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Abstract

The present invention relates to processes and intermediate for the preparation of
compounds of Formula |

useful as inhibitors of Janus Kinases (JAK).
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PROCESSES AND INTERMEDIATES FOR PRODUCING AZAINDOLES

[0001]

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to processes and intermediates for the preparation of

compounds useful as inhibitors of Janus kinases (JAK).

BACKGROUND OF THE INVENTION
[0003] The Janus kinases (JAK) are a family of tyrosine kinases consisting of JAK1,
JAK2, JAK3 and TYK2. The JAKS play a critical role in cytokine signaling. The down-
stream substrates of the JAK family of kinases include the signal transducer and activator of
transcription (STAT) proteins. JAK/STAT signaling has been implicated in the mediation of
many abnormal immune responses such as allergies, asthma, autoimmune diseases such as
transplant rejection, rheumatoid arthritis, amyotrophic lateral sclerosis and multiple sclerosis
as well as in solid and hematologic malignancies such as leukemias and lymphomas. JAK2
has also been implicated in myeloproliferative disorders, which include polycythemia vera,
essential thrombocythemia, chronic idiopathic myelofibrosis, myeloid metaplasia with
myelofibrosis, chronic myeloid leukemia, chronic myelomonocytic leukemia, chronic
eosinophilic leukemia, hypereosinophilic syndrome and systematic mast cell disease.
[0004] Compounds described as kinase inhibitors, particularly the JAK family kinases, are
disclosed in WO 2005/095400 and WO 2007/084557.

B , Also disclosed in these publications are processes and
intermediates for the preparation of these compounds. There remains however, a need for
economical processes for the preparation of these compounds.

SUMMARY OF THE INVENTION
[0005] The present invention relates to processes and intermediates that are useful for
generating JAK inhibitors.

[0006] The present invention provides a process for preparing a compound of Formula I:
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or a pharmaceutically acceptable salt thereof, wherein Rlis -H, -Clor -F; R%is -H or -F; R’ is
-C,4 aliphatic optionally substituted with 1-5 occurrences of R’ R*is -C1 alkyl optionally
substituted with 1-3 occurrences of R’; or R® and R* are taken together to form a 3-7
membered carbocyclic or heterocyclic saturated ring optionally substituted with 1-5
occurrences of R’ ; each R’ is independently selected from halogen, -OCHs, -OH, -NO»,
-NH,, -SH, -SCH3, -NHCH3, -CN, or unsubstituted -Cy., aliphatic, or two R’ groups, together
with the carbon to which they are attached, form a cyclopropyl ring; R®is -H or unsubstituted
-Cy alkyl; and R’isa -CH,CR; or -(CH;),CR5s wherein each R is independently -H or -F;
comprising the step of: i) reacting a compound of Formula 1 with a hydrochloride salt of a

compound Formula 2

\ 2
. B’O R R3 OH
= | N\ N/ N N ©O
\N N‘ —N H
Ts Cl
1 2

in the presence of water, an organic solvent, a base, and a transition metal catalyst to generate
a compound of Formula L

[0007] [n some embodiments, the organic solvent of step i) is an aprotic solvent. For
example, the aprotic solvent of step i) is acetonitrile, toluene, N, N-dimethylformamide,
N,N-dimethylacetamide, acetone, methyl terz-butyl ether, or any combination thereof.

[0008] [n some embodiments, the organic solvent of step i) is a protic solvent. For
example, the protic solvent of step i) is an alcohol selected from methanol, propanol,
isopropanol, butanol, tert-butanol, or any combination thereof.

[0009] In some embodiments, the base of step i) is an inorganic base. For example, the
inorganic base of step i) comprises tripotassium phosphate, dipotassium hydrogen phosphate,

dipotassium carbonate, disodium carbonate, trisodium phosphate, disodium hydrogen



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

phosphate, or any combination thereof. In other examples, the inorganic base of step 1)
comprises an alkali metal hydroxide such as NaOH, KOH, or any combination thereof.
[0010] In some embodiments, the transition metal catalyst of step i) is a palladium catalyst.
For example, the palladium catalyst of step i) comprises palladium(II)acetate,
tetrakis(triphenylphosphine)palladium(0), wris(dibenzylideneacetone)dipalladium(0), or any
combination thereof. In other implementations, the palladium catalyst is generated in situ,
and the reaction of step i) occurs in the presence of a phosphine ligand (e.g.,

triphenylphosphine). And in other examples, the palladium catalyst of step i) comprises

oo S e Q\ / o
oo, Tb. oo, U <§>

HsC

F
©\P/ C'

7L <:§ : , O any combination thereof.

[0011] Insome embodiments, the reaction of step i) is performed at a temperature between

/

about 50 °C and about 110 °C (e.g., between about 60 °C and about 95 °C or between about
70 °C and about 80 °C.)
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[0012] Insome embodiments, the reaction of step i) is performed with agitation. For
example, the reaction is performed in a vessel containing a stir bar or mixer that agitates the
reaction mixture.

[0013] In some embodiments, the reaction of step i) occurs in about 17 hours.

[0014] In some embodiments, the reaction of step i) is about 86% complete in about 5
hours.

[0015] In some embodiments, the reaction of step i) is about 99% complete in about 17
hours.

[0016] Other embodiments further comprise the steps of: ii) deprotecting a compound of
Formula 3 to generate a compound of Formula 4:

r2 R® R* OH

)( g R2 R3 R4 OH
N///'\%‘N‘H 0 ///\S'N:, \<O
R’ ’
| \: b ¢ | TN
N N PN
:I's 3 N H 4

and; iii) reacting the compound of Formula 4 with HNR®R” in the presence of a coupling
agent and an organic solvent to generate the compound of Formula L

[0017] Insome embodiments, step ii) comprises deprotecting the compound of Formula 3
in the presence of a base. For example, the base of step ii) comprises an inorganic base. In
some examples, the inorganic base of step ii) is an alkali metal hydroxide such as NaOH,
KOH, or any combination thereof.

[0018] In some embodiments, HNR®R’ is 2,2,2-trifluoroethylamine.

[0019] In some embodiments, the reaction of step iii) is performed in the presence of an
organic base. In some examples, the organic base of step iii) comprises a tertiary amine. For
exanple, the tertiary amine of step iii) comprises N,N-diisopropylethylamine, triethylamine,
or any combination thereof.

[0020] In some embodiments, the coupling agent of step iii) comprises propylphosphonic
anhydride.

[0021] In some embodiments, the organic solvent of step iii) comprises a halogenated
hydrocarbon, an alkyl substituted tetrahydrofuran, or any combination thereof. For example,
the organic solvent of step iii) comprises an alkyl substituted tetrahydrofuran such as
2-methyltetrahydrofuran. In other examples, the organic solvent of step iii) comprises a

halogenated hydrocarbon such as dichloromethane or dichloroethane.
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[0022] Some embodiments further comprise the steps of: iva) reacting a compound of

Formula 5 with bromine in an organic solvent to generate a compound of Formula 6:

R _ - _ Br
B B
\N N‘ \N N‘
H H

5 6

va)  reacting the compound of Formula 6 with p-toluenesulfonyl chloride to generate a

compound of Formula 7:

] Br
R Z | A\
Ts
7 .
vi) reacting the compound of Formula 7 with triisopropyl borate, in the presence of an

organic solvent and a strong lithium base to generate a compound of Formula 8:

HO
1 B-OH
R
4 | N\
Ts

8 ; and

vii)  esterifying the compound of Formula 8 with pinacolate alcohol in an organic solvent
to generate a compound of Formula 1.

[0023] Some embodiments further comprise the steps of: ivb) reacting a compound of
Formula 5 with p-toluenesulfonyl chloride to generate a compound of Formula 9:

R! P R’
| g

N\ 7NN
NT N NT N
H T

>

s
5 9

’

vb) reacting the compound of Formula 9 with N-bromosuccinimide to generate a compound

of Formula 7:
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vi) reacting the compound of Formula 7 with triisopropyl borate, in the presence of an

organic solvent and a strong lithium base to generate a compound of Formula 8:

HO
1 g-OH
R
N
NT N
Ts
8

; and

vii) esterifying the compound of Formula 8 with pinacolate alcohol in an organic solvent to
generate a compound of Formula 1.

[0024] Some embodiments further comprise the step of: viiia) reacting a compound of

Formula 10, wherein R%is a -C14 alkyl, with a compound of Formula 11:

e

cl
RS RA NN
NHZXCOORS E
10 11

in the presence of an organic base and an organic solvent to generate a mixture comprising a

compound of Formula 12 and a compound of Formula 13:

R2 R®R* RS R?
Y-CoR® N Y COR®
N///%—N\ 2 / \ﬁ—N\
7§N H R =N H
cl cl
12 13

[0025] Some embodiments further comprise the steps of: ixa) deprotecting the compound
of Formula 12 and the compound of Formula 13 in the presence of an inorganic acid to

generate a mixture comprising a compound of Formula 2 and a compound of Formula 14:

R? R® R* R® R?
Y¥-COoH N -COH
I NN I SN
cl cl
2 14

xa)  rcacting the mixture comprising the compound of Formula 2 and the compound of
Formula 14 with HCI in the presence of an organic solvent to generate the hydrochloride salts

of the compound of Formula 2 and the compound of Formula 14; and
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xia) recrystalizing the mixture of the hydrochloride salts of the compound of Formula 2
and the compound of Formula 14 to generate the hydrochloride salt of the compound of
Formula 2.

[0026] Some alternative embodiments further comprising the steps of: viiib) reacting a
compound of Formula 11 with an acid salt of a compound of Formula 15 in the presence of a

solvent and a base to generate the compound Formula 2:

Rz
K\ﬁl 3
N.~2N R R*
j; NH{><COOH
11 15 .

ixb) reacting the compound of Formula 2 with HCI to generate the hydrochloride salt of the
compound of Formula 2.

[0027] In some embodiments, the base of step viiib) is an inorganic base selected from
tripotassium phosphate, dipotassium hydrogen phosphate, dipotassium carbonate, disodium
carbonate, trisodium phosphate, disodium hydrogen phosphate, or any combination thereof.
[0028] In some embodiments, the solvent of step viiib) comprises water.

[0029] In some embodiments, the solvent of step viiib) further comprises an alcohol
selected from methanol, ethanol, propanol, iso-propanol, butanol, tert-butanol, or any
combination thereof.

[0030] In some embodiments, the reaction of step viiib) is performed at a temperature of
from about 70 °C to about 120 °C (e.g., 80 °C to about 100 °C).

[0031] The present invention also provides a process for preparing a compound of Formula
4:

R?zs R* OH
A
1 =N :
R/l\

wherein R' is -H, -Cl or -F; R’is -H or -F; R’ is -Cj4 aliphatic optionally substituted with 1-5
occurrences of RS; R*is -Cy. alkyl optionally substituted with 1-3 occurrences of RS; or R®
and R* are taken together to form a 3-7 membered carbocyclic or heterocyclic saturated ring

optionally substituted with 1-5 occurrences of R’;each R is independently selected from
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halogen, -OCHj3, -OH, -NO,, -NH,, -SH, -SCHj3;, -NHCH3, -CN, or unsubstituted -Cq»
aliphatic, or two R’ groups, together with the carbon to which they are attached, form a
cyclopropyl ring; comprising the step of: ia) reacting a compound of Formula 1 with a

hydrochloride salt of a compound Formula 2,

\ 2 R4
R1 B/O R R3 OH
SN o
Ts Cl
1 2

in the presence of walter, an organic solvent, a base, and a palladium (Pd) catalyst selected

So £8 G KO

.Cl
d

P\
/ Cl

=X

Fe
Fe P/Pd\g Q\PO
= O

to generate a compound of Formula 3, and

, Or any combination thereof,
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R?zs R* OH

i) deprotecting the compound of Formula 3 to generate the compound of Formula 4.
[0032] In some embodiments, the organic solvent of step ia) is an alcohol. For example,
the alcohol of step ia) is selected from methanol, ethanol, propanol, isopropanol, butanol,
tert-butanol, or any combination thereof.

[0033] Insome embodiments, the base of step ia) is an inorganic base. For example, the
inorganic base of step ia) is an alkali metal hydroxide such as NaOH, KOH, or any
combination thereof.

[0034] In some embodiments, the reaction of step ia) is performed at a temperature
between about 50 °C and about 110 °C (e.g., between about 60 °C and about 95 °C or
between about 70 °C and about 80 °C).

[0035] In some cmbodiments, step ia) is performed with agitation. For cxample, the
reaction is performed in a vessel containing a stir bar that agitates the reaction mixture.
[0036] In some embodiments, the reaction of step ia) occurs in about 17 hours.

[0037] In some embodiments, the reaction of step ia) is about 86% complete in about 5
hours.

[0038] In some embodiments, the reaction of step ia) is about 99% complete in about 17
hours.

[0039] In some embodiments, the deprotection of step ii) is performed in the presence of a
base. In some examples, the base of step ii) is an inorganic base. In other examples, the
inorganic base of step ii) is an alkali metal hydroxide such as KOH, NaOH, or any
combination thereof.

[0040] Some embodiments further comprise the steps: viiib) reacting a compound of
Formula 11 with an acid salt of a compound of Formula 15 in the presence of a solvent and a

base to generate the compound Formula 2
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Rz
K\(u 3
N__N R} R*
E NHZXCOOH
11 15

; and

ixb) reacting the compound of Formula 2 with HCI to generate the hydrochloride salt of the
compound of Formula 2.

[0041] In some embodiments, the base of step viiib) is an inorganic base selected from
tripotassium phosphate, dipotassium hydrogen phosphate, dipotassium carbonate, disodium
carbonate, trisodium phosphate, disodium hydrogen phosphate, or any combination thereof.
[0042] Insome embodiments, the solvent of step viiib) comprises water.

[0043] Insome embodiments, the solvent of step viiib) further comprises an alcohol
selected from methanol, ethanol, propanol, iso-propanol, butanol, tert-butanol, or any
combination thereof.

[0044] In some embodiments, the reaction of step viiib) is performed at a temperature of
from about 70 °C to about 120 °C (e.g., from about 80 °C to about 100 °C).

[0045] The present invention also provides a process for preparing a compound of Formula
1:

1 B/O
R
Ts
1

or a pharmaceutically acceptable salt thereof, wherein R'is -H, -Cl, or -F; comprising the
steps of: iva) reacting a compound of Formula § with bromine in an organic solvent to

generate a compound of Formula 6:

R _ - _ Br
B B
\N N‘ \N N‘
H H

5 6

va) reacting the compound of Formula 6 with p-toluenesulfonyl chloride to generate a

compound of Formula 7;

10
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; Br
R
Ts
7

vi) reacting the compound of Formula 7 with triisopropyl borate, in the presence of an

organic solvent and a strong lithium base to generate a compound of Formula 8;

HQ
. g-OH
Ts
8

; and

vii) esterifying the compound of Formula 8 with pinacolate alcohol in an organic solvent to
generate a compound of Formula 1.

[0046] Insome embodiments, the organic solvent of step iva) is an aprotic solvent. For
example, the aprotic solvent of step iva) is dimethylformamide.

[0047] Insome cmbodiments, the reaction of step iva) is performed at a temperature of
about -5 °C to about 30 °C (e.g., about 0 °C to about 10 °C).

[0048] In some embodiments, the reaction of step va) is performed in the presence of
sodium hydride.

[0049] In some embodiments, the reaction of step va) is performed at a temperature of
about 0 °C to about 30 °C (e.g., about 5 °C to about 25 °C or about 10 °C to about 20 °C).
[0050] In some embodiments, the strong lithium base of step vi) is n-butyl lithium.
[0051] In some cmbodiments, the reaction of step vi) is performed at a temperature of
about -100 °C to about -70 °C (e.g., about -90 °C to about -80 °C).

[0052] In some embodiments, the organic solvent of step vii) is a halogenated
hydrocarbon. For example, the halogenated hydrocarbon of step vii) is dichloromethane or
dichloroethane.

[0053] In some embodiments, the esterification reaction in step vii) is performed at a
temperature of about () °C to about 60 °C (e.g., about 10 °C to about 40 °C or about 20 °C to
about 30 °C).

[0054] In some embodiments, the compound of Formula § is selected from

z [ N NF | N
NN SN7TN
H H
S5a 5b

11
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1H-pyrrolo[2,3-b]pyridine (5a) or 5-chloro-1H-pyrrolo[2,3-b]pyridine (5b).

[0055] In some embodiments, the compound of Formula 6 is selected from

Br Br
Cl
0 T
\N N‘ \N N\
H H
6a 6b

3-bromo-1H-pyrrolo[2,3-b]pyridine (6a) or 3-bromo-5-chloro-1H-pyrrolo|2,3-b]pyridine
(6b); the compound of Formula 7 is selected from

Br Br

/, C

| A\ N
N“ N SNTN

Ts T

7a 7b

N

3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) or 3-bromo-5-chloro-1-tosyl-1H-

pyrrolo[2,3-b]pyridine (7b); the compound of Formula 8 is selected from

HO, HO,
‘B-OH ‘B-OH
Cl
N\
N“ N SNTN
Ts Ts
8a 8b

1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a) or 5-chloro-1-tosyl-1H-pyrrolo[2,3-

b]pyridin-3-ylboronic acid (8b); and the compound of Formula 1 is selected from

'B-O 'B-O
C
g8 g8
SNTTN SNTN
Ts Ts
1a 1b

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1a) or
5-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- 1H-pyrrolo[2,3-b]pyridine
(1b).

[0056] 'The present invention also provides a process for preparing a compound of Formula

1:

12
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\B’O
R1
\N N
Ts
1

or a pharmaceutically acceptable salt thereof, wherein R'is -H, -Cl, or -F; comprising the
steps of: ivb) reacting a compound of Formula 5 with p-toluenesulfonyl chloride to generate a
compound of Formula 9;

R R?

H Ts
5 9

vb) reacting the compound of Formula 9 with N-bromosuccinimide to generate a compound

of Formula 7:

. Br
R
\N N
Ts
7

vi) reacting a compound of Formula 7 with triisopropyl borate, in the presence of an organic

solvent and a strong lithium base to generate a compound of Formula 8:

HO
. g-OH
Ts
8

;and

vii) esterifying a compound of Formula 8 with pinacolate alcohol in an organic solvent to
generate a compound of Formula 1.

[0057] Insome embodiments, the reaction of step ivb) is performed in the presence of
sodium hydride.

[0058] In some embodiments, the strong lithium base of step vi) is n-butyl lithium.
[0059] In some embodiments, the reaction of step vi) is performed at a temperature of

about -100 °C to about -70 °C (e.g., about -90 °C to about -80 °C).

13
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[0060] Insome embodiments, the organic solvent of step vii) is a halogenated hydrocarbon
such as any of those halogenated hydrocarbons described herein.

[0061] In some embodiments, the esterification reaction of step vii) is performed at a
temperature of about 0 °C to about 60 °C (e.g., about 10 °C to about 40 °C or about 20 °C to
about 30 °C).

[0062] In some embodiments, the compound of Formula 9 is selected from

Z | A\ U | N
Ts Ts
9a 9bh

1-tosyl-1H-pyrrolo|2,3-b]pyridine (9a) or 5-chloro-1-tosyl-1H-pyrrolo[2,3-b|pyridine (9b);

the compound of Formula 7 is selected from

Br Br
Cl
=~ | A\ Z | A\
\N I\! \N N‘
Ts Ts
7a b

3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) or 3-bromo-5-chloro-1-tosyl-1H-
pyrrolo[2,3-b]pyridine (7b); the compound of Formula 8 is selected from
HO HO

‘B-OH ‘B-OH
Cl
NN
N“ N NN
Ts Ts
8a 8b

1-tosyl-1H-pyrrolo|2,3-b]pyridin-3-ylboronic acid (8a) or 5-chloro-1-tosyl-1H-pyrrolo[2,3-

b]pyridin-3-ylboronic acid (8b); and the compound of Formula 1 is selected from

'B-O 'B-O
Cl
g8 g8
SN7N SNTN
Ts Ts
la 1b

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1-tosyl-1I1-pyrrolo[2,3-b]pyridine (1a) or
5-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- 1H-pyrrolo[2,3-b]pyridine
(1b).

14
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[0063] The present invention also provides a process for preparing a compound of Formula
2;
R? e R' OH
7
A

0

v

—~N H
Cl
2
wherein R” is -H or -F; R is -Ci4 aliphatic optionally substituted with 1-5 occurrences of RS;
R*is -C 1, alkyl optionally substituted with 1-3 occurrences of R’; or R? and R* are taken
together to form a 3-7 membered carbocyclic or heterocyclic saturated ring optionally
substituted with 1-5 occurrences of R’; each R” is independently selected from halogen,
-OCHzs, -OH, -NO,, -NH,, -SH, -SCH3, -NHCH3;, -CN, or unsubstituted -Cy., aliphatic, or two
R’ groups, together with the carbon to which they are attached, form a cyclopropyl ring;
comprising the steps: viiia) reacting a compound of Formula 10, wherein R® is a -C; 4 alkyl,

with a compound of Formula 11:

R

N
RS RA NN
NH2><COOR8 \Cr|
10 11

in the presence of an organic base and an organic solvent to generate a mixture comprising a

compound of Formula 12 and a compound of Formula 13:

RZ RER* RS R4
CO,R® N CO,R®
N N?L 2 ] \%N?L ’
N7;N H RN\=N H
Cl cl
12 13

[0064] Some embodiments further comprising the steps of: ixa) deprotecting the
compound of Formula 12 and the compound of Formula 13 in the presence of an inorganic
acid to generate a mixture comprising a compound of Formula 2 and a compound of Formula

14:
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R2 RS R4 RS R4

///%—N%COZH / N\\7_N>L002H
N7.4N ‘H R2 —=N ‘H

Cl Cl
2 14 :
xa) reacting the mixture comprising the compound of Formula 2 and the compound of
Formula 14 with HCI in the presence of an organic solvent to generate hydrochloride salts of
the compound of Formula 2 and the compound of Formula 14; and xia) recrystalizing the
mixture comprising the HCI salts of the compound of Formula 2 and the compound of

Formula 14 to generate the hydrochloride salt of the compound of Formula 2.

[0065] In some embodiments, the compound of Formula 10 is selected from

H H,C
SEQCHZCHs 3XCH3
NH;~ ~COO-Bu NH;~ ~COO-Bu
10a 10b

(R)-tert-butyl 2-amino-2-methylbutanoate (10a) or tert-butyl 2-amino-2-methylpropanoate

(10b); the compound of Formula 11 is selected from

(\/CI K\ru

N._-N N._2N
T T
Cl Cl
11a 11b

2,4-dichloropyrimidine (11a) or 2,4-dichloro-5-fluoropyrimidine (11b); the compound of

Formula 12 is selected from

He CH,CHs F H,C >£H3
sb~—C00-Bu COO-Bu
///\FN\ ///\%-N\
N =N H N =N H
Ci Cl
12a 12b

(R)-tert-butyl 2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoate (12a) or
tert-butyl 2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-methylpropanoate (12b); and the

compound of Formula 13 is selected from

CH,CH; HsC CHg3
NT3C~—coo-Bu N -cooBu
/ \77N\ / \7_N\
cl cl
13a 13b

16
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(R)-tert-butyl 2-(4-chloropyrimidin-2-ylamino)-2-methylbutanoate (13a) or
tert-butyl 2-(4-chloro-5-fluoropyrimidin-2-ylamino)-2-methylpropanoate (13b).

[0066] In some embodiments, the compound of Formula 14 is selected from

HaCo FH2CHs HiC CHs
N}_}'—COOH N)_ COOH
SN SN
;N H F =N H
ct cl
14a 14b

{R)-2-(4-chloropyrimidin-2-ylamino)-2-methylbutanoic acid (14a) or
2-(4-chloro-5-fluoropyrimidin-2-ylamino)-2-methylpropanoic acid (14b); and the compound

of Formula 2 is selected from

e CH,CHy F HaC >é(_ZH3
1Cmi-COOH COOH
NN ///%-N‘
N_N H N_N H
Cl Cl
2a 2b

(R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a) or
2-(2-chloro-3-fluoropyrimidin-4-ylamino)-2-methylpropanoic acid (2b).
[0067]} The present invention also provides a process for preparing a compound of
Formula 2:
R? Raii‘ﬁOH
A
—~N H
Ci
2

wherein R? is -H or -F; R? is -C, 4 aliphatic optionally substituted with 1-5 occurrences of R;
R* is -C|; alkyl optionally substituted with 1-3 occurrences of R®; or R® and R* are taken
together to form a 3-7 membered carbocyclic or heterocyclic saturated ring optionally
substituted with 1-5 occurrences of R%; each R’ is independently selected from halogen,
-OCHj3, -OH, -NO3, -NH;, -SH, -SCHj;, -NHCHj;, -CN, or unsubstituted -C,_; aliphatic, or two
R® groups, together with the carbon to which they are attached, form a cyclopropyl ring;
comprising the steps: viiib) reacting a compound of Formula 11 with an acid salt of a

compound of Formula 15 in the presence of a solvent and a base to generate the compound

Formula 2
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p%

NH;~ “COOH
15

R4

;and

ixb) reacting the compound of Formula 2 with HCI to generate the hydrochloride salt of the

compound of Formula 2.

[0068]

In some embodiments, the acid salt of a compound of Formula 15 is a

hydrochloride salt of the compound of Formula 185.

[0069]

In some embodiments, the base of step viiib) is an inorganic base selected from

tripotassium phosphate, dipotassium hydrogen phosphate, dipotassium carbonate, disodium

carbonate, trisodium phosphate, disodium hydrogen phosphate, or any combination thereof.

[0070]
[0071]

In some embodiments, the solvent of step viiib) comprises water.

In some embodiments, the solvent of step viiib) further comprises an alcohol

selected from methanol, ethanol, propanol, iso-propanol, butanol, tert-butanol, or any

combination thereof.

[0072]

In some embodiments, the reaction of step viiib) is performed at a temperature of

from about 70 °C to about 120 °C (e.g., from about 80 °C to about 100 °C).

[0073]

v,
&
11a

In some embodiments, the compound of Formula 11 is selected from

2,4-dichloropyrimidine (11a) or 2,4-dichloro-5-fluoropyrimidine (11b); the compound of

Formula 15 is selected from
HC ‘\\CHQCH3

X

NHy;~ “COOH
15a

HsC

><CH3

NH;~ “COOH
15b

D-isovaline (15a) or 2-amino-2-methylpropanoic acid (15b); and the compound of Formula 2

is selected from

CH,CH;
HaCa"—cooH
I NN
Ny H
c
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(R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a) or
2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-methylpropanoic acid (2b).

[0074] In some embodiments, the compound of Formula I is:

H H
| N—CH,CF,4 F CH; N-CH,CF;
e, H3C
/’/\_N/\ \<o e e
7 In C~ Ib
[ [
NS Y
N N
NN N7 N

(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (Ia) or 2-(2-(5-chloro- 1 H-pyrrolo[2,3-b]pyridin-3-y1)-5-
fluoropyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)propanamide (Ib).
[0075] The present invention also provides a process for preparing (R)-2-(2-(1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide of Formula Ia:

H

Ly

H

|/, / N-CH,CF
/
N/I/\—N o)
=N
NS
N
N" Ol
Ia

or a pharmaceutically acceptable salt thereof, comprising the step of: i) reacting
3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1a) with
the hydrochloride salt of (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a),

\B/O ’ ! OH
= | N\ N/ N N O
\N N —N H
\Ts Cl
1a 2a

in the presence of water, an organic solvent, an inorganic base, and a palladium catalyst to
generate (R)-2-methyl-2-(2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yDpyrimidin-4-
ylamino)butanoic acid of Formula la.

[0076] Some embodiments further comprise the step of reacting

19



CA 02839937 2013-12-18

WO 2013/006634 PCT/US2012/045431

Y
=N

S
11a

2,4-dichloropyrimidine (11a), and
HaCH,C, CH;,
NH;~ “COCH
15a
D-isovaline (15a) to generate the hydrochloride salt of (R)-2-(2-chloropyrimidin-4-ylamino)-
2-methylbutanoic acid (2a)

l,,! OH
NWN‘ el
=N H
cf

2a

10077} The present invention also provides a process for preparing 2-(2-(5-chloro-1H-
pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)propanamide of Formula Ib:

F\/ HN-CH.CF,
II/S—N‘

O

N

Cl
N N

H

Ib
or a pharmaceutically acceptable salt thereof, comprising the step of: i) reacting
5-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- 1 H-pyrrolo[2,3-b]pyridine
(1b) with the hydrochioride salt of 2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-
methylpropanoic acid (2b),

QB,o F OH
C! : H
m N/’/#N‘ °
NN N
Ts Ci
1b 2b
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in the presence of water, an organic solvent, an inorganic base, and a palladium catalyst to
generate 2-(2-(5-chloro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-
ylamino)-2-methylpropanoic acid of Formula Ib.

[0078] Some embodiments further comprise the step of reacting
F

Ncu

2,4-dichloro-5-fluoropyrimidine (11b), and
H,C_ CHs

X

NH;~ ~COOH
15b
2-amino-2-methylpropanoic acid (15b) to generate the hydrochloride salt of
2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-methylpropanoic acid (2b)
F HOH
Cl

2b

[0079] The present invention also provides compounds useful as intermediates in the
processes of the present invention.

[0080] 'The present invention also provides a solid form of (R)-2-(2-(1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid (4a) designated as Form E. In
some embodiments, solid Form E is characterized by one or more peaks corresponding to 2-
theta values measured in degrees of 7.1 £0.2, 8.2 £ 0.2, 23.9 + 0.2, and 24.8 £0.2 in an X-ray
powder diffraction pattern.

[0081] 'The present invention also provides a solid form of (R)-2-(2-(1H-pyrrolo[2,3-
blpyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid (4a) designated as Form B. In
some embodiments, the solid Form B is characterized by one or more peaks corresponding to
2-theta values measured in degrees of 9.2 £0.2, 18.1 £ 0.2, 19.1 £0.2, and 32.0 £0.2 in an X-
ray powder diffraction pattern. In other embodiments, solid 'orm B is further characterized
by one or more peaks corresponding to 2-theta values measured in degrees of 21.4 + 0.2, 30.1

+0.2,29.9£0.2, and 26.1 + 0.2 in an X-ray powder diffraction pattern.

21



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

[0082] The present invention also provides a solid form of (R)-2-(2-(1H-pyrrolo|2,3-
b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide (Ia)
designated as T'orm A. In some embodiments, solid 'orm A is characterized by one or more
peaks corresponding to 2-theta values measured in degrees of 23.7 £ 0.2, 11.3+0.2, 19.3 +
0.2, and 15.4 + 0.2 in an X-ray powder diffraction pattern. In other embodiments, solid Form
A is further characterized by one or more peaks corresponding to 2-theta values measured in
degrees of 28.9 + 0.2 and 21.5 £ 0.2 in an X-ray powder diffraction pattern.

BRIEF DESCRIPTION OF THE DRAWINGS
[0083] Fig. 1is an XRPD pattern of Form E of Compound (4a).
[0084] Fig. 2 is an XRPD pattern of Form B of Compound (4a).
[0085] Fig. 3 is a solid state 'H NMR spectrum for Form B of Compound (4a) according to

procedure (H).

[0086] Fig. 4 is a DSC thermogram of Form B of Compound (4a).

[0087] Fig. 5 is a thermogravimetric trace of Form B of Compound (4a).

[0088] Fig. 6 is an XRPD pattern of Form A of Compound (Ia).

[0089] Fig. 7 is a DSC thermogram of Form A of Compound (Ia).
DETAILED DESCRIPTION OF THE INVENTION

[0090] The present invention provides a process for preparing a compound of Formula I:

6

Y

R?ga R N-R

A

A
N
NTH

or a pharmaceutically acceptable salt thereof, wherein:

R'is -H, -Cl or -F;

R?is -H or -F;

R’is-Ciy4 aliphatic optionally substituted with 1-5 occurrences of R’;

R*is -C 1, alkyl optionally substituted with 1-3 occurrences of R’; or

R’ and R* are taken together to form a 3-7 membered carbocyclic or heterocyclic
saturated ring optionally substituted with 1-5 occurrences of R’;

each R7is independently selected from halogen, -OCHs, -OH, -NO;, -NH,, -SH,
-SCH3, -NHCH3, -CN, or unsubstituted -Cy » aliphatic, or
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two R’ groups, together with the carbon to which they are attached, form a
cyclopropyl ring;
RS is -H or unsubstituted -Cy alkyl; and
R'isa -CH,CR; or -(CH;);CR3 wherein each R is independently -H or -F;
comprising the step of:
i) reacting a compound of Formula 1 with a hydrochloride (HCI) salt of a

compound Formula 2

\ 2 . R¢
» g-0 R R3 OH
& ] K] N NE Eo
D =N H
N7 N ¥
Ts Cl
1 2

in the presence of water, an organic solvent, a base, and a transition metal (e.g., Pd) catalyst
to generate a compound of Formula L.

[0091] As used herein, the following definitions shall apply unless otherwise indicated.
[0092] I DEFINITIONS

[0093] For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,
75th Ed. Additionally, general principles of organic chemistry are described in "Organic
Chemistry", Thomas Sorrell, University Science Books, Sausalito: 1999, and "March's
Advanced Organic Chemistry", 5th Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons,
New York: 2001 ) ) )

[0094] As described herein, compounds of the invention may optionally be substituted with
one or more substituents, such as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the invention.

[0095] As used herein, the term "hydroxyl" or "hydroxy" refers to an -OH moiety.

[0096] As used herein the term "aliphatic" encompasses the terms alkyl, alkenyl, alkynyl,
each of which being optionally substituted as set forth below.

[0097] Asused herein, an "alkyl" group refers to a saturated aliphatic hydrocarbon group
containing 1-12 (e.g., 1-8, 1-6, or 1-4) carbon atoms. An alkyl group can be straight or
branched. Examples of alkyl groups include, but are not limited to, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl. An alkyl
group can be substituted (i.e., optionally substituted) with one or more substituents such as

halo, phospho, cycloaliphatic [e.g., cycloalkyl or cycloalkenyl], heterocycloaliphatic [e.g.,
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heterocycloalkyl or heterocycloalkenyl], aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl
[e.g., (aliphatic)carbonyl, (cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl], nitro,
cyano, amido [e.g., (cycloalkylalkyl)carbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbonylamino,
heteroaralkylcarbonylamino alkylaminocarbonyl, cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or heteroarylaminocarbonyl], amino
[e.g., aliphaticamino, cycloaliphaticamino, or heterocycloaliphaticamino], sulfonyl [e.g.,
aliphatic-SO,-], sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo,
carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroarylalkoxy, alkoxycarbonyl, alkylcarbonyloxy, or hydroxy. Without
limitation, some examples of substituted alkyls include carboxyalkyl (such as HOOC-alkyl,
alkoxycarbonylalkyl, and alkylcarbonyloxyalkyl), cyanoalkyl, hydroxyalkyl, alkoxyalkyl,
acylalkyl, aralkyl, (alkoxyaryl)alkyl, (sulfonylamino)alkyl (such as (alkyl-SO,-amino)alkyl),
aminoalkyl, amidoalkyl, (cycloaliphatic)alkyl, or haloalkyl.

[0098] As used herein, an "alkenyl" group refers to an aliphatic carbon group that contains
2-8 (e.g., 2-12, 2-6, or 2-4) carbon atoms and at least one double bond. Like an alkyl group,
an alkenyl group can be straight or branched. Examples of an alkenyl group include, but are
not limited to allyl, 1- or 2-isopropenyl, 2-butenyl, and 2-hexenyl. An alkenyl group can be
optionally substituted with one or more substituents such as halo, phospho, cycloaliphatic
[e.g., cycloalkyl or cycloalkenyl], heterocycloaliphatic [e.g., heterocycloalkyl or
heterocycloalkenyl], aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl [e.g.,
(aliphatic)carbonyl, (cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl], nitro, cyano,
amido [e.g., (cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino alkylaminocarbonyl,
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl], amino [e.g., aliphaticamino, cycloaliphaticamino,
heterocycloaliphaticamino, or aliphaticsulfonylamino], sulfonyl [e.g., alkyl-SO»-,
cycloaliphatic-SOs-, or aryl-SO,-], sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkoxy, alkoxycarbonyl, alkylcarbonyloxy, or hydroxy.
Without limitation, some examples of substituted alkenyls include cyanoalkenyl,

alkoxyalkenyl, acylalkenyl, hydroxyalkenyl, aralkenyl, (alkoxyaryl)alkenyl,

24



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

(sulfonylamino)alkenyl (such as (alkyl-SO,-amino)alkenyl), aminoalkenyl, amidoalkenyl,
(cycloaliphatic)alkenyl, or haloalkenyl.

[0099] As used herein, an "alkynyl" group refers to an aliphatic carbon group that contains
2-8 (e.g., 2-12, 2-6, or 2-4) carbon atoms and has at least one triple bond. An alkynyl group
can be straight or branched. Examples of an alkynyl group include, but are not limited to,
propargyl and butynyl. An alkynyl group can be optionally substituted with one or more
substituents such as aroyl, heteroaroyl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, nitro, carboxy, cyano, halo, hydroxy, sulfo, mercapto, sulfanyl
[e.g., aliphaticsullany] or cycloaliphaticsulfanyl], sulfinyl [e.g., aliphaticsulfiny] or
cycloaliphaticsulfinyl], sulfonyl [e.g., aliphatic-SO,-, aliphaticamino-SO;-, or
cycloaliphatic-SO,-], amido [e.g., aminocarbonyl, alkylaminocarbonyl, alkylcarbonylamino,
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, cycloalkylcarbonylamino,
arylaminocarbonyl, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (cycloalkylalkyl)carbonylamino,
heteroaralkylcarbonylamino, heteroarylcarbonylamino or heteroarylaminocarbonyl], urea,
thiourea, sulfamoyl. sulfamide, alkoxycarbonyl, alkylcarbonyloxy, cycloaliphatic,
heterocycloaliphatic, aryl, heteroaryl, acyl [e.g., (cycloaliphatic)carbonyl or
(heterocycloaliphatic)carbonyl], amino [e.g., aliphaticamino], sulfoxy, oxo, carboxy,
carbamoyl, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, or (heteroaryl)alkoxy.

[0100] As used herein, an "amido" encompasses both "aminocarbonyl" and
"carbonylamino”. These terms when used alone or in connection with another group refer to
an amido group such as -N(RX)-C(O)—RY or -C(O)—N(RX)Z, when used terminally, and
-C(0)-N(R¥)- or -N(R¥)-C(0)- when used internally, wherein R¥ and RY can be aliphatic,
cycloaliphatic, aryl, araliphatic, heterocycloaliphatic, heteroaryl or heteroaraliphatic.
Examples of amido groups include alkylamido (such as alkylcarbonylamino or
alkylaminocarbonyl), (heterocycloaliphatic)amido, (heteroaralkyl)amido, (heteroaryl)amido,
(heterocycloalkyl)alkylamido, arylamido, aralkylamido, (cycloalkyDalkylamido, or
cycloalkylamido.

[0101] Asused herein, an "amino" group refers to -NR*R” wherein each of R* and R is
independently hydrogen, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycloaliphatic, (heterocycloaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyl,
sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,

((heterocycloaliphatic)aliphatic)carbonyl, (heteroaryl)carbonyl, or heteroaraliphatic)carbonyl,
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each of which being defined herein and being optionally substituted. Examples of amino
groups include alkylamino, dialkylamino, or arylamino. When the term "amino" is not the
terminal group (e.g., alkylcarbonylamino), it is represented by -NR*-, where R* has the same
meaning as defined above.

[0102] As used herein, an "aryl" group used alone or as part of a larger moiety as in
"aralkyl", "aralkoxy", or "aryloxyalkyl" refers to monocyclic (e.g., phenyl); bicyclic (e.g.,
indenyl, naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); and tricyclic (e.g., fluorenyl
tetrahydrofluorenyl, or tetrahydroanthracenyl, anthracenyl) ring systems in which the
monocyclic ring system is aromaltic or at least one of the rings in a bicyclic or tricyclic ring
system is aromatic. The bicyclic and tricyclic groups include benzofused 2-3 membered
carbocyclic rings. For example, a benzofused group includes phenyl fused with two or more
C4s carbocyclic moieties. An aryl is optionally substituted with one or more substituents
including aliphatic [e.g., alkyl, alkenyl, or alkynyl]; cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic; aryl; heteroaryl; alkoxy;
(cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; heteroaryloxy; (araliphatic)oxy;
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocyclic ring of
a benzofused bicyclic or tricyclic aryl); nitro; carboxy; amido; acyl [e.g., (aliphatic)carbonyl;
(cycloaliphatic)carbonyl; ((cycloaliphatic)aliphatic)carbonyl; (araliphatic)carbonyl;
(heterocycloaliphatic)carbonyl; ((heterocycloaliphatic)aliphatic)carbonyl; or
(heteroaraliphatic)carbonyl]; sulfonyl [e.g., aliphatic-SO;- or amino-SO;-]; sulfinyl [e.g.,
aliphatic-S(QO)- or cycloaliphatic-S(O)-]; sulfanyl [e.g., aliphatic-S-]; cyano; halo; hydroxy;
mercapto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or carbamoyl. Alternatively, an aryl
can be unsubstituted.

[0103] Non-limiting cxamples of substituted aryls include haloaryl [¢.g., mono-, di (such
as p,m-dihaloaryl), and (trihalo)aryl]; (carboxy)aryl [e.g., (alkoxycarbonyl)aryl,
((aralkyl)carbonyloxy)aryl, and (alkoxycarbonylaryl]; (amido)aryl [e.g.,
(aminocarbonyl)aryl, (((alkylamino)alkyl)aminocarbonyl)aryl, (alkylcarbonyl)aminoaryl,
(arylaminocarbonyl)aryl, and (((heteroaryl)amino)carbonyl)aryl]; aminoaryl [e.g.,
((alkylsulfonyl)amino)aryl or ((dialkyl)amino)aryl]; (cyanoalkyl)aryl; (alkoxy)aryl;
(sulfamoyl)aryl [e.g., (aminosulfonyl)aryl]; (alkylsulfonyl)aryl; (cyano)aryl;
(hydroxyalkyl)aryl; ((alkoxy)alkylaryl; (hydroxy)aryl, ((carboxy)alkyl)aryl;
(((dialkyl)amino)alkyl)aryl; (nitroalkyl)aryl; (((alkylsulfonyl)amino)alkyl)aryl;
((heterocycloaliphatic)carbonyl)aryl; ((alkylsulfonylalkylaryl; (cyanoalkyl)aryl;
(hydroxyalkyl)aryl; (alkylcarbonyDaryl; alkylaryl; (trihaloalkyDaryl;
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p-amino-m-alkoxycarbonylaryl; p-amino-m-cyanoaryl; p-halo-m-aminoaryl; or
(m-(heterocycloaliphatic)-o-(alkyl))aryl.

[0104] As used herein, an "araliphatic" such as an "aralkyl" group refers to an aliphatic
group (e.g., a Cy4 alkyl group) that is substituted with an aryl group. "Aliphatic," "alkyl,"
and "aryl" are defined herein. An example of an araliphatic such as an aralkyl group is
benzyl.

[0105] Asuscd hercin, an "aralkyl” group refers to an alkyl group (c.g., a Cy4 alkyl group)
that is substituted with an aryl group. Both "alkyl" and "aryl" have been defined above. An
example of an aralkyl group is benzyl. An aralkyl is optionally substituted with one or more
substituents such as aliphatic [e.g., alkyl, alkenyl, or alkynyl, including carboxyalkyl,
hydroxyalkyl, or haloalkyl such as trifluoromethyl], cycloaliphatic [e.g., cycloalkyl or
cycloalkenyl], (cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl,
alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,
amido [e.g., aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, or heteroaralkylcarbonylamino], cyano, halo, hydroxy, acyl,
mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
[0106] As used herein, a "bicyclic ring system" includes 6-12 (e.g., 8-12 or 9, 10, or 11)
membered structures that form two rings, wherein the two rings have at least one atom in
common (e.g., 2 atoms in common). Bicyclic ring systems include bicycloaliphatics (e.g.,
bicycloalkyl or bicycloalkenyl), bicycloheteroaliphatics, bicyclic aryls, and bicyclic
heteroaryls.

[0107] Asused herein, a "cycloaliphatic” group encompasses a "cycloalkyl" group and a
"cycloalkenyl" group, each of which being optionally substituted as set forth below.

[0108] As used herein, a "cycloalkyl" group refers to a saturated carbocyclic mono- or
bicyclic (fused or bridged) ring of 3-10 (e.g., 5-10) carbon atoms. Examples of cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
norbornyl, cubyl, octahydro-indenyl, decahydro-naphthyl, bicyclo[3.2.1]octyl,
bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl, bicyclo[2.2.2]octyl, adamantyl,
or ((aminocarbonyl)cycloalkyl)cycloalkyl.

[0109] A "cycloalkenyl” group, as used herein, refers to a non-aromatic carbocyclic ring of

3-10 (e.g., 4-8) carbon atoms having one or more double bonds. Examples of cycloalkenyl
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groups include cyclopentenyl, 1,4-cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl,
hexahydro-indenyl, octahydro-naphthyl, cyclohexenyl, bicyclo[2.2.2]octenyl, or
bicyclo[3.3.1]nonenyl.

[0110] A cycloalkyl or cycloalkenyl group can be optionally substituted with one or more
substituents such as phospho, aliphatic [e.g., alkyl, alkenyl, or alkynyl], cycloaliphatic,
(cycloaliphatic) aliphatic, heterocycloaliphatic, (heterocycloaliphatic) aliphatic, aryl,
heteroaryl, alkoxy, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryloxy,
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, heteroaroyl, amino, amido [e.g.,
(aliphatic)carbonylamino, (cycloaliphatic)carbonylamino,
((cycloaliphatic)aliphatic)carbonylamino, (aryl)carbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino, ((heterocycloaliphatic)aliphatic)carbonylamino,
(heteroaryl)carbonylamino, or (heteroaraliphatic)carbonylamino], nitro, carboxy [e.g.,
HOOC-, alkoxycarbonyl, or alkylcarbonyloxy], acyl [e.g., (cycloaliphatic)carbonyl,
((cycloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl], cyano, halo,
hydroxy, mercapto, sulfonyl [e.g., alkyl-SO,- and aryl-SO,-], sulfinyl [e.g., alkyl-S(O)-],
sulfanyl [e.g., alkyl-S-], sulfoxy, urea, thiourea, sulfamoyl, sulfamide, 0xo, or carbamoyl.
[0111] Asused herein, the term "heterocycloaliphatic” encompasses heterocycloalkyl
groups and heterocycloalkenyl groups, each of which being optionally substituted as set forth
below.

[0112] Asused herein, a "heterocycloalkyl” group refers to a 3-10 membered mono- or
bicylic (fused or bridged) (e.g., 5- to 10-membered mono- or bicyclic) saturated ring
structure, in which one or more of the ring atoms is a heteroatom (e.g., N, O, S, or
combinations thereof). Examples of a heterocycloalkyl group include piperidyl, piperazyl,
tetrahydropyranyl, tetrahydrofuryl, 1,4-dioxolanyl, 1,4-dithianyl, 1,3-dioxolanyl, oxazolidyl,
isoxazolidyl, morpholinyl, thiomorpholyl, octahydrobenzofuryl, octahydrochromenyl,
octahydrothiochromenyl, octahydroindolyl, octahydropyrindinyl, decahydroquinolinyl,
octahydrobenzo|b]thiopheneyl, 2-oxa-bicyclo[2.2.2]octyl, -aza-bicyclo[2.2.2]octyl,
3-aza-bicyclo[3.2.1]octyl, and 2,6-dioxa-tricyclo[3.3.1.0""Jnonyl. A monocyclic
heterocycloalkyl group can be fused with a phenyl moiety to form structures, such as
tetrahydroisoquinoline, which would be categorized as heteroaryls.

[0113] A "heterocycloalkenyl” group, as used herein, refers to a mono- or bicylic (e.g.,

5- to 10-membered mono- or bicyclic) non-aromatic ring structure having one or more double

bonds, and wherein one or more of the ring atoms is a heteroatom (e.g., N, O, or S).
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Monocyclic and bicyclic heterocycloaliphatics are numbered according to standard chemical
nomenclature.

[0114] A heterocycloalkyl or heterocycloalkenyl group can be optionally substituted with
one or more substituents such as phospho, aliphatic [e.g., alkyl, alkenyl, or alkynyl],
cycloaliphatic, (cycloaliphatic)aliphatic, heterocycloaliphatic, (heterocycloaliphatic)aliphatic,
aryl, heteroaryl, alkoxy, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy,
heteroaryloxy, (araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, heteroaroyl, amino, amido
[e.g., (aliphatic)carbonylamino, (cycloaliphatic)carbonylamino, ((cycloaliphatic)
aliphatic)carbonylamino, (aryl)carbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino, ((heterocycloaliphatic) aliphatic)carbonylamino,
(heteroaryl)carbonylamino, or (heteroaraliphatic)carbonylamino], nitro, carboxy [e.g.,
HOOC-, alkoxycarbonyl, or alkylcarbonyloxy], acyl [e.g., (cycloaliphatic)carbonyl,
((cycloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl], nitro, cyano, halo,
hydroxy, mercapto, sulfonyl [e.g., alkylsulfonyl or arylsulfonyl], sulfinyl [e.g., alkylsulfinyl],
sulfanyl [e.g., alkylsulfanyl], sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or
carbamoyl.

[0115] A "heteroaryl” group, as used herein, refers to a monocyclic, bicyclic, or tricyclic
ring system having 4 to 15 ring atoms wherein one or more of the ring atoms is a heteroatom
(e.g., N, O, S, or combinations thereof) and in which the monocyclic ring system is aromatic
or at least one of the rings in the bicyclic or tricyclic ring systems is aromatic. A heteroaryl
group includes a benzofused ring system having 2 to 3 rings. For example, a benzofused
group includes benzo fused with one or two 4 to 8 membered heterocycloaliphatic moieties
(e.g., indolizyl, indolyl, isoindolyl, 3H-indolyl, indolinyl, benzo[b]furyl, benzo[b]thiophene-
yl, quinolinyl, or isoquinolinyl). Some examples of heteroaryl are azetidinyl, pyridyl,
1H-indazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imidazolyl, tetrazolyl, benzofuryl,
isoquinolinyl, benzthiazolyl, xanthene, thioxanthene, phenothiazine, dihydroindole,

benzo[ 1,3]dioxole, benzo[b]furyl, benzo[b]thiophenyl, indazolyl, benzimidazolyl,
benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl, cinnolyl, phthalazyl, quinazolyl,
quinoxalyl, isoquinolyl, 4H-quinolizyl, benzo-1,2,5-thiadiazolyl, or 1,8-naphthyridyl.

[0116] Without limitation, monocyclic heteroaryls include furyl, thiophene-yl,
2H-pyrrolyl, pyrrolyl, oxazolyl, thazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
1,3,4-thiadiazolyl, 2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, pyrimidyl, pyrazolyl, pyrazyl,
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or 1,3,5-triazyl. Monocyclic heteroaryls are numbered according to standard chemical
nomenclature.

[0117] Without limitation, bicyclic heteroaryls include indolizyl, indolyl, isoindolyl,
3H-indolyl, indolinyl, benzo[b]furyl, benzo[b]thiophenyl, quinolinyl, isoquinolinyl, indolizyl,
isoindolyl, indolyl, benzo[b]furyl, bexo[h]thiophenyl, indazolyl, benzimidazyl, benzthiazolyl,
purinyl, 4H-quinolizyl, quinolyl, isoquinolyl, cinnolyl, phthalazyl, quinazolyl, quinoxalyl,
1,8-naphthyridyl, or pteridyl. Bicyclic heteroaryls are numbered according to standard
chemical nomenclature.

[0118] A heteroaryl is optionally substituted with one or more substituents such as
aliphatic [e.g., alkyl, alkenyl, or alkynyl]; cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic; aryl; heteroaryl; alkoxy;
(cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; heteroaryloxy; (araliphatic)oxy;
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocyclic or
heterocyclic ring of a bicyclic or tricyclic heteroaryl); carboxy; amido; acyl [ e.g.,
aliphaticcarbonyl; (cycloaliphatic)carbonyl; ((cycloaliphatic)aliphatic)carbonyl;
(araliphatic)carbonyl; (heterocycloaliphatic)carbonyl;
((heterocycloaliphatic)aliphatic)carbonyl; or (heteroaraliphatic)carbonyl]; sulfonyl [e.g.,
aliphaticsulfonyl or aminosulfonyl]; sulfinyl [e.g., aliphaticsulfinyl]; sulfanyl [e.g.,
aliphaticsulfanyl]; nitro; cyano; halo; hydroxy; mercapto; sulfoxy; urea; thiourea; sulfamoyl;
sulfamide; or carbamoyl. Alternatively, a heteroaryl can be unsubstituted.

[0119] Non-limiting examples of substituted heteroaryls include (halo)heteroaryl {e.g.,
mono- and di-(halo)heteroaryl]; (carboxy)heteroaryl [e.g., (alkoxycarbonyl)heteroaryl];
cyanoheteroaryl; aminoheteroaryl [e.g., ((alkylsulfonyl)amino)heteroaryl and
((dialkyl)amino)heteroaryl]; (amido)heteroaryl [e.g., aminocarbonylheteroaryl,
((alkylcarbonyl)amino)heteroaryl, ((((alkyl)amino)alkyl)aminocarbonyl)heteroaryl,
(((heteroaryl)amino)carbonyhheteroaryl, ((heterocycloaliphatic)carbonyl)heteroaryl, and
((alkylcarbonyl)amino)heteroaryl]; (cyanoalkyl)heteroaryl; (alkoxy)heteroaryl;
(sulfamoyl)heteroaryl [e.g., (aminosulfonyl)heteroaryl]; (sulfonyl)heteroaryl [e.g.,
(alkylsulfonyl)heteroaryl]; (hydroxyalkyDheteroaryl; (alkoxyalkyl)heteroaryl;
(hydroxy)heteroaryl; ((carboxy)alkylheteroaryl; (((dialkyl)amino)alkyl]heteroaryl;
(heterocycloaliphatic)heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkyl)heteroaryl;
(((alkylsulfonyl)amino)alkyl)heteroaryl; ((alkylsulfonyl)alkyl)heteroaryl;
(cyanoalkyDheteroaryl; (acyDheteroaryl [e.g., (alkylcarbonyl)heteroaryl]; (alkyDheteroaryl;
or (haloalkyDheteroaryl [e.g., trihaloalkylheteroaryl].

30



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

[0120] A "heteroaraliphatic (such as a heteroaralkyl group) as used herein, refers to an
aliphatic group (e.g., a C4 alkyl group) that is substituted with a heteroaryl group.
"Aliphatic,” "alkyl," and "heteroaryl" have been defined above.

[0121] A "heteroaralkyl” group, as used herein, refers to an alkyl group (e.g., a Cy4 alkyl
group) that is substituted with a heteroaryl group. Both "alkyl" and "heteroaryl" have been
defined above. A heteroaralkyl is optionally substituted with one or more substituents such
as alkyl (including carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl),
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl,
aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl,
alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto,
alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.

[0122]  As used herein, "cyclic moiety” and "cyclic group” refer to mono-, bi-, and tri-
cyclic ring systems including cycloaliphatic, heterocycloaliphatic, aryl, or heteroaryl, each of
which has been previously defined.

[0123] As used herein, a "bridged bicyclic ring system" refers to a bicyclic
heterocyclicalipahtic ring system or bicyclic cycloaliphatic ring system in which the rings are
bridged. Examples of bridged bicyclic ring systems include, but are not limited to,
adamantanyl, norbornanyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl,
bicyclo[3.3.2]decyl, 2-oxabicyclo[2.2.2]octyl, 1-azabicyclo[2.2.2]octyl,
3-azabicyclo[3.2.1]octyl, and 2,6-dioxa-tricyclo[3.3. 1.0° '7Jnony1. A bridged bicyclic ring
system can be optionally substituted with one or more substituents such as alkyl (including
carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl), alkenyl, alkynyl,
cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl,
alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,
aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto,

alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
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[0124]  As used herein, an "acyl" group refers to a formyl group or R*-C(0)- (such as
alkyl-C(O)-, also referred to as "alkylcarbonyl") where R* and "alkyl" have been defined
previously. Acetyl and pivaloyl are examples of acyl groups.

[0125] Asused herein, an "aroyl" or "heteroaroyl" refers to an aryl-C(O)- or a
heteroaryl-C(O)-. The aryl and heteroaryl portion of the aroyl or heteroaroyl is optionally
substituted as previously defined.

[0126] As uscd hercin, an "alkoxy" group refers to an alkyl-O- group where "alkyl" has
been defined previously.

[0127] As used herein, a "carbamoyl"” group refers to a group having the structure
-0-CO-NR*RY or -NRX-CO-0-R%, wherein R* and RY have been defined above and RZ can
be aliphatic, aryl, araliphatic, heterocycloaliphatic, heteroaryl, or heteroaraliphatic.

[0128] Asused herein, a "carboxy" group refers to -COOH, -COORY, -OC(O)H,
-OC(O)R%, when used as a terminal group; or -OC(O)- or -C(O)O- when used as an internal
group.

[0129] Asused herein, a "haloaliphatic" group refers to an aliphatic group substituted with
1-3 halogen. For instance, the term haloalkyl includes the group -CFs.

[0130] Asused herein, a "mercapto” group refers to -SH.

[0131] Asused herein, a "sulfo" group refers to -SOsH or -SOsR* when used terminally or
-S(0)s- when used internally.

[0132] Asused herein, a "sulfamide” group refers to the structure —NRX—S(O)Z-NRYRZ
when used terminally and —NRX—S(O)Z—NRY— when used internally, wherein RX, RY, and R”
have been defined above.

[0133]  As used herein, a "sulfamoyl" group refers to the structure -O-S(0),-NRYR?
wherein RY and R have been defined above.

[0134] Asused herein, a "sulfonamide"” group refers to the structure -S(O)Z-NRXRY or
-NRX-S(O)Z-RZ when used terminally; or -S(O)Z-NRX- or -NR* -S(O);,- when used internally,
wherein RX, RY, and R are defined above.

[0135] Asused herein a "sulfanyl" group refers to -S-R* when used terminally and -S-
when used internally, wherein R* has been defined above. Examples of sulfanyls include
aliphatic-S-, cycloaliphatic-S-, aryl-S-, or the like.

[0136] Asused herein a "sulfinyl" group refers to -S(0)-R* when used terminally and
-S(O)- when used internally, wherein R* has been defined above. Exemplary sulfinyl groups
include aliphalic-S(O)-, aryl-S(O)-, (cycloaliphatic(aliphatic))-S(O)-, cycloalkyl-S(O)-,
heterocycloaliphatic-S(0O)-, heteroaryl-S(O)-, or the like.

32



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

[0137] As used herein, a "sulfonyl" group refers t0-S(0),-R* when used terminally and
-S(0),- when used internally, wherein R* has been defined above. Exemplary sulfonyl
groups include aliphatic-S(0),-, aryl-S(0);-, (cycloaliphatic(aliphatic))-S(O),-,
cycloaliphatic-S(O);-, heterocycloaliphatic-S(QO),-, heteroaryl-S(O),-,
(cycloaliphatic(amido(aliphatic)))-S(O),-or the like.

[0138] Asused herein, a "sulfoxy" group refers to -0-S(0)-R* or -S(0)-0-R¥, when used
terminally and -O-S(O)- or -S(0)-0O- when used internally, where R* has been defined above.
[0139] Asused herein, a "halogen" or "halo" group refers to fluorine, chlorine, bromine or
iodine.

[0140] As used herein, an "alkoxycarbonyl," which is encompassed by the term carboxy,
used alone or in connection with another group refers to a group such as alkyl-O-C(O)-.
[0141] As used herein, an "alkoxyalkyl" refers to an alkyl group such as alkyl-O-alkyl-,
wherein alkyl has been defined above.

[0142] As used herein, a "carbonyl” refer to -C(O)-.

[0143] As used herein, an "oxo" refers to =O.

[0144] As used herein, the term "phospho” refers to phosphinates and phosphonates.
Examples of phosphinates and phosphonates include -P(O)(R"),, wherein R” is aliphatic,
alkoxy, aryloxy, heteroaryloxy, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy aryl,
heteroaryl, cycloaliphatic or amino.

[0145] Asused herein, an "aminoalkyl" refers to the structure (RX)ZN-alkyl-.

[0146] Asused herein, a "cyanoalkyl" refers to the structure (NC)-alkyl-.

[0147] Asused herein, a "urea" group refers (o the structure -NR*-CO-NR"R” and a
"thiourea" group refers to the structure -NR*-CS-NRYR” when used terminally and
-NR¥-CO-NRY- or -NRX-CS-NRY- when used internally, wherein R%, RY, and RZ have been
defined above.

[0148] As used herein, a "guanidine" group refers to the structure -
N=C(N(R*R"))N(R*RY) or -NR*-C(=NR¥)NR*R” wherein R* and R* have been defined
above.

[0149] As used herein, the term "amidino” group refers to the structure -C=(NR®)N(R*RY)
wherein R* and RY have been defined above.

[0150] In general, the term "vicinal” refers to the placement of substituents on a group that
includes two or more carbon atoms, wherein the substituents are attached to adjacent carbon

atoms.
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[0151] In general, the term "geminal" refers to the placement of substituents on a group
that includes two or more carbon atoms, wherein the substituents are attached to the same
carbon atom.

[0152] 'The terms "terminally” and "internally” refer to the location of a group within a
substituent. A group is terminal when the group is present at the end of the substituent not
further bonded to the rest of the chemical structure. Carboxyalkyl, i.e., R*O(O)C-alkyl is an
exaniple of a carboxy group used terminally. A group is internal when the group is present in
the middle of a substituent of the chemical structure. Alkylcarboxy (e.g., alkyl-C(O)O- or
alkyl-OC(O)-) and alkylcarboxyaryl (e.g., alkyl-C(O)O-aryl- or alkyl-O(CO)-aryl-) are
examples of carboxy groups used internally.

[0153] Asused herein, an "aliphatic chain" refers to a branched or straight aliphatic group
(e.g., alkyl groups, alkenyl groups, or alkynyl groups). A straight aliphatic chain has the
structure -[CH;]y-, where v is 1-12. A branched aliphatic chain is a straight aliphatic chain
that is substituted with one or more aliphatic groups. A branched aliphatic chain has the
structure -[CQQ],- where Q is independently a hydrogen or an aliphatic group; however, Q
shall be an aliphatic group in at least one instance. The term aliphatic chain includes alkyl
chains, alkenyl chains, and alkynyl chains, where alkyl, alkenyl, and alkynyl are defined
above.

[0154] In general, the term "substituted,” whether preceded by the term "optionally” or not,
refers to the replacement of hydrogen atoms in a given structure with the radical of a
specified substituent. Specific substituents are described above in the definitions and below
in the description of compounds and examples thereof. Unless otherwise indicated, an
optionally substituted group can have a substituent at each substitutable position of the group,
and when more than one position in any given structure can be substituted with more than
one substituent selected from a specified group, the substituent can be either the same or
different at every position. A ring substituent, such as a heterocycloalkyl, can be bound to
another ring, such as a cycloalkyl, to form a spiro-bicyclic ring system, e.g., both rings share
one common atom. As one of ordinary skill in the art will recognize, combinations of
substituents envisioned by this invention are those combinations that result in the formation
of stable or chemically feasible compounds.

[0155] 'The phrase "stable or chemically feasible,” as used herein, refers to compounds that
are not substantially altered when subjected to conditions to allow for their production,
detection, and preferably their recovery, purification, and use for one or more of the purposes

disclosed herein. In some embodiments, a stable compound or chemically feasible compound
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is one that is not substantially altered when kept at a temperature of 40 °C or less, in the
absence of moisture or other chemically reactive conditions, for at least a week.

[0156] As used herein, an "effective amount” is defined as the amount required to confer a
therapeutic effect on the treated patient, and is typically determined based on age, surface
area, weight, and condition of the patient. The interrelationship of dosages for animals and
humans (based on milligrams per meter squared of body surface) is described by Freireich et
al., Cancer Chemother. Rep., 50: 219 (1966). Body surface area may be approximately
determined from height and weight of the patient. See, e.g., Scientific Tables, Geigy
Pharmaceuticals, Ardsley, New York, 537 (1970). As used herein, "patient" refers to a
mammal, including a human.

[0157] Chemical structures and nomenclature are derived from ChemDraw, version 11.0.1,
Cambridge, MA.

[0158] It is noted that the use of the descriptors "first", "second", "third", or the like is used
to differentiate separate elements (e.g., solvents, reaction steps, processes, reagents, or the
like) and may or may not refer to the relative order or relative chronology of the elements
described.

[0159] As used herein, the term "pharmaceutically acceptable salt" refers to those salts
which are, within the scope of sound medical judgement, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic response and
the like.

[0160] Pharmaceutically acceptable salts are well known in the art. For example, S. M.
Berge ez al., describe pharmaceutically acceptable salts in detail in J. Pharmaceutical
Sciences, 1977, 66, 1-19. ) ) Pharmaceutically acceptable salts
of the compounds of this invention include those derived from suitable inorganic and organic
acids and bases. Examples of pharmaceutically acceptable, nontoxic acid addition salts are
salts of an amino group formed with inorganic acids such as hydrochloric acid, hydrobromic
acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as acetic
acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by
using other methods used in the art such as ion exchange. Other pharmaceutically acceptable
salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate,
borate, butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate,
gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,

lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate,
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2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like.
Salts derived from appropriate bases include alkali metal, alkaline earth metal, ammonium
and N*(Cj4alkyl), salts. This invention also envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed herein. Water or oil-soluble or
dispersible products may be obtained by such quaternization. Representative alkali or
alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium, and the
like. Further pharmaceutically acceptable salts include, when appropriate, nontoxic
ammonium, quaternary ammonium, and amine cations formed using counterions such as
halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and aryl
sulfonate.

[0161] As described herein, "protecting group" refers to a moiety or functionality that is
introduced into a molecule by chemical modification of a functional group in order to obtain
chemoselectivity in a subsequent chemical reaction. Standard protecting groups are provided
in Wuts and Greene: "Greene's Protective Groups in Organic Synthesis" 4th Ed, Wauts,
P.G.M. and Greene, T.W., Wiley-Interscience, New York:2006. )
[0162] Examples of nitrogen protecting groups include acyl, aroyl, or carbamyl groups
such as formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl,
trifluoroacetyl, trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl,
4-chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoy! and chiral auxiliaries such as protected or
unprotected D, L or D, L-amino acids such as alanine, leucine, phenylalanine and the like;
sulfonyl groups such as benzenesulfonyl, p-toluenesulfonyl and the like; carbamate groups
such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl,
3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl,
2,4-dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl,
2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl,
1-(p-biphenylyl)-1-methylethoxycarbonyl, o, a-dimethyl-3,5-dimethoxybenzyloxycarbony],
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,
2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxy carbonyl,

fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl,
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cyclohexyloxycarbonyl, phenylthiocarbonyl and the like, arylalkyl groups such as benzyl,
triphenylmethyl, benzyloxymethyl and the like and silyl groups such as trimethylsilyl and the
like. Preferred N-protecting groups are benzenesulfonylchloride p-toluenesulfonyl and the
like, including, but not limited to, tosyL
[0163] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for cach asymmetric center, (/) and (E)
double bond isomers, and (7) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within
the scope of the invention. Additionally, unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only in the presence of one or more
isotopically enriched atoms. For example, compounds having the present structures except
for the replacement of hydrogen by deuterium or tritium, or the replacement of a carbon by a
BC- or "C-enriched carbon are within the scope of this invention. Such compounds are
useful, for example, as analytical tools, probes in biological assays, or JAK inhibitors with
improved therapeutic profile.
[0164] As used herein, the term "solvent" also includes mixtures of solvents.
[0165] 1. SYNTHETIC PROCESSES
[0166] The present invention provides a process for preparing a compound of Formula I
RG

Y

R2 3 R* N-R7

le‘g— ﬁo

A
N
NTOH

N

|
or a pharmaceutically acceptable salt thereof, wherein:
R'is -H, -Clor -F;
R?is - or -I'
R’ is -Ciy aliphatic optionally substituted with 1-5 occurrences of R’;
R*is -C 1., alkyl optionally substituted with 1-3 occurrences of R’; or
R’ and R” are taken together to form a 3-7 membered carbocyclic or heterocyclic

saturated ring optionally substituted with 1-5 occurrences of R’;
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cyclohexyloxycarbonyl, phenylthiocarbonyl and the like, arylalkyl groups such as benzyl,
triphenylmethyl, benzyloxymethyl and the like and silyl groups such as trimethylsilyl and the
like. Preferred N-protecting groups are benzenesulfonylchloride, p-toluenesulfonyl and the
like, including, but not limited to, tosyl.

10163] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)
double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within
the scope of the invention. Additionally, unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only in the presence of one or more
isotopically enriched atoms. For example, compounds having the present structures except
for the replacement of hydrogen by deuterium or tritium, or the replacement of a carbon by a
13C- or "*C-enriched carbon are within the scope of this invention. Such compounds are
useful, for example, as analytical tools, probes in biological assays, or JAK inhibitors with
improved therapeutic profile.

[0164] As used herein, the term "solvent" also includes mixtures of solvents.

[0165) II. SYNTHETIC PROCESSES

[0166]  The present invention provides a process for preparing a compound of Formula I:

RG
R2 3 R* N-R7
R

NII/S—N‘ o

R1

4
P4
IZ

1
or a pharmaceutically acceptable salt thereof, wherein:
R'is -H, -Cl or -F;
R?is -H or -F;
R? is -C, 4 aliphatic optionally substituted with 1-5 occurrences of R%;
R*is -Cy ., alkyl optionally substituted with 1-3 occurrences of R’; or
R’ and R* are taken to gether to form a 3-7 membered carbocyclic or heterocyclic

saturated ring optionally substituted with 1-5 occurrences of R%;
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each R’ is independently selected from halogen, -OCHj3, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN, or unsubstituted -Cy., aliphatic, or
two R’ groups, together with the carbon to which they are attached, form a
cyclopropyl ring;
R®is -H or unsubstituted -Cy4 alkyl; and
R’ is a-CH,CR; or -(CH,),CR;3 wherein each R is independently -H or -F;

comprising the steps of:

i) reacting a compound of Formula 1 with a hydrochloride salt of a compound
Formula 2
O?LF 2 sR* OH
o 5-0 R*R? (
> | N~ N H
N” N &
Ts Cl
1 2

in the presence of water, an organic solvent, a base, and a transition metal catalyst to generate

a compound of Formula 3

R2 R3 R* OH
A—N‘ o)
N_\ H
R1
Ts
3
ii) deprotecting the compound of Formula 3 to generate a compound of Formula
47
R? R3 R* OH
NN 0
N_\N H
R'
N
N
N"
4 , and

jii) reacting the compound of Formula 4 with HNR®R’ in the presence of a

coupling agent and an organic solvent to generate the compound of Formula 1.
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[0168] The present invention provides a process for preparing (R)-2-(2-(1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide of

Formula Ia:
H\
| N_CH2CF3
///l S
NN 0
NY
N
NT
Ia

comprising the step of:

i) reacting 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-
pyrrolo[2,3-b]pyridine (1a) and (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid
hydrochloride (2a)

%
N\

5 A OH
/l/\—N 0
1 N
N N.T cl HCI
S
1a 2a

in the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst
to generate (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-
(2,2,2-trifluoroethyl)butanamide of Formula la.

[0169] The present invention also provides a process for preparing (R)-2-(2-(1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-

trifluoroethyl)butanamide of Formula Ia:

H\
| N‘CHzCFg
/,,l S
m—N‘ o)
N _N H
Sy
N
N" R
Ia

comprising the steps of:
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i reacting 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1 H-
pyrrolo[2,3-b]pyridine (1a) with the hydrochloride (HCI) salt of (R)-2-(2-chloropyrimidin-4-

ylamino)-2-methylbutanoic acid (2a),

(}L/_' Z, HOH

I

=
N N'Ts : ci HCI
la 2a :

in the presence of water, an organic solvent, an inorganic base, and a transition metal (e.g.,
'Pd) catalyst to generate (R)-2-methyl-2-(2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-

4-ylamino)butanoic acid of Formula 3a,
l, g oH
NN o
H

N =N
(ﬁ
\N N

Ts
3a :

if) deprotecting the compound of Formula 3a under basic conditions to generate

(R)-2-(2-(1H-pyrrolo[2,3-blpyridin-3-y)pyrimidin-4-ylamino)-2-methylbutanoic acid of .

OH
\ H

N

Formula 4a,

/

N N
@{
\N N
H
4a ; and
iii) reacting the compound of Formula 4a with 2,2,2-trifluoroethylamine

(CF;CH,NH3); in the presence of a coupling agent and an organic solvent to generate the

compound of Formula Ia.
[0170] The present invention provides for a process for preparing 2-(2-(5-chloro-1H-

pyrrolof2,3-blpyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)propanamide of Formula Ib: -
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H\
F \‘ f N_CHQCFg
/I/S—N‘ 0
N ZN H
Cl
X
N
N"H
Ib

comprising the steps of:

i) reacting 5-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-
pyrrolo[2,3-b]pyridine (1b) with 2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-
methylpropanoic acid hydrochloride (2b),

| N\ ! N O
\N N =N H
Ts cl Hal
1b 2b

in the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst
Lo generate 2-(2-(5-chloro-1H-pyrrolo[2,3-b]pyridin-3-y1)-5-fluoropyrimidin-4-ylamino)-2-
methyl-N-(2,2,2-trifluoroethyl) propanamide of Formula Ib.

[0171] The present invention also provides for a process for preparing 2-(2-(5-chloro-1H-
pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-methyl-N-(2,2,2-

trifluoroethyl)propanamide of F'ormula Ib:

H\
F \ f N_CH2CF3
WN‘ ol
N ZN H
Cl
2
N
N"H
Ib

comprising the steps of:

i) reacting or coupling 5-chloro-3-(4,4,5,5-tetramethyl- 1,3,2-dioxaborolan-2-yl)-
1-tosyl-1H-pyrrolo|2,3-b]pyridine (1b) with 2-(2-chloro-5-flucropyrimidin-4-ylamino)-2-
methylpropanoic acid hydrochloride (2b),
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O‘B,o F OH
N //S_ H

Y N NO©
SNN N
Ts Cl HCI
1b 2b

in the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst
to generate 2-(2-(5-chloro-1-tosyl-1H-pyrrolo|2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-

ylamino)-2-methylpropanoic acid of Formula 3b,

Cl
\N N‘
Ts
3b
ii) deprotecting the compound of Formula 3b under basic conditions to generate

2-(2-(5-chloro-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-

F OH
A%

methylpropanoic acid of Formula 4b

;and

iii) reacting the compound of Formula 4b with 2,2,2-trifluoroethylamine
(CF;CH,NHy), in the presence of a coupling agent and an organic solvent to generate the
compound of Formula Ib.
[0172] A. Step i)
[0173] Insome embodiments, the organic solvent of step i) above is an aprotic solvent. lior
example, the aprotic solvent of step i) comprises acetonitrile, toluene,
N,N-dimethylformamide, N,N-dimethylacetamide, acetone, methyl zert-butyl ether, or any
combination thereof. In other examples, the aprotic solvent is acetonitrile.
[0174] In some embodiments, the organic solvent of step i) is a protic solvent. For

example, the protic solvent comprises ethanol, methanol, isopropanol, or any combination
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thereof. In other examples, the protic solvent comprises ethanol, isopropanol, or any
combination thereof. For instance, the protic solvent comprises isopropanol.

[0175] In some embodiments, the base of step i) is an inorganic base. Examples of
inorganic bases include tripotassium phosphate, dipotassium hydrogen phosphate,
dipotassium carbonate, disodium carbonate, trisodium phosphate, or disodium hydrogen
phosphate. In some embodiments, the inorganic base is tripotassium phosphate, dipotassium
hydrogen phosphate, trisodium phosphate, or disodium hydrogen phosphate. In other
embodiments, the inorganic base is tripotassium phosphate. Other examples of inorganic
bases include alkali metal hydroxides such as NaOH, KOH, or any combination thereol.
[0176] Insome embodiments, the transition metal catalyst in step i) is a palladium catalyst.
Examples of palladium catalysts include palladium(Il)acetate,
tetrakis(triphenylphosphine)palladium(0), wis(dibenzylideneacetone)dipalladium(0), or any
combination thereof. In some embodiments, the palladium-based catalyst is

palladium(ID)acetate. Other examples of palladium catalysts include
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T

Fe pd -C / CI

=, 0.
7< » Or , or any combination thereof.

[0177] In some embodiments, the palladium catalyst is formed in situ.

[0178] In some embodiments, the water, organic solvent, and inorganic base of step i)
combine to comprise a biphasic mixture. In other embodiments, in étep i) where the
palladium catalyst is formed in sifu, this mixture additionally comprises a phosphine ligand.
Examples of phosphine ligands include a triarylphosphine ligand or a trialkylphosphine
ligand. In some embodiments, the phosphine ligand is a triarylphosphine iigand. For
example, the triarylphosphine ligand is triphenylphosphine. '

[0179]) In some embodiments, step i) further comprises adding a catalyst (e.g., a
palladium catalyst as described above) and compound of Formula 1 after the reaction has run
for a period of more than 1 hour (e.g., about 2 hours or more or about 5 hours).

[0180] In some embodiments, step i) further includes adding a catalyst (e.g., a palladium
catalyst as described above) and compound of Formula 1 after the reaction is about 86%
complete. '

[0181] In some embodiments, the reaction of step i) is performed at a temperature
between about 50 °C and about 110 °C. For example, the reaction of step i) is performed at a
temperature between about 60 °C and about 95 °C. In other embodiments, the reaction of
step i) is performed at a temperature between about 70 °C and about 80 °C.

[0182] In some embodiments, step i) is performed with agitation. For example, the
reaction is performed in a vessel containing a stir bar that agitates the reaction mixture.
[0183] In some embodiments, the reaction of step i) is completed in about 17 hours.
[0184] In some embodiments, the reaction of step i) is about 86% complete in a period of
about 5 hours.

[0185] In other embodiments, the reaction of step i) is about 99% complete in a period of
about 17 hours.

[0186] B. Step ii _

j0187] In some embodiments, step i) comprises deprotecting the compound of Formula 3
in the presence of a base. In some examples, the base comprises an inorganic base such as an

alkali metal hydroxide. Examples of alkali metal hydroxides include NaOH, KOH, or any
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combination thereof. In other embodiments, step ii) comprises deprotecting the compound of
Formula 3 in the presence of KOH.

[0188] In some embodiments, the alkali-metal hydroxide base has a concentration of about
2N to about 6N. In other embodiments, the alkali-metal hydroxide base has a concentration
of about 4N. For example, in some embodiments, the concentration of potassium hydroxide
is about 3N to about SN. In other embodiments, the concentration of potassium hydroxide is
about 4N.

[0189] In some embodiments, the deprotection reaction in step ii) is performed at a
temperature between about 60 °C and about 110 °C. For example the deprotection reaction
in step ii) is performed at a temperature between about 65 °C and about 95 °C. In other
examples, the deprotection reaction in step ii) is performed at a temperature between about 70
°C and about 80 °C.

[0190] C. Step iii)

[0191] In some embodiments, the coupling agent of step iii) is propylphosphonic
anhydride.

[0192] Insome embodiments, the organic solvent of step iii) comprises a halogenated
hydrocarbon, an alky] substituted tetrahydrofuran, or any combination thereof. For example,
the organic solvent comprises an alkyl substituted tetrahydrofuran comprising
2-methyltetrahydrofuran (2-MeTHF).

[0193] In some embodiments, the organic solvent of step iii) is a halogenated hydrocarbon.
Examples of halogenated hydrocarbons include dichloromethane or dichloroethane. In some
embodiments, the halogenated hydrocarbon is dichloromethane.

[0194] Insome embodiments, the reaction of step iii) is performed in the presence of a
base. In some examples, the base is an organic base. In some embodiments, the organic base
of step iii) above is a tertiary amine. For example, the organic base in step iii) is
N,N-diisopropylethylamine, trimethylamine, or any combination thereof.

[0195] In some embodiments, the reaction of step iii) is performed at a temperature of
about 40 °C or less. For example, the reaction of step iii) is performed at a temperature of
about 35 °C. In still other embodiments, the reaction of step iii) is performed at a
temperature of about 25 °C.

[0196] In some embodiments, HNR®R’ in step iii) is CF3(CHy) ;2NH; or CF;CH;NH;. In
other embodiments, HNR®R in step iii) is CH3(CH;) ,NH; or CH3;CH;NH,. In still other
embodiments, HNRR’ in step iii) is CFzCH,NH, or CH;CH,NH;. In further embodiments,
HNR®R’ in step iii) is CF3CH,NH,.
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[0197] In some embodiments, the process further comprises the additional step of
purifying a compound of Formula 4. For example, after step ii) and before step iii), step iiia)
comprises crystallizing a compound of Formula 4. In some embodiments, step iiia) is
repeated.
[0198] In some embodiments, the crystallizationi in step iiia) is performed under basic
conditions. In other embodiments, the crystallization in step iiia) is performed under acidic
conditions. In still other embodiments, the crystallization is performed in basic conditions
followed by a subsequent crystallization, which is performed under acidic conditions, or vice
versa.
[0199] In some embodiments, the process further comprises the additional steps after stép
ii) and before step iii) of:

iiia) édding an organic solvent, adjusting the pH of the mixture to < 1.0 using
concentrated HCI; and

iiid)/ drying the solids.
[0200]) In some embodiments, the process further comprises the additional steps after step
if) and before step iii) of’

ilia) adding an organic solvent, adjusting the pH of the mixture to < 1.0 using
concentrated HCl,

iiib) adding charcoal and filtering;

ific) repeating step iiib) two times; and

iiid) drying the solids.
[0201] In some embodiments, the organic solvent in step iiia) is isopropyl acetate.
[0202] D. Additional Steps
[0203] Some embodiments further comprise the steps of:

iva) reacting a compound of Formula 5 with bromine in an organic solvent to

generate a compound of Formula 6:

R1 1 ‘ Br
R
NN SNT N
H H
5 6 .
va)  reacting the compound of Formula 6 with p-toluenesulfonyl chloride to

generate a compound of Formula 7:
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; Br
R
Ts
7

vi) reacting the compound of Formula 7 with triisopropyl borate, in the presence

of an organic solvent and a strong lithium base to generate a compound of Formula 8:

HO
1 B-OH
R
= | N\
Ts

8 ; and

vii)  esterifying a compound of Formula 8 with pinacolate alcohol in an organic
solvent to generate a compound of Formula 1.
[0204] Some alternative embodiments further comprise the steps of:

ivb)  reacting a compound of Formula 5 with p-toluenesulfonyl chloride to generate

a compound of Formula 9:

R R?
g8 g8
Ny NS
NT N NTTN
H Ts
S 9

vb)  reacting the compound of Formula 9 with N-bromosuccinimide to generate a

compound of Formula 7:

vi) reacting the compound of Formula 7 with triisopropyl borate, in the presence

of an organic solvent and a strong lithium base to generate a compound of Formula 8:

HO
1 g-OH
R
NS
N“ N
Ts
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vii)  esterifying the compound of Formula 8 with pinacolate alcohol in an organic
solvent to generate a compound of Formula 1.

[0205] The present invention also provides for a process for preparing a compound of

Formula 1
S
\B’O
R1
\N N‘
1 Ts
wherein

R'is -H, -Cl, or -F;
comprising the steps of:
iva) reacting a compound of Formula 5 with bromine (Br,) in an organic solvent to

generate a compound of Formula 6:

R _ o _ Br
S Y
SNTN SNTTN
H H
5 6

va)  reacting the compound of Formula 6 in an organic solvent with an

N-protecting group (e.g., p-toluenesulfonyl chloride) to generate a compound of Formula 7
Br

0

PG

7 ; in particular reacting a compound

where PG is a protecting group (e.g., Ts):
of Formula 6 in an organic solvent with p-toluenesulfonyl chloride to generate a compound of

Formula 7:

?
R Br 4©—8—0I ; Br
Pz 1 R =
N © Y
H Ts

6 7

vi) reacting the compound of Formula 7 in an organic solvent with triisopropyl

borate, in the presence of a strong lithium base to generate a compound of Formula 8:
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0. .0
‘g HO

. Br (0] g-OH

1
R\~ S Y R~ ~
SNTTN SNTN
Ts Ts
7 8

;and
iv) esterifying the compound of Formula 8 with pinacolate alcohol in an organic

solvent to generate a compound of Formula 1:

o -
‘5-OH 0

R! : B0
Z TN Pinacolate Alcohol ~ R~__~ | \
"N
NN NN
Ts Ts
8 1

[0206] The present invention provides for a process for preparing a compound of Formula

1a:

\B’O
NS
NT N
Ts
1a

comprising the steps of:
iva)  reacting 1H-pyrrolo[2,3-b]pyridine (Sa) with bromine (Br,) in an organic

solvent to generate 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a)

Br
H H
S5a 6a

va)  reacting 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a) in an organic solvent with

p-toluenesulfonyl chloride to generate 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a)



CA 02839937 2013-12-18

WO 2013/006634 PCT/US2012/045431
Br
= | N\
\N N‘
Ts
7a

vi) reacting 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) in an organic solvent
with triisopropyl borate in the presence of a strong lithium base to generate

1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a)

HO
g-OH
= | A\
\N N‘
Ts
8a

; and

vii)  esterifying 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yIboronic acid (8a) with
pinacolate alcohol in an organic solvent to generate 3-(4.4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1a).
[0207] The present invention provides for a process for preparing a compound of Formula
1b:

\B’O
Cl
\N N‘
Ts

comprising the steps of:
iva)  reacting 5-chloro-1I-pyrrolo[2,3-b]pyridine (5b) with bromine (Br,) in an
organic solvent to generate 5-chloro-3-bromo-1H-pyrrolo[2,3-b]pyridine (6b)

o Br
Cl
H H
5b 6b

va)  reacting 5-chloro-3-bromo-1H-pyrrolo[2,3-b]pyridine (6b) in an organic
solvent with p-toluenesulfonyl chloride to generate

5-chloro-3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7b)
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Br
Cl
= | N\
Ts
7b

vi) reacting 5-chloro-3-bromo- 1-tosyl-1H-pyrrolo[2,3-b]pyridine (7b) in an
organic solvent with triisopropyl borate in the presence of a strong lithium base to generate

5-chloro-1-tosyl-1H-pyrrolo|2,3-b]pyridin-3-ylboronic acid (8b)

HO
B-OH
8b Ts

; and

vii)  esterifying 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8b) with
pinacolate alcohol in an organic solvent to generate 5-chloro-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1b).
[0208] In some embodiments, the organic solvent in step iva) is an aprotic solvent. For
example, the aprotic solvent is dimethylformamide.
[0209] In some embodiments, the reaction in step iva) is performed at a temperature of
about -5 °C to about 30 °C. In other embodiments, the reaction is performed at a temperature
of about 0 °C to about 10 °C.
[0210] In some embodiments, the organic solvent in step va) above is an aprotic solvent.
In other embodiments, the aprotic solvent is tetrahudrofuran.
[0211] In some embodiments, step va) is performed in the presence of sodium hydride.
[0212] In some cmbodiments, the reaction in step va) is performed at a temperature of
about 0 °C to about 30 °C. In some embodiments, the reaction is performed at a temperature
of about 5 °C to about 25 °C. In other embodiments, the reaction is performed at a
temperature of about 10 °C to about 20 °C.
[0213] In some embodiments, the strong lithium base in step vi) is n-butyl lithium.
[0214] In some embodiments, the reaction in step vi) is performed at a temperature of
about -100 °C to about -70 °C. In other embodiments, the reaction is performed at a
temperature of about -90 °C to about -80 °C.
[0215] In some embodiments, the organic solvent in step vii) above is a halogenated
hydrocarbon. Examples of halogenated hydrocarbons include dichloromethane or

dichloroethane. In some embodiments, the halogenated hydrocarbon is dichloromethane.



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

[0216] In some embodiments, the esterification reaction in step vii) is performed at a
temperature of about 0 °C to about 60 °C. In other embodiments, the esterification reaction
in step vii) is performed at a temperature of about 10 °C to about 40 °C. In still other
embodiments, the esterification reaction in step vii) is performed at a temperature of about
20 °C to about 30 °C.
[0217] Some embodiments further comprise the step of:

viiia) reacting a compound of Formula 10, wherein R® is a -C;_4 alkyl (e.g.,

tert-butyl), with a compound of Formula 11

)
Y
R;<R‘ N__N
NH;~ ~COOR® cl
10 11

in the presence of an organic base and an organic solvent to generate a mixture comprising a

compound of Formula 12 and a compound of Formula 13:
R2 RS R* R® R4

Y-co,R® N )-COR®
NWN\ [ SN
\75 N H R? =N H
Cl Ci
12 13
10218] Some embodiments further comprise the steps of:

ixa)  deprotecting the compound of Formula 12 and the compound of Formula 13 in
the presence of an inorganic acid to generate a mixture comprising the compound of Formula

2 and a compound of Formula 14:

R? RS R* R3 R4
A N)LcozH / N\}_N%COZH
=N H R“\=N H
cl ci
2 14

xa)  reacting the mixture comprising the compound of Formula 2 and the
compound of Formula 14 with HCl in the presence of an organic solvent to generate the
hydrochloride salts of the compound of Formula 2 and the compound of Formula 14; and

xia)  recrystalizing the mixture of the'hydmchlon'de salts of the compound of
Formula 2 and the compound of Formula 14 to generate the hydrochloride salt of the

compound of Formula 2.
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[0219] Some alternative embodiments further comprise the steps of:
viiib) reacting a compound of Formula 11 with an acid salt of a compound of

Formula 15 in the presence of a solvent and a base to generate the compound Formula 2

Rz
K\\\KCI 3
NN R> R*
E NHZXCOOH
11 15

;and

ixb) reacting the compound of Formula 2 with an acid (c..g., HCI) to generate the
acid (e.g., hydrochloride) salt of the compound of Formula 2.
[0220] In some embodiments, the base of step viiib) is an inorganic base selected from
tripotassium phosphate, dipotassium hydrogen phosphate, dipotassium carbonate, disodium
carbonate, trisodium phosphate, disodium hydrogen phosphate, or any combination thereof.
[0221] In some embodiments, the solvent of step viiib) comprises water.
[0222] In some embodiments, the solvent of step viiib) further comprises an alcohol
selected from methanol, ethanol, propanol, iso-propanol, butanol, tert-butanol, or any
combination thereof.
[0223] In some embodiments, the reaction of step viiib) is performed at a temperature of
from about 70 °C to about 120 °C. In some embodiments, the reaction of step viiib) is
performed at a temperature of from about 80 °C to about 100 °C.
[0224] The present invention also provides a process for preparing an HCl salt of a
compound of Formula 2

2
;\/HXCOZH
NN R R®
&

wherein

R?is -Hor -F;

R’ is -C 4 aliphatic optionally substituted with 1-5 occurrences of R’;

R*is -Cy alkyl; or

R’ and R* are taken together to form a 3-7 membered carbocyclic or heterocyclic
saturated ring optionally substituted with 1-5 occurrences of R’;

each R’ is independently selected from halogen, -OCH3s, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3;, -CN or unsubstituted -C;; aliphatic, or
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two R groups, together with the carbon to which they are attached, form a
cyclopropyl ring;
comprising:
viiia) reacting a compound of Formula 10, wherein R¥isa -Cy4 alkyl (e.g.,

tert-butyl), with a compound of Formula 11

Ry

o~
RS RA NN
NH2><COOR8 \Cr|
10 11

in the presence of an organic base and an organic solvent to generate a mixture comprising a

compound of Formula 12 and a compound of Formula 13:

R2 R3 R4 R3 R4
Y¥-CO,R? N Y—CO,R®
N/K%—N\ A N
Cl Cl
12 13

ixa)  deprotecting the compound of Formula 12 and the compound of Formula 13 in
the presence of an inorganic acid to generate a mixture comprising the compound of Formula

2 and a compound of Formula 14:

R2 R3 R4 R3 R4
Y-coH N )-COH
N///\ng\ A SN
Cl Cl
2 14

xa)  reacting the mixture comprising the compound of Formula 2 and the
compound of Formula 14 with HC1 in the presence of an organic solvent to generate the
hydrochloride salts of the compound of Formula 2 and the compound of Formula 14; and
xia) recrystalizing the mixture of the hydrochloride salts of the compound of
Formula 2 and the compound of Formula 14 to generate the hydrochloride salt of the
compound of Formula 2.
[0225] 'The present invention also provides for a process for preparing an HCl salt of a

compound of Formula 2

h
n
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wherein

R?is -Hor -F;

R? is -C 4 aliphatic optionally substituted with 1-5 occurrences of R’;

R*is -Cy alkyl; or

R’ and R* are taken together to form a 3-7 membered carbocyclic or heterocyclic
saturated ring optionally substituted with 1-5 occurrences of R’;

each R’ is independently selected from halogen, -OCH3, -OH, -NO,, -NH,, -SH,
-SCHj;, -NHCH3, -CN or unsubstituted -C;_; aliphatic, or

two R’ groups, together with the carbon to which they are attached, form a

cyclopropyl ring;

coniprising:

viiib) reacting a compound of Formula 11 with a compound of Formula 15 under

coupling conditions to generate a compound of Formula 2:

R, ((R)-isomer if 15 is chiral)
R2 R 5
H,N”~ “COOH R
Cl

S 15 H\(NXC%H
N._-N ] | R4 R®

h Coupling NN

cl Conditions ¢l

11 )

; and

ixb) reacting the compound of Formula 2 with HCI to generate the hydrochloride
salt of the compound of Formula 2.
[0226] In some embodiments, the compound of Formula 11 reacts with the compound of
Formula 15 under in the presence of a base and an organic solvent.
[0227] In other embodiments, the base comprises a carbonate of an alkali earth metal or a
hydroxide of an alkali earth metal. For instance, the base comprises potassium carbonate.
[0228] In other embodiments, the solvent comprises an alcohol (e.g., methanol, ethanol,
propanol, or any combination thereof).
[0229] In some embodiments, the HCI salt of the compound of Formula 2 is a compound

of Formula 2a:
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g
’
///\-—N\ o)

c HCI

2a
the compound of Formula 11 is 2,4-dichloropyrimidine (11a), and
the compound of Formula 15 is D-isovaline (15a).

[0230] In some embodiments, the HCI salt of the compound of Formula 2 is a compound

of Formula 2b:
F OH
A

N, ) N\H 0
Cl HCI
2b
the compound of Formula 11 is 2,4-dichloro-5-fluoropyrimidine (11b), and
the compound of Formula 15 is 2-amino-2-methylpropanoic acid (15b).
[0231] The present invention provides for a process for preparing a compound of Formula

2a:

comprising the steps of:

xii)  reacting a compound of Formula (16)
o /
)( N E(n/OH
o™
H O
16

with 2,4-dichloropyrimidine (11a) in the presence of an inorganic acid and an organic solvent
to generate a mixture comprising a compound of Formula (2a) and a compound of Formula

(14a); and
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L
C02H N LCOgH
/I/\—N I SN

Cl Cl
2a 14a

xiii) recrystallizing the mixture comprising the compound of Formula (2a) and the
compound of Formula (14a) from an organic solvent to generate the compound of Formula
(2a).

[0232] 'The present invention provides for a process for preparing a compound of Formula

2b:
Py
/I/S—N 0

s

Cl HCI

2b
comprising the steps of:
xii)  reacting a compound of Formula (17)
>|\ 0
OJLHNXCOZH
17
with 5-fluoro-2,4-dichloropyrimidine (11b) in the presence of an inorganic acid and an

organic solvent to generate a compound of Formula (2b) and a compound of FFormula (14b);

and
HF\/H COLH N._N._COH
=z 2 A 2
R K
Y P
Cl Cl
2b 14b

xiii) recrystallizing the mixture of the compound of Formula (2b) and the
compound of Formula (14b) from an organic solvent to generate the compound of Formula
(2b).

[0233] In some embodiments, the organic solvent in step xii) above is dioxane.
[0234] In some embodiments, the inorganic acid in step xii) is hydrochloric acid (HCI).
[0235] In some embodiments, the reaction in step xii) is performed for between about 6 to

about 24 hours.
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[0236] In some embodiments, the organic solvent in step xiii) is a mixture of ethyl acetate
and isopropyl acetate.

[0237] In some embodiments, the compounds of Formula 2, Formula 2a and Formula 2b
may also be another salt form instead of the HCI salt, including but not limited to an HBr salt
or a sulfate salt.

[0238] In other embodiments, the compounds of Formula 2, Formula 2a, and Formula 2b
may also be the free carboxylic acid form instcad of a salt form.

[0239] 'The present invention provides for a process for preparing a compound of Formula

2a:
| | Fr
‘
N/I/\—N‘ 0
Cl
2a
comprising:

reacting 2,4-dichloropyrimidine (11a) with D-isovaline (15a) under coupling

conditions to generate the compound of Formula (2a).

H3CH2C CH3 OH
Cl H2N3<COOH \ } <
Y 152 o
NN > N‘)’N H
hl Coupling Ci
Conditions
11a 2a

[0240] In some embodiments, the compound of Formula 11a reacts with the compound of
Formula 15a under in the presence of a base and an organic solvent.

[0241] In other embodiments, the base comprises a carbonate of an alkali earth metal or a
hydroxide of an alkali earth metal. For instance, the base comprises potassium carbonate.
[0242] In other embodiments, the solvent comprises an alcohol (e.g., methanol, ethanol,
propanol, or any combination thereof).

[0243] 'The present invention provides for a process for preparing a compound of Formula

2b:
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ANPL
/l/ng‘ 0
N_N H
Cl
2b
comprising:

reacting 2,4-dichloro-5-{luoropyrimidine (11b) with 2-amino-2-methylpropanoic acid

(15b) under coupling conditions to the compound of Formula (2b).

F HaS<CH3 F OH
o HN” “COOH q BL(
B 15b A LR
NN > =N H
Y Coupling
Cl Conditions cl
11b b

[0244] In some embodiments, the compound of Formula 11b reacts with the compound of
Formula 15b under in the presence of a base and an organic solvent.

[0245] In other embodiments, the base comprises a carbonate of an alkali earth metal or a
hydroxide of an alkali earth metal. For instance, the base comprises potassium carbonate.
[0246] In other embodiments, the solvent comprises an alcohol (e.g., methanol, ethanol,
propanol, or any combination thereof).

[0247] In some embodiments of the above processes, the compound of Formula I is;

Hb
| N_CH20F3
/,/
NS
N_n H
S
N
NTO
Ia

(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yDpyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (Ia);

the compound of Formula 1 is:
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S
\B’O
Ts
la

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1-tosyl- 1H-pyrrolo[2,3-b]pyridine
(1a);

the HCI salt of the compound of Formula 2 is:

|/ HOH

7

///\—N o)
=N ‘H

¢l HCI

2a
(R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid hydrochloride (2a);

the compound of Formula 3 is:

i N 0
N —N H

Ts

3a

(R)-2-methyl-2-(2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
ylamino)butanoic acid (3a);

the compound of Formula 4 is:

|, p on

//L<
NN ©
N//’?_ H

(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-y)pyrimidin-4-ylamino)-2-methylbutanoic acid
(4a); and HNR®R is 2,2 2-trifluoroethylamine (CF;CHyNH,).
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[0248] In some embodiments, the compound of Formula 11 is 2.4-dichloropyrimidine
(11a) and the compound of Formula 15 is D-isovaline (15a).

[0249] In other embodiments of the above processes, Formula I is:

H\
F \ ! N_CH2CF3
///S—N‘ o)
N _N H
Cl
N
N
N"H
Ib

2-(2-(5-chloro-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-
methyl-N-(2,2,2-trifluoroethyl)propanamide (Ib);

the compound of Formula 1 is:

B~
Cl
Ts

5-chloro-3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- 1H-pyrrolo[ 2,3-

b]pyridine (1b);
the HCI salt of the compound of Formula 2 is:
F %OH
Cl HCI
2b
2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-methylpropanoic acid hydrochloride
(2b);

the compound of Formula 3 is:

Cl
\N N‘
Ts
3b
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2-(2-(5-chloro-1-tosyl- 1H-pyrrolo[2,3-b]pyridin-3-y1)-5-fluoropyrimidin-4-ylamino)-
2-methylpropanoic acid (3b);

the compound of Formula 4 is:

4b

2-(2-(5-chloro-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-
methylpropanoic acid (4b); and HNRSR’ is 2,2 2-trifluoroethylamine (CF;CH;NHb).
[0250] In some embodiments, the compound of Formula 11 is
2,4-dichloro-5-fluoropyrimidine (11b) and the compound of Formula 15 is
2-amino-2-methylpropanoic acid (15b).
[0251] In some embodiments, this invention provides a process for producing a
pharmaceutically acceptable salt of compounds of Formulae I, Ia or Ib, which further
comprise the step of making a salt of a compound of Formulae I, Ia or Ib.

[0252] 'The present invention also provides a process for preparing a compound of Formula
I:

R1
Ny
N
NT W
| |
wherein:
R'is-II, -Clor -F
R?is -H or -F

R’ is -C 4 aliphatic optionally substituted with 1-5 occurrences of R’

R*is -Ciz alkyl; or

R’ and R* are taken together to form a 3-7 membered carbocyclic or heterocyclic
saturated ring optionally substituted with 1-5 occurrences of R’;

each R’ is independently selected from halogen, -OCHa, -OH, -NO,, -NH,, -SH,
-SCHj3, -NHCH3, -CN, or unsubstituted -C;; aliphatic, or

63



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

two R groups, together with the carbon to which they are attached, form a
cyclopropyl ring;
R%is -H or unsubstituted -1 alkyl; and
R'isa -CH,CR; or -(CH;),CR3 wherein each R is independently -H or -F;

comprising the steps of:

iva) reacting a compound of Formula 5 with bromine (Br,) in an organic solvent to

generate a compound of Formula 6:

B
R1/ R! '
IR a8
N Y
NT N N~ N
H H
5 6

va)  reacting a compound of Formula 6 in an organic solvent with

p-toluenesulfonyl chloride to generate a compound of Formula 7;

B Q 0
r Br
1 S—ClI 1
R Z I R =
NS
N

I © Y
N SN N
H Ts
6 7

vi) reacting a compound of Formula 7 in an organic solvent with triisopropyl

borate in the presence of a strong lithium base to generate a compound of Formula 8:

h
0._.0
Y HO
B-OH

B
|
; Br (0] )
R \( R
= ~
m I
N~ N N~ N

lI's Ts
7 8

vii)  esterilying the compound of Formula 8 with pinacolate alcohol in an organic

solvent to generate a compound of Formula 1:

HO ;%;#_

B-OH -0
R~ . R’
T\ Pinacolate Alcohol Z N
Ts Ts
8 1
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viiie) reacting a compound of Formula 10 , wherein R%is C1.4 alkyl, with an
inorganic base to generate a salt of the compound of Formula 10:
R R* TsOH R R
H.NT CO,RE HZNXCOZRS ® TsOH
10 10
((R)-isomer if 10 is chiral)
ixc)  reacting the salt of the compound of Formula 10 with a compound of Formula
11 in the presence of an organic base and an organic solvent to generate a mixture of

compounds of Formulae 12 and 13:

N._Cl
| e N._Cl
R2 =N H 5 \\l/
R R4 1 N._N._CO,R |
H,N" ~CO,R® @ TSOH = [T S . RPN
2 2 R27 N N R% _NH
4
10 Cl R™ CoLr®
12 13

ixa)  deprotecting the compound of Formula 12 and the compound of Formula 13
with an inorganic acid in an organic solvent to generate a mixture comprising compounds 2
and 14:
R2

H H
N CO-H N N CO,H
Ay ANy
Nﬁ/NR R regN ROR
Cl Cl
2 14

xia)  recrystallizing the mixture of compounds comprising Formulae 2 and 14 from
an organic solvent to generate a compound of Formula 2;

i) reacting the compound of Formula 1 and the hydrochloride salt of a compound

O>L7L RZaR* OH

R’ 50 //SEH

of Formula 2

= N\ ! N (e}
> | N —N \H
N~ N e
Ts cl
1 2

;
in the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst

Lo generate a compound of Formula 3,
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R2 o3 R OH
RS
///ng 0
N _N H
R']
Ts
3 .
ii) deprotecting the compound of Formula 3 under basic conditions to generate a

compound of Formula 4

RZpaR* OH
A
1 =N A
R \/l \
4 ; and

iii) reacting the compound of Formula 4 with HNR®R in the presence of a
coupling agent and an organic solvent to generate the compound of Formula L.
[0253] 'The present invention also provides a process for preparing a compound of Formula

I:

R1
N
N
N"H
| |
wherein:
R'is-H, -Clor -F
R?is -Hor -F

R’ is -C 4 aliphatic optionally substituted with 1-5 occurrences of R’

R*is -Cy alkyl; or

R’ and R* are taken together to form a 3-7 membered carbocyclic or heterocyclic
saturated ring optionally substituted with 1-5 occurrences of R>;

each R’ is independently selected from halogen, -OCHa, -OH, -NO,, -NH,, -SH,
-SCHj3, -NHCH3, -CN, or unsubstituted -C;; aliphatic, or
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two R groups, together with the carbon to which they are attached, form a
cyclopropyl ring;
R%is -H or unsubstituted -1 alkyl; and
R'isa -CH,CR; or -(CH;),CR3 wherein each R is independently -H or -F;

comprising the steps of:

ivb)  reacting a compound of Formula 5 with p-toluenesulfonyl chloride in the

presence of an organic solvent to generate a compound of Formula 9:

R R
= =
S 3
NT N N~ N
H Ts
5 9

vb)  reacting the compound of Formula 9 with N-bromosuccinimide to generate a

compound of Formula 7:

; Br
R
z
gk
N“ N
Ts

vi) reacting the compound of Formula 7 with triisopropyl borate, in the presence

of an organic solvent and a strong lithium base to generate a compound of Formula 8:

vii)  esterifying the compound of Formula 8 with pinacolate alcohol in an organic

solvent to generate a compound of Formula 1

HO ?LF

g-COH B-0
R1 : R?
z TN Pinacolate Alcohol Z N
N N
NT N NN
Ts Ts
8 1

viiib) reacting a compound of Formula 11 with a compound of Formula 15 under

coupling conditions to generate a compound of Formula 2:
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R3 ((R)—isomer if 15 is chiral)

H,N” “COOH
K\(C' 15 H\( COH

3
\f Coupling R¢ R
o

Conditions Cl

ixb) reacting the compound of Formula 2 with HCI to generate the hydrochloride
salt of the compound of Formula 2;

i) reacting the compound of Formula 1 and the HC1 salt of the compound of

Formula 2

~ N
[ N N \H o
\N N =N
Ts Cl HCI
1 2

in the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst

to generate a compound of Formula 3,

i) deprotecting the compound of Formula 3 under basic conditions to generate a

compound of Formula 4

;and
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iii) reacting the compound of Formula 4 with HNR®R’ in the presence of a
coupling agent and an organic solvent to generate the compound of Formula L.
[0254] In some embodiments, the organic solvent in step i) is an aprotic solvent.
[0255] In other embodiments, the aprotic solvent of step i) is acetonitrile, toluene,
N,N-dimethylformamide, N,N-dimethylacetamide, acetone, or methyl zert-butyl ether.
[0256] In some embodiments, the organic solvent in step i) is a protic solvent.
[0257] In other embodiments, the protic solvent of step i) is ethanol, methanol, or
isopropanol.
[0258] Insome embodiments, the base in step i) is an inorganic base.
[0259] In other embodiments, the inorganic base of step i) is tripotassium phosphate,
dipotassium hydrogen phosphate, dipotassium carbonate, disodium carbonate, trisodium
phosphate, or disodium hydrogen phosphate.
[0260] In other embodiments, the inorganic base of step i) is an alkali metal hydroxide
such as NaOH, KOH, or any combination thereof.
[0261] In some embodiments, the transition metal catalyst in step i) is a palladium-based
catalyst.
[0262] In other embodiments, the palladium-based catalyst is palladium(IDacetate,
tetrakis(triphenylphosphine)palladium(0) or tris(dibenzylideneacetone)dipalladium(0).
[0263] In still other embodiments, the palladium-based catalyst is palladium(ID)acetate.

[0264] In some embodiments, the palladium catalyst is selected from

=SR% \» \
é\P P @\P/ al s Q\P/ ol
SO o oo OO

5

N
Q 7=
HaC Q p\/© %i(F,/@ /Pd:m 4(
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/Q @P/( )
\, 0
Cl
= O

7L , or O : , or any combination thereof.

[0265] In some embodiments, the reaction of step i) is performed in the presence of a
phosphine ligand.

[0266] In further embodiments, the phosphine ligand is a triarylphosphine ligand or a
trialkylphosphine ligand.

[0267] In still further embodiments, the triarylphosphine ligand is triphenylphosphine.
[0268] In some embodiments, the reaction of step i) is performed at a temperature between
about 50 °C to about 110 °C.

[0269] In other embodiments, the reaction of step i) is performed at a temperature between
about 60 °C to about 95 °C.

[0270] In still other embodiments, the reaction of step i) is performed at a temperature
between about 70 °C to about 80 °C.

[0271] In some embodiments, step i) is performed with agitation. For example, the
reaction is performed in a vessel containing a stir bar that agitates the reaction mixture.
[0272] In some embodiments, the reaction of step i) occurs in about 17 hours.

[0273] In some embodiments, the reaction is about 86% complete in about 5 hours.

[0274] In other embodiments, the reaction is about 99% complete in about 17 hours.
[0275] The present invention provides a process for preparing (R)-2-(2-(1H-pyrrolo[2,3-
blpyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide of

Formula Ia:

H\
|/ N _CHQCFg
//L<
M- o
N H

7

=z
I=Zz

Ia

comprising the steps of:
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iva) reacting 1H-pyrrolo[2,3-b]pyridine (5a) with bromine (Br) in the presence of

an organic solvent to generate 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a)

Br
H H
5a 6a

va)  reacting 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a) in an organic solvent with

p-toluenesulfonyl chloride to generate 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a)

Br
Ts

Ta

vi) reacting 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) with triisopropyl
borate in the presence of a strong lithium base in an organic solvent to generate

1-tosyl-1H-pyrrolo|2,3-b]pyridin-3-ylboronic acid (8a)

HO
\BrOH
\N N
Ts
8a

vii) esterifying 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a) with
pinacolate alcohol in an organic solvent to generate

3-(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo| 2,3-b]pyridine (1a):

-0
Ts
1a

viiib) reacting 2,4-dichloropyrimidine (11a) with a hydrochloride salt of D-isovaline

(15a) under coupling condition to generate a compound of Formula 2a

71



CA 02839937 2013-12-18
WO 2013/006634 PCT/US2012/045431

HsCH.C, cH;4

|/ OH
H:N""_~COOH m_ /L<\
N \

(Y s N °
N.-N . =N H

Y Coupling ci

Cl Conditions

11a 2a

ixb)  reacting the compound of Formula 2a with HCI to generate the hydrochloride
salt of the com pound of Formula 2a;

i) reacting the compound of Formula 1a with the compound of Formula 2a with
in the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst

to generate a compound of Formula 3a,

HOH
WN\ o)

N_nN H
Ts
3a :
ii) deprotecting the compound of Formula 3a under basic conditions to generate a

compound of Formula 4a

4a ;and

jii) reacting the compound of Formula 4a with 2,2,2-trifluoroethylamine in the
presence of a coupling agent and an organic solvent to generate the compound of "'ormula Ia.
[0276] 'The present invention provides a process for preparing (R)-2-(2-(1H-pyrrolo|2,3-
blpyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide of

Formula Ia:
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H\
| N_CH2CF3
/,,l S
NN
.
N
N"H
Ia

comprising the steps of:
ivb)  recacting 1H-pyrrolo[2,3-b]pyridine (5a) with p-toluenesulfonyl chloride in the

presence of an organic solvent to generate 1-tosyl-1H-pyrrolo[2,3-b]pyridine (9a)

\N |\! \N N\
H Ts
Sa 9a

vb)  reacting 1-tosyl-1H-pyrrolo[2,3-b]pyridine (9a) in an organic solvent with

N-bromosuccinimide to gencrate 3-bromo-1-tosyl-1H-pyrrolo|2,3-b]pyridine (7a)

Br
Ts
Ta

vi) reacting 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) with triisopropyl
borate in the presence of a strong lithium base in an organic solvent (o generate

1-tosyl-1H-pyrrolo|[2,3-b]pyridin-3-ylboronic acid (8a)

HO
‘B-OH
Ts
8a

vii) esterifying 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a) with
pinacolate alcohol in an organic solvent to generate

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1a):
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S
‘B’O
\N N‘
Ts
1a

viiib) reacting 2,4-dichloropyrimidine (11a) with a hydrochloride salt of D-isovaline

(15a) under coupling condition to generate a compound of Formula 2a

HSCHQC,_ CH; OH
o H2N/<COOH N H
m/ 15a Nm_N‘ O
N__N _ N H
Y Coupling ol
Cl Conditions
11a 2a

ixb) reacting the compound of Formula 2a with HCI to generate the hydrochloride
salt of the com pound of Formula 2a;

i) reacting the compound of Formula 1a with the compound of Formula 2a with
in the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst

to generate a compound of Formula 3a,

o)
—N H
\N N‘
Ts
3a .
ii) deprotecting the compound of Formula 3a under basic conditions to generate
a compound of Formula 4a
| I OH
NN 0
N
N
NT ]
4a

;and
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iii) reacting the compound of Formula 4a with 2,2,2-trifluoroethylamine in the
presence of a coupling agent and an organic solvent to generate the compound of Formula Ia.
[0277] 'The present invention provides a process for preparing (2-(2-(5-chloro-1H-
pyrrolo[2,3-blpyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-methyl-N-(2,2,2-

trifluoroethyl)propanamide of Formula Ib:
PN
/l/\S—N o)
N —~N H

A\
N
NT R

~CH,CF3

Cl Z

N

Ib
comprising the steps of:
iva)  reacting 5-chloro-1I-pyrrolo[2,3-b]pyridine (5b) with bromine (Br,) in an

organic solvent to generate 5-chloro-3-bromo-1H-pyrrolo[2,3-b]pyridine (6b)

o Br
Cl
SNTTN SN N
H H

5b 6b

va)  reacting 5-chloro-3-bromo-1H-pyrrolo[2,3-b]pyridine (6b) in an organic
solvent with p-toluenesulfonyl chloride to generate

5-chloro-3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7b)

Br
Cl
Ts

7b

vi) reacting 5-chloro-3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7b) with
triisopropyl borate in the presence of a strong lithium base in an organic solvent to generate

5-chloro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8b)

HO
B-OH
Cl
Ts
8b
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vii)  esterifying 1-tosyl- 1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8b) with
pinacolate alcohol in an organic solvent to generate 5-chloro-3-(4.,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1b):

\B’O
Cl
Ts

1b
viiib) reacting 2,4-dichloro-5-fluoropyrimidine (11b) with

2-amino-2-methylpropanoic acid (15b) under coupling condition to generate (2b)

CHs
T 2
e ek
NN _ ¥
h Coupling ol
Cl Conditions
11b 2b

ixb)  reacting the compound of Formula 2b with HCI to generate the hydrochloride
salt of the compound of Formula 2b;
i) reacting the compound of Formula (2b) with the compound of Formula (1b) in

the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst to

F OH
A

generate a compound of Formula 3b,

Cl
Ts
3b .
ii) deprotecting the compound of Formula 3b under basic conditions to generate a

compound of Formula 4b
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F\/ OH
///\%—N‘ o)
N _N H
Cl

Y
N

N" H
4b ; and

iii) reacting the compound of Formula 4b with CF3;(CH;)NH,, in the presence of a
coupling agent and an organic solvent to generate the compound of Formula Ib.
[0278] 'The present invention provides a process for preparing (2-(2-(5-chloro-1H-
pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-methyl-N-(2,2,2-

trifluoroethyl)propanamide of Formula Ib:

F \) /_'HEN ~CH,CF4
///%—N 0
Ned H

comprising the steps of:
ivb)  reacting 5-chloro-1H-pyrrolo[2,3-b]pyridine (5b) with p-toluenesulfonyl
chloride in an organic solvent to generate 5-chloro-1-tosyl-1IH-pyrrolo[2,3-b]pyridine (9b)

Cl Cl
H Ts
5b 9b

vb)  reacting 5-chloro-1-tosyl-1H-pyrrolo|2,3-b]pyridine (9b) in an organic solvent
with N-bromosuccinimide to generate 5-chloro-3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine

(7b)
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vi) reacting 5-chloro-3-bromo-1-tosyl- 1H-pyrrolo[2,3-b]pyridine (7b) with
triisopropyl borate in the presence of a strong lithium base in an organic solvent to generate

5-chloro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8b)

HO
B-OH
Cl
Ts
8b

vii)  esterifying 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8b) with
pinacolate alcohol in an organic solvent to generate 5-chloro-3-(4.,4.,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo| 2,3-b]pyridine (1b):

g-O
Cl
\N N\
Ts
1b

viiib) reacting 2,4-dichloro-5-fluoropyrimidine (11b) with

2-amino-2-methylpropanoic acid (15b) under coupling condition to generate (2b)

CHs
Y ¢
H\(C' " 15b /’/%’N\ 0
N__N )
Y Coupling ol
Cl Conditions
11b 2b

ixb)  reacting the compound of Formula 2b with HCI to generate the hydrochloride
salt of the compound of Formula 2b;

i) reacting the compound of Formula (2b) with the compound of Formula (1b) in
the presence of water, an organic solvent, an inorganic base, and a transition metal catalyst to

generate a compound of Formula 3b,
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F o\ OH
///S—N‘ 0
N_N H
Cl
\N N‘
Ts
3b :
ii) deprotecting the compound of Formula 3b under basic conditions to generate

a compound of Formula 4b

F\ f OH
TN
N//SfN‘ 0
Cl

N
N

N" R
4b ;and

iti) reacting the compound of Formula 4b with CF;(CHz)NH,, in the presence of a
coupling agent and an organic solvent to generate the compound of Formula Ib.

[0279] Insome embodiments of the above processes, the compound of Formula I is:

H\
| N_CH20F3
/,,l S
NN o
X
N
NTOH
Ia

(R)-2-(2-(1H-pyrrolo[2,3-blpyridin- 3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (Ia);

Formula 1 is:

\B/ O
\N N‘
Ts
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3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- LH-pyrrolo[2,3-b]pyridine
(1a);
the HC1 salt of Formula 2 is:

(R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid hydrochloride (2a);

Formula 3 is:

(R)-2-methyl-2-(2-(1-tosyl-1H-pyrrolo| 2,3-b]pyridin-3-yl)pyrimidin-4-
ylamino)butanoic acid (3a);

Formula 4 is:

0

(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid
(4a); and
HNRR’ is 2,2,2-trifluoroethylamine (CF;CH,NH,).

[0280] In other embodiments of the above processes, the compound of Formula I is:
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F \, / HEN‘CHZCFg
///\S—N‘ e}
Ned H

2-(2-(5-chloro-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-
methyl-N-(2,2,2-trifluorocthyl)propanamide (Ib);

Formula 1 is:

B—O
Cl
\N N
Ts
1b

5-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- 1H-pyrrolo[2,3-
b]pyridine (1b);
the HCI salt of Formula 2 is:

F
Yocom

I NN,
NYN ”
Cl HCI

2b

2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-methylpropanoic acid hydrochloride
(2b);

Formula 3 is:

Cl
\N N‘
Ts
3b

2-(2-(5-chloro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-y1)-5-fluoropyrimidin-4-ylamino)-
2-methylpropanoic acid (3b);

Formula 4 is:
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F HOH
A
—N H
CI\ 7 | \
N H
4b

2-(2-(5-chloro- | H-pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-
methylpropanoic acid (4b); and
HNR®R is 2,2,2-trifluoroethylamine (CIH;CH,;NH,).
[0281] In some embodiments, the organic solvent in step i) is an aprotic solvent.
[0282] In other embodiments, the aprotic solvent is acetonitrile, toluene,
N,N-dimethylformamide, N,N-dimethylacetamide, acetone, or methyl tert-butyl ether.
[0283] In still other embodiments, the aprotic solvent is acetonitrile.
[0284] In some embodiments, the organic solvent in step i) is a protic solvent.
[0285] In other embodiments, the protic solvent is ethanol, methanol, or isopropanol.
[0286] In still other embodiments, the protic solvent is ethanol or isopropanol.
[0287] In some embodiments, the base in step i) is an inorganic base.
[0288] In other embodiments, the inorganic base is tripotassium phosphate, dipotassium
hydrogen phosphate, dipotassium carbonate, disodium carbonate, trisodium phosphate, or
disodium hydrogen phosphate.
[0289] In still other embodiments, the inorganic base is tripotassium phosphate,
dipotassium hydrogen phosphate, trisodium phosphate, or disodium hydrogen phosphate.
[0290] In further embodiments, the inorganic base is tripotassium phosphate.
[0291] In some embodiments, the transition metal catalyst in step i) is a palladium-based
catalyst.
[0292] In other embodiments, the palladium-based catalyst is palladium(Il)acetate,
tetrakis(triphenylphosphine)palladium(0) or tris(dibenzylideneacetone)dipalladium(0).
[0293] In still other embodiments, the palladium-based catalyst is palladium(II)acetate.

[0294] In some embodiments, the palladium catalyst is selected from
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. >
do fh G &

Pd:
@wgpc' C \O
N\ , Of , or any combination thereof.

[0295] In some embodiments, the reaction of step i) is performed in the presence of a
phosphine ligand.

[0296] In other embodiments, the phosphine ligand is a triarylphosphine ligand or a
trialkylphosphine ligand.

[0297] In still other embodiments, the phosphine ligand triarylphosphine ligand is
triphenylphosphine.

[0298] In some embodiments, the reaction of step i) is performed at between about 50 °C
to about 110 °C.

[0299] In other embodiments, the reaction of step i) is performed at between about 60 °C
to about 95 °C.

[0300] In still other embodiments, the reaction of step i) is performed at between about
70 °C to about 80 °C.

[0301] In some embodiments, step i) is carried out with agitation.
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[0302] In some embodiments, the reaction of step i) occurs in about 17 hours.

[0303] In some embodiments, the reaction is about 86% complete in about 5 hours.

[0304] In other embodiments, the reaction is about 99% complete in about 17 hours.
[0305] In some embodiments, an alkali-metal hydroxide base is present in step iii).

[0306] In other embodiments, the alkali-metal hydroxide base is selected from sodium
hydroxide or potassium hydroxide.

[0307] In still other embodiments, the alkali-metal hydroxide base is potassium hydroxide.
[0308] In some embodiments, the alkali-metal hydroxide base is about 2N to about 4N.
[0309] In other embodiments, the alkali-metal hydroxide base is about 4N.

[0310] In some embodiments, the concentration of potassium hydroxide is about 2N to
about 4N.

[0311] In other embodiments, the concentration of potassium hydroxide is about 4N.
[0312] In some embodiments, the deprotection reaction in step iii) is performed at between
about 60 °C to about 110 °C. In other embodiments, the deprotection reaction is performed
between about 65 °C to about 95 °C.

[0313] In still other embodiments, the deprotection reaction is performed between about
70 °C to about 80 °C.

[0314] In still other embodiments, the coupling agent of step iii) is propylphosphonic
anhydride.

[0315] In some embodiments, the organic solvent of step iii) is a halogenated hydrocarbon
or alkyl-substituted THF (e.g., 2-MeTHF).

[0316] In other embodiments, the halogenated hydrocarbon is dichloromethane or
dichloroethane.

[0317] In some embodiments, step i) includes an additional step of adding catalyst and
compound of Formula 1 after the reaction has run for about 5 hours.

[0318] In some embodiments, step i) includes an additional step of adding catalyst and
compound of T'ormula 1 after the coupling reaction is about 86% complete.

[0319] In some embodiments, the compounds of Formula 2, Formula 2a and Formula 2b
may also be another salt form instead of the HCI salt, including but not limited to an HBr salt
or a sulfate salt.

[0320] In other embodiments, the compounds of Formula 2, Formula 2a and Formula 2b
may also be the free carboxylic acid form instead of a salt form.

[0321] In other embodiments, in a compound of any Formulae I, 2, 3 or 4, R> and R* are

taken together to form a ring selected from:
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/(Rs)o-4
i% C AN &

wherein one or more carbon atoms in said ring are optionally and independently replaced by
N,OorS.

[0322] In another embodiment, in a compound of any Formulae 1, 2, 3, or 4, R* and R*are

CH; CHs HsC_ CH

HsC CH CHs CHs;
HsG_ CHs A ©/
\/ :/C H3 “\\\\\CH3 E__. /CHs .‘\\\\\\CH3

HSC\/CFS H3C. CF3

: / S MO CH:CHg HoC OHiCH,
£ #CHs | wCHz % _sCHs “\‘\\\\CHs H

;/C H3 .\\‘\\\C H3
CHS HyC _CHs
ch CHS CH3
S CH3 :
? C H 3 \\\ ;?/CH 3 or ‘\\\\\\C H 3
[0323] ’

In a further embodiment, R® and R* are:

CH; CH3 H3C C

3 H3C CH3 CH3 CH3
e e () Y, Y. { ( oH
H . \\\\ 3

;/C H3 \‘\\\\CH3 EE__- /CHS
HoCy_CFs MOy CFs /CFs CFs HoG,_,CH2CHa HiCy  CHzCHs
?/C Hs Y\‘\\\C Hs ;;E_ CHs (‘\‘\\\\C Hs ?/C Ha Y\\\\\C Hs
CH3 H;C CHj
GHa CHa
M Lch, " CH3 :
: 4CHs G :/CH 3 o wCH3
[0324] In yet a further embodiment, R? and R* are:
CH
CHs CH; H3G CHs 3 H3C CH5CH3,
HiC. CHo v/ VY
Vi TCHs 3 CHs  Eu0H
H,C CHs CF3
HsC CF3
T v/
: : _,CH
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[0325] 1Instill a further embodiment, R® and R* are:

CH

CHs CHs H3G CHs; 3

HsC. CHj N /
\V4

[0326] II. PROCESSES AND INTERMEDIATES

[0327] The following definitions describe terms and abbreviations used herein:

Ac acetyl

Bu butyl

Et ethyl

Ph phenyl

Me methyl

THF tetrahydrofuran

bCM dichloromethane
CH,Cl, dichloromethane
EtOAc ethyl acetate

CH;CN acetonitrile

EtOH ethanol

MeOH methanol

MTBE methyl zert-butyl ether
DMF N,N-dimethylformamide
DMA N,N-dimethylacetamide
DMSO dimethyl sulfoxide
HOAc acetic acid

TFA trifluoroacetic acid
Et;:N triethylamine

DIPEA diisopropylethylamine
DIEA diisopropylethylamine
KyCOs dipotassium carbonate
Na,CO; disodium carbonate
NaOH sodium hydroxide
K5PO4 tripotassium phosphate
HPLC high performance liquid chromtagraphy
Hrorh hours
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atm atmospheres

rtor RT room temperature
HCI hydrochloric acid
HBr hydrobromic acid
H,0O water

NaOAc sodium acetate
H,S04 sulfuric acid

N nitrogen gas

H, hydrogen gas

Br, bromine

n-BuLi n-butyl lithium
Pd(OAc), palladium(IT)acetate
PPh; triphenylphosphine
pm revolutions per minute
Equiv. equivalents

Ts tosyl

IPA isopropyl alcohol

[0328] As used herein, other abbreviations, symbols and conventions are consistent with
those used in the contemporary scientific literature. See, e.g., Janet S. Dodd, ed., The ACS
Style Guide: A Manual for Authors and Editors, 2nd Ed., Washington, D.C.: American
Chemical Society, 1997, )
[0329] In one embodiment, the invention provides a process and intermediates for
preparing a compound of Formula I as outlined in Scheme L

[0330] Schemel:

r2 R® R* OH
0)4‘ ra R OH N/I/S’N‘ ;o
2
RS H\( N, PdCatayst RN -
l A\ + rJ ! H atalys | N\ Deprotection
NZ N Y NN
1 15 a2 Ts 3

87

CA 2839937 2020-02-03



CA 02839937 2013-12-18

WO 2013/006634 PCT/US2012/045431
RG
2 R® RYCH \
R r2 R® R*N-R’
NN © H
N///S' 4 I \~N ©
—N N ‘H
R HNR®R? =N
X A\ _— R1
| N\
N/ N | o
H 4 N N
H 1

[0331] In Scheme I, a compound of Formula 1 is coupled with a compound of Formula 2
via a palladium catalyzed cross coupling reaction to generate a compound of Formula 3. The
compound of Formula 3 is deprotected (e.g., via treatment with a base) to generate a
compound of Formula 4. The compound of Formula 4 is then coupled with an amine having
the formula HNR®R” in the presence of a coupling reagent to generate the compound of
Formula I, wherein Rl, Rz, R3, R4, R6, and R7, are defined herein.

[0332] Scheme Ia:

R3 - ((R)-isomer if 15 is chiral)
R? 2
H,N" ~COOH R 4
Cl 15
X N_ _CO.H
| - XX
N P N . | R4 R3
Y Coupling N zN
C Conditions | HCI

[
11 5
[0333] In Scheme Ia, a compound of Formula 11 is reacted with a compound of Formula
15 under coupling conditions to generate the HCI salt of the compound of Formula 2. In

Scheme Ia, radicals Rz, Rg, and R* are as defined herein.

[0334] Scheme Ib:

N?N
R2
R®_, R fll /\rH R CoutBu NN comu
2 2!
)<R TsOH )<R4 B + P NG g
NH;”™ “CO.tBu NH,” “CO,tBu NN R R2 2N R
i 10 @ TsCOH 12 cl 13
-1somer
R-1
R2 2
H R4 H R3 R H R4
N_]_COH N, _N_]CO.H N_)_CO,H
T & e A N o 22
el S VR e
c o2 Ccl 14 cl 2
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[0335] In Scheme Ib, a tosylate salt of a compound of Formula 10 is prepared by mixing a
compound of Formula i in an organic solvent (e.g., ethyl acetate) with a solution of an
inorganic base (e.g., an alkali metal base such as but not limited to NaOH). Preparation of a
mixture of a compound of Formula 12 and a compound of Formula 13 is achieved by reacting
a compound of Formula 10 with an organic base (e.g., diisopropylethylamine (DIEA)) in an
organic solvent (e.g., isopropyl alcohol) at a suitable temperature (e.g., between about 80 °C
and about 110 °C) for a suitable time period (e.g., for between about 30 and about 80 hours).
An HCI salt of a compound of Formula 2 and a compound of Formula 14 are prepared by
adding an inorganic acid (e.g., HC1) to a mixture of the compound of Formula 12 and the
compound of Formula 13, adjusting the pH of the solution to a suitable value (e.g., 3), then
adding additional inorganic acid (e.g., HCI) in an organic solvent (e.g., ethyl acetate). The
compound of Formula 2 is purified by recrystallization of the mixture of the compound of
Formula 2 and the compound of Formula 14 from an organic solvent (e.g., a mixture of ethyl
acetate and isopropyl alcohol). In Scheme Ib, radicals RZ, R3, and R* arc as defined herein.

[0336] Scheme Ic:

N zN

/ / ® TsOH \Crllla “ co Bu N__CO,'B
2 TsOH /,;( | Y g 2B
—_— N \d
NH;” ~CO,'Bu NH;” ~CO,Bu N N L( \‘\3

ia 10a 2a Cl 13a
(R-Isomer)

ot N e § Y
e Lf N e
Cl Cl  2a

[0337] In Scheme Ic, a compound of Formula 10a is prepared by mixing a compound of

Formula ia (Nagase &Company, Ltd., made according to the process outlined in

US2007/161624) in an organic solvent (e.g., ethyl acetate) with a solution of an inorganic

base (e.g., an alkali metal base such as NaOH). Preparation of a mixture of

(R)-tert-butyl 2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoate {12a) and

(R)-tert-butyl 2-(4-chloropyrimidin-2-ylamino)-2-methylbutanoate (13a) is achieved by

reacting a compound of Formula 10a with a compound of FFormula 11a in the presence of an

organic base (e.g., diisopropylethylamine (DIEA)) in an organic solvent (e.g., isopropyl

alcohol) at a suitable temperature (e.g., about 95 °C) for a suitable time period (e.g., for about

40 hours). (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a) and (R)-2-(4-
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chloropyrimidin-2-ylamino)-2-methylbutanoic acid (14a) are prepared by adding inorganic
acid (e.g., HCI) to a mixture of (R)-tert-butyl 2-(2-chloropyrimidin-4-ylamino)-2-
methylbutanoate (12a) and (R)-tert-butyl 2-(4-chloropyrimidin-2-ylamino)-2-
methylbutanoate (13a), adjusting the pH of the solution to a suitable value (e.g., pH 3), then
adding additional inorganic acid (e.g., HCI) in a suitable organic solvent (e.g., ethyl acetate).
(R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a) is purified by
recrystallization of the mixture of (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic
acid (2a) and (R)-2-(4-chloropyrimidin-2-ylamino)-2-methylbutanoic acid (14a) from an
organic solvent (e.g., a mixture of ethyl acetate and isopropyl alcohol).

[0338] In another embodiment, the invention provides a process and intermediates to
prepare a compound of Formula 1 as outlined below in Scheme IL

[0339] Scheme II:
Br

R1 R1 Br R1
m Bry m TsCl o \m B(OCH(CHa),)s
NZN NN NZ N
H Ts
5 6 7
HO )
‘B~CH O‘B—O
R’ N Pinacolate R'
] 2 Alcohol m
o
N” N, “~N
Ts N Ts
8 1

[0340] In Scheme I, a compound of Formula 6 is prepared by the addition of a mixture of
a compound of Formula § in a solvent (e.g., DMF) to a mixture of Br; in a solvent (e.g.,
DMF) at a suitable temperature (e.g., about O °C to about 10 °C). Preparation of a
compound of Formula 7 is achieved by mixing a compound of Formula 6 in an aprotic
solvent (e.g., THF) with NaH while cooling to a suitable temperature (e.g., about 10 °C to
about 20 °C) and then adding 4-methybenzenesulfonylchloride (TsCl) while maintaining the
temperature at (e.g., about 10 °C to about 20 °C). A compound of Formula 8 is then prepared
following Scheme II by mixing triisopropyl borate, a compound of Formula 7 and a strong
lithium base (e.g., n-butyl lithium (n-BulLi)) in an organic solvent (e.g., THF) at a suitable
temperature (e.g., about -90 to about -80 °C). Preparation of a compound of Formula 1 is
achicved by adding pinacolate alcohol to a compound of Formula 8 in an organic solvent
(e.g., dichloromethane) at a suitable temperature (e.g., about 20 to about 30 °C). In Scheme

I1, radical R is as defined herein.
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[0341] In another embodiment, the invention provides a process and intermediates to
prepare a compound of Formula 1a as described below in Scheme Ila.

[0342] Scheme Ila:
Br

Br
N/ N N/ N|
H Ts
a
O\

Sa 6 Ta

B—OH B,O
Pinacolate
T\ _Alcohol m
N/ N NZ N,
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[0343] In Scheme Ila, 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a) is prepared by the addition
of a mixture of 1H-pyrrolo[2,3-blpyridine (5a) in a solvent (e.g., DMF) to a mixture of Br; in
a solvent (e.g., DMF) at a suitable temperature (e.g., about 0 °C to about 10 °C). Preparation
of 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) is achieved by mixing
3-bromo-1H-pyrrolo[2,3-b]pyridine (6a) in an aprotic solvent (e.g., THF) with NaH while
cooling to a suitable temperature (e.g., about 10 °C to about 20 °C) and then adding
p-toluenesulfonyl chloride while maintaining the temperature at a suitable temperature (e.g.,
about 10 °C to about 20 °C). 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a) is then
prepared according to Scheme IIa by mixing triisopropyl borate,
3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) and n-butyl lithium (n-BuLi) in an organic
solvent (e.g., THF) at a suitable temperature (e.g., about -90 to about -80 °C). Preparation of
3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo| 2,3-b]pyridine (1a) is
achieved by adding pinacolate alcohol to 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid
(8a) in an organic solvent (e.g., dichloromethane) at a suitable temperature (e.g., about 20 °C
to about 30 °C).

[0344] Scheme IIb:

Br
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[0345] In Scheme IIb, 1-tosyl-1H-pyrrolo[2,3-b]pyridine (9a) is prepared by reaction of
1H-pyrrolo[2,3-b]pyridine (5a) with TsCl in the presence of NaH. Preparation of 3-bromo-1-
tosyl-1H-pyrrolo| 2,3-b]pyridine (7a) is achieved by brominating
1-tosyl-1H-pyrrolo[2,3-b]pyridine (9a) with N-bromosuccinimide (NBS). 1-tosyl-1H-
pyrrolo[2,3-b|pyridin-3-ylboronic acid (8a) is then prepared according to Scheme LIb by
mixing triisopropyl borate, 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) and n-butyl
lithium

(n-BulL.i) in an organic solvent (e.g., THF) at a suitable temperature (e.g., about -90 to about
-80 °C). Preparation of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- 1 H-
pyrrolo[2,3-b]pyridine (1a) is achieved by adding pinacolate alcohol to 1-tosyl-1H-
pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a) in an organic solvent (e.g., dichloromethane) at a
suitable temperature (e.g., about 20 °C to about 30 °C).

[0346] Scheme Ilc:
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[0347] In Scheme He, Compound 1a is coupled with Compound 2a via a palladium
catalyzed cross coupling reaction to generate Compound 3a. Compound 3a is deprotected
(e.g., via treatment with a base) to generate Compound 4a. Compound 4a is then coupled
with 2,2,2-trifluoroethylamine in the presence of a coupling reagent to generate Compound

Ia.
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[0348] Scheme II1
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[0349]  Scheme III is useful for preparing [°C," N]-enriched compounds of Formula I.
[°C,"N]-enriched pyrimidine-2,4(1H,3H)-dione (iiia) (["°C,"’N]-enriched labeled uracil), is
reacted with POCls in the presence of a base, PhNEt,, under heat to generate [13C,15N]—
enriched 2,4-dichloropyrimidine (11a%). [C,"’N]-enriched 2,4-dichloropyrimidine (11a*) is
coupled with 2-amino-2-methyl-N-(2,2,2-trifluoroethyl)propanamide (iiib) under basic
conditions to generate [°C,"N]-enriched (R)-2-((2-chloropyrimidin-4-yl)amino)-2-methyl-
N-(2.2.2-trifluoroethyl)butanamide (iiic). And, [*C," N]-enriched (R)-2-((2-
chloropyrimidin-4-yl)amino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide (iii¢) is coupled
with 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1a)
via a transition metal (i.e. PA(P(Ph)3)4) catalyzed cross-coupling reaction to gencrate
[*C,"*NJ-enriched (R)-2-methyl-2-((2-(1-tosyl- 1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-N-(2,2,2-trifluoroethyl)butanamide (iiid), and deprotecting [*C,’N]-enriched (R)-
2-methyl-2-((2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yD)pyrimidin-4-yl)amino)-N-(2,2,2-
trifluoroethyl)butanamide (iiid) to generate [*C, " N]-enriched (R)-2-((2-(1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)amino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide (I1a*).
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[0350] SchemelIV:
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[0351] In Scheme IV, [14C]—enriched urea is reacted with propiolic acid to generate
[*C]-enriched uracil, which is reacted with POCIs and PCls to generate [*C]-enriched
2,4-dichloropyrimidine (11a%%¥). ["*C]-enriched 2,4-dichloropyrimidine is coupled with the
compound of Formula 15 to generate the ['*CJ-enriched compound of Formula 2#*. And, the
[*CJ-enriched compound of Formula 2%# is reacted with the compound of Formula 1 to
generate the compound of Formula I*#,
[0352] The schemes above are useful for generating novel intermediates that are useful for
generating compounds of Formula I.
[0353] 'The present invention also provides a solid form of (R)-2-(2-(1H-pyrrolo|2,3-
b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid (4a) designated as Form E. In
some embodiments, solid Form E is characterized by one or more peaks corresponding to 2-
theta values measured in degrees of 7.1 £0.2, 8.2 £0.2,23.9 £ 0.2, and 24.8 £ 0.2 in an X-
ray powder diffraction pattern.
[0354] Referring to Figure 1, in one embodiment, the solid Form E is characterized by an
XRPD Pattern having the following peaks:
2-Theta | Relative Intensity (%)
7.07 >30 %
8.24 >30 %
14.29 >30 %
23.83 >30 %
2482 >30 %
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[0355] In another embodiment, the solid Form E is characterized by an XRPD Pattern

having the following peaks:

2-Theta | Relative Intensity (%)
7.07 > 10 %
8.24 > 10 %
12.26 > 10 %
13.87 > 10 %
14.29 >10 %
14.96 > 10 %
16.33 >10 %
18.38 > 10 %
18.96 >10 %
19.93 > 10 %
23.83 >10 %
24.82 > 10 %
25.33 > 10 %
25.79 >10 %
28.17 >10 %
28.88 > 10 %
29.62 >10 %
32.32 > 10 %
36.68 >10 %
38.41 > 10 %

[0356] 'The present invention also provides a solid form of (R)-2-(2-(1H-pyrrolo[2,3-

b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid (4a) designated as Form B. In

some embodiments, the solid Form B is characterized by one or more peaks corresponding to

2-theta values measured in degrees of 9.2 £ 0.2, 18.1 £ 0.2, 19.1 £ 0.2, and 32.0 £0.2 in an X-

ray powder diffraction pattern. In other embodiments, solid Form B is further characterized

by one or more peaks corresponding to 2-theta values measured in degrees of 21.4 + 0.2, 30.1

+0.2,29.9 £0.2, and 26.1 £ 0.2 in an X-ray powder diffraction pattern.

[0357] Referring to Figure 2, in one embodiment, the solid Form B is characterized by an

XRPD Pattern having the following peaks:

2-Theta | Relative Intensity (%)
6.40 >30 %
9.12 >30 %
18.07 >30%
19.09 >30 %
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2-Theta | Relative Intensity (%)
21.42 > 30 %

[0358] In another embodiment, the solid Form B is characterized by an XRPD Pattern

having the following peaks:

2-Theta | Relative Intensity (%)
6.40 >10 %
9.19 > 10 %
18.07 >10%
18.81 > 10 %
19.09 > 10 %
21.43 >10 %
24.88 >10 %
25.32 >10 %
25.75 > 10 %
26.06 > 10 %
28.15 > 10 %
29.87 >10 %
30.06 > 10 %
31.92 >10 %
32.02 > 10 %

[0359] In another embodiment, the solid Form B has the solid state "H NMR spectrum
presented in Figure 3.

[0360] Recferring to Figure 4, in another embodiment, the solid Form B is characterized by
a dehydration temperature of about 73 °C. In other examples, solid Form B is characterized
by an onset temperature of about 40 °C. And, in some examples, solid Form B is
characterized by a dehydration heat of about 725 J/g. In another embodiment, solid Form B
is characterized by a dehydration temperature of about 137 °C. In other examples, solid Form
B is characterized by an onset temperature of about 166 °C. And, in some examples, solid
Form B is characterized by dehydration heat of 42.0 I/g.

[0361] Referring to Figure 5, in another embodiment, the solid Form B undergoes a 25.6 %
weight loss from ambient temperature to 99.4 °C. And, in some embodiments, the solid Form

B undergoes a 2.6 % weight loss from 99.4 °C to 157.7 °C.
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[0362] The present invention also provides a solid form of (R)-2-(2-(1H-pyrrolo|2,3-
b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide (Ia)
designated as T'orm A. In some embodiments, solid 'orm A is characterized by one or more
peaks corresponding to 2-theta values measured in degrees of 23.7 £ 0.2, 11.3+0.2, 19.3 +
0.2, and 15.4 + 0.2 in an X-ray powder diffraction pattern. In other embodiments, solid Form
A is further characterized by one or more peaks corresponding to 2-theta values measured in
degrees of 28.9 + 0.2 and 21.5 £ 0.2 in an X-ray powder diffraction pattern.

[0363] Referring to Figure 6, in one embodiment, the solid Form A is characterized by an
XRPD Pattern having the following peaks:

2-Theta | Relative Intensity (%)
11.35 >30 %

15.39 > 30 %

19.26 >30 %

21.47 >30 %

23.69 >30 %

28.88 >30 %

[0364] In another embodiment, the solid Form A is characterized by an XRPD Pattern

having the following peaks:

2-Theta | Relative Intensity (%)
11.3492 | > 10 %
11.78 > 10 %

13.95 >10 %
15.39 > 10 %
19.26 >10 %
21.47 > 10 %

23.69 > 10 %
24.53 >10 %
28.88 >10 %
29.86 >10 %
34.83 >10 %

[0365] Referring to Figure 7, in another embodiment, the solid Form A is characterized by

a melting point of about 262 °C. In other examples, solid Form A is characterized by onset
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temperature of about 260.8 °C. And, in some examples, solid Form A is characterized by
melting heat of about 140.5 J/g.

[0366] 'The following preparative examples are set forth in order that this invention is more
fully understood. These examples are for the purpose of illustration only and are not to be
construed as limiting the scope of the invention in any way.

[0367] Analytical methods used:

[0368] (A) HPLC on C18 column. Mobile phase was acetonitrile/water/TFA (60:40:0.1).
Flow rate was 1.0 mL/min. Detection at wavelength of 230 nm. Run time was 25-26
minutes.

[0369] (B) IIPLC on C18 column. Mobile phase was acetonitrile/water/TFA (90:10:0.1).
Flow rate was 1.0 mL/min. Detection at wavelength of 230 nm.

[0370] (C) HPLC on a Waters XBridge Phenyl column, 4.6 x 150 mm, 3.5 um. Mobile
phase A was water/1M ammonium formate, pH 4.0 (99:1). Mobile phase B was
acetonitrile/water/ 1M ammonium formate, pH 4.0 (90:9:1). Gradient 5 % to 90 % B in 15
minutes. Total run time 22 minutes. Flow rate 1.5 mL/min. Detection at UV, 245 nm.
T=25"°C.

[0371] (D) HPLC on a Waters XBridge Phenyl column, 4.6 x 150 mm, 3.5 um. Mobile
phase A was water/lM ammonium formate, pH 4.0 (99:1). Mobile phase B was
acetonitrile/water/ 1M ammonium formate, pH 4.0 (90:9:1). Gradient 15% to 90 % B in 15
minutes. Total run time 22 minutes. Flow rate 1.5 mI/min. Detection at UV, 220 nm.
T=35°C.

[0372] (E) XRPD Analysis: The XRPD patterns were acquired with either a Bruker D8
Discover or Bruker D8 Advance diffractometer.

[0373] Bruker D8 Advance System: The XRPD patterns were recorded at room
temperature in reflection mode using a Bruker D8 Advance diffractometer equipped with a
sealed wbe Cu source and a Vantec PSD detector (Bruker AXS, Madison, WI). The X-ray
generator was operating at a voltage of 40 kV and a current of 40 mA. The powder sample
was placed in a silicon or PMM holder. The data were recorded in a g-q scanning mode over
the range of 4°-45° 2q with a step size of 0.014° and a dwell time of 1s per step.

[0374] Bruker D8 Discover System: The XRPD patterns were acquired at room
temperature in reflection mode using a Bruker D8 Discover diffractometer equipped with a
sealed tube source and a Hi-Star area detector (Bruker AXS, Madison, WI). The X-Ray
generalor was operating at a voltage of 40 kV and a current of 35 mA. The powder sample

was placed in a nickel holder. Two frames were registered with an exposure time of 120 s
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each. The data frames were subsequently integrated over the range of 4.5° - 22.4° and 21.0° -
39.0° 2q merged into one continuous pattern.

[0375] (F) Thermogravimetric Analysis (TGA): TGA was conducted on a TA Instruments
model Q5000 thermogravimetric analyzer. Approximately 1-4 mg of solid sample was placed
in a platinum sample pan and heated in a 90 mL/min nitrogen stream at 10°C/min to 300 °C.
All thermograms were analyzed using TA Instruments Universal Analysis 2000 software
V4.4A.

[0376] (G) Differential Scanning Calorimetry (DSC): DSC was conducted on a TA
Instruments model Q2000 calorimetric analyzer. Approximately 1-4 mg of solid sample was
placed in a crimped aluminum pinhole pan and heated in a 50 mL/min nitrogen stream at
10°C/min to 300 °C. All data were analyzed using TA Instruments Universal Analysis 2000
software V4.4A.

[0377] (H) SSNMR Experimental: Solid state NMR spectra were acquired on the Bruker-
Biospin 400 MHz Advance III wide-bore spectrometer equipped with Bruker-Biospin 4mm
HFX probe. Samples were packed into 4mm ZrOsrotors (approximately 70mg or less,
depending on sample availability). Magic angle spinning (MAS) speed of typically 12.5 kHz
was applied. The temperature of the probe head was set to 275K to minimize the effect of
frictional heating during spinning. The proton relaxation time was measured using "HMAS
T, saturation recovery relaxation experiment in order to set up proper recycle delay of the ’C
cross-polarization (CP) MAS experiment. The recycle delay of °C CPMAS experiment was
adjusted to be at least 1.2 times longer than the measured "H T relaxation time in order to
maximize the carbon spectrum signal-to-noise ratio. The CP contact time of “C CPMAS
experiment was set to 2 ms. A CP proton pulse with linear ramp (from 50% to 100%) was
employed. The Hartmann-Hahn match was optimized on external reference sample
(glycine). SPINAL 64 decoupling was used with the field strength of approximately 100
kHz. The chemical shift was referenced against external standard of adamantane with its
upfield resonance set to 29.5 ppm.

[0378] The following preparative examples are set forth in order that this invention is more
fully understood. These examples are for the purpose of illustration only and are not to be
construed as limiting the scope of the invention in any way.

[0379] Example 1: 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-
pyrrolo[2,3-b]pyridine (1a)

[0380] Example 1a: 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a)
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[0381] 7-azaindole (5a) (6.9 kg, 58.4 moles) was added to a 200L glass-lined reactor
containing 52.6 kg DMF. A solution of Br; in DMF (9.7 kg Br; in 14.7 kg DMF) was added
drop wise to maintain the mixture temperature of about 0-10 °C. After the addition was
complete, the temperature was maintained at about 0-10 °C. The completeness of the
reaction was measured by HPLC (method A) with sample aliquots after 30 minutes. The
reaction was considered complete when the 7-azaindole was less than 3% (after about 2 hours
and 40 minutes).

[0382] The reaction was quenched with 10% aqueous solution of NaHSOj5 (17.5 kg) while
maintaining the temperature below 15 °C. A saturated aqueous solution of NaHCO; (61.6
kg) below 25 °C was added to adjust the pH to about 7 to 8. After neutralization, the mixture
was transferred into a 50 L. vacuum filter and filtered. The resultant cake was washed with
water

(18 kg) and then petroleum ether (12 kg). The cake was dried in a tray dryer at about 50-60
°C until the water content detected by KF (Karl Fisher reaction) was less than 0.8%. A
yellow solid resulted (10.3 kg, 99.1% purity as measured by HPLC (method A), 89.6% yield
of 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a)).

[0383] Example 1b: 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a)

[0384] 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a) (10.7 kg, 54.3 moles) was added to 94.3
kg of THF in a 200 L glass-lined reactor. The solid was dissolved completely by stirring.
After the mixture was cooled to about 10-15 °C, NaH (3.4 kg, 85 moles) was added in
portions (about 200-250 g each portion) every 3 to 5 minutes while venting any H, gas
released by the reaction. After the addition of NaH, the mixture was stirred for one hour
while maintaining the temperature of about 10-20 °C. 4-methylbenzenesulfonylchloride
(12.4 kg, 65.0 moles) was added at a rate of 0.5 kg/10 minutes at about 10-20 °C. After the
addition was complete, the temperature was maintained at about 10-20 °C. The completeness
of the reaction was measured by HPLC (method A) with sample aliquots after 30 minutes.
The reaction was considered complete when the peak area of 3-bromo-1H-pyrrolo[2,3-
b]pyridine (6a) was less than 1% (after about 1.5 hours).

[0385] 'The reaction was quenched with water (10.7 kg) while maintaining the temperature
below 20 °C. Dichloromethane (41.3 kg) was added to the mixture. Then 3% HCI (42.8 kg)
was added into the mixture while maintaining the temperature below 25 °C. After the
addition, the phases were allowed to separate for 0.5 hour. The aqueous phase was extracted
twice with dichloromethane. During each extraction, the mixture was stirred for 15 minutes

and then held for 15 minutes. All the organic phases were combined. The combined organic
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phases were washed with 3% HC1 (33.4 kg) and water (40 kg). During each wash, the
mixture was stirred for 15 minutes and then held for 30 minutes.

[0386] 'The mixture was transferred into a 50 1. vacuum filter and filtered through silica gel
(3 kg). The cake was washed with dichloromethane (35 kg) twice. The filtrate and washings
were combined. The organic phase was concentrated below 40 °C under vacuum of a
pressure less than -0.085 MPa until 10 L. mixture remained. Petroleum ether (9kg) was added
into the residue. The mixture was stirred until it was homogeneous. The slurry was
transferred into a

50 L vacuum filter and filtered. The cake was washed with petroleum ether (9 kg). A light
brown solid resulted (17 kg, 99.7% purity as measured by HPLC analysis (method A), 94%
yield of 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a)).

[0387] Example 1¢: 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a)

[0388] 'THF (28.5 kg) and 3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) (4 kg) were
added to a 72 L flask. The mixture was stirred until the solid dissolved completely.
Triisopropyl borate (3.2 kg) was added and the mixture was cooled to below -80 °C. n-BulLi
(4.65 kg) was added drop wise at a rate of about 0.6-0.9 kg/hour maintaining the temperature
of about -80 to -90 °C. After the addition, the temperature was maintained at -80 to -90 °C.
The completeness of the reaction was measured by HPLC (method A) with sample aliquots
after 30 minutes. The reaction was considered complete when the peak area of 3-bromo-1-
tosyl-1H-pyrrolo[2,3-b]pyridine (7a) was less than 4%.

[0389] Water (2 kg) was slowly added to the mixture to quench the reaction. The mixture
temperature returned to about 15-25 °C. The mixture was transferred to a 50 L reactor to be
concentrated below 40 °C under vacuum of a pressure less than -0.08 MPa until no THF
distilled out. The residue was dissolved into water (25 kg) and 10% aqueous NaOH solution
(26 kg). The mixture was stirred until the solid dissolved completely. The mixture was
transferred into a vacuum filter and filtered. The filtrate was extracted twice with MTBE (21
kg each) at about 20-30 °C. During each extraction, the mixture was stirred 15 minutes and
held 15 minutes. HCI (281.) was added into the aqueous phase to adjust the pH to between 3
and 4 while maintaining the temperature of about 10-20 °C. The mixture was stirred at about
10-15 °C for 1 hour. The mixture was transferred into a centrifuge and filtered. The resultant
cake after filtering was washed with water (5 kg) and petroleum ether (5 kg). The cake was
dried at 35-45 °C until the LOD (loss on drying) was less than 3%. An off-white solid
resulted (2.5 kg and 98.8% purity as measured by HPLC analysis (method A), 69.4% yield of
1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a)).
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[0390] Example 1d: 3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-
pyrrolo[2,3-b]pyridine (1a)

[0391] Dichloromethane (165.6 kg) and pinacolate alcohol (3.54 kg) were added to a 200 L.
glass-lined reactor. The mixture was stirred until the solid dissolved completely. Then,
1-tosyl-1H-pyrrolo|2,3-b]pyridin-3-ylboronic acid (8a) (8.65 kg) was added in portions (2 kg
every 5 minutes) while maintaining the temperature of about 20-30 °C. After the addition,
the temperature was maintained at about 20-30 °C while stirring. The completeness of the
reaction was measured by HPLC (method B) with sample aliquots every 60 minutes. The
reaction was considered complete when the peak area of 1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
ylboronic acid (8a) was less than 1%.

[0392] The mixture was filtered through silica gel (3 kg). The cake was rinsed twice with
dichloromethane (15 kg each rinse). The filtrate was combined with the washing liquids, and
then concentrated below 30 °C under vacuum at a pressure less than -0.08 MPa until no
fraction distilled out. Solvent was continued to be removed by vacuum for 2 hours.
Isopropanol (17.2 kg) was added to the residue. The mixture was heated to reflux at about
80-85 °C. The mixture refluxed for 30 minutes until the solid dissolved completely. The
mixture was cooled below 35 °C, and then to about 0-10 °C. The mixture crystallized at 0-10
°C for 2 hours and was then filtered. After filtration, the resultant cake was dried at about 35-
45 °C until the water content detected by KF (Karl Fisher reaction) was less than 0.5% and
the 1.OD (loss on drying) was less than 0.5%. An off-white solid resulted (8.8 kg and 99.7%
purity as measured by HPLC analysis (method B) of 3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1a)).

[0393] Example 2a: (R)-2-methyl-2-(2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yDpyrimidin-4-ylamino)butanoic acid (3a)

[0394] Tripotassium phosphate (K3PO,) (7.20 kg, 3 equiv.) was mixed with three volumes
of water (9.0 kg). The mixture was agitated for at least 20 minutes, cooled to a temperature
of <30 °C and added to acetonitrile (16.8 g, 7 volumes) into a 120 L reactor. The resultant
mixture was agitated. 3.0 kg (11.3 moles, 1.0 equiv.) of (R)-2-(2-chloropyrimidin-4-
ylamino)-2-methylbutanoic acid hydrochloride (2a) were added to the reaction mixture in the
reactor while maintaining a temperature < 30 °C. 'The mixture was agitated for at least 20
minutes. 5.16 kg (13.0 moles, 1.15 equiv.) of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (1a) were then added to the reactor. The reaction
mixture was agitated and de-gassed with N sparging for at least 30 minutes. The mixture

was heated to 65 + 5 °C.
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[0395] In a separate vessel, 0.075 kg (0.03 equiv.) of palladium(II) acetate was mixed with
4.80 kg (2 volumes) of de-gassed acetonitrile (CH;CN). This mixture was agitated until
homogenous. 0.267 kg (1.02 moles, 0.09 equiv.) of triphenylphosphine (PPhs) was added
and the resultant mixture was agitated for at least 30 minutes at 20 £ 5 °C. The palladium(II)
acetate/PPhs/ CH3CN mixture was then added to the reactor above while maintaining the
nitrogen purge. The reactor contents were heated to 75 + 5 °C for at least 17 hours under
nitrogen purge. After 5 hours the conversion was shown to be about 86% complete as
measured by HPLC analysis (method C) of a 1.0 mL aliquot. Additional catalyst and
compound of Formula 1a (900 g, 2.26 moles, 0.2 equiv.) were then added to the reaction
mixture and the mixture was stirred. After an additional 12 hours, the reaction was shown to
be 99.7% complete as measured by HPLC analysis (method C) of a 1.0 mL aliquot. The
additional catalyst added above was prepared by dissolving 37.5 g palladium(II) acetate in 1
volume of acetonitrile (which was de-gassed for 20 minutes), and then adding 133.5 g of
triphenylphosphine.

[0396] Example 2b: (R)-2-methyl-2-(2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-ylamino)butanoic acid (3a)

[0397] To (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid hydrochloride (2a)
(limiting reagent) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-
pyrrolo[2,3-b]pyridine (1.15 eq) add 2-propanol (0.6 vol) and begin degassing with nitrogen.
Add 6N aqueous NaOH (3.2 eq) and continue degassing. Charge PdCl,(Amphos), (0.0014
eq) as a slurry in 2-propanol (0.06 vol). Continue the degassing for at least 30 minutes then
warm the mixture to a temperature of between 70-75 °C to generate the compound of
Formula (3a). The reaction is deemed complete when HPLC analysis shows <1.0% of (R)-2-
(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid hydrochloride (2a) remaining.

[0398] Example 3a: (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-
methylbutanoic acid (4a)

[0399] A solution of 4N aqueous KOII, which was previously prepared with 6.0 kg of
KOH in 27.0 kg of water at a rate to control the temperature rise, was added to the reactor
above and the reaction was heated to 75 + 5 °C for at least 5 hours while agitating the
mixture. An aliquot of about 1.0 ml. was removed from the reaction mixture and analyzed by
HPLC (method C) to show 98.6% compound of Formula 4a and 1.4% compound of Formula
3a.

[0400] 15.0 kg (5 volumes) of water was added to the reactor. The reaction mixture was

cooled to 35 + 5 °C. Isopropyl acetate (7.8 g, 3 volumes) was added, and the reaction
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mixture was agitated for at least 5 minutes. The reaction mixture was filtered through a 4-cm
pad of celite in an 18-inch Nutsche filter. The reactor was rinsed with 9.0 kg of water and the
water was then used to rinse the celite pad. The aqueous and organic phases were separated.
0.9 kg of Darco G-60 activated carbon (30% w/w) was added to the aqueous phase in a 120-
liter reactor. The pH of the mixture was adjusted to less than 1.0 with concentrated HCI
solution at 25 + 10 °C and held for at least 4 hours. If necessary, the pH was readjusted with
6N NaOH. The mixture was then filtered through a Nutshce filter, which was equipped with
a filter cloth, and the solids were rinsed with 6.0 kg (2 volumes) of 1N HCI. The filter cake
was maintained under positive pressure of nitrogen for at least 30 minutes. The HCI filtrate
was agitated and heated to 25 £ 5 °C. 0.9 kg of Darco G-60 activated carbon was added to
the HCI filtrate and the mixture was stirred for at least 4 hours. The mixture was then filtered
through a Nutshce filter, which was equipped with a filter cloth, and the solids were washed
with 6.0 kg (2 volumes) of 1IN HCl. The second filter cake was maintained under positive
pressure of nitrogen for at least 30 minutes.

[0401] 'The HCI filtrate was again agitated and heated, charcoal was added and filtering
step was repeated with a Nutshce filter, which was equipped with a 0.45 pum in-line filter
between the Nutsche filter and the receiver flask, to yield a third filter cake and a final
filtrate. The solids were washed with 6.0 kg of IN HCl. The third filter cake was maintained
under positive pressure of nitrogen for at least 30 minutes.

[0402] 'The pH of the final filtrate was adjusted to between 4.5 and 5.0 using 6N NaOH
while the temperature was maintained between 25 £ 5 °C. If necessary, the pH was
readjusted using 1IN HCL The final filtrate was then cooled to 5 + 5 °C and agitated for at
least 2 hours. The mixture was filtered was filtered with a Nutshce filter, which was
equipped with a filter cloth. The solids were rinsed with 6.0 kg (2 volumes) of water. The
final filter cake was maintained under positive pressure of nitrogen for at least 30 minutes.
[0403] The wet solids (i.e., filter cakes) were dried in a drying oven at < 60 °C under
vacuum, with a nitrogen purge, over 5 days to yield 3.561 kg of (R)-2-(2-(1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid (4a).

[0404] 'The (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-
methylbutanoic acid (4a) generated above is designated as Forms B and E. These solid forms
were subject to XRPD, solid state '"H NMR, and TSG analyses described under (E) and (F),
above. The results from these analyses are presented in Figures 1-4.

[0405] Example 3b: (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-
methylbutanoic acid (4a)
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[0406] To the reaction mixture in Example 2b, charge a solution of KOH (8.8 eq) in water
(7.3 vol) and agitate the batch at a temperature of from 70-75 °C until HPLC analysis shows
conversion from the intermediate to (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yDpyrimidin-4-
ylamino)-2-methylbutanoic acid (4a) reaches > 99%. Cool the batch to 20-25 °C then charge
Darco G-60 activated carbon (30wt% based on the compound of Formula (2a)) and agitate
the batch for 12-24 hrs at 20-25 °C. Filter the slurry, rinsing the solids with water (2 x 1 vol).
Cool the batch to 15-20 °C then adjust the pH of the batch to < 5 with conc. HCI while
maintaining a batch temperature no more than 20-25 °C. Perform fine adjustment of pH back
10 5.5 — 6 (target pH 6) via 6M NaOH. Adjust the batch temperature to 20-25 °C then seed
with the compound of Formula (2a) (0.4wt% dry seed). Stir the slurry for no less than 2 hrs.
Charge water (12 vol) over 8 hrs then stir the slurry for no less than 4 hrs. Filter the batch
and rinse the cake with water (2 x 2 vol) then n-heptane (2 vol). Dry the solids at 80 °C to
give (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yDpyrimidin-4-ylamino)-2-methylbutanoic acid
(4a).

[0407] Example 3¢: (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-
methylbutanoic acid (4a)

[0408] To the reaction mixture in Example 2b, charge a solution of KOH (8.8 eq) in water
(7.3 vol) and agitate the batch at a temperature of from 70-75 °C until HPLC analysis shows
conversion from the intermediate to (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
ylamino)-2-methylbutanoic acid (4a) reaches > 99%. Cool the batch to 15-25 °C and adjust
the pH to < 5 with conc. HCIL. Perform a fine adjustment of the pH to 5.5 — 6 using 6M
NaOH. Adjust the batch temperature to 20-25 °C, and seed the seed with the compound of
Formula (2a) (0.4wt% dry seed). Stir the slurry for not less than 2 hrs. Charge water (12 vol)
over & hrs then stir the slurry for not less than 4 hrs. Filter the batch and rinse the cake with
water (2 x 2 vol) then n-heptane (2 vol). Dry the solids at 80 °C to give (R)-2-(2-(1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid (4a).

[0409] Example 4a: Preparation of (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-
yDpyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide (1a)

[0410] Diisopropylethylamine (DIEA) (3.61 kg, 28.1 moles, 2.5 equiv.) was added to
(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-y)pyrimidin-4-ylamino)-2-methylbutanoic acid (4a)
(3.5 kg, 11.24 moles, 1.0 equiv.) in 7 volumes (32.6 kg) of dichloromethane (CH,Cl; or
DCM) while keeping the temperature at < 30 °C. Water (0.103 kg) was added to make 5.5
0.5% total water content for the reaction system, and the mixture was stirred at < 30 °C for at

least 30 minutes. The reaction mixture was cooled to 0 + 5 °C. Propylphosphonic anhydride
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solution (17.9 kg, 28.1 moles, 2.5 equiv.) was added to the mixture while maintaining the
temperature below 20 °C. The mixture was agitated for at least an hour keeping the
temperature at 20 =5 °C, then 2,2,2-trifluoroethylamine (1.68 kg, 16.86 moles, 1.5 equiv.)
was added while maintaining the temperature below 20 °C. The reaction mixture was
warmed to 25 + 5 °C and agitated for 5 hours while holding the temperature. A 1.0 mL
aliquot was removed and the reaction was determined to be 100% complete. Water (17.5 kg,
5 volumes) was added to the reaction mixture, and the resultant mixture was agitated for at
least 30 minutes while maintaining the temperature below 30 °C.

[0411] 'The mixture was concentrated under vacuum with a rotary evaporator at a
temperature < 45 °C. Isopropylacetate (1.55 kg, 0.5 volumes) was added to the concentrated
aqueous solution, and the pH of the solution was adjusted to 7.5-8.0 using 6N NaOH solution
at <35 °C. The mixture was cooled to 10 £ 5 °C and stirred at for at least one hour. If
necessary, 6N HCl was added to readjust the pH of mixture to 7.5-8.0. The resultant slurry
was filtered and washed with water (10.5 kg, 3 volumes). The filter cake was maintained
under positive pressure of nitrogen for at least 30 minutes. The wet cake was dissolved in
methanol (44.7 kg, 12 volumes) by agitation, and the sclution was treated with PL-BnSH
MP- Resin (BNSHMP) polymer resin (0.235 kg of 5% wt of resin) at 25 £ 5 °C. After
agitating at 25 + 5 °C for at least 12 hours, the mixture was filtered. The solids were washed
with methanol (2.77 kg, 1 volume). The filtrate was concentrated under vacuum in a rotary
evaporator at a temperature < 50 °C. The filtrate was not concentrated to dryness. The
concentrated filtrate was allowed to sit at room temperature for about 2.5 days. The mixture
was then stirred until homogeneous and heated to 40 °C, followed by slow addition of pre-
heated water (56.1 kg at 45 °C) while maintaining a temperature of 45 £ 5 °C. After the
mixture was spun for 1 hour, the remaining methanol was concentrated further, but not
concentrated to dryness. The resultant mixture was cooled down to at least 5+ 5 °C and
agitated for at least 2 hours. The product was filtered, and the solids were washed with water
(10.5 kg, 3 volumes). The filter cake was maintained under positive pressure of nitrogen for
at least 30 minutes. The isolated product was dried to a constant weight under vacuum in a
drying oven at a temperature of <70 °C with a nitrogen purge to yield (R)-2-(2-(1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (Ia) (4.182 kg, white powder, 0.18% water content, 98.6% AUC
using HPLC (method D)).

[0412] The solid state (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yDpyrimidin-4-ylamino)-2-

methyl-N-(2,2,2-trifluoroethyl) butanamide (Ia) generated above, is designated as Form A.
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This compound was subject to XRPD, TGS, and DSC analyses described under (E) and (F),
above. The results from these analyses are presented in Figures 5-7.

[0413] Example 4b: Preparation of (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-
yDpyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide (1a)

[0414] To (R)-2-(2-(1H-pyrrolo]2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-
methylbutanoic acid (4a) (limiting reagent) charge 2-methyl THF (7.5 vol), then charge T;P®
(2.0 eq, 50% w/w in 2-MeTHF). Heat the mixture to 60-65 °C and maintain this temperature
for no less than 3 hrs and the solids are completely dissolved. Cool to 20-25 °C then charge
2,2 2-trifluoroethylamine (2.0 eq). Continue agitation for no less than 6 hrs at 20-25 °C and
until HPLC analysis showed < 1.0% of (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yDpyrimidin-4-
ylamino)-2-methylbutanoic acid (4a). Slowly charge a Na,COs solution (15 vol, 1.165M)
while maintaining a batch temperature < 30 °C. Stir the mixture for 30 min then separate the
phases. Wash the organic phase with water (4 vol). Emulsions have been observed at this
point and can be addressed through addition of NaCl solution. Charge methanol (7 vol) then
distill to 4 vol. Repeat 3 times. Prior to crystallization, adjust the total volume to
approximately 11 vol. Heat the mixture to 50-55 °C then add water (2.45vol, final solvent
composition 22% water in methanol) over 30 min. Seed the batch with (R)-2-(2-(1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (Ia) (1wt% seed based on the compound of Formula (4a)). Stir for
4 hrs at 50-55 °C then add water over 24 h until the mixture is approximately 58wt% water in
methanol. Cool to 20-25 °C, stir 1 h, then filter. Wash the cake with water (2 vol). Dry the
solids at 60-65 °C to give (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-
methyl-N-(2,2,2-trifluoroethyl)butanamide (Ia).

[0415] Example 5: Preparation of (R)-2-(2-chloropyrimidin-4-ylamino)-2-
methylbutanoic acid hydrochloride (2a)

[0416] To a solution of KoCOs (2 eq.) in water (3 vol) was added D-isovalinesHCI (1.0
eq.). The resulting solution was stirred for 20) min. then 2,4-dichloropyrimidine (1.1 eq.) and
IPA (7 vol) were added to the reaction mixture consecutively. The resulting mixture was
heated to reflux (~82 °C). After checking completion of the reaction by HPLC analysis
(NMT 3.0% (AUC) of 2,4-dichloropyrimidine, ca. 5-6 h), the solution was concentrated to 4
vol. Water (4 vol) and IPAC (4 vol) were added and the mixture was stirred and acidified to
pH = 1.2 - 1.4 using 6N HCI aqueous solution. After stirring no less than 20 min, the layers
were separated. IPAC (6 vol) was added to the aqueous layer and the pH of the mixture was

adjusted to 3.0 - 3.5 with 50% aqueous NaOH. After stirring no less than 20 min., the layers
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were separated. The aqueous layer was extracted with IPAC (3 vol). The combined IPAC
layers were dried (Na,SO4) and filtered. IPA (1 vol) was added to the filtrate. 5-6N HC1/
IPA (0.85 eq.) was added dropwise. The mixture was seeded with (R)-2-(2-chloropyrimidin-
4-ylamino)-2-methylbutanoic acid hydrochloride (0.01 wt. eq.) to crystallize the product with
vigorous stirring. After stirring no less than 4 h, the product was collected by filtration,
washed (4:1 IPAC/IPA, 2 x 1.2 vol), and dried in a vacuum oven at 50 °C with a N, bleed to
constant weight to afford (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid
hydrochloride (2a) as an off-white solid.

[0417] Example 6: Preparation of (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-
4-ylamino)-2-methylbutanoic acid (4a)

[0418] (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a) (10.00g,

37.58 mmol) and 3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1-tosyl- 1H-pyrrolo[2,3-
blpyridine (1a) (17.21g, 43.22 mmol) were charged into a 250 ml. reactor and purged with
nitrogen gas. Under nitrogen gas degassing and stirring, 52.00 mL of IPA was charged into
the reactor followed by 6M NaOH (20.05 mL). After degassing the stirring mixture for 15
min, 4-ditert-butylphosphanyl-N,N-dimethyl-aniline palladium(Il)dichloride (37.25 mg,
0.05261 mmol) was charged into the reactor as a slurry with 2.00 mL of IPA. The resulting
mixture was further degassed for another 20 min. Under positive nitrogen pressure, the
reaction mixture was heated to 74 °C until the HPLC samples confirmed that the reaction was
complete. Once the reaction was complete, 6M NaOH (6.263 ml.) was charged into the
reactor as a solution in water (74.00 mL) and the reaction was maintained at 74 °C until
HPLC showed complete de-tosylation of the product.

[0419] The reaction mixture was cooled to 25 °C and adjusted to have a pH of 0.4-0.6
using 11M HC1 (3.146 mL). Activated charcoal (0.3 g, 30 wt%) was charged into the reactor,
and the resulting mixture was stirred for > 12 Hr. The reaction mixture was filtered to
remove the charcoal, and water (50 mL) was added to the filtrate alter returning it to the
cleaned reactor. The pH of the reaction mixture was adjusted to 5.5-6.0 using 6M NaOH
(6.263 mL). The reaction mixture was heated to 64 °C under stirring. The reaction mixture
was maintained under stirring at 64 °C for a period of 60 min. after the formation of a
solution. The reactor was cooled at a rate of 20 °C/hr until reaching a temperature of 25 °C.
The reaction mixture was continuously stirred at 25 °C for at least 4 hr. The batch was then
filtered and washed with water (10 mL) followed by heptane (20 mL.). The solids were

collected at dried under vacuum at 60 °C.
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[0420] Example 7: Preparation of Deuterated (R);Z-(2-(1H-pyrrolo[2,3—b]pyridin-3-
yl)pyrimidin-4-ylamino)—2-methyl-N—(2,2,Z—triﬂuoroethyl)butanamide (Ia-D)

H
NZA N/Q(H >’_-\>, /<rva
=N 1 10% PAIC /(‘DICN H
S DO ~
N\ 2 N
| P Ia Ha IN/ N D Ia-D

NN D H
[0421] To a mixture of (R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-
methyl-N-(2,2,2-trifluoroethyl)butanamide (Ia) (85 mg, 0.2166 mmol) in D>O (20ml) was

added 10% Pd /C (15 mg). The resulting mixture was hydrogenated via balloon at reflux in a

160 °C bath for 20 hours. After 20 hours, the mixture was cooled and concentrated to 1/3
volume. Another 20 ml D,0 was added to the mixture and refluxed under a balloon of Hs.
The mixture was cooled, filtered, and washed with MeOH and ETOAc, and concentrated to
dryness, generating an off white solid. CMS shows D incorparation but probably not in the
alkyl side chains. NMR shows partial addition of D; at 5 aromatic sites.

[0422] This off white solid was taken up in D,O (20ml) was added fresh 10% Pd /C (15
mg) and placed on a hydrogenation apparatus. The reaction was evacuated and pressurized
with H; up to 40 psi 3% times over 10 min. The pfessure was released and the flask was
swept with H; as the flask was reclosed. This sealed flask was then put in a 160 °C bath
behind a blast shicld and heated at 160 °C for 16 hours.

[0423]  The reaction mixture was cooled and diluted with ETOAC, washed with water,
brine dry over sodium sulfate filter and concentrated. The product was purified by flash
chromatography with the following mobile phase: 0 MDC to 10% MeOH/MDC.

[0424] 'H-NMR showed that most 'H atoms on the aromatic rings were replaced with
deuterium atoms.

[0425]  Example 8: Preparation of ['’C,'*N]-enriched (R)-2-((2-(1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)amino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide (Ia*)
[0426] 205 mg (1.73 mmol) of ['*C,"*N]-enriched uracil was mixed with 5 ml POCl; and
2 drops of PhNEt; and heated to 100 °C for about 12 hrs. The solvent was evaporated, ethyl
acetate was added, and the resulting mixture was stirred for 2 hrs, transferred, and the solvent
was evaporated to generate ['°C,'*N]-enriched 2,4-dichloropyrimidine (11a*) (260 mg of
white solid).

[0427]  The [*°C,"’N]-enriched 2,4-dichloropyrimidine (260 mg) was mixed with
'2-amino—2-methyl-N-(2,2,2-tr1ﬂuoroethyl)propanamlde (267 mg, 0.8 eq) and DIEA (1.47
mL) in 2 mL of isopropyl alcohol. The mixture was heated to 100 °C for about 11 hours, the
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solvent was evaporated and ethyl acetate was added to the reaction mixture. The reaction
mixture was further washed with 1N HCl and brine and dried on Na,SO4 to generate 58 mg
of [C,"”NJ-enriched (R)-2-((2-chloropyrimidin-4-yl)amino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (iiie). ES* = 317.1, ES = 315.2.

[0428] [“C,"NJ-enriched (R)-2-((2-chloropyrimidin-4-yl)amino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (iiic) (58 mg) is mixed with 3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo| 2,3-b|pyridine (1a) (80 mg), 2N Na,COs (275 uL),
DME (2 mL), and Pd(PPh3)4 (10 mg). The reaction mixture is stirred at 90 °C for about 12 hr.
The solvent was evaporated and ethyl acetate was added to the reaction mixture. The
reaction mixture was then filtered over Si0O, and eluted with ethyl acetate to generate 126 mg
of crude [C,"”N]-enriched (R)-2-methyl-2-((2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-N-(2,2,2-trifluoroethyl)butanamide (iiid). ES* = 553.2, ES =
551.5.

[0429] 120 mg of |"*C,"”* N]-enriched (R)-2-methyl-2-((2-(1-tosyl-1H-pyrrolo[ 2,3-
blpyridin-3-yl)pyrimidin-4-yl)amino)-N-(2,2,2-trifluoroethyl)butanamide (iiid) was treated
with LiOH (800 pL, IN) in 2 mL of THF. The reaction mixture was heated to 80 °C for
about 10 hrs, and the solvent was evaporated. The reaction mixture was extracted with ethyl
acetate, filtered over Si0,, and eluted with ethyl acetate to generate 19.3 mg of [13C,15N]—
enriched (R)-2-((2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (Ia*). ES™ = 399.1, ES™ = 397.6.

[0430] Example 9: Preparation of [**C]-enriched (R)-2-((2-(1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)amino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide
(Ia™¥)

[0431] Propiolic acid (0.393g, 5.63 mmol) was added dropwise to a suspension of [Cl-
enriched urea (200 mCi, 55 mCi/mmol, 218.57 mg, 3.52 mmol) in polyphosphoric acid (4.3 g)
and this suspension was heated at 85 °C for 8 hours. It was diluted with water (11 mlL) at 0 °C
then neutralized with NH,OH (aq, 28-30%) in an ice-water bath. The residue was dissolved and
suspended with NH,OH (aq, 28-30%, 43 mL) and methanol (43 mL). The resulting solids were
removed by filtration, and the filtrate was evaporated. A silica gel column chromatography
(MeOH(10) : DCM(90) to MeOH(20) : DCM(80)) provided a crude compound (85%
radiochemical purity, 142.2 mCi. 142.2 x 0.85 = 120.9 mCli).

[0432] 'To a solution of triethylamine (10g, 98.8 mmol) in ethyl acetate (100 mL) was
added 1N HCI etherate (119 mL, 119 mmol) at O °C. The resulting suspension was stirred for

3 hours at 0 °C to water bath temperature under argon. The white suspension was filtered and
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the obtained solid was washed with ethy! acetate (80 mL). The solid was dried under vacuum
overnight.

[0433] A mixture of ["*C]-enriched uracil (crude 142 mCi, 2.73 mmol) and EtsNHCI (75 mg,
0.546 mmol) in POC1; (0.75mL, 8.19 mmol) was heated slowly at 130-140 °C in an oil bath for
2 hours. The resulting reaction mixture was cooled to 50-60 °C then added PCls (1.14g, 5.46
mmol) and POCI} (0.6 mL, 6.56 mmol) then stirred additional 1 hour at 50-60 °C. The POCl;
was removed by rotavap at 45 °C. Silica gel column chromatography (ethyl acetate : hexanes
(1:9) to ethyl acetate hexanes (3:7)) provided 0.261 g (90 mCi) of ['*C]-2,4-DCP with 99.9%
radiochemical purity by instant imager.

[0434] To a solution of K2CO3 (526.2 mg, 3.80 mmol) in water (1.6 mL, 6 volume) was
added isovaline-HCl (292.4 mg, 1.90 mmol). The resulting solution was stirred for 10 minutes.
A solution of ["*C]-enriched 2,4-dichloropyrimidine (11a**) (0.261g, 90 mCi) in isopropanol
(5.2 mL, 20 volume) was added dropwise at room temperature, and the resulting mixture was
heated at 85-90 °C for 18 hours. The mixture was then concentrated to 4 volumes, then 1IN -
NaOH (6 mL) and isopropyl aceate (6 mL) were added. The aqueous phase was separated and
the organic phase was extracted with 1IN NaOH (6 mL x 2). The combined aqueous layer was
acidified to pH = 3.0-3.5 using 6N HCl (aq). The resulting solution was extracted with
isopropyl acetate (15 mL % 3). The collected organic layer was concentrated to 3-4 volumes,
then 1IN HCl etherate (1.73 mL, 1.73 mmol) was added drop wise at 0 °C and stirred for 15
minutes. The organic solvent was decanted and the solid was washed with isopropyl acetate (5
mL x 2). The solid was dried under vacuum and obtained 360 mg of (R)-2-(2-chloropyrimidin-
4-ylamino)-2-methylbutanoic acid (2a**) with 70% radiochemical purity by instant imager to
provide (R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a**).

[0435] To a solution of KxCOs (0.557g, 4.02 mmol) and (R)-2-(2-chloropyrimidin-4-
ylamino)-2-methylbutanoic acid (2a**) in water (2.19 mL) was added acetone (4.38 mL), and the
resulting mixture was stirred for 5 minutes. 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-
tosyl-1H-pyrrolo[2,3-b]pyridine (0.641 g, 1.61 mmotl) and PPh; (31.6 mg, 0.12 mmol) were
added then acetone (4.38 mL) was added again. The reaction vessel was purged with nitrogen then
Pd(OAc): (9.8 mg, 0.04 mmol) was added, all at once. The vessel was charged with nitrogen
and the lid was closed tightly with sealed reactor. The resulting reaction mixture was stirred
at 75-80 °C oil bath fdr overnight. A half amount of solvent was removed by nitrogen
streaming at oil bath then added 2N NaOH (5.5 mL). The lid was closed tightly and the

mixture was stirred for 3 hours at 80 °C. The solvent was removed then added 1N NaOH (3
mL) to dissolve the solids in the reaction mixture. 6N HCI was added until a pH of 4.5-5.0

was obtained. The resulting reaction mixture was filtered on Sep-pék®vac 20 cc (5g)-C18
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cartridge and washed with acetonitrile (50): water (50). After purification, 0.884 g (58.8 mCi)
of ["'CJ-enriched (R)-2-methyl-2-(2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
ylamino)butanoic acid (3a**) was obtained with 85% radiochemical purity as measured by
instant imager.

[0436] To a solution of ['*C]-enriched (R)-2-methyl-2-(2-(1-tosyl- 1H-pyrrolo[2,3-
blpyridin-3-yl)pyrimidin-4-ylamino)butanoic acid (3a*%) (784 mg, 1.0 mmol, 52.13 mCi) in
dichloromethane (16 ml.) was added N,N-diisopropylethylamine (0.697 ml., 4.0 mmol). The
resulting solution was cooled to 0 °C, then T3P (50% wt in ethyl acetate, 0.656 mL,, 1.1
mmol) was added. After 5 minutes, trifluoroethylamine (0.381 mL, 5.0 mmol) was added
drop wise. The resulting mixture was stirred overnight at water bath temperature. Water (7
mL), 6N NaOH (8 mL) were added and the reaction was stirred for 5 minutes. The organic
layer was separated and the aqueous layer was extracted with dichloromethane (30 mL x 3),
dried over Na,SOy4, concentrated, and purified by silica gel column chromatography (MeOH
(50) DCM (50) to MeOH (10) : DCM(90)). It was dissolved in methanol (3 mL) and added
PL-BnSH MP-Resin (44 mg). The resulting mixture was agitated for 24 hours at room
temperature. It was filtered and rinsed the solid with methanol (1 ml) and evaporated the
solvent until dry. The white solid (around 140 mg) was dissolved in 1N HCI (3 mL) and
adjusted the pH 7.5-8.0 using 6N NaOH at room temperature. The resulting suspension was
stirred for 2 hours at 5 °C and obtained the white solid was rinsed with water (0.4 mL x 3).
Drying under vacuum provided 140 mg (19.5 mCi) of ["*C)-enriched (R)-2-(2-(1H-
pyrrolo[2,3-blpyridin-3-yD)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-
trifluoroethyl)butanamide (Ia**).

[0437] Example 10a: Preparation of Methyl 2-amino-2-methylbutanoate

[0438] 2-amino-2-methylbutanoic acid HCI salt (20g, 130.2mmol) was suspended in 150
mL methanol. A solution of HCL (4M in dioxane was added and the mixture heated to 50° C
overnight. The mixture was cooled to room temperature and evaporated to dryness under
vacuum. The resulting isovaline methyl ester (20g) was used without further purification.
1H NMR (300 MHz, DMSO) 6 3.78 — 3.64 (m, 1H), 3.61 (s, 3H), 3.54 - 3.41 (m, 1H),2.50(d,J=1.6
Hz, 1H), 1.76 (s, 2H), 1.66 — 1.35 (m, 2H), 1.17 (s, 3H), 0.77 (t, ] =7.5 Hz, 3H).

[0439] Example 10b: Preparation of Methyl 2-((2-chloropyrimidin-4-yl)amino)-2-
methylbutanoate

[0440] A 250 ml flask was charged with methyl 2-amino-2-methylbutanoate (8.4g,
54.4mmol), 2,4-dichloropyrimidine (8.9g, 59.8mmol), TEA(5.5g, 54.4mmol) and 80mL

NMP. The reaction mixture was heated to 80°Cfor ~18 hours. After cooling, water(300mlL.)
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was added and the mixture extracted with MTBE. The organic extracts were washed with
water and dried over sodium sulfate. Filtration and evaporation under vacuum afforded 13g
of an orange oil which was purified by flash chromatography, (0-100% ethyl acetate-hexane
affording 4.6g (34%) methyl 2-((2-chloropyrimidin-4-yl)amino)-2-methylbutanoate as an oil.
IH NMR: (CDCI13)d 8.05-7.88(m, 1H), 6.28(3,1H), 5.95(3, 1H), 4.2-4.0(\, 1H), 3.86(m,
1H), 2.46(m, 1H), 2.10 (m, 1H), 2.01(m, 1H), 1.72(m, 3H), 0.89(m, 3H). m/e, m+1 244.1
[0441] Example 10c: Preparation of Methyl 2-methyl-2-((2-(1-tosyl-1H-pyrrolo[2,3-
blpyridin-3-yl)pyrimidin-4-yl)amino)butanoate

[0442] A 500mL pressure vessel was charged with 80 mL. DME, 1-(p-tolylsulfonyl)-3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine (4.4g, 11.05mmol),
methyl 2-((2-chloropyrimidin-4-yl)amino)-2- methylbutanoate, (2.44¢g, 10.05mmol), sodium
carbonate (10mL of 2M aq solution, 20mmol) and degassed the mixture with a nitrogen
stream for 30 min.. Then, Pd(dppf)Cl, was added, the flask sealed and heated to 90° C for 15
hours. The mixture was cooled and filtered through Florisil. Evaporation under vacuum
gave 7.8g of a brown residue which was purified by flash chromatography, (0-80% ethyl
acetate-hexane affording 3.9g (81%) methyl 2-methyl-2-((2-(1-tosyl-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)amino)butanoate . 1H NMR(CDC13) 8.83(dd, 1H), 8.52(s,
1H), 8.44 (dd, 1H), 7.28 (dd, 4H), 6.27 (d, 1H), 5.29 (s, 1H), 3.74 (d, 3H), 2.38 (s, 3H),
2.34-2.15 (m, 1H), 2.18-2.00 (m, 2H), 1.98 (s, 2H), 1.74 (s, 3H), 1.34-1.17 (m, 15H), 1.03
(m, 3H). m/e m+1 480.25

[0443] Example 10d: Preparation of 2-((2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-
4-yl)amino)-2-methylbutanoic acid

[0444] Lithium hydroxide hydrate (1.9g, 45 mmol) was added to 50ml. THF and 15mL
water. Then 2-methyl-2-((2-(1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yDpyrimidin-4-
yl)amino)butanoate was added and the mixture was heated to reflux for 18 hours. The
reaction was cooled to rt and and 50mlL. 1M citric acid solution was added. The mixture was
extracted with 3x100mL ethyl acetate where upon a white precipitate formed in the aqueous
layer. The product was then filtered from the aqueous layer and dried under vacuum
affording 1.6g (68%) 2-((2-(1H-pyrrolo[2,3-b]pyridin-3-y)pyrimidin-4-yl)amino)-2-
methylbutanoic acid as white solid. 1H NMR(300MHz, MeOD) 8.87 (dd, 1H), 8.32 (m, 2H),
7.94 (d, 1H), 3.31(m, 3H), 2.80 (q, 1H), 2.29-1.95 (m, 2H), 1.68 (s, 3H), 0.96 (t, 3H). m/e
m+1 =312.22.

[0445] Example 10e: Preparation of 2-((2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yDamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide
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[0446] A 100mL flask was charged with 2-((2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-
4-yl)amino)-2-methylbutanoic acid (1.6g, 5.14mmol), 20mL DMF, HOBt (243.1mg,
1.8mmol), EDC (1.18g, 6.17mmol) and 2,2,2-triflucroethanamine (450uL, 5.65mmol). Stir
at it ~18 hours. 75mL water was added and the mixture extracted with 3x 100 mL. MTBE.
The combined organics were washed with water, brine and dried over sodium sulfate. The
solution was filtered and evaporated under vacuum affording 1.1g (54%) of a pale yellow
solid which was pure racemic 2-((2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-2-
methyl-N-(2,2,2-trifluoroethyl)butanamide.

[0447] Example 10f: Preparation of (2s)-2-methyl-2-[[2-(1H-pyrrolo[5,4-b]pyridine-3-
yllamino]-N-(2,2,2-trifluoroethyl) butanamide

[0448] The racemic mixture of 2-((2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide from the previous step was separated
into the two component enantiomers using SFC chromatography to give as the pure
enantiomer, VRT-1071001-1; (2s)-2-methyl-2-[[2-(1H-pyrrolo[5,4-b]pyridine-3-yl]amino]-
N-(2,2,2-trifluoroethyl) butanamide. 186.7mg(16.7%). 1H NMR (300 MHz, MeOD) § 8.82
(dd, J = 8.0, 1.3 Hz, 1H), 8.22 (dd, ] =4.7, 1.3 Hz, 1H), 8.19 - 8.04 (m, 2H), 7.22 (dd, ] =
8.0,4.8 Hz, 1H), 6.42 (d, J = 5.9 Hz, 1H), 3.98 - 3.59 (m, 2H), 3.38 - 3.24 (m, 3H), 2.22 (dq,
J=15.0, 7.5 Hz, 1H), 2.03 — 1.80 (m, 1H), 1.62 (s, 3H), 1.01 - 0.82 (m, 3H). m/e
m+1=393.36
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Claims:

1. A process for preparing a compound of Formula 1:
O\>§L
1 B-©
R
7~ I N\
\N N
Ts
1

or a pharmaceutically acceptable salt thereof, wherein R! is -H, -Cl or -F; comprising the
steps of:
iva)  reacting a compound of Formula 5 with bromine in an organic solvent to

generate a compound of Formula 6:

R _ - _ Br
[ B
\N N‘ \N N\
H H

5 6

va)  reacting the compound of Formula 6 with p-toluenesulfonyl chloride to

generate a compound of Formula 7:

; Br
R
z | N\
\N N
Ts
7

vi) reacting the compound of Formula 7 with triisopropyl borate, in the
presence of an organic solvent and a strong lithium base to generate a compound of

Formula 8:

HO
B-OH
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vii)  esterifying the compound of Formula 8 with pinacolate alcohol in an

organic solvent to generate a compound of Formula 1.

2. The process of claim 1, wherein the organic solvent in step iva) is an aprotic
solvent.

3. The process of claim 2, wherein the aprotic solvent is dimethylformamide.

4. The process of any one of claims 1-3, wherein the reaction in step iva) is performed

at a temperature of about -5 °C to about 30 °C.

S. The process of claim 4, wherein the reaction of step iva) is performed at a

temperature of about 0 °C to about 10 °C.

6. The process of any one of claims 1-5, wherein the reaction of step va) is performed

in the presence of sodium hydride.

7. The process of any one of claims 1-6, wherein the reaction of step va) is performed

at a temperature of about 0 °C to about 30 °C.

8. The process of claim 7, wherein the reaction of step va) is performed at a

temperature of about 5 °C to about 25 °C.

9. The process of claim 8, wherein the reaction of step va) is performed at a

temperature of about 10 °C to about 20 °C.

10.  The process of any one of claims 1-9, wherein the strong lithium base of step vi) is

n-butyl lithium.

11. The process of any one of claims 1-10, wherein the reaction of step vi) is performed

at a temperature of about -100 °C to about -70 °C.
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12. The process of claim 11, wherein the reaction of step vi) is performed at a

temperature of about -90 °C to about -80 °C.

13.  The process of any one of claims 1-12, wherein the organic solvent of step vii) is a

halogenated hydrocarbon.

14.  The process of claim 13, wherein the halogenated hydrocarbon is dichloromethane

or dichloroethane.

15.  The process of any one of claims 1-14, wherein the esterification reaction of step

vii) is performed at a temperature of about 0 °C to about 60 °C.

16.  The process of claim 15, wherein the esterification reaction of step vii) is

performed at a temperature of about 10 °C to about 40 °C.

17.  The process of claim 16, wherein the esterification reaction of step vii) is

performed at a temperature of about 20 °C to about 30 °C.

18. A process for preparing a compound of Formula 1:
N
1 50
R
Ts
1

or a pharmaceutically acceptable salt thereof, wherein R' is -H, -Cl or -F; comprising the
steps of:
ivb)  reacting a compound of Formula 5 with p-toluenesulfonyl chloride to

generate a compound of Formula 9:
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g8 g8
H Ts
5 9

vb)  reacting the compound of Formula 9 with N-bromosuccinimide to generate

a compound of Formula 7:

. Br
R
\N N\
Ts
7

vi) reacting the compound of Formula 7 with triisopropyl borate, in the

presence of an organic solvent and a strong lithium base to generate a compound of

Formula §:
HO
B-OH
R1
Ts

8 ; and

vii)  esterifying the compound of Formula 8 with pinacolate alcohol in an

organic solvent to generate a compound of Formula 1.

19. The process of claim 18, wherein the reaction of step ivb) is performed in the

presence of sodium hydride.

20.  The process of either of claims 18 or 19, wherein the strong lithium base of step vi)
is

n-butyl lithium.

21.  The process of any one of claims 18-20, wherein the reaction of step vi) is

performed at a temperature of about -100 °C to about -70 °C.
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22. The process of claim 21, wherein the reaction of step vi) is performed at a

temperature of about -90 °C to about -80 °C.

23. The process of any one of claims 18-22, wherein the organic solvent of step vii) is a

halogenated hydrocarbon.

24.  The process of claim 23, wherein the halogenated hydrocarbon is dichloromethane

or dichloroethane.

25. The process of any one of claims 18-24, wherein the esterification reaction in step

vii) is performed at a temperature of about 0 °C to about 60 °C.

26.  The process of claim 25, wherein the esterification reaction in step vii) is performed

at a temperature of about 10 °C to about 40 °C.

27. The process of claim 26, wherein the esterification reaction in step vii) is performed

at a temperature of about 20 °C to about 30 °C.
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