16 g, 28.17 mmol) in iPrOH (15 

mL) at room temperature. After stirred at room temperature for 1 h, the mixture was 

quenched with 6N HCI (10 mL) at 0 °C, extracted with EtOAc, organic layers were 

combined, washed with brine, dried and concentrated to give isopropyl (2-chloroacetyl)-L-

serinate as crude product, 

[0362] Step 3: To a solution of (S)-benzyl 5-oxomorpholine-3-carboxylate in EtOH (7 mL) 

was added NaBLL (150 mg) at 0 °C, after stirred at room temperature for 3 h, it was 

quenched with NH4CI (220 mg in 0,6 mL water), and the insoluble material was filtered off, 

the filtrate was concentrated and was purified by column (DCM/MeOH=l00:0 to 80:20) to 

give (R)-5-(hydroxymethyl)morpholm-3-one (100 mg). 

[0363] Step 4: To a suspension of (i?)-5-(hydroxymethyl)morpholin-3-one (100 mg, 2 

mmol) and 3-iodopyridinc (0.57 g, 2.8 mmol) in Dioxane (4 mL) was added Cul (0.08 g, 0.4 

mmol), N.N-dirnethylethylenediamine (0.05 mL, 0.4 mmol), K3PO4 (0.85 g, 4 mmoi). After 

heating at 100 °C for 24 h, the mixture was cooled and was diluted with EtOAc, insoluble 

material was filtered off, die filtrate was concentrated and purified by column 
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(Hexanes/EtOAc-100:0 to 0:100) to give (S)-5-(hydroxymethyl)-1 -(pyridin-3-yl)pyrrolidin-

2-one (55 mg). 

[0364] Step 5: To a solution of (S)-5-(hydroxymethyi)4-(pyridin-3-yl)pyrrolidin-2-one (55 

mg, 0.29 mmol) and 2,6-dihydroxybenzaldehyde (0.05 g, 0.38 mmol) in THF (2 mL) was 

added PPI13 (polymer supported, 367 mg, 0.44 mmol) and DIAD (0.09 mL, 0.44 mmol) at 0 

°C. Then it was warmed up to room temperature and stirred for 1 h, AcCN was added to 

dilute the mixture, the insoluble material was filtered off, the filtrate was concentrated and 

was purified by preparative HPLC to give (S)-2-hydroxy-6-((5-oxo-4-phenylmorphoIin-3-

yl)methoxy)benzaldehyde (29 mg). 'H NMR (400 MHz, Chloroform-*/) 5 11.88 (d, ,/== 0.4 

Hz, 1H), 9.94 (d, ,/=== 0.6 Liz, 1H), 7.53 - 7.40 (m, 2H), 7.40 - 7,30 (m, 2H), 7.26 (s, 2H), 

6.53 (dt,J = 8.5, 0.7 Hz, IH), 6,20 (dd,8.3, 0,8 Hz, IH), 4.47 (dd, J= 16.9, 0.9 Hz, IH), 

4.40 - 4.25 (m, 3H), 4.25 -4.16 (m, 1H), 4.15 - 4.07 (m, 2H). MS (M+H) found for 

CigHj-'NO,: 328,3. 
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[0365] GBT1123- /erf-butyl (2-formyl-3-((2-(i-is®propyl-lH-pyrazol-5-yl)pyridm-3-

yi)methoxy)phenyl)carbamatc 

[0366] Step 3: ter/-Butyj (3-raeihoxyphenyl)earbamate (0.517 g, 2.3 mmoi) was dissolved 

in dry diethyl ether (12 ml) and cooled to -40 °C in a solvent bath. /-Butyl lithium (4,1 ml of a 

1.7 M pentane solution, 6.95 mmol) was added dropwise, the reaction was allowed to warm 

to -20 °C and stirred for 2 h more. The reaction was cooled to —78 °C, DMF (0.54 mi, 6.95 

4814-3854-0057 144 



WO 2014/150276 PCT/US2014/022789 

Atty. Dkt. No.: 104592-0210 

mmol) was added, and the reaction was allowed to gradually warm to 25 °C over 16 h. The 

reaction mixture was cooled in an ice bath and ammonium chloride solution (10 ml) was 

added. The reaction was extracted with ethyl acetate (3 x 80 ml), the combined organic 

phases were washed with a saturated aqueous sodium chloride solution (50 ml) and dried 

over sodium sulfate. After evaporation, the residue was purified by silica gel chromatography 

(0 - 30% ethyl acetate/hexanes) to give 0.46 g (79%) of /er/-butyl (2-formyl-3-

methoxyphenyl)carbamate as a lightly-colored solid. MS (ESI) m/z 252 [M+H]+. 

10367] Step 2: /erf-Butvl (2-formyl-3-methoxyphenyl)carbamate (0.38 g, 1.5 mmoi) was 

dissolved in dichloromethane (10 ml) and added dropwise to a solution of aluminum chloride 

(1 g, 7.56 mmol) in dichloromethane (15 mi) while stirring in an ice bath. The yellowish 

solution was then stirred in a heat block at 50 °C. After 4 h, ice and water were added and the 

mixture stirred for 15 m. The reaction mixture was extracted with dichloromethane (3 x 50 

ml), the combined organic phases were washed with water (30 ml) and a saturated aqueous 

sodium chloride solution (30 ml), and dried over sodium sulfate. After evaporation the crude 

residue was carried directly into the next step, MS (ESI) m/z 138 [M+H]+. 

[0368] Step 3: 2-Amino-6-hydroxybenza!dehyde (0.207 g, 1.5 mmol) was dissolved in THF 

(4 ml). Di-rerZ-butyldicarbonate (0.726 g, 3.3 mmol) and 4-dimethyiaminopyridine (37 mg, 

0.3 mmol) were added and the reaction was stirred for 18 h, The solution was evaporated and 

the residue was purified by silica gel chromatography (0 - 40% ethyl acetate/hexanes) to give 

50 mg (14%) of butyl (2-formyl-3-hydroxyphenyl)carbamate. MS (ESI) m/z 238 

[M+H]+. 

[0369] Step 4: /er/-Butyl (2-formyl-3-hydroxyphenyl)carbamate (50 mg, 0,21 mmol) and 3-

(chloromethyi)-2-( 1 -isopropyl-1 H-pyrazol-5-yl)pyridin-1 -ium chloride (57 mg, 0.21 mmol) 

were dissolved in DMF (3 ml). The solution was purged with Ar gas. Potassium carbonate 

(116 mg 0.84 mmol) was added and the reaction mixture was stirred in a 60 '"'C heat block tor 

18 h. The reaction was cooled and water (50 ml) and ethyl acetate (50 ml) were added. The 

phases were separated and the aqueous phase was extracted with ethyl acetate (2. x 50 mi). 

The combined organic phases were washed with a saturated aqueous sodium chloride 

solution and dried over sodium sulfate. After evaporation the residue was purified by silica 

gel chromatography (5 - 50% ethyl acetate/hexanes) to give 5 mg (5%) of /erz-butyl (2-

formyl-3-((2-(l-isopropyl-1 H-pyrazol-5-yl)pyridin-3-yl)methoxy)phenyl)earbamate as a 

white solid after lyophilization from aeetonilriie/water. !H NMR (400 MHz, CDCI3) 6 10.51 

(s, IH), 8.74 (d, ./= 4.81 Hz, IH), 8.06 (d, J = 7,84 Hz, IH), 7.60 (s, IH), 7.48 (t, J= 8.22 
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Hz, IH), 7,44 - 7.39 (ra, IH), 6.91 - 6.81 (m, 2H), 6.36 (s, IH), 5.10 (s, 2H), 4.64 (d,J = 

6.51 Hz, IH), 1.47 (d,J = 4.57 Hz, 6H), 1.41 (s, 9H). MS (ESI) m/z 437 [M+H]+. 

GBT1131 

O.x. 0;^ v ^ Ph 

OH o T ; 
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[0370] GUT 1131- (5)-2-hydroxy-6~((6~oxo-l-pfoenyIpiperidiii SJI-2-

[0371 ] Step 1: To a suspension of (S)-6-oxopiperidine-2-carboxylic acid (1.0 g, 6.99 mmol) 

in EtOH (4 mL) at 0 °C was added SOCI2 (0.61 mL, 8.39 mmol). After stirred at room 

temperature for 3 h, it was concentrated to remove all solvents, dried under high vacuum to 

give corresponding ethyl ester. The ester was dissolved in EtOH (15 mL) and was added 

NaBHt (300 mg) at 0 °C, the mixture was warmed up to room temperature and stirred for 

additional 15 h. The mixture was quenched with Sat. NH.4C1, filtered off the insolubles and 

the filtrate was concentrated to give crude product, which was purified by column 

(DCM/MeOH::::90:10) to give (S)-6-(hydroxymethyl)piperidin-2-one (450 mg) as white solid. 

[0372] Step 2: To a suspension of (5)-6-(hydroxyraethyl)piperidin-2-one (150 mg, 1.16 

mmol) and iodobenzene (0.35 g, 1,74 mmol) in Dioxane (2 mL) was added Cul (0.09 g, 0,46 

mmol), N,N-dimethylethylenediamine (0.04 mL, 0.35 mmol), K3PO4 (0.49 g, 2.32 mmoi). 

After heating at 100 °C for 24 h, the mixture was cooled and was diluted with EtOAc, 

organic layer was washed with brine, dried (NaaSO,*) and concentrated to give crude product, 

which was purified by column (Hexanes/EtOAc=l00:0 to 0:100) to give (S)-6-

(hydroxymethyi)-1 -phenyipiperidin-2-one (85 mg). 

[0373] Step 3: To a solution of (S)-6-(hydroxymethyl)-1 -pheriylpiperidin-2-one (85 rng. 

0.44 mmol) and 2,6-dihydroxybenzaldehyde (0.08 g, 0.57 mmol) in THF (5 mL) was added 

PPh3 (polymer supported, 550 mg, 0.66 mmol) and DIAD (0.13 mL, 0.66 mmol) at 0 °C. 

After warmed to room temperature and further stirred for 2 h, it was diluted with AcCN, the 

i nsoluble material was filtered off and the filtrate was concentrated, and. subiected to 

preparative HPLC to give (S)-2-hydroxy-6-((6-oxo-1 -phenylpiperidin-2-

yl)methoxy)bcnzaldehyde (31 mg). 'H NMR (400 MHz, Chloroform-*/) 8 11.90 (d, J::: 0,4 

Hz, IH), 10.08 (d, J= 0,6 Hz, IH). 7,44 - 7.36 (m, 2H), 7.36 - 7.27 (m, 211), 7,22 - 7,14 (m, 
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2H), 6.60 - 6.43 (m, IH), 6.11 (dd, J= 8.3, 0.8 Hz, IH), 4.25 (qd, J= 5.7, 4.2 Hz, IH), 4.04 -

3.81 (m, 2H), 2.77 - 2.53 (m, 2H), 2.29 - 1,87 (m, 4H). MS (M+H) found for C^H^NO* 

°\ 
6-{{2-(1-isopropyl-1 H-pyrazol-5-y!)pyridin-3-yl)methoxy)-

2,3-dimethoxybenzsidehyde 

[0374] GBT1717- 6-((2-(l-isopropyl-lH-pyrazoI-5-yl)pyridin-3-yI)methoxy)-2,3-

dimethoxyhenzaldehyde. The compound was prepared by O-alkylation of 6-hydroxy-2,3-

dimetboxybenzaldehyde (A) and 3-(chloromethyl)-2-[l-(propan-2-yl)-lH-pyrazol-5~ 

yl]pyridine hydrochloride salt (INT-2) according to scheme 9, reaction step 4. The product as 

white solid was obtained after flash column purification. 'H NMR (400 MHz, Chloroform-*/) 

8 10.49 (t,J= 0.4 Hz, IH), 8.69 (dd, J = 4.8, 1.7 Hz, IH), 8.29 (ddd, J= 8.0, 1.7, 0.9 Hz, 

IH), 7.61 (dd, J = 1.9, 0,5 Hz, 1H), 7.44 (dd, J === 7.9, 4.8 Hz, 1H), 7.03 (d, / = 9.0 Hz, IH), 

6.52 (d, J-•-••• 7.9 Hz, IH), 6.36 (dd, J----- 1.9, 0.4 Hz, IH), 4.98 (s, 2H), 4.59 (hept, J= 6.7 Hz, 

IH), 3.95 (d, J = 0.4 Hz, 3H). 3,84 (s. 3H). 1.46 (d, J= 6.6 Hz, 6H), MS (M+H) found for 

C21H23N3O4.382.5. 

326.5. 
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5J Step 1: To a suspension of 3,4-dimethoxypheno! (2,0 g, 12.97 mmol) in 

dihydropyran (2 mL. 21.87 mmoi) at ambient temperature was added 1 drop of Cone. HCI. 

After stirred for 1 h, the solution was diluted with EtOAc, organic layer was washed with Sat. 

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

(Hexanes/ElGAe = 65:35) to give 2-(3,4-dimethoxyphenoxy)tetrahydro-2H-pyran (2.9 g). 

[0376] Step 2: To a solution of 2-(3,4-dimethoxyphenoxy)tetrahydro-2H-pyran (1.0 g, 4.2 

mmol) in THF (6 mL) at. 0 °C was added TMEDA (0.72 mL, 4.83 mmol) and BuLi (2.5 M, 

2.02 mL, 5.05 mmol). After stirred for 1.5 h at 0 °C, it was added DMF (1.3 raL), After 

stirred for 1 h, the mixture was added 6N HCI (4 mL), and was stirred for 1 h at ambient 

temperature, additional 12N HQ (2 mL) was added to drive the reaction to completion. The 

solution was diluted with EtOAc and water, organic layer was separated and washed with 

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

chromatography to give 6-hydroxy-2,3-dimethoxybenzaldehyde (490 mg). 

GBT 
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; 
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OH 

2,3-dihydroxy-6-((2-(1-isopropyl-1 W-pvraz0i-5-yi)pyrid'.n-3-yl)txieth0Ky)benz.aWehy<ie 

[0377] GBT1659- 2,3-d'hydroxy-6-((2-(l-isopropyl-lH-pyrazol-5-y 

yl)methoxy)henzaIdehyde. 

in~3~ 
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To a solution of 6-((2-(l-isopropyl-1 H-pyrazol-5-yl)pyridin-3-y1)methoxy)-2,3-

dimethoxybenzaldehyde (24 mg, 0.05 mmol) was added BBrj (IM, 0.5 mL), after stirred at 

ambient temperature for 30 min, the mixture was concentrated and the crude product was 

purified by preparative HPLC to give 2,3-dihydroxy-6-((2-( 1 -isopropyl-1 H-pyrazol-5-

yl)pyridin-3-yl)rncfhoxy)benzaldehyde (10 mg). TT NMR (400 MHz, Chloroform-^/) § 12.01 

(s, IH), 10.32 (d, J = 0.5 Hz, IH), 8.74 (dd, J== 4.8, 1.7 Hz, IH), 8.00 - 7.92 (m, IH), 7.60 

(dd, J= 1.9, 0.6 Hz, IH), 7,41 (dd,J= 7.9, 4.8 Hz, IH), 7.03 (d, J ----- 8.8 Hz, iH), 6.34 (d, J ------

1.9 Hz, IH), 6.19 (d, J= 8.8 Hz, IH), 5.29 (s, IH), 5.02 (s, 21 f), 4,64 (hept, ./=6.6 Hz, IH), 

1.47 (d, J= 6.6 Hz, 6H). MS (M+H) found for C19Hi9N304.354.4. 
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OH 

2-hydroxy-6-((2-(1 -isopropyl-1 H-pyrazo!-5-y!)pyridin-3-yl)methoxy)-3-methoxybenza!dehyde 

[0379] GBTl 718- 2-hydroxy-6-((2-(l-isopropyl-lH~pyrassol-5-yl)pyridm-3-

yI)methoxy)-3-methoxy!>enzaldehyde 
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[0380] To a solution of 6~((2~(1 -isopropyl-] H-pyrazol-5-y!)pyridin~3~yl)rnethoxy)~2,3-

dimethoxybenzaldehyde (50.00 mg; 0.13 mmoi) in DCM (0.8 mL) at ambient temperature 

was added boron tribromide (0.13 ml; 1.00 moi/1). After stirred for 5 min, the red mixture 

was concentrated and the crude product was purified by preparative HPLC to give 2-

hydroxy-6-((2-(l-isopropyl-lH-pyrazol-5-yl)pyridin-3-yl)methoxy)-3-methoxybenzaidehyde 

(15 mg). "H NMR (400 MHz, Chloroform-**) 5 12.15 (d,J = 0.6 Hz, IH), 10.35 (s, IH), 8.74 

(dd, J~ 4.8, 1,7 Hz, IH), 7.97 (ddd,J = 7.9, 1.6, 0.7 Hz, IH), 7.60 (dd, J- 1.8, 0.5 Hz, IH), 

7.41 (dd, J = 7.9, 4.8 Hz, IH), 6.98 - 6.94 (m, IH), 6.34 (d, J= 1.9 Hz, IH), 6.18 (d, J= 8.9 

Hz, IH), 5.02 (s, 2H), 4.72 - 4.57 (m, IH), 3.84 (s, 3H), 1.47 (d,J = 6.6 1 Iz, 611). MS (M+H) 

found for C20H21N3O4; 368.4. 

GBT001723 

•~c \ 

N' 

-N> sKf> 
-tJ! 

9 
GBTl 723 ! ii 

^ OH 

[0381] GBT001723 - 2~((6~((2-(dimethylammo)ethyl)(methyl)araino)-2-(l -isopropyl-

lH-pyrazol-5-yl)pyridra-3-yl)methoxy)-6-hydroxybenzaldehyde. The compound was 

prepared by Mitsunobu coupling of (6-((2-(dimethylamino)ethyl)(methyl)amino)-2-(l -

isopropyl-1 H-pyrazol-5-yl)pyridin-3-yl)methanol (A) with 2,6-dihydroxybenzaldehyde (INT-

3) according to scheme 9, reaction step 3. The product as green oil was obtained after flash 

column purification. 'HNMR (400MHz, CDCI3, ppm): 11.87 (br s, IH), 10,21 (s. IH), 

7.54(d, J= 8.8 Hz, IH), 7.44 (3, IH), 7.2.6 (t, J = 8.4 Hz, IH), 6.50 (d, J = 8.8 Hz, IH), 6.41 

(d,,/ = 8.4 Hz, IH), 6.20 (d, J= 8.4 Hz, IH), 6.18 (s, IH), 4.82 (s, 211), 4.90-4.60 (m, IH), 

3.61 (1 ,J = 11.2 Hz, 2H), 3.03 (s, 3H), 2.43 (t,/= 11.2 Hz, 2H), 2.20 (s, 6H), 1.39 (d,./- 6.8 

Hz, 6H); MS(ES, m/z:) 438.4 [M +1]1 
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[0382] intermediate A was prepared followed the scheme below: 

^Ns ^ A 
MeOOQ dtep 1 L { SteP 2 f 

>x . VN" N'' 
fV-^ ̂  H , I LAH, THF J 
^ / \ *" N"^"^ "* N' A N, ^ \ THF, DIPEA, reflux \ \\ ! 1 II I 

Br 
7 N ij 1 NA a ] 

V- COOMe 'v . 
Intermediate from GBTl252 A OH 

Step 1: into a 25-mL round-bottom flask, was placed a solution of methyl 6-bromo-

2-[I-(propan-2-yl)-1 H-pyrazo!-5-yfjpyridine-3-carboxylate (1.3 g, 4.01 mmol, 1.00 equiv) in 

tetrahydrofuran (15 mL). DIPEA (1.55 g, 3.00 equiv) and [2-

(dimethylamino)ethyl](methyl)amine (2.4 g, 23,49 mmol, 5.00 equiv) were added to the 

reaction mixture. The resulting solution was heated to reflux for 24 hr, and then it was 

quenched with 30 mL of water. 'The resulting solution was extracted with 3x50 mL of ethyl 

acetate. The combined organic layers were washed with 1x80 mL of water and 1x80 mL of 

brine, dried over anhydrous sodium sulfate and concentrated under vacuum. The residue was 

applied onto a silica gel column with dichloromethane/methanol (30:1-15:1) as eluent to 

furnish 1.22 g (88%) of methyl 6-[[2-(dimcthylammo)ethyl](methyl)amiriO]-2-[i~(propan~2-

yl)-lH-pyrazol-5-yl]pyridine-3-carboxylate as a light yellow oil. 

Step2. Into a 100-mL round-bottom flask, was placed a solution of methyl 6-[[2-

(dimethylamino)ethyl](methyl)aminoJ-2-[l-(propan-2-y])-lH-pyrazol-5-ylJpyridinc-3-

earboxylate (1.2 g, 3.47 mmol, 1.00 equiv) in tetrahydrofuran (20 mL). This was followed by 

lilv uduiuuii ui i-j'-iri {jjv mg, o. /\j minui, cijuiv L m puiuuns ai u JL 11c twuiuug 

solution was stirred for 4 h at room temperature. The reaction was quenched by the addition 

of 0.5 mL water, 0.5 mL 2.3M sodium hydroxide (aq.). The resulting solution was diluted 

with 50 mL of ethyl acetate. The solids were filtered out and washed with THF for 3 times. 
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The resulting mixture was concentrated under vacuum. This resulted in 1,1 g (100%) of (6-

[[2-(dimethylamino)ethyr|(methyl)amino]-2-[l-(propan-2-yr)-lH-pyrazol-5-yl]pyridin-3-

yl)methanol as a colorless oil. 

[0384] From the foregoing if will 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. 

[0385] 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. 

[0256] As used herein, Table 1 includes compounds described below or tautomers or 

pharmaceuticaliy acceptable salts thereof: 

2-(imidaz:o[U2~a]py:rjdin~8-ylrnethoxy>-5-methoxybeomldehyde, 

2<iiRidazo[i>2-ajpyridin~2-yltTiet!ioxy)-5-methoxybeni1aM6hydes 

4814-3854-0057.1 152 
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2-(imidazo[ 1,5-a]pyridin-8-y ImethoxyVS-meihoxybenzaWeliydc, 

5 -meth0xy-2-(qainoiin- 5 -y Iraethoxy )beoza f dehyde, 

5-raetfaoxy-2-{( I -methyl-1 H-tnda2o!-4-y!>nethoxy)benzaldehyde, 

5-niethoxy-2-((8-iTjethyHtnidazo[l,2-a]pyridin-'2-yl)ni®thoxy}bei!mlciehyde^ 

2-((lH-lndaEol~4~y!)methoxy}-5-methoxybeozftldehy<le, 

5-meth0xy-2-(pyrjd£n-3-ybneth03cy)bei32a!d©hy{ie» 

2-((2~(! -isopropyl-1 H-pyrazol-5-y i)pyridin-3-y l)methoxy)-5-methoxybenzaldehyde, 

2-Siydroxy-6-{{2~(!-isopropyl-1 H-pyrazol-5-yl)pyridin-3-yl)methoxy)benza!dehyde* 

2-((3-(2H-tetrazol-5-y!)benz5''i)oxy)~6-hydrox.ybe!i2aid€hyde, 

2-((4»(2H-t8tnjzol-S-yf)befiizy!)oxy)-6-hydr<jxybenm!dehyds, 

methyl 4-((2-fonnylphen.oxy)raethy!)benzoa£es 

4-((2-for!ityipheiioxy)iTiCthyf)beozoic acid. 

methyl >-((2-for3ByIphenoxy)rne!i5y]}be.nxoalej 

2-bromo-3*((2~( I -isopropyl-1 H-pyra2»I-5-yl)pyrklin-3'y!)methoxy)benzaldehyde} 

2-hy<iroxy-6-((2-<! -(2,2,2-trifIuoraethyl)- 1 H~pyrazol-5-yl)pyridra-3~ 

y l)meth oxy)bett?att1ehyde3 

2-hydroxy-6-((2-< 1 -{S.S^S-irifluoTOpropyi}-1 H-pyrazol-5-yl)pyfidm-"3-
yl)aiethoxy)benzatdehyde, 

2-fluoro-6~((2^H2A2-trifluoroethy])*{H-pyrazol-5-yl)pyridin-3-yl)methaxy)benza!dehyde1 

2-fluoro-6-((2~( 1 -(3,3,3-trifluoropropyi)-1 H-pyrazoI-5-yI)pyridm-3~ 
yl)methoxy)k?nzaldehyde5 

2-fluoro-6-({2-( I -isopropyl-1 H~pyra2»!~5«yl)pyridi i>3-yl)meihoxy)henzaldehydes and 

l-(2-fonr!y!~3-hydroxyt>heneth>'1)piperidi?ie-4-cftrbc»'ylic acid, or a tautomer or 
pharmaceuticaliy acceptable salt thereof. 
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m ci box yisoni cotin&i dehyde 

(5*(metboxycarbonyl)pyrirfm-3-
yljmeihyl. S-(((4- formyi-6-
melhoxypyri din-3 -
yi}oxy)methy!)nicottTiate 

5-({2-(l ,4-dimcthyI" I H-pyrazol-S-
yi)pyridtR-3-yl)raethoxy}-2-
metisosyiscsniccrtsflaldchyde 

- r 5-{(2*(! ,5-dirnelhyl-l H-pyrazol-4-
y |)pyridkv-3-y!)mctboxy)-2-
rnclhoxyisonicotinaSdchyde 

2-hydrGxyethyl 5-(({4-(l,3~ 
dloKo1atJ--2--yr}-6--medioxyp)Tidirs-
3-yl)oxy)niethyJ)t«coti;Mite 
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6'ttiethoxypyridin-3 -
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methyl 5-<((4-(bis(2-
hydimycthoxyJraethylV^-
methoxypyridin-3-
yl3oxy)methy!)nlcotinats 

5-{(2-(l ,3-dimethyl-1 H-pyra7oi-4~ 
y l)py rid i n-3 ~y 1 )methoxy)*2 -
metfi oxvi soni cotinaldehv c!e 

5-({2-( 1,3 -'dimethyl-1. H-pyrazol-5-
yS)pyridln-3-vi)metboxy)-2-
msthoxyisoriiootinaldchycie 

5-«2-( I -ethyl- i H-pyraaoI-S-
yi)pyridi n-3-yl)methoxy )-2-
raethoxYisonieotiiialdehvde 
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N-OH 
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N-

j 5-((2-{ i -isopropyM H-pyrazol-5-
j y])pyridia-3-yi)rr»ethoxy)-2-
I aiethoxyisoajcotiiialdehycle 

< 2-mcShoxy-5-((2-(3-methyi-llI-
' pyrazol-! -yl)pyridin-3-

yl)methoxy)isonicotisialdehvde 

5-(((4-( ] :,3-dioxoJas-2-yi)-6-
mcthoxypyridin-3-
y!)Gxy}methy})3;!cotinic act 

(E}~2-niethoxy-5-{(2-{4-{ 
1H -pyrazol- 5 - y Ijpyri d i n-3 -
yi);net}i0xy)isc!ii.0D5irtaldehydc 
oxime 

{E)-2-meti>DX¥' S -(py ridia-3 -
yliBetfeaxyJisofsicoiingldehyde 
oxiiiie 
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2-(5-{miidazo[ 1,2-ajpyndin- 8- ! 
yirrietboxy)-2-rnethoxypyt!di!"i-4-
yi)thlazoiidsne 

N' Y 
^9 s--\ 

j-(2--(5--{smidamp,2--a]pyridi'i-l-
ylmcthosy)-2-niethBxyp)'ridEn-4-
yi)thiazoSidin-3-yI)eihanone | 

i 

157 rrf HCf " j?. I if y H 
N ^ 

0-. 

5-((2-(4-(! H-pyrazol-3-
yljpiperaziit- i ~y !)pyridi«-3-
yl)meih.oxy)-2-
methoxyisotiicoriaaldehyde 

j j 2 

H'Y 
N> 0 

f^V^n 

V 

2-(di fluorometboxyJ-S -
(imidazof 1pyridin-8-
>draethoxy)lsouicotiria!deliyde 

159 JT"% 

crY 
2-meihoxy-5-((2-phcnylpyridm-3 -
y E }methox y)i so.nl coti naideh yde 

* 

NI 
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5 -({3 -(I -isopropyl-1 H-pyrazei- 5-
y!)f>yri d J R-4 *y 1 Jmethoxy V2~ 
mclhoxyisonicQlinalclehyde 

5-(i2!3'-bipyi,idiEiJ'3-y!!rsctbcxy)-
2-methoxyisoiucotinaldshyde 

2-meihoxy-5-{(2-{G-tQlyl}pyridin-
3'y!)mechoxy}isooicotinaidchydc 

2-methoxy-5-((2'-melhoxy-[2,3'* 
bipyriciin|-3-
yl)nietSioxy)isonicotinaidehycic 

methyl 4>(((2'formyIpyrkiin-3 -
yI)oxy)meAyi)benzoate 
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4~(((2-fonEnyl-6-methytpyridin-3' 
yi)osy)mechy])benzoic acid 

4-{{(2-fonnylp)'!idin-3-' 
yOoxyJrnc'thyljbettzosc acid 

methyl 3--{((4- fonnyipyridm-3-
yl)oxy).mefliy!)!x'ir<oate 

j methyl 3-(((2-foniiyl-6-
j raclhylpyiidin-3' 
| yl)oxy)mc1hyl)beriEoaie 

] 3-{{{4-fonnyIpyrielifl->3-
i yI)oxy)methyi)benzoic acid 

4814-3864-0057. 199 



WO 2014/150276 PCT/US2014/022789 

Atty. Dkt. No.: 104592-0210 

170 

: 

O 

if ^1' OH 

Y O 0 

ATAH 

3-{((2-fonnyl'6'methyipyridin-3-
yl)oxy)®ethyi)tefiXok acid 
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rv'-on 
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vo 0 

iV"« 

3 »(((2 »fonnyi pyrid in-3-
yi>>jty)mctbyl)ben2oic acid 

172 
1 -1 

^ I r p" H 
a,. 

2-fficl.hos y-5-{(2 -(! -(2-
nielhoxyethy!)-1 H-pyfazol-S-
yi)pyridin-3 -
yE)methoxy)isonicottftal<Jchyde 

173 
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\ s. - r y xf_j 

2-melhoxy-S-((2~(! -propyl -1H-
pyr asoi - 5-yS )pyiiciin-3-
y IjaiethoxyH sonicotifta] dehyde 

V°
' 

2: 

174 

1 M-N K.„ , 

,>AA„ 

X 

2-ir;eEhosy-5'(C2-(J"(2i.2,2-
f rifluorocthy I)-1 H-pyrazoi -5-
yl)pyridiii-3-' 
yl)methoxy)isc»iiicc>tiosldchyde 
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Y ;AY» 

V 

5-((2-( 1 -{2,2-di fluoroetliy!}-111-
pyra^oI-5-yl)pyiritlin-3-
yl}si.s!hdxy)-2-
Qieihoxyiscsnivotipaldehyde 

376 <v9 
N'V^ o 

' cf" 
3-({2-( 1 -Isopropyl-1 H-pyraail-5-
yl)pyridis-3~ 
yi)methoxy)pi coll i taldbhyde ! <v9 

N'V^ o 
' cf" 

177 

rrV 
/ 1 il 

f If H 
^VN 

3-((2-{l -isopropyl-1 H-pynjzol-5-
yl)pyridin-3-yl)methoxy)-S-
methylpieolm&tdebyde 

178 fYY 

ccX o 
' dA" 

2^djfluoromethoxy)-5-{(2-( 1 -
isopropyl-1 H-pyraas>l-5-
yl)py.ridin-3-
yl)oieihoxy)isonicfsliaaldehyde 
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179 

YC
Y 
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I I 

5~i imidazof 1 -alpYriJisi-S-
ylmethoxy)-2-(2-
raethoxycthoxy)isoxiia>iin»l«kbyde 
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2-(2-BiethosyelhoHy)"5 -{(2 -(1 -
methyl- i H-pyramf-S-yOpyrkfco-J-
yDmeihoxyjiricotinaiUchydc ! 

186 

J : 
i 

1X3 \J j 
0' 

jf \J 
OH 

3-hydroxy»5-((2-(I-Lsopropy3-! H-
pytazo!-5 -yt}pyridio-3-
yl)methoxy)isoHicotinaidehyde 

187 9 
11 fY 

N^OH 

3-(beozyk>xy)-5-
hydroxyisomcotinaldehyde 

188 -Y n 
N> ii i 
u </ 

vO 
0 
/ 

3-((2-(1 -tsopropyi-1 H-pyrazof-5-
y 1 )py rkiio- 3 -y l}rnethoxy j-S -
raettoxyisonicoiitialdehyde 

189 

N„ If 

A,, jr% r 
\ 

5-((2-{2-isopf opy I-2H-1. £/4* 
tria3»l-3-yl)pyrsdin-3 -
yI)nie(fioxy)-2-
in othoxyi soiricotinal dehyde 
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•((2-{ 1 -isopTopyl-4-methyl- S H-
pyrazol-5-yi)pyri din -3 -
yl)me£faQxy)-2-
methoxyisomcotlitaidehvde 

5~((2--{ S -(2-hyciroxyelhy])-1H-
' pyrazol'5~yl)pyridin-3* 
j vhiTsethaxy)-2" | " - * " 
I xnetboxyiscnicotinaldehvdtf 
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j 2.2,2-trifSuoFoacetic acid : 6-(((4» 
I fonnylpyridin-3-
; y[)oxy}methyl)pico!irtic acid (1:1) 

2-methoxy-5-((2-( 1 -((2-
(frimeih y 1st I yl )etho xy }mcthy 3)-1 i I-
pyrazoi-S-yl )pyridin-3-

"SG O j yl)raethoxy)3sojiicotia.aiaeoyoe 
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carbaSdehydc 
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5*((2-( 1 -cyclobutyl-l H-pyrazol-5-
>4}pyridin-3 - v 1) met hoxy )-2 -
methoxyisonieotinaJdehyde 
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V ox. 

$-({!•( 1 -cyctohcxyM H-pyeazot-5-
yI}pyridiii''3'yf)TnctlJOxy)-2-- : 
metfaoxyisomeoUmildehyde 
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5-yi)pyridin-3-yi)xnethoxy>2-
methoxyisonicotlnsldehyde 
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2-(5-(3-(p-foimyl-6. 
methoxypjTidin-3-
y]oxy)methy!)pyridin-2-yi)-] H-
pyrazol-1 -y3)acetic acid 
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methyl 3-(5-(3-(((4~forxiiyI-6 -
Bi«ihoxyp>'«4in-3-
yl)oxy}ittcihyl)pyridin-2-yt}-lB-
pymml-1 -yl)pro paaaaie 

3-{3-'(3i(4-lbrmy|-6-
n»tiioxypyri<lin-3-
yloxy)ri)elhyl}pyriclin-2-y!)-1 ] I 
pyrazol-1 -yl)propanoic acid 

3'-{5«(3-(({4-tbr£Hyl-6-
nwthox)'pyridin-3-
yl)oxy>«®lhyl)pyritliii-2-yl)-1H-
pyrazo!-l»yl)pro;paRQic acid 

3-(((44brmy]-6-methoxypyridin- 3-
! yI)oxy)rsejhyl)be3'S2.oic acid 

6-{{(4 -formy ipyridin-3 -
yl)oxy).methyl)iiicolinoHiiri3e 
2,2,2-tritluoroacetate 
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2-(2-methoxyethoxy)-S-((2-(I -
| (2,2,2-tnt]uotoethyi)-lH-pyrazoi-
l 5~yI)pyridin-3-
[ yl)methoxy)isonieotinakiehyde 

2-methoxy-5-({2-{ 1 -(3,3 .f3-
tfiflitoropropyl)-1 H-pyraa»l«5-
yl)pyridin-3-
y!)methoxy)isonicotina!dehy£Je 
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2-(2-methoxyethoxy)«5-{(2-{ 1 -
| (3,3,3-trI'flooTopTopyl)-l H-
| pyra2o!-5-yl)pyridin--3-
t yl)metJKJxy}isorucoti(iaid<?hyd-.e 
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mfluoroethyl)-1 H-pyrfszo!~5- j 
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yljraethoxyjisomcotiijatdehyde >' 

; 2H | 2-TReiiyi=-5-((2-(]-{3,3,3" 
^ A A j irifluQropropyi5-iH-pyraz.oi*5*-
A T I yl)pyridisi-3-

N~N 'x.^ 1 y|)metlioxy)is>nicotinaklehyde 
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y3}me1hoxy}iso?iicoiinaSdehyde 
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3 ~((2-( 1 ~{353»3-triiluOT^jpropy l)-
I B"pyrazoS-3~y])pyridin-3 -
y3 )methoxy )isomcotinaldehyd« 
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3-chioro-5-{(2-( 1 -isopropyl-111-
pyr8Zot'S«y!)pyridio-3» 
yS)methoxy)iso»icoti.tiaSdehyde 
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3-<{2-(I -isopropyl-1 H-pyraasot-S-
yl)pyridin-3-yl)methoxy}-5-
methyliso tiicotinai deh yde 
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216 3 -ch ioro -5 -((2-( 1 -{3,3,3 -
trifluoropropyi)-! H-pyrazoI-5-
y,l)pyridifi-3-
ylJnwihoxylisoriicotiiiaMehyde 

t 
j 3-methyi-5-<(2-( I -(2,2,2-
} trilluoroethv 1)--1 H-pyrazoi -5-
I yi)pyridin~3-

y 1 )rnethoxy)isonicottnatdciiydi 

The compound is selected from 5-faydroxy-2-{2-
in€!lioxyc!!toxy>')isoni(:DJinakiefeyde (Compound 218), S-hydroxy-2-(2-
ni^thoxyeihoxyjnicotis'ialdehyde (Compound 219), 5-{{2-{ 1 -isQpropyl-lH-pyt?®Q]-5-y.l}pyridin-

3-ylJmethoxy>-2-oxo-l ^^ibydropyridjnc-4-carbaldchytle (Compound 220). 5-((2-(4-nicthyf-
1 H-pyr3Zol-5-yl)pyridin-3-yI)methoxy)-2-oxo-1,2-dihydropyridine-4-carba!dchyde (Compound 

221), or a tautomer or pharmaceutical iy acceptable salt thereof. 

5-(im3daza{I52-ajpyTidin»S-yimetlioxy)"-2-2Tsetiioxyisomcotinai£ichyde, 
2-rrteihoxy-5~{(S'-R-ieEhyipyridin--3-yl)aiethoxy)isoiiico!iii3Sdehyde, 
5-(i s CK ju iuolin-t -yl met hoxy )-2-raethoxy i son icotioaldehy de. 
2-methoxy-5-(q«inojin-2-yIs'!iethoxy)isoekotinakjcliyde, 
2-methoxy-5»(|3yridiii-4-ylrnet2ioxy)isonicoti.naldehyde, 
3-(imidazo[ l,2-a]pyridin-8-y!iac5,hoxy)-6-rr5ethytpicoliaaIdchydc, 

methyl 2-((4~fomTy]~6-nieth0xypyrtdm-3-yloxv)me4byl)in«da'.«>{ 1,2-aJpyridine-8<arboxytale, 
2<melhoxy-5"((3'-inelhyl-[l!2,4]triazole[4,3-3]pyridk3--S--y!)methoxy)isoaicotsnaldehydet 

5-((2'-broQiopyridin-3-yl}methoxy}-2-}rsethoxyisonicotinaidehyde, 
5-{{2-(lB-pyrazoi~5-yl)pyridin-3~yi)methoxy)-2~methoxyi5onic«tBiaIdehydes 

SKCS-hrcimopyridin-S-yllfsiethoxyJ-i-JneShoxyisenicotiEMldehyds, 
2."H'tethoxy-5-({5-(1 -methyl-S M-pyrazol-5-yl.)pyridin-3-yl}metfeoxy)ison.icotmaldehyde, 
5-({4-fonrtyl~6-ineihoxypyridin-3*yioxy)iwthyl)mcQtmic acid, 
2-raejhoxy-5-(quinoIin-3-ylniethoxy)i30sifcotiHaj(lchyck, 
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2-rne!lK)xy~5-((l -imthyHH-indazoM-y^methoxy^sontcotinaldehyde,, 
tert-butyl 4-{{2-foraiyl-6-aiet?44p>t!din-3-yloxy)methyI)-iH4tti;!a2;ole~!-carbo3fyiaie! 

6-meth>i-3-((l-wiethyl4H-ind;azol-6-yl)m«thoxy)pIc»llnaMehycIe, 
6-metliy!-3-((I-'iTiethyi-SH-mda2oj»7-yI)ii}eilioxy)picoli.naldehyde! 

3-(isoquinolin-1 -ylmethoxy>-6-meihylpicolinaIdehyde, 
5-CbeiuotdjoxazoM-ylmethoxy^-tnethexyisomcQtwalttehyde, 
3-((i,5-naphthyridiR-4-yl)nie<l«>xy>4-m«thy!picQlu»alAdiyd«, 
6-Enethy!-.>-((i-meihyi"l ll-mdazol-5~yl)inethoxy)pEeoHn3idehyds, 
<5*med-iy!-3-(qumalin-5-ylmethoxy)picdinaldehyde, 
2-naethoxy»5-(qiimaIin.~5-ylmetlKsxy)i$onieour5aldehydeJ 

2-me\hoxy4-((2-{l~rtttthy!-!K-pyra2iOl-S-yl}pyTldin-3~yl)methosy)isonicoiina!dehydc< 

2-fnethoxy-5-((2-(l-meihyl-lli-pyrazol-3^y!)pyrk1In-3~y!)nietlioxy)isosiooil{ia!dehyde, 
5~((2-{2fI-teiraz,ei-5-yl)p>Tkiiri-3-y3)meihoxy}-2vfnethoxyisonsc&ijfiaiclehyde> 

2-jnethosy-5 -{{2-(4-methy 3-11 l-pyrazol-5 - yl )pyri di n-3 -yl)metSiQxy)isGnicolinddehyde, 

5-{{3~nH-pyimGl-5~yi)isQquixK»ii!v4-yl)meth0xy)-2-methoxyisonkaumii]dehydei 
-pyrazol-l-y!)pyridin~3-yI)methoxy)-2'itJelhoxyisotHoot»i aldehyde, 

5-{imida^O! l,5-ajpyridin-8-yImelhoxy>2-3Tieiiioxyison3ctrtina3dehyde, 
5-{(2-(K5-dimethyi-lH-pyfsi;c>i4-yl)pyridin-3-yl)methoxy)-2-meiSioxyisonicotinakiehyde! 

5-({2-{l-€Uhyi-1H-pyra2:0!-S-yl)pyridia-'3-yi)roetho^yV2-;BsihoxyisonicotiiiaSd€h)ide, 
5-((2~(ldsopropyl-lH-pyrazol-5-yi}pyridin-3-yI).meli:c«y)-2-5tethoxytsoE>icot!.iialdchyde; 

2KdifltH3roii3eihoxy>'5-(imi<ls2o[1»2'-a]pyridia-"8-ylmcHhoxy)ssonicotinaMehydcf 

2-ircelb0xy«5-((2-phenyipyridm-3-yl)methoxy)isonicotinaldehyde, 
5-({3-( 1 -isopropyl-1 H-pyrazol~5-y])pyridm-4-y!)meihoxy)"2-fnethoxyisanicoliiialdehyde, 

3-((23'-bipyridin|-3-ylmcthoxy>2-methoxyisonicotin.aldehyde, 
2'-meihosy-5-<{2-(G-toiyl)pyndi«-3-yl)meJhoxy)isonicoiinaldehyde, 
2-mei!K3xy.5-({2'-me!:hGxy-[2.3f-bipyrtdi3,«]-3--y!)m€thoxy}isoriicot!iialde]iyde. 

4-(((2<&itixy]-6-mei!)y1py3idin-3»yi)osy)rae!hyl}beozoic acid, 
4-({(2-fomiylpyridin-3-yl)oxy)ms5hyl)l>2RZOic acid, 
methyl 3-(({4-fomTylpyri<!iri-3-yl)oxy)rneiiiyl)b>«nKoalc:, 

methyl J^S-fomjyl-S-metoylpyridin-S-yrfaxyJmethyljbcmoate, 
3-{((4-'fo3"iiyIp¥iidi'ii-3-y|)oxy)mt€ayI}beRzoic acid, 
3-C(<2-formyJ-6-me&ylpyridj»-3-yi)oxy>methyi)ben2oic acid, 
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3-(((2-4broiyipyridin-3-}4)oxy)incthyt)l>enzoic acid, 
2~m€thoxy~5-{{2-( 1 -(2-methoxyediyi)-1 H-pyrazot-5-yI)pyrid»v-3-
y])meihaxy)isonicotinaidehyd<s, 

2-rnethoxy-5-((2-{! -pf»pyl~lH-pyrazoi-5-yl3pyridm-3-y3)methGxy)isanicGtmaide.hyde, 

2-metboxy-5-((2-(I-(2,2,2-tiifluorocthyl)- JH-|>yrazc>I-5-yl)pyridiB-3-
yi)msthosy)istyiiicol(siaidc!iyde, 

S-((2-O-{2,2-difluor0etiiylHH-pyrazol-5-yl)pyridm-3-yl)methoxy)-2-
methoxyisoRieofinaMehyds, 

3-((2-(l4s0propyMH-pyraz0l-5-yi3pyridiR-3-y!)mctbo.;!<y)picoh'n8Mehydes 

3-{{2-( 1 -isopropyl-11 J-pyra2o!-S-yl}pyridin-3-yl)niiel]H)xy)-6-meihyIpico!inald.chyde, 

2-{difluoromethoxy)-5-{(2*(I-isopropy]-lH-pyfazol-5-y{)pyndiR-3* 

yi)methoxy)is»nicotir»dIdebydc, 
5-{imidaa>j l,2~B]pyiidm'-8-ylmeihoxy)»2-{2-mclhoxyethoxy)33csnic.otk!ak!chyde, 
5^(2-(1 -isopropyl- !ii-pyrazol-5-yi)pyridiB-3-yl)meiiioxy)-2-{2-
methoxycthaxy)isonicotinaJdehyde, 
5-(Y3-(14£opropyl-!H-pyni2ol%5'yl)pyrazIn-2--yl)stiethGxy)-2-meth0Kyi.son!vOtmaIdehyde! 

3-((4-fonnyl-6-metliOK:ypyridi«-3--y1os:y)Bielhy!)picoiiiMtle, 
5-((2-(2-hydrQxypropaJv2-yi')pyridir!-3-yS}rttechosy)-2-methoxyi3onicotina]dehyde, 
2-(2-metiKsxyeihoxy)-5H(2-(l-methy]--1 Fi-pyrazol-5-yi)pyridii!-3-
yl)nicthoxy)isonicoTinak1ehydes 

2-(2-meihcfsyethoxy)-5-((2Hl--H!othyl-IH-pyraz.oi-5->1)pyri<iin-3-yI)irietho3cy}siic:otiBa!deiiyde, 
3-bydroxy-5-((2«Cl-isopropyl- tH-pyrazol-5-yl)pyridm-3-yl)methoxy3is6Rkotiiiald€hyde, 
3-(Ixmyloxy)-5-hy<&axyisQRicotm&fdehyde, 

3-((2-(l-isopropyi-d.H-pyria;ol-5-yi)fiyrldin--3--yI)ni€thoxy)-5-meihoxy3SC'nie£)tina!dshyde, 
5-{(2-(2-isopropyI-2i-i-l,2,4.triazQl-3-yl}pyridm-3-ys}rri«thftxy}-2-methoxyisoniconnaldcliyde, 

5-{{2-(l -isopropyl-4-raethy] -11I-pyrazoi-5-yl3py«dm-3-yl)methoxy)-2-

melhoxyisorocotinaldebytJe, 
5 <(2-( i-<2-liydn>K:yelhyI)" 1 f 1-pyrazoi-5-yl)pyndi.n~3-y !)methQxy}-2-!ii«-ihoxyis0n!C0tsaa!dehyde! 

6-(((4-fomiylpyridin~3-yl}oxy)sriei3ryI)f)i€oliKic add, 
2.2J2-trifli30r0acetic acid ; 6-{((4-formylpyridiii-3-yJ joxyknethji)pJcoiinic acid (1:1), 

2"rrietloxy-5-(C2-(I-{(2-(trimethylsiIyi)MioxylRiiethyl3--l{'i-pyra»i-5-Yi)py:odin''3-

yl)n3ethoxy)isomctnmaIdehyde, 
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5-((2-(4-niethy!-lH'pyrazol-5«yl)p3'ndsn-3--yI)meliiiWY)'2H5xo-L2-dihyd:rcspyrid:ine-4~ 
earbaldehyde, 
5-C(2-(l-cyclobutyj»IH-pyrazoi-$-y!)pyridin-3-yl)inetfK»(y)-2- msthoxyjsonieotiftaldehyde, 
5-((2-(I -cyclohexyi-SI'I-p)Tazoi4-¥i}pyTidin'3-y3)i««tlK»xy)--2-03cilic>xyisonicotiiialtlebyde, 
5-((2-(l-(cyctolKxyImcihyl)-IH^yrazol-5-yl)pyridln-3-yl)meiboxy)-2' 

meihoxy iseni coti naldehy de> 
5-((2-(|-cyciopeni:yi-lH~|)ymjx)l-5-yl}p>Tidjn-3~yl}rnei:hoxy)-2-aiel:llOKyssomccstina!d6;hycle> 

2-<5-(3--{{4-fontiy!-6-tiiethoxypyridin'-3-yIoxy}raethy!}pyridif3-2>yl)-lH'-pyraziCf|-*l-*yl)acetic acid, 

methyl 3<5K3-(((4-forro.yl-6-ni«thoxypyKdini-3-yI)oxy)m<^hyI}pyridin"2-yl)-1 H-pyiazal-I-
yijpropanoate* 
3-{3-(3-(C}4-fomiy!-6-methoxyp}Tk!iii-3-ylox.y)niethyI}pyrkl3?j-2-yI)-lH-'pyTa20l-l-ji)propanoic 

acid. 
3-{5<3^((4-f<Mrmyl-6-methoxypyridin-3-yl)oxy)methyl)pyridin-2-yl)-! H-pyrazoi-1 -yOpropanoic 
acid, 

3«({(4-fomty{-6^ic1boxypyiidm-3-yl)oxy)mcthyDbeitzoic acid, 
6-(C{4-fomiyIpyri£lin~3--yl)oxy}iBethyS}r!icol!tit)Giirile 2,2,2-trifluoroacetale, 
6-(({4-4«Tmy!p)rfIdii>3-yl)oxy)mefhy!)aicoanic acid, 
6-(((4-ibrmySpyridfn-3-¥!)oxv)met!iy!)nicotinic acid hydrochloride, 

6<((44-bmiyipyridta-3-y!)oxy}raetIiyI)-N<rfietl3ylsisllbrsyI)ft:!C'Otir1amidcJ 

2.2,24ri:%oroaeetic acid ; 6^({4-formyipyridm~3-y!)oxy)meihyl)-N-
(niethylsulfoiiyljnicotinaxiiide (2:1), 2-{2-mctlioxyethoxy)-5-((2-(l-(2,2,2-tri0vicsroeiliy 1)-i!!-
pyr8zoi-S-y!)pyndi.n~3~yi)meihoxy)tSGiHcoriiialdchyds, 
2-methoxy-5-{(2-(! -(3,3,3-trjfluoropropyl)-1 H-pyrazol-5-yt)pyridin-3> 

yJ)mcttoxy)tsoiiiwtinaJdehyde» 
2-{2-mcthoxyetboxy)-5H'C2-( I-(3,3 j4rifliioropro|>yl}~!ii--pyra2o]-5-y!)pyTidm-3-

yl)metfK>x>Oisonie<Hmaktehyde7 

2-racthyl-5<(2-(l -(2^^-triflaorocthyl)-l IlHpyrazol-5-yl)pyfi4i»-3-
yl}niethoxy)isor!icotinaldefeyde, 
2-methyl-5-((2-(!'(3,3,3-irltfaoropropyi)'-lH-pyrazoi-5-yi}pyridiii-3-

yl)methoxy )isomcoUnaidehydc, 
3-((2>(!-(2)2.2-iriliiioroefi]yl}-lH-pyrais>l-5'yi)pyiridin-3-yI}rrs€thoxy}i3oiiicotinaldehyde, 

3-{(2-(I-(3,3s3~lHf]uoroprop)'lj--]H'pyraEo!--5--yi)p}'iidirj--3--yI}iMslhoxy)isoniootiiMdd8hydc, 
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3»ch3oro-5-({2-( 1 -isopropyl-lH-pyrazol-5-yl)pyridin-3-yl}methoxy)ison.ico!i!ial dehyde, 
3-((2-(14sopropyMH-pyra:w!-5-yl)pyridin-3-yi)raelhQxy)-5-iT*ethyHsoRic«liriaIdehyde,, 
3 -c li loro- 5 - ((2 - (! -{3,3,3-trii1uoropropyl)-l H-pyrazol~5-yl.)pyri<Jin-3~ 
yl)n3ethQxy)i;js>nicofinaldeh.ycie, and 

3-s]cthyi-5~{(2-{l-(2,2»2-tril1«08'0c!;liyI)-iH-pyraz0l-5-yl)pyriilin-3-
yl)metlioxy)isonicoti.naidehycie, 

or a tautomer or pfcrnnoaceutieally acceptable salt thereof. 
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CLAIMS 

What is claimed is: 

1. A compound of formula (I): 

/ B 

(,A; "V 
Y 

"x 

^CWH 
c ; 

(I) 

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

L10 is optionally substituted methylene or, preferably, a bond; 

ring A is Cg-Cjo aryl, a Cs-Cg cycloalkyl, a 5-10 membered heteroaryi or a 4-10 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

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

forms ofN and S, wherein each of the aryl, heteroaryi, cycloalkyl, or 

heterocycle is optionally substituted with 1-4: halo, CJ-CG alkyl, Ci-Cg alkoxy, 

and/or CVCio cycloalkyl, wherein the CrCe alkyl is optionally substituted 

with 1-5 halo, C-.-Q, alkoxy, and/or C3-C10 cycloalkyl; or 

ring A is Cg-Cioaryl, or a 5-10 membered heteroaryi, wherein the heteroatom is 

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

wherein each of the aryl, or heteroaryi is optionally substituted with 1-4 Cj-Cr, 

alkyl and/or CVC& alkoxy groups; 

ring B is a 5-10 membered heteroaryi or a 4-10 membered heterocycle containing 

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

consisting of O, N, S, and oxidized forms of N and S, wherein each of the 

PCT/US2014/022789 
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heteroaryi and the heterocycle is optionally substituted with 1-4: halo, CpCf, 

alkyl and/or-CO-Ci-Ce alkyl, or 

ring 33 is: 

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forrns ofN and S, wherein each of the heteroaryi and the heterocycle 

is optionally substituted with 1-4 Cj-Ce alkyl groups; 

<•'' is a single or a double bond; 

each X and Y is independently (CRi0Rii)e, O, S, SO, SO2, or NR20; e is 1 to 4, 

preferably 1; each Rz0 and R2' independently is hydrogen or C1-C3 alkyl 

optionally substituted with 1-3 halo, OH, or Cp-Cs alkoxy, or CR20R2! is C=0, 

provided that if one of X and Y is O, S, SO, SO2, then the other is not CO, and 

X and Y are both not heteroatoms or oxidized forms thereof; 

ring C is Q-Cioaryl 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 ofN and S, each of which is optionally 

substituted with 1-4: halo, oxo, -OR', C|-Q alkyl, -COOR1, and/or Q-Ce 

alkoxy, wherein the CrCg alkyl is optionally substituted with 1-5 halo, CpCg 

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

heteroatoms, wherein the heteroatom is selected from the group consisting of 

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

ring C is C6-Cioaryi or a 5-10 membered heteroaryi containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 
XT c 3 -3.: /-• ,r\r 3 C JC.": -J. ~ ^ u, IN, aiiu UAiuizcu iuiiiis ui -N CUIU cacii ui wiucu xa upuuucui) 

substituted with 1-4: halo, oxo, -OR1, C|-Cg alkyl, -COOR1, NR'R6, 

R1 is a hydrogen, Cj-Cg alkyl or a prodrug moiety; wherein the alkyi is optionally 

substituted with a 5-10 membered heteroaryi containing up to 5 ring 

48:4-3854-0057.1 215 



WO 2014/150276 PCT/US2014/022789 

Atty, Dkt. No.; 104592-0210 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms ofN and S, which is optionally substituted with 

with a 5-10 membered heteroaryi containing up to 5 ring heteroatoms, wherein 

the heteroatom is selected from the group consisting of (). N, S, and oxidized 

forms of N and S, wherein the heteroaryi is optionally substituted with Q-Q 

alkyl; 

R5 and R'J are each independently hydrogen, optionally substituted CrQ aikyl or 

-COOR3 ; 

RJ is hydrogen or optionally substituted C|-Q alkyi; 

V! and Vz independently are CrQ alkoxy; or V' and V" together with the carbon 

atom they are attached to form a ring of formula; 

"\/v >t ( (*f X 
! V' 
v3 / 

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

and V4 is S, the other is NH, and provided that V0 and V'1 are both not NH; q is 

1 or 2: each V5 is independently CrQ alkyl optionally substituted with 1-3 

OH groups, or V5 is COjR60, where each R60 independently is CrQ alkyl or 

hydrogen; t is 0, 1, 2, or 4; or CV'V" is C=V, wherein V is O, NOR80, or 

NNRS!RS2; 
80 R" is optionally substituted CrQ alkyl; 
81 x2 R' and R" independently are selected from the group consisting of hydrogen, 

optionally substituted Q-Q alkyl, CORs"\ or CO?RS4; 

R5J is hydrogen or optionally substituted Q-Q alkyl; and 

R84 is optionally substituted Q-Q alkyl; 

with the proviso that when ring C is Q-Qo aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Q-Cio aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 
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then ring A is not optionally substituted 4-10 membered heterocycle, 

A compound of formula (X-I): 

B 

A : ~ 

x 

CV1V2H 

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

ring A is phenyl optionally substituted with 1 -3 haio and/or C: -C,-, alkoxy. or is a 4- 3 0 

membered heterocycle containing up to 5 ring heteroatoms, wherein the 

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

forms ofN and S, optionally substituted, or is 

N' 
-NR' 

yi // c 
R7N S 

and ; 

wherein R' is Q-C6 alkyl, optionally substituted with 3-5 fluoro groups, or is 

C3-C6 cycloalkyl; 

ring B is selected from the group consisting of 

R8 

,/w 

. and V 

vyuoicm i.-i v, j ~v.:;; aiiv yi, v. vz-v, j -V..5 a); ui apiuuiug iiKficiy cuiu WUCICHI 

the pyridyl ring is optionally substituted with a halo or an NR'3(CH2)2N(R2J)2 

group where each is independently hydrogen or CpCe alkyl: 

X is O, S, SO. or SO?: 
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' is a single or a double bond; 

ring C is phenyl or a 6 membered nitrogen-con taining heteroaryi, each of which is 

optionally substituted with 1-4: halo, oxo, -OR1, Ci-Cg alkyl, -COOR1, and/or 

Cj-Cg alkoxy, wherein the Ci-C<, alkyl is optionally substituted with I -5 halo, 

Ci-C6 alkoxy and/or 4-10 membered heterocycle containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms ofN and S; and 

each R' is hydrogen or a prodrug rnoiety R; 

V1 and V" independently are Cj-Cg alkoxy; or V1 and V" together with the carbon 

atom they are attached to form a ring of formula: 

'q \ 
(V5). 

V* 
./ 

wherein each VJ and V'' are independently O, S, or NH, provided that when one of VJ 

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 C1-C5 alkyl or CC^R6", where each R60 

independently is Ci-Cg alkyl or hydrogen; t is 1, 2, or 4: or CV'V2 is C=V, 

wherein V is O, NOR80, or NNR81R82; 

wherein Rg0 is optionally substituted Cs-C'e alkyl; 

RSi and Rs2 independently are seiected from the group consisting of hydrogen, 

optionally substituted Cj-CV, alkyl, CORSJ, or CO2R84; 

R8"' is hydrogen or optionally substituted Cs-Cg alkyl; 

R84 is optional!}' substituted Ci-Cg alkyi; 

provided that when ring C is Q-CJO aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided thai when ring C is CS-C IQ aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 

then ring A is not optionally substituted 4-10 membered heterocycle. 
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3, The compound of claim 2, wherein V1 and V independently are Ci-C& 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 or YJ and V'1 

is S the other is NH, and provided that V3 and V4 are both not NH; q is 1 or 2; each Vs is 

independently Ci-Q alkyl or CO2R60, where each R6u independently is Ci-Cg alkyl or 

hydrogen; t is 1, 2, or 4; or CV'V2 is C=V5 wherein V is O, and wherein the remaining 

variables are defined as in claim. 

4. The comoound of claim 3, of formula; 

-
s A 

^-CHO 

C 

(ID 

wherein the remaining variables are defined as in claim 2. 
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5. A compound of claim 3 or 4 selected from formulas (TTA), (HB) and (SIC): 

IIA IIB HC 

wherein 

R'> is hydrogen, -OR1. CrC6 alkoxy optionally substituted with 1-3 C|-C& alkoxy or 4-

10 membered heterocycle containing up to 5 ring heteroatoms seiected from 

N, O, S or oxidized forms thereof; 

R,J is hydrogen, halo, hydroxy, or C|alkoxy; 

R11 is hydrogen or Cf-Cg aikyl; and 

R12 is -OR1; 

wherein R1 is hydrogen or the prodrug moiety R. 

6. The compound of claim 4, wherein ring A is 

phenyl substituted with 1-3 halo or Cj-Ce alkoxy, or 

Cj-Cg heterocyclyl containing 3-3 heteroatoms, wherein the heterocycle is optionally 

substituted with 1-3 halo. 

7. The compound of any one of claims 3-6, wherein 

JWV 

/-CHO 

C • 

is selected from the group consisting of: 
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Nv 

'CHO 

O 

CHO 

0> 

v,"VW 

-CHO 

HN, 

O 

iA/W 

-CHO 

0. 
N 

.•O 

.CHO 

O 
o 

CHO 

-CHO 

N 

and 

S: •#^N -CHO 

8. The compound of any one of claims 3-6, wherein 

I 
v/wv» 

i c : 
\ i 

is 
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v/\A/V> 

9. A compound of claim 1 wherein: 

ring A is CVCioaryl, or a 5-10 membered heteroaryi, wherein the heteroatom is 

selected from the group consisting of O, N» S, and oxidized forms ofN and 8, 

wherein each of the aryl, or heteroaryi is optionally substituted with 1-4: Ci-

Ce alkyl and/or C; -Cs alkoxy; 

ring B is: 

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle 

containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and 

oxidized forms ofN and S, wherein each of the heteroaryi and the heterocycle 

is optionally substituted with 1-4 Cj-C6 alkyl groups; 

each X and Y is independently CR20R21, O, S, SO, SO2, orNR"0; each R20 and R21 

independently is hydrogen or C1-C3 alkyl optionally substituted with 1-3 halo, 

OH, or C j-Cg alkoxy, or CR20R21 is C=0, provided that if one of X and Y is O, 

S, SO, SO2, then the other is not CO, and X and Y are both not heteroatoms or 

oxidized forms thereof; 

ring C is Q-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, Sfind oxidized tornis of'IN &nd S, cticb of which, is options!]v 

substituted with 1-4: halo, oxo, -OR', Cj-Cg alkyl, -COOR5, NR3RC, 

R1 is a hydrogen, Cj-Ce alkyl or a prodrug moiety; wherein the alkyl is optionally 

substituted with a 5-10 membered heteroaryi containing up to 5 ring 
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heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms of N and S, which is optionally substituted with 

with 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 ofN and S, wherein the heteroaryi is optionally substituted with Cj~Q 

alkyl; 

R5 and R6 are each independentiy hydrogen, optionally substituted C;-Cfj alkyl or 

-COOR3 ; 

R3 is hydrogen or optionally substituted Cj-C6 alkyl; 

V1 and V2 independentiy are Cj-Cft alkoxy; or V1 and V2 together with the carbon 

atom they are attached to form a ring of formula: 

V3. 

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

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

1 or 2; each V3 is independentiy C;-C,s alkyl optionally substituted with 1-3 

OR groups, or V5 is COiR60, where each R60 independently is C;-C& alkyl or 

hydrogen; t is 0, 1, 2, or 4; or CV'V2 is C=V, wherein V is O, NOR80, or 

NNR8!R82; 

R80 is optionally substituted Cj-Cs aikyl: 

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

optionally substituted Cj-Cs alkyi, COR83, or CO2R84; 

RSJ is hydrogen or optionally substituted Cj-Cg alkyl; and 

R84 is optionally substituted Ci-Cg alkyl; 

with the proviso that when ring C is C6-C10 aryl; 

and ring B is optionally substituted 4-10 membered heterocyclyl; 

then ring A excludes optionally substituted 5-10 membered heteroaryi; 

and provided that when ring C is Cg-Cjo aryl; 

and ring B is optionally substituted 5-10 membered heteroaryi; 
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then ring A is not optionally substituted 4-10 membered heterocycle. 

10. The compound of claim 9, wherein CV'V2 is C=V, wherein V is O, and wherein the 

remaining variables are defined as in claim 10. 

11, The compound of claim 10, of formula: 

f A 

CHO 

(V) 

or a tautomer thereof, or a pharmaceuticaliy acceptable sait of each thereof, wherein 

wherein the remaining variables are defined as in claim 9. 

12, A compound of claim 10 or 11 of formula (VI) or (VII): 

A 
2 V"' 

A M 

CHO 

Am V • V 

CHO 

A/tr, 
V • *'/ 

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

ring A is C6-Cioaryl, or a 5-10 membered heteroaryi, wherein the heteroatom is 

selected from the group consisting of O, N, S, and oxidized forms ofN and S, 
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wherein each of the aryl, or heteroaryi is optionally substituted with 1 -4 CrC6 

alkyi; 

ring B is Q-Cioaryl, CVCg cycloalkyl, a 5-10 membered heteroaryi containing up to 

5 ring heteroatoms or a 4- i 0 membered heterocycle containing up to 5 ring 

heteroatoms, wherein the heteroatom is selected from the group consisting of 

O, N, S, and oxidized forms of N and S, wherein each of the aryl, heteroaryi, 

cycloalkyl or heterocycle is optionally substituted with 1-4: halo, Ci-Cg alkyl, 

or C,-C6 alkoxy, wherein the Q-Cs alkyl is optionally substituted with 1-5 

halo, Ci-Cr, alkoxy, and/or C3-C10 cycloalkyl; 

R4is halo, oxo, -OR'8, Cf-Cg alkyl, Ci-Cg alkoxy, -COOR5, and/or NR'VR6; 
! g R is hydrogen, subsitued Ci-Cg alkyl, or a prodrug moiety R; 

R5and R° are each independently hydrogen, optionally substituted Cj-Cs alkyl or 

-COOR3 ; and 

R3 is hydrogen, provided that the COOR3 is not joined to a nitrogen atom, or 

optionally substituted Ci-Cg alkyl. 

13. The compound of claim 12, wherein ring B is selected from the group consisting of; 

V\ °YX° 
AJV i ^v\A/ Ar I 

: v/wv i w*wv • \ 
14. A compound of claim 1 selected from the group consisting of: 
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15. A compound of claim 1 selected from the group consisting of: 
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\ 
O 

O 
\s 

V"" 

0 0 

^ !l 

N ^ 

y-- o o V"" o o 

OH . 

; 

N""" "NH, 
N N 

or N oxides thereof, or a pharmaceuticaliy acceptable salt of each thereof. 

16. A composition comprising a compound of any one of claims 3-8 and 10-15, and at 

least one pharmaceuticaliy acceptable excipient. 
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17. 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 3-8 and 10-15 or the composition of claim 16. 

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

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

amount of a compound of any one of claims 3-8 and 10-15 or the composition of claim 16. 
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