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COMPOUNDS AND USES THEREQYF FOR THE MODULATION OF
HEMOGLOBIN

FIELD OF THE INVENTION

{0881} This invention provides compounds and pharmaceutical corapositions suitable as
atlosteric 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
(88021 Sickle cell disease is a disorder of the red blood cells, found particularly among
those of African and Meditcrrancan 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).

(0803} Hemoglobin (Hb) transports oxygen molecules from the lungs to various fissues
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 cells, and their lack of flexibility can lead to
biockage of blond vessels. U.S. 7,160,910 discloses compounds that are allosteric
modulators of hemoglobin, However, a need exists for additional therapeutics that ean treat
disorders that arc mediated by Hb or by sboormal Hb such as HbS.

SUMMARY OF THE INVENTION
{0804] This invention relates generally to compounds and pharmaceutical compositions
suitable as allosteric modulators of hemoglobin.  In some aspects, this invention rclates to
methods for treating disorders mediated by hemoglobin and disorders thal would benefit from

tissue and/or celhular oxygenation.
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[0605] In certain aspects of the invention, a compound of formula (D) is provided:
i’ B !

ey
or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
- 10 . . . >
L' is optionally substituted methylene or, preferably, a bond;

e

-

2-7 is asingle or a double bond,

each X and Y is independently (CRYR™M)., O, 8. 80, 80, or NR® eis [ w4,
preferably 1; each R and R independently is hydrogen or C-Cy alloyl
optionally substituted with 1-3 halo, OH, or - atkoxy, or CRYR* is C=0,
provided that if one of X and Y is O, S, SO, 80, then the other is not CO, and
X and Y are both not heteroatoms or oxidized forms thereof;

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

atom they are attached to form a ring of formula:

VER /5“
70

wherein each V° and V* are independently O, 8, 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; qis

Aar oo
UL &

- 7S . . 50 60 v 4 ; N ~ ~

OH groups, or V7 is CO,R™, where each R™ independently is C,-Cq alkyl or

hvdrogen: tis @, 1,2, or 4; or CV'Viis O=V
L s b b >

, wherein V is (3, N()RSQ, or
NNRRY,
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R¥ is optionatly substituted Ci-Cg alkyl;

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

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

R™ {5 optionally substituted C-Cg alkyl;

provided that the compounds provided herein exclude those disclosed in U.S. patent
application nos. 13/736,730 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,
In onc instance,

ring A is Cg-Crparyl, or a 5-10 membered heteroaryl, wherein the hetercatom is
selected from the group consisting of O, N, 8§, and oxidized forms of N and S,

1
}
H

wherein each of the aryl, or heteroary! is optionally substituted, preferably
with 1-4 C;-Cg alkyl and/or C-Cy alkoxy groups;

ring B is:

Gy e o Ny
/v; P /_27 \\ e .
“ \r = ]

J\EIV‘U" Ot VoV
J

wherein ring B' including the -N-CG- moiety is a 5-6 membered heterocycle
containing up to 3 hetercatoms selected from nitrogen, oxygen, and sulfur and

oxidized forms of M and 8, wherein each of the heteroaryl and the heterocycle

@

is optionally substituted, preferably with 1-4 C,-Cy alkyl groups;

ring C is Cg-Chparyl or a 3-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and 8, each of which is optionally
substituted, preferably with 1-4: halo, oxo, «OR% C-Cy alkyi, -COOR!, and

NERRS,

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

a2

substituted with a 5-10 membered heteroaryl containing up to 5 vin
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heteroatoms, wherein the heteroatom is selected from the group consisting of
0O, N, S, and oxidized forms of N and S, which is optionally substituted with
with a 5-10 membered beteroaryl containing up (o 5 ring heteroatoms, wherein
the heteroatom is selected from the group consisting of O, N, §, and oxidized
forms of N and 8, wherein the hetercaryl is optionally substituted with C-Cyg

atkyl;

5 & 3 ¢ 3 M N ~t 5
R’ and R" are each independently hydrogen, optionally substituted C,-Cg alky! or

LCOOR
R is hvdrogen or optionally substituted C,-Cs alkyl;

with the proviso that when ring C is Ce-Cyg aryl;

N

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

then ring A excludes optionally substituted 3-10 membered heteroaryl;
and provided that when ring C is Cg-Chp aryls

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

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

In another instance:

ring A is Ce-Cigaryl, a C3-Cy cyeloalkyl, a 5-10 membered hetercaryl or a 4-10
membered heterocyele containing up to S ring heteroatoms, wherein the
heteroatom is selected from the group consisting of O, W, S, and oxidized
forms of N and S, wherein each of the arvl, hetercaryl, cycloalkyl, or
heterocycle is optionally substituted, preferably with 1-4: halo, C-Cy alkyl,
C;-Cg alkoxy, and/or C3-C cyeloalkyl, wherein the C)-Cs alkyl is optionally
substituted with 1-3 halo, C-Cy alkoxy, and/or C3-Cyg eycloalkyl;

ring B is a 5-10 membered heteroaryl or a 4-10 membered heterocycle containing up
to 3 ring heteroatorns, wherein the heteroatom is selected from the group
consisting of O, N, 8, and oxidized forms of M and 8, wherein each of the
heteroary! and the heterocycle is optionally substituted, preferably with 1-4;
halo, Cy-Cg alkyt and/or ~CO-Cy-Cy alkyl,

v v
-~

- is a single or a double bond:
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ring Uis Cg-Cparyl or a 5-10 membered heteroaryl containing up to 5 ring

1

hetercatoms, wherein the heteroatom is selected from the group consisting of
O, N, 8, and oxidized forms of M and 8, each of which is optionally
substituted, preferably with 1-4: halo, oxo, -ORY, ¢y alkyl, -COOR!, and/or
1~Cg alkoxy, wherein the C-C; alkyl is optionally substituted with {-5 halo,
C1-Cg alkoxy and/or a 4-10 membered heterocyele containing up to 8 ring
heteroatoms, wherein the heteroatom is selecied from the group consisting of
O, N, 8, and oxidized forms of N and S; and

R'is hydrogen or a prodrug maoiety;

provided that when ring C 18 Cg-Cyg arvl;

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

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

and provided that when ring € is C-Cyp aryl;

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

then ring A s not optionally substituted 4-10 membered heterocycele,

[0088]  In certain aspects of the invention, a compound of formula (X-I) is provided:

. ”\\\\:// ‘:\‘/
4 ke

v
s
a ¢
7T
(X-)

an N-oxide thercot, or a tautomer or each thereof, or a pharmaceutically acceptable salt of
cach of the preceding, wherein
ring A is pheny! optionally substituted with 1-3 halo and/or C;-Cy alkoxy, or is a 4-10
membered heterocycie containing up to 3 ring heteroaioms, wherein the
heteroatom is selected from the group consisting of O, N, 8, and oxidized

forms of N and §, optionally substituled, or s

4314-3854-0057 1 5
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wherein R’ is €-Cq alloyl, optionally substituted with 3-5 fluoro groups, or 1s

C5-Cy cycloalkyl;

ring B is selected from the group consisting of

RS
-, .G Jj o RS
-~ AN - N ~
N \\\\\ r g’/ ™ N //\
| | LD
“ A s y //i\ . - o /i\\ //E NP NN P SN //
)y -5 o S \// T e - > Ny and f‘:,’b\,. 2 \(\ )
! P T R px
A A

wherein R® is -0 alkyl, ~CO-C-Cg alkyl or a prodrug moiety and wherein
the pyridyl ring is optionally substituted with a halo or an NR™(CHN(R™ ),
group where cach R
Xis (1, 8, SO, or SO4;

A
,«{{
o

A

is independently hydrogen or C;-Cs alkyl;

is a single or a doable bond;
ring C is pheny! or a 6 membered nitrogen-containing heteroaryl, each of which is
optionally substituted with 1-4: halo, oxo, SORY -0 alkyl, -COOR! and/or
{11-C¢ alkoxy, wherein the Cy-Ce atkyl 15 optionally substituted with 1-5 halo,
C1-Cq atkoxy and/or 4-10 mermbered 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 5; and
cach R' is hydrogen or a prodrug moiety R;
V' and V? independently are C-Cy alkoxy; or V! and V¥ together with the carbon
atom they are attached to form a ring of formula:
W
{ P{ A
4
0 /
v “\fL c
wherein each V° and V* are independently O, 8, or NH, provided that when one of V3

and V* is 8, the other is NH, and provided that V * and V¥ are both not NI, gis

4814.3854-0057 1 G
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1 or2; each V7 is independently C;-Cq alkyl or COzRéoﬁ where each R
independently is C;-Cg alkyl or hydrogen; tis 1, 2, or 4: or OV'V2 is C=V,
wherein V is G, NOR™, or NNR¥'R%;

wherein R¥ is optionally substituted C;-Cq alkyl;

RY and R™ independently are selected from the group consisting of hydrogen,
optionally substituted C,-Cq alkyl, COR™, or COQRM;

R¥ is hydrogen or optionally substituted C-Ce alkyl;

R* is optionally substituted C,-Cy alkyl;

provided that when ring C is Ce-Cyp aryl;

and ring B is optionally sebstituted 4-10 membered heterocyelyl;

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

provided that when ring € 18 Ce-Cyo arylh;

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

then ring A s not optionally substituted 4-10 membered heterocycle,

provided that the compounds provided herein exclude those disclosed in U5, patent

application nos. 13/730,730 and 13/730,674; and
provided that the compounds provided herein exclude those in Table 1 hereinbelow.

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

of formula:
I:C’OZ RGO
A5y /
) V" /
© NH 82
O o i & ) 7
- Sor / Vi /
VP Q‘S’ - \‘74%\ S 71~“... S
~ MS Min SS:) SN SE]

/
3 ] : : H 24 ~ T 1 <7t 2
{0016] Insome embodiments, V' and V 2 independently are Ci-Cg alkoxy; ot V' and V
together with the carbon atom they are attached to form aring ot formula:
R\ 5)’&
(¢ a A
{ N

\/3\ V// N
Vin \%?55“‘
/ 3

[ ¥
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wherein each V° and V* are independently O, S, or NH, provided that when one or V3 and V4
is S the other 1s NH, and provided that V ¥ and V* are both not NH;gwistTorZ,eachV 7 is
independently C;-Cs allyl or CORY, where each R® independently is €;-Cy alkyl or
hydrogen; tis G, 1, 2, or 4; or CViviis C=v , wherein V is O, and wherein the remaining

variables are defined herein.

(6611} In certain embodiments, a compound of formula (11} is provided:

(1}

wherein the remaining variables are defined herein.

{0812} In certain embodiments, a compound selected from formulas (HA), (1B) and (1iC)

is provided:

Pid hR ey
| 3
{ Al
~ ,’
e -
Ke;
T
H
H
i
/1\ ///CHC‘
\'\
-
e
pote ~.
N Sz
f

fia

whercin

R? is hydrogen, -OR/, C;-C alkoxy optionally substituted with 1-3 C;-Cy alkoxy or 4-
10 membered heterocycle containing up to 5 ring heteroatoms selected from

N, O, § or oxidized forms thereof;

’
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1 ‘

R* is hydrogen, hydroxry, halo or C-Cs alkoxy;
R s hydrogen or (- alkyl; and

RY is-OR';

. 1. . .
wherein R’ is hydrogen or the prodrug moiety R.

[8013]  In certain aspeets of the invention, a compound of formula (1) is provided:

or a tautomer thereof, or a pharmaceutically sceeptable salt of each thereof, wherein
L' is optionally substituted methylens or, preferably, a bond;
ring A is Ce-Cigaryl, or a 5-10 membered heteroaryl, wherein the hetercatom is
selected from the group consisting of O, N, S, and oxidized forms of N and S,
wherein each of the aryl, or heteroaryl is optionally substituted with 1-4 C;-Cq

alkyl and/or C,-Cy alkoxy groups;

ring B is:

//\\ O R
// S e ..
N \\ \\§ .
i i ) ;
1 PoB
i § ;
- S N .
::Lz'b o S \\. .-
J"\E}"\J\J" or J'\.!EUV‘

5

wherein ring B’ including the -N-C(O- moiety is a 5-6 membcered heterocycle
containing up to 3 heteroatoms selected from mitrogen, oxygen, and sulfur and
oxidized forms of N and 8, wherein each of the heteroaryl and the heterocyele

is optionally substituted with 1-4 C}-Cg atkyl groups;

each X and Y is independently (CR”RZI)W 0, 8, 80, 80, or NR¥ eis1to 4,
preferably 1: each R* and R* independently is hydrogen or C;-C3 alkyl
optionally substituted with 1-3 halo, OH, or C;-Cg alkoxy, or CRR?! is C=0,
provided that if one of X and Y 1s O, §, SO, 80, then the other ts not CO, and
X and Y are both not heterpatoms or oxidized forms thereod!

ting C is Ce-Uigaryl or a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, §, and oxidized forms of N and 8, each of which is optionally

substituted with 1-4: halo, oxo, -OR, -0 alkyl, -COOR®, NRRY,

4814-3884-0057 1
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R'isa hydrogen, C-Cq alkyl or a prodrug moiety; wherein the alkyl is optionally
substituted with a 5-10 membered heteroaryl containing up to 5 ring
heteroators, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidired forms of N and S, which is optionaily substituted with
with a 5-10 membered heteroaryl containing up to 5 ring heteroatoms, wherein
the hetercatom is selected from the group consisting of O, N, S, and oxidized
forms of N and 5, wherein the heteroaryl 18 optionally substituted with C-Cy
alkyl;

R’ and R® are each independently hvdrogen, optionally substituted C-Cy alkyl or
COOR?;

R is hydrogen or optionally substituted C-Cy allyl;

r 2. ~ ~ -1 ; " L
V! and V7 independently are C;-Cy alkkoxy; or V' and V? together with the carbon
o o o

atom they are attached to form a ring of formula:

LY

T
\ [q \\/4
. e
i /.
\__3\
e

wherein each V¥ and V* are independently O, 8, or NH, provided that when one of V ¥
and V' is 8, the other is NH, and provided that V S and V* are both not NH; qis
1or 2; each V7 is independently €-Cy alkyl optionally substituted with 1-3
OH groups, or V° is COR®Y, where each R® independently is C;-Cq allyvl or
hydrogen; tis G, 1, 2, or 4; ot CVIviis =V, wheretn V is (J, NORY or
NNR¥R®;

’Y s optionally substituted C,-Cs alkyl;

RY and R™ independently are selected from the group consisting of hydrogen,
optionally substituted C;-Cs alkyl, CORY, or CO,RY,

rR¥ s hydrogen or optionally substituted C,-Cy, alkyl; and

R* s optionally substinsted C-Cq alkyl;

with the provise that when ring € 15 Ce-Crp aryl;
and ring B is optionally substituted 4-10 membered heterocyelyh

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

4814-3854-00867. 0
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and provided that when ring C is Cg-Cyg aryl;
and ring B s optionally substituted 5-10 membered heteroaryl;
then ring A is not optienally substituted 4-10 membered heterocycle.

[8814] In further aspects of the invention, a composition is provided comprising any of the

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

IB015]  In still further aspects of the invention, a method is provided for increasing oxvgen
atfinity of hemoglobin S in a subject, the method comprising administering to a subject in
eed thereof a therapeutically effective amount of any of the compounds or compositions

described herein.

j0016] In further aspects of the invention, a method is provided for treating oxygen
deficiency associated with sickle cell anemia, the method comprising adrinistering to a
subject in need thereof a therapeutically effeciive amount of any of the compounds or

compositions described herein.
DETAILED DESCRIPTION OF THE INVENTION
Definitions

{08171 It must be noted that as used herein and in the appended claims, the singular forms
7 tan”, and “the” include plural referents unless the context clearly dictates otherwise,
Thus, for example, reference to “a solvent” includes a plurality of such sclvents.

154

I0018]  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 signiticance 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 alfect the basic and
novel characteristic(s} of the claimed invention. “Consisting of” shall mean excloding more
than trace clements of other ingredients and substantial racthod steps. Embodiments defined

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

108197 Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth uscd in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the

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

4814-3854-0087 .1 i
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claims are approximations. Each numerical parameter should at least be construed in light of
the number of reported significant digits and by applying ordinary rounding techniques. The
term “about” when used before a numerical designation, e.g., temperature, time, amount, and
concentration, inchuding range, indicates approximations which may vary by (+jor (-} 10

%, S % or 1 %.

[3028]  As used heretn, Ci-Cy, such as C-Cyy, Ci-Ca, or Ci-Cg when used before a group

refers to that group containing m to 1 carbon atoms,
(8021} The term “atkoxy” refers to -C-alkyl.

{8022]  The term “alkyl” refers to monovalent saturated aliphatic hydrocarbyl groups having
from 1 to 127 carbon atoms (i.e., C-Cy; alkvl) or § to & carbon atoms (f.e., C-Cy alkyl), or 1
to 4 carbon atoms, This term includes, by way of exampie, linear and branched hydrocarbyl
groups such as methy] (CHs-), ethyl (CHyCHy-), nepropyt {CH3CH,CH,-), isopropyl
{({CH;»CH-}, h‘--butyl (CH3CH,CHLCHy-), isobutyl ((CH R CHCH,-), sec-butyl
{CH(CHCHCH-), r-butyl ((CH3»CH), m-pentyl (CH3CH,CHLCHCHy-), and neopentyl

((CHWCCH,),

(00231 The terra “aryl” refers to a monovalent, aromatic mono- or bieyclic ring having 6-10
ring carbon atoms. Examples of aryl include phenyl and naphthvl. The condensed ring may

or may not be aromatic prov ided that the m:t of attachment is at an aromatic carbon atom.

For example, and without Hmtation, the following is an aryl group:

[6024] The term “~-CO.H ester” refers to an ester formed between the ~CO,H group and an
alcohol, preferably an aliphatic alcohol. A preferred example inciuded ~CO,RY, wherein R®

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

[0825] The term “chiral moicty” refers to a motety that is chiral. Such a moiety can possess
one or more asymimetric centers. Preferably, the chiral moiety is enantiomerically enriched,
and more preferably a single enantiomer. Non limifing examples of chiral moieties include
chiral carboxylic acids, chiral amines, chiral amino acids, such as the naturally occurring

aming acids, chiral aleohols including chiral steroids, and the likes.

{80261 The term “cyeloalkyl” refers to a monovalent, preferably saturated, hydrocarbyl

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

el

4814-3854-0057 1 12
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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 cyeloalkyl include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, eycloheptyl, adamentyl, and the like. The condensed
rings may or may not be non-aromatic hydrocarbyl rings provided that the peoint of
attachment is at a cycloalkyl carbon atom. For example, and without limitation, the

following 1s a cycloalkyl group:

{6027] The term “halo” refers to F, Ci, Br, and/or L

{6028} The term “hetercaryl” refers 1o a monovalent, aromatic mono-, bi-, or tricyclic ring
having 2-16 ring carbon atoms and 1-8 ring heteroatoms selected preferably from N, O, 5,
and P and oxidized forms of N, §, and P, provided that the ring contains at least 5 ring atoms.
Monlimiting examples of heteroaryl include furan, imidazole, oxadiazole, oxazele, pyridine,
guanoline, and the like. The condensed rings may or may not be a heteroatom containing
aromatic ring provided that the point of attachment is a heteroaryl atom. For example, and

without limutation, the following is a heteroary! group:

-
e N
27T TN ™
]\ i I
!
oA /)\ .

[9#3291  The term “heterocyelyl” or heterocycle refers to a non-aromatic, rono-, bi-, or
tricyelic ring containing 2~12 ring carbon atoms and 1-8 ring heteroatoms selected preferably
from N, O, §, and P and oxidized forms of N, 5, and P, provided that the ring contains at least
3 ring atoms. While heterocyelyl preferably refers to saturated ring systems, it also includes
ring systemns containing 1-3 double bonds, provided that the ring is nov-aromatic.
Monlimiting examples of heterocyciyl include, azalactones, oxazoline, piperidinyl,
piperazinyl, pyrrolidiny, tetrahydrofuranyl, and tetrahydropyranyl. The condensed rings
may or may not contain a non-aromatic heieroatom containing ring provided thai the point of
attachment is a heterocycelyl gmup‘. For cxample, and without limitation, the following is a

heterocyelyl group:

4314-3854-0087 1 1
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[8038]  The term “hydrolyzing” refers to breaking an R'-0-CO-, R¥-0-CS-, or an R™-0-
- a H -

SO, moiety to an RT-COH, preferably by adding water across the broken bond. A
hydrolyzing is performed using various methods well known to the skilled artisan, non
limiting examples of which include acidic and basic hydrolysis

HI031]  The term “oxo” refers to a C=0 group, and to a substitution of 2 geminal hvdrogen

atoms with a C=( group.

{86321 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 substituents. Preferably, the substituents are selected from the group
consisting of ox0, halo, -CN, NO,, -Ny+, -COR'™, -OR™ -SR'™ .SOR™ .80,R .
NRYRIP LCONRR!? LGOMRIR™, €Oy alkyl, Ci-Ce alkoxy, -CR=CR,, -
CCR'™, C-Cyy eycloalkyil, C3-Cp heterocyclvl, Co-Crparyt and Cr-Cys heteroaryl, wherein
cach R' ndependently is hydrogen or C,-Cg alkyl Cs-Ciz cycloalkyl; Ci-Cig heterocyelyl
Ce-Ciaparyl; or C3-C s heteroaryl, wherein each alkyl, cycloalkyl, heterocyclyl, aryl, or
heteroaryl is optionally substituted with 1-3 halo, 1-3 C,-Cy alkyl, 13 C-Cs haloalkyl or 1-3
C1-Cy alkoxy groups. Preferably, the substituents are selected from the group consisting of
chloro, fluoro, -OCH;, methyl, ethyl, iso-propyl, cyclopropyl, vinyl, ethynyl, -CO.H, -
COCH,, -GCF,, ~CF, and -OCHF,.

00337 R' and R'” independently is hydrogen; Cy-Cx alkyl, optionalily substituted with -
COoH or an ester thereot, C-Cy alkoxy, oxo, ~(;,‘,Rm":(,‘,(£{“"’)3, -CCR, Ci-Chg eycloalkyl, Cs-
Cig heterooyelyl,  Cu-Cip aryl, or Cp-Cy; heteroaryl, wherein each ¥ independently 13
hydrogen or C)-Cg alkyl; C3-Cyz cyeloalkyl; Ci-Cyp heterocyelyl; Co-CUrnaryl; or Co-Cpp
heteroaryl; wherein each cycloa i*}i heterocyelyl, aryl, or hetercaryl is optionally substituied
with 1-3 alky! groups or 1-3 halo groups, or R'Uand R’ together with the nitrogen atom
they are attached to form a 5-7 membered heterocycle.

{8034] The term “pharmaceutically acceptable” refers to safe and non-toxic for i vive,

preferably, human administration.

{G035]  The term “pharmaceutically acceptable salt” refers to a salt that is pharmaceutically

acceptable,

4814-33854-0057 1 14
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{88361 The term “salt” refers o an ionic compound formed between an acid and a base.
When the compound provided herein contains an acidic functionality, such salts inchude.
without limitation, alkali metal, alkaline carth metal, and ammonium salts, As used herein,
ammoniwm salts include, salts containing protonated nitrogen bases and alkylated nitrogen
bases. Exemplary, and non—-iimiting ations useful in pharmaceutically acceptable salts
include Na, K, Rb, Cs, NH4, Ca, Ba, imidazoliom, and ammonium cations based on nawwally
oceurting amino acids. When the compounds utilized herein contain basic functionality, such
sabts include, without limitation, salts of organic acids, such as careboxylic acids and sulfonic
acids, and mineral acids, such as hydrogen halides, sulfuric acid, phosphoric acid, and the
fikes. Exemplary and non-limiting anions useful in pharmaceutically acceptable salts inciude
oxalate, maleate, acetate, propionate, succinate, tartrate, chloride, sulfate, bisalfate, mono-,

di-, and tribasic phosphate, mesylate, tosylate, and the Hkes.

{60371 The terms “treat”, “lreating” 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 cmndiiion, 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 inchude rclieving 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 physiclogical symptoms associated with the underlying disorder such tha
an improvement is observed in the individual, notwithstanding that the individual is sull be
afflicted with the underlving disorder. For prophylactic benefit, the compositions arc
administered to an individual at risk of developing a particolar disease, or to an individual
reporting one or more of the physiclogical sympioms of & disease, even though a diagnosis of
this disease has not been made.

{00381 The terms “preventing” or “prevention” refer (o a reduction in risk of acquiring a
g £

¥
H

disease or disorder {7 e., causing at least one of the clinical symptoms of the disease not to
develop 10 a subject that may be exposed o 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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o
<
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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.

{8039)  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,

[0048]  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.

{8041} As used herein, a “prodrug” is a compound that, after administration, is metabolized
or stherwise converted o an active or more active form with respect to at least one property.
To produce a prodrug, a pharmaceutically active compound can be modified chemically to
render it less active or inactive, but the chemical modification 1s such that an active form of

the compound is generated by metabolic or other biological processes. A prodrug may have,
p; B £ 4 :

[

relative to the drug, aliered metabolic stability or transport characteristics, fewer side effect:
or lower toxicity. For examnple, 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.

4814-3854-0057.1
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{ompounds

{8042} In certain aspects of the invention, a compound of formula (1} is provided:

X

Ny OV T2
N
L

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

L% optionally substituted methylene or, preferably, a bond,;

ring A is Cs-Crgaryl, a C3-Cy cycloalkyl, a 5-10 membered heteroaryl or a 4-10
membered heterocycle contaiming 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 cach of the aryi, heteroaryl, cycloalkyl, or
heteroeycle is optionally substituted with 1-4: halo, Ci-Ce alkyl, C,-Cs alkoxy.
and/or C4-C g oycioalkyl, wherein the C-Cy alkyl is optionally substituted

with 1-8 halo, C,-Cq alkoxy, and/or C5-Cip cycloalkyl; or

ring A 18 Co-Croaryl, or a 3-10 membered heteroaryvl, wherein the heteroatom is
selecled from the group consisting of O, N, S, and oxidized forms of N and S,
wherein each of the aryl, or heteroaryl is optionally substituted with 1-4 Cy-Cy

alkyl and/or C-Cq alkoxy groups;

;

ring B is a 5-10 mermbered heteroaryl or a 4-10 membered heterocyele containing
up to 3 ring heteroatoms, wherein the heteroatom is selected {rom the group
congisting of G, M, 8, and oxidized forms of N and 8, wherein each of the
heteroaryl and the heterocycle 1s optionally substituted with 1-4: halo, -y
atkyl and/or ~CO-C;-Cq alkyl, or

ring B is:
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N \ \\\ . S

| B

-, l’

o \f/ L%‘ZN\
~Y P w
A or AN

wherein ring B’ including the -N-CO- mwoiety is a 5-6 membered heterocycle
containing wp to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and
oxidized forms of N and 8, wherein each of the hetercaryl and the heterocyele

is optionally substituted with 1-4 C-Cy alky! groups;

i is a single or a double bond:

ach X and Y is independently (CR*'R*'),, 0, S, 8O, SO, or NR*; ¢ is 1 10 4,

]
&

preferably 1; each R* und R” independenﬁy is hydrogen or C;-C5 alkyl
optionally substituted with 1-3 halo, OH. or €,-C; alkoxy, or CRPR {5 C=0,
provided that if one of X and Y 15 O, 8§, SO, 50, then the other 15 not CO, and
X and Y are both not heteroatoms or oxidized forms thereof;

ring C is Cg-Cparyl or a 5-10 membered hetercaryl containing up 1o 5 ring
heteroatoms, wherein the heteroatom is selecied from the group counsisting of
O, N, 8§, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: hale, oxo, -OR', C-Cy alkyl, -C COOR', andior €,-Cs
atkoxny, wherein the C-Cq alkyl is optionally substituted with 1-5 halo, C-Cy
alkoxy, and/or a 4-10 membered heterocyele containing up fo 5 ring
heteroatoms, wherein the heteroatorn 1s selected from the group s:onsisting of
O, N, 5, and oxidized forms of N and 8; or

ring C is C4-Cygaryl or a 5-10 membered heteroaryl containing up to S ring
hetlerpatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and 8, each of which is optionally
substituted with 1-4: halo, oxo, -OR‘, Cy-Cg alkyd, -CO YOR!, NR E\

R'is a hvdrogen, C,-Cg alky! or a prodrug moisty; wherein the alkyl is optionally
substituted with a 5-10 membered heteroary! containing up
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, 8, and oxidized forms of N and S, which is optionally substituted with

with a 53-10 membered hetereary] containing up to 5 ring heteroatoms, wherein
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the heteroatom i3 selected from the group consisting of O, N, 3, and oxidized
forms of N and S, wherein the heteroaryl is optionally substituted with -Cq
alkyl
5 6 . . .

R and R are each independently hydrogen, optionally substituted C,-Cy alkyl or
SCOOR™

R is hydrogen or optionally substituted C-Cg alkyl;

V! and v? independently are C-Cq alkoxy; or v'and V° together with the carbon

atom they are attached to form a ring of formula:

v%\f{i
P

wherein cach V> and V' are independently O, 5, or NH, provided that when one of V°
A VA M ' M ¥ T i1 K r4 ] -
and V*is S, the other is NH, and provided that V* and V* are both not NH; g g
1 or 2; each V" is independently C;-Cy alkyl optionally substituted with §-3

&0

OH groups, or V7 is C{,R™, where cach R independently is €1-Cg alkyl or
N ; 2. - , . 2

hydrogen; tis 0, 1, 2, or 4, or OV W2 is C=V, wherein V is O, NOR™ or
NNRYRY;

R¥ is optionally substituted C;-C¢ alkyl;

R¥ and R® independently are sclected from the group consisting of hydrogen,

M H I -~ al 3 e 84
optionally substituted C-Cq alkyl, LORX’, or COLR™;
“3 : 4 Y M ¢ Al

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

R™ is optionally substituted Ci-Cs alkyl;

with the proviso that when ring C 1s Ce-Cyp aryly

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

then ring A excludes optionally substituted S-10 membered heteroaryl;

and provided that when ring C is C-Cip arylh;

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

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

4814-3854-0057 1 16
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{08431 In certain aspects of the invention, a compound of formuda (X-1} is provided:

LoV IvH

(X-D

or 4 tautomer thereof, or a pharmaceutically aceeptable sait of each thercof, wherein

ring A is Cg-Cigarvi, 8 C3-Cy oveloalkyl, a 5-10 membered hetercaryl or a 4-10
membered heterocycle containing up to 3 ring hetercatoms, wherein the
hetercatom is selected from the group consisting of O, N, 8, and oxidized
forms of N and 8, wherein each of the aryl, heteroaryl, cyeloalkvl, or
heterocyele is optionally substituted with 1-4: halo, Ci-C,, alkyl, Ci-Ce alkoxy,
andfor C3-Cyp cyeloalkyl, wherein the C,-Cy alkyl is optionally substituted

with 1-5 halo, €~ alkoxy, and/or C3-Cyy cycloalkyl;

ring B is a 5-10 membered heteroaryl or 2 4-10 membered heterocycle containing up
to 5 ring heteroatoms, wherein the heteroatom is selected from the group
consisting of O, N, §, and oxidized forms of N and 5, wherein each of the
heterearyl and the heterocycele is optionally substituted with 1-4: halo, Ci-Cg
atkyl and/or ~CO-Cy-Cy alkyl,
Pt
7 isa single or a double bond;

X150, 8, 80, or 802

ring C is Cy-Crparyl or a 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, §, and oxidized forms of N and S, each of which is optionally
substituted with 1-4: halo, oxo, ORE -0y alkyl, -COOR!, andio

lor € ) —&‘,f.

alkoxy, wherein the C,-Cq alkyl is optionally substituted with 1-5 halo, C-Cq

]

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

4814-3854-0057 1 30



WO 2014/150276 PCT/US2014/022789

Atty. Dkt Moo 104592-0210

heteroatoms, wherein the heteroatom is selected from the group consisting of
G, N, S, and oxidized forms of N and 8: and
R'is hydrogen or a prodrug moiety;
. 72 y 2 ; :
V'and V independently are C1-Cy alloxy; or V' and V7 together with the carbon
atom they are attached to form a ring of formula:
g9
(o)
\ 4 (l \\\
!\1’4

03 !
kY 7/ o

ARl

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

A
43

and V7 is 8, the other is NH, and provided that V¥ and V* are both not NH; g is
1 or 2; each V7 is independently C,-Cs alkyl or CO.R where each R™
independently is €-Cg alkyl or hydrogen; 1180, 1,2, 0r 4; or CV s =Y,
wherein V is O, NORY, or NNR¥'RY:

R¥ is optionally substituted C1-Cg alkyl;

R* and R¥ independently are selected from the group consisting of hydrogen,
optionally substituted C;-Cg alkyl, CORXSS or (;302}{84;

R¥ is hydrogen or optionally substituted C,-Cy alkyl;

R¥ s optionally substtuted C,-Cy alkyl;

provided that when ring C is Ce-Cyg aryl;

and ring B is optionally substituted 4-10 membered heterocyelylh

then ring A excludes optionally substituted 5-10 membcred heteroaryl;

and provided that when ring C is Cg-Cyg arvi;

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

then ring A is not optionally substituted 4-10 membered heterocycle.
[8044] In certain aspects of the invention, a compound of formula (X-I} is provided:

or a tautomer thereof, or a pharmaceutically accoptable salt of each thereot, wherein
ring A is phenyl optionally substituted with 1-3 halo and/or C,-Cy alkoxy, oris a 4-10
membered heterocyele containing up to 5 ring hetercatoms, wherein the
heteroatom is selected from the group consisting of O, N, 5, and oxidized

forms of N and S, optionally substituted, or is

I
iy

4814-3854-0057 1
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NPT I
and ;
wherein R’ is C-Cq alicyl, optionally substituted with 3-5 fluero groups, or is
5L cyeloalkyl

ring B is selected from the group consisting of

TES
~. O N AN Rs
PN P AN - ~e o N
N‘,/ \\kg r ~, /[/ \,} [/ j" r/ \\
J% | é /
i - } N k
Ly N ,_/‘/J &"("//‘,\? N - Loy 7 oy N “. - wy N /
RSN T/‘ , A 2\/ <2 T /; and 2\\{\ ]
. Pl | ’ T ™
H } | SY
A AN J\i’\, M '

wherein B is €1-Cy alkyl, ~CO-C,-C alkyl or a prodrug moiety;
X1 0,8, 80, or SOy

e is a single or a double bond;

ring C is phenyl or a 6 membered nitrogen-containing hetercaryl, each of which is
optionally substituted with 1-4: halo, oxo, -OR', C1-Cq aikyl, -COOR', andior
Cy-Ce atkoxy, wherein the Ci-C, alkyl is optionally substituted with 1-5 hale
C1-Ce altkoxyand/or 4-10 membered heterocycle containing up to S ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, 8§, and oxidized forms of N and S: and

cach R' is hydrogen or a prodrug moiety R;

V! and V? independently are C,-Cg alkoxy; or V' and V¥ together with the carbon

atom they are attached to form a ring of formula:

coawrd @ sl bl
and v o 1s o, the othe

S IR N 50 ) 60
lor2;each V’is moepcndemly C-Cg atkyl or (/02R° , where gach R™
independenty is C;-Cy alkyl or hydrogen; t1s 6, 1, 2, or 4; or Cviviis C=v,

wherein V is O, NOR™, or N’NR?‘R”;

4514-3854-0057 4 3
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R¥ ig optionally substituted C-Cy alkyl;

R* and R™ independently are selected from the group consisting of hvdrogen,
optionally substituted C-Cyq alkyl, COR®, or COORY,;

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

R¥ is optionally substituted C;-Cg atkyl;

provided that when ring C is Cg-Cp aryly

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

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

and provided that when ring C is Ce-Cip aryl;

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

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

[0045] Preferably, V Yand V* together with the carbon atom they are attached to form a ring

of formula:
IQOZRSO

Y /
VR

O

o /“ { NH N2

\7&“58 -~ S\\é ’ Vi &
in S i - -
? A

. 5 2 . ; . )
[0846] In some embodiments, V' and V* independently are C1-Cyq alkoxy; or V' and V
together with the carbon atom they are attached to form a ring of formula:

NN T

{ lq "f\
i

/
\f"\# (S_
Vi ¢ e

-

wherein each V> and V* are independently O, 8, or NH, provided that when one or v and V*
is S the other 1s NH, and provided that V> and V* are both not NH; gis1or2; each V3 is
independently C,-Cy alky! or CO.RY, where each R independently is C;-Cg alkyl or
hyvdrogen; tis 0, |, 2, or 4, 0r CV "2 s C=V, wherein V is O, and wherein the remaining

variables are defined herein.

{0847}  In certain embodiments, a compound of formula (HI} is provided:

814.-3854~0087.1 23
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\ /CHO
. “
D¢
' ;
LY ¢
~ &

.

(L)
or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
ring A is phenyl optionally substituted with 1-3 halo and/or C-Cy alkoxy, oris a 4-10
membered heterocyele containing up to 5 ring heteroatoms, wherein the

heteroator is selected trom the group consisting of O, N, §, and oxidized

forms of N and 8, optionally substituied, or is

~NR7 N
NN R7N/\\_

5 NS NS
f S /S §
T and X/ :

. T e s . . a - -
wherein R’ is C-C¢ alkyl, optionally substituted with 3-5 fluoro groups, or is
C5-Cq cycloaliovl;

ring B is selected from the group consisting of

REE
-0 i‘ - ,Ra
RS -~ e N e
N TRy ¢« \\[ g N " \
| i i ! b
J | | )
i 3 il ~ N
o e e “ S e Ly //\ SN e - S a2 ¥e T~
SL2NET e 2N B N T Land o2 !
T 1 P ; o
AN *’i‘-r“’ WV “r“f" A

wherein R® is €,-Cs alkyl, ~CO-C,-Cy alkyl or a prodrug moiety;

Xis 8, 80, or SO

g
o
”

777 is a single or a double bond:
ring C is phenyl or a 6 membered nitrogen-containing heteroaryl, each of which is
optionally substituted with 1-4: halo, oxo, -OR’, Ci-Cy alkyl COORY and/or

)-Cy alkoxy, wherein the C-Cy alleyl is optionally substituted with 1-5 halo,

4814-3854-0057 1 24
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(- alkoxy and/or 4-10 membered heterocycle containing up to 5 ring
heteroatoms, wherein the heteroatom is selected [rom the group consisting of
O, N, §, and oxidized forms of N and S; and
cach R'is hydrogen or a prodrug molety R;
"and V? independently are C;-Cy alkoxy; or V! and V* together with the carbon
atom they are attached to form a ring of formula:
AN (Vs)t

W{;/\
/

wherein each V> and V* are independently O, §, or NH, provided that when one of V°
and V' is S, the other is NH, and provided that V¥ and V* are both not NH; g is
1 or2; each Vo is independently C-Cy alkyl or (,U;R“ where each R%
independently is C1-Cg alkyl or hydrogen; tis 0, 1, 2, or 4; or CYIVis O=Vv,
wherein V is O, NORY, or NNRY'R™;

k¥ i optionally substituted C-Cy allyl;

R* and R¥ independently are selected from the group consisting of hydrogen,
optionally substituted - atkyl, CORY, or CORY,

®* {5 hydrogen or optionally substituted C;-Cy alkyl;

R™ {5 optionally substituted C,-Cs alkyl;

provided that whea ring C is Ce~Cyo aryl;

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

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

and provided that when ring C 18 Cg-Cig arvl;

and ring B is optionally substituted 5-10 membered heteroarvl

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

[0048] In certain embodiments, tis 0. In certain embodiments, tis 1. In certain
embodiments, tis 2. In certain embodiments, t is 3. In one cmbodiment, --X-Y- is ~CHy-0O-,

In another embodiment, -X-Y is ~O-CHp-.

4514-3854-0057 1
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In certain embodiments, a compound selected from formulas (LAY, (118} and

{0049}
(ITIC) is provided:
, . . \‘:
. ’ S :,
2 l
™.
9]
/L CHO
p // \\ ///
\\\v/// R12
HIC

B

HIA
wherain
RYis hydrogen, SORY € Cy alkoxy optionally substituted with 1-3 C;-Cq alkoxy or 4-
10 membered heterocycle containing up to 5 ring heteroatoms selected from

N, O, S or oxidized forms thereof)
R s hydrogen, halo, hydroxy or C;-Ce alkoxy;
1Y s hydrogen or €=U alkyl; and
R s -OR"
wherein R’ is hydrogen or the prodrug moiety R

[3858]  In certain embodiments, ring A is
phenyl substituted with 1-3 halo or C;-Cs alkoxy, or
(3-Cp heterocyelyl containing 1-3 heteroatoms, wherein the heterogyele is optionally
< o > S o

substituted with 1-3 halo.
in certain embodiments, ring A is pyridyl, optionally substituted as defined herein.

{6051}
In certain embodiments, compounds of formulas (1), (HI), (IHA), (II1B) and (HIC)

10052]

are provided, wherein
E
[CaVAV W)
) L\ CHO
) / — =
sﬁ,\\?’/
¢

4814-3854-0057 1
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is selected from the group consisting of?

i
}
4

NaVaCaVe mfin_n EAA A
,/k /CHO )\ CHO E CHO
L NI
Ny 7N ~ ~
«} B Ei E
! \/’;;;/\\ . // N \\:; o HN. B P
o ; \F
|
8] \\ 0
I
SN v"\;’{f\m"

_AGHO

I

N o N o 5
T \ / - -~ ”

CHO CHO
r// \\\ /,// ,—I"//‘&/
S 22N L\\ /,;,’\I

{00633}  In certain embodiments, compounds of formulas (1), (TH}, (1HA), (111B) and (JTIC)

are provided, wherein

4814-3884-0057 1 27



4814-3884-0087 1

WO 2014/150276

[6054]

{rom the group consisting of’

e
N NS
i | i
P2 -
e \\\\‘.//\\;/ Cl -~ §§“/A\f7
i i | : i
- '\‘\ = AN l\ //’j S,
S 0 ~7 O
P AU . N
T R & \J/ e
: i | i
N~ N
Y S
: !
O . O
™ > AN A

NN i
~ OH: - R
P
NN
O S
i N
; i
N PR S

e e \\/’/’\\\‘
N il
s 3 o
| i N~

P A 1
i :
,: :E[ O‘\
AN AN
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I certain embodiments, a compound is provided, wherein the compound selected
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i
X O\\/,/\ o N\b//’
O‘\v/\(;/ ~9; O and
9
3

or an N oxides thereof, or a pharmaceutically acceptable salt of each thereof.
{8055}

in certain embodiments, a compound is provided, wherein the compound selected
from the group consisting oft

i Ny
i '
/\\\\‘r/ ~ N N S ///J
S 4 L Q F\fi o
- ' ~ - <, \\' y
N \‘\\? G N 3
\\ i

vl
< ~ NN S
, i 7 7 9
N gt N
3 " N E Ei S
\T///LVQH AN \OH \v
cl y
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RN ~
N OMe N ™
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~. ~_ N
NTN—To 9 7 g
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NN N /i'\\
7 OH oM
R'H R‘M
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\} B | N ?\S :
7 \ N N
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g 9
N N \\\’// ~ s
N ~ O

or an N oxides thereof, or a pharmaceutically

[0036]

is selected from the group consisting of:

\«Q
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or a prodrug thereof, or a pharmaceuticlaly acceptable salt of each thereof. Other compounds

of this invention are filustrated in the Examples section.

{36837 In certain aspects of the invention, a compound of formula (I} is provided:

or @ tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
'0 - - . .
L7 is optionally substituted methylene or, preferably, a bond;
ring A is Ce-Crparyl, or a 5-10 membered heteroaryl, wherein the heteroatom is
selected from the group consisting of O, ™, §, and oxidized {forms of Nand §,
wherein each of the aryl, or heteroaryl is optionally substituted with 1-4 C-Cs

alkyl and/or C,-Cs alkoxy groups;

4814-3854-0057.1 .
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wherein ring B' including the -N-CO- moiety is
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S-6 membered heterocyele

containing up 1o 3 heteroatoms selected from nitrogen, oxygen, and sulfur and

oxidized forms of N and S, wherein cach of the heteroaryl and the heterocyele

optionally substituted with 1-4 C-Cg alkyl g

is

each X and Y is independently (CR“"&ZE)

preferably

aptionally substituted with 1-3 halo, OH, or Ci-Cs alkoxy, or (
provided that if one of X and Y is O, 8, 80, SOy, then the other is not CO,

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

ring C is Cg-Cigaryl or a 5-10 membered heteroaryl containing up to
heteroatoms, wherein the hetercatom is selected from the group consisting

(O, N, S. and oxidized Torms of N and 8, ¢ach of which is optionally

substituted with 1-4: halo, oxo, «ORE, C-Cy alkyl,

each R* and R*!

8, 80,80, or NR* ¢ is 1 te 4,

independently is hydrogen or C;-Cs alkyl

5 ring

CRPRY s C=0,

&

2 of

COOR’, NRRS,

® ' isa hydrogen, C)-Cg alkyl or a prodrug moiety; wherein the alkyl is optionally

substituted with a 5-10 membered heteroary! containing up to 5

G N, S

ring
hetercatoms, wherein the heteroatom is selected from the group consisting of

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

vith a 5-10 membered heteroaryl containing up to 5 ring hetercatons, wherein

the hele

atkyl;

eroatom is selecied from the ¢

group consisting of G, N, S

R”and R” are cach independently hvdrogen, optionally s

-COOR?

3. . . > o
R is hydrogen or optonally substituted Cy-Cy alkyl;

[P)
EaS

3, and oxidized
forms of M and 8, wherein the heteroaryl is optionally substituted with C-Cy

substituted C-Cy alkyl or
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f ;2. - ~ 7 3 152 “ . 24 .
V' and V7 independently are C-Cs alkoxy; or V! and V7 together with the carbon

atorm they are attached to form a ring of formula:

wherein each V? and V* are independently O, 8, or NH, provided that when one of &
and V* is S, the other is NH, and provided that V° and V' are both not NH; g is
1 or 2; each V7 is independently C-Cs alky! optionally substituted with 1-3
OH groups, or V7 is CO:R®, where each R® independently is C,-Cy alkyl or
hydrogen; tis 0, 1, 2, or 4; or CVIV? s C=V, wherein V is O, NORY, or
NNRYR*:

R¥ s optionally substituted C-Cy alkyl;

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

R* is hydrogen or optionatly substituted C-C alkyl; and

RMis optionally substituted C,-Cq alkyl;

with the proviso that when ring C 1s Ce-Cio aryl;

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

then ring A cxcludes optionally substituled 5-10 membered heteroaryl;
and provided that when ring C is C-Cyp aryh

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

then ring A 18 not optionally substituted 4-10 membered heterocycele.

je)
(%2
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[OB58]  In certamn aspects of the invention, a compornd of formula (1V) is provided:

\\ /.cv‘ V2H
‘ »

)

(V)
of a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
ring A is Cs-Ciparyl, or a 5-10 membered heteroaryl, wherein the hetercaiom is
selected from the group consisting of O, N, §, and oxidized forms of N and §,
wherein each of the aryl or heteroaryl is optionally substituted with 1-4 C-Cy

alkyi;
ring B is:

A e
//\ O

S |
1 LB
- ’
:37»-{” ";// ":'?'&;N\W "f’

[CAVAV A VAL O Nava¥a¥y

wherein ring B' including the -N-CO- moiety is a 5-6 membered heterocycle
containing up to 3 heteroatoms selected from mitrogen, oxygen, and sulfur and
oxidized forms of N and 8, wherein each of the heteroaryl and the heterocycle
is optionally substituted with 1-4 Ci-Cq alkyl groups:

gach X and Y is independently CR¥R, (0, 8, 8O, 8Oy or NR'; each R* and R™
independently is hydrogen or {-Cs alkyl optionally substituted with 1-3 halo,
OH, or C;-C alkoxy, or CR™R?! is C=0, provided that if one of X and Y is O,

8, RO, SO, then the other is not CO, and X and Y are both not heieroatoms or

fad
N
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ring Cis Ce-Cpparyl or a 5-10 membered heteroaryl containing vp to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of

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

substituted with 1-4: halo, oxo, ~OR', C1-Cg alkyl, -COOR®, NR°RS,

R'is a hydrogen, C-Cs alkyl or a prodrug moiety; wherein the slkvl is optionally
substituted with a 5-10 membered heteroary! containing up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisung of
O, N, 8, and oxidized forms of N and S, which is optionally substituted with
with a 5-10 membered heteroaryl containing up to 5 ring heteroatoms, wherein
the heteroatom 1s selected from the group consisting of O, N, 8, and oxidized
forrs of N and S, wherein the heteroary! is optionally substituted with C-Cy

alkyl;

R and R® are each independentty hydrogen, optionally substituted C;-Cy alkyl or
COOR™

R s hydrogen or optionally substituted C,-Cq alkyl;

LRV

2. . -1 N 3 72 M
V! and V¥ independently are {4-Cg alkoxy; or v!and V* tagether with the carbon
p o y? o

atom they are attached to form a ring of formula:

NN
{ P’ A

\Va
: /
Vi / -
v ‘%\ -
i

wherein each V° and V* are independently O, 5, or NH, provided that when cne of V !
and V¥ is §, the other is NH, and provided that V  and V* are both not NH; g is
1 or 2; each V° is independently C-Cs alky! optionally substituted with 1-3
OH groups, or V¥ is COLRY where each R% independently 1s C;-Cy alkyl or
hydrogen; tis 0, 1, 2, or 4; or CVIv?is C=V, wherein Vis O, NORSO, or
NNRY RY:

R s optionally substituted C;-Cy alkyl;

R and R* independently are selected from the group consisting of hydrogen,
optionally substituted C-Cy alkyl, CORY, or CORY;

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

R* is optionally substituted C;~C alkeyl,
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g

[8059] In certain embodiments, ring C is substituted with at least one substituent selected
from with 1-4: halo, -OR', C1-Cg alkyl, -<COOR®, NR'R®,

[8668]  In certain embodiments, X is Cliy, O, 5, 80, SOy or NH. In certain crnbodiments, X
is O, §, SO or SOy, Preferably, X is O, and wherein the remaining variables are defined
herein.

: o : e e pOnll A ~ B s ]
180611  In certain emmbodiments, Y is CRTR™, 4, 8, 80, 8O, or NR Y wherein each R*

21 - o . . o 20 21
and R independently is hydrogen or €1-Cs alkyl. In certain embodiments, ¥ is CR¥R?
wherein each R™ and RY independently is hydrogen or Ci-Cy alkyl. Preferably, ¥ is CHy,
and wherein the remaining variables are defined herein.

{0062] In cortain embodiments, tis 0. In certain embodiments, tis . In certan

embodiments, tis 2. In certain embodiments, 1is 3.

. - e rivrd - . - ' . <. .
{6063] Preferably, CV'V* s 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:

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

ring A is Ce-Ciparvl, or a 3-10 membered heteroaryl, wherein the heteroatom is
selected from the group consisting of O, I, 8, and oxidized forms of N and S,

wherein each of the aryl, or hetercaryl is optionally substituted with 1-4 C-Cq

alkyl and/or C,-Cs alkoxy groups;

ring B is:

(ad
o]
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wherein ring B’ inchuding the -IN-CG- moiety is a 3-6 membered heterocycle
containing up to 3 heteroatoms selected from nitrogen, oxygen, and solfur and
oxidized forms of N and 3, wherein each of the heteroaryl and the heterocycle

is optionally substituted with 1-4 C,-C; alkyl groups;

Xis (1, 8, SC or SO

ring C 1s Ce-Crparyl or a 5-10 membered heteroaryl 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 §, cach of which is optionally

substituted with 1-4: halo, oxo, ~-OR', C-Cy alkyl, -COOR®, NR'R®,

R' is a hydrogen, €-Cs alkyl or a prodrug moiety R; wherein the alkyl is optionally
substituted with 3 5-10 membered heteroaryl containing up to 5 ring
hieteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, §, and oxidized forms of N and 8, which is optionally substituted with
with a 3-10 membered heteroary! containing up to S ring heteroatoms, wherein
the hetercatom is selected from the group consisting of O, N, S, and oxidized
forms of N and §, wherein the hetercaryl is optionally substituted with {-Ceg
alkyl

R’ and R® are each independently hydrogen, optionally substituted C;-Cy alloyl or
-COOR’ ; and

R is hydrogen or optionally substituted C;-Cy alkyl.

3

In certain embodiments, a compound of formula (VI or (V1) is provided:
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or a tautomer thereof, or a pharmaceutically acceptable sall of each thereof, wherein

ring A 1s Co-Crgaryl, or a 5-10 membered heteroaryl, wherein the hetercatom is
selected from the group consisting of O, N, S, and oxidized forms of N and 5,
wherein each of the aryl, or hetercaryl 1s optionally substituted with 1-4 C-Cq
atkyls

ring B is Co-Choaryl, C5-Cx eveloalkyl, g 5-10 membered heteroaryl 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, §, and oxidized forms of N and S, whercin each of the aryl, heterocaryl,
cycloalky! or heterocycle is optionally substituted with 1-4: halo, C-Cg alkyl,
or C;-Cyg alkoxy, wherein the C-C,, alkyl is optionally substituted with 1-5
halo, C,-Cy alkoxy, and/or C5-Cyg cycloalleyl;

R is halo, oxo, -OR'®, €14 alkyl, C-Cg alkoxy, -COOR®, and/or NR'R”;

R*is hydrogen, subsitued C;-Ce alkyl, or a prodrug moicty R;

R* and R® are each independently hydrogen, opticnally substituted C-Cg alkyl or
-COOR’ ; and

R* is hydrogen, provided that the COOR? is not joined to a nitroges atom, or i

optionally substituted C;-Cy alkyl.

{3866 In one embodiment, RYis ~OH. In another embodiment, R™ is NH,. In one
. J o - . o4
embodiment, R 18 NH{CH;). In one embodiment, Bris N{CH:}. In one embodiment, R is

NHC(OYOC(CHa)s. In onc erabodiment, R is COOH. In one embodiment, R is optionally

4814-3854-0057.1 40
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. R . AN . g . . 3.
substituted dioxolan. In one embodiment, R” is a substituted pyridine. As used herein, R” is

hyvdrogen, provided that the COOR’ is not joined to a nitrogen atom.

[3867]  In certain embodiments, ring B is selected from the group consisting of:

N7 O O™ Oo
L SN bl U A ?
:)“1; o . 9 \// ; ;ﬁLN \// 2 N. -

w;vu or

[0868]  In certain embodiments, compounds of formula (V) are provided, wherein

18

/J\\\ SCHO
|

“~ o
T oy

NEVAVAVS

38691 In certain embodiments, a compound of formuta (IV) as disciosed above is

provided, with the proviso that:
when ring C is Cg-Cyp aryly
and ring B 1s optionally substituted 4-10 membered heterocyelyl;
then ring A exciudes optionally substituted 5-10 membered heteroaryl.

{078 In certain embodiments, a campound is provided, wherein the compound is selected

from the group consisting oft

4814-3854-0057 1 41
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or N oxides thereof, or & pharmaceutically acceptable salt of each thereof.
{90711 Compounds provided herein include those in the Examoples section.

Prodrug Moiety

{6872}  In one aspect, R is hydrogen, a phosphate or a diphosphate containing muoiety, 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 bioavatiability to the active motety
{where R is hydrogen), and more preferably is hydrolyzed in vivo, The promoieties are

structurally and functionally defined herein.

[0073]  Inone embodiments, R is ~COR™, CORY, or CONRPRY wherein

R¥ and R®! independently are C)-Cg atkyl, C3-Cy eycloalkyl, 4-9 membered heterocycele, or a
5-10 membered heteroaryl, each containing at least 1 basic nitrogen moiety; and

R*and R” independently are C,-Cy alkyl; C3-Cy cveloalkyl, 4-9 mersbered heterocyele, or a
5-10 membered heteroaryl, each containing at ieast | basic nitrogen moicty; or R™ and R”
together with the nifrogen atom they are bonded (o for a 4-9 meraber heterooycle substituted

with at feast 1 amnino, C-Cq alkyl aming, or & C)-Cy alkylamine group.

i1

[6674] In certain embodiments, R is ~C(OR, C{OIORY, or CON(R?Y,,

cach RV is independently a C-Cg alkyly Cs-Cy cvcloaliovl, 4-9 membered heterocyele,
or g 5-10 membered heteroaryl, containing at feast 1 basic nitrogen moicty; and

cach RY independently is O-Cy allovl; C3-Cy eyeloalkyl, 4-9 membered heterocyele,

or a 5-10 membered heteroaryl, containing at least 1 basic nitrogen moiety; or both R

4814-3854-0057 .1 43
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together with the nitrogen atom they are bonded to for a 4-9 member heterocyele substituted

with at least 1 amine, C-Cy alkyl amino, or di Cy-Cy alkylamine group.

[0875]  Inone aspect, R is CCOIOR™, C(B10R™, C(OISRY or COR™!, wherein R*' is ag

defined herein.

[8076] Inone embodiment, R'isa group of the formula (CRPRMNRMRY, wherein

cach R*% and R¥ is mdependently H, a Ci-Cy alkyl, Ci-Cy heterocyelyl, $3-Cy
cycloalkvl, Co-Cog aryl, C3-Co heteroaryl or R*? and RY together with the carbon atom they
are bond to form a C3-Cy eycloalkyvl, Ce-Cip arvl, Cs-Co heterocyelyl or C5-Cs heteroaryl ring
system, or 2 adjacent R** moieties or 2 adjacent R”Y moietics together with the carbon atom

they are bond to form a U5-Cy evcloalkyi, Cg-Cg aryl, C3-Cs heterocyelyl or C3-Cy heteroaryl

ring systent,

34 35 . - . . omd oy p3s
each R and R™ is a C -3 alkyl, C3-Cy heterocyelyl, Ci-Cy cveloalkyl, or R™ and R

together with the nitrogen atom they are bond to form a Cs-Cy cycloalkyl or C5-Co

=
¢’
—
]
]
[¢]
L%
[¢]

Ry
=
=}

ing system;

¥

each heterocyclic and heteroaryl ring system is optionally substituted with C-C4
alkyl, -OH, amino and carboxyl groups; and

e 1s an integer of from 1 to 4.
oo . o s 34 - 35 N
[8677] Insome less preferred embodiments R™ and R can be hydrogen.

[6078] In one embodiment, the subscript e is preferably 2 and each R and R7 is
o . ; . ; Ty . . 32
preferably independently selected from the group, H, CHj, and a member in which R7” and
13 . ~ .
R are joined together to form a cyclopropyl, cyclobutyl, cyclopentyi, cyclohexyl, or

1,1-dioxo-hexahydro-1AS-thiopyran-4-y1 or tetrabydropyran-4-yl group.
: P Y yarop yigrouy

[6679] With regard (o the prodrug group, preferred embodiments are compounds wherein

NRYRY s morpholino.

[B088] Inone embodiment, R is:

4814-3854-0087. 44
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0 iz s O
N
- 0
32 R

wherein
32 €333 2 e SLY o, S PR SIS | S ok et i
each R™ and R™ is independently H, C,-Cy alkyl, or optionally. if both present on the
sarne substituent, may be joined together to form a Ci-Cy cycloalkyl, Ce-C g aryl, C4-Co

heterocyely! or U3-Cs heteroaryl ring system.

o s . . : 32 334 - e
{0081]  Within this embodiment, each R™ and R™ is independently, H, CHs, or are joined
together to form a cyclopropyl, cvclopbutyl, cyclopentyl, cyelohexyl, 1,1-dioxo~ hexahydro-

i}f’nthiﬁpyrannéinyi or tetrahydropyran-4-vl group.

{00821  In a preferred embodiment, linkage of the prodrug moiety to the rest of the actve
molecule 13 stable enough so that the seram half life of the prodrug is from about 8 to about

24 hours.

{0683} In an embodiment of the invention, the prodrug molety comprises a tertiary amine
having a pla near the physiological pH of 7.5, Any amines having a pKa within T unitof 7.5
are suitable alternatives amines for this purpose. The amine may be provided by the amine of
a morpholino group. This pKa range of 6.5 to 8.5 allows for significant concentrations of the
basic neutral amine to be present in the mildly allaline 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 s cleaved by

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

[0884] Examples of R include, withour limitation:

Y Y O
; 9 | 9«7 |
|

S e G
. R A o

\ Pa
M b

4814-3884-0057.1 45
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{0001} In another embodiment, R is as tabulated below:

R. n R54 RJS NR}.‘?R}.S

CONCHmNRPRY 11 Me Me
C{ONCH)RNRR” |2 Me Me
CIOYCHNRIMRT 13 Me Me
HOCH)LNRYR® 14 Me Me

C{O)CHNRTR® 11 AN

- f) N o

N

C{ONCH)NRYR”

)

CONCH)mNRITRP

Lo
j

5 r
- N O
PN
CONCHDWNR'R® 4 7N
SN P
NN
CIOYO{CH, ), NRRY 12 Me Me
C{OO{CHNRYRY |3 Me Me
C{OYD{CH),NRTRY | 4 Me Me
CIOYO{CHNRT RS | 2 TN
—-C N O
)
COYO(CH) NRIR | 3 VAN
gN 0
| Nt
C{OIO(CH I NR¥R™ 14 TN
»E«N /C:-
N/

PIO}OH)

an N oxide thereof, or a pharmaceutically acceplable salt of cach thereof.

I0085] In another aspect, R is,

4814388400587 1 47
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CO,H COpH
?35 ?35 0
M LCO,H N /Ej\
H N7 S Ny g‘/\\cozﬁ
& R 5
\ \
j | $ |
]
AN A5
COH Tazﬁ
N CO.H .
N ~7 or HyN , N/\CQQH
z : H
o 3 o X
\ \
O G
P PE
O 5;{ ™~ 0/))\5” ™~
wherein

R is lower alkyl {e.g. Ci-Cs alkeyl).

{0886] [n yet another aspect, R is:

O

y“i
%17 TSx2

wherein X', Y and X* are as defined herein.

{B087] In one embodiment. X' is selected from the group consisting of O, § and NR”

wherein R is hydrogen or C;-Cy alkyl;

4814-3354-0057 1 4%
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Y' is -C(R™), or a sugar molety, wherein each R is independently hydrogen or
Ci-Cs atkyl, C3-Cy oyeloalkyl, C3-Cy heterocyelyl, Co-Cog aryl, or C3-Cy heteroaryl;

X is selected from the group consisting of halogen, Ci-Cq alkoxy, diacviglveerol,
amino, C;-Cs alkylamino, C-Cs dialkylamine, C1-Cy alkylthio, a PEG molety, a bile acid
moiety, a sugar modety, an amine acid motety, a di-or tri-peptide, 8 PEG carboxylic acid, and
~1-V wherein

UisOorb;and

V is selected {rom the group consisting of Cy-Cy alkyl, C5-Cy eycloalkyl, C5-Co

28]

heterocyelyl, Cg-Cig aryl, C3-Cy heteroaryl, C(Wz )Xi PO X3>2, and S0, X7
wherein W= is O or NR*
wherein R is hvdrogen or Ci-Cy atkyl, C3-Cy eycloaliyl, C5-Co hetroeyelyl, Cs-Crg
arvi, or C3-Co heteroaryl; and

3. . s . . e .
each X7 is independently amino, hydroxyl, mercapto, C;-Cyq alkyl, heteroalkyl,

1

cycloalkyl, hetrocyelyl, aryl, or heteroaryl, C,-Cy alkoxy. C-Cs alkylamino. C-Cy
diatkylamino, C-Cy alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG moiety,
and -O-CH,-CHOR™WCH.X'RY,

wherein;

X* is selected from the group consisting of Q, 8, 8=0, and $O;; and

each R'% s independently Cio-Ca alkyl, C3-Cy cycloalkyl, C5-Cs heterocycelyl, Co-Cro

aryl, or C3-Cs heteroaryl, C-Cy alkylene, or C-Cq heteroalkylene.

[0088] Fach heterocyelic and heteroaryi ring system is optionally substituted with (-Cs

alkyl, -OH, amino and carboxyl groups.

[0089] Tn one embodiment, the present invention utilizes the following Y groups: CHa,

CHMe, CH(isopropyly, CH(tertiaryvbutyl), C(Me),, C(EL,, C{isopropyly, and Clpropyli.

- . L. . I’ o1 . >2
[0096]  In another embodiment, the present invention utilizes the following X” groups:

4514-3854-0087 1 49
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-OMe, -OEt, -O-isopropyl, O-isobutyl, O~tertiarybutyl, -O-COMe,
-O-C(=0Xisopropyl), -O-C=0isobutyl), -O-C(=0)(tertiarybutyl), -O-C(=0}-NMe,,
S0-C(=0)-NHMe, -0-C(=0)-NH;, -0-C{=0}N(H)-CHR"Y-CO.E wherein R is a side
chain Cy-Cs alkyl, or Cs-Cy heterocyelyl group selected from the side chain groups present in
essential amino acids; -O-P(=0Q)}OMe),, -O-P(=0)O-isopropyl)s, and ~O-PEOHO-
iscbutylh. Each heterocyclic is optionally sabstituted with one or more, preferably, 1.3, Uy~

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

{6091} Inanother embodiment, In one emnbodiment, R is;

R42

2 /x3
-~ {'2‘ O
wherein
® s independently C-Cg alkyl, C3-Cg cycloalkyvl, Ci-Cy heterocyelyl, Cp-Cog aryl, or
C3-Cy heteroaryl; and
R¥ is independently hydrogen or Ci-Cs alkyl, C5-Cg cycloalkyl, C3-Cy heterocyelyl,

Co-Cro aryl, or C3-Cy heteroaryl.

[0092] Each heterocyclic is optionally substituted with one or more, preferably, 1-3, C-Cy

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

[3693{ In one embodiment, R is:
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3. . . « N ¥ ~ 0 ~ \
each X7 is independently amino, hydroxyl, mercapto, €)-Cy alleyl, C3-Cy eycloalkyl,

C3-Cy heterocyelyl, Co-Chp aryh, or C-Cy heteroaryl, C-Cy alkoxy, Cy-Cq alkylamino, C;-Cq

dialkylamino, Ci-Cy alkylthio, a bile acid based alkoxy group, a sugar moiety, a PEG moiety,

and -O-CH,-CHOR CH, X R,

wherein:

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

cach R* is independently Cio-Cyp altkyl, C3-Cy cycloalkyl, C5-Cq heterocyelyl, Co-Chg

aryl, C3-Cy heteroaryl, C;-Cy alkylene, or Ci-Cy heteroalkvlene; and

42 2 . i 1 ~ H 1 ! ~ - ~
R* is independently hvdrogen or €,-C, alliyl, Ci-Cy eyeloalkyl, C4-Cy heterocyelyl,

Cs-Cip aryl, or Cy-Co heteroaryl.

{0394]  In some embodiments, rM s independently hvdrogen or C-Cy alkyl, C5-C

cycloatkyl, Ci-Co heterocyelyl, Ce-Chy aryl, or C5-Co hetercarvl; and each X independently is

Ci-Cs alkyl, C3-Cy eyeloalkyl, C3-Co heterocyelyl, Ce-Chp aryl, or C5-Cs heternaryl, €Oy

atkoxy, C,-Cy alkylamine, Ci-C; dialkylamino, or Ci-Cy alkylthio.

{8095]  In some embodiments, R is represented by the following structures:

4814-3854-0057 1
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. ) S ; 4 1y e
wherein, in the above examples, R™ is Cip-Cyz alky! or alkylene, R™ is H or C-(

5 . . , . .
alkyl and R" represents side chain atkyl groups present in naturally cccurring alpha amino
acids;

G
O
R46 /N Hs
™~ a7
o’ o R
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. o 47 v .
wherein R* is (CH,),, £52-4, and CO-R*-NH, represents an amineacyl group; or

O /ﬂ\\
}QL\Q/ R,@.,

wherein R is {CHsy),, n=2-4, RY s (Cthy,, n=1-3 and RY {5 O or NMe.

R&Q

(84961 In one embodiment, R is:

3 14

N o /\/P

[0097] In one aspect, R is -CRZRIDORRPIOIOR™NRIPRY®, wherein each R™
RPURM R R R and R* is independently H, a C-Cy alkyl, C5-Co heterocyelyl, Cs-
Cy eyveloalkyl, Co-Chg arvi, €4-Cy heteroaryl, wherein each alkvl, heterocyeiyl, cyeloalkyl,

arvl, and heteroaryl is optionally substituted.

{6098]  In some embodiments, R is ~CH(R m)()LHzP{@)ORZ(' WHE, wherein rR¥ 45 Ci-

p 204 . . B . B P . 206 - Q7 o~ ey Ty 208

Cgalkyl, R Mis phenvi, optionally substituted. In one embodiment,R? is .CHR? C{CHOR
0T e ‘-

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

chains and ~CO-H esters thereof and R*% {5 C-C; aikyl. In one embodiment, R8s 00-Ch

alkyl, optionally sushtitued with 1-3, CO:H, SH, NH,, Cy-Cig aryl, and Cp-Cyy heteroaryl.

{68981  In one embodiment, R is:

18168} In one embodiment, Ris:

4814-3854-0057 1 54
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O
L Y‘g PEG &
/ H
r=0to 12 . or

TS R 1 . 038 . . ; .
wherein Y is -C(R*®),, wherein each R™® is independently hydrogen or Cy-Cy alkyl,

C;-Cg eycloatkyl, C3-Cy heteroeyelyl, Cg-Cyy aryl, or C5-Co heteroaryl,

{101]  Various polyethylene glycol {PEG) moieties and synthetic methods refated to them
that can be used or adapted to make compounds of the invention are described in U8, Patent
Nos. 6,608,076 6,395,266, 6,194,580; 6,153,655, 6,127,353, 6,1 11,107; 5,965,566,

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

{102]  In one embodiment, R is

&

wherein
R is -OH or hydrogen;

R is ~OH, or hydrogen;

4514-3854-0057 4
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W is- CH(CH)W'
wherein W' is a substituted C,-Cy alkyl group containing a moiety which is optionally
negatively charged at physiological pH,
said moiety is selected from the group consisting of COH, SOsH, SOH,
SPEOYORHOH), -OP(ONOR(OH), and OSO5H,

wherein R* is Cy-Cg aikyl, C4-Cs eycloalkyl, C-Cy heterocyelyl, Co-Cop aryl, or Cs-
Cg heteroaryl.

{0183} Each heterocyclic and heteroaryl ring system is optionally substituted with one or
maore, preterably 1-3, C;-Cy alkyl, -OH, amino and/or carboxy! groups.

{0184]  In one embodiment, R is:

OH
[ \ o ”\E/ T
P /«\\ N ,/\/ ¢} Re b (
J\ ‘E/U\ v AN PN /J\\// e
% - A, “¢ ’
Y AN Py 2

RSS
o / o
\ 5 R = N A j
QH \,/\ Ji /) o) H i ,,’ Q-/'\\ i
| / /‘k A j <N ‘“\\ o
- - i ¥
A L P o
! E > a""\;\ el N - \\ /‘/A\~‘/{
//\\?//E\\ S s T
f i ' A
i | PN
} § - OH
///\\\// \\J iy HO

18103} In another aspect, R is SOsH.
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[8166] Ip another aspect, R compriscs a cleavable linker, wherein the term “cleavable
Hinker” refers to a linker which has a short hal{ life in vivo. The breakdown of the linker 7 in
a compound releases or generates the active compound. In one embodiment, the cleavable
inker has a half life of less than ten hours. [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 fifleen 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 8 or O. In one embodiment, the cleavable Hinker has at feast one C*-
CEOHYO-CY connection. In one embodiment, the cleavable linker has at least one C*
C=0)5-CF connection. In one embodiment, the cleavable linker has at least one -C{=0)N*-
C*-80,-N*-connection, wherein N* is -NH- or C,-Cg alkvlamine. In one embodiment, the

teavable linker is hvdrolyzed by an esterase enzyme.

{6107]  In one embodiment, the linker is a self-immolating linker, such as that disclosed in
1S, patent publication 2002/0147138, to Firestone; PCT Appl. No, US05/08161 and PCT
Pub. Mo, 2004/087075. In another embodiment, the linker is a substrate for enzymes. See

generally Rooseboom et al., 2004, Pharmacol. Rev, 36:33-102.

o

Pharmacentical Compeosifions

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

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

8109} In another aspect, this invention provides a composition comprising any of the
i p g

compounds described herein, and a pharmaceutically acceptable excipient.

[8118]  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, hngual, intramuscular, intraperitoneal, intracutaneous, intracramial, and
suboutaneous routes. Suitable dosage forms for administering any of the compounds
described herein include tablets, capsules, pills, powders, aerosols, suppositories, parenterals,
and oral hiquids, including suspensions, solutions and emulsions. Sustained release dosage
forms may also be used, for example, in a transdermal patch form. All dosage forms may be
prepared using methods that are standard in the art {see e g., Remington’s Pharmaceutical

Sciences, [6th ed., A. Osloe editor, Easton Pa. 19803,

4514-3854-00867 1 57
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{6111} Pharmaceutically acceptable excipicnts are non-toxic, aid administration, and do not
adversely affect the therapeutic benefit of the compound of this invention. Such excipients
may be any solid, liqud, seri-solid or, in the case of an aerosol composition, gaseous
exvipient 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 conjunciion with any of the
vehicles and excipients commonly empliovyed in pharmaceutical preparations, e. g, tale, gum
arabie, lactose, starch, magnesium stearate, cocoa butter, aquecus or non-aqueous solvents,
oils, parafiin derivatives, glycols, etc. Coloring and flavoring agents may also be added to
preparations, particulatly to those for oral administration. Selutions can be prepared using
water or physiologically compatible organic solvents such as ethanol, 1,2-propylene glycol,
polvalyeols, dimethylsulfoxide, tatty alcchols, triglyeerides, partial esters of glycerin and the

like,

{3113} Solid pharmaceutical excipients include starch, cellulose, hydroxypropyl celtulose,

tale, glucose, lactose, sucrose, gelatin, mali, rice, flour, chalk, silica gel, magnesium stearate,

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

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

ethanol and various oils, including those of petroleum, animal, vegetable or synthetic origin,
., peanut oil, soybean oil, mineral oil, sesame oil, etc. In certain embodiments, the

cmnpc-sitions provided herein comprises one or more of a~tocopherc!, gurn arabic, and/or

hydroxypropy! cellulose.

[6134] 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

Y T i N . 3 3 v 1 v - > . T, b JNET ARG Sy B

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

1

embodiment, the hydroxypropyi celluiose has an average MW of from 5,000 1o 56,000,

{0115] Compounds and pharmaceutical compositions of this invention mayhe 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

I
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manifest in the patient at the same time. Thus, co-administration does not require that a
single pharmaceutical composition, the same dosage form, or even the same route of
administration be used for administration of both the compound of this invention and the
other agent or that the two agents be administered at precisely the same time. However, co-
adminisiration will be accorplished most conveniently by the same dosage form and the
same route of adminisiration, at substantially the same time, OUbviously, 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

{0116] Inaspects of the invention, a method is provided for increasing tiss
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.

{3117}  Inaspects of the invention, a method is provided for increasing oxygen atfinity of
bemoglobin 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.

i8118) Inaspects of the invention, a method is provided for treating a condition
associated with oxygen deficiency, the method comprising administering io a subject in
necd thereof a therapeutically effective amount of any of the compounds or

compositions described herein.

[6119] In further aspects of the tnvention, a method s provided for treating oxygen
deficiency associated with sickle cell anemia, the method comprising administering to a
subject in need thereof a therapeutically effective umount of any of the compounds or

compositions described herein.

[0128)  In further aspects of the mvention, a method is provided for treating sickle cell
disease, the method comprising administering 1o a subject in need thercof a therapeutically

"\r SrmoInt
\DC Ve A

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 discase, acule

respiratory disease syndrome, and a wound, the method comprising adiministering 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.

Svnthetic Methods

9123} 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
skitled 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,
ete. T needed to speed up the reaction, the reaction mixture can be heated, as is well known
to the skilled artisan. The final and the intermediate compounds are purified, if necessary, by

various art known methods such as crystallization, precipitation, column chromatography,

and the likes, as will be apparent to the skilied artisan upon reading this disclosure.

[3122]  Anillustrative and non-limiting racthod for synthesizing a compound of formula (1,

is schematically shown below.

D
In the {ollowing Schemes, ~--", *~-" ang - yefer to rings A, B and € as described

herein;

A% and BY are independently NR'™, 0, 8, $(O)x, NBaC, CHy, CHRY, C(RY,
provided that when both A% and B® are present in a ring, both are not CH,, CHR'™, C(rR™y,,

14,
1B

and that when only 1 A% or B is present in a ring the A% or B is not CHy, CHRY, C(R

R s C1-Cy alkyl, COR' or COORY; wherein R is optionaily substituted C-Cy
allyl, optionally substituied Ce-C g arvl, optionally sabstituted 5-10 membered hetercaryl
containing up to 5 ring heteroatoras, or optionally substituted 4-10 membered heterocycle

com‘aining up to 5 ring heteroatoms, wherein the heteroatom is selected frov the group

COns gof O, N, 5, and oxidized forms of N and 5;

. S . . .~ ~

X, and X each represents a leaving group and are independently selected from Cl, Br,
and L.

e represents CR, N, O, S{Ox ; wheretnx is 0, 1, 0v 2

R is Cf-Cg alkyl;

y? represents a leaving group selected from CL T, Br, L O80:RY and OSO»AT;
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Ar is phenyl optionally subsiituted with [-3 halo and/or C1-Cy alkyl;
n1s 0, 1, or2; and

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

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

General Synthetic Schemes

Scheme 1
B
!,-.V/*’ v
\ A,i
) OH
1 T Method A
\\\\M\itsur‘:obu Yy
e Ty
— ‘Al L
“ T Re)
Method G &D ,?\
‘1 N /»’ ‘\ C "‘
N /f/ T
///
e
33 o 3b e da o 4
/////
//
///'
/// .
L Alkylation
///
7 Method B
' 3
!’\,;\'Y/ L
o X

{0123] General method A (Scheme 1) for preparing arvioxy/hetercarylether analogs
{42/4b) from substituted methylenec alechol (1} and hydroxyl (hetero)aryl aldehyde
derivatives (3a/3b). A hvdroxyl (heterojaryialdehyde derivatives (3a/3b) (0.1-2 mmol}
mixture with substituted methylene alcohol (1) (0.8 to 1.2eqg) and PPhs (1-1.5eq) in
anhydrous THIE (1-10mL) was stirred under nitrogen until complete dissolution. The solution
was cooled to 0 °C on ice bath and DIAD or DEAD (1.1 eq) in THF or toluene was added
dropwise over a 1-20 min period. The ice cooling bath was allowed to expire over 90 min and
the mixture was stired ai RT for 2-48 hours. The mixture was stirred for 10 min, then filtered
through a pad of silica. The silica was washed with cthy! acetate 2-20mi.. 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 arylexy/heteroarviether analogs
{4a/4b) from substituted methylene halide (2) and hydroxyl (hetero)aryl aldehyde
derivatives (3a/3b). A mixture of hydroxyl (hetero)arylaldehyde derivatives (3a/3b) (0.1-2
mmol, 1-4 eq.), substituted methylene chloride or bromide (2) {leq), and KoCO5 (2-5 eq)
{catalytic amount of Nal or BusNI 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 subjecled (o preparative HPLC or flash silica gel chromatography
purification. In workup B {for products that did not precipitate), diluted HCI or aqueous
NH.Cl 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 laver
separated, dried, and solvent removed under vacuum to afford crade product which was
purified by automated silica gel column chromatography using appropriate solvents mixtore

{e.g., cthyl acetaie/hexanes).

[25]  General method O for preparing substitoted methylene chloride (2a). Toa
solution of substituted methylene aleohol (1) (0.1 t0 2 mymol) in DM (1-10 m1) was added
SOCH; dropwise (Zeq to Seq ) at 8 °C or RT. The reaction mixture was stirred at RT for
10min 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 concenirated to dryness. The process was repeated three times and dried under
vacuum o give the substituted methyiene chloride (2}, usually as an off-white solid, which
was used for next step without further purification. Alternatively, a solution of aguecus IN
Na;C0; s then added to produce a solution of pH~ &, the muixture was extracted with DCM
x10-50mL), dried over sodium sulfate, and concentrated to the crude substituted methylene
chloride (2a), which is then purified by column chromatography on silica gel (3-100% ethyl

acetate-hexanes).

18126] Geoneral method D for preparing substituted methylene bromide 2b). Toa
solution of substituted methylene aleohol (1) (0.1 10 2 mmol) in DCM (1-10 mL) was added
PhsP Bry, dropwise {2eq to Seq yat 0 °C or RT. The reaction mixture was stirred at RT for 10
min to 2 b, or unidil reaction 18 judged complete (LU/MB). The reaction mixture is
coneentrated to dryness over a rotavap. The residue purified by column chromatography on

silica gel ((~100% ethyl acetate-hexanes) (o afford the pure bromide 2b.
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10127 General method E (Scheme 2) for preparing heteroeyclic methylene derivatives
9, §8, 12 and 13, Condensation of heterocyelic ketone analog 8§ with chlorformate or diatkyl
carbonate gives (hetero)eyelic beta-ketone ester 6 (Step 1). The ketone ester 6 is converted to
the triflate intermediate 7 by treating with a triflating 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 attords heterocyclohexene carboxylate ¥ (Step 3). Subsequent
reduction of the ester group by LAH or DIBAL gives the corresponding alechol 9-OH (Step
4). Further reaction of the alcohol 9-OH with thiony] chloride, PhyPBry (or CBry-PhiP or
PBry), or alkyVary! sufonyl chioride produces the corresponding 18-X chioride, bromide or
sulfonate (Step 5).

{0128]  Altersatively, the double bondd of heterocycichexene carboxylaie ¥ 1s reduced to
give the cis-heterocyclohexane 11-¢ls carboxylate under palladiam catalyzed hydrogenation
conditions (Step 6). Reduction of the ester group of $1-¢is by LAH or DIBAL vicids cis-

alcohol 12-OH-cis (Step 8). Conversion of the alcobol 12-0H-eis to ts chloride, bromide or

4814-3854-0067 1 I
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sulfonate {such as mesylate, tosylate) 13-X-cis can be achicved by reacting with thionyl
chloride, or PhiPBry, or sufonyl chloride (such as mesyl chioride or tosyl chloride)} (Step 9).
The cis-cyclohexane carboxylate 11-¢is can also be isomerized 1o the thermodynamically
more stable trans-isomer 1i-trans by the treatment with an alcoholic alkoride {(e.g., cthoxide)
solution. Analogously, transformation of 1i-frans ester to 12-tramns 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
_a . Method A . Method B Al
. '~._\?/ 3z or b o *\\Y./' 3aordb r»\vx
OH b RSN X
-~ OH o] LA
Nout I . -
N o) Lol
8.0H v s
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12-OHtrans 13-X-cis
13-X-trans
B el
R R
B A‘ i\ : A\E ‘[
) o 7 S

-
(2]

(#1291 Coupling of the (heterojeyelic methyvlene derivatives 9, 18, 12 and 13 with hydroxyl
(heterojarylaldehyde derivatives (3a/3b) {(Scheme 3} by general method A or B affords the

corresponding aryloxyv/heteroarylether analogs (4¢ and 4d).

[6136]  Similarly, N-linked heterocyclic analogs (compound 8, Scheme 4) can also be

synthesized from amination procedures developed by Buchwald and Hartwig,
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[8131] 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 aleohol group in the presence of an inert base, such as trieihy‘a aming, 1o
provide the ester prodrug. Activating conditions for the carboxylic acid include forming the
acid chioride using oxalyl chiloride or thionyl chioride in an aprotic solvent, optionally with a
catalytic amount of dimethy! formamide, followed by evaporation. Examples of aprotic
solvents, include, but are not limited to methylene chioride, tetrahvdrofuran, and the like.
Alternatively, activations can be performed in situ by using reagents such as BOP
{(benzotriazol-i-yloxyris(dimethylamino) phﬁsphf.n‘aium hexafluoroiphosphate, and the like
{see Nagy et al., 1993, Proc. Natl, Acad. Sci, USA 90:6373-6376) followed by reaction with
the free alcohol. Isolation of the cster products can be affected by extraction with an organic
solvent, such as ethyl acetate or methylene chloride, against a mildly acidic aqueous solution;
followed by base treatment of the acidic aqueous phase so as to render it basic; followed by
extraction with an organic solvent, for exampie 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 HCI or acetic acid to provide a
pharmaceutically acceptable salt thereof. Alternatively the crude reaction can be passed over
an ton exchange column bearing sulfonic acid groups in the protonated form, washed with

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

(3132} Suitable free acids bearing the tertiary amine are conunercially available, such as 2-

(N-morpholino}-propionic acid, NN~ dimethyl-beta-alanine, and the like, Non- corumercial

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

(8133} Carbonate and carbamate prodrugs can be prepared in an analogous way. For
example, aming alcchols and diamines can be activated using activating agents such as
phosgene or carbonyl dilmidazole, to provide an activated carbonates, which in turn can react
with the alcohol and/or the phenolic hydroxy group on the compounds utilized herein to

provide carbonate and carbamate prodrugs

{1134]  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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Scheme S below provides a method of synthesizing an acyloxymethy! version of a

{03135}
prodrug by adapting a method from the reference Sobolev et al,, 2002, 1. Org. Chem. 67:401-

410,
Scheme §

R51

OH

\!\J’EW-%-C;

O
o O
. P o \v/

wherein R™ is €-Cg alkyl,
Scheme 6 below provides a method for synthesizing a phosphonooxymethy! version
7 : .

{§136]
of a prodrug by adapting a method from Mantyla et al., 2004, J. Med. Chern. 47:188-193

Scheme 6
NaH, BDMF
wy, K3 / telrabutylammonivm bromide Nal, THF . o
AN O\P{i S ( o " ey O\\/Q\p‘ff
t Ot s vuwe - ~o
o {:\' o L t l OFt
\ D A g OEt
/L P o fom
[ ; SI7 0 g

Scheme 7 below provides a method of synthesizing an alicyloxymethyl version of a

[0137]
prodrug
Scheme 7
OH . g O
82 K,00,, DMF )
Ahar CiAG’/ e - \/ ~ \Rsz
\Ng\i‘%.f‘

: 2 Bl 5 - T ~ 4 . t 1 Pl
wherein R>? is Cy-Ug alkyl, Cs-Cy eycloalkyvl, C3-Co heterocyelvl, Co-Cig arvl, or Cs-

(o hetercaryl,

66
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Scheme B
OH
. Step 4 //L\\\ -CHO Xé: /A\A
™ X {?Aﬂ N i
) ) \T A 18 N R( N~ r
Mo (D) Step 1 N_ | ly ~R, E
Ry - Ry - No NS
A FhsP LI
07 OR “OH DIAD ,”\T’ “H
. /14a (RsH) ~ 15a {R=M) SN
Step 2 | R
PCN4h (Realkyl) SO 3( 15b (R=alkyl) 17

> 15¢ {R=AriHetercAr)

[6138] Compounds of structure 17 can be synthesized via general synthetic scheme 8.
Reduction of carboxylic acid derivative 14 gives hydmoymethyl analog, which can be
M-derivativtized at via copper-mediated MN-arylation reaction (Cul, Ar-L, base such as
N, N-dimethylethylenediamine and potassium phosphate, heat) to give key hydroxymethyl
intermediate 15. Coupling of 15 with phenel 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
aleohol 13: To a suspension of carboxylic acid 14(1-10mmoi}y in MeOH or EtOH (2-10 mL}
at [ °C was added SOC (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 NaBH; (1-4eq) at § °C, the mixture was warmed up 1o room temperature and stirred
for additional 1-24 h. The mixture was quenched with Sat. NHCl, filtered off the insolubles
and the filtratc was concenirated to give crude product, which was purified by flash silica gel
chromatography to give the corresponding hydroxymethylene compound 15,
10148] General method step 2 — N-alkylation {14a to 14b): The carboxylate 1da (F,=H)
can be tirst alkylated and then reduced to give N-alkyl hydroxymethylene analog 14b
{Ry=alkyl}, In a typical procedure, the carboxylate 14a (1-10mmol) is first dissolved in DMF
{2-20 mL}: to this was then added a base such as NaH or CsyCO; {1-1.2¢q), followed by the

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

wemperature of heat at 40 10 115 °C for 8.5 10 24 h. In workup A, water was added o the
reaction mixture, the precipitated product was coliected, 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 HCI or aquesus NH,Cl 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 chioride and the organic layer separated, dried, and
solvent removed under vacuum to afford crude product which was purified by automated
silica gel column chromatography, reaction appropriate solvenis mixture (c.g., cthyl

acetate/hexanes).

{8141} General method step 3 — Copper-mediated N-arylation from {5a to 15¢: For

_—

cychic amines {X=H, H}, to a solution of hydroxymethylens compound 15a (1-10 mmol) and
arvl/hetero iodide (1-1.5eq) in iPrOH {0.5-10 mL) was added ethylene diol {1.3eq) and Cul
(6. 7mol%;), followed by KiPO4 {1.3eq), then it was degassed and heated at 88 °C for 6-24 h.
Ahernatively, for lactams (X=0), to a solution of hydroxymethylene compound 13a (1-

ommel) and aryl/hetero jodide {1-1.5¢q) in Dioxane (2-20 mL) was added Cul (0.17eq),
NN-dimethylethylenediamine (0.17eq), K3P0O4 (1.72q), then it was degassed and heated at
100 °C for 6-48 h.

[0142]  Workup for both procedures: the reaction oixture was cooled to room temperature

./~

the mixiure was diluted with EtOAc and water, organic laver was separated and the aqueous
taver was extracted with EtOAc, organic layer was combined, washed with brine, dried and
coneentrated to give crude product, which was purified by flash silica gel chromatography to
give N-aryl/heteroaryl compound 15¢.

10143] General method C —Mitsunobu conditions A hydroxyl (hetero)arylaldehyde

-

derivatives (17) (0.1-2 mmeol) mixture with substituted methylene alcohol (163 (0.8 10 1.2eq)
and {polymer-supported) PPhsy {1-1.52q) in anhydrous THF (1-106mL s stirred under
nifrogen untll complete dissohstion. The solution was cooled to & “’C on ice bath and DIAD or
DEAD (1.1 eq) in THF or toluene was added dropwise over a 1-20 min peried. 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 tiltered 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 residuc was purified by preparative HPLOC or flash silica gel chromatography.,
5 b & Iy
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Scheme 9
A Step 1 AT
) suzd M ,/;,]
S = Ry Y e Mistunohu
| { ~— S
SO “On T Step 3 i
1 2 OH \\_‘\\ R N {//')
s, CHO e L
X = halide, OFs Step 2 PAT 4 o 0
R1 = Aryithetsroanyl \v’r\;? e /;5[\,/”\
Y= haiide, OTs, OMs e {’ yooH
XY e Step 4 S0
i H //”— ) Z
. " Alkyiation 5
R !/ \];/
30Y

[#§44] General method step 1 (Scheme 9} for preparing substituted methylene alcohal
(2) by Suzuki coupling reaction. To a solution of {2-chloropyridin-3-ylimethancl or (2-
bromopyridin-3-vDmethanol (1-100mmel) and appreciate bronic 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)Cl; (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

colurnn chromatography.

16148] General method step 2 (Scheme 9) for preparing substitnted methylene
chioride (3a). To a solution of substituted methylene aleoho!l (2) (6.1 1o 2 mmol) in BDCM
(1-10 mL) was added SOCI; dropwise {2eq to Seq ) at 0 °C or rt. The reaction mixture was
stirred at 1t for 10min to 6 h, or until reaction is judged complete (LU/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 (3a), usually as an off-whiic
solid, which was used for next step without further purification. Alternatively, a solution of
aqueous 1N NayCO; s then added to produce a solution of pH~ 8. the mixture was exiracted
with DOM (3 x10-50mL), dried over sodivm sulfate, and concentrated to the crude
substituted methylene chloride (3a), which is then purified by column chromatoegrapby on

stlica gel {0-100% ethyl acetate-hexanes).

{0146] General method 2 (Scheme 9) for preparing sabstituted methylene bromide
(3b). To asolution of substituted methylene alcohol (23 (0.1 to 2 munol) in DCM {116 mL)

was added PhyF Bry dropwise (2eq to Seq } at 0 “C or tt. The reaction mixture was stirred at

4314-3854-Q087.1 e



WO 2014/150276 PCT/US2014/022789

Atty. Dkt No.: 1045920210

1t for 10 min to 2 h, or until reaction is judged complete (LC/MS). The reaction mixture is
concenirated to dryness over a rotavap. The residue purified by column chromatography on

sitica gel (-100% ethyl acetate-hexanes} to afford the pure bronude 3b.

[3147]  General method step 3 (Scheme 9) for preparing arviexy/heteroarylether
analogs {5} from substituted methylene alcohel (2) and hydroxyl (heterojaryl aldehyde
derivatives {4). A hydroxyl (heterojarvialdehyde derivatives (4) (0.1-2 mmol) mixture with
substituted methylene alcohol (2) (8.8 to 1.2¢q) and (polymer-supported)/PPh; (1-1.5¢q) in
anhydrous THF (1-10ml.) was stirred under nitrogen until complete dissolution. The solution
was cooled to 0 °C on ice hath and DIAD or DEAD (1.1 eq) in THY or toluene was added
drop wise over a 1-20 min period. The e cooling bath was allowed to expire over 90 min
and the mixture was stirred at RT for 2-48 hours. The mixture was stivred for 10 min,

then filtered through a pad of silica. The silica was washed with ethyl acetate 2-20mb. The
combined filtrates were evaporated and the residue was dried on highvac. The residue was

purificd by preparative HPLC or tlash silica gel chromatography.

I148]  General method step 4 (Scheme 9) for preparing arviexy/heteroarylether
analogs {5) from substituted methylene halide (3) and hydroxyl (hetero)aryl aldehyde
derivatives (4}, A mixture of hydroxy! (hetero)aryialdehyde derivatives (4) (0.1-2 nuool, 1-4
eq.), substituted methylene chloride or bromide (3) (Teq), and KyCOy (2-5 eq.) {catalytic
amount of Nal or BuyNT may also be added) in DMF, acetonitrile, NMP or DMSO (1 w0 10
mL) was stirred at RT or heating up to {20 °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 BB (for products that did not precipitate), diluted HCI
or aqueous NH4Cl was added at 0 °C (0 adjusted the pH to ~7, the reaction mixiure was
partitioned between ethyl acetate or dichloromethane and aquecus sodium chloride and the
organic layer separated, dried, and solvent removed under vacuum to afford crude product
which was purified by automated silica gel columu chromatography using appropriate

solvents mixture {e.g., ethyl acetate/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 terms have their generally

accepted meanings.

e degrees Celsius
RT Room temperature
min mimite(s)
h hour(s)
uk Microliter
mk Milliliter
mmol Millimole
eq Fquivalent
mg Milligram
ppm Parts per million
atm Atmospheric pressure
MS Mass spectrometry
LC-MS Liguid chromatography—mass spectrometry
HPLC High performance liguud chromatography
NMR Nuclear magnetic resonance
Sat./sat. Saturated
MeOH Methanol
EtOH Ethanol
EtOAc Ethyvl acetate
BN Tricthylamine
ACN Acetonitrile
AC;O Acetic anhydride
Na(OAc);:BH Sodium triacetoxy borohvdride
PBr; phosphorus tribromide
PhP Triphenylphosphine
Phy Pl Triphenylshosphine dibromide
CBry Tetrabromomethane
DMF N, N-Dimethyiformanide
DM Dhchloromethane

4814-3854-0057 1
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THF

DIBAL
DIAD

EAD

DIPLA

THO
Pd{dpphHCly
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Lithium alominum hydride
Tetrahydrofuran

Dhisobutylaluminiuro hydride

Drisopropy! azodicarboxylate

Diethyl azodicarboxylate

N, N-Diisopropylethylamine
Trifluoromethanesulfonie {triflic) anhydride
{1,1-Bis{diphenylphosphino)ferrocene]

dichloropalladium(11), complex

The following examples are given for the purpose of ithistrating various

embodiments of the invention and are not meant to limif the present invention in any fashion.

The present examples, along with the methods described herein are presently representative

of preferred embodiments, are exemplary, and are not intended as limitations on the scope of

the invention. Changes therein and other uses which are encompassed within the spirit of the

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

Experimental Procedures for Intermediates

{0151

(E31-3-{{(tert-butvldimethylsilyDoxyimethyDpyridin-2-y1)-3-

{dimethylamino)prop-2Z-en-1-one (ANT-1)

Step |
A
ar” T\
“OH
131524

I??\é’?’~'i
N

N

Y

o
L

.
~

[,57

OTBS

o a mixture of {2-bromaopyridin-3-yhmethanol {20.0 g, 106.4 yomol, | eq.; refer to

example 14) and imidazole (14.5 g, 212.8 mmol, 2 eq.) in DMF (50.0 mL) was added TBECI

4814-3854-0087.
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(192 ¢ 1507 omol, 1.7 eq.y at BT, The maxture was stirred at RT for 1 b and diluted with a
mixiure of water (100 mL) and EtOA¢ (300 mL). The organic layer was washed with
MH4Clsary solution and brine, dried over NaxSQOy, concentrated, and purified on silica gel
using 10% EtOAc/hexanes as eluent to give 2-broma-3-{{iert-
butyldimethylsilyloxyimethyDpyridine (30.1 g, 94%) as a colorless oil. MS (ESI) m/z 302.6

IVH]

Step 2

N Zn(CN), NSy
i i
B Pd{(PFhs)4 NCT YT
“OTRS 07188

[#1583] A mixture of 2-bromo-3-{{tert-butyldimethyisilyloxyimethylpyridine (30.1 g, 100.0
mmol, T eq.) and Zn{CN); (23.5 g, 200.0 mmol, 2.0 eq.) in DMF {100.0 mL) was purged
with Ny for 5 min and added PA(PPh;)4(5.78 g, 5.0 mmol, 0.05 eq.). The mixture was heated
at 120 °C for 2 h under N», cooled, filiered, concentrated, and purified on silica gel using a
muxiure of EtOAc and hexanes as eluent to give 3-((tert-
butyldimethyisilvioxy)methylpicolinonitrile (20.4 g, 82%) as a colorless oil. MS (ESL) mv/z

2491 [M+HT,

Step 3:

N MeMgBr N7
J\ ,/.): ) ;i /J
NCT Y THF Y
N &
OTBS “oTBS

[8154] Methylmagnesium bromide (3M/ether, 41.0 mlL., 123.4 mmol) was added to a stirred
solution of 3-{{tert-butyldimethylsilyloxyymethyDipicolinonitrile (20.4 g, 82.25 mmol) in THF
{(100.0 mL) at -78 °C. The reaction mixture was warm to RT, quenched with agqueous citric
acid solution, and extracted with EfOAc (50 mL) twice. The combined organic layers were
washed with NaHCG; (g solution and brine, dried over Nap,80;, concentrated, and purified

on silica gel using a mixture of EtOAc/hexanes as eluent to give 1-(3-((tert-

4814-3654-0057 1
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butyldimethylsilyloxyymethyl}pyridin-2-ylethanone {12.9 g, 59%} as a colorless oil. MS

(ESD) mfz 266.2 [M+HT

Step 4
y
\7 DMF DMA L m%}
\[z/\\f// e ‘ : {/' \},;;
5
© SOTRS > TOTRS
[8155) 1-(3-((tert-butyldimethylsilyloxyymethypyridin-2-yhethanone (10.8 g, 40.75

mmol) in dimethoxy~N,N~dimeth:y’lmethanamine (15.0 mL) was heated 1o reflux for 3 days.
The mixture was concentrated and used for next step without further purification. MS (ESI)

m/z 321.1 [M+HT.

[0136]  Preparation of 3-(chloromethyi)-2-(1-(2, 2, 2-triflucroethvl)-1 H-pyrazol-3-
yvipyridine (INT-2).

INT-2
N
/EQY//L\ ///}:
A\ ‘ \L
IS
AN
[-F
£ \F
Step 1:
F P H
_FH PR
_____ K /N\ . F ~ NS
[d ~ NHQ .
HCH(12 Ny s HO

70% wt inwatar

(01577 To (3,3.3-triflucroethybhydrazineg (25 g, 50% wt in water,153.5 mmol, l eq)ina
RB flask {250 mL) was added HCHIZ N, 25.6 mL, 307.0 mmol, 2 eq.}. The mixture was
concenirated to give (3,3, 3-trifluoroethyDhydrazine dihydrochlonde (1.07 g) as a yellow

solid. M8 (EST) ma/z 115.1 [M+H]"
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Step 2t
F
F~ /,F 1\"/‘\\\
| \L 2 HCI Y T
- ,f\.H S //\\/,/
N S N2 i
Ly W
ot . NTRS ToTes

hd E{OH /.

T . F”(F

N AT =

OTB3 -

{0188} o (E)-1-3-{{tert-butyldimethyisilyloxyymethyl ypyridin-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-trifluoroethylhydrazine dihydrochloride (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
FtOAc (30 mi) and NaHC O3 solution (10 mbL). The layers were separated and agueous
laver was extracted with EtOAc three times. The combined organic layers were dried over
Na: SOy, concentrated, and purified on silica gel using a mixture of EtOAc and hexaones as
eluent to give 3-({tert-butyldimethyistiyloxyymethyi}-2-(1-(3,3,3-trifluoroethy - 1 H-pyrazol-

e

S-yhpyridine (5.90 g; 86% for 2 steps). MS (BESD m/z 372.2 [M+H]

Step 3:
S A
A . N7
N HC i
Ao, //\ ,/‘// ,,,,,,,,,,,,,,,,,,,,,,,,,,,, Al ~ ,/;
A S N
T MeOH A
N ¢ p—N N
N “otes N TOH
| F [ -F
e ! [t
F \F r F

(81597 To 3-{(tert-butyldimethyisilvioxymethyl-2-{1-(3,3 3 rifluoroethyl)- 1H-pyrazol-5-
vhpyridine (5.91 g, 15.93 romol) in McOH (20 mbL) was added HC1 (4 N, 8.0 mL). The
mixture was stirred at RT for 1 h, concentrated, and diluted with EtOAc {30 mL) and

NaHC Oy solution {10 ml). The layers were separated and aqueous layer was extracted
with Et{3Ac three times. The combined arganic layers were dried over NazS{l,, and
concentrated to give (2-( 1~(3,3,B—E:riﬂum'oethyi)—1H—pyrazebﬁ-yi)pyridin~3~yi)methanoi (4.1
g, quantitative yicld) as colorless oil. 'HNMR (400 MHz, CDCI 3 68.54(dd, /=47, 1.5 Hg,
PHD, 7.92 (dd, 7= 7.9, 1.2 Hz, 1H), 7.57(d, /= 1.9 Hz, 1H), 7.30 (dd, J= 7.8, 4.8 Hz, 1H),
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6.504d,J= 1.9 Hz, 1H), 5.00 (q.J= 8.6 Hz. 2H). 4.63 (s, 2H), 1.76 (5. TH}. MS (ESE) nv/z
258.1 [M+H]",

Step 4:
f\‘ = SOC, Ni/\j
\/“\\7//\\\:,/ DOM fb\\vr/'\ \\?/// HO
NN .
\ RQH N"N\ \“GE
bE
F
F F £

161667  To (2-(1-(2,2,2-triflaoroethvl)-1 H-pyrazol-S-ylpyridin-3-yhmethanc! (408 mg, 1.59
mmol} in DCM { 5 mL) was added SOCH {1.5 mL) at RT. The reaction mixture was stirred at
RT for 4 h and concentrated to dryness. The erude solid was suspended in toluene and
concentrated to dryness. The process was repeated three times and dried under vacuum to
give 3-{chloromethy}2-(1-(2,2,2-trifluorocthyl}-1H-pyrazol-S-yiipyridine hydrochloride

(498 my) as an ofl-white solid, which was ased for next step without further purification.

8161}  Preparation of 3-(chloromethyl)-2-(1-(3. 3, 3-trifluoropropyil-1 H-pyrazol-3-

viipyridine (INT-3),

INT-3 ;\\3‘-”\1
P
ST
N
N - N ~o
Fog
L
/
F
Step 1
F
A~ F -~
N NG PN
ﬁ O J } ;: v F H L )
HZN, E N~ -5-3:----—---—» /J(\//’\\ /N\IT/O\\/ AN f/{/
; E i
& DIEA, DMF Ho 4
[0162]  To a mixture of benzy! hydrazinecarboxylate (5.0 g, 30.3 mmwol, 1 eq.) and DIEA

(15.0 mL, 90.9 mmol, 3 eq.} in BDMF (20 mL) was added 3,3,3-tnifluoropropyl bromude (10.7
g 60.6 mmol, 2 eq.) at RT. The mixture was heated at 80 °C for 20 h, concentrated, and

purificd on silica gel using a mixiure of EtOAc and hexanes as eluent to benzyl 2-(3,3,3-
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trifluoropropyl) hydrazinecarboxylate (4.2 g; 53%) as a white solid. 'H NMR {400 M,
CDChLY S 7.33 - 747 (m, 3H), 6.11 (s, 1H), 5.01 (5, 2H), 4.00 ¢s, 1H), 3.00(dd, J=12.2, 7.1
Hz, 7H), 2.17 (qt, J = 10.8, 7.3 Hz, 2H), MS (EST) m/z 263.1 [M+H]'.

- PUIC F o
/J\F Ny ,- E o F/I(\'/\N’NHQ
W Ot EtOH, HCI (12 N) H
N O HCi HCI

-

{0163] To benzyl 2-(3,3, 3-trifluoropropyhydrazinecarboxylate (1.7 g, 6.49 mmol, 1 eq)
in a mixture of BtOH (30 mL) were added PA/C (1.0 g) and HCIE(12 N, 2.0 mL). The mixture
was charged with H, (60 psi), stirred at RT for | h, filtered, and concentrated to give (3,3,3-
trifluoropropyDhydrazine dihydrochloride (1.07 g) as a yellow solid. MS (ESD nv/z 1291

IVHT

Step 3:

F
kF N/\\\
{ F 2 HCI
n ~. . NH, PSS NG ///
P N7 E & iZ!
L D - N"F N OTBS
H EMOH F) )
- oTBS d

{0164] To (E£)-1-3-((tert-butyldimethyisilvloxy imethylipyridin-2-vi}-3-
{dimethylamino)prop-2-en-~1-one (crude above, 1.73 g, 541 mumol, 1 eq.) in EtOH (10 mL)
was added (3,3, 3-trifluoropropylihydrazine dihydrochloride (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 (S0 mL}y and NaHC Ogyg solution (10 mL). The layvers were separated and agueous
laver was extracted with EtOAc three times. The combined organic layers were dried over
Nas SOy, concentrated, and purified on silica gel using a mixture of EtOAc¢ and hexanes as
eluent to give 3-((tert-butyldimethyisityloxyymethyl)-2-(1-(3,3,3 trifluoropropyl)-1 H-
pyrazol-5-ylipyridine { 1.58 g 76% for 2 steps). TH NMR (400 Mz, CRC )8 R833(dd,J=
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4.7, 1.6 Hz, [H), 7.96 - 7.88 (m, 1H), 7.51 (4,

634 (d, J =
-0.00 (s, SH). MS (ESI) m/z 386.2 [M+H]".

Step 4:

PCT/US2014/022789

Atty. Dkt No.:

J=1.9Hz, 1H), 729 (dd, J= 7.9, 4.7
1.9 Hez, 1H), 4.62 (s, 2H), 4.45 ~ 4.33 (m,

- PN
Ny ~
Y HC! W
S S
<Y [ MeOH \“\3;. ;
- SN L
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| F N
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! F

{8165] To

3-{(tert-butvidimethylsilvloxyymethyl)-2-

{(1-(3,3.3~rifluoropropyl)

104592-0210

Hz, 1H),

2H), 2.82 - 2.61 (m, 2H), 0.85 (5, 8H),

-1H-pyrazoi-

S-yhpyridine (1.38 g, 4.1 mumol} in MeOH (20 mL) was added HCH{(4 N, 4.0 mL). The

mixiure was stirred at RT for 1 h, concentrated, and dilated with EtOAc (50 mL) and

NaH{C O3, solution (10 mL). The layers were separated and agueous laver was extracted

with EtOA¢ three times,
concentrated to give (2-
g, 99%) as

(dd, J=

{(1-(3,3,3-triftuoropropyly-1H-pyrazol-3-yhipyridin-3
coloriess oil. 'H NMR (400 MHz, CDCls}
7.9, 1.7 Hz, TH), 7.57(d, /= 1.9 Hz, 1), 7.38 (dd, J -

The combined organic layers were dried over Na)SQy, and

58.64(dd, J=4.7,

-yiymethanoel (1.1
1.7 Hz, 1H). 8.00
=79 481z, 11D, 6484, /=

1.9 Hy, 1H), 4.69 (s, 2FD, 4.51 — 4,43 (m, 211), 2.85 — 2.72 (m, 2H), 2.70 (s, 1H). MS (ESD

m/z 272.1 [M+H]

Step 5:

| SOCH, N
TN ,f’/: J /‘/?
OO DCM SN HC
N L & ]
Ve o NN g
F\arf’,/’, F 5: J/
; ¥+
F F
{#tes] To (2-(1-(2.2,2-rifluoropropyD)-1 H-pyrazol-5-yDpyridin~-3-viimethanol {140 mg,
0.52 mmol) in DCM { S mL) was added SOCT (2.0 mi) 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.

24-0067 .1

(h]
3

The process was repeaied three times and dried under vacuum
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1o give 3-{chioromethy}-2-(1-(2,2,2-trifluoropropyl)- 1 H-pyrazol-5-ylipyridine hyvdrochloride
{498 mg) as an ott-white solid, which was used for next step without further purification.

W67} Preparation of 3-(chioromerhyl)-2-{1-isopropyl-1H-pyrazol-5-vlpyridine (INT-4).

S
NN
/
!
_\/ o - N /'Q\ ) N /§§
C-“’\\ p:, S Step i ‘ i Siep 2 ,l i
B ST g T e AN e - SN
e Sen \[ PR
NN “oH NN on NN
Y / INT-4 |

[0168] Step 1: To a 500-mL flask containing the pyrazole boronate (9.0g, 38. I mumol), 2-
chloropyridine (5.47g, 38. lmumol), Pd(dppHCl: ([ LLI-bis{diphenviphosphino)terrocene]
dichloropalladiam) (1.39g, 1.91mmol, 5%mol), and sodium bicarbonate (9.61g, 114.4mmol,
3 equiv) was added 100 mL of dioxane and 30 mL 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%E10A¢/DCM (60mb),
fiitered through a pad of silica gel (15g); washed with 200Et0A/DCM (4x20mL). The
combined filirate were concentrated to afford a brown oif (13 g). The residue was dissolved
10% HiOAc/hexanes (20mL) and loaded on a Biotage 100g snap S102 column and eluted
with 0-50% EtOAc. (2-{1-isopropyl-1H-pyrazol-5-yhpynidin-3-ylymethanol was obtained as

a hight brown 011 (3.32 g, 40%), MS (B8 /2 218 [M+H} .

[9169] Step 2: To a solution of (2-(1-isopropyl-1H-pyrazol-5-yhpyridin-3-yhmethanol}
{440mg, 2.02mmol} in DCM (4 mL) was added SOCL; (2eq) at 0 °C. The reaction mixture
was stirred at RT for 15mins and concentrated to dryness. The crude solid was suspended 1o
toluene and concentrated to dryness. The process was repeated three times and dried under
vacuum o give 3-{chloromethyl}-2-(1-1sopropyl- 1 H-pyrazol-5-ylipyridine hydrochloride
(432 mg) as an off-white solid, which was used for next step without further purification. MS

(BST) m/z 236.5 [M+H]".

4£314-3854-0057 1 79
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{8370 FPreparation of 3-(chioromethyl)-2-(I-cyclopentyi-1H-pyrazol-5-vlpyridine (INT-

)
3.

N Ny MR
- < Ny, Step 1 I Step 2 i ?
[ >-~NHNr L 5 S O ~ SN
=~ R TN O = & \[
N Son N e
o188 Ny I
INT1 L/ i
INT-&

{3171 Step 1: To E)-1-G~((tert-butyidimethyisiiyvloxy)methyDpyridin-2-vi)-3-
{dimethylamino)prop-2-en-1-one {crude,3.205g, 10.0 mmol, 1 eq.) in EtOH (30 mL) was
added cyclopentylhydrazine HCHsalt (1.639¢, 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 FtOAc¢ and
hexanes as eluent to give a mixture of regio-isomers, the less polar (2-(1-cyclopentyl-1H-
pyrazol-S-yhpyridin-3-yhmethanol was obtained as a light brown ol (440mg). MS (ESI) mv/z

2442 [M=HT.

(3172} Step 2: To g solution of (2-{1-cyclopentyl-1H-pyrazol-3-ylpyridin-3-
vhmethanol(301mg, 1.24mmol) in DCM ( 3 mL) was added SOCI; Geq) at 0 °C. The
reaction mixiure was stitred at RT for 15mins (thew reaction was done in {0mins 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 vacoum to give 3-

v
e

2} as an oft-

b

chloromethvly-2-(1-cyclopentyl-1H-pyrazol-S-yDpyridine hydrochioride (305 m
p y R o

white solid, which was used for next step withowut further purification. MS (ESTy m/z 262.2

IMHHT

[$173]  Preparation of S-hydroxy-2-(2-methoxyethoxy)isonicotinaldehyde (INT-6).

" E Y
BH B> o
ﬁ, Q\ K;CGn
://‘;\ﬁ I ‘47 [al%iz
(NG N, Step 3 NN
o
Meli DIPA Step d
[plYE
O 3 Nl A
Y i [¢] Qo Q
PN X HOU BNy THE ’
[/ \\;/ S, . fi 1 /i /,§_O - J§
N Nop# s B w0 L 3
i [ Stap § N A
D g0 NN I D
o] N A~

Step
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[8174]  To asolution of 6-(benzyloxy)pyridin-3~0l (2.0 g, 10 mumol, 1 eq.) in DMF (20 mlL)
was added NaH (60% in mineral oil; 0.6 g, 15 mmol, 1.5¢q.} 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 (.88 g, 11 munol, 1.1 eq.), stivred at 0-3 "C for another 20 min,
and quenched with NHyClig , solution. The aqueous layer was extracted with EtOAc (3 x 20
rol.) and the combined organic lavers were washed with water and brine, dried over NapSQy,
concentrated, and purified on silica gel using 25% EtOAc/hexanes as eluent to give 2-
(benzvloxy)-5-(methoxyrethoxylpyridine (2.1 g, 8796) as a colorless oil. MS (ESIH mv/z

2461 U‘V‘i‘*’}{?.

Step 2
?/"\ O / Q,/\\()/
N /-i\\
Y PAIC 7
SN N N Nz
Y ELOH il
\\\\/U\\V/O OH

[0178]  To 2-(benzvioxy)-S-(methoxymethoxy)pyridine (1.8 g, 8.71 mol} in EtOH was
added P&/C (1.0 g}, The muxture was charged with Ha (15 psiy, stirred at RT for 45 min,

tiltered, and concentrated to give S-{methoxymethoxyipyridin-2-o0l (1.35 g. quantitative

yield) as a pale yeliow solid. MS3 (ESUm/z 156.1 [M+HT.
Step 3
e N
TN O O
j) O Br"/\v/a\ J\
R K,COs q j
i Og Y =
N DWMF Y
oM g0

[3176] Tc a mixture of S-(methoxymethoxyipyridin-2-0l (1.35 g, 8.71 numol, 1 eq.) and

KoCOs5 (6.01 g, 43.6 mumoel, 5.0 eq.) in DMF (30.0 mL) was added 1-bromo-Z-methoxyethane

1814.3854-0057 1 81
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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 EtOA¢ and hexanes as eluent to

'F’)

-(2-methoxyethoxy)-5-(methoxymethoxy)pyridine (500 mg, 27%) as a colorless oil. 'H
NMR {400 MHz, CDCl3) 8 7.94 {(d. J= 3.0 Hz, [H}, 7.35(ddd, J= §9,3.0, 1.0 Hz, 1H), 6.76
{dd, /=289, 1.0 Hz, 1H), 5.11 (s, 2H), 4.48 — 4.40 (m, 2H), 3.79-3.71 {m, 2H), 3.50 (s, 3H),
3.45 (s, 3H). MS (ESDy m/z 214.1 [M+H]".

Step 4
O O/’\\ O/’ (Ej/"\ O/‘/
o /i\ S ,/L\
1 }ﬁ Meli, DIPA Yo 7
N i * A
.\E\\/( OME N\\;}//’ N\\E,/'/ ~. C)
~. Q/\ \O A O \Q//\\/ ]

(8177} Toamixture of 2-(2-methoxyethoxy)-5-{methoxymethoxy)pyridine (1.34 g, 6.3
mol, 1 eq.) and diisopropyiamine (17.5 ul, 0.13 mmol, 0.02 eq.) in THF (50 mL} was added
methy! Hikium (1.6 MYTHF, 7mL, 11.3 mol, 1.8 eq.y at 40 "C. Upon the completion of
addition, the mixture was warmed to 0 °C, continued to stiv 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, guenched 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 3-9 with solid
KoCG;. The agueous layer was extracted with EtOA¢ (30 mb) twice. The combined organic
layers were dried over Na;SQq, concentrated. and purified on silica gel using g mixture of
EtDAc and hexanes as eluent to give a mixtwre of 2-(Z-methoxyethoxy)-5-
{methoxymethoxynsontcotinaldehyde and 2-{2-methoxyethoxy)-3-
(methoxymethoxynicotinaldehyde (571, 1.27 g, 83.6%) a5 a pale yellow oil. 'H NMR (400
MHz, CDCl) 8 10.45 (s, EH)? 823 (s, 1H), 7.16 (s, 1H}, 527 (5, ZH), 446 (dd, /= 54,39
Hz, 2H), 4.14 (g, J= 7.1 Hz, 1H), 3.77 = 3.71 {m. 2H). 3.56 (s, 3H}. 3.46 (s, 3H) and 'H
NMR (400 MHz, CDCl3 8 10,47 (s, 1), 818 (d, /= 3.2 Hz, 1H}, 7.85(d, /= 3.1 Hz, 1H},
316 (s, 2H), 4.64 — 4.57 (m, 2H), 3.85 - 3.79 (m, J = 5.4, 4.0 Hy, 2H), 3.50 (3, 3H), 3.46 (s

3IH); MS (EST m/z 242.1 [M+HT

a

Step S
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[0178] To asolution of Z-methoxy-5-(methoxymethoxy)isonicotinaldehyde (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 Iy,
cooled to RT, and diluted with water (5 mL). The mixture was neutralized to pH 7-8 with
sohid KoCGCy and the aqueous layer was oxtracted with EtOAc (100 mL) twice. The
combined organic layers were dried over Nap80,, concentrated, and purified on silica gel
using a mixture of EtOAc¢ and hexanes to give 3-hydroxy-2-(2-
methoxyethoxyisonicotinaldehyde (630 mg. 60%) and 5-hydroxy-2-(2-

methoxyethoxy micotinaldehyde (120 mg, 11%). Data for 5-hydroxy-2-(2-

micthosyothoxy iisonicotinaldehyde: Y NMER (400 MHz, CDCEHY 5 9.98 (5, 1H), 9.50 (s, 1H),
R.07 (s, 1H), 7.02 (s, 1H), 4.51 —4.38 (m, 2H), 3.81 = 3.72 {m, 2H), 3.47 (s, 3H). LRMS
(M+H") m/z 198.1. Data for and 3-hydroxy-2-(2-methoxyethoxy) nicotinaldehyde: *H NMR.
(400 MHz, CDCLy 8 103 (s, 1H}, 7.99 (¢, /=32 Hz, 1H), 7.58(d, /= 3.2 Hz, IH), 7.18 -
7.07 (br, 1H), 4.534 (dd, J = 5.4, 3.7 Hz, 2H), 3.84 (dd, /= 5.4, 3.7 He, ZH), 3.49 (s, 3H); MS
(ESDm/z 198.1 [M+H]".

[8179)  Preparation of 2, 6-dilivdroxyvbenzaldehvde (INT-7).

-0

( e
/o\?/\\\ O AlCH.DCM o \E/E\\\\\/ o
INT-7

[0188¢] Into a 3000-mL three neck round-bottom flask, was placed a sotution of AICH (240
g, 1.80 mol, 3.00 equiv) in dichloromethane (1200mL}. A solution of 2,6-
dimethoxybenzaldehyde (100 g, 601.78 mmol, 1.00 equiv) in dichloromethane (300ml) was
added to the reaction mixture dropwise at °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 ot dichloromethane. The combined organic layers

were concentrated under vacuumn. The residue was applied onto a silica gel column with ethyl

514-3854-0087 1 23
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acetate/petrolenm ether (1.200-1:50) as eluent to furnish 40 g (48%) of 2,6~
dihvdroxvbenzaldehyde as a vellow solid,

PHNMR (300MHz, DMSQ-dy) 8 11.25(s, 2H), 10.25(s, 1H), 7.36(m, 1H), 6.36 (d, J=8.4Hz
2H): MS (BSD mvz 139 [M+H1

{018Y)  Preparation of S-hydroxv-2-methoxyisonicotinaldehivde (INT-8).
S¢ 1 St <2 -~ - Step 3 QH
\?H wen O/’*\O/’ ep < Q’ S ep '/I:QV-/_‘QQ
! i s A i3 N); THF s
R ol o e Meli, DIPA P s HCE N, THE .hq_ =
W E— e | ! i : e s s e N
Neo®  Nah, DMI N, _# DME N 7 &
; i -~ INT-8
P O e

[G182] Step I: To asolution of 6-methoxypyridin-3-ot (20 g, 0.16 mol) i DMF (200 mL)
was added NaH (60% in mineral oil; 9.6 g, .24 mol) at 0-5 °C portion-wise. Upon the
completion of addition, the mixture was continued to stir at 0-5 “C for 15 min followed by
additional of chloromethy! methyl ether. The mixture was stirred at -3 °C for another 20
min and quenched with aqueous NHyClgar . The agueous layver was extracted with EtOAc (3
x 100 mL) and the combined organic layer was washed with water and brine, dried over
Na8Q,, and concentrated under reduced pressure. The residue was purified on silica gel
with 25% EtOAc/hexanes as eluent to give 2-methoxy-S-(methoxymethoxy)pyridine (24.1 g,
§9.3%) as a colorless oif. 'H NMR {400 Mz CDCL) 7.97(d, 1 H), 7.35 (dd, 1 H), 6.70 (d,
TH), 5.12 (s, 2 11, 3.91 {5, 3 FD, 3.51 (s, 3 Hy; MS (ESD) mvz 170.1 [M+H]".

[G183] Step 2: To a mixture of Z-methoxy-S-{methoxymethoxyjpyridine (30 g, 0.178 mol)
and ditsopropylamine (507 ul, 3.6 mmol) in THE (300 mL) was added methyl lithium (1.6
M/THF, 200 mi, 0.32 moly at -40°C. Upon the completion of addition, the mixture was
warmed fo 0 °C and continued to stir at § °C for 3 . 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 T h and quenched with a mixture of HCI{I2 N, 120 mL} and
THY (280 mL). Water (200 mL) was added and the pH of the mixture was adjusted to pH &-
8 with solid KoCOs. The mixture was extracted with EtOAe (300 mL) twice. The organic
layer was combined, dried over Na;SO., and concentrated to give 2-methoxy-5-
{methoxymethoxy)isonicotinaldehyde (33.5 g, 93.7%) as a brown solid, which was used for
next step without further purification. YHNMR (400 MHz; CD:0OD) 7.90 (s, 1 H), 6.92 (s, 1
H), 5.64 (s, 1 H), 5.20 (s, 2 H), 3.84 (s, 3 FD), 3.48 (s, 3 H); MS (581 m/z 198.1 [M+H]"

4814-3854-0057 1 R4
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[0184] Step 3: To a solution of 2-methoxy-5-{methoxymethoxy}isonicotinaldehyde (33.5 g,

0.17 mol} in THF (150 ml) was added HCI (3 N, 250 mL). The reaction was stirred at 30 °C
for 1 h, cooled to RT and diluted with water (300 mL). The mixture was neuiralized to pH 7-
8 with solid KoC{;. The pale yellow solid was collected, washed with water, and dried in

vacuum oven (40 °C) overnight to give S-hydroxy-2-methoxyisonicotinaldehyde (17.9 g,
74.6%). "H NMR (400 Milz; DMSO) 8= 1031 (s, 1 H), 8.03 (s, 1 H), 6.89 (s, 1 H), 3.80 (s, 3

H); M8 (ESD m/z 154.0 [M+HT.

Experimental procedures for Examples:

[0188] (BTS527 Preparation of 2-methoxy-3-[{2-[ 1-(2,2,2-trifluoroethylipyrazol-3-

viipyridin-3-yimethoxy]pyridine-d4-carbaldehyde.

j0186] GTB3Z7 was prepared using general method B from S-hydroxy-2-

methoxyisonicotinaldehyde and EINT-2.

@“Q

r\j-r-’\« .

\‘“T

e

N
N o
Yoo I}

v

@)

\

{6187F GBT376 Preparation of 2-0x0-5-{{2-(2-propan-2-yipyrazol-3-yhpyridin-3-

yiimethoxyi-1H-pyridine-4-carbaldehyde

4814-3854-0057 1 35
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[6188) To (&£)-1-(3-{{tert-butyldimethylsilyloxyymethylpyridin-2-vi}-3-
{dimethylamino)prop-Z-en-1-one (crude, 1.03 g, 3.22 mmol, | eq.; INT-1) in BtOH (10 mL)
was added isopropylhydrasine hydrochlonide (430 my, 3.86 momol, 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 mbL) and NaHCO 3, (10 mL) solution. The layers
were separated and the agueous layer was extracted with EtQAc three times. The combined
organic lavers were dried over NapS50y, concentrated, and purified on silica gel using EtOAc
as eluent o give (2-(1-isopropyl-1 H-pyrazol-S-yDpyridin-3-yhmethano! (500 mg, 71%) and
{(2-(1-isopropyk-1H-pyrazol-3-yhpyridin-3-yDmethanol (55 mg, 25%) as pale veliow oils,
Data for 2-(1-isopropyl-1H-pyrazol-5-yDpyridin-3-yDmethancl: "H NMR (400 Mz, CDCL)
8 8.67(dd, J=4.7, 1.5 Hz, 1H), 8.0(d, /=78 Hz, 1H},761{d, J=18Hz, 1H),7.3%(dd, J=
78,48 Hz, tH), 637 (d, /= 1.8 Hz, 1H), 4.67 (5, 2H}, 4.55 {sep, J= 6.6 Hz 1H), 1.98-2.05
(br, 1H), 147 (d, J = 6.6 He, 68, LRMS (M+HY m/2 2181 Data for (2-(1-isopropyl-1H-
pyrami»}~yi)pyridin-S—yi)meihemol: "H NMR (400 MHz, CDCl) 6 8.62 (dd, /= 4.8, 1.6 Hz,
PH), 755 (d, /=24 Hyz, 1H), 723{dd, /=764 8 Hz, 1H), 699

[

1), 7.72
(dd, J= 8.0, 6.5 Hz, 11), 6.07 (1, J = 7.6 Hz, 1H), 4.67 (d. J = 7.6 Hz, 2H), 4.58 (sep. J = 6.7
Hz, 1H), 1.60 (d, J= 6.7 Hz, 1F). MS (ESD) m/z 218.1 [M+H]",

[J

(d, /=76
{4, /= /.0

po
=
53
&
—

Step 2:
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i6189] To (2-(1-iospropyl-1H-pyrazol-S-ylpyridin-3-yDmethanol (560 mg, 2.58 mmol) in
DOCM (10 mdl) was added SOCEH (3.0 mb) at RT. The reaction mixture was stirred ai RT for
4 h and concentrated to dryness. The crude solid was suspended in toluene and concenirated
to dryness. The process was repeated three times and dried under vacuum to give 3-
(chloromethyl}-2-(1-isopropyi-1H-pyrazol-S-ylpyridine hydrochioride (700 mg) as an off-

white solid, which was used for next step without further purification.

Step 3:

-~ \§
N '
OH A S
I T Ra S
g NN T\ N ™0
N! B N ‘\—”/ e // )\ )
\T//’ I! I'/ \\\\/ \\\\O
e, KoC04 N
;
/’O

-

{0198] A maxture of S~hydroxy-2-methoxyisonicotinaldehyde (395 myg, 2.58 mmol, 1 eq.),
3-{chloromethyl}-2-{1-isopropyl-1 H-pyrazol-3-yhipyridine hydrochloride (700 mg, 2.58
mmol, 1 eq.), and K;CO5 (1.4 g, 1032 mmol, 4 eq.) in DMF {10.0 mi.) was heated at 70 °C
for 2 h, The muxture was cooled, filiered, concentrated, and purified on silica gel using a
mixture of EtOAc and hexanes as eluent to give 5-((2-(1 -isopropyl-1H-pyrazol-3-vljpyridin-
3-yhimethoxy)-2-methoxyisonicotinaldehyde (590 mg, 65%) as an off-white sofid. 'H NMR
(400 MHz, CDCl) 8 1041 (s, 1H), 876 (dd, /=4.7, 1.6 Hz, 1H), 8.04 {dd. /=79, 1.6 Hz,
PHY, 7.90 (s, 1H), 761 (4, J= 1.8 Hz, 1H), 744 (dd, /= 7.9, 4.8 Hz, {H), 7.10 (5, 1H}, 6.37
(d,J=1.8Hz, 1H)}, 5.14 (5, 2H), 4.65 (sep, J= 6.6 Hz, 1H), 3.91 (5, 3H), 1.49(d, J= 6.6 Hz,
6H); MS (ST m/z 3531 [M+H]

{01911 To S+((Z-{1-isopropyl-1H-pyrazol-5-yDpyridin-3-yDmethoxy)-2-
methoxyisonicotinaldehyde (590 mg) suspened in water (5.0 mL) was added HCI (6N, 4

ml). Once the mixture turned into a homogeneous solution, it was frezee at -78 °C 1o an

solid and pump under high vaccum O/N.  The vellow solid was continued to pump at 45 °C

4314-3854-G057 1 Q7
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for 20 h, dissolved in water (2.0 mL}, and basified to pHl 11 with NaOH (2 N). The agueous
tayer was washed with DCM three times and the pH of the mixture was adjusted to pH 6-7.
The sclid was collected and dried to give 2-ox0-5-[[2-(2-propan-2-vipyvrazol-3-ylpyridin-3-
vl methoxyl- 1 H-pyridine-4-carhaldehvde as a yellow solid. 'H NMR (400 MHz, CDCE) §
1036, 1HL88(dd, J=47, 1.6 Hz, 1H), 8.1{dd, i=79 1.5Hy, 1H), 76 (s, I7.5(d, I =
P8 Hz, 1H), 7.1 (s, 1H), 7.0 (s, 1H}, 6.6 (d, J = 1.8 He, 1H), 4.9 (s, 2H), 4.7 (sep, ] = 6.6 Hz,
THY, 1.5 (d, F = 6.6 Hz, 6H); MS (ESD m/z 339.4 [M+H].

{0192] GBT77Y Preparation ot 2-(2-morpholin-4-ylethoxy)-5-[[2-(2-propan-2-ylpyrazol-3-
yipyridin-3-ylimethoxylpyridine-4-carbaldehyde
[0183] GTBT779 was prepared according to general method B from S-hydroxy-2-(2-

morpholinoethoxyjisonicotinaldebyde and INT-4.

N

Oy o
N
!
\\/r

[0194] 'H NMR (400 MHz, Chioroform-¢) § 10.33 (s, 1H), 8.68 (dd, J = 4.8, 1.7 Hz, 1H),
7.95(dd, =79, V.7 He, TH), 7.79 (s, 1D, 7.53 (d, J= LE Hz, 1H), 7.36 (dd, J=79,47
Hy, 1H), 7.04 (s, 1H), 6.28 (d, /= 1.8 He, 1H), 5.06 (5, 2H), 4.37 (5, OH), 432 {t, /= 5.7 Hz,
2H), 3.69-3.62 (m, 4H), 270 (6, /= 5.7 Hz, 2H), 2.53 - 2.45 {(m, 4H), 1.41 {d. /= 6.6 Hz,
6H); MS (EST) m/z 452 [M+HY.

[0195] GBTB32 Preparation of 2-(2-methoxyethoxy)-3-{[2-]2-(2,2,2-

trifluorcethyDpyrazol-3-ylpyridin-3-ylimethoxy]pyridine-4-carbaldehyde.

[8196] GTB832 was prepared according to general method B from 5-hydroxy-2-(2-

methoxyethoxy)isonicotinaldehyde (INT-8) and INT-2.

4814-3654-0057.1 48
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(81977 'H NMR (400 MHz, CDCL) & 10.32 (s, IH), 8.67 (dd, J=4.8, 1.6 Hz, 1H), 7.97
{dd, J =79, 1.5 Hz, 1H), 7.87 {5, 1H}, 7.59 (d, I = 1.9 He, (), 738 (dd, 1 =79, 4.8 Hz, 1H),
731 (s, 1H), 6.47{d, = 1.9 He, 1H), 517 (q, J = 8.6 Hz, ZH)}, 5.10 (s, 2H), 4.39 - 4.32 (m,
2D, 3.70 - 3.63 (m, 2H); MS (ESD mvz 437 [M+H]"

{0198} GBT83S Preparation of 6-methyl-3-[]2-[2-(2,2, 2-trifluoroethyhpyrazol-3-
vijpyridin-3-ylmethoxylpyridine-2-carbaldehvde

{0199)  GTB835 was prepared according to general method B from 3-hydroxy-6-

methyipicolinaldehyde and INT-2.

N7
E -~
\ e
Q& N
N N oo
E"{; o E /J
2N

200 'H NMR (400 MHz, CDCL) 8 10.23 (s, 1H), 8.64 (dd, T = 4.7, 1.6 Hz, 11, 8.16
(dd, F=7.9,1.5 Hz, 1TH), 7.61 (d, T=1.9 Hz, 1H), 7.38 (dd, 1 = 7.9, 4.8 Hz, 1H), 7.21 (4, I =
8.6 He, 1H), 7.10(d, J = 8.6 Hz, 1H), 6.47 (4, J= 1.9 Hz, 1H), 5.19 (g, ] = 8.6 Hz, 2H), 5.12
(d. =61 Hz, 2H), 2.51 (s, 3H); MS (ESD) m/z 377 [M-HT".

{0281} GBT836 Preparation of 6-methyi-3-[[2-[2-(3,3,3-trifluoropropylipyrazol-3-
ylipyridin-3-ylmethoxyjpyndine-2-carbaldehvde
(02021 GTBE36 was prepared according to general method B from 3-hydroxy-6-

methylpicolinaldehyde and INT-3,

4814-3854-0057 1 89
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[0203] 'HNMR (400 MHz, CDChL)Y 5 10.31 (5, TH), 8.75 (dd, J = 4.7, 1.7 Hz, 1H), 827
(dd. J=7.9, 1.6 Hz, 1H), 7.62 (. J =19 Hy, 1H), 749 (dd, J=79,48 He, 1H), 7.33(d, J=
8.6 He, 1H), 7.24 {d, ] = 8.6 Hz, 1H), 6,46 (d, J = 1.9 Hz, 1H), 5.18 (s, 2H}, 4.61 — 4.44 (m,
2HY, 2.96 - 2.75 (m, 2H), 2.62 {5, 3H);, MS (ESD m/z 391 [M+HT
[6284] GBTE3Y Preparation of 3-[[2-{2-(2,2,2-trifluorocthyDpyrazol-3-yHpyridin-3-
yviimethoxylpyridine-Z-carbaldehyde
{0285} GTBE39 was prepared according to general method B from 3-
hvdroxypicolinaldehyvde and INT-2.
N"ﬁ
!
ol L
B!
N
/

~o 0
o F i
FN F /J\”/E
. LN

(62061 'H NMR (400 MHz, CDCL) 8 10.26 (s, 1H), £.65 (dd. J = 4.7, 1.5 Hz, 1H), 8.38
(dd, F=4.4, 1.0 Hz, 1H), 8.19{dd. J=7.9, L.OHz, [H}), 7.61 (d, I = 1.9 1z, 1H), 743 -7.33
(m, 2H3, 721 (d, } =86 Hz, 1H), 648 {(d,J= 1.9 Hz, 1H), 5.19¢q, J=8.6 Hz, 2H), 5.15 (s,
2113 MS (ESH m/z 3631 [M+H]™

(62077 GBTB4G Preparation of 3-[12-{2-(3,3,3-triflucropropylipyrazol-3-vlipyridin-3-
ylimethoxylpyridine-2-~carbaldehyde

[G208] (GTBR39 was prepared according to general method B from 3-

hydroxypicolinaldehyde and INT-3.

4814-3854-0057 1 a0
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[0269]  'H NMR (400 MHz, CDCL) § 10.24 (s, 1H), 8.66 (dd, J = 4.7, 1.6 Hz, 1H), 8.39
(dd, J =45, 1.1 Hz, 1H), 821 {dd, J=79, 1.6 Hz, 1H}, 7.53(d, I = 1.9 Hz, 1H), 744 - 737
(m, 2H}, 7.26 (4, J = 8.5 Hz, 1H), 6.37 (d, J = 1.9 Hz, 1H), 5.13 (s, 2H), 4.49 - 4.40 (m, 2H),
2,87 2.64 (m, 2H); MS (ESD m/z 377.1 [M+H] "

[6218] €BY841 Preparation of 3-chicro-3-{{2-(2-propan-2-yipyrazol-3-yhpyridin-3-
ylmethoxylpyridine-4-carbaldehyde.

{0211} GTB&41 was prepared according to general method B from 3-chloro-3-

hydroxyisonicotinaldehyde and INT-4,

02121 "HNMR (400 MHz, CDCLY 5 10,51 (s, 1), 877 (dd. J = 4.7, 1.6 Hz, 1H), £.41

PTH), 828 (s, TH)YL 813 (dd, I =79, 1.5 Hz, 1H), 7.63 (d, = 1.8 Hz, 1H), 747 (dd, 1 = 7.9,
4.8 Hz, 1HY, 637 (d, J= 1.8 He, 1H), 523 (s, 2H), 4.66 {sep, J = 6.6 Hz, 1H), 1.49(d, J=6.6

Hz, 6H); MS (B8 my/z 357 [MA+H]

{0213} GBTE44 Preparation of 3-chloro-5-{[2-{2-(2.2,2-triflucroethyDpyrazol-3-

yHpyridin-3-ylmethoxyipyridine-4-carbaldehyde.

{0214} (GTB844 was prepared according to general method B from 3-chloro-5-

hydroxyisonicotinaldehyde and INT-2.

4814-3854-0057.1 O
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{0215] "H NMR (400 Mz, CDCLY 8 10.43 (s, 1H), 8.67 {dd,J =47, 1.5 He, 1), 835 (s
1H), 8.26 (s, IH), 8.06 (dd, ¥ =79, 1.3 Hz, IH}, 761 (4, F = 1.9 He, [H), 740 (dd, T =7.9,
4.8 Hz, 1H), 6.47 (d, J = 1.9 Hz, 1H), 521 ~ 5.10 (m, 4H); MS (ESD m/z 397 IM+H]".

{8216] GBTE6D Preparation of feri-butyl 4-(({4-formyl-6-methoxypyridin-3-

yhoxyymethyt)-5-(1-isopropyi-1H-pyrazol-5-yD)-3, 6-dihvdropyridine-1{2H-carboxylare
o
\L s \N/\\

\\/" ‘j
O P
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:\\ TN //O\\//" ‘ // \ ,O \\/./’
R THO T
0] Q o7 O

{1217} Step 1: To a solution of 1-tert-butyl 4-ethyl 3-oxeopiperidine-1,4-dicarboxylate
{2.0g, 7.37 mmol) in DCM (45 mbL) was added DIPEA (1.54 mi, 8.84 mmol} and THO (1.36
mb, 8,11 mmol} at -78 °C, then the temperature was warmed up to room temperature and the
solution was stirred at RT for 1.5 h, the mixture was diluted with DCM (100 mL), organic
laver was washed with Sat. NaHCQO;, brine, dried and concentrated to give |-{(tert-butyl) 4-
ethyl 5-({(trifluoromethyDsulfonyhoxy)-3,6-dihydropyridine- 1 4(2H)-dicarboxylate, which

was used for next step without purification.

N./N\“ OH BoeN
BochN 1 Ii\ /'.// E‘}\ TN o NG
LA O --—-u»———————*»\/ Ol 1 | E
~. \‘f// . -~ \\//' y ! :
0 . 1} PddppiCl /\N‘/\) ©
v Nag COs N
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[#218] Step 2: To a solution of -tert-butyl 4-ethyl 3-({(riflucromethylsulfonyloxy )-5,6-
dihydropyridine-1 4(2H)-dicarboxylate (1.49 g, 3.7 mmol) and (I-isopropyl-1H-pyrazol-5-
ylyboronic acid (0.57 g, 3.7 mmol) in dioxane (10 mL) was added Pd(dppHCl; (0.27 g, 0.37
mmoi) and a solution of sodium carbonate (1.18 g, 11.10} in water {3 mi), the mixture was
degased with Ny for § min, and was heated at 100 °C for 15 h, after cooling to room
temperature the mixture was dihuted with BtOAc and washed with Sat. NallCO; 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 desired product 830 mg

(62%).
BoeN” BooN” ™
j/f O LiAIHA NN
\ ! e
AL O \
/\ N \\7 ,»)\N/\7
N N:

[0219]  Step 3: To a solution of i-(tert-butyl) 4-ethyl S-(1-isopropyi-1H-pyrazol-3-y1)-3,6-
dibydropyrnidine-1.4(2H)-dicarboxylate (450 mg, 1.24 munol) in THF (6 mL) was added
DiAH (1M in THF, 1.49 mL, 1.49 mmel) at -20 °C, the reaction was stirred at -20 °C for 30
min, and was guenched with Sat. NH;CH the aqueous layer was extracted with EtOAc, the
combined organics were washed with brine, dried and concentrated to give crude oil, which
was purtfied by column (Hexanes/EtQAc= 10(:0 to 40:60) (o give teri-butyl 4-
(hydroxymethyl}-5-(1-isopropyl-1H-pyrazol-5-y1)-3,6-dihydropyridine- 1 (2H)-carboxylate
{370 mg, %1%,

Q\\ /Q\ e
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[8220] Step 4: To a soiution of give tert-butyl 4-(hydroxymethyl)-5-(1-isopropyl-1H-
pyrazol-3-y1)-3,6-dihydropyridine-1(2H}-carboxylate (23 mg, 0.08 mmol) in DCM (i mL)
was added triphenylphosphine bromine adduct (40 mg, .09 nunol) at room temperature,
after stirring for 30 min, it was diluted with DCM, washed with Sat. NaHCO3, brine, dried
and concentrated to give crade product, which was purified by cobumn to give tert-butyi 4-

{bromomethyl)-3-(I-isopropyl-1 H-pyrazoi-5-y13-3 6-dihydropyridine- 1{2H}-carboxylate (18
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{8223 Step 5: To a solution of tert-butyl 4-(bromomethyl-5-(1-isopropyi~1 H-pyrazoi-3-
yi}-3,6-dihydropyridine-1{ZH)-carboxylate (18 mg, .05 mmol} and 5-hydroxy-2-
methoxyisonicotinaldehyde (10 mg, 0.06 mmol) in DMF (1 mL} was added K;CO; (14 mg,
0.1 mmol). After stirred at room temperature for 1 h, it was diluted with water and EtQAg,
organic layer was separated, and the aqueous layer was extracted with EtQAc, organic layer
was combined, washed with brine, dried and concetrated to give crude product, which was
purified by column (Hexanes/EtOAc=2:1} to give tert-batyl 4-({({4-formyl-6-methoxypyridin-
3-yvhoxyymethyvh)-3-(1-isopropyl-1H-pyrazol-3-vi)-5 6-dihydropyridine- 1 {(ZH)-carboxyiate

(7.2 mg). 1TH NMR (400 Mz, CDCly) (ppm) 10.39 (s, 1H), 7.79 (s, 1H), 7.56 (d, J=1.6 Hz,

THY, 7.05(s, 1H), 6.11 (d, J=1.6 Hz, 1H), 4.40 (5, 2H), 438 {m, 1H), 4.01 (s, 2H), 3.88 (s,
3H). 3.66 (bs, ZH), 2.46 (bs, 2H), 1.48 (s, 9H), 1.43 (d. 6.4 Hz, 6H). MS (ESD m/z 4573

(3222} GBTE61 Preparation of Z-hydroxy-6-((5-(1-isopropyl-1H-pyrazol-5-y1}-3,6-

dihydro-2H-pyran-d-yimethoxybenzaldehyde

G !Q
3 N,
Za
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{02231 Step 1: To a solution of ethyl 3-oxotetrahydro-2H-pyran-4-carboxylate (1.0 g, 5.81
mmobhin DCM (30 mL) was added DIPEA {1.22 ml, 6.97 mmol) and T120 (1.08 ml, 6.39
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mmotl}) at -78 °C, then it was warmed up o room temperature and stirred at room
temeperature for 2 h, the solution was dilated with DCM, washed with Sat. NaHCO3, brine,
dried and concentrated to give ethyl S-({({triflucromethyhsulfonyhoxy}-3,6-dihydro-2H-

Py a1 date ac o =Y Aot {7 o
pyran-4-carboxylate as crude product (2 g).

N
N Ly s .
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[3224]  Step 2: To a solution of ethyl S-(((trifluoromethylisulfonylioxy)-3,6~dihydro-2H-
pyran-4-carboxylate (erude from step 1) and 1-isopropyi-3-(4.4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl}-1H-pyrazole (1.37 g, 5.82 mmol} in dioxance {20 ml) was added
Pd{dppHCl; (430 mg, 0.58 mmol} and NapCOs (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 b, after cooling 10
room temperature the mixture was diluted with Et0Ac and washed with Sat. NaHCO; and
brine, organic fayver 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-

pyrazol-3-y1}-3,6-dihydro-2H-pyran-4-carboxylate (850 mg).
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{1225} Step 3: To a solution of ethyl 5-(1-isopropyl-1H-pyrazol-5-yh-3,6~dihydro-2H-
pyran-4-carboxylate (600 mg, 2.27 mmol) in THF (10 mL) was added LiAlHs (0M in THF,
2772 mL, 2.72 vumol) at -20 °C, the reaction was stivred at ~20 "C for 30 min, and was
guenched with Sat. NH4Cl, the aqueous layer was extracted with EtOAc, the combined
organics were washed with brine, dried and concentrated to give crude oif, which was
purified by colurnn (Hexanes/EtQAc= 100:0 to 20:80) to give {5-(1-isopropyi-1 H-pyrazol-5-

yi)-3.6-dihydro-2H-pyran-4-ymethanol (500 mg).

4314-38584-0057 1 G5
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[B226] Step 4: To a solution of (5-(1-isopropyi-1H-pyrazel-5-y1)-3,6-dihydro-2H-pyran-4-
yhmethanol (300 rog, 1.35 mmol) in DCM (8 mL) was added dibromotriphenyiphosphorane
{630 mg, 1.35 mmol) at room temperature, afier stirring for 30 min, it was difuted with DCM,
organic layer was washed with Sat. NaHCOs, brine, dried and concentrated to give crude
product, which was purified by columun{Hexanes/EtOAc= 4:1) to give 5-{(4-(bromomethyl)-

5,6-dihydro-2H-pyran-3-yD)-1 -isopropyl- I H-pyrazole (360 mg).
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(0227} Step 8: To a solution of $-(4-(bromomethyl)-5,6-dihydro-2H-pyran-3-vIx-1-
1sopropyi- lH-pyrazole (110 mg, 6.38 mmol} and Z,6-dihydroxyhenzaidehyde (100 mg. 0.76
muniol) in DMFE (6 mL) was added K,CO; (110 mag, 0.76 mmal), 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/EtDAc=1:1) to give Z-hydroxy-6-{{5-(1-isopropyl-1H-pyrazol-S-yh-3,6-dihydro-
Z2H- pyran—4—y1j}methexy)benz&ldehyde {90 mg}. TH NMR (400 MHz, CDCl5) 8 {(ppmy 11.89
{5, 1iD), 1033 (s, 1H), 7.53 {d, J=1.6 Hz, 1H), 7.33(1, I=8.8 Hz, 1H), 6.51 {d, J=8.8 Hz. 1D,
6.16 (d, J=8.0 Hz, 1H), 6.08 (d, J=2.0 Hz, 1H), 440 (dd, J =128, 6.4 Hz, 1H), 4.35 (s, 2H),
4.18 (s, 2H), 3.97 {1, J=5.2 Hz, 2H}, 2.44 (s, 2H), 1.40 (d, J=6.4 He, 6H); MS (ESD m/z 3433
vi+H]

18228] GBT863 Preparation of 2-methoxy-5-[[5-(2-propan-2-ylpyrazoi-3-y1)-3,6-dihwvdro-

ZH-pyran-d-ylimethoxyipyridine-4-carbaldehyde

4814.3854-0057 1 96
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{0228)  To a solution of S-{d-{(bromomethyl}-5,6-dihydro-2H-pyran-3-yi)- 1-isopropyl- 1 H-
pyrazole (50 mg, 0.19 mmol) (see the synthesis of GBT861) and 5-hydroxy-2-
mcthoxyisoricotinaldehyde (30 mg, 0.23 mmol) in DMF (1 mal) was added K3CO5 (50 mg,
.38 munol). After stirred at room temperature for 3 b, it was diluted with water and FiOAc,
organic layer was separated, and the aqucous layer was extracted with FtOAc, organic layer
was combined, washed with brine, dried and concetrated to give crude product, which was
purified by colunn (Hexanes/EtOAc=1:1} to give 5-((5-(1-isopropyl-1 H-pyrazol-5-y1)-3,6-
dihydro-2H-pyran-4-yhimethoxy)-2-methoxyisonicotinaldehyde (26 mg). TH NMR (400
MHz, CDCl) & (ppmy 10.40 (s, TH), 7.81 (s, 1H), 7.54 (d, J=1.6 Hz, 1H), 7.05 (s, 1H), 6.08
(d, J=1.6 Hz, TH), 4.42 {5, 2H), 4.40 {m, 1H), 4.19 (5, 2H), 3.98 {1, J=5.6 Hz, ZH), 3.88 (s,
3H), 2.47 (s, 2H), 1.41 (d, J=6.8 Hz, 6H); MS (ESI) mv/z 358.4 [M+HT".

{0230] GBTS864 Preparation of 6-methyi-3-[[53-(2-propan-2-vipyrazol-3-y1})-3,6-dihydro-

2H-pyran-4-ylimethoxyipyridine-2-carbaldehyde
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10231} To a soluytion of 3-(4-(bromomethyi)-3,6-dihydro-2H-pyran-3-yh)-i-isopropyl-1H-
pyrazole (50 mg, 0.19 mmol) (see the synthesis of GBT861) and 3-hydroxy-6-
methylpicolinaldehyde (30 mg, 0.24 nunol) in DMF (1 mL} was added KoCOx (50 mg, (.38
mmol). After stirred at room temperature for 3 h, i was difated with water and FtOAg,
organic layer was separated, and the aquecus layer was extracted with EtOAc, organic laver
was combined, washed with brine, dried and concentrated to give crude product, which was
purified by column (Hexanes/EtOAc=40:60) to give 5-((5-{1-isopropyi-1 H-pyrazol-5-yi)-3,6-
dihydro-2H-pyran-4-yUmethoxy)-2-methoxyisonicotinaldehyde (37 mg). 1H NMR (400
MHz, CDCly o (ppm) 1030 (s, TH), 7.54 (4, J=1.6 Hz, 1H), 7.24 (d, J= 8.4 Hz, 1H), 7.09 (d,
F=02 Mz, 1H), 6.08 (d, }=2.0 Hz, 1H), 442 {m, 1H)}, 438 (s, 2H), 418 (5, 2H), 3.98 {1, J=5.6
Hz, 2H), 2.56 (s, 3H), 2.51 (s, 2H), 1.39 (&, J=6.4 Hz, 611); MS (8D my/z 342.4 [M+HT".

§232) GBTYS867 Preparation of 2-hydroxy-6-{{5-phenyl-3 6-dihydro-2H-pyran-4-
P > {h3-pien) > Py

yhmethoxylbenzaldehyde
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16233} Step 1: To a solution of ethyl 5-{{{trifluoromethyDselfonyDoxy)-3,6~-dihvdre-2H-

pyran-4-carboxyiate (1.77 g, 5.81 mmol} and phenyiboronic acid (1.42 g, 11.62 mmol) in
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dioxane (15 ml) was added Pd{dppHCl (430 mg, 0.58 mumol) and Na,CO; (1.85 ¢, 17.46
mmotl) it water (4.5 rol), 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. NaHCO; and brine, organic layer was combined, dried and concentrated 1o
give erude product, which was purified by column chromatography (Hexanes/BEtOAc=4:1) to

give ethyl S-phenyl-3,6-dihydro-2H-pyran-d-carboxylate (1.05 g, 78%).

0. ¢
;” \; LiAlH, ¢« o
N /\’\ / — ;
RN Ao o AN N
[ ] ;; THE l/ Sy I
~ . SN 0 '\\ \f///’) \OH
//

{0234} Siep 2: To a solution of ethyl S-phenyi-3,6-dihvdro-2H-pyran-4-carboxyiate (1.03
g, 4.52 mmol) in THF (20 i) was added LiAIH, (1M in THE, 5.42 ml., 5.42 mmol) at -20
°(, the reaction was stirred at 20 °C for 30 min, and was quenched with Sat. NHCl, the
agueous layer was exiracted with EtOAe, the combived organics were washed with brine,
dried and coneentrated to give crude oil, which was purified by column {Hexanes/EtOAc=

100:0 10 35:63) 1o give (S-phenyl-3,6-dihydro-2Hepyran-4-yDimethanol (720 mg).

o I \J PPhsBr, PN /J\\j
Y J,J

~ o e \ // -

~HO ~

#2358}  Step 3: To a sohution of (5~phenyl-3,6~dihydro-2H-pyran-4-y yoethano! (360 mg,
1.8% mmct) in DCM (6 mL) was added dibromotriphenyiphosphorane (880 mg, 2.08 mmol)
at room temperature, after stirring for 30 min, it was diluted with DCM, organic layer was
washed with Sat, NaHCO3, brine, dried and concentraled 1o give crude product, which was
purified by column{Hexanes/EtOAc= 9:1) to give 4-(bromomethyl)-3-phenyl-3,6-dihydro-

2H-pyran {380 mg}.

,/’O‘\
SN L 1,‘
A ey s )
H ks N ~
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N AN
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{68236]  Step 4: To a solution of 4-(bromomethyl}-S-phenyl-3,6-dihydro-2H-pyran (110 mg,

(.45 mmol) and 2,6-dihydroxybenzaldehyvde {120 mg, 6.90 mmol) in DMF (3 mL) was added
KLCOs (120 me, 0.90 mmol}. After stirred at room temperature for | h, 1t was diluted with
water and EtOAc, organic layer was separated, and the agueous layer was extracted with
EtOAc. Organic layer was combined, washed with brine, dried and concentrated to give
crude produet, which was purified by column (Hexanes/EtOAc=3:1) o give 2-hydroxy-6-((5-
--2E—i--pyran»—4»y ymethoxyybenzaldehyde (120 mg). 1H NMR (400 MHz,
(s, 1H), m, 4H), 7.18 (m, 2H), 6.49 (4, I=8.0 He,

32 (s, ZHy, 395 (t, J=5.6 Hz, 2H), 2.41 (m, 2H);

phenyl-3.6-dihydro
CDChH) 8 (ppm) 11.92 (s, 1H),
THD, 6,13 (d, J=5.0 Hz, 1H), 4.48 (5, 2H), 4
MS (ESD m/z 304,

7.35¢

2H)

16237}

ylpyridin-3-yHmethoxylpyridine-4-carbaldehyde

GHTR6E Preparation of 3-methoxy-3-[{2-[2-(2,2,2-trifluorcethylipyrazol-3-

NT ™y
]
e
Sy
<1 T
Nt \ ]
{
F3C - \\\Y'/"§\
N \\‘;f'l‘\ 0 -~
PN
N
N N
N o P
>~ U - N
< S _— N
—~N i\\ ( O \I (?
NTEN e Nt~ L
£ R R
- N\/r//:\\ e
INT-2 >0

g, 0.88 mmol) in
{0.24

{3238] 1o asolution of 3-hvdroxy-S-methoxyisonicotinaldehyde (0.13

DMF was added 3-(chloromethyl-2-(1-(2,2,2-triflucroethyi)- 1 H-pyrazol-3-yhpyridine

o, 0.88 mmol) (INT-2) and potassiam carbonate (0.49 g, 3.32 mmol) and the reaction mixture

was heated (60 °C). Afier 3 hours, the reaction mixture was filtered through a plug of silica

{(MeOH/CHCly, (-20%). Purification of the resulting residue by Prep-HPLC, provided 2-

*\‘h] H-pyraz

(’\ q ‘E/E\,

~(2,2,2-trittuore 3

Prapwa L

H-p yridin-3-ylimethoxyihenzaldehyde
-, Chioroform-dy 8 10.54 (s, 1H), 8.71{dd, /=350, 1.8
0.5

H), 7.67 (dd, J= 1.9, 0

methoxy-6-((2-(1
(12 mg, 5% yield). HONMR {400 Miiz
Hz, 1H), 8.23 (s, 1}, 8.21 {ddd, /= 7.8, 1.7, 0.7 Hz, 1H), 8.10 (3, 1

140
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Hz, 1H), 746 (dd, J= 8.0, 4.5 Hz, 1H), 726 (d, /= 0.5 Hz, 3H), 6.56 (dd, /= 1.9, 0.5 Hz,

[H), 5.23 (5, 2H), 5.28 — 5.15 (m, 2H), 4.04 (5, 3H); MS (BSD n/z 393 [M+HT",

{0239} CBTB70 Preparation of 2-methoxy-5-{{2-(2-methoxyphenyDpyridin-3-

vimethoxy jpyridine-4-carbaldehyde

[/ \\\\\l CHO

N \?//, \/O\/’ \\]
/OT////\] ~ Nf/’ o

S

T cHO

N \?//:\_,c; “:"J\
e N 4;% : i .

s Stepd e

[62468] Step 1: Into a 50-mb round-bottom flask, was placed a solution of (2-chloropyridin-
3-yhmethanol (300 myg, 3.48 mmel, 1.00 equiv) in a solvent mixture of dioxane and H;0O
(10/10 mL). {2-Methoxyphenyhiboromice acid (532 mg, 3.50 mmol, 1.20 equiv), sodium
bicarbonate (882 mg, 10.50 munol, 3.00 equiv), and Pd(dpphHHCh (286 mg, 8.39 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 mb of Hz0. The resulting solution was extracted with Zx100
mb 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-methoxyphenypyridin-3-ylimethanol as a yellow solid.

[6241] Step 2: Into a 5U-mL round-bottom flask, was placed a solution of {2-(2-
methoxvphenypyridin-3-yljmethanol (600 mg, 2.79 mmol, 1.00 equiv) in thionyl chioride
(10 mL). The resulting solution was heated to reflux for 2 hr, and then il was concentrated
under vacuum. This resulted in 600 mg (929} of 3-(chloromethyD-2-(2-
methoxyphenylpyridine as a yellow solid.

{02421 Step 3: Into a 100-mL round-botiom tlask, was placed a solution of 3-
(chloromethy!)-2-(2-methoxyphenyDpyriding (306 mg, 1.31 mmol, 1.00 equivy in CH3CN
(20 mL). 3-Hyvdroxy-2Z-methoxypyridine-4-carbaldehyde (200 mg, 1.31 mmol, 1.00 equiv),
potassium carbonate (364 mg, 2.63 mmol, 2.00 equiv), and KI (44 mg, 4.27 mmol, 0.20
equiv) were added to the reaction mixture. The resulting solution was stirred for 5 h at 60°C,

and then it was concentrated under vacuum. The crude product (200 mg) was purified by

4814-3854-0057 1 101
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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%HCOOH 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 min); Detector,
Waters2545 UvDector 254&220nm. This resulied in 65 mg (9%) of Z-methoxy-5-1{2-(2-
methoxyphenyDpyridin-3-ylimethoxyipyridine-4-carbaldehyvde bis(rifluoroacetic acidy as a
yellow solid. The compound exhibited a melting point of 105-107°C. 'HNMR(300MHz.
CDCE)Y 0 132 (s, TH), 8.69 (s, 1H), 7.93 (m, 2H), 7.36(m, 3H}, 6.99 {m, 3H), 5.35 (s,
2H)1,3.86(m, 6H); MS (ESH m/z 351 [M+HT".

{0243} GBT871 Preparation of 2-methoxy-3-{[2-(3-methoxyphenylpyridin-3-

yilmethoxylpyridine-4-carbaldehyde

-0
/}.-vM
D TN .
N / AN
Pt __y°
=/ — e
o G
/ AN
(/ \N
N/
; oH
$ AN
OBy i Y
PEN | N._oh 0w e
\'r'/ N LN e - f_
< Pd¢dpzf) L 3
’ N oo B H e o} B -
dioxane, HO, 100°C Mo R Step? \,O,)\\/J K20 Os, K, SHLCH O
Step? Slep3 o

{0244] Siep 1: Into a 50-mL round-bottom flask, which was purged and maintained with an
inert atmosphere of nitrogen, was placed a selution of (3-methoxyphenyiboronic acid {1.6 ¢,
10,53 mmwol, 1.20 equiv), (2-chioropyridin-3-yhhimethanol (1 g, 6.97 mmol, 1.00 equiv),
sodium bicarbonate (1.7 g, 20.24 mmol, 3.00 equiv), Pd{dppHHCh (0.57 g, 0.10 equiv) ina
solvent mixture of dioxane (10 mL) and water{10 mL). The resulting solution was stirred for
1.5 hat 100°C, and then it was diluted with 20 mL of HoO. The resulting solution was
extracted with 2x50 mL of cthyl acctate, and the combined orgaric layers were concentrated
under vactum. The residue was applied onto & silica gel column with ethy! acetute/petroleum
ether (1:30-1:1) as eluent to yield 1.3 g (87%) of [2- (3 methoxyphenylpyridin-3-ylimethanol

as a colorless oil.

{1245}  Step 2: Into g 50-mL round-bottom Hask, was placed a selution of [2-
methoxyphenylpyridin-3-yijmethanol (1 g, 4.65 mmol, 1.00 equiv) in thiony} chloride (20
mL). The resulting solution was stirred for 2 b at reflux. The resuiting mivture was

&
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concentrated under vacuum to furnish 600 mg (55%) of 3-(chloromethyl}-2-(3-

methoxyphenylipyridine as a white solid.

{0246] Step 3: Into a 100-mL round-botiom flask, was placed a solution of 3-
{chtoromethyl}-2-(3-methoxyphenyDpyridine (234 mg, 1.00 nunol, 1.00 equiv), 5-hydroxy-2-
methoxypyriding-4-carbaldehyde (133 mg, 1.00 mmaol, 1.00 equiv), and potassium carbonate
{278 mg, 2.01 mmol, 2.00 equiv) in CH:ON (30 ml). The resulting solution was stirred for 4
hat 70°C, and then it was conventrated under vacuum. The crude product (200 mg) was
purified by Prep-HPLC with the following conditions (Prep-HPLC-010): Column, SunFire
Prep C18 OBD Column,5um, 19%1 S0rm,; mobile phase, water with 8.1%TFA and MeCN
(20% MeCN up to 40% in 10 ruin, up to 95% in 2 min, down t© 20% in | min); Detector,
Waters254S UvDector 254&220nm. This resulted in 100.8 mg (17%) of 2-methoxy-5-{§2-(3-
methoxyphenyhpyridin-3-ylimethoxyjpyridine-4-carbaldehyde bis(trifluoroacetic acid) as a
yellow solid.

PHUNMR(300MHz, DMSO-4,) 8 10.01(s, 1H), 8.65 (m PH), 8.39(s, 1H), 8.100m, 2H), 7.87
(d,J=SHz, ZH), 742 (m, 1H), 6.97 {m, 3H}, 5.33 (3, 2H) 3.80 {(m, 6H); MS (ES{) m/z 351
FMAFHT

{9247} GBTE74 Preparation of 2-hydroxy-6-{(1-methyl-S-phenyl-3.6-dihydro-2H-pyridin-

4-ylymethoxylbenzaldehyde

~5 ~ O s}
EJ}\‘N’ o
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AN P
BoeN™ ™ 4N HO! HIN \J
L\ ,}/}’i\\//QH e 0 L\\_/‘/ \’)"i
l Dioxane §
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[\\\\ //l L\\\C/’ -

{{3248} Step 1: To a solid of tert-buiyl 4-(hydroxymethyl)-3-phenyl-3,6-dihydropyridine-
2H)-carboxyiate (300 mg, 1.04 mmol) in round bottom flask was added 4N HCL in diovane

(6 ml.) at room terperature, after stirring for 1 h, the mixture was concentrated and dried

under high vacuum to give {3-phenyi-1,2,3,6-tetrahydropyridin-4-yDmethanol as HCI salt.
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[6249]  Step 2: To a solution of (S-phenyl-1,2,3,6-tetrahydropyridin-4-yDmethano!
hydrochloride (230 mg, 1.04 mmol) in ACN (10 mL) was added BN (0.15 mL, [.04 mmol)
followed by formahin (340 mg, 4.16 mmol). After stirred at room temperature for 10 min, it
was added Na(OAchBH {440 mg, 2.08 mmol) and was stirred for 30 min, the mixture was
concentrated to remove most of the ACN, and the residuc was difuted with CHCHy, organic
layer was washed with Sat, NaHCO;, brine, dried and concentrated to give crude product,
which was purified by column (BCM/MeOH=9:1) to give {1-methvl-S-phenyl-1,2,3,6-

tetrahydropyridin-d-yDmethanol (140 mg).

~ /"\\\: NN

N
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[0258]  Step 3 Tu a solution of (L-methyl-S-phenyl-1,2,3 6-tetrahydropyridin-4-
ylmethanol (130 mg, 0.64 ramol} in DCM (4 mL) was added SOCEL (1.16 mL, 16 mmol) at
room temperature, after stirred at room temperature for 30 tuin, the mixture was concentrated,

dried under high vacuum to give 4-(chloromethyl)-t-methyl-S-phenyl-1,2,3.6-

tetrahvdropyridine as crude HC salt,

AN E
E\f ) OH O . A
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(625811 Step 4: To a suspension of KoCO: (350 mog, 2.56 romol} and 2.6-
dihvdroxybenzaldehyde (180 mg, 1.28 mmol) in DMF (3 ml) was added a solution of 4-
(chloromethyl)-1-roethyl-5-phenyl-1,2,3 6-tetrahydropyridine (140 mg, 0.64 mmol) in DMF

=1l

{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 BEtQAc.
EtOAc layers were combined, washed with Sat. NaHCO,, brine, dried over NaySOy, and was
concentrated to give erude oil, which was purified by columm (Hexane/EtOAc= 111 followed
by DCM/MeOH= 80:10} to give 2-hydroxy-6-((1-methyl-S-phenyl-1,2,3,6-tetrahydropyridin-
4-ylmethoxy}benzaldehyde (55 og). 1H NMR (400 MHz, CDCly) 8 (ppm) 11.92 (s, TH),
10.33 (s, 1H), 7.34 (m, SH), 7.194dd, =84 , 8.0 Hz, 11), 6.46 (d, J = 8.4 Hz, 1H), 6.16 (d,
J= 80 Hz, [H), 4.45 (s, 2H), 3.20 (s, 2H), 2.68 {t, ] = 5.6 Hz, 21, 2.47 (m, 2H), 2.42 (s,
3H), MS (EST) m/e 324.3 [M+HT"

o,

10252} GBT875 Preparation of 2-methoxy-3-{{2-(4-methoxyphenyDpyridin-3-

viimethoxyipyridine-4-carbaldehyde
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102531 Step 1: Into a 30-mL round-botiom flask, which was purged and maintained with an
inert atmosphere of nitrogen, was placed a solution of {4-methoxyphenylboronic acid (1.6 ¢,
10.53 mmol, 1.20 equivy, (Z-chloropyridin-3-yhmethanol (1 g, 6.97 mmol, 1.00 equiv),
sodinm bicarbonate (1.7 g, 20.24 mmol, 3.00 equiv), Pd(dppHHChL (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 hoat 100°C, and then it was diluted with 20 mL of HyO. The resulting solution was
extracted with 2x30 mL of ethyl acetate, and the combined organic layers were concentrated
under vacoum. The residue was applied onto a silica gel column with ethyl acetate/peiroleum
ether (1:530-1:1) as eluent to furnish 1 g (67%) of [2-(4-methoxyphenylipyridin-3-yljmethano!

as a colorless oil.

[6254] Step 2: Into a 50-mL round-bottom flask, wac placed a solution of {2-(4-

methoxyphenyhpyridin-3-yvHmethanol (1 g, 4.65 mmol, 1.00 equiv) in thionyl chioride (20

b}, The resulting solution was stirred for 2 h at reflux. The resulting mixiure was
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concentrated under vacuum to yield 600 mg (55%) of 3-(chloromethyi)-2-(4-

methoxyphenyhDpyridine as a white solid.

[8255] Step 3: Into a 50-mL round-botiom flask, was placed g solution of 3-
{chloromethy])-2-(Z-methoxyphenyhpyriding (234 mg, 1.00 mmol, 1.00 equiv), 5-hydroxy-2-
methoxypyridine-4-carbaldehyde {153 mg, 1.00 mmoi, 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
hat 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 ORD Columm, Sum, 19%1 S0mm; mobile phase, water with 0.1%TFA and MeCN
{20.0% MeCN up to 30.0% in 10 min, up to 95.0% in 2 min,down to 20.0% in | min);
Detector, Waters2545 UvDector 254&220mm. This resulted in 265.1 mg (46%) of 2-
methoxy-5-] 2-(4-methoxyphenylpyridin-3~yHmethoxyipyridine-4-carbaldchyde;
bis{trifluorcacetic acid) as a brown oil.

'HNMR00MHz, DMSO-ds) 6 10.08(s, 1H), 8.69 (m, 1H), 8.15(m, 2H), 7.50(m, 1H),
7.37(m, 1H), 7.180m, 2H), 7.16(m, 1H)}, 6.99(m, 1H), 5.34(s, 2H}, 3.86(s, 3H), 3.77(s, 3H},
MS (ESI nvz 351 Dvi+HT

[6256] GBT8&77 Preparation of 5-[[2-(2-chlorophenyhpyridin-3~ylimethoxy}-2-

methoxypyridine-4-carbaldehyde
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{6287} Step 1: Into a 30-mL round-botiom flask, was placed a solution of (2-
chlorophenylboronic acid (1.6 g, 10.23 mmel, 1.20 equiv), (2-chloropyridin-3-ylmethanol
{1 g, 6.97 mmol, 1.00 equiv), Pd(dppDCh (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 b at 70°C, and then it was diluted with
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20 mL of HO. 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-chlorophenyDpyridin-3-yl}methano! as a white solid.

[0258] Step Z: Into a 25-mL round-bottom flask, was placed a solution of {2-(2-
chlorophenyDpyridin-3-yljmethanol (1 g, 4.55 mmol, 1.00 equiv) in thionyl chloride (5 mL).
The resulting solution was stirred for | hoat reflux. The resulting mixture was concentrated
under vacuum to yield 1 g (92%) of 3~(chloromethy!}-2-(2-chlorophenyDpyridine as a white

solid,

[0259] Step 3: Into a 50-mL round-bottom flask, was placed a solution of 3-
{chloromethyl2-{2-chlorophenyDpyridine (309 mg, 1.30 mmol, 1.00 equiv), 5-hydroxy-2~
methoxypyridine-4-carbaldehyde (200 mg, 1.31 mumol, 1.00 equiv), and potassiom carbonate
(361 mg, 2.61 mmol, 1.50 equiv} in CH3ON (20 mL). The resulting solution was stirred for 4
hat 70°C, and then i was concentrated under vacuum. The residue was purified by prep-
HPLC, This resulted in 86.2 mg (11%) of S-[{2-(2-chlorophenyl)pyridin-3-ylimethoxy]-2-

methoxypyridine-4-carbaldehyde; bis(trifluoroacetic acid) as a brown oil.

FHNMR(300MHz, DMSO-ds) 3 10.06(s, 1), 8.69 (m, 1H), £.19(m, 1H), £.05(s, 11,
7.56(m, 2H), 7.4 1(m, 3H), 6.92(s, L1H), 5.14(m, 21}, 3.81(s, 311); MS (ISI) m/z 35S IM+HT.

{82687 GBTE78 Preparation of 2-{(1-acctyl-S-phenyl-3,6-dihydro-2H-pyridin-4-

yhmethoxy]-6-hydroxybenzaldehyde
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{0261} Step 1: To a solution of (5-phenyl-1,2,3,6-tetrahydropyridin-4-ylymethanol
hydrochloride (90 mg, 0.38 mmol) in DOM (2 mL) at 0 °C was added BGQN (0.11 mL, 0.76
nunoly and a solution of Ac20 (0.04 mL, .38 mmol) in DCM (0.4 mL), after stirred for 15
min, it was diluted with Sat. NH4Cl and EtOAc, organic Jayer was separated and the agueous
fayer was further extracted with EtOAc, organic layers were combined, washed with Sat.
NaHCQO;, brine, dried over Na; 8Oy, and was concentrated to give 1-{4-(hydroxymethyl)-5-

phenyl-3,6-dihydropyridin-12H}-yDethan- 1 -one as crude product (95 mg).
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16262]  Step 2: To a solution of 1-(4-(hydroxymethyl)-3-phenyl-3,6-dihydropyridin-1{ZH)-
yvhcthanone (86 mg, .37 mmol) in BCM (2 rol) was added SOCL (0.67 mL, 9.25 mmeol).
After stirred at RT for 15 min, the mixture was concentrated and was diluted with Sat.
NaH{C0O3 and EtCAc, organic layer was separated and the aqueous layer was extracted with
EtOAc, organic laver ere combined, washed with bring, dried and concentrated to give crude
oil, which was purifed by column { Hexanes/EtOAe=100:0 10 25:75) to give 1-(4-

{chloromethyi)-5S-phenyl-3,6-dihydropyridin-1(2H )~y jethan--one (35 mg).

// - o AN
N oH © 4,00, E” i \[/
N A J\H ,,,,,,,,,,,,,,,, - LA o o
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[6263] Step 3: To a suspension of KoCO; (40 myg, 6.28 mumol} and 2,6+
dihydroxybenzaldehyde (40 mg, 0.28 mmol) in DMF (1 mL) was added a solution of {-(4-
{chloromethyi}-S-phenyl-3.6-dihydropyridin-1{ZH}-yhethan-1-one (35 mg, 0.14 mmol) in
DME (1 mL), the mixture was heated at 50 °C for 3 h, cooled o room temperature, and was

dituted with EtOAc, organic laver was separated and aqueous layer was extracted with
EtOAc. EiOAc layers were combined, washed with Sat, NaHC O, brine, dried over Nay 80y,
and was concentrated to give crude oil, which was purified by column (DCM/MeOH= 90:10)

to give 2-{{1-acetyl-S-phenyi-1,2,3,6-tetrahydropyridin-4-ylymethoxy}-6-
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hydroxybenzaldehyde (17 mg). 1TH NMR (400 MHz, CDCl;, NMR shows rotamer exist, only
one set of signal was reported) [ (ppny) 11.93 (s, 1H), 10.36 (s, 1H), 7.34 {(m, SH}, 7.22 {m,

1H), 649 {(d,J= 8.8 Hz, 1H}, 6.10(d, I =88 Hz, 1H),4.47 (5, 2H}, 432 (s, 2H), 3.68 (1, J =
6.0 Hz, 2H), 2.47 (m, 2H), 2.18 (s, 3H); MS (BRI m/z 352.5 [M+HT".

[6264] GBT881 Preparation of 2-[(1-acetyl-4-phenyl-3,6-dihydro-2H-pyridin-5-

ylimethoxv}-6-hydroxybenzaldehyde

““NBoc  DIPEA /\i?aoc

RN

. i Yo
v TIOT Y
07y THO
PN - s -

o7 o7 o7 0

[8#265] Step 1: To a solution of 1-tert-butyl 3-methyl 4-oxopiperidine-1,3-dicarboxylate
{2.50 g, 9.72 mmol) in DUM {80 mL) was added DIPEA (2,03 mL, 11.66 mmol) and THO
{1.80 mL, 10.69 mmol) at -78 °C, and then it was warmed up to room temperature and stirred
further for 2 h, the solution was diluted with DCM and the organic layer was washed with
Sat. MaHCOs, dried and concentrated 1o give I-tert-butyl 3-methyi 4-

{{trifluororaethylisulfonyioxy)-5,6-dihydropyridine-1,3(2H)-dicarboxylate as crude product

(4.5 g).
NBoc
N Tl N |
7 NBoc Ry, - BHOH) Pol(appfCi2 P
N <] - »
oy T s T o AL
o o~ Nap GO o

E 2l

{0266] Step 2: To a solution of I-tert-butyl 3-methyl 4-{{{trifhucromethybisalfonyloxy)-
5,6-dihydropyridine-1,3(2H)-dicarboxylate (1.95 g, 5 mmol) and phenyiboronic acid (1,22 g,
10 mmol) in Dioxane (20 ml} was added Pd{dpp)Cl; and a solution of Na,COy (3.18 g, 30
mmeol} in water (6 mlb.), after degassed with Ny for 3 min, the reaction was heated at 100 °C
for 135 h, the mixture was cooled to room temepraiure, diluted with EtOQAc, organic laver was

washed with water, brine, dried and concenirated to give crude product, which was purified
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by column (Hexanes/HIQAc= 3:1) to give l-tert-butyl 3-methyl 4-phenyl-5,6-
dibydropyridine-1,3(2H)-dicarboxylate (740 mg).

P TN
- i o " “NBoc
| %J‘» LiAIH4 o
T/"\\ / —— e U/ /‘\\\\«T/ /\\\{r/ g
/ 'f} '\. // \\f;‘/';) \\>O H

{0267} Step 3: To a solution of 1-tert-buty! 3-methyl 4-phenyi-5,6-dihydropyridine-
1,3(2H)~dicarboxylate (740 mg, 2.33 mmel) in THF (7.2 mL) was added 1M LiAlH, in THF
{2.80 mL, 2.0 mmol} at -20 °C dropwise, after stirring at -20 °C for 30 min, it was quenched
with Sat. NH4Cl, the mixture was extracted with EtOAc. Organic layers were combined,
washed with brine, dried and concentrated to give crude product, which was purified by
cotumn (Hexanes/EtOAc= 60:40) to give tert-butyl S-(hyvdroxymethyl}-4-pheny!l-3,6-

dihydropyndine-1(2H)-carboxylate (512 mg)

TN

e \\NBOC HC [\ "NHHCI
r’/*\\\\\.’/:%\ g , {!’/5%(/ N
| B Dioxane g
\ffj ~OH T O

{3268] Step 4: To tert-butyl 3-(hydroxymethyl}-4-phenyl-5,6-dihydropyridine-1(2i)-
carboxylate (510 mg, 1.76 mumol) was added 4N HCI in Dioxane (3 mi), afler stirring at room
teroperature for 1h, it was concentrated to give (4-phenyl-1,2,5,6-tetrahydropyridin-3

yhmethanol as HCI sait.

H O
N H
- -~ '
L DIPEA N
.
NNl
\\ //‘\\, /«O H
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{82649 Step 5: To a solution of (4-phenyl-1,2,5,6-tetrahydropyridin-3-yiymethanol
hydrochloride (110 mg, 0.49 mmol) in DCM (2 mb) was added DIPEA (.17 mL, (.98
mmol) and Ac;(3 {0.05 g, 0.4% mmaol), 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 1-(5-

(hydroxymethyl-4-phenyl-3,6-dihydropyridin-1{2H)-vDethan-1-one (88 mg).
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{0278]  Step 6: To a solution of 1-(3-thydroxymethyh-4-phenvi-3,6-dihydropyridin-1 {(2H)-

vijethanone (88 mg, (.38 munol) in DCM (2 mL) was added SOCL (0.67 mL, 9.50 mmol) at
G °C. After stitring at 6 °C for 15 min, the selution was concentrated to remove SOCH,;, dried
under bigh vacuum to give 1-{3-{chloromethyi}-4-phenyl-3,6-dihydropyridin-1{2H}-yDethan-

1-one as crude product,

0
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{0271 Step 7: To a schution of 1-{3-(chloromethyl)-4-phenyl-5,6-dihydropyridin-1(2H)-
yhethanone (100 mg, 0.40 mmaoband 2,6-dihydroxybenzaldehyde (110 mg, (.80 mmeol) in
DMEF (2.5 roll} was added KoCO; (170 mg, 1.20 mmol), after heated at 50 degree for 2 b, the
reaction was diluted with EtOAc, organic layer was separated and aqueous layer was
extracted with EtOAc. EtGAc layers were combined, washed with Sat. NaHCO;, brine, dried
over NazSidy, and was concentrated 1o give crude otl, which was purified by preparative
HPLC (eluted with ACN/H0) to give 2-{(1-aceiyl-4-phenyi-1,2,5,6-tetrahvdropyridin-3-
yDmethoxy)-6-hydroxybenzaldebyde (26 mg). 1H NMR (400 MHz, CDCl;, NMR shows
rotamers exist, only one set of signal was reported) & {(ppm) 11.97 (s, 1H), 10.34 (s, 1H), 7.34
{m, 4H}, 7.17 (m, 2H), 6.49(d, T = &0 Hz, 1H), 611 {(d, J =88 Hr, 1H), 448 (5, 2H), 4.33 (s,
2H), 3.69 (1, § = 6.0 Hz, 2H), 2.55 (m, 2H), 2.18 (s, 3H); MS (ESD m/z 352.3 [M+HT

[8272) GBTE87 Preparation ot 2-((2-(1-cyclopentyl-1H-pvrazol-5-ylpyridin-3-

ylimethoxy-6-hydroxyvbenzaldehvde
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{0273  To a mixture of 3-(chloromethyl)-2-(1-cyclopentyl-1H-pyrazol-3-yhpyridine
hydrochloride (44.7mg, 0.15mmol) and 2,6-dihydroxybenzaldehyde (83mg, 0.6mmol, 4eq)
and potassium carbonate (41.5mg, $.3mmol, 2eq) were added ImL anhydrous DMF. The
mixture was heated to 80 oC for 40mins. The reaction was almost done by LCMS, Solvent

N3

was removed at 50 oC on a rotavap, Water 3mL and 0.3mL of formic acid were added {0 the
resulting brown residue, the mixture was sonicated to make sure all carbonate was
neutralized. Solvents were then reomved at 45 oC on a rotavap, DOM (4ximl) 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 onna dg ZAP 5102 colummn. It was
purified on Bictage Isolera Une system eluted with 5%-100% EtOAc¢ (the product came out
around 25% EtOAc, 2nd peak; the Ist peak is dihydroxybenzaldebyde). The product as a
vellow film was ontained after removing solvents, the residue was re-dissolved in 0.3mL
CH;CN and to this was added 0.5mL of water. This suspension was freezed and put on a
iyophilizer over the weekend. The product was obtained as a light brown filin (18.6mg, 34%
vield). "H NMR (400 MHz, CDClL-d) 8 11.94 (s, 1H), 10.37 (s, 1H), 8.75 (dd, /= 4.8, 1.7
Hz, 1H}, 797 (dd, /= 8.0, 1.4 He, 1H), 759 (d. J=2.0 Hz, 1H), 742 (dd, /= 7.7, 4.8 Hz.
TR, 7.37 (1, J= 83 Hz, TH), 6.56 (d, J=8.6 Hz, 1H)YL 635 ¢(d, /= 1.9 Hu, 1H). 6.25(d. /=
8.3 Hz, 1H), 5.07 (5, 2H), 4.79 — 4.67 (m. 1H), 2,18~ 1,95 (m, 4H), 1.95 - 1.84 (m, 2H), 1.66
— 1.50 (m, 2H); M8 (ESD) mv/z 364.3 [M+14]"

{0274 GBTE8E Preparation of 2-hydroxy-6-{[{25)-1-phenylpyrrolidin-2-

yijmethoxylbenzaldehyde

o
;T/\\/ N \:}
AT

e AN
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{02751 Step 1: To a solution of (S)-pyrrolidin-2-ylmethano! (1.52 g, 15 mmol) and Cul
{190 mg, lmmol} in (PrOH (10 ml) was added (CH;OH) (111 mb, 20 mmol}
iododbenzene (2.04 g, 20 mmol) and KaPQy (4.25 g, 20 nunol), afier 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 turther extracted with cther. Organic layers were combined.
concentrated and the resulting crude oil was puritied by column (hexanes/EtOAc=2:1} to give

{S)-{1-phenylpyrrolidin-2-ylimethanol (1.6 ).

[6276] Step 2: To a solution of (S}-(1-phenylpyrrolidin-2-yDmetharol {45 mg, 0.23 mmaol)
and 2,6-dithydroxybenzaldehyde (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 mamol) at room temperature. After stirver for 10
min, the mixture was concentrated and the residue was purified by column (Hexanes/EtOAc=
9:1) o give (S)-2-hydroxy-6-((1-phenylpyrrolidin-2-yDmethoxybenzaldebyde (14 mg). 1H
NMR (400 MHz, CDCL {ppn) 1196 {s, TH), 1037 (s, iH), 7.35 (1, 1 = 8.0 Hz, 1H), 7.25 {m,
2H). 6.73 (m, 3H), 6.53 (4, 1 = 8.4 Hz, 11), 6.33 (d, J = 9.2 Hz, 1H), 4.21 (m, 11, 4.15 (4, ]
= 3.6 He, 1H), 3.83 (¢, J= 8.0 Hz, 1H), 3.53 (m, 1H}, 3.22 (m, 1H), 2.11 (m, 4H); MS (ES])

m/z 298 4

(62777 GBTE92 Preparation of 5-{{2-(3-chiorophenylpyridin-3-yljmethoxyi-2-

methoxypyridine-4-carbaldehyde

e « S
diowane, B0, 3000 oA Stepz oS Step3 o
Step1
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{0278} Step 1t Info a 50-mLb round-bottom flask, was placed a solution of (3-
chlorophenyliboronic acid (1.6 g, 14.23 mmol, 1.20 equiv), (Z2-chloropyridin-3-yDmethanol
(1 g, 6.97 munol, 1.00 equiv), Pd(dppH)Cl, (370 mg, 0.78 mmol, .10 equiv), and sodium
bicarbonate (1.7 g, 20.24 mmol, 3.00 equiv) in 3 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 H;0. The resulting solution was exiracted with 2x20 mL of dichloromethane, and
the combined organic layers were concentrated under vacuum. The residuc was applied onto
a silica gel column with ethyl acetate/petrolenm ether (1:100-1:5) as ehuent to yield 1.2 ¢

(78%;) of [2-(3-chiorophenyDpyridin-3-yljmethavol as a white solid.

{0279]  Siep 2: Into a 50-mL round-bottom tlask, was placed a solution of [2-(3-
chlorophenybpyridin-3-ylmethanol (600 mg, 2.73 mmol, 1.00 equiv) in thionvl chloride (10
mb.). The resulting solution was stirred for 1 h at reflux. The resulting mixture was
coneentrated under vacuum. This resulied in 500 mg (77%) of 3-{chloromethyiy-2-(3-

chlorophenyhpyridine as a white solid.

[8288] Step 3: Into a 50-mL round-botiom flask, was placed a solution of 3-
{chloromethyl}-2-(3-chlorophenyhpyridine (309 mg, 1.30 numol, 1.00 equiv), S-hydrony-2-
methoxypyridine-4-carbaldehyde (200 mg, .31 munol, 1.00 equiv), and potassium carbonate
{361 mg, 2.61 mumol, 2.00 cquiv) in CH;ON (20 mb). The resulting solution was stirred for 4
hat 70°C, and then it was concentrated under vacuurn, The crude product (300 mg) was
purified by Prep-HPLC with the following conditions (Prep-HPLC-010): Columm, Sunfire
Prep C18 OBD Column,5um, 19* 1 530mm; mobile phase, water with 0.05%TFA and MeCN
(20.0% MeCN up 1o 60.0% in 10 min, up to 5.0% in 2 min, down to 20.0% in § min};
Dietector, Waters2545 UvDector 254&220mm. This resulted in 71 mg (9% of 5-{[2-(3-
chiorophenyDpyridin-3-yljmethoxrv]-2-methoxypyridine-4-carbaldehyde; bis(trifluoroacetic
acid} as a yellow solid.

'HINMR (400MHz, DMSO-d6) 8 10.07(s, 1H), 8.72 (m, 1H), 8.20(m, 2H), 7.79(s, 1H),
7.60(m, 4H), 6.95(m, 1H), $.21(m, 2H), 3.85(s, 3H); MS (BEST) m/z 355 [M+H].

[0281] GBTS883 Preparation of 3-[[2-(4-chlorophenyhpyridin-3-ylmethoxy}-2-

methoxypyridine-4-carbaldehyde
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{0282] Step 1: Into a 100-mL round-bottom flask, was p}aced a solution of (4~
chlorephenyliboronic acid (1.6 g, 10.23 mumol, 1.20 equiv), {2-chioropyridin-3-yiimethanol
(1 g, 6.97 mmol, 1.00 equiv}, Pd{dppHCh (370 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 4 h at 70°C, and then it was diluted wit
100 ml of H;O. 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 stlica gel column with ethyl acetate/petroleum ether (1:100-1:5) as eluent to vield { g

-{4-chlorophenybpyridin-3-yijmethanol as a light yellow oil.

/am

O
\~—
,....

~

[0283]  Step Z: Into a 25-mL round-bottom flask, was placed a sclution of {2-(4-
chiorophenylypyridin-3-vlimethanol (1 g, 4.55 mmol, 1.00 equiv) in thionyl chlonide (8 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-{chioromethyl)-2-(4-chiorophenylipyridine as
a white solid.

[0284]  Step 3: Into a 50-mL round-bottom flask, was placed 2 solution of 3~
(chloromethyl)-2-(4-chlorophenylipyridine (309 mg, 1.30 mmol, 1.00 equiv), S-hvdroxy-2-
methoxypyridine-4-carbaldehyde (200 mg, 1.31 mmol, 1.00 equiv), and potassium carbonate
(361 mg, 2.61 mmol, 2.00 equivy in CHyCON (20 mL). The resulting solution was stirred for 4
h at 70°C. and then it was concenirated under vacuum. The crude product (300 mg) was
purified by Prep-HPLC with the following conditions (Prep-HPLC-010): Colurnn, Sunkire
Prep C18 OBD Coluron,Sum, 19%1 30mm; mobile phase, water with 0.05%TFA and MeCN
(20.0% McCN up to 60.0% in 10 min, ap to 95.0% in 2 min, down to 20.0% in 1 min},
Detector, Waters2545 UvDector 254&220nmm. This resulied in 148.2 mg (20%) of 5-{[2-(4-

chiorophenylipyridin-3-ylimethoxy]-2-methoxypyridine-4-carbaldehyde; bis(trifluoroacetic
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actd) as a yellow solid.

'HNMR (300MHz, DMSO-ds) 8 10.05(s, 1H), 8.69 (m, 1H), 8.16(m, 2, 7.64(m, 2H).
7.50(m, 3H), 5.32(s. 211}, 3.81¢s, 3H): MS (ESD) m/z 355 [M+H]",
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{FR)-2-hydroxy-8-{{1-phenyipyrralidin-2-ylimethoxybenzaidehyde

[8285] GBT903 - Preparation of (R)-2-hydroxy-6-((1-phenyipyrrolidin-2-
yhmethoxy)benzaldehyde. The compound was prepared from (R)-pyrrolidin-2-ylmethanol
and todobenzene according to scheme &, reaction steps 3 and 4. 'H NMR (400 MHz.
Chloroform-d) 6 11.96 (d, /= 0.4 Hz, 1H), 1037 (s, 1H), 737 {td, /= 8.4, 0.4 [z, 1H),
— T8 (my, 2H), 6.77 - 6.64 {m, 3H), 6.83 (dt, S/ =8.5, 0.7 Hz, 1H), 6.33 (dd, /= 8.3, 0.8 Hz,
TH), 425412 {m, 2H), 3.88 = 3.78 (m, 1H}, 3.53 (dt, J= 8.8, 4.4 He, TH), 3.27 - 3.16 {m,
TH), 2.1 (dat, J=13.0, 6.4, 2.8 Hz, 4H) MS (M+H)+ found for CigHoNOy: 298.2.
GBTIM

3
[S]
2

Z-hydroxy-6-((2-{1-methyi-1 H-pyrazal-Sylinyridio-3-ylmathoxyhenzaldehyde

[6286] GBT904 - Preparation of 2-hydroxy-6-{(2-(1 -methyl-1H-pyrazol-3-yiipyridin-3-
yhmethoxy)benzaldehyde. The compound was prepared from (2-chloropyridin-3-
yhmethano! and 1-methyi-5-(4,4 5 S-tetramethvi-1,3,2-dioxaborolan-2-yD- 1 Hopyrazole
according to scheme Y, reaction steps 1, 2 and 4. In step 4, 2-hydroxy-6-

{methoxymethoxy)benzaldehyde was used; the MOM ether protecting group fell off after the

reaction to give the final product. 'H NMR (400 Miiz, Chioroform-dy § 11.94 (s, 1H), 10.36

5
Fo
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(s, 1H}, 8.75(dd, /=48, 1.7 Hz, 1H), 7.98(d, /= 8.0 Hz, 1H), 7.54 (. /= 1.9 Hz, IH), 7.41
{(dd, /= 8.0,4.0Hz, 1H), 738 (L. /= &0 Hz, 1H), .58 (dt, /=8.5, 0.7 Hy, 11},6.39(d, /=

1.9 Hz, 111}, 6.28 (dd, /= 8.3, 0.8 Hz, 1H), 5.12 (s, 2HD), 3.95 (s, 3H). MS (M+H) found for
Cy5HisMa05 3103,

GBTY07 and GBTSG8

e o ™

&l . [ A
B/ \\\\J:/ “H S o
o

2-mydrony-B-{{1-(2-methoxypheny!piperidin-3-
{S}-Z-hydroxy-6-({1-(2-methoxyphenylipyrralidin-2- yiloxylbenzaidehyde
yviimathoxyibenzaldahyde

[0287] GBT87 and GBTYUS - Preparation of (8)-2-hydroxy-6-{(1-(2-
methoxyphenyDpyrrolidin-Z-yDmethoxy)benzaldebyde (GBTY)7) and 2-hydroxy-6-{{1-
(Z-methoxyphenylpiperidin-3-yhoxy)benzaldehyde (GBT908). The reaction of (8)-
pyrrolidin-2-ylmethano! with 2-iodoanisole, and subsequent Mitsunobu reaction, according to
scheme 8, gave a mixture of GBTY07 and GBT908 in 3:2 ratio, which were separated by
reverse-phase prep HPLC,
{8I88] GBT907- (85)-2-hydroxy-6-{{1-{(2-methoxyphenylipyrrolidin-2-
yhimethoxy)benzaldehyde 'H NMR (400 MHz, Chioroform-d) § 11.96 (d, J= 0.4 He, 1H),
10.37(d, /=00 Hz, 1H), 739 (1d, /= 8.4, 0.4 Hz, 1H), 7.04 - 6.87 {m, 3H}, 6.84 (dd, J =
80,14 Hz, 1H), 6.52(ddt, /= 13.7, 8.4, 0.7 Hz, 2H), 4.66 (11, /= 8.2, 39 Hz, 1H), 380 (s
3H3, 3.67 - 3.58 (m, TH}, 3.29 (de, /=9.9,4.3 Hz, 1H), 285 (dd, /= 113,83 Hz, 1H), 2.82
- 274 (m, 1H), 2.20{dd, J=12.4,4.9 Hz, 1H), 2.00 (dp, /= 13.0, 4.6 He, 1H), 1.94 -
{m, 1H), 1.72 (dddd, /= 13.0, 10.7, 9.0, 4.3 Hz, 1H). MS (M+H)+ found for CioHyNOy:
328.3).
[828%] GBT908- 2-hydroxy-6-((1-{2-methoxyphenyDpiperidin-3-yhoxyibenzaldehyde (40
me, TINMR (400 MHz, Chloroform-d) & 11.91 {5, 1H), 10.09 (d, J= 0.6 Hz, 1H), 7.32 (4, .7
= 8.4 Hz, 1H), 6.93 - 6.80 (m, 4H), 6.46 {dt, /= 8.5, 0.7 Hz, 1H), 6.23 (dd, /= 8.4, 0.8 Hz.
THDY, 4.49 (1, J=7.2,4.7 Hz, TH), 4.06 (dd, J= 93,44 Hz, 1H), 3.88 - 378 (m, 1H), 3.8
(s, 3H}, 3.63 (ddd, J=9.1,7.3, 63 Hz, 1H}, 3.21 - 3.11 (m, 1H), 2.35 - 2.22 (m, 1H), 2.09 -
1.86 (m, 3H), MS (M+Hp+ found for CoHz NOy: 328.3).
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2-{{(38 4R)-1-acetyl-4-(2 5-difluorophenylipyrrolidin-3-viimethoxy)-6-hydroxybenzaldehyde

{02907 GBT912- 2-({({35,48)-1-acetyl-4-(2,5-diflusrophenylipyrrolidin-3-viymethoxy)-
6-hydroxybenzaldehyde. The compound was prepared from -(2,5-diflucrophenyl)-4-
(hydroxymethylypyrrolidin-1-yljethan-1-one and 2,6-dihvdroxybenzaldehyde (INT-7) using
general method A (Mitsunobu conditions). 'H NMR (400 MHz, Chlaroforme-d) § 11.90 (s,
iH). 9.88 (s, 1H}, 7.37 (dd, J= 8.4, 6.4 Hz, 1H), 7.01 (m, 3H), 6.53 {1, /= 8.6 Hz, 1H), 6.27
{dd, /= 83,0.8 Hz, 1H), 4.02 (m, 4H), 3.55 (m, 3H), 2.96 (m, 1H), 211 (s, 3. MBS

(M+H}+ found for CygH oFaNOy 376.3.

{0291} Preparation of -(2,5-difluorophenyl}-4-(hydroxymethyhipyreolidin-1-yhethan-1-one
Q.
HHC N

A >

) Ac,0 . N

P )‘ \‘L /’

DIPEA =y }
i \j//) HC

;:
F

(32921 To a solution of (35,48 -4-(2,5-diflucrophenyDpyrrolidin-3-vDmethanol
hydrochloride (200 mg, 0.8 mmol) in PCM (2 mL) at 0 °C was added DIPEA (0.3 mL. 1.68
mmoly and AcO (90 mg, 0.84 mmol), after stirred for 30 min, the solution was diluted with
DCM, orgamc layer was washed with Sat. NaHCO;, brive, dried over MgSO; and was
concentrated to give 1-((3R,45)-3-(Z2,5-difluorophenyl)-4-(hydroxymethylipyreolidin-1-

victhan-1-one as crude produet (175 mg).

GBT?13 and GBTY14

-3854-0057.1 118
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2-hydroxy-G-({1-(3-methoxyphenyhpipendin-3-

(33-2-h y-6-~{{1-(3-methoxyphenyhoyrrolidin-2- .
{S)-2-hydroxy-8-((1-(3-methoxyphenyhpyrrofidin yiloxy)benzaidehyde

yhimethoxylbenzaldahyde

{02931 GBT913 and GBT914 - Preparation of (S}-2-hydrexy-6-{(1-(3-
methoxyphenyDpyrrolidin-2-yDmethoxy)benzaldehyde (GBTY13) and 2-hydroxy-6-({(1-
{3-methoxyphenyDpiperidin-3-yhoxy}benzaldehyde (GBT914). The reaction of (S)-
pyrrolidin-2-yimethano! with 3-iodoanisole, and subsequent Mitsunobu reaction, according to
scheme 8, gave a mixture of GBTY13 and GBT914 in 5:4 ratio, which were scparated by
reverse-phase prep HPLC,

{6294 GBT913- (S)-2-hydroxy-o-{{1-3-methoxyphenylpyrrolidin-2-
yimethoxyibenzaldehyde 'H NMR (400 MHz, Chioroform-d) & 11.95 (s, 1H), 1037 (1, 7=
0.5 Hz, 1H), 742 =731 (m, 1H), 716 (t, =82 Hz, 1H), 6.53 (dq, /= 8.4, 0.6 Hz, 1H), 6.36
=624 (m, 3H), 6.23 (1, J=2.4 Hz, 1H), 423 -4.12 (m, 2H), 3.79 (s, 4H), 3.50 (ddd, 7= 9.0,
5.6,3.5 He, 1H), 3.27 =316 (m, 1H), 2.17 — 1.98 {m, 4H). MS (M+H)+ found for

Crola NGy 3283

GBT914 - 2-hydroxy-6-(({ 1 -(3-methoxypheny) piperidin-3-yloxy ibenzaldehyde 'H NMR
(400 MHz, Chloroform-d} 8 11.94{d, J= 0.4 Hz, 1H}, 1025 (d, /= 0.6 He, 1H), 739 (td, J =
84,04 He, 15}, 7.19 - 7.08 (m, 1H}, 6.51 (dt, J= 8.5, 0.7 Hz, 2H), 6.48 - 6.37 (m, 3H),
4.58 {m, 1H), 3.78 {m, 1H), 3.77 (5, 3H), 3.74 - 3.64 (m, 111), 3.39 (d, /= 5.6 Hz, 1H), 3.17
(dd, /=124, 7.6 Hz, 1H), 3.11 - 3.01 (m, 1H), 2.14 (5, 1H}, 2.02 - 1.92 (m, 1H), 1.86 - 1.74
{m, 1H). MS (M+H}+ found for CioHy NGy 328.4).

GBTY16
A N

.
O
T
P N
]
i
:

\\jf ~
L\:/)/ BN 0
_A_CHO

St o
{0295] GBT916 - 2-bydroxy-6-{(2-(Z-methoxyphenyhpyridin-3-

yhmethoxyibenzaldehyde. The compound was prepared from (2-chloropyridin-3-
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yhmethanol and (2-methoxyphenyliboronic acid according to scheme 9, reaction steps 1, 2
and 4. [n step 4, alkylation with 2,6-dihydroxybenyaldehyde, the product of TFA sall was
obtained after HPLC purification. 'HNMR (300MHz, DMSO, ppm): 11.71 (s, 1H), 9.99 (s,
TH), 8.65 (m, 1H), 813 (d, J=75Hz, 1H), 7.30 (m, 3H), 7.31 (m, 13}, 7.04 (m, 2H), 6.47 (m,
1H) 6.38 (m, d, J=8.4Hz, 1H), 5.00 (s, 2H), 3.73 (s, 3H); MS (ES, m/z): 336 [M+17".

GBTS17
oYy
i i i
N //‘\\\\v/ /\\V////I
L\f;;; k\ O
. CHO
gt
“ TOH

[0296] GBTS17 - 2-hydroxy-6-{(2"-methoxy-{2,3 -bipyridin|-3-
yhimethoxyybenzaldehyde. The compound was prepared from (2-chloropyridin-3-
yhmethano! and {(2-methoxypyridin-3-yi)boronic acid according to scheme 9, reaction steps
1, 2 and 4. In step 4, alkylation with 2,6-dihydroxybenzaldehyde, the product TFA salt was

obtained after HPLC purification.

THNMR (300MEz, COCI3, ppary: 11.91 (s, TFD, 10.24 (s, 1H), 8.71 (¢, 1H), 8.69 {m, 1H),
7.93 (d, 1H), 7.75 (d, 1H), 7.40 {m, TH), 7.39 (m. 1H), 7.08 (m, 1H), 6.53 (d. 1H). 6.50 (d,
1H), 3.07 (5, 2H), 3.94 (s, 3H): MS (ES. m/z): 337 [M+117

GRS

T =0
SN g

{62971 GBTO30- 2-((2-(IcvelobufyliH-pyrazel-Sylipyridin-3-yDmethoxy)-6-
hydroxybenzaldehyde, The compound was prepared by Mitsunobu reaction {scheme 9, step
3) of (2-(1-cyclobutyl-1H-pyrazol-5-yUpyridin-3-ymethanol {(A) with 2,6~
ditydroxybenzaldehyde (INT3). The product was obtained as pale yellow solid. 'HNMR
(300MHz, CDCI3, pproy: 11.95 (s, TH), 1035 (s, 1H), 8.75 (m, 1), 797 {d, }=72Hz, 1H),
7.62 {my, 1H), 7.45 (m, 1H), 7.36 (m, 1H}, 6.536 (d, J=8.4Hz, 1H), 6.38 {m, 1H), 6.23 (d,

4814-3854-0057 1 126
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=8.4Hz, 1H), 5.07 (s, 2H), 4.85 (m, 1), 2.75 (m, 2H), 2.27 (m, 2H), 1.25 (m, 2H); (ES.

m/zy 350 M+

OH
N | /\\\\i/ o N #
(»:\\:/h\ = S oH N bl O /;‘\T,OH
NN e OH ‘C\»\,\j/\\ o
Lo DIAD, PPhy, THF N

(6298} Preparation of intermediate A, Intermediate A was prepared from pyrazole in

three steps according scheme below,

Stap 1 / Step2 HQ\. Step 3
~( H .
p NS 9 -l Ny
raan o/ Y | S > ¥
8x'<> 4N BN I ! h i
— % N, > I Mol Y O : A
N:// y LN 2770 f‘LN/\B\ L N @T/A\
" A T T = Q- -N <
& Ce00;5 ACN <> n-Buli, THF <> AN PA{GERNCh, 2N NayC N o
Tol, E2OH, 80°C LA

{0299] Step I Inio a 300-mL round-bottom flask, was placed a solution of tH-pyrazole (10
2, 146,82 vomol, 1,00 equiv), Cs;C04 (93,9 g, 294.33 mmol, 2.00 equiv), and
bromocyclobutane (29.7 g, 220.00 mmol, 1.50 equivy in CHCN (130 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/petroleurn ether (1:400-1:200)

as cluent to vield 8 g (45%: of 1-cyclobutyl-1H-pyrazole as a colorless liquid.

10368]  Step 20 Inwo a 230-mL round-botiom flask, was placed a solution of t-cyclobutyl-
1H-pyrazole (6.5 g, 53.21 mmol, 1.00 equiv) in tetrahydrofuran (100 ml). This was tollowed
by the addition of BulLi (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-yioxy}-1,3,2-dioxaborolane (14.9 g, 80.08 nunol, 1.50 equiv)
dropwise with stirring at -78°C. The resulting solution was stirred for 3 b at -78°C, and then it
was quenched by the addition of 30 mL of water. The resulting solution was extracted with
2x%200 ml of dichloromethane. The combined organic layers were concentrated under
vacuum. The residue was applied onto a silica gel column with ethyl acetate/petrolewn ether

AN

.

dioxaborolan-2-yi)-1H-pyrazole as a colorless oil.

-y ~
307 as eluent to furnish 6.2 g (47%; of

[0381]  Step 3: Into a 100-mL round-bottom flask, was placed a solution of T-cyclobutyl-5-

(tetramethyl-1,3,2-dioxaborolan-2-yl-1H-pyrazole (791 mg, 3.19 ramol, 2.00 equiv), (2-

t
}
s
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bromopyridin-3~-yhimethanol (500 mg, 2.66 mmol, 1.00 equiv), Pd{dppHiCl (217 mg, 0.30
mmol, .10 equiv),and sodium carbonate (670 mg, 6.32 mmol, 3.00 equiv) in a solvent
mixture of dioxane (10 mL) and water(10 mL). The resulling solution was stivved for 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/petroleun ether (1:3-1:1) as eluent to provide 200 mg (33%) of |2-

{(1-cyclobutyl-1H-pyrazol-5-yDpyridin-3-ylimethanol as a yellow oil.
GBTY34

OEt N4\W

(63021 GBT934- 2-({2'-ethoxy-[2,3 -bipyridin]-3-ylimethexy}-6-hydroxybenzaldehyde
The compound was prepared from {2-chloropyridin-3-vijmethanol and ((2-ethoxypyridin-3-
yUborenic acid according 1o 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 puritication. "HNMR (400Mily, CDChL, ppm): 1191 (brs, TH), 10,29 (s, 1H), 897 (s,
2H), 897 (brs, 1H), 8.46 (d, /=8.0 Hz, 1H), 8.40 (4, J= 4.8 Hz, 1H), 7.87 (s, 1H), 7.81 {4,
J=68Hz, 1H), 753 (t, J=4.4 Hz, 1H), 7.12 (1, /=060 He, 1H), 6.59{d, J= 8.4 Hz, {H),
6.14(d,J= 8.4 Hz, 1H), 5.17 (5, 2H), 4.46 (g, /= 6.8 Hz, 2H), 1.32 (1, /= 6.8 Hz, 3H); MS

(BS, m/z) 3511 [M+1]7

GBT943
B .’;"n\l
f\‘{: ,\\/_,‘ \ /‘!//I
N-y /
N &
// O
ﬂ/‘.\\\\\:/ CHO
F ow
of

[0383] GBYTY48- 3-chlore-2-hydroxy-6-((2-(I-isepropyl-1H-pyrazol-3-yhpyridin-3-

prepared using general reaction step 4 of

x

yhmethoxy)benzaldehyde. The compound was
scheme 9, by O-alkylation of 3-chioro-6-hydroxy-2-(mmethoxymethoxyjbenvaldehyde (B)

with 3-{chloromethyD-2-(1-isopropyl-1H-pyrazol-S-yhpyridine (A) and subsequent

4314-3854.0057 1 12
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deprotection of the MOM ether by treating with agueous 6N HCl in THF. "HNMR
(400MHz, CDCls, ppary: 12.49(s, TH), 10.34(s, 1H), 8.80(dd, /=3.6Hz, 1H), 8.00(dd,
J=5.7Hz, 1H), 7.63(d, J=1.2Hz, 1H),7.47(m, 2H), 6.36 (m, 2H) ,5.11 (d, /=10.8Hz, 2H),
4.70¢(m, 1), 4.610m, 1H), 1.53(d, /=4 5Hz, 6H); MS (B8, m/z): 372{M+11

pfer OH g))i\ﬁég(;O&?‘(‘ (/“§ IN:‘f\i\,
T A A B0 N N
I} 7 i PN 4) H N {
A = qo el N /
N~p / + ; | B — N
= Y ST OMOM / fi
) C Ry L _CHO
A B ¢
(=N
Y ow
Ci

{8304] The MOM-protected phenol aldehyde intermediate B was prepared according to the

following synthetic scheme:

Step 1 a Step 2 . Step 3 Stap 4 OH
G k[H ?Bﬂ QBH RhiC.H J\ CHO
/E\ MOMEr KoCO, E’\j BrBrKCO, ¢ EDADME e CHO . [ d
N el B i P rmm———— ' i ' )
| H q > Ll 13 - R H e
[\/y'\f, Acetone \f' SOMOM  Aceione ~F omom  THE L\?‘él\w'\rr\;\,r sthyt acstate 7/ CRMOM
OH ! i OMOM I
(( Cl C & ol
B

{8385] Step 1: Into a 2800-mL round-bottom flask, was placed a solution of 4-
chlorobenzene-1,3-diol {50.0 g, 345.89 mumol, 1.00 equiv) and potassiurn carbonate (95 g,
687.36 ramol, 2.00 equiv) in acclone (1000 oL} This was followed by the addition of
MOMBr (40 g, 320.10 nunel, 0.90 equiv) dropwise with stirring. The resulting solution was
stirred for 60 h at room temperatore. The solids were filtered out. The resulting mixture was
concentrated under vacuum. The residuc was applied onto a silica gel column with ethyl
acetate/petroleum ether (1:10-1:2) as eluent 1o furnish 49 g (75%) of 4-chloro-3-

{methoxymethoxy)phenol as a colorless oil.

[0386] Step 2: Into a 1000-mL round-bottom flask, was placed a solution of 4-chloro-3-
{methoxymethoxy)phenol (49.0 ¢, 25980 mmaol, 1,00 equiv) and potassium carbonate (37.4
g, 41531 mmol, 1.60 equiv) in acetone (500 b)), This was followed by the addition of BoBr
(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
concentraled under vacuurn, The residue was applied onlo a silica gel column with ethyl
acetate/petrolenm ether {1:99-1:10-1.2) as eluent to furnish 40.0 g {55%) of 4-{benzyloxy)-1-

chioro-2-(methoxymethoxybenwene as a colorless otl,

4814-3854-0057 1 123
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[9307]  Step 3: Into a S00-mL three neck round-bottom flask, was placed a solution of
bis(propan-2Z-yhamine {29.7 g, 293.531 mmol, 5.00 equiv} in tetrahydrofuran (7¢ mL). This
was followed by the addition of BuLi (100 mL, 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

P

added a sohution of 4-(benzyloxy)-1-chloro-2-{methoxymethoxy)benzene (23.3 g, §3.59

[¢]

ounol, 1,00 equiv) in tetrahydrofuran (70 mL) dropwise with stirring at -78 “C. The mixture

was stirred for 1 hoat -40 °C. To the mixture was added N, 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 SO mL of NH,Cl
{aq). The resulting solution was diluted with 50 mL of water. The resulting solution was
extracied 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 ethy! acetate/petrolewrn ether (1:3) as eluent. This resulted in 8.8 g (34%) 0 6-

{(benzyloxy)-3-chloro-2-(methoxymethoxyibenzaldehyde as a yellow soild.

[G388] Siep 4: Into a 500-mb. round-bottom flask, was placed a solution of 6-(benzyloxy}-
3-chioro-2-(methoxyvmethoxyibenzaldehyde (8.8 g, 28.69 mol, 1.00 equiv) in ethyl acetate
{100 mL). BhC (1.0 gy was added to the reaction. The resulting solution was stirved for 20 h
at room temperature under 1 atm of hydrogen gas. The solids were filtered out. The resuliing
mixture was concentrated under vacuum. The residue was applied onto a silica gel column

with ethyl acetate/petrolenm cther (1:2) as eluent. This resulted in 3.2 g (84%) of 3-chloro-6-

hydroxy-2-(methoxymethox ybenzaldehyde as a light yellow solid.

GBTe54

-~
PR
N \\\.
t
y H

{0309 GBT934- 4-hydroxy-2-((2-(1-isepropyl-1H-pyrazol-S-yHpyridin-3-
yhmethoxybenzaldebyde, The compound was prepared by Mitsunobu reaction (scheme 9,
step 3) of 2-hydroxy-4-(methoxymethoxybenzaldehyde (A) with (2-(1-isopropyl-1H-
pyrazal-S-yDpyridin-3-ymethanol (B) and subsequent deprotection of the MOM ether by
treating with aqueous 6N HCH in THF according the scheme below, "HNMR (400M¥z,
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DMSO, ppm): 10.70 (s, 1H), 10.09 (s, TH), 8.75 (m, 1H), 8.22 (d, J=8liz 1), 7.59 (m, 3H),
6.52 (mm, 3H), 5.16 (5, 2H), 4.65 (m, 1H), 1.37 (m, 6H); (S, ar/z): 338 [M+117
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[6318] Preparation of intermediate 2-hydroxy-4-(methoxymethoxyibenzaldehyde

OH O OH ©

K J MOMBr o

Ry -V
/J!\\;/’J Ka205, acetone /& -

(A)HO MOMO™ ™

{0311} Intw a 106-mL round-bottom flask, was placed a solution ot 2,4-
dihydroxybenzaldehyde (3 g, 21.72 mamol, 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 acetone (20 mbL). The
resulting solution was stirred overnight at room temperature, The resulting solution was
diluted with 30 mL of H2O. The resulting solution was extracted with 3%20 ml, of
dichloromethane and the organic layers combined and concentrated under vacuum. The
residue was applied onto a silica gel colamm with ethyl acetate/petroleum ether (1:50-1:30) ag
eluent to fumish 2.6 g (66%0) of 2-hydroxy-4-{methoxymethoxy)benzaldehyde as a white
solid.
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133121 GBTYET- 22,6 -dimethoxy-[2,3-bipyridin]-3-yDmethoxy)-6-
bydroxybenealdehyde. The compound was prepared from (2-chloropyridin-3-yhmethanol
and 2,6-dimethoxy-3-(4,4,5,5-tetramcthyl-1,3,2-dioxaborolan-2-yl}pyridine according to
scheme 9, reaction steps 1, 2 and 4. In step 4, alkylation with 2,6-dihydroxybenzaldehyde, the
product of TFA salt as white solid was obtained after HPLC purification. "HNMR (400MHz,
DMSO, ppm): 10.04 (s, 1H), 8.65 (m, 1H}, 814 (d, J=7.6Hz, 1H), 7.73 {d, J=8Hz, 1H), 7.51
(m, 2FD), 6.50 (m, 3H), 5.16 (m, 2H), 3.91 (s, 1H), 3.86 (s, 1H); (ES, m/2): 367 [M+1]"
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{0313] GBT985- 3-(difluoromethyD--methyF3-((2-(1-(2,2,2-trifluoroethyl}- 1 H-

pyrazel-S-yiipyridin-3-ylmethoxy)-1H-pyrazole-d-carbaldehvde.

- F
;:J\

HO 7y O »&/\// "\"

NN . N\j\j,ﬂ\. PN N A (
) r Py [/) e i o
F F o — N - \?/,
N:J\\E
Iy

(6314} 3-(Diflucromethyh-5-hydroxy-1-methyl-1Hepyrarole-d-carbaldehyde (100 mg,
0.568 mmol) was dissolved in DMF (2.8 mi). 3-(chioromethyl)-2-{1-(2,2,2-trifluoroethyl)-
tH-pyrazol-5-vDpyridine hydrochloride (0.195 g, 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 biock for 16
h. The reaction mixture was cooled and water (50 m}) and ethyl acetate (100 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 water (20 mi) and a saturated agueous
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)-1-methyl-3-{(2-(1-(2,2,2-triflucroethyl)- 1 H-pyrazol-5-

yhpyridin-3-ylmethoxy)- 1 H-pyrazole-4-carbaldehyde as an off-white solid. 'H NMR (400

MHz, CBCl)y 6 997 (s, 1H), 875 (d, J =3.64 Hz, 1H), 8.68 (d,J=7.31 Hz, 1H), 7.68(d, ] =
1.69 Hz, 1H), 7.44 (dd, ] = 4.66, 7.83 Hz, 1H), 6.65 {t, J = 53.67 Hz, 1H)}, 6.61 (4, F = 1.78

z, 1H), 5.64 (s, 2H), 5.24 (q. T = 8.60 1z, 21, 3.54 (s, 3H). MS (ESD) m/z 416 [M+H]",
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BT986

{0315] GBTIRG- L-methyl-5-((2-(1-(2,2,2-trifluorcethyl}- 1 H-pyrazol-S-yhipyridin.3-
yhmethoxy)}-3-(triffuoromethyl-1H-pyrazele-d4-carbaldehyde

P
=,
) e
HQ — HC N 7N
B V3 N ‘; ,,!\ H
"'N"J\Y’Av\o N\;’“\ NG ‘\ Jﬁ} \,\’J/
A = ) = —_—— \
N=H F‘/J’ j!\ /,/j e} o
x\\ _ F:» 7 - ~o |
= F F — /\\ .»/I
Gl N f
N:l

{0316 S-Hydroxy-1-methyl-3-(tri r"ium'(;rmethyi} I H~pymzolc—:~4-carbaldehyde (100 mg,
3.515 mmol) was dissolved in DMF (2.5 mi}). ). 3-(chloromethyvl}-2-(1-(2,2,2-trifluorocthyl)-
H-pyrazol-5-yhpyridine hydrochloride (G.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 °C heat block for
16 h. The reaction mixture was cooled and water (50 mi) and ethyl acetate (100 mi) were
added. The phases were separated and the aqueous phase was extracted with ethyl acetate (2

¥ 30 ml}. The combined organic phases were washed with water (20 ml) and a saturated
aqueous sodium chionide solution 20 ml). After drying over sodium sulfate and evaporation,
the residue was purified by stlica gel chromatography (5 — 30 % ethyl acetate/hexanes) to
give 86 mg (36%) of 1-methyl-5-((2-(1-(2,2,2-rifluoroecthyl}- 1 H-pyrazol-3-yUpyridin-3-
yhimethoxy)-3-(trifluoromethyiy-1H-pyrazole-d-carbaldehyde as an off-white solid. T NMR
(400 MHz, CDCL) 8 9.87 (s, 1H), 875 (d, J=4.33 Hz, 1H), 808 (d, J=7.73 He, 1H), 7.68
(d, F= .74 Hz, 1H), 7.45 (dd, J = 4.64, 7.84 Hz, 1H), 6.59 (d,J:' £.70 Hz, tH), 5.63 {s, 2H),
524 (q,.J=8.60 Hz, 2H), 3.57 {s, 3H). MS (ESH) m/z 434 [M+H]

N

GBT106S
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GBT1665 - 4-fluore-7-({2-(1-isopropyl-1 H-pyrazol-S-vDpyridin-3-yDmethoxy)-
S-dihydro-1 H-inden-1-one bis(2,2 2-trifluorsacetate). The compound was prepared by

fitsunobu reaction of of 4-fluore-7-hvdroxy-2,3-dihydro-1 H-inden- 1 -one with [2-[1-

(propan-2-yi}-1H-pyrazol-5-yiipyridin-3-ylimethanol according to scheme 9, reaction step 3.

The product TFA salt as white solid was obtained after HPLC purification. "HNMR

(300MHz, DMSO, ppm

N

¥ 872 (m, 1H)

823 (m, TH), 7.560m, TH), "

Sid, I=

-
i
I

1,89z, 1H),

743(m, TH), 6.93 (m, 1H), 6.58(d, J=1.8Hz, 1H), 5.08(s, 2H), 4.63(m. 1H), 3.03 (m, 211,

2.61 (m, 2H), 1.33(d, J

[

[0318]

6.6Hz, GE); MS (ES, m/z): 366/M+1]"

™ oo “
A A DHAD,PPhs, THF Neg
i Vil
F N/

GBTH33- 2-(((2-(-isopropyi-1 H-pyrazok-S-vhpyridin-3-

yhexy hoethvlbenzaldehyde, The compound was prepared from ethyl 2-

(bromomethylibenzonitrile in 2 steps according

L8

reaction scheme below.

Step 2
\\\/ N R P
"] 1 i N T
B Step 1 B ,i\‘j‘\}//)\\\ff;i - /ii /,/J
l N, i,l, : / RNy \\'r’
Ry ON DIBAL-H R Ry N OH NV
L - ™ j - NI o
N DM S KpC 05K ;o
s s ‘ R
CrgCN i
GBTII33 ~u~ O
[0319]  Step 1: Into a 100-mL round-bottom flask, was placed 4 solution of 2-

(bromomethyhbenzonitrile (1.0 g, 5.10 mmol, 1.00 equiv) in dichloromethane (40 mL). This
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was {clowed by the addition of DIBAL-H (5.5 mL, 1.10 equiv) at ¢ °C. The resulting

solution was stirred for 3.5 h at 0 °C. The reaction was then quenched by the addition of 10

mb of 5% [Br 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/petroleam ether (1:10) as

eluent. This resulted in 360 mg (49%) of 2-(bromomethyl)benzaldehyde as a green oil.

(83281 Step 2: Into a 50~ round-bottom flask, was placed a solution of 2-

{bromormethyhbenzaldehyde (150 mg, 0.75 mmaol,

(Propan-2-yl}- 1H-pyrazol-3-ylipyridin-3-o0

1.00 egquivy in CHaON (25 ml). 2-[1-

{150 mg, .74 mmol, 1.00 equiv), potassium

carbonate (210 mg, 1.52 mmol, 2.00 equiv), and KI (40 mg, 0.30 equiv) were added to the

reaction. The resulting solution was heated to reflux tor 6 h, and then it was cooled to rt. The

resulting solution was diluted with 20 mL of H;0, and then it was extracted with 3x20 mi of

ethyl acetaie. The combined organic layers were washed with 1x30 mL of brine and

concentrated under vacuum. The crude product (200 mg) was purified by Frep-HPLC with

the following conditions (Prep-HPLC-010): Column, SunFire Prep C18 OBD

Column,5um, 19% 1 50mm,; mobile phase, water with .05

up to 55.0% in 8 min); Detector, nm. This provided 98.6 mg (41%) of 2-[{[2-[1-{propan-2-

y1}-1H-pyrazol-S-ylipyridin-3-yljoxyymethylbenzaldehyde as s light yetlow solid; "HNMR

(300MHz, CDClL, ppm): 10.01 (s, TH), 8.43 (m, 1H}, 7.88(m, 1),
7.7%m, 6H), 6.61{d, J=2.1Hz, 1H), 5.60 (s,

(ES, m/z): 322 MY
GBS

7.86 (m, 1H), 7.61-
25, 4.69-4.78 (m, 1H),

1.46(d, J=6.6Hz, 6H);

{0321 GBTHST- 2-((2-(3-isopropyl-1H-pyrazol-S-yDpyridin-3-

yvhmethoxyibenzaldehyde. The compound was prepared by O-alkylation of 2-

hydroxybenraldehyde with 3-(chloromethyl)-2-(1-isopropy
~ o 7

43, The product of TFA salt as white solid was obtained after HPLC puriﬁcation. HHNMR

(300MHz, CDCls, ppm): 10,49, 1H), 8.78(m, 1H), 8.16(m, 11D, 7

4814-3654-0057 1
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J=6.0Hz, 1H),7.54(m, 2H), 7.13(m, 1H} ., 6.90(d, /=8.4Hz, 1H), 6.41{d, /=1.8Hz, 11}, 5.1]
(s, 2H), 4.62 {m, 1H}) (ES, m/z): 322DM+11

GBTI252

/ ,/J\\\ -

[

7 TOH
103221 GBTI1I582- 2-({6-bromo-2-{1-sopropyl-1 H-pyrazel-5-vlipyridin-3-vhimethoxy)-
o-hydroxybenzaldehyde. The compound was prepared by Mitsunobu reaction of (6-bromo-
2-{1-isopropyl-1H-pyrazoi-S-ylpyridin-3-yHmethanol (intermediate A} and 2,6-
dihydroxybenzaldehvde (INT-3) according to scheme 9, reaction step 3. The product as white
solid was obtained after flash column purification. 'HNMR (300MHz, DMSO, ppm): 11.70
(s, 1HD, 1120 (s, 1H), 817 (d, J= 8.1 Hz, 1H), 7.81 (4, J = 8.1 Hz, 1H), 7.57 (s, 1H), 7.530 (1,
J= 8.4 He, 1H), 6,60 (s, 1H), 6.55(dd, ] = 8.4 Hz, 3.6 Hz, 1H)}, 3.19 {5, 2H), 4.65-4.55 (m,
1H), 1.38 (4, = 6.6 Hz, 6H); (ES, m/z2) 418.1 [M+1]

Br
Br OH O S
’ 0 N
S S 1
i | N Y
D, N TN NS i
~T ¥ O -t .
S L SN N A
N7 - "0H A
" ()
GBT1252 = ~oH

{0323] Preparation of intermediate A. Infermediate A was prepared from 2,6-

dichloropyridine-3-carboxylic acid in five steps according to the synthetic scheme below,
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{8324] Step 1: Into a 500-mL round-botiom flask, was placed a solution of 2,6-

dichloropyridine-3-carboxylic acid (25 g, 130.21 mumel, 1.00 equiv) in methancl (350 mL).
This was followed by the addition of t+-BaOK {(43.8 g, 390.34 mmol, 3.00 equiv). in portions
at § "C. The resulting solution was heated to reflux for 3 days. The resuiting mixture was
concentrated under vacuum, and then it was diluted with 400 mL of water, The pH value of
the solution was adjusted to 1 with hydrogen chioride 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 & white solid.

{1325] Step 20 Into a 100-mL round-bottom Hask, was placed a sobition of Z-chloro-6-
methoxypyridine-3-carboxylic acid (11.3 g, 60.24 mmol, 1.00 equiv) in methanol (53¢ mL).
This was followed by the addition of SOCI; (26 mL, 5.00 equiv) dropwise with stirting at §
°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 i 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 sodivm suifate and
concentrated under vacuum. The residue was applied onto a silica gel column with ethyl
acetate/petroleum ether (1:10) as eluent to furmush 7.8 g (64%) of methyt 2-chioro-6-

methoxypyridine-3-carboxylate as a white solid.

[3326] Step 3: Into a 100~-mL round-bottom flask, which was purged and maintained with

an inert atmosphere of nitrogen, was placed methy! 2-chloro-6-methoxypyridine-3-

4814-3854-0057 1 111
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carboxylate (3.29 ¢, 16.32 mumol, 1.00 equiv), 1-{propan-2-y1}-3-{tetramethyl-1,3,2-
dioxaborolan-2-yl)-Hi-pyrazole (4.63 g, 19.6]1 mmol, 1.20 equiv), oluene (45 mL), ethanol
(15 mL), sodiumn carbonate (2M in H,0) (15 mL). This was followed by the addition of
Pd{dpp(DCMHYCL: (665 myg, .05 equiv). The resulting solution was stirred for 20 b at 90 °C
‘The reaction was then quenched by the addition of 20 mL of water and 100 mL of ethyl
acetate. The resulting mixture was washed with 2x30 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 (83%) of
methyl 6~meﬁmxy-~2-{i-(pr0pan-2-y})~1H—p;y'ra;:ohfﬁ~y1}pyridineu3ncarboxyiate as a light

yvellow oil,

[#327}  Step 4: Into a 250-mL round-bottom flask, was placed methyl 6-methoxy-2-[1-

1
i

{propan-2-y1}-1 H-pyrazol-5-yi|pyridine-3-carboxylate (3.6 g, 13.08 mmol, 1.00 equiv), CsHs
(60 mL), HyPO4{85%) (150 mg, 1.53 mmol, 0.10 equiv), PyHBr (208 mg, 1.30 mmol, 0.10
equiv), POBrs {11.5 g, 40.11 mmol, 3.00 cquiv). The resulting sohution 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 380 mL of ethyl acetate and the organic layers combined. The resulting
mixture was washed with 2x50 mb of water and 1x50 mL of brine. The mixture was dried
over anhydrous sodium sulfate and conecentrated under vacuum. The residue was applied onto

a silica gel columm with ethyl acetate/petroleum ether (1:10-1:8) as eluent, This provided 2.62

e

3 {62%) of methyl 6-bromo-2-[1-{(propan-2-yi)-1H-pyrazol-S-vijpyridine-3-carboxylate as a

vellow oil.

[0328] Step 3: fnto a 50-mL round-bottom flask, was placed methy! 6-bromo-2-[1-(propan-
2-yh-1H-pyrazol-3-ylipyridine-3-carboxylate (2.62 g, 8.08 mmol, 1.00 equiv),
tetrahydrofuran (30 mL). This was tollowed by the addition of LiBH, (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
{ 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

1

extracted with 3x60 mL of ethyl acetate and the orge

mixture was washed with 2x50 mL of water and 1x50 mL of brine. The mixture was dried
over anhydrous sodium suifate and concentrated under vacuum. The residue was applied onto

a silica gel column with ethyl acetate/petroleum ether (1:8-1:5) as eluent to furnish 1.97 g
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quenched by the addition of 100 mLb of sodium hvdroxide (aq). The pH value of the solution
was adjusted to 12 with sodium hydroxide (aq). The resulting solution was extracted with
3x60 mL of ethy! acetate. The combined organic layers were washed with 1x60 mL of water
and 1x60 mlL of brine, dried over anhydrous sodivm sulfate and concentrated under vacuum.
The residue was applied onto a silica gel column with ethyl acetate/petrolewm ether (1:1-1:40}
as eluent to yield 2.08 g (75%) of 4-(dimethylaminoe)-2,6-dimethoxybenzaldebyde (3) as a

white solid,

{6332] Step 3¢ Into a 50-mb round-bottor flask, was placed 2 solution of §-
(dimethylamino)-2,6-dimethoxybenzaldehyde (3} (630 mg, 3.01 mamol, 1.00 equiv) in
dichloromethane 25 mL). AlCL {6 g, 45.1 1 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 sodinm bicarbonate {aq). The resulling sohution was extracted with 3x80
mL of ethyl acetate. The combined organic layers were washed with 1x60 mL of water and
1x60 mL of brine, dried over anhydrous sodium sulfste and concentrated under vacuum. The
residue was applied onto a silica gel column with cthyl acetate/petroleurn ether (1:4) as eluent
to furnish 383 mg (70%) of 4-{dimethylamino}-2,6-dihydroxybenzaldehyde (4) as a light

yeliow sohid.

{8333] Step 4: Into a 25-mL round-bottom flask, was placed a solution of {2-[1-(propan-2-
v 1 H-pyrazol-S-yl]pyridin-3-yiimethanol (8) (132 mg, 0.61 mmol, 1.00 cquiv), 4-
{(dimethviamino}-2,6-dihydroxybenzaldehyde (4) (110 mg. 0.61 mmeol, 1.00 equiv), PPhy
(207.3 mg, 0.79 mmol, 1.30 equiv) in tetrahydroluran (10 mL). BIAD (160 mg, 0.79 mmaol,
1.30 equiv) was added to the reaction dropwise dropwise at § "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 mE of water. The resulting solution was extracted with 3x40 mL of
ethyl acetate. The combined organic layers weore washed with 320 mi, of water and 1x20
mi. 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 C18 OBD Column, Sum, 19 50nmum,; mobile phase, water with
0.05%TFA and MeCON {30.0% MeCN up to 60.0% 1n 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 mog (26%)
of 4-{dimethvlamino)-2-hydroxy-6-(1 2-{ L -(propan-2-yH-1H-pyrazol-S-ylipyridin-3-
viimethoxy)benzaldehyvde (GBT933) as a light veliow solid.
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(B2%) of [6-brome-2-[ I-{propan-2-v1}- 1 H-pyrazol-5-yllpyridin-3-yiimethanol as a light

vellow sohid.

GRTe33
S Step 2
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GBT933 ' 4

10329 GBT933 - 4-(dimethylamine}-2-hydroxy-6-((2-{1-isepropyl-1H-pyrazol-3-

vhpyridin-3-yhmethoxyibenzaldehyde

10336]  Step 1 Into a 250-mL round-bottom tlask, 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-dimethylormamide (80 mL}). This was followed by the
addition of 80(0OMe); (8.4 g, 66.67 munol, 2.00 equiv) dropwise with stirring at 0 "C. The
mixture was stitred for Zh at 0 *C. The resulting solution was stirred overnight at room
temperature, and then it was quenched by the addition of 100 mb of water, The resulting
solution was extracted with 2x80 mi, of ethyl acetate. The combined organic layers were
washed with 1x50 mL of water and 1550 mlL of brine, dried over anhydrous sodium sulfate.
The residue was applied onto a silica gel column with PEIEA (30:1-10:1) as eluent to fumish

2.8 g (51%96) of 3,5-dimethoxy-N, N-dimethylaniline {2) as a white solid.

16331]  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 munol, 1.00 equiv) in N,N-dimethylformamide (25
ml.}. This was followed by the addition of POCH; (2.57 g, 16.76 mmel, 1.30 equiv) dropwise

with stirring at 0 °C. The resulting solution was stitred for 15 min at 0 °C, and then it was

3
w2
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[6334] 'HNMR (400MHz, CDCL, ppm): 12.45 (br s, 1H), 9.87 (s, 1H), 8.70 (4, J = 4.0 Hz,
1H), 7.96 (4, /= 7.2 Hz, 1H), 7.58 (s, 1H), 7.42-7.39 (m, 111}, 632 (s, 1H), 5.68 (s, 1H), 5.43
(s. 1HD), 4.94 (s, ZH), 4.58-4.51 (m, 1H), 2.96 (s, 6H), 1.40 (d, .J = 6.8 Hz, 1H); MS (ES,
w/z) 3812 [M-2CF.CO0H+T

GBTIS3
PN " )

o b /i‘\,{J _tl\l\v/ ~

X A
{ ]\ 3 Ny N5OH
NN OMe y H
T TRA e 2h KaGOs, 1, CHAGN, 60°C D TR
i © Step 1 a O im0 2 4 L% A e gtep

[3335] GBTYS3 - (5)-2-bydroxy-6-{{2-{1-tsopropyk1H-pyrazol-S-yDpyridin-3-

yimethoxyibenzaldehyde

[0336] Step !: Into a 250-mL round-bottom flask, was placed a solution of methyi 3-
hydroxybenzoate (3 g, 19.72 romol, 1.00 cquiv) in trifluoroacetic acid (100 mL). Urotropin
(5.5 g, 39.29 mumol, 2.00 equiv} was added to the reaction. The resulting solution was heated
to reflux for 2 hr, The resulting mixture was concenirated under vacuum, The restdue was
applied onto a silica gel column with ethy! acetate/petroleum ether (1:5) as eluent to furnish

0.5 g (14%) of methyl 2-formyl-3-hydroxybenzoate as a vellow solid.

(83371 Step 2@ Into a 100-mL round-bottom flask, was placed a solution of methyl 2-
formyl-3-hydroxybenzoate (400 myg, 2.22 mmol, 1.00 equiv) in CH3CN (30 mL), 3-
{Chloromethyl}-2-[ 1-{propan-2-y1}-1 H-pyrazol-5-yljpyridine (523 mg, 2.22 mmol, 1.00
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 60°C,| and
then it was diluted with 200 mi of EA. The resulting mixture was washed with 2x100 mL of
bring, and then it was concentraied under vacwumn. This provided 500 mg (59%) of methyl 2-
formyl-3-({2-[1-(propan-2-yl)-1H-pyrazol-5-vl}pyridin-3-ylimethoxvibenzoate as a yeliow

oil.

[8338] Step 3: Into a 100-mL round-bottom flask, was placed a solution of methyl 2-
formyl-3-(]2-{ I-(propan-2-yi)-1H-pyrazol-5-yl{pyridin-3-yi imethoxythenzoate (100 mg. .26
mmol, 1.00 equiv) in tetrahiydrofuran (10 mL). This was followed by the addition of &
sohution of sodium hydroxide (22 mg, .55 mmol, 2.00 equiv) in water (3 mL) dropwise with
stirring at 8 "C. The resulting solution was stirred for 3 h at room teraperature. The pH value

of the sohution was adjusted to 6 with hydrogen chloride (3 mol/L). The resulting solution
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was extracted with Zx100 mL of ethy! acetate and the organic layers combined and
concentrated under vacuum. The erude product (100 mg) was purified by Prep-HPLC with
the following conditions (Prep-HPLC-010): Column, SunFire Prep C18 OBD Column, Sum,
19%1 50mm,; mobile phase, water with 0.05%TFA and MeCN (30% MeCN up to 60% in 10
moin, up to 95% in 3 min, down to 30% in 2 min}; Detector, Waters2545 UvDector
254&220mm. This resulted in 30 mg (19%) of 2-formy!-3-([2-{ 1 -(propan-2-y13- 1 H-pyrazol-5-
ylpyridin-3-yllmethoxy)benzoic acid; bis(trifluoroacetic acid) as a white solid. '"HINMR
{300MHz, DMSO, ppm): 8.75(dd, J=4 8Hz, 1H), 8.15 (m, 2H), 7.5%m,3H), 7.40(d, I=7.8Hz,
1TH), 7.33¢d, J=8.1Hz, 1H), 6.66{(d, J=7.8Hz, 1H), 6.60 (s, 1H), 5.18 (m, ZH), 4.70 {m, 1H},
1.35(m, 6H); MS (ES, m/z):366 [M+1]+

GBT963
OH ¢ N
Ph-I < AN - |
g o - L (T Ty
\§“-“ (;Ui‘ K?_(JOS - ! \ \/// . K ,j
LAY fi ‘\\/"\5\ S M ==
HN\ - H ’\/:J g Q o
l/ N = . PS-FhyP PP
~OH H e DIAL s \'5 H
1 Step 1 2 Step 2 GBTY63 OH

[6339) GHTYS - (8)-2-hydroxy-6-{{S-sxo-1-phenylpyrrolidin-2-
yhmethoxylbenzaldehyde
{3348} Step 1: To a suspension of (§)-5-(hydroxymethyDpyrrolidin-2-one (230 mg, 2

mmol) and todobenzene (0.49 g, 2.4 mmol) in Dioxane (4 ml} was added Cul {0.08 ¢, 0.4
mynoly, N N-dimethylethyienediamine (0.05 mL, 0.4 mmo!), KoC0; (0.55 g, 4 mmol). After

heating at 100 °C for 24 h, the mixture was cooled and was dituted with EtQA«, insoluble

material was filtered off, the filtrate was concentrated and purified by column (

Hexanes/EtOAc=100:0 1o 0:100) to give (S3-5-(hydroxymethyi)-1-phenyipyrrolidin-2-one
{280 mg).
[8341] Step 2Z: To a solution of {S)-5-{hydroxymethyl}-1~phenylpyrrolidin-2-one (100 mg,

.52 mmol) and 2,6~dihydmxybenzaldehyde (0.09 g, 0.65 mmaoly in THF (S mL) at §§ °C was
added PPhs {(polymer supported, 650 mg. 0.78 mmol) and DIAD (0.16 mL, 0.78 mmol). After
stirved for 1 h, it was diluted with AcCHN, the insoluble material was filtered off and the

filtrate was concentrated and purified by preparative HPLC to give (8)-2-hydroxy-6-({5-0xo-

1-phenylpyrrolidin-2-yimethoxy benzaldehyde (86 mg). 'H NMR (400 MHz, Chioroform-d)

I
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S 1191 (d, /= 0.4 Hz, 1H), 993 (d, J=0.6 Hz, 1H), 7.50 - 7.18 {m, 6H), 653 (d1,./ = 8.3

0.7 1,621 {dd, J= 83,08 Hz, 1H), 470 -~ 459 (m, 1H), 415 - 4.01 (m, 2H),2.82 -
2.58 {m, ’EH), 2,50 {ddt, J=13.1,9.9. 83 He, 1H), 2.16 (dddd, /= 13.6, 9.5, 5.1, 3.9 Hz, 1H).

MS found for C;gi‘inN(hi 312.3.
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{6342 GBTY9S - (8)-2-hydroxy-6-({3-oxo-1-phenyipyrrelidin-2-
vinmethoxythenzaldehyde

{0343} Step 11 To a suspension of (§)-5-(hydroxymethyDpyrrolidin-Z-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-dimethylethylenediamine (0.05 mL, 6.4 mmol), KsPO, (085 g

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/BEtOAc=100:0 to ¢:100) to give (8)-5-(hydroxymethyi)-1+(2-

methoxyphenyhpyrrolidin-2-one (110 mg).

[0344] Step 2: To a solution of (S)-S-(thydroxymethyl)- 1 -phenyipyrrolidin-2-one (115 mg,
8.54 mmol) and 2, 6-dihydroxybenzaldehyde (0.10 g, 0.70 mmol) in THF (4 mL) at 0 °C was

added PPhy (polymer supported, 675 mg, 0.81 mmol} and DIAD {016 mL, 9.81 mamol). After

stitred for 1 h, it was diluted with AcCN, the insoluble material was filtered off and the

{iltrate was concentrated and purified by column (100% EtOAc) to give (8)-2-hydroxy-6-((1-

{2-methoxyphenyl}-5-oxopyrrofidin-2-vlnethoxyybenzaldehyde (53 mg). "HNMR {400
MHz, Chloroform-¢y & 11.92 (s, 1H), 9.68 (1, /= 0.3 Hz, 1H), 7.38 - 7.30 {m, 1H), 7.30 -
722 (m, 1H), 7.14 (dd, 7= 7.7, 1.7 Hz, 1H), 6.99 - 6.89 (m, 2H), 6.50 (dqg, J = 8.5, 0.6 Hz,
TH), 625 - 6.18 (m, 1H), 455 (dtd, /=9.0, 5.1, 4.0 Hz, TH), 410 -3.94 (m, 2H), 3.73 {5,

T
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[8345] GBT1604 - 2-amino-4-((2-(1-isopropyl- 1 H-pyrazol-S-yDpyridin-3-yDmethoxy)

nicotinaldehyde

{8346]  Step 1: Into a 250-ml round-bottom task, was placed a solution of 4-chloropyridin-
2-amine (10 g, 77.78 mmoel, 1.00 equiv) in tetrahvdroturan (150 mb). This was followed by
the addition of LIHMDS(I1M) (156 mL) dropwise with stirring at 0°C. The mixture was
stirred for 20 min at 0 °C. To this was added Boe;0 (17.02 g, 77.98 mmol, 1.00 equiv). The
resulting solution was stirred for 1 h at 0 "C. The reaction was then guenched by the addition
of 100 mL of NH4Cl. The resulting solution was extracted with 2x200 mL of cthyl acciate
and the organic layers combined. The resulting mixture was washed with 1x150 mL of brine.
The resulting mixture was concentrated under vacuurn, washed with 2x20 mL of EA/bexane
{3:7). This resulted in 12.5 g (70%) of tert-butyl N-(4-chloropyridin-2-yljcarbamate as a
white solid.

(8347} Step 2: Into a 100-mL three neck round-botiom flask, was placed a solution of tert-
butyl N-{4-chloropyridin-2-yljcarbamate (2 g, 8.75 mmol, 1.00 equiv) in etrahydrofuran (50
mb). This was followed by the addition of Bul.i (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-dimethvlformamide (2.0 mL, 3.00 equiv) dropwise with stirring at -78 °C in S min. The
resulting solution was stirred for 1 hat =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 mb of ethy! acetate. The resulting
mixture was washed with Ix40 ral. of 3% sodium bicarbonate and 1x30 mb of brine. The
resulting mixture was concentrated under vacuum. The residue was applied onto a silica gel
column with EAPE (1:4). This resulted in 1.46 g {65%) of tert-butlyl N-{4-chloro-3-

formylpyridin-2-yhearbamate as a yellow solid.
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[6348] Step 3: Into a 100-mL round-bottom flask, was placed a solution of [2-{1-{propan-2-
yi)-1H-pyrazol-5-yljpyridin-3-viimethanol (300 mg, 2.30 mmol, 1.20 equiv) in NN~
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-chioro-3-formylpyridin-Z-ylcarbamate (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 S0 mL of water. The resulting solution was extracted with 8x20 mL of ethyl
acctate and the organic layers combined and concentrated under vacuum. This resulted in 566
wig (§9%) of tert-butyl N-{3-formyi-4-({2-[ 1 -{propan-2-yl}-1 H-pyrazol-5-yiipvridin-3-
ylimethoxy)pyridin-2-yljcarbamate as a yellow oil.

[6349] Step 4 Into 2 100-mL round-bottom flask, was placed a solution of triflucroacetic
acid {10 mL) in dichloromethane (60 mL), tert-butyl N-[3-formvi-4-([2-[ 1 (propan-2-vi}- 1 H-
pyrazoi-3-vlipyridin-3-ylimethoxy)pyridin-2-ylicarbamate (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 myg) was purified by Prep-HPLC with
the following conditions {Prep-HPLC-010): Column, SanFire Prep C18 OBD
Column,Sum, 19% 1 30mm,; mobile phase, water with 0.05%TFA and MeCN (5.0% MeUN up
to 26.0% in 10 min, up 10 95.0% in 2 min,down to 5.0% in 2 min); Detector, Waters2545
UvDector 254&220nm. This resulted in 122.9 myg (329} of 2-amino-4-([2-{1 -(propan-2-yi)-
tH-pyrazol-3-yl]pyridin-3-yl]methoxyjpyridine-3-carbaldehvde as a yellow solid, THNMR
(300MHz, DMSO, ppm): 10.12(s, 1H), 8.7%(m, 1H), 8. 24(m, 2H), 7.59%(m, 2H), 6.76(d,
J=51Hz, TH), 6.53(d, /=1.2Hz, 1H), 5.43(m,2H), 4.67(m. 1H) , 1.36(m, 6H): MS (ES, m2)
338 [M+1-3CF,COOHT
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83567 GBTI886 - 4-(C-(I-isopropyl-1 H-pyrazol-S-yDpyridin-3-ymethoxy)-2-

{methylaminonicotinaldehyde
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10351]  Step §: Imto a 10G-mb round-bottom flask, was placed a solution of tert-butyl N-(4-

chioropyridin-2-yhcarbamate (3.0 g, 13.12 munol, 1.00 equiv) in tetrahydrofuran (50 mL).
This was followed by the addition of sodium hydride (631 my, 26.29 mmol, 1.20 equiv) at §
“C. The mixture was stirred for 20 min at 0 °C. To this was added iodomethane (2.24 g, 15.78
mimol, 1.20 equiv) dropwise with stiring. The resulting solution was stired for 6 hat room
temperature. The reaction was then guenched by the addition of 30 mL of water. The
resuiting sohution was extracted with 330 mL of ethyl acctate and the organie layers
combined and concentrated under vacaum. This resulted 1n 3.01 g (95%) of tert-butyl N-(4-

chloropyridin-2-yl)-N-methylcarbamate as a yellow otl.

{8332} Step 2: Into a 100-mL three neck round-bottom flask, was placed a solution of tert-
butyl N-(4-chloropyridin-2-yh-N-methylcarbamate (1.5 g, 6.18 mumol, 1.00 equiv} in
tetrahydrofuran {50 mL). This was followed by the addition of Buli (2.5M) (3.0 mb, 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 chioride {12M). The resulting mixture was concenirated
under vacuum. The residue was dissolved in 40 mL of EA. The resulting mixture was washed
with 1x30 mL of 3% sodium bicarbonate and 1x20 mL of brine. The resulting mixture was
concentrated under vacuum. The residue was applied onto a silica gel colurun with EAPE
(1:4}. This resulted in 0.97 g (92%) of 4-chloro-2-{methylamino)pyridine-3-carbaldehyde as a
yelow solid.

[8383] Steps 3 &4: Into a H00-mL round-bottom flask, was placed a solution of {2-1-
{propan-2-yD-1H-pyrazol-5-yljpyridin-3-ylimethanol (1.15 g, 5.29 mmol, 1.00 equiv) in

N N-dimethylformamide (40 mL}. This was followed by the addition ot sodium hydride (530
mg, 13.25 mmol, 2.50 equiv, 60%) at § °C. The mixture was stirred for 15 min at 0 °C. To
this was added 4-chloro-2-{methylaminopyridine-3-carbaldehyde (900 mg, 5.28 mmol, 1.00
equiv). The resulting solution was stirred overmight at room termperature. 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-
FIPLC-020): Column, SunFire Prep C18 OBD Column, 5um, 19%100mm,; mobile phase, water
with 0.19%TFA and MeCN (3.0% MeCN up 10 20.0% in 5 min, up t0 95.0% in 2 min,down to

3.0% in 1 min); Detector, waters2489 254&220nm. This resulted in 107.1 mg (6%) of 2-
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(methylamino }-4-([2-[ 1 ~(propan-2-y1)-1H-pyrazol-3-vilpyridin-3-yl]methoxy)pyridine-3-
carbaldehyde as a ycilow solid. "HNMR {400MHz, BMSGO, ppm): 8.72 (m, 1H), B.17 (s, 111,
791 (m, 1HY, 7.52 (m, ° ) 6.56 (s, 1H), 6.26{d, /=4 2Hz, 1H), 6.13(d, /~33Hy, 1H)}, 543

{m,1H), 512 (o, 1H), 4.60 (m,1H), 2.87(d. J=3.3Hz, 1H), 1.46(d, S=5.1Hz, 1H), 1.35(d,
J=51Hz, 1H); (ES, m/z):352.1 [M+177

GBYI087

{0354] GBY1007- 2-(4-(hydroxymethyl)-1,3-dioxolan-2-y)-3-{(2-({-isapropyi-1H-

pyrazel-S-yhpyridin-3-yDmethoxy}phenol

HO
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{0355]  2-Hydroxy-6-{(2-(1-isopropyl-1H-pyrazol-S-yDpyridin-3-ymethoxy)benzaldehyde
{0.4 g, 1.19 mmol} was dissoived in a solution of propane-1,2,3-triol (5.8 ml, 79 nunol) and
DME (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 mb) and water (100 mwl}. The phases were separated and the
aqueous phase was extracted with ethyl acetate (2 x 50 mi). The combined organic phases
were washed with water {50 miy and a saturated agueous sodium chloride schition (50 mli),
and dried over sodium suifate. After evaporation, the residue was purified by silica gel

~

chromatography (0 — 90% cthyl acetate/dichloromethane) to give 0.118 g (24%) of 2-(4-
(hydroxymethyi)-1,3-dioxolan-2-yH-3-((2-( I -isopropyl-1 H-pyrazol-5-yDpyridin-3-
ylymethoxyipheno! as an off-white solid after yophilization from acetonitrile/water. 'H NMR
(400 MHz, CDClL) 6 8.74 — 8.67 (m, 1H), &.533 (s, 0.6H), 8.18 - 8.12 {m, 0.4H), 7.97 (4, J =
7.90 Hz, 1H), 7.62 ~ 755 (m, 1H), 7.44 - 734 (o, 1H}, 7.17 - 7.07 (m, 1H), 6.55(d, .7 =847
Hz, 1H), 6,42 - 6.36 (m, TH), 631 —6.23 {m, 1.6H), 5.95 — 5,89 (m, 0.4H), 498 (s, 2H), 4.71
—~4.58 (m, 1H), 440 - 428 (m. 1.5H), 424 - 4.17 (m, 0.6H), 4.10 - 4.01 (m, 1H), 3.99 -
3.92 (m, 0.6H), 3.73 ~ 3.65 (m, 0.6H), 3.56 (dd, /= 10.09, 2018 Hz, 1H), 1.51 - 1.43 {m

6H). M5 (ESD mv/z 412 [M+H]'.
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[0356] GBT18% - (8)-2-((1-benzyl-5-oxepyrrolidin-Z-yDmethoxy }-6-
hydroxyhenzaldehyde

[0357) Step 1: To a solution of (S-methyl S-oxopyrrolidine-2-carboxylate (700 mg, 4.89
romol) in DME (5 mbL) was added CspC05 (1.97 g, 5.99 mmol) and BnBr (.39 ml, 4.99
mmol). After heated at 60 °C for 15 h, it was diluted with EtOAc, organic fayer was washed
with water, brine, dried and concentrated to give crude product which was purified by column
(Hexanes/FtOAc=40:60) to give methyl (§)-1-benzyl-S-oxopyrrolidine-2-carboxylate (240
mg}. To a solution of methyl (8)-1-benzyl-5-oxopyrrolidine-2-carboxylate (240 mg, 1.0
mmol} in THF { 2mL) was added LiBH4 (1M in THF, lmL, lmmol} at room temperature.
After stirred at room temperature for 1 h, the solution was guenched with Sat. NUACH
agueons layer was extracted with EtOAc, BEtOAc layer was combined, dried and concentrated
to give crude product, which was purified by column (100% EtOAcC) to give (8)-1-benzyl-5-
(hydroxymethyhpyrrolidin-2-one (170 mg).

[0338]  Siep 2: To a solution of (8)-1-benzyl-5-{hydroxymethy Dpyrrolidin-2-one (170 mg,
(.83 mmol) and 2,6-dihydroxybenzaldehvde (3.15 g, 1.08 mmol) in THE (6 mbL} was added
PPh3 (polymer supported, 1.0 g, 1.25 mmol) and DIAD (0.24 mL, 1.25 mmol) at ¢ °C, Then
it was warmed up to room temperature and stirred for T b, AcCN was added to dilute the
mixture, the insoluble material was filtered off, the filtrate was concenirated and was puritfied
by preparative HPLC to give (8)-2~{(1-benzyl-S-oxopyrrolidin-Z-ylimethoxy)-6-
hydroxybenzaldehyde (95 mg). "H NMR (400 MHz, Chlorotorm-o) 8 11.93 (1,./ = 0.4 Hz,
G017 G, =05 Hz, 1H), 7.39 - 7.29 (m, 1H}, 7.29- 718 (m, 3H), 6.54 (dt, /= 8.5, 0.7
Hz, 1H), 6.17 (dd, /=383, 0.9 Hz, 111, 4.85(d, J= 152 Hz, 1H), 428 (d, /=152 Hz, IH),
399(d, J=40Hz 2H),3.92 (1d, J=7.8,7.2, 3.6 He, 1H), 2.68 = 2.45 {m, ZH), 233 - 2,19
{(m, 1H), 2.10 - 1.96 (m, 1H). MS (M+H) found for CigH;gNO4: 326.4.

1),

pomms.
cn,
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(033891 GBTI093 - (8)-2-hydroxy-6-({5-oxo-4-phenylmorpholin-3-
yimethoxyibenzaldehyde

[3360] Step 1. To a solution of (S)-benzyl 2-amino-3-hyvdroxypropanocate hydrochloride (5
g, 21.58 mmel) in THF-water (1/1, 80 mL} was added K-CO1 (83,95 g, 64.74 mmol) and
chlornacetyl chioride (2.92 mL, 36.69 mmol). After stirred for 1 h, it was diluted with
EtOAc, organic laver was washed with water, brine, dried and concentrated to give benzyl (2-
chloroacetyl)-L-scrinate (5 g).

[0361] Siep 2: A solution of (S)-benzyl 2-(2-chloroacetamido}-3-hydroxypropanecate (2.55
y, 9.3% mmol) in iPrOH (20 mL) was added to KOtBu (3.16 g, 2817 mmol) in iPrOH (15
mb) at room temperature. After stitred at room temperature for 1 h, the mixture was
quenched with 6N HCI (10 mL) at © °C, extracted with EtOAc, organic layers were
combined, washed with brine, dried and concentrated to give isopropyl (2-chioroacetyl}-L-
serinate as crude product.

[6362] Step 3: To a solution of (S)-benzyl S-oxomorpholing-3-carboxyiate in EtOH (7 mL)
was added NaBH; (150 mg) at 0 °C, afier stirred at room temperature for 3 h, it was
quenched with NH4C (220 mg in 0.6 mL water), and the insoluble material was filtered off]
the fitirate was concentrated and was purified by column (DCM/MeOH=100:0 to 80:20) w0
give (R)-5-(hydroxymethylmorpholin-3-one (100 mg).

[0363] Step 4: To a suspension of (£)-5-(hydroxymethylmorpholin-3-one (100 mg, 2
mmol) and 3-todopyridine (8.57 g, 2.8 mmol) in Dioxane (4 ml) was added Cul (0.08 g, 0.4
mmol), N N-dimethvlethylenediamine {6.05 mL, 0.4 munol}, K3PO, (085 ¢, 4 mmol). After
heating at 100 °C for 24 h, the mixture was cooled and was diluted with EtOAc, insoluble

material was filiered off, the filtrate was concentrated and puntied by column
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(Hexanes/EtOAc=100:0 to 0:100) to give (S)-S-{(hydroxymethyD-1-{pyridin-3-yhpyrrofidin-

2-gne (55 mg).

10364)

Step 5: To a solution of (8)-3-(hydroxymethyl)-1-(pyridin-3-yl)pyrrolidin-2-one (55

mgz, .29 mumol} and 2.6-dihydroxybenzaldehyde (0.05 g, 0.38 mmol) in THF (2 mL) was

added PPh; (polymer supported, 367 mg, 0.44 mmol) and DIAD (0.09 mL, 0.44 mmol} at §

°C. Then it was warmed up to room temperature and stirred for 1 b, AcCN was added to

dilute the muxture, the insoluble material was filiered off, the filirate was concentrated and

was purified by preparative HPLC 1o give (8)-2-hydroxy-6-({3-oxo-4-phenyimorpholin-3-
ylmethoxy)benzaldehvde (29 mg). "H NMR (400 MHz, Chloroform-d} 8 11.88 (d, /= 0.4
Hz, TH), 994 (4, /= 0.6 Hz, 1H), 7.53 - 7.40 (m, 2H), 7.40 - 7.30 (m, 2H), 7.26 {5, 2H),
6.53 (dt, J=8.5,0.7 Hz, TH), 6.20 (dd, /== 83, 0.8 Hz, 1H), 447 (dd. /= 16.9, 0.9 Hz, 1H},
4.40-4.25(m, 3H)}, 4.25-4.16 {m, 1H), 4.15 - 4.07 {m, 2H}. MS (M+H) found for

C\gHr/NOSC 328.3.
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[8365] GBTHIZ3- tert-butyl C-formyl-3-{(2-(I-isopropyl-1H-pyrazol-5-yljpyridin-3-

vhmethoxy)phenyhcarbamate

{0366}

Step 1: fere-Butyl (3-methoxyphenylicarbamate (0.517 g, 2.3 mmol) was dissolved

in dry diethyl ether (12 ml) and cooled to -40 °C in a solvent bath. -Buty! Hithium (4.1 ml ofa

1.7 M pentane solution, 6.95 amol) was added dropwise, the reaction was allowed to warm

t0 -20 °C and stirred for 2 h more. The reaction was cooled to ~-78 °C, DMF (0.54 ml, 6.95

144



WO 2014/150276 PCT/US2014/022789

Atty. Ditt. No.: 104592-0210

mumnol) was added, and the reaction was allowed to gradually warm to 25 °C over 16 h. The
reaction mixiure was cooled in an ice bath and ammonium chloride solution (10 mi) was
added. The reaction was extracted with ethyl acetate (3 x 80 ml)}, the combined organic
phases were washed with a saturated agueous sodium chioride solution (50 mi) and dried
over sodium sulfate. After evaporation, the residuc was purified by silica gel chromatography
{0 — 30% ethyl acctate/hexanes) to give 0.46 g (79%) of ters-butyl (2-formyl-3-
methoxyphenyi)carbamate as a lightly-colored solid. MS (ESD) m/e 252 [M+H]".

{8367} Step 2t terr-Butyl (2-formyl-3-methoxyphenyDearbamate (0.38 g, 1.5 mumol) was
dissolved in dichloromethane (10 mi) 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 mixtore was extracted with dichloromethane (3 x 56
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. Afier evaporation the crude
residue was carried directly into the next step. MS (ESIH mv/z 138 {M+H]".

[0368] Step 3: 2-Amino-G-hydroxybenzaldehyde (6.207 g, 1.5 mumol} was dissolved in THF
{4 mb). Di-teri-butyidicarbonate (0.726 g, 3.3 mmol) and 4-dimethylaminopyridine (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
30 mg (14%) of zers-butyl (2-formyl-3-hydroxyphenylicarbamate. MS {EST) m/z 238
(M+HHT

10369 Step 4 rert-Butyl (2-formyi-3-hydroxyphenylicarbamate (50 mg, 0.21 mameol) and 3-
{chicromethyl}-2-(1-isopropyl-1 H-pyrazol-5-yDpyridin-1-1om chloride {57 mg, 0.21 mumol}
were dissolved in BMF (3 mi). The solation was purged with Ar gas. Poiassium carbonate
(116 mg .84 mmol) was added and the reaction mixture was stirred in a 60 °C heat block for
18 h. The reaction was cooled and water (50 ml) and ethyl acetate {30 mi) were added. The
phases were separated and the agueous phase was extracted with ethyl acetate (2 x 50 mb).
The combined organic phases were washed with a saturated aqueous sodium chloride
solution and dried over sodium sulfate. Afier evaporation the residue was purified by silica
gel chromatography (5 — 50% ethyl acetate/hexanes) to give 5 mg (S%) of rert-butyl (2-
formyl-3-((2-(1-1sopropyl- I H-pyrazol-5-yDypyridin-3-ylimethoxy)phenyljcarbamate as a
white solid after lyophilization from acetonitrile/water, 'H NMR (400 MHz, CDCL) & 1

(s, 1H), 8.74 (d, /=481 Hz, 1H), 8.06 (4, /=784 Hz, 1H}, 7.60 {s, I1H), 748 {1, /=822
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Hz, 1H), 7.44 - 7.39 (m, 1FD), 6.91 - 6.81 (m, 2H), 6.36 (s, 1H), $.10 (s, 2H), 4.64 (d, J =
6.51 Hz, 1H), 1.47 (d, /= 4.57 Hz, 6H), 1.41 (s, 9H). MS (EST) m/z 437 [IM+H]"

GBT1i3%
O;\ ™.
oH O ¥
G s N A A P L N
~JQ‘I‘/ \l SOCHL EtOH o §/ ™~ Ph \l - i E \j b {E \J 1\
N \(/‘ Nag}_ﬂ wor HN\ / Cui K»‘F‘Oq :";’/§\\(" N // 4 \;‘44 \'OH N~ \Q \?
’ b = Q e T > /‘/)I\\ /L.\ .
o7 oK OH N o oH Phs® C :[ f
T 3 DIAD P
H " Ot
5 Step 1 Step 2 Step 3 GBRTH3

{83781 GRBTII31- (8)-2-hydroxy-6-{{6-ox0-1-phenylipiperidin-2-
yiimethoxyibenzaldehyde

[6371] Step 1: To a suspension of {5}-6-oxopi pond;m 2-carboxylic acid (1.0 g. 6.99 mmol)
i EfOH (4 mL} at 0 °C was added SOCL (8,61 mi., 839 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
NaBH, (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. NH4CL filtered off the insolubles and
the filtrate was concentrated to give crude product, which was purified by column
(DCM/MeOH=90:10) to give (8)-6-(hydroxymethylipiperidin-2-one (450 mg) as white solid.
(6372} SwepZ:Toa suspension of (S¥-6-{hydroxymethyljpiperidin-2Z-one (150 mg, 1.16
mmoly and iodebenzene (0.35 g, 1.74 mmol) in Dioxane (2 mL) was added Cul (.09 g, .40
mmol}), N N-dimethylethyvlenediamine (0.04 mL, 0.35 munol), K3POy (0.49 g, 2.32 mmuwl).
Atter heating at 100 °C for 24 h, the mixture was cooled and was diluted with EtOAc,
organic layer was washed with brine, dried (Na;504) and concentrated to give crude product,
which was purified by column (Hexanes/EtOAc=100:0 to 0:100} to give (3)-6-
{hydroxymethyi}-t-phenyipiperidin-2-one (85 mg).

{33731 Step 3: To a solution of (§)-6-(hydroxymethyl})-1-phenylpiperidin-Z-one (85 mg,
.44 mmol) and 2.6-dibydroxvbenzaldehyde (0.08 g, 0.57 mmol) in THF (5 mL) was added
PPH3 (polymer supported, 550 mg, 0.66 nuool) and DIAD (0.13 mL, 0.66 mmol} at  °C,
After warmed (o room temperature and further stirred for 2 b, it was dituted with AcCN, the
insoluble material was filtered off and the filtrate was concentrated and subjected to
preparative HPLC to give (S)-2-hydroxy-6-({6-0x0-1-phenylpiperidin-2-
yhmethoxyibenzaldehyde (31 mg). "H NMR (400 MHz, Chloroform-¢) § 11.90 (d, /=04
Hz, 1H), 1008 (d, J=0.6 He, 1H), 7.44 - 736 (m, 2H), 7.36 - 7.27 {m, 211}, 7.22 - 7.14 {m.

4844-3854-0067 1 146
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2H), 6.60 - 6.43 (m, 1H), 6.11(dd, /=83, 08 Hz, 1H), 425 (qd, /=5.7, 4.2 Hz, 1H), 4.04
381 (m, 2H), 277 - 2.53 (m, 2H), 2.29 - 1.87 (m, 4H). MS (M+H) found for CoH;sNU,

326.5.

GBTHHITYY

}Q\ //LE\ ’//’}
I
- Lo 0

8-{{2-{1-isopropyl-1 H-pyrazol-&-yipyridin-3-ylimethoxy)-
2 3-dimethoxybenzaidehyde

[8374] GBT1717- 6-{{2-(1-isopropyl-1H-pyrazol-5-viipyridin-3-vyhimethoxy)-2,3-
dimethoxyhenzaldehyde. The compound was prepared by O-alkyiation of 6-hydroxy-2.3-
dimethoxybenzaldehyde (A} and 3-(chioromethy!)-2-{1-(propan-2-y1}- 1 H-pyrazol-5-
vijpyridine 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-d)
61049 (t, J=04 Hz, 1H), 865 (dd, /=48, 1.7 Hz, 1H), 829 (ddd, /=8.0, 1.7, 0.0 Hz,
THYL 7.61(dd, J= 1.9, 05 Hz, 1H), 744 (dd, /= 7.9, 48 Hz, 1H), 7.03 (d, /= 9.0 Hz, TH),
6.52(d, J=79Hz, 1H), 636(dd, /= 19,04 Hz, 1H), 498 (s, 2H), 4.59 ¢hept, /= 6.7 Hz,
TH)Y, 3.95 (d,.7=0.4 Hz, 3H). 3.84 (5. 3H). 1.46 (d, /= 6.6 Hz, 6H). MS (M+H} found for
CoHyN3 Oy 3825

1

OH © o v M //J

D T

N WL xecoa \ i L
‘{ + NJ \;f/ oo T > G Q
RN - . DMF I

(‘JE E/\Q\v/ \H
A INT-2 GBT1717 ’\f%\ﬁ
N

Preparation of intermediate A
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{0375} Step 1. To a suspension of 3,4-dimethoxyphenol {2.0 g, 12.97 mmol) in
dihydropyran (2 mL, 21.87 mmol) at ambient temperature was added 1 drop of Conc. HCL
After stitred for | h, the solution was diluted with EtQAc, organic layer was washed with Sat,
NaHCO3, brine, dried and concentrated to give crude product, which was purified by column
{Hexanes/EtOAc = 65:35) 1o give 2-(3 4-dimethoxyphenoxytetrahydro-2H-pyran (2.9 g).
1033761 Step 2: To a solution of 2-(3,4-dimcthoxyphenoxy jtetrahydro-2H-pyran (1.0 ¢, 4.2
mmol) in THF (6 mL) at § °C was added TMEDA (0.72 L, 4.83 mmol) and Buli (2.5 M,
2.02 mL, 5.05 mmol). After stirred for 1.5 hat 0 °C, it was added DMF (1.3 mL}. After
stirred for 1 h, the mixture was added 6N HCI (4 ml), and was stirred for 1 h at ambient
temperature, additional 12N HCH (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).

GRTO01659

e N’ \\\:
3 Ji i
N\\ TN ///’J
N T
\\\//". -
© 9
PN
|’ ~TH
7 om
OH

2, 3-dihydroxy-6-({2-{ 1-isopropyi-1 H-pyrazol-8-ylioyrdin- 3-ylirethavyhenzaldehyde
(63777 GBT1659- 2,3-dihydroxv-6-{(2-{1-isopropyl-1 H-pyrazel-S-ylypyridin-3-

yhimethoxyihenzaldehyde.
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To a solution of 6-({2-(1 -isopropyl-1H-pyrazol-S-yDipyridin-3-ylimethox y)-2,3-

(.05 mmol) was added BBr: (1M, 0.3 ml.), after stirred at

ambient teraperature for 30 oin, the mixture was concentrated and the crude product was

purified by preparative HPLC to give 2,3-dihydroxy-6-({Z~(1-isopropyl-
'H NMR (400 MHz, Chloroform-d) & 12.01
-7.92 {m, 1H), 7.60
T.03¢d, /=88 He, [H)L634(d, J=
5.02 (s, 210, 4.64 (hept, J= 6.6 He, TH),

yhipyridin-3-yhimethoxy)benzaldehyde (10 mg).
(5, 1H), 1032 (d, /= 0.5 He, 1H), 8.74 (dd, J= 4.8, 1.7 Hz,
(dd,/=1.9,0.6 Hz, 1H}, 741 (dd, /=79, 4.8 Hz, 1H),
1.9 Hz, 1H), 6.19 (d, J= 88 Hz, 1H), 5.29 (s, 1H),
1.47 (d, J= 6.6 Hz, 6H). MS (M+H) found for CH N3Oy 354.4.

1H), 8.04 -

GBTH01718

2-hydroxy-8-{{2-(1-iscpropyl- 1 H-pyrazoi-S-yiipyridin-3

[{§379]
yimethoxy)-3-methoxyvbenzaldehyde
N N~
N T BB2 N
WL NN
o RN e B - e Q
/L\ /EJ\ / I \ -
N //\
GBTI717 (]; © GBT1718 T
4814-3854-D057.1 149

iH-pyrazol-5-

3-yhimethoxy)-3-methoxybenzaldehyds

GBTI718- 2-hydroxy-6-{{2-(1-isopropyl-1 H-pyrazol-5-ylpyridin-3-
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[{380]  To asolution of 6-{(2-{1~1aopropyl-1H-pyrazol-S-yDpyridin-3-yhmethoxy)-2,3-
dimethoxybenzaldehyde (50.00 mg; 0.13 mmel) in DCM (0.8 ml) at ambient femperature
was added boron tribromide {0.13 mi; 1.00 mol/l). After stirred for 5 min, the red mixture
was concentrated and the crude product was purified by preparative HPLC to give 2-
hydroxy-0-{(2-(1-isepropyl-1H-pyrazol-3-ylpyridin-3-yDmethoxy)-3-methoxybenzaldehyde
(15 mg). "H NMR (400 MHz, Chloroform-d) 5 12.15 (d, J = 0.6 He, 1H), 10.35 (s, 1H), 8.74
{dd, /=48, 1.7 Hz, 1H), 797 (ddd, /=79, 1.6, 0.7 Hz, 1H), 7.60 (dd, /= 1.8, 0.5 Hz, 1H),
7.41{dd, /=79, 48 Hz, 1H), 6.98 - 6.94 (m, 1H}, 6.34 (4, /= 1.9 Hz, 1H}, 6.18(d, /=89
Hz, 1H), 5.02 (3, 2H)}, 4.72 ~ 4.57 (m, 1H), 3.84 (s, 3H}, 1.47 {d. /= 6.6 1z, 61} MS {(M+H}
found for Coph N30y 368 .4,

GBTO01723
|
e N ~.
~ N //
Ty
e
S
Moo
\e—rr S
o O

{33817 GBTO01723 - 2-({6~({2-(dimethylamincethyl{methyjamino)}-2-(1-isoprepyl-
1H-pyrazol-5-yDpyridin-3-ylmethoxy}-6-hydroxybenzaldehyde. The compound was
prepared by Mitsunobu coupling of (6-({(Z-(dimethylamino)ethyH{methyhaming y-2-(1 -
isopropyi-1H-pyrazol-5-yDpyridin-3-ylmethanol (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, CDCl, ppme): 11.87 (br s, 1H), 10.21 (s, 1H),
7.54(d. J=88 Hz, 1H), 7.44 (5, 1H), 7.26 (1, /= 84 Hz, 1H)}, 6.50 (d, /= B.& Hz, 1H), 641
(d, /=84 Hz 1H). 6.20(d, /=84 Hz, 1H), 6.18 (s, 1H), 4.82 {5, 211}, 4.90-4.60 (m, 1H},
361 (L= 112 He, 2HY, 3.03 (s, 3H), 2,43 (1, /=112 Hz, 2H), 2.20 (s, 6H), 1.39(d, /- 6.8

Hz, 6} MS(ES, mvz) 4384 [M +117

4814-3854-0057 .1 150
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{0382] Intermediate A was preparad followed the scheme below:

N N AN

MeCOC step 1] ( . Step 2 L :
AN— \\N// ~ e
TN H N LAH, THF ff
Ne TR ) e S - N
NoONT THF, DIPER, refiux \ ’ﬁ CoNY
SR WA oA
d N NOTT
; - N COOMe WL
Intermediate from GRT1252 A O+

{8383} Step }: Into a 23-mL round-bottom flask, was placed a solution of methyl é6-bromo-
2-[1-(propan-2-y- 1 Hepyrazol-S-vijpyridine-3-carboxylate (1.3 g, 4.01 numol, 1.00 equiv) in
tetrahydroforan (15 mL}). DIPEA (1.55 g, 3.00 equiv) and {2-
(dimethylamino)ethylj(methvDamine (2.4 g, 23.49 mmol, 5.00 equiv) were added to the
reaction mixture. The resulting solution was heated to reflux for 24 hy, and then i was
guenched 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 anbvdrous sodium sulfate and concentrated under vacuum. The residue was
applied onio a stlica gel column with dichloromethane/methanol {30:1-15:1) as ehuent to
furnish 1.22 g (88%) of methyl 6-{{2-(dimethylaminoethyl}{methylamino}-2-[ I ~(propan-2-
yh-1H-pyrazoi-5-yljpyridine-3-carboxylate as a light yellow oil.
Step2. Into a 100-mL round-bottom flask, was placed a solution of methyl 6-{{2-
{(dimethylamino)ethy! {(methyDamino]-2-{ 1 -{(propan-2-y]}- 1 H-pyrazol-5-ylipyridine-3-
3.47 munol, 1.00 equiv) in tetrahydrofuran (20 mL). This was [ollowed by

carbﬂxyiate (12¢

‘.4)

o 2 T B B R N T S R AN v
SORRIRLIOVM, L0V K.'-Li'vi.'l\/')e LPRMALIURS Al U . b3
solution was stirred for 4 h at room temperature. The reaction was quenched by the addition
of 0.5 mL water, 0.3 mL 2.5M sodium hydroxide {ag.}. The resulting solution was diluted

with S0 mbL of ethyl acetate. 'The solids were filiered out and washed with THF for 3 tmes.
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The resulting mixture was concentrated under vacuum. This resulted in 1.1 g (100%

{[2-{dimethylamino)ethyl [{methyDamino}-2-{ 1-(propan-2-v1}-1 H-pyrazol-5-vlpyridin-3-

H

yvlmethano! as a colorless oil.

{8384] From the foregoing it 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 trom the spirit and scope of the invention.

{8383] 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] Asused hercin, Table | includes compounds described below or tautomers o
pharmaceutically acceptable salty thereofl

2-{imidaze] 1, 2~alpwridin-8-ylmethoxy }-5-methoxybenzaldehyde,

Z-{imidaze],2-alpyridin-2-yimethoxy}-3-methoxy benzaldehyde,

4814-3854-0057 .1 1
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~

2-{imidazof I, 5-alpyridin-§-vimethoxy )} S-methoxybenzaldehyde,

3emnethoxy-2-{auinolin-S-yvimethoxyibenzaldehyde,

J-mwthoxy-2-{( L -methy -1 H-indazob-d-yhimethoxy henzaldehyde,

S-methoxy-2-{8-methylimidazol 1, 2-alpyridin-2-ymethoxyYoenzalde ivde,

2-{{1H-ndazol-d-yimethoxy ) 5-methoxybenzaldehyde,

ethoxy-2-{pyridin-3-vimethoxy Ybenzaldehyde,

2-{(2-{ 1 -isopropyi- 1 Hepyrazol-S-vDpyndin-J-yDmethoxy}-5-methoxybenzaldehyde,

2-hydroxy-8-({2-( | -isopropy - | Hopyrazol-S-v Dpyridin-3-yDmethoxy dbenzaldehyde,
232 H-tetrazol-S-vibenzy oxy - 6-hydroxybenzaldehyde,

2-{{4-(TH-tetrazol- Sy Dbenzy oxy Fo-hydroxybenzaldehyde,

methyl 4-{(2-formylphenoxymethyilbenzoate,

4-{{2-tormyiphencxymethylibenzoic acid,

methyl 3-(2-formyiphenoxy ImethyDbenzoate,

2-bromu-3-((2-{ I~isopropy b  Hepyrazol S-yDpyridin-3-y Dmethoxyibenzaldehy de,

- hdroxy-8-((2-{1-(2,2 2-rifluoroethy - | H-pyrazol-5-ylipyridim-3-

vimethoxyYbenzaldehyde,

2-hydroxy-6-0(2-{1-{3,3, 3-trifluoropropy 3 Vibpyrazol- S~y pyridin-3-

yimethoxybenzaldehyde,
2-fluoro-6-{{2-(1-(2,2, 2-rifluoroethylp L H-pyrazob-S-yDpyridin-3-yhimethoxy henzaldehyde,

2-Huoro-6-((2-(1-(3,3,3-wifluoropropyi -1 H-pyrazol- S-ylipyridin-3.

vixmethoxybenzaldehyde,
2-fluoro-6-((2-( 1 -isopropyl L Hepyrazol-5-yhpyridin-d-yhmethoxyihenzaldehyds, and

-(2-formyl-3hydroxyphencthylipinerid Hne~-d-carboxylic acid, or a tautomer or

ko (9§ S5

pharmaceutically acceptable salt thereof.

4814-3854-0057 1 153
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U 2-fimidazo] | Z-alpyridin- 8-
wimethoxy -3 methoxybenzsldehyde

I{imidara]1,2-alpyridia-§-
yimeothosy k- S-mathyibenzaldehyde

fan—)
i

Semethoxy-3-{pyrrodol | I-alpyrazind-
yimethoxyibenzaldebyde

N \
. e
Ny
B i
i i
Lo .3
P

2-{imidazol 1, Salpyridin-g-

yimethoxy Ha-mothexybenaaldelyde

19 g

I-{imnidaeo 1, Salpyridin-3-
vimethoxy b i-methoxybenzaidehvds
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) 2-{{1H-indazol-d-yimethoxy 5.
\]J methoxybenzaldehyde
-

4.8

VH-pyrrefo]2,3-blpsridin-d-

I
3,
)

{
e ” :" & 3 %y & TR T o % % PN % E\ o S 5
& T ] yimethoxy)-5-methoxy benzaldehvde

3eformyb-d-(imidavol 1, 2-w]pyridin-8-

: ;? /?ﬁ‘ N’v S
g yimethoxyheneonitrile

S.methoxy-2-(pyrrolo] 1, 2-alpyeasin-6-

.
L=

yimethoxy)beazaldehyde

S4E2-formyled-
methogy phenoxyimeathylipyrrolo 1,2-
alpyrazine-T-pasbonivile

g
L
=
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A2 2 - tetrmrob- Sy Dipyridin: 3-vlimethoxy - 2- methox yisonicoting dehyde,

4

Jemiethogy»5-{{2-{d~
-5

3

sethyl-1H-pyrazol-3-vlipyridin-3-yimethoxy isoracotinaldehyde,

~y
H

S 1 Hpyrazol-S-yHisoquinolin-d-ylmethoxy -Z-methoxyvisenicotingldehyde,

A 2-{ 1 Hepyrazob-ToyDpyridin-3-vipnethon - 2-methoxyisonicotinaldehyde,
S-{imidazol§, S-apvridin-§ -yinw{hoxy}ﬁ~me‘:i§’§i;>xyi:;zmiwiimlaﬁﬁhydﬁ,

S-4{2-(1, 5dimathyl- T Hepyraeod-d-yDpyeidin-3-ylimothoxy - 3-methoxyisonicotinaldehyde,
2-{{2-{1-ethyl-TH-pyrazol-5-yDpyridin-3-yhmethox yi-2-methoxyisenicotinaldehyde,
S-{{2~{ Lisopropyi-1 H-pyrazel-S-yDpyridin. 3y Dmethony)-Z-methoxyisonicotinaldchyde,
2-{diftuoromethony - 3-(imidszo] 1, 2-aipyridin-R-vimethoxyiisonicotinaldehyde,
2-methoxy-S-{{Z-phenvipyridin-3-yhmethoxy)isonicotinaldehyde,

S-({3-{ 1-isnpropyl- 1 H-pyraeol- Sy Dpyridin-d-yDimethoay ) 2amethoxyisonicotinablehyde
F(12 Y-bipyridind-3ovimethaxy - 2-methoxyisonicotinaldchyde,
Zomethony-3-{{2-(o-olyDpyridin-3-yDmethony isonicotinaldehyde,
Z-methoxy- 52 methoxy-[2,3-bipyridin}-3-ylpmethoxylsonicotinaldelyde,
4-A({2-ormyl-G-methvipyridin-3-yhoxymethyUbenzow acid,

A2 Forenyipyridin-3-viloxy methyDbenzoic acid,
methvl 3-{({d-formylpyridin-3-yhoxyimethyhbenzoate,
methyl 340 2-formyl-6-methyipyeidinA-vTsvimethylhenzoats,

34 (- formylpyridine3-yDoxymethyDbenzole acid,

oy hmethyDbereaie acid,

4

13 formyi-H-methyipyridin-3-vi

4-0057 .1 10
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3¢ 2-formylpyridin-d-voxymethyl thenzoie acid,
2anethoxy-5-{{2-{ 1 {Z-methoxyethvii-] i‘*i?pyrami«Sv}'E}p}frm;r\f—
yimethoxy)isonicotinaldehyde,

Sanethory-3-{02-({-propyl-1 Hopyrazol-S-vyDipyridin- 3y Dmethony isonicotinaldehvde,

\J

Z-methoxy-5-{{2-(1-(2.2,2-wifluorocthy -1 Hopyvrazol-S-yhpyridin-3-
viymethoxyjisonicotinaldehyde,

S{{2-01-2 2-dithuorosthy - L H-pyrazel-F-vipyridin- 3-yDmethoxy)-2-
methoxvisonicotinaldehyde,

3-002-{1-isopropyl-1H-pyrazol-5- yl};syridém -yimethoxyipicolinaldehyde,
I{2-isopropyl-1H-pyrazol-S-yhpyridin 3 yUmethoxy)-6-methyipicolinaldehyde,

{difluoromethoxy )-S5 2-(F-isopropy - 1 Hepyrazol-S-vlipyndin-3-

vimethox y}z’wniamiamideh vile,

(Y

{imid 2&7‘§§ 2-alpyridin-Zovimethox i-2-(F-rmethoxyethoxy soncotinaldehde,
542 1-isopropyl- HEb-pyrazel-SvDpyridin-3-vDmethony-2-(2-
mcmmxyct}ﬁsexy}is{mi{:miam}dﬁhyém
Sef{3 1»15&;)?&@&'&4h»mmx&% -slpyrazin-2-yDmethoxy}2-mothoxyisoaicotinaldehyde
3-{{4-Tormyl-G-mothoxypyridin-3-vioxymethyiipicolingie,
S{{2-{ 2-hpdroxypropan- 2-yDipyrisdin-3-vlmethoxyd-Z-methoxyisonisetinagldehy de,
2-{2-methexyethony 3 (3-( Lmethyl- T H-pyrazol-S-vDpyridio-3-
vimethoxylisonicotinaldehyde,
2+ Temethosyethoxy)-3-{ {2 T-rocthyl-{ H-pyrazol-S-yhpyndin: 3-vlmethoxy mtcotinaldehyde,
S-hvdrony-3-((2<{ 1 -isopropyl-1H-pyrazol-S-yipyridin-3-yDmethoxyisonicotingidehyde,
3-(benzyloxyi-5-F ‘ﬂydmxywmwtmaidch&ézﬂ
{024 -isopropyl LH-pyrazol-S-yDpyeidin-3vimethoxy - Same mx}:{yiwni{zmim‘;ﬁ@hydes

34022 -isopropyh2H-1.2 4 - trieseol-3- v Dpyridin-3-yDimethox y }2-methog yisormcotpaldehy

G201 -lsopropyi-4-methyl- Tpyrazol-S-ylpyeidin-3-vHmethoxy1-2-
meihonyisonicotinaldehvile,

ypvridin-3evipnsthoxy-2-methonyisonicotinaldehyde,

b

sthiyl - 1 perazod-S-yd

?
e
¥
<
L8
%

G-{{(4-formylpyridin-3-yDoxy methylpisolinie acld,
2,2 2-wifluoroacetic avdd | S-{({d-formylpyridin-3-yloxyimethylpicolinie aoid {1:]),
Zepnethony-3-(02-01 ({2 (rhmethylsilvDethox yiosethyl)- LH-pyrazol-5-vlpvridin-3-

yhimethoxy isonieotnaldshyde,

4814-3854-Q087 1 314
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3-{(2-(4-methyi-1H-pyrazol-5-vipyoidin-3-yimethoxy)-2-oxo-1, I-dihydropyridine-4-
carbaldehyde,

S-({2-¢ Luyplobutyl-THpyrazel-3-vlipyridin-3-vmethoxy)-2- methoryisonicstinaldehyde,
3-{{2-( -cyclohexyl-HHopyrazol- SyDpyridin-3- v Dimethoxy)-2-methox visonicminaldehyde,
3-{02-{ 1 {oyelohenyimediyly-  Hepyrazob-Savipyridin-3-yDmethoxyi-2-
methoxyisenicotinaldehyde,

SA{2-{ Feyclopenivl-1H-pyrazol- §~}’i}§3ﬁic§inw3~§’3}§‘r§t¥i}3{}x§’}«3vm{3§hm:<"gi3{3ni&{)‘téii&kﬁﬁh}’(i{g
Z2-(5-03-((3-Frrmyl-G-methoeypenidin-3-viox yimethyDoyridin-2-v1- | E-pyrazol- 1 -yllacetic acid,
methyd 3={5--(({4-Tformyl-G-methoxypyridin-3-vlio 3} ethyi }’;}}‘ridin»'&«yi}-i1‘£~§3§*mmiu}»
shpropancate,

3-3-03-({4-formy -G-methoxypyridio-3-yloxvimethyUpyridin- 2oyl ViHepyragob- LyDpropanocie
acid,

vi)- 1 H-pyrazol-i-vlipropancie

I 3{ {04 formy B Semethoxypyridie 3o DioxyimethyDpy eidin -

acid,

F{{{d-formyl-bmethonypyridin-2-yhoxy methyDhenzote acid,

G-{{{(4-formyipyrdin-3-yDoxyimsthybnicatinoniteile 2,2, 2-tif uoroacetate,
S-{ {G-Tormylpyveidin-3yhoxyimethynicotnic aud,
G-{{{4-{ormylpyridin-3-vhioxyimethvlnicotinic acid hydrochloride,

g-{{{&-formyipyridin-d-yhoxyimeth - M-(mothylsuonyDinicotinanide,
2.2, 2 riflorcacetic achd | 6-{{($-Formyipyridin-3-vDoxy woethy N
{methylzulfonyiinicotinamide (2:1) 2-{2-methoxyethoxyi-8-{2-{ 1422, 2 -wiftugrosthyii-1H-

prazol-S-ylpyridin-3-vUmethosy isonicotnaldehyde,

2-miethoxy-5- (3,3 3-wifluorepropyl ) | Hopyrazol-S-yDpyridin-3-

ylimethoxy lisenieotinaidehyde,
2-{Zemathoxyethony - 5-((2-(14{3,3, 3-rifluoropropyly- T Hepyraeol-S-yDpyridin- 3-
vhmethoxy Hsontvotinaldehy ‘&ﬁ,

KH

P22 2-wriftuoroethyly 1 -pyrazol-S-y Dpyridin-3-

Qdmihyi»i
yi}meﬁm:{y}’iSarzicminaldeitiyde,
2methyl-5-((2-030 3,3, 3-witluoropropyl ) L H-pyrazel- -y Bpyridin-
vDimethoxy psontcotinaldehyde,
(2-01402,2, 2-rifluorocthyl- | Hepyrazol- S+ Bpyvridin-3-vlimethoxy Hsondeotnaldehyde,

3420103, 3, 3eeitflucropropyli- T H-pyrazol-5-yDpyridin-3 -yl pmethoxyhisonicatinaldehyde,

4814-38584-00587. oy
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3echlore-5-{€2-{ 1 -isopropyl- 1 H-pyrazo - 5-ylpyeidin-3 -vhimethoxyiisonicotinaldehyde,
32+ isopropyl- 1 Hepyrazel-S-vlpyridin-3-vDimethory - S-methylisoniootinaldelyede,

Fechiore- 50031 -(3,3 3-trithioropropy - T Hepyrazol-S-yDpyridin. 3

yimethoxylisonicotinaldehyde, and

J-methy b 5-{2-01-{2.2 2-rifluoroethy - L He-pyrazol-S-ylipyridin- 3-

vimethoxylzonicotinalde iyse;

or & tautomer or pharmaceutivally seceptable salt thereof

[
I
[

4-3854-0087 1
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CLAIMS
What is claimed 15
i, A compound of formula (I}
B
) Lm 2\‘\”’
E A D 1
\‘.‘ ’,’ \:,
\\\
X
. L OV
R
J o
O
(B

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

10 - . . ~ 5
.77 1s optionally substituted methylene or, preferably, a bond;

ring A is Ce-Crparyl, a C5-Cy cycloalkyl, a 5-10 membered heterocaryl or a 4-10
membered helerocycle containing up to § ring heteroatoms, wherein the

5
H
19

heteroatom is selected from the group consisting of O, N, 8, and oxidized
torms of N and 5, wherein each of the aryl, heteroaryl, cycloalkyl, or
heterocycle is optionally substituted with 1-4: halo, C;-Cg atkyl, C-Cs alkoxy,
and/or {3-Cyg cycloalkyl, wherein the Ci-~Cy alkyl is optionally substituted

with -5 hale, C-Cy alkoxy, and/or Cs-Chg evcloalkyl; or

ring A is Ce-Crparyl, or a 5-10 membered heteroaryl, whergin the heteroatom is
selected fromn the group consisting of O, N, 8, and oxidized forms of N and S,
wherein each of the arvl, or heteroaryl is optionally substituted with 1-4 C;-Ce

alkyl and/or Ci-Cy alkoxy groups;

ring B is a $-10 membered heteroaryt or & 4-10 membered heterocycle containing
up (o 3 ring bheteroatoms, wherein the heteroatom is selected from the group

consisting of O, N, 8, and oxidized forms of N and 8, wherein cach of the

4814-3854-0057 1 214
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heteroary! and the heterocyele is optionally substituted with 1-4: halo, Ci-Cq
alkyl and/or ~CO-C,-Cq alkyl, or

ring B is:

-~ O~ LTI
T?E/ \ \\\ K \\\
EI B‘ ‘x
e = N
P 1. -~ 2‘.‘ -
[
sJ'\Ef\f\f‘ or V%TN

wherein ring B’ including the -N-CO- motety is g 5-6 membered heterocycle
containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and
oxidized forms of N and S, wherein gach of the hetercaryl and the heterocyele
is optionally substituted with 1-4 C;-Cs alkyl groups;
2
v is a single or a double hond;
gach X and Y is independently (CR,QOR,N}@ 0, 8, 50, 80;, or NR? eis 1 to 4,
preferably 1; each R™ and R*! independently is hydrogen or €1-Ca alkyl
optionally substituted with 1-3 halo, OH, or C,-Cs alkoxy, or CR™R*! is C=0,
provided that ifone of X and Y 15 O, §, 80, 50;, then the other is not CO, and
X and Y are both not hetercatoms or oxidized forms thergof;
ring C is C4-Cparyl or a 5-180 membered heteroaryl containing up to 3 ring
weteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and S, each of which is optionaily
substituted with 1-4: halo, oxo, ORY Oy alkyl, COOR!, and/or C-C
alkoxy, wherein the C,-Cg alkyl is optionally substituted with 1-3 halo, C-Cq
alkoxy and/or a 4-10 membered heterocycle contaiming up to 5 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, 8, and oxidized forms of M and 5; or
ring C is Cy-Crparyl or a 5-10 membered heteroary! containing up to 5 ring

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

Y N Qi vt A mad L L AT misAd Q@ anat o cxitaiedn fo At ey T
U, 1N, O, a0 OXIQIZOA TOHIS OF N aixd o, €ach 1 WHICH 15 opuonayy

1. o . . . . ;
R'is a hydrogen, C;-Cy alkyl or a prodrug moiety; wherein the alkyl is optionally

substituted with a 5-10 membered heteroaryl containing up to 5 ving

4814-3854-0067 1
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hetercatoms, wherein the heteroatom is selected from the group consisting of
O, M, S, and oxidized forms of N and §, which is optionally substituted with
with a 5-10 membered heteroaryl containing up to § ring hetercatoms, wherein
the heteroatom is selected from the group consisting of O, N, S, and oxidized

forms of N and 8, wherein the heteroaryl is optionally substituted with Cy-Cy

akioyl;
R and R® are each independently hydrogen, optionally substituted C,-Cy alkyl or
-COOR’;

R is hydrogen or optionally substituted C-Cy alkyl;

V' and V© independently are C;-Cy alkoxy; or V' and V- together with the carbon

atom they are attached to form a ring of formula;

s (\" i
r},‘ "\

g

wherein cach V7 and V* are independently Q, 8, or NH, provided that when one of V°
and V¥ is S, the other is NH, and provided that V2 and V* are both not NH; qis
1 or 2; each V' is independently C-Cg alkyl optionally substituted with 1-3
OH groups, or V7 is CO,R™, where each R* independently is C-Cy alkyl or
hydrogen; $is 0, 1, 2, or 45 or C vIviis C=v , wherein V is O, NORSO, of
NNRHRY,

R¥ g optionally substituted C;-Cy alkyl;

£% and R¥ independently are selected from the group consisting of hydrogen,
optionally substituted C-Cy alkyl, COR®, or CO,RM,

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

R*™is optionally substituted Ci-Cy alkyl;

with the proviso that when ring C 15 Ce-Cyyp aryl;

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

then ring A excludes optionally substituted 3-10 membered heteroaryl:
and provided that when ring C is Co-C o aryl;

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

1554-0057 216
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then ring A is not optionally substituted 4-10 membered heterocycle,

b3

A compound of formula (X-1):

(X1

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

ring A is phenyl optionally substituted with 1-3 halo and/or C,-C; alkoxy, oris a 4-10
membered heteroeycle contaiming up to 5 ring heteroatoms, wherein the
heteroatom is selected from the group consisting of G, N, S, and oxidized

forms of N and §, optionally substituted, or is

NR N
/ -7 P
; S R \\_"\
H g____ N\
‘ 2

/ e
/4 /
. and R/ ;

wherein R’ is C-Cq alkyl, optionally substituted with 3-5 fluoro groups, ot is
3-Cy cycloalkyl

ring B is selected from the group consisting of

R&
e} - RS
I LT N ~ PN - -
/ 3 - ~ - ~ -
N ~3 N N
/
et Ao T "N 3 /= ey NG - N~ //
R - o P S -~ hmy o .:(.\ o~ P S 2T
/}..-« 2\\7// , s 2\\\;/ (/(7. 2 s P 5 SO and - 2Py \ ]
i P ( ] Y
NV A NV ‘ni’\’ \
i ; i
.
T T T L T T LN By N e NP W 1 1O U SNSRI S I S PN S
V\!\‘uli.l BN 0 oy iy, LA ) e ) (lli‘&vyi LN UL K}lu&; EXIRR L‘y’ St WU

the pyridyl ring is optionally substituted with a halo or an NR™(CHo LN(RY ),
group where each R” is independently hydrogen or C;-C; alkyl;
Xis (5, SO, or S0y

4814-3854-0067.1 217
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ring U is phenyl or a 6 membered nitrogen-containing heteroaryl, each of which is
optionaily substituted with 1-4: halo, oxo, OB, C-Cy aikyl, COOR', and/or
(1-Cy alkoxy, wherein the C,-C, alky! is optionally substituted with 1-5 halo,
C1-Cy alkoxy and/or 4-10 membered heterocyele containing up to 3 ring
heteroatoms, wherein the heteroatom is selected from the group consisting of
O, N, S, and oxidized forms of N and 5; and

cach R'is hydrogen or a prodrug motety R,

V' and V* independently are C;-Cq alkoxy; or V' and V° together with the carbon

atom they are attached to form a ring of formula:

wherein each V° and V* are independently O, S, or NH, provided that when one of V°
and V' is S, the other 18 NH, and provided that V? and V¥ are both not NH; g is
tor 2; each Vo is independently Ci-Cq alkyl or CO;RGG, where each R
independently is C-Cy alky!l or hydrogen; tis 1, 2, or 4; or CVIViis C=V,
wherein V is O, NORY, or NNR¥ R,

wherein R* ig optionally substituted Ci-Cq alkyl;

R% and k™ independently are sclected from the group consisting of hydrogen,
optionally substituted C;~Cq alkyl, CORS‘E, or COZRM;

R% s hydrogen or optionally substituted Ci-Ce alkyl;

% is optionally substituted C-Cq alkyl;

provided that when ring C i Co-Chp aryls

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

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

and provided that when ring C is Cg-Cig arvh

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

then ring A 1s not optionally substituled 4-10 membered heterocyele,

4814-3854-0087 1 218
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3. The compound of claim 2, wherein V' and V7 independently are C;-Cs alkoxy; or V

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

> 2 74 : y : b ) 3 -3 s red
wherein each V™ and V™ are independently G, S, or NH, provided that when one or V7 and V

e . . ci 3 «rd : ’5
is 5 the other is NH, and provided that V™" and V™ are both not NH; gis 1 or 2, each V' is
H 1 ~ ~ ~ &0 [V : ™ ~ 1 1
independently C;-Ce atkyl or CO,R™, where each R™ independently is C1-C; alkyl or

. .- R . . . ..
hydrogen; tis 1,2, or4; 00 CV W2 is C=V, wherein V is O, and wherein the remaining

variables are defined as in claim.

4, The compound of claim 3, of formula;

., -

p \\ //CHC'

‘
~

. D ¢
' '
. ‘

~ ¢

N .

(IH

wherein the remaining variables are defined as in claim 2.

4914-3854-0067. 216
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5. A compound of claim 3 or 4 selected from formuldas (EA)Y, (TIB) and (JIC):
-~ ‘\ ," - /;\\w\\ g
K "‘\(// 2‘\\\ et l,’ )‘\/ 2‘».\« :
3 1”% : 1 “ f ::
e ?
SCHO A CHO _CHO
{///\ -~ [ \ g d \\ d
‘ . LN e
N\W’&// ~ o ;,//f ~2ET N
RC‘:‘ R™
HA 1B 1C
wherein

N ‘[; . o » 1 s Il : ¥ b . i ™ N K
R” s hydrogen, -OR ', C,-C; alkoxy optionally substituted with 1-3 C,-C; alkoxy or 4-
10 mermbered heterocyele containing up to 5 ring heteroatoms selected from
N, G, S or oxidized forms thereof,
o - ; e
’R%is hydregen, halo, hydroxy, or - alkoxy;
"y e :
R" is hydrogen or ;-4 atkyl; and
12, f
R™i-0OR;

. i < .
wherein R is hydrogen or the prodrag moiery R

6. The compound of claim 4, wherein ring A 1s
phenyl substituted with 1-3 halo or Ci-Cs alkoxy, or
3-Cg heteroeyelvl confaining 1-3 heteroatoma, wherein the heterceycle s optionally
substituted with 1-3 halo.
7. The compound of any one of claims 3-6, wherein
.= r"H:
. % pratinie,
J Ny
t C !
t - ]

is selected from the group consisting off

4314-3854-0087 .1 23720
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MaVAN AV AL NawaWava

and

8, The compound of any one of claims 3-6, wherein

l

VANV eV

,x&§§§//,CHo

.
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OH

A compound of claim 1 wherein:

ring A 15 Ce-Ciparyl, or a 5-10 membered heteroaryl, wherein the hetercatom is
selected from the group consisting of O, N, S, and oxidized forms of Nand S,
wherein each of the aryl, or heteroary! is optionally substituted with 1-4; C-

Cg alkyl and/or C,-Cq alkoxy;

ring B is:

» :
P S
(A AV or [NAVAW AVl

wherein ring B including the -N-CGO- moiety is a 5-6 membered heterocycle
containing up to 3 heteroatoms selected from nitrogen, oxygen, and sulfur and
oxidized forms of N and §, wherein each ol the heteroary! and the heterocycle

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

each X and Y is independently CRPRY. 0, 8, SO, SOy o1 NRZO; each R¥ and RY
independently is hydrogen or C-Cs alkyl optionally substituted with 1-3 halo,
OH, or C,-C alkoxy, or CR¥R is C=0, provided that if one of X and Y is O,
8, 8O, 8O», then the other 1s not CO, and X and Y are both not heteroatoms or
oxidized forms therecof)

ring C is Ce-Crgarvl or 4 5-10 membered heteroaryl containing up to 5 ring
heteroatoms, wherein the hetercatom is selected from the group consisting of
O, N S, and oxidized forms

substituted with 1-4: halo, oxo, -OR', Cy-Cs alkyl, -COOR”, NRRY,

R is a hvdrogen, C1-Cg alkyl or a prodrug moiety; wherein the alky! is optionally

substituied with a 5-10 membered heteroaryl containing up to 5 ring
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hetercatoms, wherein the hetercatom i3 selected from the group consisting of
G, N, 5, and oxidized forms of N and 5, which is optionally substituted with
with a 5-10 membered heteroaryl containing up 1o 5 ring heteroatoms, wherein
the heteroatom is selected from the group consisting of O, N, 8, and oxidized
forms of N and S, wherein the heteroary! is optionally sobstituted with -

alkyl;

5 . ) . .. N s
R’ and R® are each independently hydrogen, optionally substituted C,-C; alkyl or

COORY
R*is hydrogen or optionaily substituied C-Cg alkyl;

T 2 S { r2 . ;
V' and V7 independently are Ci-Ce atkoxy; or V' and V? together with the carbon

atom they are attached to form a ring of formula:
3r,/f\ vy
( { A

\“’3\74}55;

%i

wherein each V* and V* are independently O, S, or MH, provided that when one of V 3
and V' is 8, the other is NH, and provided that V ?and V* are both not NH; g is
1 or 2; each V” is independently C-Cy alkyl optionally substituted with 1-3
OH groups, or V3 is COR®, where each R* independently is Ci-Cq alkvl or
hydrogen; 1is 0, 1,2, or 4; or CV'V2 is ©=V, wherein V is 0, NOR™, or
NNRM R

R¥ is opticnally substituted Ci-Cq alkyl:

R¥ and R* independently are selected from the group consisting of hydrogen,
optionally substituted C-Cy alkyl, CORY, or CO,R™,;

&Y is hydrogen or optionally substituted C-Cq alky!; and

™ is optionally substinuted C,-Cg alkyl

with the proviso that when ring C is Cs-Cig aryl:

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

then ring A excludes optionally substituted 5-10 membered heteroaryl;
and provided that when ring C is Cg-C)p aryl;

and ring B is optionally substituted 5-10 membered heteroaryl;
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then ring A is not optionally substituted 4-10 membered heterocycie.

L, The compound of ¢laim 9, wherein V'V 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;
!’ B :
. AN
= RV R
tOA Pl

(V)
or a tautomer thereof, or a pharmaceutically acceptable salt of each thereot. wherein
wherein the remaining variables are defined as in claim 9.

12, A compound of claim 10 or 11 of formula (VI or (Vi)
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or a tautomer thereof, or a pharmaceutically acceptable salt of each thereof, wherein
ring A is Cp-Chgaryl, or a 5-10 membered heteroaryl, wherein the heteroatom 1s
selected from the group consisting of O, N, 8, and oxidized forms of N and 3,
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wherein each of the aryl, or heteroaryl is optionally substituted with 1-4 -y
atkyl;
ring B is Ce-Uparyl, C3-Cy cycloalkyl, a 5-10 membered hetercaryl containing up to
5 ring heteroatoms or a 4-10 membered heterocyele containing up to 3 ring
heteroatoms, wherein the hetcroatom is selected from the group consisting of
O, N, 5, and oxidized forms of N and 8, wherein each of the aryl, heteroaryl,
cycloalkyl or heterocyele is optionally substituted with 1-4: halo, C-Cy alkyl,
or U atkoxy, wherein the Ci-Cy alkyl is optionally substituted with 1.5
halo, C1-Cq alkoxy, and/or C5-Cyp eycloalky;
RYis halo, oxo, —ORER‘, Cy-Cy alkyl, C-Cy alkoxy, wCOORS, and/or NRSR(’;
RYis bydrogen, subsitued C,-Cy alkyl, or a prodrug motety R
R’ and R” are each independently hydrogen, optionally substituted Ci-Cy alkyl or
COOR® ; and
R is hydrogen, provided that the COOR’ is not joined to a nitrogen atowm, of

optionally substituted C,-Cg alkyl.

13, The compound of claim 12, wherein ring B is selected from the group consisting of:
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14, A compound of claim 1 selected from the group consisting oft
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or a prodrug thereof, or a pharmaceuticlaly acceptable salt of cach thereof.

13, Acompound of claim 1 selected {rom the group consisting of:

e ! z S 00

Ry TR0 t’\ J

P Mo rv
N OH i 5

4814-3854-0057 1 230



WO 2014/150276 PCT/US2014/022789

Atty. Dkt Noo: 104592-G210

ot M oxides thereof, or a pharmaceutically 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 pharmaceuticaily acceptable excipient.
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17. A method for increasing oxygen affinity of bemoglobin 8 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 10-135 or the composition of claim 16,
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