PROCESSES AND | NTERVEDI ATES FOR PRODUCI NG AZAI NDOLES CROSS REFERENCE TO
RELATED APPLI CATI ON [0001] The present PCT Application clains the benefit
of U S. Appl2osawsen Serial No. 61/504, 351, filed on Jul yCh/US2€20454and U. S.
Application Serial No. 61/636,296, filed on April 20, 2012. Each of these
applications is hereby incorporated by reference in its entirety. TECHN CAL
FI ELD OF THE | NVENTI ON [0002] The present invention relates to processes
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[ 0004] Conpounds describ f n ticularly the JAK
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pr epar at |s@éhn@§ub§tﬁﬁé‘s€bf%m%ﬂaﬂﬁly off RiRARs [neRBE S shaweMasducd an@edivh©rF of
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present invention provides a process preparing a conpound of Formula I:
| or a phapiPlaeIpiacEe Ifeupawihirdpitis agazptronhnreha@@ﬁ scleggpay @ldrimyplp sclerppis - O or
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incorporated herein by reference. 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:



R1B---"C) _ I /| NTs 1 in the presence of water, an organic solvent, a
base, and a transition netal catalyst to generate a conpound of Fornula I.
[ 0007] | rweans/®@edsadi nents, the organi c sol vent of stepPCY/US301A04HPT Ot i C
solvent. For exanple, the aprotic solvent of step i) is acetonitrile,

tol uene, N, N-di nethylformam de, N, N-di net hyl acetam de, acetone, nethyl
tert-butyl ether, or any conbination thereqgfs. [0008] In sone enbodi nents,
the organic solvent of stepi) is a pp@kge“ sbrfent . For exanple, the protic
solvent of step i) is an al cohol sel tedﬂ—f—r\(om met hanol , propanol,

i sopropanol , butanol, tert-butanol ,//’g‘%-aNy conbi nation thereof. [0009] In
sone enbodi nents, the base of step Ns En inorganic base. For exanple,

t he inorgani c base of step i)R! ifses tripotassi um phosphate, dipotassium
hydr ogen phosphate, di potassium cdfrbdnate, di sodium carbonate, trisodi um
phosphat e, di sodi um hydrogen pRQ te, or any conbination thereof. In

ot her exanpl es, the inorganic base i step i) conprises an al kali netal
hydr oxi de such as NaOH, KOH, or any cambination thereof. [0010] In sone

enbodi ments, the transition pnetal cafalyst of step i) is,a palladium
cat al yst OF FBRATBRGHIFEY af‘FFBtaBlﬁlsﬁléﬁ‘Fﬁ’Hﬁg’ QRPN s df- 'E% %‘%o‘Fi 1}2 1&01%91? ils&s1S
pal | adi ung] J JipaaicalpBondigkimkivedtwiiphe BydupBRep b RE RPal -CadiikBlienally

tris(di benzyl i deneacet one) di pal | adi u;r(@g% , Or any conbination thereof. In
ot her i myPsHEtdaritohd ocquringsapf Raruk s asiakqngograhsfodosd 2 situ, and t he

reacti on nQimt3tc@RaibbeyREE B Retdrbbyb REsaRERSERSLRbn ARG RIENGIH 1 gand (e. g.,
tri phenyl phosphi ne?25 And i n other exanples, the palladiumcatal yst of step
i) conpr jos@grences of R; each R ighdepqpdently selected from halogen, -OCH3, -OH, -NO»,

-NH,, -SH, -SCHj3, -NHCH3;, -CN, or unsubstituted -C;, 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;3 or -(CH3),CR3 wherein each R is independently -H or -F;
comprising the step of: 1) reacting a compound of Formula 1 with a hydrochloride salt of a

compound Formula 2

= | A\ N N\ 0
\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] In 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 tert-butyl ether, or any combination thereof.

[0008] In some embodiments, the organic solvent of step i) is a protic solvent. For
example, the protic solvent of step 1) 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
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[0011] In sone enbodi nents, the reaction of step i) is perfornmed at a

t enper at ure between about 50 C and about 110 C (e.g., between about 60 C
and aboutwO200/ms63bet ween about 70 C and about 80 C.) [PODABRROIRM4TONE
enbodi ments, the reaction of step i) is perfornmed with agitation. For
exanpl e, the reaction is perfornmed in a vessel containing a stir bar or

m xer thgho@@htt &ir@ﬁy Edibife@iB R tHeRIdT. MYk BxanlpRA1BE inofbafiRMRseaiTRRPiTENt S, the
reaction of step ]é occurs in about 17 hours. [0014] In sone enbodlnents

t he reacFP@H“%$a%ﬁ ﬂlmfm]@@gﬁéﬁﬁu§WWﬁﬁgﬁbﬁgpé(Fﬁnbﬁﬁﬂ¥m@0ﬂgﬁﬁ§ [0015] In
some enbgh1erNR sorhdEmbRARE DO heUanSiti§Pmbohl data1BPOULe Qﬁﬁﬁiﬁﬂﬂmﬁﬁ@nﬂ (about 17
hours. [0016] O her enbodi nents further conprise tﬁe steps of: |
deprotecﬁbﬁ@mamkbﬁﬁéﬁ%%mﬁmC?@V%ﬂfﬁqBﬂP@m@@ﬁ%P%PémHK%Bﬁﬁﬁﬁnd of Formula 4:

R2 R3 R4 CH u f Formul a
4 wi th B R B A SO o vent 1 0
gener at e combingampberpef- éfiOtF@frlmnlealentam[)IGOtWPalladlugmﬁtalléﬁb@éil%m B sitgtep ii)
conpri se I presence of a base.
For exampls TRy AL AT oQps N GRTPAYBI AL, FRL it el 5, P e o
exanplestHMheﬂpmmﬂganl@nbaseh@ﬁm@npbsnmmwﬂah@ncamkakfsmpbabmpyﬁ$oxide such
as NaOH, KCH or any conbi nation thereof. [%;if] I n sonme enbodi nents,

HNR6R7 is 2,2,2-trifluoroethyl am ne. [0019] sonme enbodi ngnts, the
reaction o ep iii) IS<Q§> dint of an or i
sonme exanpl org- & Ra
For exanp®- rti. i

f step ises a
N, N—dllsopropf\etaylanl €, P@#ﬁylanln- or awy conblnatfon thﬁp@bf

se. In
a m ne.
ne of step || r|ses

L?ggg}an §one agﬂ;dr t eccoupll z:>} step i coppreises
HaC
:::j/N‘CH3
HsG i!|s[i;i::j /J::] / 5 _4(
HaC P \ﬁwﬁ' \ .Cl <:>VP’(\

. Pd
cl |
Q P/ P/ . Q Fe Pal

@@ >( @ H3C/N\CH3 QRP / Cl

@\P% ° < S \O
Z\ , or , or any combination thereof.

[0011] In some 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.)



[ 0021] In sone enbodi nents, the organic solvent of step iii) conprises a
hal ogenat ed hydrocarbon, an al kyl substituted tetrahydrofuran, or any

conbi nat iwo 20t3e0eft. For exanpl e, the organi c sol vent oPCIIUSPO1R2I0NI31
conprises an al kyl substituted tetrahydrofuran such as

2-methyl tetrahydrofuran. In other exanples, the organic solvent of step
i11) conpeo1ees I3 shad ageiuahafks, medeRaas M&psyﬁ@eﬂ&nﬁﬂﬁmﬂh@gﬁz{@hhﬁ&e or

di chl oroet hane. [0022] Some enbodi nents further conprise the steps of:

i va) realkimpRje: éhec@ﬁ%’(‘?ﬁh%PeémePfdlrlﬁﬂlVéSSSl SRRPRINSrAGHT RY oF MU thet spidics tI§’o| vent to
gener at e ;g ceippund of Formula 6: Br 56 va)reacting the conpound of
Formula 6 with p-tol uenesul fonyl chloride to generate a conpound of Formula
7: Br  T40043] yily soragembadgmentie thegpgstomef & iFenchislimabpuid T 0ues i i sopr opyl
borate. ijgoife (RLGREARR AN 1RIERILEoSANPRLANoR ce;ngeeqn hhdfisum base to
generate a conpound of Fornul'a 8: OH ;| VI i sterifying the
conpound heflrSForrmI a 8 with pi nacol ate aI cohol |n an organic solvent to
gener at e §Egg conprise
t he step ?HHREWr%Ié%{%gwéﬁlgé%égﬁﬁep b&{@@% Cgﬁpﬁ&&%{% uZ?lesul f onyl
chl ori dehbmrsgenerate a conmpound of Formula 9:

[0016] Other embodiments further comprise the steps of: ii) deprotecting a compound of

Formula 3 to generate a compound of Formula 4:

R2 R3 R4 OH
W‘S,N\ 0 /l/%,N Y
R? =N
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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 I.

[0017] In some 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
example, 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.



RIWI \ I NN ,-NNI, HIs 59 vb) reacting the conpound of Fornmula 9 with

N- br onosucci nim de to generate a conpound of Fornmula 7: Br Ts 7 Vi)
reacti ng wheosawpaand of Formula 7 with triisopropyl boraraS2012/083181
presence of an organic solvent and a strong lithium base to generate a
compound of Fornmula 8 HO 1 B-OH 8; and vii) esterifying the conmpound of

Formul a o021 h PhiRasMbaihRndlieeRetortisa heQicgadt: va$ RaManta dompgaierat e a
conmpound of Forrmula 1. [0024] Sone_ enbodi nents further conprise the step
of 1 viii dPPdad tiiRdromide HysHKERnHT SOBERIT ReheIde 2 gt oRprmalad: - c14 al kyl |
wi th a conpound of FornuI%vllz " Br
1SS R G
\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:

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

R’
\E%iﬂi<>
N N

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 § with p-toluenesulfonyl chloride to generate a compound of Formula 9:
1
R~ | R’ |

N\ 7NN
NT N SNTN
H T

NS

s
5 9

s

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

of Formula 7:



R2 R4 NH2 COOR8 10 in the presence of an organic base and an organic C
sol vent to generate a m xture conprising a conpound of Fornula 12 and a
conmpound W 2pwaed3a 13: R2 R3 RAR3 R4 [ 0025] Sone enipotiusesizo434art her
conprise the steps of: ixa) deprotecting the conpound of Fornmula 12 and the
conpound of Forrmula 13 in the presence of an inorganic acid to generate a

m Xt ure GHMctifg MY campOMROH PEnRila FRItAi®pLopaNbrae GRIRPHREnRHf hor nul a 14: R2
R3 R4R3 R4 X- CORHN Y-CO2H N, N HR2

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

HO
1 B-OH
R
NS
N~ 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 -Cy4 alkyl, with a compound of Formula 11:

P e
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 R® R* RS R
//\y Y-Co,R® N Y-CO,R®
N N, A SN,
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® R4
¥-COoH N Y—COH
NN A YN
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 the hydrochloride salts

of the compound of Formula 2 and the compound of Formula 14; and



Cl 214 xa)reacting the m xture conprising the conmpound of Formula 2 and the
conpound of Fornula 14 with HCl1 in the presence of an organic solvent to
gener at e wbheotsyseahl ori de salts of the compound of For mulraiS201andssthe
conpound of Forrmula 14; and xia) recrystalizing the m xture of the
hydrochl ori de salts of the conpound of Fornmula 2 and the conpound of

Fornmul a k)t or@BRANAhS tHe @ xdydit el yardcaiBrigadalts 6f thé bengRmPpetngmafa 2~or mul a 2.

[ 0026] Sone alternative enbodi ments further conprising the steps of: viiib)
react i ng 284 BscpERrHRdOf Fergpoky J4to genegite e hydrgehlorideplt o ‘g'e sOBRAMPt ghd of
Formul a ¥ dabhe presence of a solvent and a base to generate the conpound
Formula 2: R2 CI | NNR R4 | CIN-12COON 1115; and ixb) reacting the
conmpound [M26fo Seniealtomgiverpmbodinegts dasr gareprisiig s/ dens ORI Ve deecdrd @ of t he
conpound CglfnggLﬁllargfj k@rnfla § CORH ) e]Lc'iH ST 2 CoROI AP FGmut s iQﬁﬁ%é&Enc%to?Q_ viiib)

. : n .
is an inorgani c base selected fromtri potassi um phosphate, di potassium

hydr ogen spliers phdit base ¢h gracashaennaepbheanela i sodi um car bonate, trisodi um
phosphat e, di sodi um hydrogeg, phosphate, or any conbination thereof. [0028]
I n sone enbodi nents, the soljvent of step viiib) conprises water. [0029] In
some enbodi ments, the sol venty of step vii i,b) further conprises an al cohol
sel ected from net hanol, e |, propanolR '%“o-propanol , butanol,
tert-butanol, or any combination thereqfy In some enbodi nents, the

reaction of step viiib) is g'erforrred at & tenperature of fromabout 70 Cto
about 120 C (e.g., 80 Cto

bout 100 C). [®#831] ;The present invention al so
provi des i)?b) %a%gr?gs t?le Lgri’lp(gll;lg g?lg(irgl%laaZ \%i%?ﬁ%&ltrg)dger?gratlé(t)ﬁ’erﬂslzld%cﬁ:oride 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:

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 -Cj- 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

7



4 wherein RL is -H,

- or -F;, Ris -Hor -F
optionally substituted with 1-5 occurrences of
opt i onal Iwo=ot3swsd3ut ed wi th 1-3 occurrences of R5; or
together to forma 3-7 nmenbered carbocyclic or
optionally substituted with 1-5 occurrences of R5;

R3 is -Cl4 aliphatic

R5; R4 is -G _2 al kyl
RBCAru$2034/083481 t aken
het erocyclic saturated ring
each R5 is independently

sel ect ed nhtog, @@Hpg@H, NCGXCHR,, =$PL-SENO2NHENEZCN; SHinsobsfiddd -¢NHCH3, - CN,  or

unsubstituted -Cl1-2 phatic, or two R5

to whi ch afiplaajic 4 SV a Rt &@H@dtog?th?w%l By By

ia) reastb
conpound ornula

R’ O
Ts

groups, together with the carbon

tgpYchitheygpre atiichsd &YMg t he st ep

nﬁg%mﬁﬁkﬁﬁg s e OF: M Baclin¥h bngoully OF BRI dgn sal t of a
In the presence of water,

base, andlY@\foﬁde%ialﬁﬁff(mp%&‘ﬂ Eopsda Bel ected from

an organic solvent, a
, N- CH3 H3C

4

R? R3 R* OH
I N—N ©
7§N H
Cl
2

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

Qo0 £0 o

. e Pd?
=< © <i:>\\ /[ °
oGO O

SO

/ Cl

@/F’

B B

Pd’ Pd”
/ Cl Q\ / -
R R

\
/o —
R O —P\
Fe Pd :CI
<~ ©

Cl
= 50
7L , or any combination thereof,

to generate a compound of Formula 3, and



to generate a conmpound of Formula 3, and ii) deprotecting the conpound of
Formula 3 to generate the conpound of Formula 4. [0032] In sone

enbodi nernwe,20t3mweergani ¢ sol vent of step ia) is an al colralr/USE@r/0e3d9anpl e,

t he al cohol of step ia) is selected from nethanol, ethanol, propanol,

i sopropanol, butanol, tert-butanol, or any conbination thereof. [0033] In
sonme enbodi ments, the base of step ia)xis fndporgani c base. For exanpl e,
the inorganic base of step ia) is an KA tal hydroxide such as NaCH,
KOH, or any conbination thereof. [00BANA4N S enbodi nents, the reaction
of step ia) is perforned at a tenpel e tbet ween about 50 C and about 110
C (e.g., between about 60 C a out/ 95 C or between about 70 C and about
80 C). [0035] In sonme enbodi nmen IS AY ia) is performed with agitation.
For exanple, the reaction is pe d in a vessel containing a stir bar
that agitates the reaction m xture. [f036] In sone enbodi nents, the
reaction of step ia) occurs in about 17 hours. [0037] In sonme enbodi nents,
the reaction of step ia) is about 86% conplete in about 5 hours. [0038] In
sonme enbaldepokaingtivecongadcid @ifoahuls Bepgdnadatd the edmpviin®8Pb@mnfaldet e i n about

17 hours. 3 I n sone. enbodi nents, the deprotection of step ii) is

per f or mecﬁmk’%?t ﬁh S‘BP%%‘BW@&“%‘FS@G e 5P e%)?ré “granpt C,Oh?lhﬁb%fg“glph% step ii)
I's an i NakQadihel a6 ia)liNsedichidrroaxasphes, ctHah€, poPmgRMopropa®e bafanslt ep i) is
an al kali netal hydroxi de such as_KOH, NaOH, or any conbi nation thereof.
[0040] SOFEPERNGIT ARNTERA PR bpri se the steps: viiib) reacting a

conpound [g¥33FOrAYdiAe dikbdlithéht@hedatcbsab ia)@f arfinG@MOVRE. Pér k@NpM]@e 15 i n the
presence of a solvent and a base to generate the conpound Formula 2 C R4

NH COOH 1mpreadifcbapspfystepdalis phefkilhBeiadinderils sueh asvail K Lyiramy HCL to

gener at e Lhginhysraghiori de salt of the compound of Formula 2. [0041] In
sone enbodi nents, the base of step viiib) is an inorganic base selected
from tri peA3dssilorephesiidanents, dicpetchesolisapighs pgénmphaisyhapeauli pot assi um
car bonat .. fll. 5 a0 géﬁ%aﬁtﬁlqo% '(é%?ﬁe%@%%g?ﬂ{aﬁatoé andhiRAAb 45 [y dr ogen

phosphate, or any conbination there n sonme enpbodi nents, the
sol vent dktvetepbont 70 1) arclotrputiS89€€) . wat er .

[0035] In some embodiments, step ia) is performed with agitation. For example, 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



[0043] In sone enbodi nents, the solvent of step viiib) further conprises an
al cohol selected from net hanol, ethanol, propanol, iso-propanol, butanol,
tert - but amol2p13006@ay conbi nati on thereof. [0044] | n someCemisodizmesiss, the
reaction of step viiib) is perfornmed at a tenperature of fromabout 70 Cto
about 120 C (e.g., fromabout 80 C to about 100 C). [0045] The present

i nvention also provides a prpcess for preparing a conpound of Formula 1:

or a pharmaceutically acce blce salt thereof, wherein RLis -H -d, or

-F; conprising the steps df: Iva) reactiqg qgconpound of Formula 5 with
bromine in an organic sol YemNto generate onpound of Fornula 6: Br 56
va) reacting the conpound of, Formul a 6 wthgodpl uenesul fonyl chloride to
generate a conpound of For La 7: Br Ts VI) reacting the conpound of
Formula 7 with triisopropyl "borate, in the Breseﬁe@ of an organi c sol vent

f‘”d a_st ;ﬁggeéchﬁé‘ﬂh%' R bPRIGRETALfh ACERRAYAL 1@l FRLAMlR i offfle! B-OH .

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

[0043] 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.

[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 -0
R
\N N\
Ts

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
“
N

N

N\ TN
N SNTTN
H H

5 6 .
va) reacting the compound of Formula 6 with p-toluenesulfonyl chloride to generate a

compound of Formula 7:

10



vii) esterifying the conmpound of Fornula 8 with pinacolate al cohol in an
organi c solvent to generate a conpound of Fornmula 1. [0046] In sone

enbodi mrerwe,20t¥mweengani ¢ sol vent of step iva) is an apr@Crassakwesst For
exanpl e, the aprotic solvent of step iva) is dinethylformam de. [0047] In
sonme enbodi nents, the reaction of step iva) is perfornmed at a tenperature
of about -5 Cto about 30 C (e.g., about & C to about 10 C). [0048] In sone
enbodi nents, the reaction of stepRi i erformed in the presence of
sodi um hydri de. [0049] In sone enbodqi mgnt®, the reaction of step va) is
performed at a tenperature of about C to about 30 C (e.g., about 5 Cto
about 25 C or about 10 C to about 20 C). [%0050] In some enbodi nents, the
strong lithiumbase of step vi) is n-butyl .lithium [0051] In sone

embodi nents, the reaction of step vi) is performed at a tenperature of

about - 100 rexcting hbsompounpd o ¢rawdp 7 wigh giitopragl rate indwwrese® ofyn [ 0052] I n
sonme enbod] t el b of .ogenat ed

nydr ocar o Tegy e T AR HGuR D ke Skd p BN S0 ) i

di chl or omret hane or dichl oroet hane. [00§3]. In some enbodi nents, the
esterification reaction in step vii) i® perforned at a tenperature of about
0 Cto about 60 C (e.g., about \about 40 C or about 20 C to about 30
C). [0054] In sone enbodi nents, t ound of Formula 5 is selected from
Il ¢ / 1 NN,NN, HH 5a5b 1H pyrroMNo[ %B-b]pyridine (5a) or

5-chl oro- 1H-pyrrol o[ 2, 3-b] pyri di ne Qﬁb)? [ 0055] In sone enbodi nents, the
conpound of Formula 6 is selected fromBrBfa®™ |1 i-iH

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

generate a compound of Formula 1.

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

[0047] In some embodiments, 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 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).

[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 0 °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
Cl
Z | A\ Z | A\
H H
5a 5b

11



6a6b 3-brono- 1H pyrrol o[ 2, 3-b] pyridine (6a) or

3-brono-5-chl oro-1H pyrrol o[ 2, 3-b] pyridine (6b); the conmpound of Fornula 7
i s sel ectwo2braonoe®a Cl |1 TsTs 7a7b PCT/US2012/045431
3-brono-1-tosyl- 1H pyrrol o[ 2, 3-b] pyridine (7a) or

3- brono-5-chl oro-1-tosyl- 1Hpyrrol o[ 2, 3-b] pyridine (7b); the conmpound of

For mul a §H-gyref)| 28 g i MF4Or 8 ch BrdH1 Byfblo[2,3-b]pyridine (5b).
1-tosyl-1H i;rrol o[ 2, 3-9%]5Ryri di n- 3-yl boroni c aci d (Sa% or
5- chl or 014055bs 1 sape gR)pqdgngtss thy copppndi dFAmels e sorlsre'aRi d (8b); and the
conpound of Forrmula 1 is selectedrfrom Br

3-(4,4,5,5-tetramet hyl-1, 3, 2=di okabor ol &t 1-tosyl- 1H pyrrol o 2, 3- b] py
ridine (la) or 1B N

5-chl or o- 3- (4, 4, 5, 5-t et ramethy TN, 3, 2- di oxa foNan-2-y1)-1-tosyl-1H pyrrolo
[2,3-b] pyridine (Ib). [0056] TheHpresent inventitbon al so provi des a process
for preparing a conpound of Fobarul a 1: 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
Cl
NS NS
NT N N~ N
Ts Ts
Ta 7b

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

\g-OH \5-OH
cl

g8 g8

NS

N“ N SN7 N
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-0O -0
Cl
NS NS
NT N N“ N
Ts Ts
1a 1b

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 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



or a pharmaceutically acceptable salt thereof, wherein RLis -H -d, or
-F; conprising the steps of: ivb) reacting a conpound of Forrmula 5 with
p-t ol uenewolzbpbedahl ori de to generate a conpound of FoPeWts2@2/045481 HTs 59
vb) reacting the conmpound of Formula 9 with N-bronosuccinimde to generate
a conmpound of Forrmula 7: 7 wvi) reacting a conpound of Fornmula 7 with
triisopropyl borate, in the presence of\ An organi c sol vent and a strong
l'ithium base to generate a conpound of\bgifula 8: HOg-OH N1 Ts 8; and
vii) esterifying a conpound of Fornula t h pinacol ate al cohol in an
organi c solvent to generate a cogpouynd ¢f Fornula 1. [0057] In sone

enbodi nents, the reaction of step /Vb performed in the presence of
sodiun1hydride [0058] In some enb ts, the strong lithium base of step
vi) is n-butyl lithium [0059] In sone ggbodi nents, the reaction of step
vi) is perfornmed at a tenperature of @about -100 C to about -70 C (e.g.,
about -90 C to about -80 C). [0060] In some enbodi nents, the organic

sol vent Q&a%Bﬁﬁm&hh&m&%a%pﬂﬁk@@?@@&@ﬂwm&QEQQQEQ@ncﬁ%Pﬁ?%&nﬁﬂymﬂﬁethose

hal ogenat ed hydr ocar bons describ her ei n.
steps of: ivb) reacting a compound of Formula 5 with p-toluenesulfonyl chloride to generate a

compound of Formula 9:

R'] 1
\N N‘ \N N‘
H Ts
5 9

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

of Formula 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
1 B-OH
R

/|\

NS

NT 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.

[0057] In some 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



[0061] In sone enbodi nents, the esterification reaction of step vii) is

performed at a tenperature of about 0 C to about 60 C (e.qg.,

about 10 Cto

about 40 woan13abewst 20 C to about 30 C). [0062] |In sonePerusdimmiss] the

conmpound of Forrmula 9 is selected fromCl Il N-N,..---- NN,

1-tosyl- 1H pyrrol 0112, 3- bl pyri di ne (9a) or

TsTs 9a%9b

5- chl or o{dog0ps Yia sdifit éhﬂdeﬂhQits? th% d@éaﬂ%rsbﬂfbﬁt&)f 6P ¥ii) it BaalcTRRUAISEartc@r mul a 7

is selected fromBr / 1 1|,

3 br ono-
3- br ono-
For mul a

PUghas iy ﬁmwﬂﬂﬁ@g%azﬂd@y%qoﬁww idpgeriperbhyeredp.

gﬂ(fdﬂ OMR3dind QfdoHinkdARY [He%lst‘@ﬁgca%()@fdaé’t[dn@f Qt%p Qﬂm perffdific@ @OUNd of

is selected from HOHO °
temperature of about 0 °C to about 60 °C (e <., 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
Cl
Ty T
NS NS
NN N“ N
Ts Ts
9a 9b

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
Qe IR &
Ts
Ta 7b

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 ‘g-OH
Cl
g8 g8
Ts Ts
8a 8

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-0
Cl
Ts Ts
1a 1b

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 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).
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8a8b 1 -to syl- 1Hpyrrolo 112,3-bl pyridin-3 - ylboronic acid (8a) or 5
-chloro-1 -to s yl- 1Hpyrrolo 2 ,3- blpyridin-3-ylboronic acid (8b); and
t he conpowodowsiookennula 1 is selected fromY------- 0/ 'PC3AUSAI2045438Ts | al b
3- (4 ,4,5 ,5 -tetramethyl-1,3 , 2-di oxaborol an-2-y1)- 1 -tosyl-1H pyrrolo
12 ,3 -bl pyridine (la) or 5-chloro-3- (4,4,5 ,5 -tetranethyl-1,3

, 2- di oxalpeges} anthd pre¢dnt invintidnQil prdviddshaPYdce®|6r frépading BeMpduill BEFdri)a

[ 0063] The present invention also provides a process for preparing a
conmpound %f Formula 2: Cl 2 wherein RR is -Hor -F, R3 is -Cl4 aliphatic
optionally substituted with 1-5 OCCHfFQﬂCQ§4Of R5; R4 is -C _2 alkyl
optionally substituted with 1-3 occ r R s of R5; or R3 and R4 are taken
together to forma 3-7 nmenbered car clit¢ or heterocyclic saturated ring
optionally substituted with 1-5 remces of R5; each RS5 is independently
sel ected from hal ogen, -OCH3, -OH,/ -NO2, -NH2, -SH, -SCH3, -NHCH3, -CN, or
unsubstituted -C _2 aliphatic, oﬁjtmn R5 groups, together with the carbon
to which they are attached, forma cycl opropyl ring; conprising the steps:
villa) reacting a conpound of Fornmula 10, wherein R8 is a -Cl4 alkyl, with
a conpoundefn Kois Atdloa-T1 R? is -B4u aliphatic optionally substituted with 1-5 occurrences of R”;

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 halogen,
-OCH3;, -OH, -NO», -NH,, -SH, -SCH3, -NHCH3;, -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: viiia) reacting a compound of Formula 10, wherein R® is a -C; 4 alkyl,

with a compound of Formula 11:

R2
e
R? R N _N
NH{><¢OOR8 ?;
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 -COR®
N N A SN,
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:

15



NH2 COOR8 10 in the presence of an organic base and an organic O solvent
to generate a mxture conprising a conpound of Forrmula 12 and a conpound
of For nulwOD2813/(8@63R3 RAR3 R4 Y- CO2R8Y- CO2R8 N, HR2N H ECTIUS:@284§46064]
Sone enbodi nents further conprising the steps of: ixa) deprotecting the
conpound of Forrmula 12 and the conmpound of Formula 13 in the presence of an
I norgani c acid to generatpgz &3mxture conpri si ngr3agriconpound of Formula 2 and

a conmpound of Formula 14; V\QLEGHQB/ 006634P MUSZ)@&:.%2945431 R2 R3 RAR3 R4
Y-CO2HN ) 7-002H NsN ' \y—N I SN,
H

N7§N H RZ"N\=N
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

HsC HsC
S)QCHQCH3 SXCH3
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

F
N__N N_-N
. N
Cl Cl
11a 11b

2,4-dichloropyrimidine (11a) or 2,4-dichloro-5-fluoropyrimidine (11b); the compound of
Formula 12 is selected from

CH,CH; F HsC CHs

H:Carcoo-Bu ¥-C00-Bu
NN ///S>N

N Y N 4

7§N 7§N
Cl 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,CHg HaC_ CHj
NT3C~—coo-Bu N -COO-Bu

R e
=N H F —=N H
Cl Cl
13a 13b
16



HR21-1 CICl 214 xa) reacting the m xture conprising the conpound of Formul a
2 and the conmpound of Fornula 14 with HClL in the presence of an organic

sol vent twogersewedde@ hydrochl oride salts of the conpoundPpofi/uSermoka32 and

t he compound of Fornula 14; and xia) recrystal izing the m xture conprising
the HCl salts of the compound of Fornula 2 and the conpound of Fornmula 14

to gener E@Rptehhﬁtﬁxzdmﬁm@&hﬂlﬁmsgl lan@ho)t D@cGOBP@HREE @Ba)er mul a 2. [0065] In
some enbodi rrents he corrpound of Formula 10 is selected from H3CH3C CH3

......... tgzt-u 2@#&? fesoropy BRidinaslanBne) R bEIPIIRIE: @ 3Ryt v

2- am no- %06@] hyth Bstheap@laenéntOak Bmpb@idtor Puinvlia £4 RRLIBQeLrdRt hyl propanoat e
(10b); the conpound of Formul a 11 I's selected from NNNN Il CICl halib

2, 4-di chl oropyri m di ne (19:@.’) Ol 4- di chl oro 5‘13 I%opyrl m dine (11b); the
conpound of Formula 12 Ef‘h (99@33' from Yt yi
2-(2-chloropyrimdin-4 Q_ l_p) 2- met hyl a'f'& (12a) or

(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

CH,CH, F HsC CH,

HaCa"—cOooH ¥-COoH
I NN I NN
NN H N=N H
cl cl

2a 2b

(R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a) or
2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-methylpropanoic acid (2b).
[0067] The present invention also provides a process for preparing a compound of Formula

2 comprising the steps:

R? s R' OH
' NN ©
NN H
cl

2
wherein R? is -H or -F; R’ is -Cj4 aliphatic optionally substituted with 1-5 occurrences of R’ ;
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 halogen,
-OCH3;, -OH, -NO», -NH,, -SH, -SCH3, -NHCH3;, -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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tert-butyl 2-(2-chloro-5-fluoropyrimdin-4-ylam no)-2-nethyl propanoate
(12b); and the conmpound of Formula 13 is selected fromH30 OH3

NH3Ca" COOWOR0ISX000308-t Bu -1\1, if N NH Id Cd 13al3b 1@CT(URpeirmsi43but yl

2- (4-chl oropyri m di n-2-yl am no) - 2- net hyl but anoate (13a) or tert-butyl

2- (4-chl oro-5-fl uoropyrimdin-2-yl am no) - 2- et hyl propanoate (13b). [0066]
In sone enbodi nents, the coRpound of Fornmula 14 is selected from CH2CH3H3C

CH3 H3C, ..:- N -i-COCHN ;-/%]dl NN N1-1Ns1-1 C Cl 14al4b
(R)-2-(4-chloropyrimdin-2Fyllam no) - 2- methyl hut anoi ¢ acid (14a) or
2- (4-chl or o-5-fl uoropyri mchA12 2- yl am no) - 2_aret hyl propanoi c acid (14b); and
t he compound of Fornmula 2 ig, selected fn COOH

11 15  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 15.

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

[0071] 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] In some embodiments, the compound of Formula 11 is selected from

F
N__N N_-N
. N
Cl Cl
11a 11b

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

Formula 15 is selected from

H3(:>§CH20H3 H3C><CH3
NH;~ ~COOH NH;~ ~COOH
15a 15b

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

is selected from

CH,CH, F HsC_ CHs
HaCa"—cOooH ¥-COoH
NN NN
=N H );N H
cl cl
2a 2b
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a 2b (R -2-(2-chloropyrimdin-4-ylam no)-2-nethyl butanoic acid (2a) or
2- (2-chl oro-5-fluoropyrimdin-4-ylam no) - 2- net hyl propanoi ¢ acid (2b).
[0067] Thwoposam®mnd34i nvention al so provi des a process foPCprusSp@aEriony3n
conmpound of Forrula 2 conprising the steps: C 2 wherein R is -H or -F;
R3 is -Cl4 aliphatic optionally substituted with 1-5 occurrences of R5; R4

is -G _2R)-ky?- clﬂﬂfoﬁﬁﬁ}ﬂidhw S1absio) uhaByvhthdbiclacki @arsr rences of R5; or R3 and
R4 are taken toget to forma 3-7 nmenbered carbguécllc or heterocyclic

saturate&(PWH@“bBﬁWBEQYm@“@Uﬁ§FW¥%¥éﬂmﬁPﬂH“@m@“G€ Pbnces of R5; each R5

i's indepgggant Iy s§fé &a6REMENO MeRBIPOGIA of TR 1 sOH - NO2, - NH2, -SH, - SCH3,
-NHCH3, -CN, or unsubstituted -C _2 aliphatic, or two FE groups, together

with the carbon to whigh the e attached, forma cy yl_ ring;
ﬁi" Xy%% gﬁ

conprising the steps: €aéting a conpound *with an acid
salt of a conpoungy Ia 15 in the presencg % s vent and a base to
generate the conpBun grmula 2 C R4 NH2 COOND5; ahd 1xb) reacting the
conmpound of For mul with HC1 to gener at ¢ t he hydrochl oride salt of the
conpound of F 2. F@068] In some enbodty j t hdbacid salt of a
conmpound of F 15 is a hydrochloride s t {/ the conpound of Fornul a

15. [0069] In dboned enbodi ments, the base of ep4viiib) IS an inorganic

base sel ngzg%gﬁg%ﬁlﬁgHgss%ﬂygp &ﬁﬁ%ﬁﬁyanﬂm& %%&‘%ﬁgég%ggen phosphat e,

di pot assi‘u B4 U bona res ate, disodium
hydrogenumhnmmhaﬂbummmmamaapmmhnnakhEMDﬂhqwﬁﬁkﬂ2$6ﬁ&ﬁ¢mLMﬂ$6ne enbodi nent s,

the sol V%E)ro?)gmnsntdnp 4- yialmllr@) fr:ng;l ﬁ—?f 2 %ﬂﬁuoroethyl)propanamlde (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\
| N_CH2CF3
///l s
' N~N 0
N
N
N"H

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),

© |

‘8-0O . HOH
= N\ Nm_N‘ 0
\N N\ —N H
Ts Cl
la 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-yl)pyrimidin-4-
ylamino)butanoic acid of Formula Ia.

[0076] Some embodiments further comprise the step of reacting
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[0071] In sone enbodi nents, the solvent of step viiib) further conprises an
al cohol selected from net hanol, ethanol, propanol, iso-propanol, butanol,
tert - but amol2p13006@ay conbi nati on thereof. [0072] |In someCemisodizmesiss, the
reaction of step viiib) is perfornmed at a tenperature of fromabout 70 Cto
about 120 C (e.g., fromabout 80 C to about 100 C). [0073] In sone

enbodi nents, the conpound of For mul 1l ¢ls selected from
2,4-dichloropyrimdine (11a) or 2, 44di¢hl oro-5-fluoropyrimdine (11b); the
conpound of Fornula 15 is sel ected Yroh H3CCH2CH3H3C CH3 NH2- - COOHNH2 COOH
15al5b D-isovaline (15a) or 2-an no-Z;met hyI pr opanoi ¢ acid (15b); and the
conpound of Fornmula 2 is selected frgrp

(R -2-(2-chl oropyri m di n-4-yl am no) fret hyI but anoic acid (2a) or

2- ( 2- chl erpdignblop@iRidei( Mg 4d4- yl am no) - 2- met hyl pr opan0| c acid (2b).
[0074] In sone enbodi nents, the c&nﬂoungHof Formula | is:
3

COOH
15a
D-isovaline (15a) to generate the hydrochloride salt of (R)-2-(2-chloropyrimidin-4-ylamino)-
2-methylbutanoic acid hydrochloride (2a)

|/,! OH
N///\—N\ 0
—N H
Cl
2a

[0077] 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-

trifluoroethy)propanamide of Formula Ib:

F HN_CH2CF3
' N—N ©
e

Cl

-
o
N

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-1H-pyrrolo[2,3-b]pyridine
(1b) with the hydrochloride salt of 2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-
methylpropanoic acid hydrochloride (2b),

(?B%o/; F OH
Cl
= N

N\ / N O
\Nl N Ny
Ts Cl
1b 2b
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(R -2-(2-(1H pyrrol 0112, 3- bl pyridi n-3-yl)pyrimdin-4-ylam no)-2-methyl -N-(2
,2,2- trifluoroethyl)butanam de (la) or

2- (2- (5- chban/bé3pyrrol 0112, 3- bl pyridi n-3-y1)-5- PCT/US2012/045431

fl uoropyrimdin-4-ylam no)-2-methyl-N-(2,2,2-trifluoroethyl)propanam de
(I'b). [0075] The present invention also provides a process for preparing

(R -2- (244 &H@ydsmh@matar bh am@lmve”m )éh)rﬂ)h‘gdnmﬂib@aﬂd A/baaraulnﬁ;)ca%mﬁbhyl N-(2,2
, 2- trlfluoroethzﬁ%butananl e of harnaceutlcally
accept abl2&nesae £-(-hurideno; -t @irf?éo[?ﬁéﬂ@tf@ﬁl %W1>5if}uqr<é)é{élmlﬁlia 3 - (4 4,5 ,5

-tetranety Mlno)héemflﬁmpm@%@&mﬁ%um% 1 -tosyl- 1Hpyrrolo [2,3 -bl
e hydrochl oride salt of

pyridi ne

(R-2-(21 é‘ﬂlsi) oyyci cibatlieats yyrter sIYRBe HStsHpIobtregisi ¢ acid (2a), , in the
presence of water, an organic solventr an inorganic base, and a pall adi um
catalyst to generate

(R -2-methyl-2-(2-(1-tosyl- 1Fprrro(/%i§ 3-bl pyridin-3-yl)pyrimdin-4-
yl am no) but anoi ¢ acid of Fornul a IaN\%UO76] Some enbodi nents further

conprise the step of reacting 2, 4-dichloropyrimdine (1la), and H3CH2c.
cH3 NH2COOH 15a D-isovaline (15a) to generate t he hydrochl oride salt of
(R) - 2- (2-chl oropyri m di n- 4-yl ani no) - 12bnet hyl but anoi ¢ aci d hydrochl ori de

(2a) 1, /2,4’—(901110r0—5—ﬂuoropyrimidine (11b), and
H3C><CH3
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-
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.
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N\ NOrNsl-1 C 2a [0077] The present invention also provides a process
for preparing

2- (2- (5- ohban/@6gyr r ol ol 2, 3- bl pyri di n- 3-y0-5-f | uor opyr ipeirdiSee144y34am no) - 2-
met hyl -N-(2,2,2- trifluoroethyl)propanam de of Formula Ib: Ib or a
pharmaceutically acceptable salt thereof, conprising the step of: i)

reacting [0082] The present invention also pr0V1des a solid form of (R)-2- (2 (1H- pyrrolo[2 3—
5-chloro-3-(4, 4 5-tetranet hyl-1, 3, 2-di oxaborol an- 2 g/O 1-t )f) 1H pyrrol ol
a

5
123 bl YRR - DB THRTRY iU Ot (el vpr gty Rulanamido

2- (2 chl Qeg@omuddl 4 SHAPKI TN dHhderfbod] AN Qi FordTBL B ¥hRERRBEPH ForRGr thore
hydrochloride (2b), in the presence of water, an organic solvent, an

i nor gani Pedaseresanrfling 9 AHthetyvyrssaaasydn degregretf @8 diZe0-2-11(32£ 08- WM dro- 1 -to
syl - 1H )28 Ll 95 4]--1%1231n alli)k Y fé(l)v%e? dt?ffraéloﬂl)pat@m fﬂn%ﬁ{eﬁ;gl?ﬁﬁécf%g{t@ $8lid Form

yl am no) - 2- et hyl propanoi ¢ a For mu Sone enbodi ment s
further compuihsechamslosivehbyoineoe gord mvgkseorresppndingliochihetagaBes easpsPyr i mi di ne

(110).  ang oD N QOO 15D 12, ALAP, G TP biIRLAPARS.C actd (15D) to

generate t
2- (2-chl or o- 5- f | uor opy BREEHIDESCRIPARONOF THEDRAWINGSNoi ¢ acid (2b) FOH N
01-1 [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.7is 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:
RS

A

R?pa RY N-R7

A

O
N

/N \H
R1
r/%
N |

N

IZ/

I

or a pharmaceutically acceptable salt thereof, wherein:

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

R?is -H or -F;

R’ is -Cj4 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 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, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN, or unsubstituted -Cj_, aliphatic, or
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Cl 2b [0079] The present invention also provides conpounds useful as
internediates in the processes of the present invention. [0080] The present
i nventi orwal2e/qs@¢i des a solid formof (R)-2-(2-(1H pyPColusk@ 2845431

bl pyri di n-3-yOpyri m di n-4-yl am no) - 2- net hyl but anoi ¢ acid (4a) designated as
FormE. In sone enbodinents, solid FormE is characterized by one or nore
peaks correspondi ng ot e2ouph NBdetheY MitH @ JARDE U5 RBich hedl@@r@8he@fforfad 0.2, 8.2
0.2, 23.9 0.2, and 24.8 0.2 in an X-ray powder diffraction pattern. [0081]
The pres&tOPAREAREON al so provides a solid form of

(R -2-(2- (1H RY[s-pl RluRsuBstituted -C 1 alkyl; and _ _ _
bIpyr|d|n-3-y09yr|nldln-4-é%an1no)-2-neth | but anoi ¢ acid (4a) designated as
Form B. | n sokelSenbdldi Redit-tCHYKR: drTedn qeh misindepeadeatlacl efitzed by one or
more peaks cog&ﬁﬁgggg£@g35&32-theta val ues neasured 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.

I n ot her enbodi nentescting @lcpapfmd pf Bornwild Livith e hydrhehlerided H el bY2 one or nore
peaks cor j 2-theta val ues nmeasured in degrees of 21.4 0.2,
30.1 O.f?E§@QQQ%§g5§Qand 26.1 0.2 in an X-ray powder diffraction pattern.
[ 0082] The present inventiOgLﬁlso provi des a solid form of
(R-2-(2-(1Hpyrrolol 2,3- ¢ )

4
bl pyri di n-3-yOpyri m dgn-4-y éﬁino)-Z-nethyl-N—( Eﬁiaf?ifluoroethyl)butanam
ide (la) designated as}ﬁﬁlngu In sonme enbodi enfysy solid FormA is
characterized by one ors e peaks correspondiqutd*Z-theta val ues neasured
in degrees of 23.7 0.2, 118 0.2, 19.3 0.2crand 15.4 0.2 in an X-ray
powder diffraction patterp. In other enbodinments,, solid FormA is further
characterized by one or nore peaks corresponding to 2-theta val ues neasured
i n degr eésthofprea&icd of Pat2r, amdrg2dic Solvéht, 2 Hase, aml HXeramaiyiop owchée fe.gli Hdh catallyston
pattern. ¢ BRI Elf DESCRI PTI ON OF THE DRAWNGS [0083] Fig. 1
i s an XREDEPSEYE WU EbY OB "R Toompound (4a). [0084] Fig. 2 is an XRPD
pattern @¢00%Dpr mBised hdoanpbefotioyAa )defihiQOBShalFapgly whldss oters@dd iadisitat e 1H NVR

spectrum Farm B q und (4a) according to procedure (H). [0086]
Fig. 4 ié&gabsg'thSFﬁ%Hfﬁﬂﬁgf Form B of Conpound (4a). [0087] Fig. 5is a
t her mogr qgo93et ot plipéee oothisFVeRtidh, afe cEamPAWRhhhate idbRPB8]n &e@dakei S an
XRPD pattern of Form A of Camnpound %}a).,[0089 Fig. .7 is a DSC thernogram
of Form R’l@fth‘tﬁ‘ﬁﬁﬂlﬁa‘b{el%}he Tipments, EBSpRSR PH1dOReIcy Ghepisinvethisigs: [ 0090]

The pr esesih 1idVankicamP kI SRndI Ao8Hid BEmRIFRATIAG HOTRQMRd Of
Formul a |- RS FORA T\ 1e RT3 TN 0 g1 Bl Ride s

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, the entire contents of which are hereby incorporated by reference.

[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] As used 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.,
23



or a pharmaceutically acceptable salt thereof, wherein: RLis -H -d or
-F;, Ris -Hor -F, R3is -Cl4 aliphatic optionally substituted with 1-5
occurrencw® 20f3/086634R4 is -CL_2 al kyl optionally substiteceasesi2iosB3s
occurrences of R5; or R3 and R4 are taken together to forma 3-7
menbered carbocyclic or heterocyclic saturated ring optionally substituted

with 1-5 h@@fdéya@d]pﬁ@r Hffterﬁ’éf,cloalkenyl}?@@m heérdaﬁyllamdﬁp%@g@ rHeteyoe@@h aeyed from
hal ogen, - NC2, unsubsti t ut ed

-Cl_2 al ﬂ%&aﬁhehaﬂﬁ}cafbonyl (Cydoahphaﬂci“\ﬂ)é’omé @ﬂbﬂ?@cycﬂ%b%liaﬂé*awlw pi8- car bon

st 1 VARY a1 5] Gehethe IBRAGHEH AR BIobMAINTS 1S ML | cach R
i s i ndepafidiehtaripnylpmiio éﬁef%@ﬁﬁ%lkgicﬁ’@owﬁém@?ep of: i)reacting a conmpound of

For mul a Jché’éérk&cﬁ)aﬁéﬁﬂﬁ&f)E%lﬂ%dyﬁ%lﬁﬁﬁét)aroﬁﬁzhctarb%ﬁyl%nﬁl%”p0U”d Formul a 2 in the

presence of wdte an-organic sol'vent, "a base, and a transition mnetal
(e.qg. Pdil):temraéhy@@tbonﬂa@m@ﬂlqﬂ@llaOC@th@pﬁumlocakyla@mrmaréonyl [0091] As used

h in, t di cat ed.
[ 868'2]“ O QBB R bn 3R I FRG AL SEiAN G ESH O
el enent s [ap.ealipfiemtainfince dydloulipleatiorrdian.ce hwetot\yql(bvélpmmamnhpb saifdolyEleqf, t he

El ement s, q%A ?10 \é?jl’%j}_ Fingi_lalrﬁganﬁf suh%cx%/ Cu@eeanlh%')[urré/a qgl lﬁlnhd 7§)th Ed.

Addltlona i nci anicehem's are deseribed in
"Or gani c c@iex, sarbgmoyl Tdyo]m]a)hSﬁxrolxg,l He;erd.drycluﬂrp&amopxﬁcm&meheBemktsloxﬁausaI ito:

and var oIS ToS o ARG BoRER el FevRrbSstssy. PREVBRE et ent s of
whi ch ar &nhﬁﬁ@b}éorh@éﬂfr@@i’s at ﬁiﬂ)sﬂil)dteﬂ afkek entele cb@@%]kyp@ua@&q{(b@edn&ygr ein,
comounts ol L1c. IYETL L2 RSPk SO, 2, PUPSLEL ML, MAD, pne or more
parti cul acylglkssekyl, @dﬂk@ﬁ&@@ﬁﬁﬁyl, @nebngRasISFkAT(sdchas (aeRDb-@Mino)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-SO»-, 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,
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[ 0095] As used herein, the term"hydroxyl" or "hydroxy" refers to an -OH
noi ety. [0096] As used herein the term"aliphatic" enconpasses the terns

al kyl, alwerrgi3/ooed3kynyl , each of which being optional | ypPsuhstioszdl as set
forth below. [0097] As used herein, an "al kyl"™ group refers to a saturated
al i phati c hydrocarbon group containing 1-12 (e.g., 1-8, 1-6, or 1-4) carbon
at ons. Amsmkmhm%m&nyﬂghch Qs GRS OMhm@Ho) EAND e noaikeapphigRloskensl Kyl groups
i nclude, but are not limted to, methyl, ethyl, propyl, isopropyl, butyl,

i sobutyl, q§5@hH%WﬁPﬂw¥%ﬂ¥hB@ﬁ§WWln pentyl, n-heptyl, or 2-ethyl hexyl. An

al kyl gr oot am AReSHRSHI dnlh&Gn(t up re%?sg !ochﬂ%hbli/at@ Hgﬁéﬂ él’dﬁ;?ﬁﬁlt Mhtafhsone or
nore substituents such as hal o, % cycloaliphatic [e cycl oal kyl

or cycl oadrkemy£112, A @fr%é)féﬂt‘j’alaroﬁﬁe@@ii éaiaéle@st one Flcehandy ém@aqywh 2P

het er ocyclpgl é%ﬁﬂg%t b brdfchéd. ﬁ)&%n%feQ 8f éﬂ alk b/i(é‘%ﬁ(p inffu@y, Ibut ﬂ@h&ﬁm{eﬁ)ﬂ acyl
[e.g., (aliphati®c)carbonyl, (cycloaliphatit)carbonyl

( het er ocyedraedyl pHdubyayk aﬁ:rbfdhmy] Sropp eande O@V%'Wﬂ}’ smﬁl@ltﬁd[vethgme or more

cycl oal r m no,
(et er ocy Ty R BB, A P e Bl R AR
heteroar&k@amb&nylaﬂkﬂbxyh@tecnawal%whcambohyk@nmmdbamhymaqmnﬁmEMbonyl

cycl oal kyl am nhocar roc m nocar.ban r Ianinocarbonl,
O?’/ het er ﬁa%yfﬂ ?Tllatrllc(gl(?lgr% clyfeloe?l é)%at}lcsul?anygysu?ﬁnlypg 2y taPlgha¥10Sulfa ny¥ y
cycloalippabﬂqmmunmﬁnﬁ]sﬁ@ﬁ@r@@ymthMDﬁhatamﬁmnamhnoSO&f@nyI [e g.,

allphatlc |, sul f ox ur ea, .t hiour anoyl ,

sul P a6y ToRn ol pmi s b ambppeSne SRR ipaRy Mo flmofn il

het er OCkaaadlk)phﬁhbw)Qﬁyl ﬁétyﬂoa})@k)alﬂyﬁ{nﬁﬁ@afbkéhﬂ}((}ycloaﬂ(ﬂck&bmatmno
heteroaryl?lkox alkox @ﬁ Igglcarb /| oxy, or hydroxy. Wthout
limtati dR, 488 Ay ?7 B ARV | hel ude car boxyal kyl (such
as HOOC- z@hdféfbcycﬁ)laiks)w@wn ﬁﬁl‘{ﬂoatdyylbalk?laﬂtyl%akbdn?ﬁfnmy| oxyal kyl ), cyanoal kyl ,
hydroxyalk |, al koxyal kyl, yl al kyl, aral k (al koxyaryl)al kyl,

(sul f onylhg %@}laﬂ%wonvé@m %Féer()aéylﬁgmo la?rPli"Rﬁ’}eé?%WlF‘leo%W%HI W

am doal k)ﬂluouré§¥§1ka‘?1%y'l RB@Irhigd %lﬂ&yifoar%ﬁylhﬁkﬁ@e{rwylong %%thﬁﬁtldvlsed herein, an
“al kenyl" group reférs to an aliphatitc carbon group’that contains 2-8

(e.qg., 2heprocyclgnlippiticpargh hetgmopyh ag! bhe- @rdodiphitisaearboglerdoubl e bond. Li ke
an al kyl (i GHR I ARIRLEEINL O R0 38, ApnSIdAl IRy DEANERGM, Exanpl es of
an al kenyl group include, buf are not I''mted or’

2- |sopropeﬁvaﬂQ@bﬂo%m?&wXamdh@ﬁh@%é%¢bmﬂwhmahkéhW@Dgwbdbﬂwan be optionally
substitu t re b hospho,
cycloallgﬁﬂ%rg ‘RQE?&%$C oa?%ﬁ glMﬁnyc oa gﬁ&%ﬁmaﬁéﬁefgkycloal|phat|c
[e.qQ., hét@b@nymhmalHh&wm@nheﬂenoﬁy@kmabkmnyh¢xuguwmhmmﬁmeg@apyﬁQWQlkoxy,
ar oyl , hetero ro C |p rb n

(cycloallpha é¥%%k%§%%| )Q%ﬁg§§?%0€ ha H%S%%?Bnnmgﬁannltro cyano,
am do [ e.-g(Q)- P(I(cRﬁIomaNW‘l)a](dayIvgtmauha(dnmbmailyj@zhearryﬂi’&mdbb’?mha)wm@atlc

(hot of ocg SRRty pUE B ns Hos e PSPy BB GrpFlinhts:
het er oar alxkyipeashiyd gistpanaldydlianamas eshaodfsydlkymy[fohplainhmloam nocar bonyl ,

het er ocycl| oal kyl am nocar bonyl , aryl am nocar bon

et or oa SIS THUATEENG (Teera UG g (AR Ggersabrpis i o

an no, heh@&reG)-kaka)ilRNakhide ¥ 1BMidoQkralk llaﬁlhﬁ)t{ sivAkanwyamidelor sul fonyl

[e.g., alky Iag% H@c g?oallgﬁgtlc 802-y or af@l Sd§4 gﬁ?%lnyl sul fanyl ,
squoxy,CM@%%kﬂwﬁﬂﬁurea sul famoyl, sul fam de, oxo, carboxy, carbamoyl,

cycloali WﬁhLC %se(hﬁ‘ér&ﬁ %y'gﬂn%l' gf%ﬁﬁ}éf&@&)\’ :NRaqu |v@fé%,m het ef Ranyd 9%,
aral kyl oxy, heteroaral al koxycar bonyl kyl car bonyl oxy, or hydroxy.

W t hoult klﬂild@p@ral@mtymydg}g% R@ﬁﬁl Cégloaifphsmpo&yﬂoeﬂn@@t@ah@élﬁ@q 4ryil, r@@lmhl@cl
(i Koy ars sy BB, (ElKle b RloRIc, AN B A uira A ALY

(al kyl - Se2Henyl. tdiphhticegagtionyl, émrvlndaﬂhk@iwbonah((dmwhehqﬁk)aliphatiC)Carbonyl,
(cycloall r used herein, an

"al kynyl"’ Rg%%ﬁg;ﬁéﬁﬁﬂﬁh‘ &mMﬂg a%k &Oﬂg%ggﬁgl“fﬁh that contains 2-8
(e.qg., 2-(GJEi;emZycﬂQalrphatR)ﬂbhﬂabdamwnﬁt Grsrand)clivdsnydtor hetashrabplatit cagbbylbond.  An
al kynyl group can be straight or branched. Exanples of an al kynyl group

i nclude, but are not limted to, propasgyl and butynyl. An al kynyl group
can be optionally substituted with one or nore substituents such as aroyl,
het er oar oyl , al koxy, cycl oal kyl oxy, heterocycl oal kyl oxy, aryl oxy,

het er oaryl oxy, aral kyl oxy, nitro, carboxy, cyano, halo, hydroxy, sulfo,
mercapto, sulfanyl [e.g., aliphaticsulfanyl or cycloaliphaticsul fanyll,
sulfinyl [e.g., aliphaticsulfinyl or cycloaliphaticsulfinyll, sulfonyl
[e.g., aliphatic-S02-, aliphaticam no-S02-, or cycloaliphatic-S02-1, am do



p- am no- m al koxycar bonyl aryl ; p-am no-m cyanoaryl; p-hal o-mam noaryl; or
(m (heterocycl oal i phatic)-o-(alkyl))aryl. [0104] As used herein, an

"aral i phawvpeo13weds4as an "aral kyl" group refers to an alPCphestéie/ogioup
(e.g., a 0__4 al kyl group) that is substituted with an aryl group.

"Aliphatic,” "alkyl," and "aryl" are defined herein. An exanple of an
ar al i phatehéh c&%ﬁbh&%m@@eﬁﬁéﬂ'ﬂék@m ﬂfd@éﬁlg'o@h&ﬁﬂiﬁtbstﬂfu%o@}ca edsreehikier ei n, an
"aral kyl" group refers to an alkyl group (e a Cl_4 al kyl group) that is

subst i t uttEYPHICRdg plkylppmogdigilamge, ?Fa")é]PIIE‘WO thefpify "anjag, ds B def i ned
above. AneSXaiMPlogp & g. ailkydfaddaylamHoP Ubis kspre&yby -NNX- afiRkkiy* hdsshoftdeonal 'y
substituted with one or nore substituents such as aliphatic [e.g., alkyl,
al keny| , naniag RydRfined phgge-udi ng car boxyal kyl, hydroxyal kyl, or hal oal kyl
such as uo G

cycl oal kg?%/&lz? ‘Esg{/g%& %%Mlé yaln gll%k%dpﬁ{egf@deérdg%%/% ag gm 8%%&@ llﬁ&lewq“s .

(heter ocyeﬂa&al K \pra)liecixie s [or eaylywalhyétreft%rﬁatpwonomcm&% Rby@ilbéickghcdﬁg

het er oc Kk a t | kyl ox

ar oyl < A B en Bl B deon B B B e S B (B ot o
[e.g. amtmbsz@coiﬂumcydyl oatektylh)cdawabmwbam anduaocyxl] g dwﬂemarrbmlmylhmm no,

(CyC| Oal an%(l)l% %‘Icar b IPIYIS I‘OIIlaaC or t acta()rneo %1%1 nO a ?.I’ 8.11 (¥I‘ tcarC 1C 1X| am no,
(heterocyéi oal Ky ?%Q? ony am no, ?he erocyc Igﬁ?@ 3car onyfa no,
heteroaryynanbﬂmmhamlﬂhebmydheménﬁaﬂankmhsaﬁhEMWEmmﬁmai23myanmmdhalo

hydr ox nmerca | f an sul fo ourea, sulfanoyl,
oot o a6 BRSSP esBple s v o Bl phiT Ried YRl Fandiy ™™
systent imglkautdesche 131816(1@ Q\n, arﬁ-ls'l.é’pt@halgf subgituted witd pna@mines adsshedict ur es t hat

formtwo rings, n the t rln v t |least one. a n._conmon
(e.g., 2% %lgﬂ ﬁﬁﬁ lkylstﬂ i% Vw LA HEY G oD ?@ﬂe%%ﬂcr phati cs
(e.g. blh@ﬁéﬁﬂc?@baﬁfphatw (H@teﬁiég&l@ﬁiphmydhbhatm SyEhobRLSI; qadolxphatl cs, bicyclic
aryls and bicyclic heteroar a50107 used herein, C cloallphatlc
group endoiffrabighagicgxy; é%ffre%xc lph £I8TD Btk Yaheter gy aY: lééﬁ%ywhatl@%np each of
whi ch be'(ﬁ@er@ﬁhlﬁ&ﬁ@é)b)}& arbhs héttal‘éhl%sh airdebxd (@ﬁfahloﬁﬁﬂoﬁiélnc LR iARuted

her ei n, cycloal kyl ™ group refefs to a saturated carbocyclic nono- or

bi cyclic a(bpm@@@e%blcwlicwé‘wycqu ¥iy)s aftrag carhoxye agido; &yh gy dalinbatic) eelens

Exanpl es r cycl opentyl,
CyclOhexéﬁkk%%@#%ﬁ%&?&u@(R%&%ﬂ#&%&ﬂQﬁ%&&%&%&kgp?%%qﬁ%ﬁ%%?ﬁ%%%rO i ndenyl ,
decahydr ¢haterphyctogliphabi¢)eyrbdrof; 3(hetetdepepaliphatis) dipbitis)@rt@ngl oct yi |

bi cycl of adamant yl ,
or ((anig%%g%%%ﬁﬂ%é%fgvﬁéﬁkﬁé§ éég%éﬁﬁﬁ¥écf@ﬁggf$g&%;ﬁélogﬁthV% group as
used her eliphatic&f@F or t)amllﬁ@neé(@hhsmlﬁnyldﬁlgo@Llpﬁatlc Stli mnmfha& higirgey; g. 4-8)
S?{)SBQ ?‘hl%qcsag o3 %US} (??8 puer% 811011rea iul%mog;ic rsul aél%(lg‘e 8r carba oy?(sﬁlfg g1} %%;Jproaﬁl a{%elnyl

cycl ooct enybe ulsetsatuydl o- |ndenyl oct ahydr o- naphthyl’ cyclohexenyl

oo o e S35 S S P B PR fR0RL B gR ©

subst i t uenps-iHgbarqls, aabqslnm)ar}aj I(@ﬂﬁ)&y)@ry[lﬁag (alkakyeytbongdaegnyl , or al kynyl I,

cycloallphatl Ilphat alip hetero cloallphatlc,

(het er ocyFda }Cﬁii%%/ﬁ%’?/ f‘lﬁexycé‘ibWY%aWQ Eydy) fﬂiy a% koxy,

(cycl oal iph@bdaedomsMaryt h@mmgﬁwbmﬂa@m&%& 1, IOy IRk RELAT Y| OXY,
(araliphatic)oxy, theteroaraliphaticloxy, aro Y het er oar oyl , am no, am do
[e.g. (éWbﬂlé}%qC@})@%}ﬁWWInéﬁﬁﬂr?éem(%lm%%?ﬁifbcﬁlé( i} HRIBeHY! [&8i no,

((cycl Oa|($aﬂ@?shlf§ﬁﬂ)|afn%%rm)} @(ﬁ[aﬁl@@)(&ﬁﬁba@ﬁ] (éy%h&dl]}ﬁ 5@%1‘.1%@71@9
(araliphati¢)carbonyl am no het'er ocycl oal i’phat i’c) ¢car bonyl am no,

(theter od%ﬂa@ayll)%ﬂa{ﬁ B¢ K@llnﬁfhﬁ@m@ﬁ@’é]r daupmyiiaryly(exnelagdr y| ) car bonyl ami no,

or (I1eter n HOOC-
aIkoxycar@&&g#kﬂgﬁ£&$ﬁﬁggggﬂgﬂy g;ﬁ?@ogbﬁép @%%698?' éﬁ%éliphatic)carbonyl,
((cycloaKK@h&ND@ymah&phawl@y@@ﬁh@hwﬂ(«@&whﬂﬁpﬁhmnmpb&wb@nyl,

(heteroc . P [ i.phatic)carbonyl,
or (heter §1P8ﬁﬁ@ g‘%ﬁ%@ﬂ%#?:&%3§%§§Bﬁ§$%ﬁﬁh@d?@%?%kﬁ%?@apto, sul f onyl
[e.qQ. aKkWﬁe@wmyDamuGﬁq&hﬂﬁﬁggﬂyksmymnmy&ﬁ@ba@yunﬂtkyI-S(O)-l, sul f anyl
[e.g., al kyl -S-1, sulfoxy, urea, thiourea, sulfanoyl, sulfam de, oxo, or
carbanoyl. [0111] As used herein, thez2¢erm "heterocycl oaliphatic"
enconpasses het erocycl oal kyl groups and heterocycl oal kenyl groups, each of
whi ch being optionally substituted as set forth below [0112] As used
herein, a "heterocycloal kyl" group refers to a 3-10 nenbered nono- or
bicylic (fused or bridged) (e.g., 5- to 10-nenbered nono- or bicyclic)
saturated ring structure, in which one or nore of the ring atons is a
heteroatom (e.g., N, 0, S, or conbinations thereof). Exanples of a



[0118] A heteroaryl is optionally substituted with one or nore substituents
such as aliphatic [e.g., alkyl, alkenyl, or alkynyl]; cycloaliphatic;

(cycl oal iwbabidpedstphat i c; het erocycl oal i phati c; PCT/US2012/045431
(heterocycl oaliphatic)aliphatic; aryl; heteroaryl; alkoxy;
(cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; heteroaryl oxy;
(aral i phatdngh@xyalkdeiBsairg! p-BRable)L panparyBplo-mhefifargyl ; am no; oxo
(on a non-aromatic carbocyclic or heterocycflc ring of a blcycllc or
trlcycl|émHB@%¥¥%ﬂ%ﬂWhm%b?ﬁﬁ&9)mﬁhldo acyl [ e.g., aliphaticcarbonyl;
(cycl oal '[@ﬂﬂ; ' Q&&ﬁé@ﬁﬁ}éﬁhaan("ﬁﬁ}{ﬁ{aﬁéll duBha¢ dno)lﬁahﬁyp*’%@)dﬁ)afé@sr B aRYliphatic
(araliphatic)carbonyl; (heterocycloaliphatic)car

( (het er o@RIPGaEH phat Hkylrouph e lé)?‘&??l‘b‘éﬂdy’mh agraryl |geugr o‘ékl%haﬂf)ha%lk)é) car bonyl ] ;
sul fonyl a[l@ "egyli' al%ldeﬂﬁ@ltﬂefe%w Aﬁ)%knpwof%ﬁ]aﬁﬂﬁﬁgt& Qﬁ%lals an §Mh<f%/1 %\‘ 11 {se g.,
aliphaticsultinyl]; sulfanyl [e.g., aliphaticsulfanyl] cyano; hal o;
hydr oxy; bewaytapt o; sulfoxy urea; thiourea; sulfanoyl; sulfanlde or

car banoyl te it d
Non- 1 m 401080 ¢ AIRR MR ot R P BRIDA R0 b LM L R oy
[e.q., nmmmﬂnahmudwiWh@ho&hbﬁeﬂmdhyh]ﬂhmbaﬂﬂmwyﬂhetBmoaﬂywdpéng An
al koxycar bo het n het n .
E(al ky?/suf(?nélﬂg ’;an S rlgoté(?n%al a nd ra( %y lea;} r?luﬁ% Ur%e er o%llnreyc{‘]mOge
(am do) hettetiaanty lsuc[heas ghphaﬁm{efg),@di@b@ﬂg%jﬂ%ﬂﬂl@&yy Including carboxyalkyl,
al kyl c

(a1 ky By SRR DR SRRy b sagtgptiphatic fe.e. eyeloaliy or

het er Q&il&d]}}@ﬂl]f‘(@)’(ﬂ@dﬂb@)ﬁ}lﬂy) et e ndsayity], (heterocycloalkyl)alkyl aryl, heteroaryl,

((
[

heteroc cl oal arbo ter
Egal kyl cd kl%}‘rW% ‘ft‘éli%‘&%{%?ﬁl‘]y oxy %@H%‘éﬁlﬁ"}‘ﬁoﬁ%‘%’%r Yalkylexy,
(al koxy) ml@ﬁeﬁfafbﬂfy}’dx,y é(rg W ReddtBpby Natrecadoyy, a[k@xﬁ;arbonyl alkylcarbonyloxy,
(anlnosulfonyl)heteroar I (sul fonyl) het er oar
(al kyl su|afrt54w[|e)ghé@é}06%rbw aﬂvﬂfymoaxlﬁlwnrewW}?ékkéféé@iawammo
g?l koxyal &&i&aﬁ@faﬁiy@@irwnyla@hﬂ@%%}ﬁ?ﬁ% PRRY Yihik {cﬁl%éﬁﬁ@fm al kyl') heteroaryl ;
(c
((

(di al kyl") am no) al'’ky! | het er oaryl et er ocy c oal i hatlc)heteroaryl

ycl oal |<1mﬁ%r9¢y@)qq@va¢aémlamn(% (@Wklyal)cﬁé%@a@dqowlammo

(2 ko sk apxl el el A AeEaEaan kAL RM ALK het eroar
(cyanoal kyl ) heteroaryl; (acyl )heteroary? g., (al kyl carbony )heteroaryl]
(al kyl ) heteagaptx ylkylmdfan(/lhall@a}' kayda) HnelueqaoaﬂfymoyleSl@famlder M¥vapoarteploiikt er oar yl | .
[0120] A er t ck h road Y. ed herein,
erers 14V AR 21/ RARE hBOR L B e AT B LB P IO ST P Lt e
with a hemeartmwﬂytmcgmmuqhat fovh tvphia gs cwHerdia ltheytivp hngmln:hvé hleltzrest ozrydil ihave been
gle{(lylnegr g‘gg\rln?)n (e[ 01% e]fthlas n c%%[rﬁgqgaﬁlcgéyc)rlrigﬁggergs ng u e 1c¥ %a?lél%!tl@% ?]r efers to an
heteroarwkw@bﬂkﬂanm@hodhhkylmCﬁmﬂmmhmhﬁﬁmarykydhamﬂsb@thcﬁﬂ&lned above. A
heteroar%]kﬁ) s optionally substituted with one or nore substituents such
as al kyl G dlng car boxyal kyl , hydroxyal kyl, and hal oal kyl such as

L rifluor Q‘Ilmwl?s’ uséd K& a "cg(lh&saﬁlp)kmm" (g;jl;(%b @adolmﬂasse( ﬁ Ygtioakiy gl)oab Fﬁéd a

et erocycl oal kyl , et eracycl oal kyl ) a r et er oar al koxy,
cycl oal kyfﬁ%? kepy é’iﬂBBfé‘le I MY FIBEng 0£F19‘¥361>‘(§‘?b ﬁ%’fe‘é}ra\%é‘?t@@k%ﬁ O%r al kyl oxy,
het er oar a)108] 0XAs usdd Bfbin, JTQS/@MJWIO%UW Rifdrs @ a GRERQKMrboRY Ry Hrony |,

al kyl car bonyl oxy, ami nocar bon car bonyl am no

cycl oal k)PFCé’é]ﬂoo(é‘F?W anfriged g @ %6&9 ks 8- aﬁ 10 pebenigismipt drmples afqyrleakBHony | ani no,
ar al kyl carham Rk BRIopkdfH, %&QSB{E)LIO@kiﬁﬁéﬂtﬁa@ﬁ%&ﬂmyagheptyl adamantyl,

(het erocycl oal kyl al kyl') carbonyl am no, het teroarylcar bonyl"am no,

heteroaré?ﬂyﬂwbﬁb@ﬁyﬁéﬁV@@1mkvﬂn@wﬂﬁéhbn%ﬁﬁﬂl@%ydOE%&UOGﬂercapto

al kyl sul : , or

car barr[)ylb.?cgl,%[1|0 %ﬁbégf%céﬂslﬁ?r1(%{1%)/9%{:63?0??&%?%%%@6 Eé ég])?g ?gdg[?ouy 7 refer
t o nono- or E(amlnoaﬂuorwl)frmﬂhybcyqlqv@(yéyst ens including cycloaliphatic,

het er ocy ip ry e f
preV|ousﬁbﬂﬁlffgg%mﬁf%%éé]g‘ ab&ﬁghgggi%ﬂHS%%nmg Kﬁgiﬁpgﬂgsfggﬁﬁ%g systent
refers taé-® (bigcyd) carbbrestemobaring @alor p@bit doobleibngdss s bepheoo! dycloylkdnyt
cycloaliphatic ring systemin which the rings are bridged. Exanples of

bri dged bicyclic ring systens includep7but are not |imted to, adamantanyl,
nor bomanyl , bicyclo[3.2.11octyl, bicyclo[2.2.21octyl, bicyclo[3.3.11nonyl,
bi cycl o[ 3. 3. 21decyl , 2-oxabicycl o[ 2. 2. 21octyl, 1-azabicyclo[2.2.2loctyl,
3-azabi cycl o[ 3. 2. 11octyl, and 2,6-dioxa-tricyclo0l113.3.1.03" 71lnonyl. A

bri dged bicyclic ring systemcan be optionally substituted with one or nore
substituents such as al kyl (including carboxyal kyl, hydroxyal kyl, and
hanaIkyI such as trlfluoronethyl) aIkenyI al kynyl, cycl oal kyl,

T . T .



[0133] As used herein, a "sulfanoyl"™ group refers to the structure

-0-S(0) 2- NRYRz wherein RY and Rz have been defined above. [0134] As used

herei n, awO=0l3eem de” group refers to the structure - SCONR2NRORM3IDr

NRx- S(0) 2- Rz when used termnally; or -S(0)2-NRx- or -NRx -S(0)2- when used

int ernally, wherein Rx, RY, and Rz are defined above. [0135] As used herein
"sul f a@ydups ﬁll’cﬁdd@cf&cfp@ﬁt%n}tlol 4-Syddhexhrginenys @ché&[)ﬁhﬂa&}‘clboaeﬂﬂ S-when used

i nt ernal ly, been defined above. Exanples of sulfanyls

i ncl ude élFHS‘Pi‘éTPIIEdGSYI O%Wﬂﬁ’alllaipb‘lli‘éi]t Fyclagexeny, 3‘?}%’@0[2 logieyLiF ke. [0136] As

used her iRycR[3. SHhbddayl " group refers to -S(0)-Rx when used terminally and

S(0)- when used internally, wherein Rx has been defined above. Exenplary

sul fi nyl [@}lghpg\ qyﬁ@p%boréwlgﬁ]éqrwbgrgemgan be@meg( gy)bstltuted with one or more

(cycl oal 'smﬁweﬁtg %dh&@gﬁ&?ﬂ& a}%lgtzlc [e Yacflk}@aalll&)ﬂfl §1(a(1)l}yngl] cycloahph[atlc

het er ocycl oal | phatic , heteroary 137] As used
her ei n, écybklah]ﬂ@ng‘/)l ahp@ﬁft@ulﬁﬁtfrr@fyeloghﬁf@tl@((@}ezom10@\}11éﬁt1¢)%thttlérfm’lnaI ly and

-S(0) 2- ‘N@t%%agg,%ﬂ(o&?t(‘é tal };%a%%’éflglg{(g% gr) @%}J}gﬁl}a{&_@@?%@ﬁ{ﬂ?Het@x%%ﬁxyﬁxe”D| ary

sul fonyl grou I nc
(cycl oal |(qurhliatﬁati<()aiy ﬂflrea%twau:f)lyphs(d)f)@- arosdyhdt@razhrb}dhfanim,-@(i@f) R-g,,

heterocy I 0 er 0]

(cycloali pH)a uc@%a?b ﬁlafnalf& ECP{ P"tﬁé);"?‘)wc)) ISénraot’ he Iike. [0138] As used

her ei n, &(cyeluzllfphxt;p)alqphﬂu:prart@hﬂamlrtoo(af}@)c%ﬁl)ylﬁmnor(ar-aﬁiﬂ&)ie)ﬁarmnylamam used
where Rx has been

termnall an -S | |

defi ned é%e V8Cycf°6]i§% 12)}5@8%&55%% #&eﬁrocécqoﬂlgﬁ%ﬁbe Py %a’f%flgam’dlpt)up refers to
T' | uori ne (h&&bﬁ&])@ﬂgonb]’a@ﬁﬂoﬂ&r (ﬁéteto@ﬂllplemcicﬁ}bé@]lanﬁﬁo]uﬁlﬁd d‘hﬁfoey Ne.g.aN

liic U CH R S U o N
[0141] Af((czﬁ&ﬂlph&[c@'arphaﬁé)car%ﬂﬁ@)(M@lhﬂ‘h‘dhc)cd'r&flﬁf %heft&o@@lo@hﬂﬁ‘ﬁhc)@efr@&@rl such as

al kyl - é wherein _al kyl h been defined above. [0142] used

her ei n, %bﬁ?ﬁ}lphatwéffl@hatwarbew) or (heterpargliphatic)Gybepyhlefyener, hal&n oxo"
refers t FBxy, lo, &roH$196 o NeIkSI §,- bhEar %rﬁS('j)] BhAsANeg., Lk1es(®)4.0
phosphi natyes and osphonat es. Exanples o hi nat es and phosphonat es

i ncl ude SHfoy]RR). Zlky dr SélﬂfﬁX)RPfeiasth@M@BJrﬁé&fP@Oylaﬂu aidle, groyPrRgpamoyl.
het er oar yh@xy. As%é&i Rabih F{H@Eehﬁ)Mec%ﬂ@ﬂﬁfa@@y&k&ﬁ%&&@ﬂ&tb&):ﬁ’fé’aﬂ@ﬁ

het er oar y1) cycloaliphatic or am no. used herein, am noal kyl "
r ef er s t gravpeast hretpsoayrlealkewy) 2mupd, Iz«’ythnf wp@mlb@]ng Asthmgléxjsqbeuteﬁeﬁ as @t forth
cyanoal k¥l refers to the structure (NC)-al kyl-. [0147] As used herein, a
"urea” group ‘refers to the structure -NRx-CO NRYRz and a "thi ourea" group
refers t d0tIR¢ SAsused baren; d\lﬂixtefOSyd‘lR‘HRZ" ghenretised at3et(mnaabdryd mmeb--0NRx- CO- NRY-

or - NRX - a%gc i\lc ?{fu“[eg}%ﬁgljléjg,&g) (lj: § . onﬁ)l gﬂlberecF ! grllon olr:%(lb hcbsaﬁlreqecﬁz 1% have been

defi ned erein frs to the
structur etmctﬁstgeﬁmml%&))ﬁm&elaﬂheqrngams 1&%)&@(&@’ wher giam Rx and RY have

been defi ned. abov her ej t he ter up refers
Dot he sernbrare: Skl AR eyl i e BE R ned Shove.
[0150] | netg@f@b@lranyl, A@rah@drBTuTM] 1@4 ﬂﬁbkolaﬁ)&fﬁdl-ﬂltﬁl@n}ﬂ hes-pilbaaeige ik aafidyl,

substituents i udes two or nore carbon atoms wherein the

)N a group Lhat i
substit ué??t"%zogf‘l)él’ lefpg%lﬁéf &E18m8‘&°fc’%le¥]e REARAFDSHORYngCta ydrochiomeny
octahydrothiochromenyl, octahydroindolyl, octahydropyrindinyl, decahydroquinolinyl,

octahydrobenzo[b]thiopheneyl, 2-oxa-bicyclo[2.2.2]octyl, 1-aza-bicyclo[2.2.2]octyl,
3-aza-bicyclo[3.2.1]octyl, and 2,6—dioxa—tricyclo[3.3.1.03’7]nonyl. 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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[0151] In general, the term"gemnal" refers to the placenent of
substituents on a group that includes two or nore carbon atons, wherein the
substi t uewO0s@e@lt ached to the same carbon atom [ O015PCT/ise02eu3¥81
"termnally" and "internally" refer to the location of a group within a
substituent. A group is termnal when the group is present at the end of
the subs thsri@emlc Rad bitylic hieterolafm@b@@hett@s hld@umestd Adcofdi 16 b@Me@eheRfidaliCt UT €.

Car boxyal kyl , e., Rx0(0)C alk is an exanple of a carboxy group used

t erm nal Inﬁ?me?& fﬁFfSup is internal when the group is present in the mddle of

a substi t[()'ﬁ'zl%) K hdebBcyenamy & he&?&c‘j@lb&lk@ryl Aoky &eﬁlaffe%&ynaﬁg sﬂastltuﬁzldk»\)ﬂh' C(0) 0-

or al kyl and al kyl car boxyaryl aryl - or

al kyl - 0( ©0% OlalFlSﬁleS}le&PJéméi%l?ﬁP akosgio, éh?@é‘)‘(&ggrf’él%sﬁﬂi%@doﬁ eydyHal | y. [0153]
o phae ASCRUR2  ALUBAR ByBAR il Sy ubECRS PR SRl
stralghta&ﬂﬂwﬁﬁﬁﬂﬂ.@hHWn@Mé@ﬂmh@w Xy udetgrosyd@Hphajic)oxwvsylexy is 1-12. A

i h one "o KABRL Rk cldty Fubb ik gDk pATL B ERALBL W WP
struct ur ge. gmlwtlc)m@pwl@mns (pyﬂk@qbelmﬂlewmbyn)dammdr(dgehalmhaa@ aliphatic
group; ho east one i nstance. The

e
tern1aI|p 1At %Ckﬂé%ﬁxynnn MEQGH(PQP (hzngggqﬂiﬁnmﬂwh' \arns, and al kynyl
chai ns, \Ahteerrec}alolambhaua)b&bmwﬂa,mm@aj(hatleiwmld)ahphmcqieﬁphaedcahmvmmnﬁco 154] In
general the term."su i tut ede erm"optionally"
or not, #%?%P@yP%m%WEQP» <§ﬂ8ﬁ’$ﬂﬁwﬁéﬁwﬁ ghﬁx (ﬁy@%% structure
with t he HGEOC G alkogfcaﬁoﬁ)pecﬁ’laﬂdyﬁ)drbﬁﬂﬁsi}l]tetct@ll"[b 2., ﬁ@eﬁ)hﬁptﬁtls)blebs(ﬁﬂyﬂ uent S are
descri bed above in t itions . and ow in the tion
compoundd At ety bdfnenbup ! SERITEL BEaR W BxrraleltetOeufubt i onal 1y
substit Ut(@i@teﬂfc?@l@alff)ﬁﬂlcb”@{‘pﬁat@)c%icﬂ@ﬁ&ll @ﬂ{ﬁa&ro@tamﬁﬁﬁac@u&gﬂ]l hidbadyhso, peIsi tion of
the group, and when nore than one position iven structure can be

subst it uthéérowz AR e SHlieaN [B8e a@%@quh@mlw%&lf stllipyldea aipleeliipyled group,
the substjfrignfe. gCéﬁlqy‘f’&ﬁlfﬁiy'i]hé%lifo&&1 %re%aﬂﬁﬁ)u%a ﬁhﬁ&@&leﬂﬂfaﬁidee&@{ ¥ position. A
ring substituent, such as a eterocyc oal can be bound’to another ring,
such as &m@V@Pﬂalkyl to forma spiro- blcycllc ring systen1 e.g., both
rings Shapespnes GRIRBRYALAMD. LSSt rabdinAhinihld blkﬁkhtch(ﬁ Ao ||
recogni ze, conbinations 6f Substituent's envisione IS Invention are

t hose conbineténohayvingrato lbemglatonisrwhelran drerarendrof the risg @tblmew@rheteh@mr@ al | y
feasi bl e oMn, r i.bl e,

used her &r: N arsrscpitionl RE:cBNATH wBLAR BBl R e L BT e
subj ect edr tidegsoomdi df itensgs o the blowhfc@r trtchelicrrirgrsgmcmi is@arpmatiet Adtetetmryl and
preferably their, recove urific t|on d_us Qr o of the

DU poses bR plash R Biolea P EBeliBEa FEfd 5! Soabe BB or

chem cal lgyoupeadudeb Berzo figediwith ohsorawe 4tth aﬁnmﬂ)emdhetsmbﬁdlmpheaicln)maie's er ed when

Eﬁé’?ﬁ cal Tyt BaaE b BfartRisha D oR: nQubl R RRENSS, BB R8st ner oin,

"ef f eg, Iq\dﬁloﬂlmbmﬁsothﬁold@/i)l lSGﬁhe@Sanﬁﬂ]@ c&mietkilfbtaryﬂ &Qldké’tﬁdlyl Pysonf er a
therapeutlc t on the treat atient, is t |caIIy deternlned
based on 1hgetuefuah il TG HIL bRl Do) G PARTEHET The
interrel @-@dq@ﬂﬂ&'ﬁlyﬂ) ehzieshde&nthefe, @ffld)ﬁﬁdhgneaﬁl‘ﬂsnbﬂhf@ﬁhﬁ dibas@fdop) m | 1igrams
per meter squared of body surface) is described Freireich et al., Cancer

Chenot hePenREp31diosele, bgg}g)[@]fgg]@penzg(wploglgﬁny b&’éa@l}éabeﬁﬁwl‘ﬂ%‘)l&bpr oxi mately
determ n%gnittﬁlﬁ)i@lﬁeﬂug}htm @yl"lﬁ;ﬁ'l 1, cjﬁﬁna&&?l 91‘35(') néhthai’?z‘_?l qglngzolylsc' entific

Tabl es, Gei gy PhHarneceuti cal As used

her ei n, 'up@PEkat isoquafabylsti aulaolrmzhﬁamzo h%éﬂu%ﬂlfﬁgl% Oﬁ&ﬁﬂwpht[lm@?] Cheni cal

structur d ion 11.0. 1,

Canbrldgqﬁuﬁg \ngggfh,hﬂﬁgmg%tggﬁ¥eﬁ%&¥ﬂ%9%%§@§€§Fﬁ%baes ri ptors 'first",
"second" 2Hpyiotyd,'pyriotyl.toezolylkbazolylumedizelpl, pyrhfodyleipexaatlel. sethavelye el enent s

e S e e R SRR SR B el S ™

el ements described. [0159] As used herein, the term "pharmaceutically
acceptable salt" refers to those salts mhich are, within the scope of sound
medi cal judgenent, suitable for use ingcontact with the tissues of humans
and |l ower aninmals w thout undue toxicity, irritation, allergic response and
the Iike. [0160] Pharmaceutically acceptable salts are well known in the
art. For exanple, S. M Berge et al., describe pharmaceutically acceptable
salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated
herein by reference. Pharmaceutically acceptable salts of the conpounds of
thIS |nvent|on |nclude t hose derlved fron1SU|tabIe |norgan|c and organlc

o p— o Y . T e



[0166] The present

I nvention provides a process for preparing a conpound of

Formula I: R6 R4 1\I7 R31 / -R7 %NOiHRL NH 1 or a pharnmaceutically
accept ablwo=ai3006é3er eof , wherein: RL is -H -C or -F, RETits201Ri0e343t F; R3
is -Cl4 aliphatic optionally substituted with 1-5 occurrences of R5; R4 is
-Cl_2 alkyl optionally substituted with 1-3 occurrences of R5; or R3
and R4 aroe | Bakizyl O8RhASElid BeidrOdriil are3rumbRI RGO REN LB RACHE Liceni e

het erocyclic saturated ring optionally substituted with 1-5 occurrences of
R5; nomgaalyjuies i s j ndependently sel ected from hal ogen, -OCH3, - OH,

- NC2, - Nig1177 SHyithoattiBitat N6 lic héboaBis iﬁaﬁ&bhﬁ&dliz%ﬁﬁorygiso&daiyi,phat ic, or

two R5 groups, together with the carbon to which

ey are attached, forma

cycl opr Oéﬂ—inﬁ(plﬁ]g indolinyl, benzo[b]furyl, benzo[b]thiophenyl, quinolinyl, 1soquinolinyl, indolizyl,

isoindolyl, indolyl, benzo[b]furyl, bexo[b]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)carbonyl)heteroaryl, ((heterocycloaliphatic)carbonyl)heteroaryl, and
((alkylcarbonyl)amino)heteroaryl]; (cyanoalkyl)heteroaryl; (alkoxy)heteroaryl;
(sulfamoyl)heteroaryl [e.g., (aminosulfonyl)heteroaryl]; (sulfonyDheteroaryl [e.g.,
(alkylsulfonyl)heteroaryl]; (hydroxyalkyl)heteroaryl; (alkoxyalkyl)heteroaryl;
(hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl; (((dialkyl)amino)alkyl]heteroaryl;
(heterocycloaliphatic)heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkyl)heteroaryl;
(((alkylsulfonyl)amino)alkyl)heteroaryl; ((alkylsulfonyl)alkyl)heteroaryl;
(cyanoalkyDheteroaryl; (acylheteroaryl [e.g., (alkylcarbonyl)heteroaryl]; (alkyl)heteroaryl;
or (haloalkylheteroaryl [e.g., trihaloalkylheteroaryl].
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R6 is -H or unsubstituted -G _2 alkyl; and R7 is a -CH2CR3 or -(CH2)2CR3
wherein each Ris independently -H or -F, conprising the step of:

i )reacti goaosapayund of Fornula 1 with a conpound For nRCR/UR2@12/085431
hydrochl ori de salt of a conpound of Fornula 2 12 in the presence of
water, an organic solvent, a base, and a transition netal (e.g., Pd)

cat al yst [mogen@r@te@oa@aupﬁmm a0h hEeromalkd1 drouf)Qd 6Ll iR, aarf@fgamn i nvention
provi des a process for greparl ng a conpound of Fornmula I: or

phar mac e diPRIF B{PURE&Bpt Bl B4 SraUPY HerigBbsityie Méthr-heiRioand eraup. Ao F R

is -Hor "Aﬁpha!ﬁ% ""'§lk lc%d%ét&M§lr' GaRMecbPRdnkY agubsti tuted with 1-5
occurrences of )é{ IS - al kyl optionally substituted with 1-3

occur r end@R21bf /’Rﬁleteé@aralkyl" grRsp AfHsRAerie rf gk Ervintadeyd e198p (9. § Granllyl 3- 7
”E”ber ed CanLbegyis Edb%tlﬁ{ed@ﬁﬁq%fé&}‘&wl%r&?t ol Gfky[i0g "1%%6@9?%5% meMpsti tuted

1-5 oc urrences of RS is”independently selected from
haI ogen defpEidaiboverrd hetgyopralky Nppptionghy subSTME] withPEH, mareaibstiueninsighst i t ut ed

-Cl_2 al reN, i tut
which t hleg ng(&lle(ﬁ’é%“t%gl ﬁgﬁowalk%hgﬁl‘ggycﬁ@l %g;{p%?l}(ﬂgg&{ RefinWibedhg carbon to

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] Asused 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] Asused 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°"nonyl. 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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R6 is -H or unsubstituted -G _2 al kyl; and R7 is a -CH2CR3 or
-(CH2) 2CR3 wherein each Ris independently -H or -F;, conprising the steps
of : i) reawOi2zogg/mesanpound of Fornula 1 with a hydrochl orPciass@ki4zaBl a
conpound Fornula 2 12 in the presence of water, an organic solvent, a
base, and a transition netal catalyst to generate a conpound of Formula 3

i i) depr qmm]l U@ds@&h&gﬁmu'ﬁ@l ogromefsﬂé @ a?mﬁn@yl gﬁ)ﬂﬁbﬁké%}:@m@@u@d of
Fornula 4 Fornmula 4 with

RORY i AT HELON et o Lol Lyt R rd o S Segglcdert t o

gener at e pkheusI9 MR fardfpi aWyFME@xdmples[&%@ﬁ]gro'ﬁg@ present invention provides
a process for preparing (R (1Hpyrrolol

bl pyri di hOBSY| )AsyHspdiatein. - yroxkion chetezodies hipferno@ a4 XO)-of Buor oet hyl ) but ana

m de of |
3-(4, 4, SIﬁg{e{Hé{%)? gr(rg% I;ﬁe Q&m{d_t%feg%ar% grgrct)l%ggf)th_@%?—))yl arf ht%%g(ilahg)g is optionally
substituted as previously defined.

[0126] As used herein, 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 -NR*-CO-0O-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, -COOR¥, -OC(O)H,
-OC(0)R®, when used as a terminal group; or -OC(0)- 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 -SO;H or -SO3RX when used terminally or
-S(0)3;- 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]  Asused herein, a "sulfamoyl" group refers to the structure -O-S(0),-NR*R*
wherein RY and R” have been defined above.

[0134] Asused herein, a "sulfonamide" group refers to the structure —S(O)Z—NRXRY or
-NR*-8(0),-R” when used terminally; or -S(0),-NR*- or -NR* -S(0),- when used internally,
wherein RX, RY, and RZ 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(0)- when used internally, wherein R* has been defined above. Exemplary sulfinyl groups
include aliphatic-S(O)-, aryl-S(O)-, (cycloaliphatic(aliphatic))-S(O)-, cycloalkyl-S(O)-,
heterocycloaliphatic-S(O)-, heteroaryl-S(O)-, or the like.

32



pyrrol ol 2, 3-bl pyridine (la) and

(R)-2-(2-chloropyrimdin-4-yl am no) - 2- net hyl but anoi ¢ aci d hydrochl ori de
(2a) iwoths/s@sence of water, an organi c sol vent, amcCiraseganizdbase,

and a transition netal catalyst to generate

(R -2-(2-(1H pyrrol ol 2, 3-bl pyridin-3-yl)pyrimdin-4-ylam no)-2-nethyl -N(2, 2
, 2-trifl yer3ggt hwds&uﬁ@aam @@f&lfyr'@%dmb@rsl t8-S(O NI hehheREBERNE dhdivent i on

al so provi des a process prepary

(R) 2- (2-%<%whearl%ﬂdzntsmbl|bpwhﬁmw3@@%@&?%‘%@% MegmiapyudPndet hyl - N- (2, 2

, 2= trifl oalché M €ar9fs @odliPhaticlMipeRRPII(O),NY the steps of:
V\02013/ E34PCT/U 012/ 5514%‘:% @{agg%lng@alc H 1@'9 (g-tetramet hyl - 1,3

, 2-di oxa%‘l‘d@%l@hat@ 5(9)12)*he&efQCW@Oélmhﬂtlclw)pmeé‘Paéyl 52038 - bI pyridine (la) with
t he hydr g@l&flﬁﬂﬁc@ﬁ%}alﬁﬂtfc))QE%é)R)or g‘le(hgecm oropyri mi di n- 4-

yl am no) - but anor ¢ aci d rochloride (2a), NNCIN Ts la2a in the
presence [%38Mtz®ruse®hpr@nqdhulé0xg Bmémeferaw 1(11&(1(@6&1&1’ -BERE)-Ramdhea usedansi ti on

e {1500y PTGl B ek s
Fornmul a 361391 Asused hereln a "halogen" or "halo" group refers to ﬂuorlne 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] Asused herein, a "carbonyl" refer to -C(O)-.
[0143] As used herein, an "oxo" refers to =0.
[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] As used herein, a "cyanoalkyl" refers to the structure (NC)-alkyl-.
[0147] As used herein, a "urea" group refers to the structure -NR*-CO-NRYR” and a
"thiourea" group refers to the structure -NR*-CS-NRYR” when used terminally and
-NRX-CO-NRY- or -NR*-CS-NRY- when used internally, wherein RX, RY, and R% have been
defined above.
[0148] Asused 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®NR*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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1) deprotecting the conpound of Formnula 3a under basic conditions to
generate

(R - 2- (2-WwoHeyaos@i 0112, 3- bl pyri di n-3-yl ) pyri m di n- 4-yl aeirruspe2osashyl but an
oic of Fornula 4a, H 4a; and iii) reacting the conpound of Fornul a
4a with 2,2,2-trifluoroethylam ne (CF3CH2NH2); in the presence of a

coupl i ng [mpt 18 86hedd), (B @ANT CenSRdIVRIs lahIFARIRhE- R iteAPonAdrp Formul a
la. [017 %HThe present invention provides for a process for preparing

2- (2- ( 5- AL SCBIEHHPrE G108 98008y WhefeiR-the Wﬁtlteenfw o BpYi lgisAa- y| ani no) -
2- met hyl <Nb6bR a@m2- tr|fIuoroethyl)propanan1de of Formula Ib: conprising

the steps of: i)reacting y . o
5- chl or o 18152k, AThs tegms derainellyh pad fingrmally; isfea syholos#iop.of 2 gropp médima 1 H-

pyrrol ol %ul%'tlFHthy A QJOHI?IS (tergﬁnamheh the %‘rloup is present at the end of the substituent not
2-(2-chloro-5-fluoropyrimdin-4-y no) - 2- propanoi ¢ acid

nyir oh GriitanqE fo e ol dhechpmisreunt eyl coRGARDE™ ssiviem , an
|r0n 9 38 O A AL O T2 SRl BFORALR okl i o oo
met hyl - NHife2pRdR-of pistilistioenet helchgniopatractinde Adfyldadromy (ag.| dky{{@OY2]orThe

3 e35T. N EER ORI oSS LRI 860) 2
-fIuoropwkmnmduﬁkﬂﬂwkwgmm@ﬁmahmehhyy N-(2,2,2- trifluoroethyl)propanam de
of For m'”[@léSP: ACsI usecHlel}lein, 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 -[CHy]-, 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]J- 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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IN\N1-CH2CF3 Y ' 0 1-1 conprising the steps of: i)reacting or coupling
5-chloro-3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an- 2-y1) -

1-tosyl- Wopyrywbesdl2, 3- bl pyridine (I b) with PCT/US2012/045431
2- (2-chl oro-5-fl uoropyrimdin-4-yl am no)-2- methyl propanoi c acid
hydrochl oride (2b), in the presence of water, an organic solvent, an

I nor gani Gs HirgBat i P subsiah@dl§ alebed whigt Rdpt SrattehyShtuie®f 98 PEHALS, in the
2-(2-(5-chloro-l-tosyl-lH—Q§érolol2,3;b|pyt[din-S- 1)-5-fl uoropyrimdin-4-
yl ani no) APsHER HyPPrEBanoe’ @emiraby rergvmiPliEms. fpy e)té%trao‘v%t i ng the conpound
of Fornuligysgp udgEd RashCanCeftdiilé @RSuriOis A8MRA @S Bie amount required o confer a _
2-(2-(5-chloro-1H-pyrrol 0112, 3- bl pyri di n-3-y1)-5-fl uoropyri m di n-4-yl am no)
- 2- et hyhgsrsplémidiest enchelrefedmytient| andptypicglholeiqmined Aesed Ay ageneirietpound of
For m'” a ‘M%a%éight?m%’c%ﬁ&iﬁélf (I)HQJ ﬁﬁ%ﬁy lﬂ&ﬂ?&reﬁa%ﬁs(ﬁk?%gageé for Eulﬂﬁlaﬁ LhEgeENce of a
coupling agent "and an organic solvent to generate the conpound of Fornula

| b. [ 0172pmast(gpsefl pn nfilfigagk ppinmeemauapdoidioge surgace ik desorilpdhy dregsiohent  of

step i) ' I,C I F I Ny | vent of
Step 1) ek uRoBRE RSO Pl Ty KRR R ph e B GR

N, N- di netdatginaioet G dleightzmd tworabf ofitbe patient See.-ckputSelenefih@ablesobeigny conbi nati on

ther eof . thntRELaSRTILE Ren PG 305 01075 01 MERhLS AGRLPTLLL by (0174 I

sonme enbodi P’he organic solve rot1 ¢ solvent. For
exanpl e, ntanengiriatlndinsohmeat conprises ethanol, nethanol, isopropanol, or
any Conbl[alaSH i Orbhemical 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 et al., describe pharmaceutically acceptable salts in detail in J. Pharmaceutical
Sciences, 1977, 66, 1-19, incorporated herein by reference. 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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thereof. In other exanples, the protic solvent conprises ethanol,

i sopropanol, or any conbination thereof. For instance, the protic sol vent
conpri seswpomopanol . [ 0175] In sonme enbodi nents, the pasaSedi2osapli) is
an inorgani c base. Exanples of inorganic bases include tripotassium
phosphat e, di potassi um hydrogen phosphate, dipotassium carbonate, disodium

car bonat @, naphthlekHstIBnRROSPRALE, nifhite HiG@d bk WEHMAGeN pARQS) Padi@ate| N SOME
enbodi ments, the inorganic base is tripotassi um phosphate, dipotassium

hydr ogen Pﬁnbléaﬁnét@enﬂ?mglaa@tamha%aﬁrpactréte RaYalals G eheAUgSHCHHEsphat e. | n

ot her enRE@|RBrfie, thid€ydnAOr PRNchesRSRd, SndebidRt 2nRrHM M ORANALIRe. O her
exanpl es of i norgani ¢ bases include al kali metal hydroxides such as NaCH,

KOH, or Hamiappfopes kases inglpderdiali etalodtkaldastH] Wetak 3MMEREN r ansi ti on
et al Cataﬁél Ns{lbu yﬁiﬁﬁts‘ )Ihlssin\%nf?@l Alﬁ%n@fﬁoﬁ?%@lqﬁﬁgmlzmlaﬁ§béﬁc pal I adi um

catal ysts 1 nc l'adiun(l1)aceta
tetrakis (ngtrqum-re@fyalplmg gmqpm@)t}pfacpqng:@pmﬁcms):losed herein. Water or oil-soluble or

tris(dib I .thereof. In
sone errbg1 ?rljéllrtl)% ??g&% %gl I a @glr?“!rj gg g("g%t%ré‘ atl&pﬁe%ggﬁtﬂﬁ ]Il%){lacet ate.

Ot her exatiplimseagh npadl Bfeltslmcﬂnd@ao@ihlysmtblunnpd>taﬂﬂelm calcium, magnesiNmCHBI (HSC

[0177] | di um.cat al i din situ.

[0178] | Elks?n%hg%a%naceuutcgﬂy atcﬁ%)tﬁ?etsaﬁ? m(%lind%iny hgn X%ﬁr(\)/penafe i rE})cafnl nor gani ¢ base
of step ianneair, rqeawmanymnmdnsml andbarpfmasatmnsrfomaal asingd ¢vuotelieds secthadi ments, in

step i) e t aII s formed in sit this m xture

a1 ondRY RIS SR SR P bl T s SHIHBSBATHE 1T gands

i ncl ude aulfénaar yl phosphl ne I igand or a trial kyI phosphine i gand I n sone
enbodi ne t he phi ne | and is a I:I‘I ar phaosphi pe nd For

exanpl e, T{’ﬁ%]trf} a‘%ﬂ%ﬁ%b‘ﬁﬁﬁnné’ ‘It?cé%lﬁémiug KeFer é‘rIW‘f:fE EI‘IF (Btiam] In some
enbodi NenRfigodusdd@oia)mdleb [chEQIERN thSBScadl bfbgfuﬁctibﬁl rdifplin bRlePro,obtial I adl um
nbodi menftfodusdd Imdlébutchs oli aagtb | | adi
catal yst as descri bed above) and conpound of Forrmula 1 after the reaction

has run fBymeselseitviydn drubserusnticheinical thastipn. (Banglard pSEHNSZ DS PSS P6Videdr e or

about 5 BEWR)anal1d80] "Gﬁe&%@ot@&g@@rﬁﬁtﬁOrg%h@%yht)aeéﬁémfﬂhﬁcﬁ wiig! udes addi ng
a catalyst (e.g., a palladiumcatalyst as described above) and corrpound of

For mul a P-@M @pd EBresne. davt.iVoikeyi Igtegssisnee. 86w okp¥t which g1igadrpqrpfeds bgrpin

enbodi ment Serefch reaction of step i) is perforned at a tenperature between
about 50 and about 110 C. For exanple, the reaction of step i) is

per f or red0k2] a Exemples af nilregch eratecting gtyopt inglodGreahdroaboutargdnyCeroups ot her

enbodi e ) t re between
about 70@ EW%@&QOS@BMI%% )III tﬂu IQC%[ ﬁboﬂﬁnen%gﬁzﬁém&l[ |Ps per f or ned
w th agi ttlaﬁluomasncetlfbtnohlomupétgl phthayl; eaﬁtqphmOmacp@r heahﬂmdautyry]abmsﬁel
containl ir itates the re I on xture, 0183 I n sonme
bod mensorotearpd Fbaiber iy EpEPyr S e BTt hehe PeRbAPE L 0384)
I n sone edpodciken s.orDhe- alhﬁﬁ’&idl(ﬁl’;huﬂf asSla@el lbudife, pRAYIalaBHUasOMPHiRE;E ina

period of about 5 hours. [0185 In ot her enbodi nents, the reaction of step
i) is abéﬁltfongb%oﬂﬁr?ﬁ?lb‘l‘sé’eﬂ?nasu amilgytobrenesytiony! avd e fiks CMPM@%F@“@ ep ii)

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, o-dimethyl-3,5-dimethoxybenzyloxycarbonyl,
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,

2,22, -trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxy carbonyl,

fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl,
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[0187] In sone enbodi nents, step ii) conprises deprotecting the conpound of
Formula 3 in the presence of a base. In sone exanples, the base conprises
an i nor gawmpeotsawessguch as an al kali netal hudroxi de. Exaoplusgoiof4zBkal i
nmet al hydroxi des include NaOH, KOH, or any 45 conbination thereof. In

ot her enbodi nents, step ii) conprises deprotecting the conpound of Formul a
3in the c?&l@l&&?l@ch@fboK@‘bhehﬁﬂlﬁ&]arﬂoﬁyl%@meQikbQﬁlylﬁflﬁﬁltgfioup% bigchak kadyt, et al

hydr oxi de base has a concentration of about 2N to about 6N. In other
enbodlneﬁ?@wnﬂﬁﬁﬂﬁlngﬁbﬁﬂpgpﬂﬁ9@ﬁ@%*ﬁén%%§%9ﬁ5§Eﬁdbﬁﬁegﬁ%WEQﬁ&ﬁdgﬁ about
4N, For  exanplefirell N-SOE: HRWefzenb G026 e pablueRts@fonp PiRASRI UM

hydr oxi de is g gﬁt %Ftougg%ﬂ?kSN Iﬁmothgﬁﬁenbodyﬁeﬁtss fﬁg concentration
of pot asdikerindydrsRpidet ligitehEutosUN. [0189] I n sonme enbodi ments, the

depr ot eCih ) ' QAL Bchils kAR ihleuirs REFATERM A ud LERESAliiEupet ween
about 60 C and about 110 C. For exanpl deprotection reaction in step
i) is peyomsrinbde. atnapticneaisedizdaieandsiet wderomgiue torgenformatignabdemms@bthe, | n

ot her ex , t; S d at a

P ermper ot oS o B RDRAGEGH Wbl RGO Ry laeh PRkl LA RENLAA 1Y 8 8 |
sone enbmbﬂﬂeh@sﬁmhmﬂs@mh@bmm@dﬁgeﬂbnmﬁmsﬂewmwﬁiﬂ%ﬂ@ﬁp¢@p¥bphosphonic
oot sosteroptba O BR TR WE TR0 M biSe R AGN SELUERE G Sy of i an.
or any cmnhbnmmmnﬂ)mhmnenﬁwmﬁmmwﬁwammbmxmmh9wmng&mmaﬁ$©fmemh@mmnpr|ses an
al kyl su i tuted.tetrahydrofuran co i Si ng 2-nethyltetrahydraofuran

T i HE e B R B e bl bR b a1y s
a hal ogeniat edpdyfdiicoiaamaom. A&(@dﬁah@&nn&fss hadroge Rated tsuhy@iro dagibiomBertiAc| ude
dlchloronet ane or Hﬁ%#ﬁ?oeth n%@ I.n. sone. e dlnents t he hal ogenat ed
hydrocarﬁﬁﬁi$§mﬁwﬁﬁﬂ RaAds ey GIPT gy W iREPEBEHTBRPS MO he reacti on of

step iii)isotspidagy Eﬁ[dﬁ&datbmsthfre@m@@%ﬁl 6inddh he bRs&ONRicB¥&MREGS, the
base is an organic base. In sone enbodlnents e argani c base of step iii)
above i s for thereplaggyenath hydroge by esbiiriymeor tifhan, &r&wﬂéaqs%@ 93 caapby #i) is
N, N'd"SORIQﬁykﬁ%hm&%Qhﬂ@nathﬁﬁimxk@ﬂkeﬁmeﬁwﬁﬂ&lQﬁﬂ?b&ﬁﬁhﬁ&s&QEVEOf
[0195] In sone enbodinents, the reaction of step iii erforned at a

t enper at wsdulpfor kmlc. aparalysicall teas; probey inciclngira aSSﬁYFeOW@d%tﬂg@ﬁO@ﬂVlglt ep iii)
i's perforned.af mdap&EPpf@idre of about 35 C. In still other embodi ments,

t he reacti n of step ifi) is perfornmed at a tenperature of about 25 C
[0196] | M0Kdie Asryodinareinttbe eHNRERZNE Rlsgtimpndes injxtirss GRIIVEML) 2NH2 or
CF3CH2NH R7 in step iii) is CH3(CH2)2NH2 or
ool IR PR R e P step iii) is CF3CH2NH2 or
CH3CH2NH20166h fﬂwmhﬂmnenmeHnEﬂmémaﬁhﬁ@ﬁﬂbimegtmpakbmpmmgOCFQQH%NHZ

[0197] In sone enbodi nents, the process furiher conprises the additional
step of purifying a conpound of Fornuka 4R4 @ exanple, after step ii) and
before step iii), step iiia) conprise Bk |zing a conpound of Formul a

4. In sone enbodi nents, step iiia) eat@d [0198] In sone enbodi nents,
the crystallization in step iiia) i rfarnmed under basic conditions. In
ot her enbodi nents, the crystakli nin stepiiia) is perfornmed under
acidic conditions. In still ot é?| odi ments, the crystallization is

performed in basic conditions f d by a subsequent crystallization,
which is perfornmed under acidic conditions, or vice versa. [0199] In sone
enbodi ments, the process further conprjses the additional steps after step
ii) and before ste addi ng an organi c sol vent,
adjustlné”?HEW?W¥?#%¥¢%F%?%PEP@IﬁﬁmgfT%@Eﬁhlng concentrated HC1; and iiid)
drying the sokldsH, [A2¢0} | n some enbodi nents, the process further

conprises the gddlthgal steps after step ii) and before step iii) of:
H or

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’;
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iiia) adding an organic solvent, adjusting the pH of the mxture to < 1.0

usi ng concentrated HCLl; iiib) adding charcoal and filtering; iiic)
r epeat i ngwetes/iosd3d) two tinmes; and iiid) drying the solPCaaS2¢102@kp1 1 n sone
enbodi nents, the organic solvent in step iiia) is isopropyl acetate.

[ 0202] D. Addi ti onal Steps [0203] Sone enbodi nents further conprise

conpri sing t heacktrEPSin@pendently seléc¥@)frdneRASdeA-OTIEOMROURD, ONHFosAUl @ 5 with
brom ne in _an organlc sol vent to generate a conpound of Forrmula 6: Br 56

va) r eact i-Pigty "EHE S 60 er Weubstivtadi-G 1621 B t ol uenesul fonyl chloride to

generate a conpoungoaf> FQpILb& ter witBlhe chfbof to which théy hrefa@adHed 8t e conpound
of Fornmula 7 with triisopropyl borate, in the presence of an organic

sol vent &neloRoRY!Fig&g | i t hi um base to generate a conpound of Fornula 8: HO
s- CH R%is -H or unsubstituted -Cy alkyl; and

Risa -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 compound Formula 2 or a

hydrochloride salt of a compound of Formula 2

(N 2 R4
. g-O R R3 OH
-4 N NN 0]
N 1
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

[0167] The present invention provides a process for preparing a compound of Formula I:

or a pharmaceutically acceptable salt thereof, wherein:
Rlis -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’;
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; and vii) esterifying a conpound of Formula 8 with pinacol ate

al cohol in an organic solvent to generate a conpound of Fornula 1. [0204]
Sone al t ewoavivme@abodi nents further conprise the stepsPoff/US2012/04543VD)
reacting a conmpound of Formula 5 with p-tol uenesul fonyl chloride to
generate a conpound of Forrmula 9: / I>1 NN, NNI, HTs 59 vb)reacting the
conpound of Fedcik’& @dddehdenlly RiQiasHEChNodh O, ganeNat enal,cepapound of
Formula 7; Br Ts 7 vi)reacting the caonpound of Formula 7 with triisopropyl
borate, it HheNPFHseheoomsahstigigahicalPbpife® and a strong Iithi um base to

generate a conmpoungoaf> FQpILUb& ifr witPuss @Hon to which they are attached, form a
cyclopropyl ring;
R%is -H or unsubstituted -Cy alkyl; and
Risa -CH,CR; or -(CH,),CR3 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
(?LF 2 sR* OH
- 5-0 R°R3 (
= N\ ///ng O
X | 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

T'N~—N 0

ii) deprotecting the compound of Formula 3 to generate a compound of Formula

R2 R3 R* OH

A

1 " =N : ’
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.
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; and WD 2013/ 006634PCT/ US2012/ 045431 vii)esterifying the conpound of
Formula 8 with pinacolate al cohol in an organic solvent to generate a
conpound W 2pwaod3a 1. [ 0205] The present invention al sECpsSeeIdess4Bor a
process for preparing a conmpound of Fornmula 1 '13---" wherein RL is -H,
-G, or -F conprising the steps of: iva) reacting a conpound of

For mul a Eiows] h TRE prekdieink Bitidh pl‘d%@@ a ?f@@@d@ if6r pr&JaMBNIR)ID 9@ Ngsyabe[A3 conpound
of Formula 6: NI\1 iThl---11H 56 va reactlggg‘5 t he co ound of Formula 6 in
1

an organi @Y%l%ﬁlﬂpmfﬁlﬁmé‘nﬂ@“&%@ eethyh§-gr ﬂ(u@roﬁth Jpipmsmikes ul f onyl
chl ori de)pohRuigener ate a conpound of Fornul a Br

H‘
| ! N_CH2CF3
///
' N—N ©
N —=N H
x>
N
N"
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)
o [y o

= N\ I/\_NH 0
sodey hah

Ts
la 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 Ia.

[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_CH20F3
//l
///\—N‘ o)
N
N
N"H
Ia

comprising the steps of:

40



where PGis a protecting group (e.g., Ts): 7; in particular reacting a
conpound of Formula 6 in an organic solvent wth p-toluenesul fonyl

chl ori de wo 2gsmes@tie a conpound of Fornula 7: 67 Vi) PE€RAIS2019/083381
conmpound of Formula 7 in an organic solvent with triisopropyl borate, in
the presence of a strong lithiumbase to generate a conpound of Formula 8:

, and iv)estepifyiRginbe- (aqrsméa@ln&flylﬁmmlo&a&rmﬁngun@@ﬁlme al cohol in
an organi c solvent to generate a 81 [0206] The

present PHVEIRES %H]Ppslfl%‘? Gé%wft%Fheélyﬁ%@%%%e (H&l) Sﬁl‘@‘é‘aﬁ)r%@ Al umpaita-fof

Formul a ly@imifeh2-dhethylbutanoic acid hydrochloride (2a),

AN /

OH
\B’O H
~A QT/\T‘N 0
S N
N Nr cl HCl
S
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,

@)
\N N‘
Ts
3a .
ii) deprotecting the compound of Formula 3a under basic conditions to generate

(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic of Formula
4a,

;and

jii) reacting the compound of Formula 4a with 2,2,2-trifluoroethylamine
(CF;CH,NH,); 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-
pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-2-methyl-N-(2,2,2-

trifluoroethy)propanamide of Formula Ib:
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/[ conprising the steps of: iva) reacting 1H pyrrolol 2, 3-bl pyridi ne
(5a) with bromne (Br2) in an organic solvent to generate

3- br ono- Wopyrywbek 2, 3- bl pyridine (6a) Br | /---ni N | RNr/USkH2b&6a1
va)reacting 3-brono-1H pyrrolol 2, 3-bl pyridine (6a) in an organic sol vent
wi th p-toluenesul fonyl chloride to generate

3-brono-1-tosyl-1H-pyrrol ol 2, 3-bl pyri di ne H 7a) Vi) reacting
3- brono- 1-tosyl- 1H pyrrol ol 2, 3- bl pyrFdi H.GA3 an organic solvent with
triisopropyl borate in the presenc f rong |ithium base to generate 1

“tosyl- 1H pyrrolo 112, 3-bl pyridi gl 3> thor 6hi ¢ aci d (8a) HO g- O
=N

Cl

Z
X
N

IZ o

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),

g-0 P
Cl
z [/%_

| N\ N/ N ©O
SN7N PN
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-1H-pyrrolo[2,3-b]pyridin-3-yl)-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-

trifluoroethy)propanamide of Formula Ib:

H\
F N_CH20F3
Dl
NN H

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-fluoropyrimidin-4-ylamino)-2-
methylpropanoic acid hydrochloride (2b),
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; and vii) esterifying 1-tosyl-1H pyrrol ol 2, 3-bl pyridi n-3-yl boronic
acid (8a) with pinacolate al cohol in an organic solvent to generate

3- (4, 4, 580otetymnssthyl- 1, 3, 2- PCT/US2012/045431

di oxabor ol an-2-y1)-1-tosyl-1H pyrrol ol 2, 3-bl pyridine (la). [0207] The
present invention provides for a process for preparing a conpound of
Formula I b: B-0O | b conpri sy the steps of: Iva) reacting

5-chl oro- 1H pyrrol ol 2, 3-bl pyri di 5b) with bromine (Br2) in an organic
sol vent to generate 5-chloro-3-Rrono-1H pyrrol 9112088- bl pyri di ne (6b) Br

clc / , Il NNNNi-ii-icl5b&b a)reactinm
5-chl or o- 3- br ono- 1H pyrrol félSk | pyridin ’( HiHDan organi c solvent with

p-t ol uenesul fonyl chloride ener at e =N
5-chl oro- 3- brono-1-tosyl- 1H pyrriel 0112, 3- Bl pyHcdi ne (7b)
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-

Py Pr
ﬁzﬁﬁ—N 0
N h

methylpropanoic acid of Formula 4b

Cl

-
X
N

IZ o

4b ;and

jii) reacting the compound of Formula 4b with 2,2,2-trifluoroethylamine
(CF;CH,NH,), 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. For
example, the aprotic solvent of step i) comprises acetonitrile, toluene,
N,N-dimethylformamide, N,N-dimethylacetamide, acetone, methyl tert-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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7b vi) reacting 5-chloro-3-brono-1-tosyl-1H pyrrol ol 2, 3-bl pyri di ne
(7b) in an organic solvent with triisopropyl borate in the presence of a

strong | iwbi2are/doesse t 0 gener at e PCT/US2012/045431
5-chl oro-1-tosyl-1H pyrrol ol 2, 3-bl pyridi n-3-yl boronic acid (8b) HO 1 B-OH ;
and vii) esterifying 1-tosyl-1H pyrrol ol 2, 3-bl pyridin-3-yl boronic

aci d ( 8b)hapdrhibRaceimsies, ﬁﬂe@%@'solhéht%@m@lﬁ@@-@ﬂh@n(ﬁ Qlopiphndl or@aper at e
5-chl or o- 3- g4 4,5 5-tetramethyl-1,

di oxabor 6PaRindigpihergof; ggw}stmep% P@P&PG}V%“ BYPRFISELPOREORansY) . [0208] In some

enbodi menyrs) t NE sQLOaNbSIRGY BldtbaldbrStep ) it H@ﬁlofgﬁnl@'ﬂas%pmﬁﬂlliﬁessﬁl vent. For
exanpl e, the aprotic solvent is dinethylformmde n sonme

embodi me AN HasesdBAEdedHPGLRFSEMEOPRPAY: ‘illéo%%ﬁrbl?meaph%m@aéﬁmer ature of
about -5 G0t RsiARMhonlk, %soélﬂmc&ntﬂ)%ﬁat@ racYelefif §pohateh§r &R ﬁ)ﬂlrd nperformed

at a tenperature of about C to about 10 I'n sone enbodi nents,
t he or gamhespsae.vbrsone ﬁn@@@plema)thfam@@emp basgns talp@tmsn@n Blesispleatet, dippiassotther
enbodi men t ahy 1 some
enbodi rren&g g%ﬂ%ﬁ % I:IEOCE% he%é Otfgésﬁe p?‘g %én o?ﬂ g%dl%?rtlhﬂydri de.
[0212] | mnwocﬂlmeeushb@hnn@ams basehetrnpeiassnlirmphdsnhm e@thma:)camglep@”rlﬁ@”gmqj at a

tenperat yre of 0, .ab reaction
is perfo;ﬂ’rreélmC ah mgr a%‘ drroeXlo Su oﬁt%ag)l%@cme COE%”%H there ﬁe

enbodi nefi0e] t He sasmaemlncmlnnerss pmrtfammzndrnahl ataﬂ}emneste@nusepaMadainoMalm Cto
about 20.C. [021 enmbodi strong l'ithium base in step vi)
i s n-but )ﬁxalin[)]teﬁf) la{ﬁﬁfﬁ]ﬂyftﬂms? p@i‘?ﬁ@&i(ﬂ@ﬁ?t ‘the reaction in step vi) is
per f or medetakisariplAPRh@Aphin®pafadanqoy, trrsdc@lﬁhn@lid@ne%babﬁe)dlﬁﬂlaéﬁuml(@) ataer

enbodi msntsb t he Beactlon |seélﬁ%9rforrreg aa er at yre of about -90 Cto
about - 8¢OBPinARRBIreql, Insame gREnts Pal 8(?1?36 ¥fvent in step vii)
above is gauamahﬁmma@a@d d%h/éilefaﬁ@lmpalfazaﬂﬂiplcaeﬁy@;maa&@genat ed hydrocarbons

i ncl ude chl oromet hane or di chl oroet hane. I n_sonme enbodi nents, the

hal ogenat ed hydrocarbon is_dichl oronet hane. %:10216] I'n some enbodi ment s,

t he esten@tlon react| ep vii) med at a perat ure of
about 0 C 60 C : ot enbodl

in step v, 5 3 Pa errperatu ut 10 @.m 40 C. In
still oth mQod rrents he IOBI‘IfIC g@e@' ep_Viy,).ci

per f or med Fat a Fl?oErrperaggsgjc bput 20 a,bOLm 30 C. 17] oge
enmbodi men@;f\u tHér co (a) reacting

conpr|5|ng tep
a conpound io\q | a 1 in RBis IkyI (e. g butyl),
with a co 4:9 For
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R4 NH2 COOR8 10 in the presence of an organic base and an organic C
sol vent to generate a m xture conprising a conpound of Fornula 12 and a
conpound Wb 2brand3a 13: R2 R3 RAR3 R4 Y- CO2R8Y- CO2R8 NI PNTHIIR2MH20#543P13

[ 0218] Sone enbodi nents further conprise the steps of: I xa)
deprotecting the conpound of Fornula 12 and the conpound of Formula 13 in
t he presence of an inorgani cid to generate a m xture conprising the
conmpound of Forrml a 2 and n/p@j of Formula 14: R2 R3 RAR3 R4
Y- CO2Hr . NCQ2

2 J< SN

Fe /Pd:;l
/ \CI <—F

7{’% GO
, 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 step i) where the
palladium catalyst is formed in situ, 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 ligand. 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)

[0187] In some embodiments, step ii) 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 hudroxide. Examples of alkali metal hydroxides include NaOH, KOH, or any
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CICl 214 xa)reacting the m xture conprising the conmpound of Formula 2 and
the conmpound of Formula 14 with HClL in the presence of an organic sol vent
t o gener awe 20tsaobosdr ochl ori de salts of the conpound of Pormsk@22438d t he
conmpound of Formula 14; and xia) recrystalizing the mxture of the
hydrochl ori de salts of the conpound of Fornmula 2 and the conpound of

Formul a k4mbRa@eneéasre Ii ffetnbodielthRl dtésii)xahbriek dthstcemEpRuathpinder mul a 2.

[ 0219] Sone alternative enbodi ments further conprise the steps of:
viiib) r&qeelnginthesrpaunal BPHrormula 11 with an acid salt of a conpound of

Formul a %@18'8]1 tRGoRE &REIG R, 1R HAlMEMI H3Mdxide BAS Bad PcBBARGLASFLLBEy COMPOUNd
For mul a i Xxb) reactlng the conmpound of Formula 2 with an acid (e.

.g., HC1PNtie apatiéNatrobherengofignepss. §o alkphrarcsd hyderidrehase asta copcopigicdonpound
of Formu lo?' al?out Ille 1391] exkﬂpl}?ﬁﬁ%orﬁ%ﬁg&cﬁ%a{té ’thet&ﬁﬁcetﬂa'%ﬁ)n(gf 8_§Ja%ﬂm¥ hﬂldr(p)?idé S an

i norgani ¢ base selected fromtri potassi um phosphate, di potassi um hydrogen
phosphat és abgppdY sbpeirat dn ledwasebodgnensd thgrepreenbasivatoé potpssivgolelidgeridsivs phat e,
di sodi um,pydnegen phosphate, or any conbination thereof. [0221] In sone
enbodi nents, the solvent of step viiib) conprises water. [0222] In sone
enbodi ned®E89] t He sgo¢ eemidinénts thepleproiecti)n ®artibhar stepaips patsmedhatal cohol

sel ected from. nethanol, e | ., Rr ok, +1.80-pr.opanpl .  but anol ..

ort - but ooy MR0OL el AER oy PRAEDRC po3SafbP AR b B A s, (e
react i on ioftesiiep paifarinbd at sstejpperhorerredveah about 5rfe nat aboet Bf°Ct Tomhabout 70 C to

about 120 C. .In_sone enbodi nents, the.reaction of ste Liib) is f or med
At t erpeh BT LRGROREDRTEBBUDY Bt Dd BBUr a0 e F0ss iy b BB ELn
i nvent i ornCahsabqut 8yt@cles a process for preparing an HClL salt of a conpound

of For mul wherein R2.is -Hor -F, R3is -Cl4 aliphatic optionally
subst i tut[@l](?%hth 85 o&?ﬂiﬁinces of R5; R4 is -ClL 2 alkyl; or

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

[0192] 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 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] In some 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(CH,) ,NH, or CF;CH,;NH,. In
other embodiments, HNR®R in step iii) is CH3(CHy) ,NH, or CH3CH,NH,. In still other
embodiments, HNR®R’ in step iii) is CF;CH,;NH, or CH3CH,NH,. In further embodiments,
HNRR’ in step iii) is CF3CH,NH,.
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R3 and R4 are taken together to forma 3-7 nmenbered carbocyclic or
het erocyclic saturated ring optionally substituted with 1-5 occurrences of
R5; woechi3Re6d3s | ndependently sel ected from hal ogenPCTOSRIB2/0433B8 - NO2,
-NH2, -SH, -SCH3, -NHCH3, -CN or unsubstituted -G _2 aliphatic, or
two R5 groups, together with the carbon to which they are attached, forma

cycl opropgig7yi ng sorﬁ@msddahaﬁs the roceysl flihtidek cdslﬁ;a@geg ﬂhg addiGOnPaLnek pahfﬁ@g" mul a
10, wherein RB is a -Cl4 alk ., tert-b wi th a conmpound of

Formul a £Eompaunds lomimed. 1601 eﬁarfuﬂ% aﬁ%%%)eanébefaw HPdihplep B&% eompien
organi ¢ cSlsaftinseNontpBuREsteLAhQa 3. IHs?éEﬂéreﬁle@LHEﬁﬂsss‘t 2813 foeRQUnd of Formul a

12 and a conpound of Fornula 13: R2 R3 R4R3 -C02R8 Ns HRZ2N H
[0198] In some embodiments, the crystallization in step ma) 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 step
ii) and before step iii) of:

iiia) adding 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
ii) and before step iii) of:

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

iiib) adding charcoal and filtering;

iiic) 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 comprising the steps of:
iva)  reacting a compound of Formula § with bromine in an organic solvent to

generate a compound of Formula 6:

Br
R! R

=
< |
N

N\ TN
N SNTTN
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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ad 1213 i xa) deprotecting the conmpound of Formula 12 and the
conpound of Fornula 13 in the presence of an inorganic acid to generate a
m Xt ure cwopRpixiongs4t he conpound of Fornmula 2 and a conpeamdasedi2bes4aul a 14:
R2 R3 RAR3 R4 y-co2Hy-co2H NsNs HR2H CI Cl 214 xa)reacting the m xture
conprising the conpound of Fornmula 2 and the conpound of Fornula 14 wth
HCl in the presence of an organic solventmto generate the hydrochl oride
salts of the conpound of Fornula £ e conmpound of Formula 14; and
xia) recrystalizing the m xture of he hm rochloride salts of the conpound
of Formula 2 and the conpound of For mif a 14 to generate the hydrochloride
salt of the conpound of Formula 2. [0225{“The present invention al so
provides for a process for preparing an HCl salt of a conpound of Formula 2
NCO2H NR4 R3 Cl 2 wherein R is -H or -F;

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
Ts

;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 § with p-toluenesulfonyl chloride to generate

a compound of Formula 9:

R’ R'
g8 g8
NS Ny
NT N NT TN
H Ts
5 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 B-OH
R
NS
N~ N
Ts
8

;and
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R3 is -Cl4 aliphatic optionally substituted with 1-5 occurrences of R5; R4

is -Cl_2 al kyl; or R3 and R4 are taken together to forma 3-7 nenbered
car bocyclwo 20r3/deed3@r ocycl i ¢ saturated ring optionally sebStistueds4ith 1-5
occurrences of R5; each R5 is independently selected from hal ogen,

-OCH3, -OH, -NO2, -NH2, -SH, -SCH3, -NHCH3, -CN or unsubstituted -G _2

al i phatic, orvii) esterifying tha@ofRoudll OHPSrmulze R BihadMdidaltdHo] ®aheanico whi ch
they are attached, forma cycl opropyl ring; conprising: viiib)

react i ng SAVeBADERIRETcorpPrl of FPIYR dh a conpound of Fornul a 15 under

coupl i ng (6B tTRPFsER IBRARIAIL FotRIRQUNTHQREs BPpIM Rz comPSuiioR4 G N CO2H
N Coupl i ngNN R4 ci Conditionsci 112; and I xb) reacting the conmpound
of Fornuit&mulgilt h HC1 to generate the hydrochloride salt of the conpound of
Forrmula 2. [0226] In sone enbodi nents; the conpound of Forrmula 11 reacts
wi th the conmpound of Fornula 15 undé&/@the presence of a base and an
organi c solvent. [0227] In other en@odbments, t he base conprises a
carbonate of an alkali earth @Et al oP a hydroxide of an alkali earth netal.
For instance, the base conpri ssi um carbonate. [0228] In other
enbodi nents, the solvent conprise al cohol (e.g., nethanol, ethanol,
propanol , or any combination theMNeof). [0229] In some enbodi ments, the HCl
salt of the conpound of Fornula 21s 3 conmpound of Formula 2a: 15

wherein
R'is -H, -C1, or -F;
comprising the steps of:
iva) reacting a compound of Formula § with bromine (Br,) in an organic solvent to

generate a compound of Formula 6:

R! y R’ y i
IR Y
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
R
\N N‘
PG

7

where PG is a protecting group (e.g., Ts): ; in particular reacting a compound

of Formula 6 in an organic solvent with p-toluenesulfonyl chloride to generate a compound of

Formula 7:

@
= I R
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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Il TKOHNO NTr..Nsl-1 CI HC 2a the conpound of Formula 11 is
2,4-dichloropyrimdine (11la), and the conpound of Forrmula 15 is D-isovaline
(15a). [OoxBQp1dmessane enbodi nents, the HCl salt of the ®omasand/oef43+or mul a
2 is a conpound of Formula 2b: OH ). --- Nsl-1 CIHCI 2b the conpound of
Formula 11 is 2,4-dichloro-5-fluoropyrimdine (11b), and the conpound of
Formula 15 is 2-am no-2-nethylp noi c acid (15b). [0231] The present

i nvention provides for a process oro\rgparlng a conmpound of Formul a 2a:

N. O HQ

1 Br \7, B-COH

R R’
148, C G
\N N\ \N N
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

R1
/| N\ Pinacolate Alcohol R’ /| \
S
NT N SNTTN
Ts Ts
8 1

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

\B’O
Ts
1a

comprising the steps of:
iva)  reacting 1H-pyrrolo[2,3-b]pyridine (S5a) with bromine (Br,) in an organic
solvent to generate 3-bromo-1H-pyrrolo[2,3-b]pyridine (6a)

Br
=
® g8
H H
Sa 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)
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Nr-NHC 2a conprising the steps of: xii)reacting a conpound of Formul a

(16) 0 '

)<)AN (CH 1110 16 with 2,4-dichloropyrimdine (11a) in the

presence Wb 2ams/dop@rgani ¢ aci d and an organi ¢ sol vent toPgeNsSe@ERA4B3M Xt ure

conprising a conmpound of Formula (2a) and a conpound of Fornula (14a);

and

Cl Cl 2alda xiii) recrystallizing the m xture conprising the conpound
of Fornmula (2a) and the conpound of Forrl a (14a) from an organi c sol vent

to generate the conpound of Formul . [0232] The present invention

provi des for a process for prepari conpound of Forrnula 2b: conpri sing
the steps of: xii)reacting a conpou oﬂ_FornuIa (17) 1 0 HN COzH
S

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
B-OH
= | A
Ts
8a

; and

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).
[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-1H-pyrrolo[2,3-b]pyridine (Sb) with bromine (Br,) in an
organic solvent to generate 5-chloro-3-bromo-1H-pyrrolo[2,3-b]pyridine (6b)

o Br
Cl
72
® g8
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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17 with 5-fluoro-2,4-dichloropyrimdine (11b) in the presence of an

i norgani c acid and an organic solvent to generate a conpound of Fornula
(2b) and wocompoessd of Formul a (14b); and 2bl1l4b PKTItISP012/045431
recrystallizing the m xture of the compound of Formula (2b) and the
conpound of Forrmula (14b) from an organic solvent to generate the conpound
of Formula (2b). [0233] In sone enbodi nenkrs, the organic solvent in step
Xxii) above is dioxane. [0234] In § dlnents the inorganic acid in
step xii) is hydrochloric acid (HCL) l0235] In some enbodi ments, the
reaction in step xii) is performnmed f o bé ween about 6 to about 24 hour s.
[0236] In some enbodi ments, the organic sbivent in step xiii) is a mixture
of ethyl acetate and isopropyl acetatg [0237] In sonme enbodi nents, the
conpounds of Formula 2, Fornula 2a and Forrula 2b may al so be another salt

form i nst ead oif thﬁamgsaa&@slbﬁﬁwm&gl mtpgfﬂ&t)[jﬂﬁ}p&ﬁﬂné@lbﬁﬁla!ﬂ& salt or a

sulfate salt. [0238] In other enbodi nents he conpounds of Formula 2,
For mul a 2&ganigrsellvee i teisopyopid Yorafesp sepreshecefof aalrengrlivusa bage g eprerdlor m

i nstead af I ion provides for a process
for prepgféﬁgégt%%%gggwggﬂﬁﬁgkﬁﬁﬂ?ng£ﬁﬁgg&§§aggﬂ%r|sing: reacting
2, 4-dichloropyrimdine (11a) with D-H§ o¥§llne (15a) under coupling

conditions to generate the conpound o] rmula (2a). H3CH2C, st cH3
- ]
N

N™ A

8b T ; 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 embodiments, 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.
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H2N COOH rCl r 15a NN 1Coupling Cl Conditions ha 2a [0240] In sone
enbodi nents, the conpound of Fornula ha reacts with the conpound of Fornul a
15a underwonotmwegnesence of a base and an organi ¢ sol veoT/USp@2443431 n ot her
enbodi ments, the base conprises a carbonate of an alkali earth netal or a
hydroxide of an alkali earth nmetal. For instance, the base conprises

pot assi urmm] banadife erh&%ﬂﬁ&ntd ﬂleféktlaﬁ‘ﬁcaﬁﬂﬁlﬁﬁd:tmﬂﬂﬁ §tep Hil)el nE &foteBd agonpri ses an
al cohol &e nmet hanol , et han propanol , or i nati on thereof).

[0243] T (Jénweggrg of abo/& e Fooar}i)obtr(tgv CeldB Othgl 61%{306% @e pgﬁnf&agﬁt}ﬁep%@na
conmpound iR AN Tpfofhed at a t&thpetRuCOMJuB LMY 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 comprising the step of:

viiia) reacting a compound of Formula 10, wherein Rdisa -Ci4 alkyl (e.g.,

tert-butyl), with a compound of Formula 11

e e
NH;~ ~COORS® 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:

R? R® R* R® R?
)LCOZR8 N Y-CO.R®
I N,
R2 /N H
CI cl
12 13

[0218] 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:

R2 R® R* RS R4
Y-COoH N /-COH
N/l/ng\ 5 / \7_N\
Cl Cl
2 14

xa)  reacting the mixture comprising the compound of Formula 2 and the
compound of Formula 14 with HC] 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.
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reacting 2,4-dichloro-5-fluoropyrimdine (11b) with

2- am no- 2- net hyl propanoi ¢ acid (15b) under coupling conditions to the
conmpound w0 2paend3a (2b) . i b2b [0244] | n sonme enbodiPegnisg12ioa3conpound
of Formula lib reacts with the conmpound of Fornula 15b under in the
presence of a base and an organic solvent. [0245] In other enbodinents, the

base conpeiies Rnfealb@naleen®bdidtndlif@cr camilsh ¥Blpt oor a hydroxi de of an
al kali earth ngtal. For instance, the base conprises potassium carbonate.

[0246] In ot h¥tibenisedingaseepottHe! Sempent! ¥idhir tcabwlighaspemst o e. g.
met hanol Foghh209|n th@g@%e@&f,as@rveﬁtrhyld%a@tagéﬂe% thbesBRfuhd FbQARA¥E I n sone

enbodi nents of the above processes, the conpound of Fornmula | is: HI It/

; NNCH2CF3 Nr.)-Nr-0 N1-1 R l a

(R -2-(2-(1H pyrrol o[ 2, 3- i n- 3-yl ) pyrim di n-4-yl am no) - 2- met hyl - N- (2,
2,2- trifluoroethyl)butangm (la); therdorgound of Formula 1 is:

ridine (la); the HClL salt ofl the conmpoli# o mila 2 is:

3-(4,4,5,5-tetranethy1-1,3f21dioxaborolanﬁQ&yl -1-tosyl-1H pyrrol ol 2, 3- bl py
; q%| :
11 15

;and

ixb) reacting the compound of Formula 2 with an acid (e..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 HCI salt of a

compound of Formula 2

2

i H CO,H
PN
Nt T

Cl

2
wherein
R?%is -H or -F;

R’ is -Cj4 aliphatic optionally substituted with 1-5 occurrences of RS;

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, -OCHj3, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN or unsubstituted -C;, aliphatic, or
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IOH Nr)-N O y-N'Id Cl HCl 2a
(R)-2-(2-chloropyrimdin-4-yl am no) - 2- net hyl but anoi ¢ aci d hydrochl ori de
(2a); thewoanpowse4of Formula 3 is: PCT/US2012/045431

(R -2-nmethyl-2-(2-(1-tosyl-1H pyrrol 0112, 3-bl pyri di n-3-yl) pyri m di n-4-

yl am no) but anoi ¢ acid (3a); the conmpound of Formula 4 is:

(R) - 2-(2- (1H- pyrr odw@ %&b thyuiried ivith Breydatom b Whidh Bred apl a2 83HA@)forn AEL hyl but an
oic acid (4a); and HNR6R7 is 2,2,2-trifluoroethylamne (CF3CH2NH2) .

[0248] | KYSOREPEABSdi nents, the conpound of Fornula 11 is

2, 4- di chl or opysiipiseligne (1la) and the conpound of Formula 15 is D-isovaline

(15a). [0249] |n other enbodi nents of the above processes, Formula | is: H
sN- CH2CE3 Y' Nilig) greactinga compound of Formula 10, wherein R is a -Cy4 alkyl (e.g.,

2-(2-(5- Qm-gﬁt?g,%lpé’édnﬁ’doﬁﬂcigﬁP?e)'rllﬂhlBWii di n-3-y1)-5-fluoropyrimdin-4-yl am no)
-2- methyl -N-(2,2,2-trifluoroethyl)propanam %e (I'b); the conpound of
2

Formula 1 is:
Nm

e e
NH;~ ~COORS® 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 R3 R4 R3 R4
¥-Co,R® N Y-COR®
N NN A YN
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 R® R* R R*
Y¥-CO,H N Y-COH
N///\S—N\ A S~
Cl Cl
2 14

xa)  reacting the mixture comprising the compound of Formula 2 and the
compound of Formula 14 with HC] 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
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B-- d

5-chloro-3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1)-1-tosyl-1H pyrrol o
| 2, 3- bl pyoi2didmeeq3sb) ; the HCL salt of the conpound of Pomrask@2®43431 F OH N
0 C HC 2b

2- (2-chl oro-5-fl uoropyrim din-4-yl am no) - 2- et hyl propanoi ¢ acid

hydr ochl oride (2b); the conpound of2 Fornula 3 is:

2-(2-(5-chloro-1-tosyl-1H pyrrol o[ 2, SHbI Wi di n- 3-y1)-5-fluoropyrimdin-4-y
| am no) - 2-net hyl propanoi c acid N|3b\)N; Rt4 & conpound of Forrmula 4 is:

Cl

wherein

R?%is -H or -F;

R’ is -Cy, 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, -OCHj3, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN or unsubstituted -C;, aliphatic, or

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

cyclopropyl ring;

comprising:

viiib) reacting a compound of Formula 11 with a compound of Formula 15 under
coupling conditions to generate a compound of Formula 2:

R3 ((R)-isomer if 15 is chiral)

R2 )<R4

Hﬁ/ol H2N15 coon iy N. _CO.H
| e

N__N 3
Y Coupling NW?N Rt R
Cl Conditions ¢l
11 5

;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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2-(2-(5-chloro-1H pyrrol o[ 2, 3-b] pyri din-3-y1)-5-fl uoropyrim di n-4-yl am no) -
2- met hyl propanoic acid (4b); and HNR6R7 is 2,2,2-trifluoroethylam ne

( CF3CH2NHED.20{30@603) | n sone enbodi ments, the conpound ofPCEarsauka43dl i s

2, 4-di chloro-5-fluoropyrimdine (11b) and the conmpound of Fornmula 15 is

2- am no- 2- et hyl propanoi c acid (15b). [0251] In sonme enbodi ments, this
invention provides a process for prodycing,a pharmaceutically acceptable
salt of conpounds of Forrulae I, la or# whi ch further conprise the step
of making a salt of a compound off lagyl, la or | b. [0252] The present

i nvention al so provides a procesd pyepari ng a conpound of Fornula |
wherein: RLis -H -d or -FR2 Hﬁr:H or -F R3is -Cl4 aliphatic optionally
f

substituted with 1-5 occurrences ReHdEM is -G _2 al kyl; or R3 and R4
are taken together to forma 3-7 nmemnfgered carbocyclic or heterocyclic
saturated ring optionally substituted with 1-5 occurrences of R5; each
R5 i s i ndepentertinpowd|oétomuld Hom2Hadidgenpyrind®iag (11alidpd - NO2, - NH2, - SH
-SCH3, - QF%[ - hstitu L1 2 aliphatic, or t wo
R5 groupgg Oo&SP%Q#I&%?ﬁgﬁﬁgﬁéng%ﬁg§gs‘ ich they are attached, forma

cycl opr ofj9230t i rig soriRGerisodithbry, thertdTilsslt bf the eenpdtnd 3f Birkayla;2 isadompound R7 is a
- CH2CR3 OF -é&%ﬁi&CRS wherein each Ris independently -H or -F, conprising
the step$! bPMulaZbr = 2y reacting a conpound of Formula 5 with bronine
(Br2) in an organic solvent to generFate/a @bnpound of Fornula 6:
va)reacting a conmpound of Formula iﬁgénﬁgrganic solvent with

TN
N _N H
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 /
e X KIrOH
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

57



p-tol uenesul fonyl chloride to generate a conpound of Formula 7: 0 Il S-C

ii 0. 67 vi)reacting a conpound of Formula 7 in an organic solvent with
triisoprongl2oizawed3e i n the presence of a strong |ithi umPbagis2e10/0¢=BEr at e a
compound of Fornmula 8: Y o0,B,0l 6 vii)esterifying the compound of Fornula 8
Wi th pinacol ate al cohol in an organic solvent to generate a conpound of
Formula 1: viiie) eactlng a conpound 07 Fornula 10, wherein R8 is
C _4 alkyl, with an inorgani'g to generate of the compound of

Formul a 10: R3 R4TsO1- 1R3NR4 2 RBHZN 1010 ((R)-isomner if
10 is chiral) I X reacting the salt N conmpound of Formula 10
with a conpound of Fornﬁrh 11 in the presen e of an organi c base and an

organi ¢ solvent to genéflate a mi xture of c@npounds of Fornulae 12 and 13:
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:
F OH
A

SN NH 0
cl HCI

2b

comprising the steps of:
xii)  reacting a compound of Formula (17)
>|\ 0]
OJLH§><eo¢+

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 Formula (14b);

and

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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1213 | xa) deprotecting the conpound of Formula 12 and the conpound of
Formula 13 with an inorganic acid in an organic solvent to generate a

m xt ure cwoppidgiong4conpounds 2 and 14: HH / 1\ *NxCO2H N @CZHSRorXpoms4BiN R3
SANR3I R4 I C 2 xia) recrystallizing the m xture of conpounds
conprising Fornulae 2 and 14 from an organi c solvent to generate a conpound
of For mulige38) i Eacdnhtidgintdd®, HOTRAKIAo0En hOGERKiR) it a@ndutg ehydicoal) ori de
salt of a conpound of Fornula 2 in the presence of water, an organic

sol vent , BhISPHEPYari¥cbase, and a transition metal catalyst to generate a
conpound @370 rmubiRe dnbodiments, thelcohpO&RS 6f BiA®, Fhe &IPSRl BT nNul a 3

under basic conditions to generate a conpound of Formula 4
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 instead of a salt form.

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

2a:
| [ o
‘r
ﬁf’\T—N‘ o)
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
y /
H,N" "COOH 7 «
S s ﬁfz\y—N 0
> — N H

N N

f Coupling C?/

Cl 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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4; and iii) reacting the conpound of Formula 4 with HNR6R7 in the
presence of a coupling agent and an organic sol vent to generate the
conpound WO 2pwaond3a | . [ 0253] The present invention al sECpSLHIAMES4A1 pr ocess
for preparing a conpound of Forrmula I: wherein: RLis -H -d or -F R2
is-Hor -FR3is -Cl4 aliphatic optionally substituted with 1-5
occurrences of RS R4 is -C _2 alkylrF qry oH R3 and R4 are taken together
to forma 3-7 nmenbered carbocycl i rocyclic saturated ring

optionally substituted with 1-5 ch Rnceés of R5; each R5 is

i ndependently sel ected from hal ogefFN OCH3, -OH, -NO2, -NH2, -SH, -SCH3,
-NHCH3, -CN, or unsubstituted -Cl2 aliphatic, or two RS
groups, together with the carbon to which they are attached, forma
cyclopropyl ring; R6 is -H or unsubgbituted -C _2 al kyl; and R7 is a
- CH2CR3 or LQCHZ ) 2CR3 wherein each Ris independently - “H or -F; conprising
t he st ep$YBprising: i vb) reacting a conpound of Fornula 5 with

p-t ol uenesul f eRYkngCIU-GichiIdR-5-NudBFy rRfi8HE (CIH) Gfth 2MnOA@ A McehyHRbYHADL atia
generate a cong)ound of Formula 9: RIWTs 59
n

(15b) under coupling conditions to the compound of Formula (2b).
HsC
F "3 CHs F OH
o HN” “COOH BL(
S 15b NN o
NN > =N H

\f Coupling CT

Cl Conditions

11b 2b

[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:
H

| RN CH2CF3
at

4

z
IZ o

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

the compound of Formula 1 is:
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vb)reacting the compound of Fornmula 9 with N-bronpbsuccinimde to generate a
conpound of Forrmula 7: 7 vi) reacting the conmpound of Fornmula 7 with
triisopropgl2otsoed3e, in the presence of an organi c sol veor/tsaa2a438T ong
lithium base to generate a conpound of Fornula 8: HO B-CH Vii)
esterifying the conmpound of Formula 8 with pinacolate al cohol in an organic
sol vent to generate a conpound of Fornulgq/1,HO B-COH , Pi nacol at eAl cohol ,
l,I TsTs 81 viiib) reacting a conp f Formula 11 with a conpound
of Formul a 15 under coupling conditions ‘?sé),(gener ate a conpound of Fornul a
2: N, 7\CQ2H

Ts
1a

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

the HCI salt of the compound of Formula 2 is:

|llOH
/
' N~—N ©
N///R_‘H

cl HCI

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

the compound of Formula 3 is:

(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:

|, ROH
‘
' N—N ©
N///?_ H

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

(4a); and HNR®R is 2,2, 2-trifluoroethylamine (CF;CH,;NHo).
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NR4A R I C 2 i xb) reacting the conpound of Formula 2 with HCl to
generate the hydrochloride salt of the conpound of Forrmula 2; i)reacting

t he conpowoadowsfookrnul a 1 and the HCL salt of the conpoeaud/uskoiEoss¥l a 2

12 in the presence of water, an organic solvent, an inorganic base, and a
transition netal catalyst to generate a conpound of Formula 3,

i 1) depr otf@xs8] Ndn khife &ﬁmmﬂuaﬁs He cbRboMIdD Botnaer1 Rasi Gelaedgyrtmians to
generate a conpound of Forrmula 4 _4: and K WD 2013/ 006634PCT/ US2012/ 045431
iii)reactl lﬁ'@ariﬁ e cynpanh Al Bk ks R-isovgline{IBNR6R7 i n the presence of a

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

H\
F \ f N_CHchs
/I/S—N o)
N __ N H

Cl

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:

Ts
1b

5-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl- 1H-pyrrolo[2,3-
blpyridine (1b);
the HCI salt of the compound of Formula 2 is:
F ROH
A
—=N H
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



coupling agent and an organic solvent to generate the conpound of Fornul a
. [0254] In sone enbodi nents, the organic solvent in step i) is an aprotic
sol vent . WO28BJoobe340t her enbodi ments, the aprotic sol veRrCTafS26i2ep543) i S
acetonitrile, toluene, N, N-dinethylformam de, N, N-dinethyl acetam de,
acetone, or nethyl tert-butyl ether. [0256] In some enbodi nents, the

or gani ¢ sol vent2{cib@pl -topyli 1$1-gyrNQL B O | SRldue Ry - 5L A2y ribiidie B84 mino)-

enbodi ments, the protic solvent of step i) is ethanol, methanol, or

i sopr opartoPcthylpeaciq 5ikGRE enbodi ments, the base in step i) is an

i norgani ¢ basge LRI of PoRidhes isenbodi ments, the inorganic base of step i)
is tripotassium phosphate, dipotassi um hydrogen _phosphate, di potassium
carbonate, di sodi um carbonate, trisodi umfpho e, or disodi um hydrogen
phosphate. [0260] In ot her enbodinentSJ’égg_'n gani c base of step i) is an
al kali metal hydroxi de such as NaCH, KN%LNor}@ny conbi nati on thereof.

[0261] In sone enbodi nents, the ﬁransition netal catalyst in stepi) is a
pal | adi um based cat al yst . [0262f: r enbodi ments, the pall adi um based
catalyst is palladiumll)acetate, ket s(triphenyl phosphi ne) pal | adi un{ 0)
or tris(dibenzylideneacetone)dipallddi u(0). [0263] In still other

enbodi nents, the palladiumbased catalyst is palladiun{ll)acetate. [0264]
In some enbodi nents, the paIIadiun1caf |l yst is selected from , N
-CH3 H3C 2{(026 8] 100 1B By 1613 pyTRIM-$-y )t I Budr6REInti@R-40§laiin8 P24 ) 1S
performed in the presence of a phosphine ligand. [0266] |n further

embodi memtedyIRTARANEI GsigH e %%{ﬁd? 152,22t FflurgetniyRise (HeCHYHMd or a
trialkyl QmEhllﬂeomégﬁMimé&@ﬁl%]caneoéﬂdfboMMﬁrs embodi nents, the
triaryl phosphi ne |igand js.trlphenylghosphlne. 0268] I n sone enbodi nents,
t he reactZoicldprostByorpnyringdige (K18y shslhggonzpop wWedSpet ween about 50 C to

about 1 1@—a%ino—Q—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:
R6
R? R3 R|4 ‘;N_R7
Fng‘N o)
N ZN H
R1
fﬁ
N
N
N" R
|
wherein:
R'is -H, -Cl or -F
R?is -H or -F

R’ is -Cy4 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, -OCHj3, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN, or unsubstituted -Cj_, aliphatic, or
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[0269] In other enbodinents, the reaction of step i) is perforned at a
t enperature between about 60 C to about 95 C. [0270] In still other
enbodi mrerwe,20tmed3@acti on of step i) is perfornmed at a PrerpsSeaosadbet ween
about 70 C to about 80 C. [0271] In sonme enbodi nents, step i) is perforned
with agitation. For exanple, the reaction is perfornmed in a vessel
containing a stir RarR’tdaipsagidifl @shitheafdacd whioh Hex hitr@actk@2dd) o | N sone
enbodi ments, the reaction of step i) occurs in about 17 hours. [0273] In
sone enb&UFIHREARYE INEhe reaction is about 86% conplete in about 5 hours.
[0274] | n ot hefjephpdhi®ilsed Idg alighGhd ON i s about 99% conplete in about 17
hours. [0275] The present invention provides a process for 1:prepari ng
(R -2-(2-(1H By rsraopéﬁz(jlﬁgor -(CH,),CR3 wherein each R is independently -H or -F;
bl pyri di Re3nylidPWE k@ dign- 4-yl ami no) - 2-met hyl - N- (2, 2, 2-trifl uoroet hyl)butana
mide of Forhula |a Hs )141-CH2CF3 NsO H 1la conprising the steps of:
i va) reacti ngiviM pigpqtiok elcompousdpy ForgivteeS wBR projjind(By) e g4 pjvenhtot he
presence ' t-.to generate

fEE\erﬁQ a Q{Erg%g g? ﬁ(%r}ﬁ%ﬂi 6

3- br ono- pyrro pyridine (6a) Br 5a6a va)reacting
3- brono- 1H pyrrol ol 2, 3- bl g%ri dine (6a) in_an orga¥fic solvent with
p-tol uenesul fonyl chlorid rate R\A N\
3- brono-1-tosyl- 1H pyrrol oI2\:f%\l-| ridine ( alzl| N
y ’
5 6
va) reacting a compound of Formula 6 in an organic solvent with

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

5 O ?
r Br
R % I R Z

R © R
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:

0...0
‘ad HO
1 Br 0 1 B—-OH
R \( R
T T
SN N N N
T

Ay N Ay
[ Ts
7 8 .

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

solvent to generate a compound of Formula 1:

HO (}LF

‘B-OH B-O
R? . R1
Z TN Pinacolate Alcohol Z TN
Ts Ts
8 1
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N N Ts 7a vi) reacting 3-brono-1-tosyl-1H pyrrolol 2, 3-bl pyridine (7a)
wth triisopropyl borate in the presence of a strong lithium base in an

or gani ¢ swbwverstoos@4generate 1 -tosyl- 1H pyrrolo 112, 3 PoOI/Usgei2aiia3s

-yl boronic acid (8a) HO B-OH 8a vii) esterifying

1-tosyl- 1H pyrrol ol 2, 3-bl pyridi n-3-yl boronic acid (8a) with pinacol ate

al cohol i n anviicpaRh&ing @lc¥@Pdunti Of GeMARNALE, wherein R® is C;4 alkyl, with an
3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1)-1-tosyl- 1H pyrrol ol 2, 3- bl py
ridi ne (lipyganic base togepgrpy a sl thqygprapoundipidiorgrladdy i mi dine (11a) with a
hydr ochl ori de salt of QE;?@valine1géﬁa) unﬂgéﬁcoupling condition to
generate a conpound of nula 2a—We-230 3 £6I$2012/ 045431
H3CH2CXCH3OH ", 7 H2N O 20 152 NN AR

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 _ClI
| :Tr y N_Cl
R3 R4 R2 N N COst | \I/
X @ TsOH a [T RN
8 s 3 R4 +
HoN CO5R R2 _N R°R R® _NH
4
10 cl R™ Co,R®
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:
2
RZ H
l//)\[/N\X\,COZH NiT/N\erOZH
Nﬁ/lN RS R4 R2 | _N RS R4
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

of Formula 2

= N\ N (o]
X | N= N H
N" N )
Ts Cl
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,
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Coupl i ngci Conditions 2a i xb) reacting the conpound of Fornula 2a
with HCl to generate the hydrochloride salt of the conmpound of Fornula 2a;
i )reacti nyotzhss/wesspound of Forrmula |la with the conpoundPpofi/uSermioka3Ra with
in the presence of water, an organic solvent, an inorganic base, and a
transition netal catalyst to generate a conpound of Formul a 3a,

ii) deprotecting the conpound of Fornul ag3a rindgy basic conditions to
generate a conpound of Formrula 4a 4a; de;_§$ iii) reacting the
compound of Formula 4a with 2,2,2-triflu thydamine in the presence of a
coupling agent and an organic solvent ngenier at e t he conpound of Fornul a
la. [0276] The present inventiomlprqQvi des a process for preparing
(R)-2-(2-(1H pyrrol 012, 3- Z
bl pyri din-3-yl)pyrimdin-4-ylam noygZ=ret hyl - N-(2, 2, 2-trifluoroethyl)butana
m de of Fornula I|a: Il a conpr|5|ng t hetst eps of : ivb) reacting

1H pyrrol ol 2, 3-bl pyridine (5a) with pytoluenesul fonyl chloride in the
presence of an organic solvent to generate ’

-t osyl- 1H pyjif ol OdeprodedahPiticicHinPéund F@Fomlula 3 under basic conditions to generate a

compound of Formula 4

R? s R* OH
' NN ©
1 =N
R \/l \
4 ; and

iii) reacting the compound of Formula 4 with HNRR 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:
R6
4 N _p7
R2 R3 R N-R
”/&T-N 0
N ZN H
R1
N
N
NTOH
| |
wherein:
Rlis -H, -Cl or -F
RZ%is -H or -F

R’ is-Cry 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, -OCHj3, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN, or unsubstituted -Cj_, aliphatic, or
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N NN N HTs 5a9a vb)reacting 1-tosyl-1H pyrrolol 2,3-bl pyridine (9a) in an
organi ¢ solvent with N-bronobsuccinimde to generate

3- br onp- IW0a81B8100dd34 pyrr ol ol 2, 3-bl pyridine (7a) Br / | NPT3/URA012/045431 Vi)
reacting 3-brono-1-tosyl-1H pyrrolol 2,3-blpyridine (7a) with triisopropyl
borate in the presence of a strong lithium base in an organic solvent to
generate 1 -tosyl -whiRYedpe) i0gelied with th cavh kdlvhick tiey hRQkaMeE, fagh 8 (8a) HO
"B-OH / vii) esterifylng

1- t osy1- FHEIPRFPPBIIBE2, 3- bl pyri di n- 3-yl boronic acid (8a) with pinacol ate

al cohol in anrO[gaN: ana®bMERE -¢,Q a8SNarat e

3-(4,4,5,5-tetranmet hyl-1, 3, 2-di oxaborol an-2-y1) - 1-tosyl- 1H pyrrol ol 2, 3- bl py
ridine (la): R BR3CHZR; or -(CHay(Rspyphereinerach Rgs mdepegdeady ddepyti mi di ne (11a)
wth a h%9&§ﬁ§h£ﬁ&gﬁm§ﬁ!t of D-isovaline (15a) under coupling condition to

generate a conpound of Formula 2a
ivb)  reacting a compound of Formula § with p-toluenesulfonyl chloride in the

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

R R’
g8 g8
H Ts

5 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
B-OH

R’I
R
NS
N~ N
Ts
8 )

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

solvent to generate a compound of Formula 1

HO ;)LfL_

‘g-OH B-O
R! . R'
= TN Pinacolate Alcohol = TN
N N
NT N NT N
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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i xb) reacting the conpound of Formula 2a with HC1 to generate the
hydrochl ori de salt of the conpound of Formula 2a; i) reacting the
conpound WO 2pvaod3a | a with the conpound of Fornula 2a wCrhiSeen2bia3pr esence
of water, an organic solvent, an inorganic base, and a transition netal
catal yst to generate a conpound of Fornula 3a, ii) deprotecting the
conpound of Formul a 3a under basig conditigngkmugemﬁggkﬁn@)conpound of
Formul a 4a 4a; and W 2013/0066 CT/ US2012/ Q45431 iii)reacting the
conpound of Formul a 4aw ich 2,r2N2- iOH uor oet Byl ami ne in the presence of a
coupl i ng agent and anforpani c sol'Went to gen +h€%2bnpound of Formul a

la. [0277] The presemtg?Mvent&on provi des a fr ogers Kor preparing

(2-(2-(5-chl oro-1Hpyrr ol 2, 3Py gpidin-3-y1)>ﬁ-fluoropyrinidin-4-y|anino)-

2-methyl -N-(2,2,2- tri uoroe?%@' %F%pananide(bf Formula Ib: CI VIHNsrsw

(sr 1....... 2...... 31T %NO conprising the steps of: -iva) reacting
5-chloro-1Hpyrrol ol 2, 3-bl pyridine (5b) with brom ne (Brza in an organic
sol vent to gehd at®aging Hlegoppaunsrad e Ayith §1(d 1a gengraly the hydpghdoride b)
salt of the compound of Formula 2;
i reacting the compound of Formula 1 and the HCl salt of the compound of

Formula 2

=z N
| \ N \ O
\N N —N H
ll's 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,
4
R2 R3 R OH

A

O

N \
Ts
3 .
ii) deprotecting the compound of Formula 3 under basic conditions to generate a
compound of Formula 4
R2 R3 R4 OH

; and
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Br CICl Il HH 5b6b; va)reacting 5-chloro-3-brono-1H pyrrol ol 2, 3-bl pyridi ne
(6b) in an organic solvent with p-toluenesul fonyl chloride to generate

5- chl or o-8oknesB4t 0osyl1l- 1H pyrrol 0112, 3- bl pyri di ne ( 7bPCBUS2012/05431
vi)reacting 5-chl oro-3-brono-1-tosyl-1H pyrrolol 2, 3-bl pyridine (7b) with
triisopropyl borate in the presence of a strong lithiumbase in an organic

sol vent to genpr atRadms MeQofpdurdQs¥orklth P¥ich QN R 3r dad Piekdndé HFa3- Y| bor oni ¢
acid (8b) HO s-OH WO 2013/ 006634PCT/ US2012/ 045431 vi i es terifying 1 -to s

yl - 1H pyPYRImg apt and 4 orgapiq sgpisnido s BrRcemaind of By Wik h pi nacol at e

al cohol igesan qh9ANE EmSREMERS, HeQrHBRALAER in step i) is an aprotic solvent.
5-chl oro-3-(4,4,5,5-tetranet hyl-1, 3, 2- di oxabor ol an-2-y1)- 1-tosyl-

1H pyr r ol[@25p, jn D@FW?]?%”W“( mg)aprotlc solvent of step i) is acetonitrile, toluene,
N, N-dimethylformamide, N, N-dimethylacetamide, acetone, or methyl zers-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] In some 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(II)acetate,
tetrakis(triphenylphosphine)palladium(0) or tris(dibenzylideneacetone)dipalladium(0).
[0263] In still other embodiments, the palladium-based catalyst is palladium(Il)acetate.

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

@P/ " / o / o Q / o
@@ @@ @G Ob

Q ~(
HiG J@ Q \Pd:C'
d @ @ HsC'N\CH?) <
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| b viiib) reacting 2,4-dichloro-5-fluoropyrimdine (11b) with

2- am no- 2- net hyl propanoi ¢ acid (15b) under coupling condition to generate
(2b) CH3 WO 2bi3n@be34 i xb) reacting the conpound of Fecmlisaoi2lo4343t h HCL
to generate the hydrochloride salt of the conmpound of Fornmula 2b;
i)reacting the conpound of Formula (2b) with the conmpound of Formula (Ib)
I n the presence of water, a ganlc sol vent, an inorganic base, and a
transition netal catal yst "f ate a corrpound of Fornmul a 3b,

||)deprotect| he conpo Ia 3b under basic conditions to
generate @o/ d of Fo aYl
Fe >Pd:C' ©\P/ cl

@\P%Cl < § \O
7\ , or , 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-
b]pyridin-3-y)pyrimidin-4-ylamino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide of

Formula Ia:

Ia

comprising the steps of:
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; and iii)reacting the conmpound of Fornmula 4b with CF3(CH2)NH2, in the
presence of a coupling agent and an organic sol vent to generate the
conmpound WO 2pvaond3a | b. [ 0278] The present invention pr®¢rassoa/opgecess for
prepari ng

(2-(2-(5-chl oro-1Hpyrrol ol 2, 3- bl pyri di n-3-y1)-5-fl uoropyrim di n-4-yl am no) -
2- met hyl - N- ( 2ivd) 2- rehdting 11 HOFy@@LINY,B biFyeiRAe QSH) Keth®honiaé (B&lz)ﬁn ki préskncelof

Fi NN CH2CF3 0 s1- conpri si the step reacting

5- chIoroaEHQBVF§@W8F?)%mBW5y$WBWﬁé}fEﬁyﬂﬂﬁﬁﬁﬂﬁﬂﬂﬁpd@ﬁesulfonyl chloride in

an organic solvent to generate 5-chloro-1-tosy®r1lH pyrrol 0112, 3- bl pyri di ne

(9b) arsa , \/ , 9b vb)re
5-chl oro-1-tosyl- 1FprrroIoI -bPpyriding (Pb)y in an organic solvent with
N- br onosucci ni mi de to genera ﬂ;chloro- Nonn 1 -tos yl- 1Hpyrrolo

112,3 -bl pyridine (7b) Br
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

‘B-OH
NS
NT 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):

B—O
\N N
Ts

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

(15a) under coupling condition to generate a compound of Formula 2a
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7b WD 2013/ 006634PCT/ US2012/ 045431 Vi) reacting
5-chl oro-3-brono-1-tosyl- 1H pyrrol ol 2, 3-bl pyridine (7b) with triisopropyl
bor at e i rwohe13mesence of a strong lithium base in an orPganiseoioksent to
generate 5-chloro-1-tosyl-1H pyrrol ol 2, 3-bl pyridi n-3-yl boronic acid (8b) HO
s- CH vii) es terifying 1 -to s yl- 1Hpyrrolo [2,3 -bl pyridin-3
-yl boronic acid (8b) with pipaggtatg. al cohol in gn organic solvent to
generate 5-chloro-3-(4,4,5,5-tet c&ei hyl-1, 3, 2- di. orol an-2-y1) -
1-tosyl- 1Hpyrrol o [ 23 bl pyf i@ b): - Ts |I'b viiib)
reacting 2,4-dichlorol5-1luaraopyrimdine 11‘% i th
2- am no- 2- net hyl propzﬂrrff% aci éo&ﬂin"—’ﬁg) under Céjl pling condition to generate
(2b) CH3 Cl Conditions
11a 2a .
ixb) reacting the compound of Formula 2a with HC1 to generate the hydrochloride
salt of the compound 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

|’ HOH
A\

to generate a compound of Formula 3a,

/ N o}
N =N H
Ts
3a .
ii) deprotecting the compound of Formula 3a under basic conditions to generate a
compound of Formula 4a
| I OH
NN 0
NS
N
N"H
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 Formula Ia.
[0276] 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:
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i b2b i xb)

reacting the conmpound of Formula 2b with HC1 to generate

the hydrochl oride salt of the conpound of Formula 2b; i)reacting the
conpound w0 2pvaomd3a (2b) with the conpound of Fornul a (PEY/USR0RINES4pT esence
of water, an organic solvent, an inorganic base, and a transition netal
catal yst to generate a conpound of Formula 3b, ii)deprotecting the
conpound of Fornula 3b under basic condiﬂions to generate a conpound of

Formul a 4b ; and

iii) reacting, tpeNc@tpbund of Formula 4b with

CF3(CH2) NH2, in the presence of ?/Qgg agent and an organic solvent to
Al [i27

generate the conpound of Formul

I n sone enbodi nents of the

above processes, the conpound of NmuPa | is: H )14-CH2CF3 NNO HN N H
| a
(R-2-(2-(1Hpyrrolo[ 2, 3-blp r|| i 3-yl)pyrimdin-4-ylam no)-2-nmethyl-N-(2,

2,2- trifluoroethyl)butanam de (}ﬁ); Formula 1 is:

Ia

comprising the steps of:

ivb)

reacting 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)

vb)

H Ts
S5a 9a

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

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

vi)

Br
=

| N
X

)
Ta

s

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
‘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):

73



WO 2013/ 006634PCT/ US2012/ 045431
3-(4,4,5,5-tetranmet hyl-1, 3, 2-di oxabor ol an- 2-y0- 1-t osyl - 1H pyrrol ol 2, 3- bl pyr
idine (| ayp 213006631 salt of Fornula 2 is:
2a (R)-2-(2-chloropyrimdin-4-ylam no) - 2-net hyl but anoi ¢ aci d hydrochl ori de

(2a); Fornmula 3 is:

yl am no) but anoi ¢ acid (3a);

Formul a 4 /=%

/,y40H N. 0 HPHTIUS2012/045431

(R)-2-nethy1-2-(2-(1-tosy1-1FprrroIoiﬁég?;blpyridin-3-y0pyrinidin-4-
Q

(R -2-(2-(1H pyrrol 0112, 3- bl pyri di n- 3-

ic acid (4a);

I n ot her enbodi nents of the aboveryc

and HNR6R7 is 2,2,2t%%&?§;oroethylanine ( CF3CH2NH2) .
N

NN

Ts
1a

Ses,

yrim di n-4-yl am no) - 2- met hyl but ano
[ 0280]
the conmpound of Formula | is:

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

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

HaCH.C, CH,

| HOH
F/\T—N o)

cl H,N~ "COOH
(Y
N._N _
h Coupling ol
Cl Conditions
11a 2a

ixb)

s

reacting the compound of Formula 2a with HC1 to generate the hydrochloride

salt of the compound 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,

i)

a compound of Formula 4a

L l OH
F/\T—N o)
N =N

\

H
Ts
3a
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deprotecting the compound of Formula 3a under basic conditions to generate
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2-(2-(5-chloro-1H pyrrol 0112, 3-bl pyri di n-3-y1)-5-fl uoropyrim di n-4-yl am no)
-2- methyl-N-(2,2,2-trifluoroethyl)propanamde (Ib); Formula 1 is: )30

5- chl or 0-8O(2413M0663%- t et r anet hyl- 1, 3, 2- di oxabor ol an- 2- y1 PCTASeGIpD434BE pyrr ol o
| 2,3- blpyridine (Ib); the HC1 salt of Formula 2 is: yCO2HN. )1..--NH

Cl HCI 2b

2-(2-chloro- 5ni‘)l uolresmmgm@dah@o&rcwfmma 42 wite byl pirlapdaayiemaiislthe
hydr ochl ori de ( Formul a 3

2- (2- ( 5- EHISHRE Oia %@y&g aaﬁrnwlflraa|0ma2w§01mr5w gaeratedbyqqupound ofiwHYRilAT di n- 4-y
| am no) - (@277t M RrRAR MRt AGrélidBMprocess 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‘CHZCFg,
F’gy—N o)
N H

— N
C'r/r?
o |

N

IZz z

Ib
comprising the steps of:
iva)  reacting 5-chloro-1H-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)

ol Br
c
g8 g8
SNTON SNTN
H H
Sb 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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Formula 4 is:

2-(2-(5-chloro-1H pyrrol 0112, 3-bl pyridin-3-y1)-5-fl uoropyri m din-4-yl am no)
-2- met hywpnopanaeidea aci d (4b); and HNR6R7 is 2,2, 2-tri f lpaorusedidphsni ne
(CF3CH2NH2) . [0281] In sone enbodi nents, the organic solvent in step i) is
an aprotic solvent. [0282] In ot her enbodi nents, the aprotic solvent is

acetonitrile, vipl U@&@lfyl Eyﬂr&@prmqp in BLyl}bdild)rH@Mw{%wttﬁm de,
acetone, or neth tert- 0283] In still other enbodlnents t he

aprotic PHGApE2 Cgh%gé%wg%mq SioéVenTte%Qﬂrat? A cBloHs3-EhbodiirEtmedy lie-or gani ¢
sol vent g xab&Blah-D-y1S1- a)sfltm bﬁw‘l@[b\é%]byncﬁ&z(%i I'n other embodiments, the
protic solvent is ethano hanol, or isopropanol. [0286] In st|II ot her
enbodi ments, the protic solvent i's ethangl/ or i sopropanol . [0287] In sone
enbodinents, the base in step i) is and'n ani c base. [0288] In other
enbodi ments, the inorganic base is trip®-&ssi um phosphate, di potassium
hydr ogen phosphate, di potassium € e, disodium carbonate, trisodium
phosphate, or disodi um hydrogen phgsphat. [0289] In still other

enbodi nents, the inorganic base is Nlp&taSS|un1phosphate di pot assi um
hydr ogen phosphate trisodi um phosphat e,Tsor di sodi um hydrogen phosphate.
[0290] In further enbodi nents, the |nﬂggan|c base is tripotassium
phosphate. [0291] In sone enbodlnents the transition netal catalyst in
step i) is a piib) aﬁmumgQa&ﬁdﬂ@ﬁtﬁmmﬁ@%mhﬂaaaMlbﬁwmﬁher enbodi ments, the

pal | adi um based catal yst is | | adi um(11)acet at e,
tetrakis(t Wlbﬁgﬁ%t@%&%‘%é‘f%zﬁﬁ@d‘? 3 ligg condition o generate (2b)
trls(dlbenzylldeneacetone)dlpalIadHyn(O) [0293] In still other

enbodi ments, the pallagi um based H yst is pd |l adyu@lll)acetate. [0294]
I n sone enbodi nents, the Qﬂllaq; cadrl yst i s{sel d from
X 15b o N—N 0

H

NN N

he Coupling cl
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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, N-CH3 H3C [0295] In sone enbodi nents, the reaction of step i) is
performed in the presence of a phosphine ligand. [0296] |In other

enbodi mrerwe,20t¥mehosphi ne ligand is a triaryl phosphi nePCrgsea 2o0154a1
trial kyl phosphine ligand. [0297] In still other enbodi nents, the phosphine
l'igand triaryl phosphine Iigand is triphenyl phosphine. [0298] In sone
enbodi nents, the reaction of step i) isFpekfomred at between about 50 Cto
about 110C. [0299] In other enbodi nen t eaction of step i) is
performed at between about 60 C to akbut CO[0300] In still other

enbodi nents, the reaction of step i) Noerf ormed at between about 70 C to
about 80 C. [0301] In some enb&H{ step i) is carried out with
agitation. [0302] In some enbodi the reaction of step i) occurs in
about 17 hours. [0303] In sone e nts, the reaction is about 86%
conplete in about 5 hours. [0304] In other enbodinments, the reaction is
about 99% conpl ete in about 17 hour54b[0305] In so enbodi nents, an

al kal i -metal hydroxi de base is present in step it . [ 0306] In other

enbodi nent s, iihe aﬂekcaﬂnig{moﬁipoﬁtylohf@mmiﬂa m%hm3(@hm2€ﬁl the pioseacdbiam

hydr oxi de or. Eotassi n1h drox %0307 In still ?%her odi nents, the
al kal i - mSPHInR G&PbRYT eBtc}f’ SRy arBng ! “In sone

embodi menozrs) t hﬂle@kdéaltimv@mcaﬂ prdsw@hrs%r&@sstfaﬁlﬁep@ngbpm@?dﬂldr@1Hbout 4N.
[0309] In other_ enbodi nents, the alkali-netal hydrOX|de base i s about 4N.

[0310] | MYEekE- Bhipsad iRl upepughdant v aminp 2arepg st am hydroxi de i s
about 2N ufi AR ptNandnidddd Foku@itper embodi ments, the concentration of
potaSS|un1hydrOX|de i s about 4N [0312] In some enbodlnents t he

deprotection reaction in step iii) p freed®Fat bet ween about 60 C to
about 110 C. In other enbodinents,g epyotection reaction is perforned
bet ween about 65 C to about 95 C. N[Q 1 L In still other enbodi nments, the
deprotection reaction is pq&forned et ween about 70 C to about 80 C

=

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-1H-pyrrolo[2,3-b]pyridine (9b)

Cl Cl
\N N \N N
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)
Br
Cl Z | N
Ts
7b
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[0314] In still other enbodi nents, the coupling agent of step iii) iIs
propyl phosphoni ¢ anhydride. [0315] In sone enbodi nents, the organic sol vent
of step iWD)0ixnoes3hal ogenat ed hydrocarbon or al kyl - subsPcratsed2/DHH3( e. g.

2- MeTHF). [0316] In other enbodi nents, the hal ogenated hydrocarbon is

di chl oronet hane or dichl oroethane. [0317] In sone enbodi nents, step i)

includes an adpi tiRA&ing Stc@R@B-basish- m@os‘jﬁIHprﬁblo?znﬂb QAN ALI(TE) afth For mul a 1
after the reaction has run for about hours. [0318] In _some enbodi nents,

step i) iHEPRICRYS berAte AR e Presenge ok etfj)néihﬂé'&falbﬁ?j g a1 eyt sV OATPIRAd of
Formul a %c%&ﬁ@ﬂt&@@lﬁ%ﬁﬂbkﬂg3BE@H&hQﬁﬂb&nﬁbQ&H(QﬁqﬁCO”D'ete [0319] In some
enbodi nents, the conpounds of Fornula 2, Fornula 2a and Fornula 2b nay al so
be another salt forminstead of the HC1 q#ﬁ including but not limted to
an HBr salt or a sulfate salt. [ 320 er enbodi ments, the conpounds
of Formula 2, Fornula 2a and Fornu & b \gay al so be the free carboxylic
acid forn1|nstead of a salt form | In other enbodinents, in a
conpound of any Fornulae |, 2, 3 or 4, and R4 are taken together to form
aring selected from wherei n one @}, nore carbon atons in said ring are
optional ly and independently replaced by N, °0 or S. [0322] In another

embodi ment, i Riig CRUROHAC] s ﬁmpﬁ%lmlaa@pymdlas y%or@ﬁc 4id (8p) and R4 are: CH3
CH3 H3C CH3 H3CCH3 | CHB g\/t0|CH3500 0"0C H 3 H3C CF3
H3Q\ / CF@ma@&eeﬁeoli%el wsﬂlec 1qivept lerapae o dﬂeen% 1%5 Spqtpmegy-1.3.2-

3, sOOCH3 G xQRdB RGB! -tosyl-1H-pyrrolo[2,3-b]pyridine (1b):

E’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)

CH,

e AL
NC' “1sb NN ©
NN _ =N H
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

generate a compound of Formula 3b,
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",,,08)ACH3 HCCOCH3 H3C CH3 t CH3CH3 LOACH3.0"\\CH3 [0323] In a further
enbodi nent, R3 and R4 are: CH3 CH3 H3C /CH3 H3CCH3 / CH3CH3 H3CyCH3NZ LC
H3nu -S \WA,2030086634n3CH3 . 0"0C H 3 H3C CF3 H3C cF3 pF3cP8TH3cakide31

H3ccH2cH3 t ACH3. 0' OCH3 LACH3 . Os, oCH3t o, CH3YAH3 [ 0324]

In yet a further

enbodi mrent, R3 and R4 are: H3CyCH3 CH3 CH3 H3Q\./CH3CH3H3C\/ CH2CH3

F o\ OH
NN ©

3b

s

ii) deprotecting the compound of Formula 3b under basic conditions to generate

a compound of Formula 4b

Fo\y o
//ng‘ 0

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.

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

H\
| ! N_CH20F3
//l
///\—N‘ o)
NS
N
N" R

Ia

(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methyl-

trifluoroethyl)butanamide (Ia);

Formula 1 is:

\B’O
Ts
1a

N-(2,2,2-



t#CH3 1", cH3t 00CH3 H 3CC F3 or CF3 [0325] In still a further enbodinent,
R3 and R4 are: CH3 CH3 H3C\/CH31CH3 H3CCH3 V \/ CH3 or [0326] III
PROCESSESVAONDI3V(WGBRVEDI ATES [ 0327] The fol | owi ng defi ni Prons2adesessbe terns

and abbrevi ations used herein: Acacetyl Bubutyl Etethyl Phphenyl Menethyl
THFt et r ahydr of ur an

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

Iy o
TN o
cl HCI

2a

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

Formula 3 is:

N

|, on

’/L<
' N—N ©
s

H
Ts
3a

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

Formula 4 is:

|, o oH

//L<
' NN ©
N///?_ H

-

e
N
v 4a
(R)-2-(2-(1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-2-methylbutanoic acid
(4a); and
HNR®R 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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DCMli chl or onet hane CH2C12di chl or onet hane Et OAcet hyl acetate
CH3CNacetonitril e Et OHet hanol MeOHnet hanol MIBEnet hyl tert-butyl ether
DVFN, N- diwetznig/doessram de DMAN, N- di et hyl acet am de DVSCOdiPagiUusgé126ud4Boxi de
HOAcacetic acid TFAtrifluoroacetic acid Et3Ntriethyl am ne

Dl PEAdi i sopropyl et hyl am ne DI EAdi i sopr opyl et hyl am ne K2CO3di pot assi um
carbonat e Na2COBdi sodi um car bonat e NaOssod| uirntpydeexi de K3POAt ri pot assi um
phosphat e HPLChi gh perfornmance |i qui Nﬁ graphy

Y

N _N H
Cl

=
N
N

IZ/

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);

Formula 1 is:

g-O
Cl
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 HC1 salt of Formula 2 is:

N_d H
Cl HCI
2b
2-(2-chloro-5-fluoropyrimidin-4-ylamino)-2-methylpropanoic acid hydrochloride
(2b);

Formula 3 is:

Cl Z | \
\N N‘
Ts

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

Formula 4 is:
81



Hr or hhours WO 2013/006634PCT/ US2012/ 045431 at mat nospheres A or RTroom
t enper at ure HClhydrochl oric acid HBrhydrobrom c acid H20wat er NaOAcsodi um
acet at e HE6200bd3uri ¢ aci d N2ni trogen gas H2hydrogen ga€TRIS2(1204348E

n- BuLi n-butyl 1ithium Pd(QAc)2pal | adi un(l1)acetate PPh3tri phenyl phosphi ne
rpnrevol utions per m nute Equiv.equival ents Tstosyl |PAi sopropyl alcohol

F \fOH
/I/S—N o)
Ne_n W
cl

N H

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

methylpropanoic acid (4b); and

HNR®R’ is 2,2, 2-trifluoroethylamine (CF;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 fert-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(II)acetate,

tetrakis(triphenylphosphine)palladium(0) or tris(dibenzylideneacetone)dipalladium(0).

[0293] In still other embodiments, the palladium-based catalyst is palladium(Il)acetate.

[0294] In some embodiments, the palladium catalyst is selected from
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[ 0328] As used herein, other abbreviations, synbols and conventions are
consistent with those used in the contenporary scientific literature. See,
e.g., JarnkD?2813/Mee3d, ed., The ACS Style Guide: A Manual pComSAuioes431 and
Editors, 2nd Ed., Washington, D.C.: Anerican Chem cal Society, 1997, herein
incorporated inits entirety by reference. [0329] In one enbodi nent, the

i nvention provides a process and i nternedi at for preparing a conpound of
Formul a | outlined in errel. [ 0330] S | : [ 0331] heme 1, a
corrpoundo 1|s s I wi th a g:@f For nul & i

pal | adi um c /u g r eactg erate W of

For mul a 3= coun a 31is de@ro\t\ec@ed (e.q. i t ment

with a basg) t elnerat 5 coanound of Am The co und @8 Forrul a 4
is then coupl e;zl wuth w h ing t | a” HNR6R7 eP/prébence of

a coupling—Tea t to ge A t he corrp d /o ormula I, in Rl, Rz,
R3, R4, R6 @ are i Aed, herein. hene | a: @HZN 15
COCH Cl 0 G Con ORs 11((R)-| 15 is chi ) ,N'CO2H NN

R4 R3 Cl HCl

GO S S

Pd:
@rp%c' 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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2 [0333] In Schenme la, a conpound of Fornmula 11 is reacted with a conpound
of Fornula 15 under coupling conditions to generate the HCL salt of the
conpound Wb 2bPvaend3a 2. I n Schenme la, radicals R2, R3, amdTR&2@re4331 defi ned
herein. [0334] Schenme Ib: [0335] In Schenme |b, a tosylate salt of a

conmpound of Formula 10 is prepared by mixing a conpound of Fornula i in an
or gani ¢ $0302¢Ntin 6Em&emb®fihidtts, aRetatin ofidph) @ecﬁf@luuau@ﬂmﬁouam i norgani c base
(e.g., an _alkali metal base such as but not |limte . _Preparation

of a m xt{0308] ofln gorpHFRRdTACGY tf}ﬁd?%ﬂ?falsﬂ%ﬁe%éowa}?ﬁdaﬁaovéé hpdsnul a 13 is

achi eved [@304! egg bihdPeRbdIIRRU I Otk AR 999 WinpRieaR aQfu@@Nhéurbase (e. g.,
dii soprop& et hyl am ne (DI EA)) in an organic solvent (e. g., 1sopropyl

al cohol ) [8105h daperapemabadingnes at keli-petaghydresedafaenis aEssent Bgerditand about 110
C for a)&n 5 atﬂl %th%f éfﬁbogﬁﬁén%dﬂl@:edﬂighdmefteg %y(ﬂ@il‘&@ﬁeﬁe ?stﬁgléheégroﬁr&gdlagom 80

hours) . 1 salt of a compound of Forfula 2 and a conpound of Fornula 14
are pr epayégxidy onpitdspigmdiydionsiegani ¢ acid (e.g., HClL) to a mixture of the

cormoun e TR A A Mo APIRUETSh Ryt At b oH o
i nor gani ¢03118n d I @orge ¢mbd@ihents ttarmll@hgmnalmy@tokmlehaseqseabgut Nehpbutadet at e) . The
compounlofoiTehg 2y RHEL kS BT e Rlpgn A P mxure of
s oI vent ([0:31@] Ia sasmmmh)cehméntsetﬁwbn@neat'am@f andssivsolpydopyde iahlgoh2N Yo | n Schene
radi Cﬁfl)‘%ﬂﬁz R3, and R4 are as defined herein. [0336] Scheme |c:

( Cl | TsOH 11a CIHH TsOH N, CO2t BuNN CO2t Bu 114,
NHCO2t BullpBACP2 tiBuieMNerhBollithents, tHN cb@dentich b2 péthssiidahydR=ideasmtiont 4N. CO2ZHN N
CO2H [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 Formula 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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+ N N Cl 2aCl 14a CRHr/ , FIC
(Nagase &gorpsmpessitt d.
1624) in an organic solvent (e.g.,
i norgani c base (e.g., an alkali

met al
m xture of (R -tert- butyl

Cd 2a )
compound of Formula 10a is prepared by mxing a conmpound of Formula ia

made according to the process o®Clriusea?2ioms4862007/ 16
et hyl

2-(2-chl oropyrimdin-4- yIa

[0337] In Schene Ic, a

acetate) with a solution of an
base such as NaOH). Preparation of a
- 2- met hyl but anoat e

(12a) and (R)-tert- g é 2- ( 4- oropyrlmdln 2 y ‘24mathyl but anoat e
(13a) is achieved b Actin QJ?Tpo a 103 w th a conpound of
Formula ha in the sence 0f Xan or ga |c se (e d| sopr opyl et hyl am ne
(DIEA)) in an orgagyc solv e.g. pyI at a suitable
tenperature (e.g.y™about 9 for a sﬂf“b’able

40 hours). (R)-2-(2-chloropyrimdin

|mavﬁef1”|od (e.g., for about

yl am no

- 2- et hyl but anoi ¢ acid (2a)
and (R)- zvh(eyf:ln one or more carbon atoms in sa1d rlng are optiona ly and 1ndependently replaced by

N, OorS.
[0322]
CHs

H;C CHs

V

GH; HsC_ CH
33\/

3

CF3

[0323]

CH; CHs HsC_ CH

N

3
H3C  CHj

V

CH3 CH3

HsC( /

[0324]

CHs; CHs H3G,
HsC CHs

\V

HsC

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

In another embodiment, in a compound of any Formulae I, 2, 3, or 4, R? and R* are:

H,C CH; /

CHa
\K\\\CHs % _LCH,

H3C\/

CH;

( \\\\\\C H 3

HsC. CH,CHj

Y\\\\C H 3

CH,CHj3

3

H,C CH;

CH;
/
‘\‘\\\\C H 3 ===_ /C H 3

H3C\/

CH;

( \\\\\\C H 3

HsC CH,CH3

T\\\\C H 3

CH,CHs

In yet a further embodiment, R? and R* are:



chl oropyri m di n-2-yl am no) - 2- met hyl but anoi ¢ acid (14a) are prepared by
adding inorganic acid (e.g., HCl) to a mxture of (R)-tert-butyl

2- (2- chl ovopytymbeitn- 4- yl am no) - 2- met hyl but anoat e (12apCan$2qiRp434ert - but yl
2- (4-chl oropyri m di n-2-yl am no) - 2- met hyl but anoate (13a), adjusting the pH
of the solution to a suitable value (e.g., pH 3), then addi ng additi onal

i nor gani ¢o36i d 1f €il0a furtdeldmbodingdns W’ aadRear@r gani ¢ sol vent (e.g., ethyl
acetate). (R)-2-(2-chloropyrimdin-4-ylam no)-2- et hﬁ/l butanoic acid (2a) is
purified by recrystallization @f tgg Rigtureqgf  ‘Hs

(R)-2- (2-chl oropyri njygh n-dry! ajmi no) - 2- meNygl but andi ¢ acid (2a) and

(R -2-(4-chloropyrim ?:ll\Q/Z-%//I ani ngj - 2- net fy Cp.tpatané__i c,@gid (14a) froman
organi c solvent (e.g., a mxturevof ethyl “AcetTabve #hd i Sopropyl al cohol).
[0338] In anot her enbodi nent, the invention provides a process and
internedi ates to prepare a conpound of Fornmula 1 as outlined belowin
Schene |11[03260338] ROERESHY AND INTEBMEDIATESchenme |1, a conmpound of Formul a

6 i the addition of a. mxt f a f Formula 5 i
col vent (0201 T gL dPurie Bt oefo DGR S vy et 2

sui t abl e Acenper at uicety(e. g., about 0 C to about 10 C). Preparation of a

conpound of Fornula 7 is achieved by m xing a conpound of Formula 6 in an

aprotic 43 vent (et.’“éy.l, THF) with NaH while cooling to a suitable

tenperat wie (e.g.,etmpout 10 C to about 20 C) and then adding

4- met hybenzenesul fonyl chl ori de (T5Cl1) while maintaining the tenperature at

(e.g., abut 10 C RM¥pout 20 C). A conmpound of Formula 8 is then prepared

f ol | ow ngsSchene |Ihetg%1 m xing triisopropyl borate, a conmpound of Forrmula 7

and a strong |lithiumbase (e.g., n-butyl lithium (n-BuLi)) in an organic

sol vent (I8, , THRptghydefgan t abl e tenperature (e.g., about -90 to about -80

O . Prepgy@li on of g;as8meeund of Fornmula 1 is achieved by adding pinacol ate

al cohol to a conmpound of Formula 8 in an organic solvent (e.g.,

di chl or odlklne) adicldorgpiethat e t enperature (e.g., about 20 to about 30 C).

I'n Schemgy, b, rapli&ﬁs;l aRhath S as defined herein. [0341] In another

enbodi nent, the invention provides a process and internediates to prepare a

conpound @:CRor nul &eloaitdls descri bed bel ow i n Schene Ha. [0342] Schene Ha:

Br [0 téh In chﬁrlrlgl Il1a, 3-bromo-1H pyrrolol2,3-blpyridine (6a) is

prepared Dby the addition of a mixture of 1H pyrrol o[ 2, 3-b] pyridine (5a) in

a sol ventMd@g., Diethatod a m xture of Br2 in a solvent (e.g., DW) at a

sui tabl e erature, (e. bout 0 Cto about 10 C). Preparation of

3- br ono- ﬁ%yl-l@ﬁ@&r%’?ﬂ“ﬁ?@ﬁ%l pyridine (7a) is achieved by nixing

3- br ono- BMPyr r ol oNA-Emleihpysintinfié (6a) in an aprotic solvent (e.g., THF)

with NaH whi |l e coo] i t sui table tenperature (e.g., about 10 C to about

20 O ancp\mﬁen ad i’ﬁg‘%@ﬁgﬁﬁ%%‘gﬁl fonyl chloride while naintaining the

tenper at gMs@t a saine@l] Ribgaperature (e.g., about 10 C to about 20 Q).

1-tosyl-1H-pyrrol ol 2, 3-bl pyridi n-3-yl boronic acid (8a) is then prepared

accor di nd{Q‘gc Schen#*iq &ihy” i xi ng triisopropyl borate,

3- br ono- A0Sy 1- 1HriPvboX el 2eid- bl pyridine (7a) and n-butyl 1ithium (n-BuLi)

in an organic solvent (e.g., THF) at a suitable tenperature (e.g., about

-90 to a -80 Cyiethplagingr at i on of

3- (4, 4, 55p: st rane&iggﬂrba,%gthﬁagingxabor ol an-2-yl)-1-tosyl-1H pyrrol ol 2, 3- bl py

ridine (la) i1s achi eved by addi ng pi nacol ate al cohol to

1-t osy1- THEPAyr r ol ofipomopyleihylpaiing- 3- yl boronic acid (8a) in an organic

sol vent ., dic at a suitable tenperature (e.g., about 20 C
6% 1 oSad G AR

t o about

Na,CO; disodium carbonate

NaOH sodium hydroxide

K;PO, tripotassium phosphate

HPLC high performance liquid chromtagraphy
Hrorh hours
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B(OCH(CH3)2)3 1.. NN.TsNN, Ts 8al a [0345] In Schene IlDb,
1-tosyl-1Hpyrrolol 2,3-bl pyridine (9a) is prepared by reaction of

1H pyrrolwb2pB/dobgsyri di ne (5a) with TsCl in the presenc@eCofUshiabio45431
Preparation of 3-brono-1- tosyl-1H pyrrolol 2,3-blpyridine (7a) is achieved
by brom nating 1-tosyl-1H pyrrolol1l2, 3-blpyridine (9a) with

N- br onosuggi ni M deatndhéres 1-t osyl- 1Hpyrrol ol 2, 3-bl pyri di n-3-yl boronic acid
(8a) is then prepared according to Schenme |ib by mxing triisopropyl

bor at e, ﬁﬁ%r@ﬁo- 1- 8 IMAYRIERr r ol ol 2, 3- bl pyridine (7a) and n-butyl 1ithium
(n-BuLi) f1 an or gapi&ehakvgat (e.g., THF) at a suitable tenperature (e.g.,
about -90 to about -80 C). Preparation of

3- (4, 4, 5 Hirt et r aneltygyobramig agiddi oxabor ol an- 2-y1) - 1-t osy1- 1Hpyrrol ol 2, 3- bl pyr
idine (13,0 s achigygd by addi ng pinacol ate al cohol to

1-tosyl- 1|—2|pyrrol ol 2, 3-bl pyridin-3-ylboronic acid (8a) in an organic sol vent
(e.g., diNsklAsr onet fedive) acgtatea suitabl e tenperature (e.g., about 20 Cto

about 30 @04[03463u1ﬂ§89§éﬁ He: [/ OH/LKk Nr , H+IPd Catalyst N N NI TsCl
| a2a

N, nitrogen gas

H, hydrogen gas

Br, bromine

n-Buli n-butyl lithium

Pd(OAc), palladium(IT)acetate

PPh; triphenylphosphine
rpm revolutions per minute
Equiv. equivalents

Ts tosyl

IPA isopropyl alcohol

[0328] Asused 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, herein incorporated in its entirety by reference.

[0329] In one embodiment, the invention provides a process and intermediates for
preparing a compound of Formula I as outlined in Scheme L.

[0330] SchemeI:

r2 R® R* OH

Kﬂ R R OH I//S,N> <o

O\ 0 RZ H N H
, B~ N O 1 =N
R . R

| S \ + K\/ H Pd CatalySt | S \ Deprotection
N N —_— —_—
NZ N Y NZ N
1 Ts cr 2 s 3
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[0347] In Schenme He, Conpound la is coupled with Conpound 2a via a
pal | adi um cat al yzed cross coupling reaction to generate Conpound 3a.
Conmpound 8a 20s3/@epnot ected (e.g., via treatnment with a pa¥a)S2e10/0¢=Ber at e
Compound 4a. Conmpound 4a is then coupled with 2,2,2-trifluoroethylamne in
the presence of a coupling reagent to generate Conpound la. [0348] Schene
11 HN*NH iiPhNEt2 O iiialQ00C * _ [13c 15N 4,21 [034%Fk Schenme |1l is
[
Wi

useful for preparing 11 RECBMIF enri ched conmpounds OI-f{Z RORANLA" | .
[ 13C, 151\ 11-enri ched { n]d
acleaq,

-2,4(1H,3H)-dione (iijf a) )(—[<\130, 15N1- enri ched
| abel ed uracil), isr LW Th POC13 in the pre#ﬁ%&mf @ base, PhNEt 2,

under heat to enerate N3C, 151\ JﬁNRﬁnri ched 2, 4-¥icH! otopyri mi di ne (1la*).
1113C, 15N1-enri A¢- di chl or epy+++i-ei ne gi111a*) fs coupled with
2-am no-2-rrethy|-|N— , ,2-trif|uoroethy|)prob€%f2§e (iiib) under basic
conditions to geneNat ¢y [13¢, 151\ 11-enri ched <N

(R -2-((2-chl oropyri mdin-4-yl)am no) - 2- net hyl N—(Z‘!Z, 21tri fluoroet hyl) butan

oM or oty bRy AR Sl AR PRI bl St comPeRId TP BINA A de

(i1ic) i sixcopphdidmWhaialyzed cross coupling reaction to generate a compound of Formula 3. The

3-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor gl an-2-y1)-1-tosyl - 1H pyrrol o[ 2, 3- bl py
ridine (I9yPH™Y OgE ?ﬁ“ﬁﬂlr*s% tidsRroeed e~%~iV.1%Fref}96‘%‘¥9("‘%ﬂl?)a§3a eEtafAed
Cross- cow@ﬂanﬂgldroe &6inhud Y.t Thed@RPO@ELIFbAka1d BNIth@doupld@ith an amine having
(R) -2-met hyl -24(2-(1-tosyl -1H-pyrrol o[ 2, 3-bl pyri di n-3-y1) pyri m di n-4-
y1) am no)Nopmuly HYRR| iny eERERAL RIS QERIRg Aragent (pdrratcdhticansrad et i ng
[ 13C, 15NFoafih €RaldRR:, R?, R’ R*, R® and R, are defined herein, L _
2-met hy1- 23&5 2-(1-tosyl-1H pyrrol o[ 2, 3-bl pyri di n-3-y1) pyri ni di n- 4-y1) ami no)
-N-(2, 2, 20332} fScheyola:hy| ) but anani de (hid) to generate 1113C, 15N1-enri ched
(R)-2-42-(1H pyrrol o] 2, 3- 3 r v
bl pyri di n-3-yl)pyrimdiqa-4-yl)a Rﬁb) - 2- n%lt{%l?jm-ef\l-lf&l,sg?r%l}t ri fluoroethyl)butan
amde (la*). [0351] Wenﬁﬂl CO 14g- enjji ched urea is reacted with
propiolic acid to gendrale 1114Q enri chled (b ich is reacted with
POC13 and PC15 to genenate 1Ikggmgnri ched 8t &l or opyri mdine (1lla**).
1114C1 enriched 2, 4-di chl or oponditiardi ne i s cpupl edd@i th t he conpound of
Forrmula 15 to generate 1ithe 1114g-enriched conpgund of Fornmula 2**. And, the
1114C1 enriched conpound of Formula 2** is reacted with the conpound of
For mul a 103331 gdnéelpne Inecopwapsri doufiulEdl putasted wifhgg®aijpomieofdotrertes above
are usef ¥ V, j ,at t r fQr
gener at i ‘r% u%geﬁnﬁgﬁﬁg @{))4&%3? g%ﬁ?‘egleﬂla{_éttﬁé TBALAL B e BRbodu®r YSETW 2.7 2

Scheme Ia, radicals Rz, R3, and R* are as defined herein.

[0334] Scheme Ib:

RZ
~°
N\fN
R2
R3 R3 fll H R4 CO,tBu N H RsCO tBu
4 2 2
)<R _TsOH )<R4 —_—  » Y + Nl Y
NH;™ “CO,tBu NH,” ~CO,tBu N\fN R3 re o~z N R*
i 10 ®TsOH c 12 cl 13

(R-Isomer)

~.N R®

Y HCI

14 cr 2

2
1 B R coH N N R oo T o
2 N_]_CO,H
e NP, Mo e
N\fN R® Rz~ R4 N
Cl Cl

2
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[ 0353] The present invention also provides a solid form of

(R -2-(2-(1H pyrrol o] 2, 3-

b[ pyri di rwB-2913yqoga3it mi di n- 4- yl am no) - 2- net hyl but anoi ¢ aciPpdT(t$a)128eBynat ed
as FormE. In sonme enbodinents, solid FormE is characterized by one or
nore peaks corresponding to 2- theta val ues neasured in degrees of 7.1

0.2, 8.2[0852, 123ci®melbza todde d & a cBmBoind o Porkrul 210 P Pudered Y fuliiaes i on
pattern. [0354] Referring to Figure 1, in one enbodinent, the solid FormE

i's char acPBPPEEL Byrmpp | ‘XRI@[’)O%{“P é‘?lﬁenrtl kg rfghyt! Rete ikvd W@Jtlﬁégt‘(%n 2- Thet a
Rel ati ve At 8nstabd (e(Xdan AKAN nietadBas¥es@had bar rdP1iddodh o3 Pruddodd & 30 %

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 HCl salt of a compound of Formula 2 and a compound of Formula 14 are prepared by
adding an inorganic acid (e.g., HCI) 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* are as defined herein.

[0336] Scheme Ic:

/ ® TsOH \Crllla H CO.B H ¢
f( TsOH . (\/ 02 u+ N\\rNe CO,'Bu
NH;” ~CO,'Bu NH;” ~CO,'B NN Y | N
2 2 Bu \f =N
ia 10a Cl  12a Cl 13a
(R-Isomer)
(Y COZH N § CO,H
RS -
(¥ \\s — XS
2
h HC
CI 2a 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 Formula 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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24.82 > 30 % [0355] In another enbodinent, the solid FormE is
characterized by an XRPD Pattern having the foll ow ng peaks: 2-Theta
Rel at i ve woters#iosas4( % 7.07 > 10 % 8.24 > 10 % 12. 26 > POTAGS2012/045431

chloropyrimidin-2-ylamino)-2-methylbutanoic acid (14a) are prepared by adding inorganic
acid (e.g., HC) 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 II.

[0339] Scheme II:
Br

Br
R‘l
x \ : N N TsClI »\m B(OCH(CHj3),)3
/ N
N N A
H Ts
6 7
B—OH B -0
Pinacolate
N\ _Alohol m
N/ N._ N’ N,

[0340] In Scheme II, a compound of Formula 6 is prepared by the addition of a mixture of
a compound of Formula § in a solvent (e.g2., DMF) to a mixture of Br, in a solvent (e.g.,
DMEF) 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., THI) 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-Bul.i)) 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
achieved 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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13.87 > 10 % 14.29 > 10 % 14.96 > 10 % 16.33 > 10 % 18.38 > 10 %

WO 2013/006634 PCT/US2012/045431

[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
TsCl N B(OCH(CH
m m | \, B(OCH(CHa),)s
z Z~N
N
H
a

N

Sa 6 Ta

B—OH ‘B,O
N Pinacolate
N _Alcohol m
N/ N NZTN,
Ts
1a

[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-b]pyridine (5a) in a solvent (e.g2., 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 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 Ila by mixing triisopropyl borate,
3-bromo-1-tosyl-1H-pyrrolo[2,3-b]pyridine (7a) and n-butyl lithium (n-BuL.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-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
AN TsCl N NBS x B(OCH(CHy)z)3
(== (== () 2o
N N N N '
H b Ts

5a 9a Ts Ta
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18.96 > 10 % 19.93 > 10 % 23.83 > 10 % 24.82 > 10 % 25.33 > 10 %

WO 2013/006634 PCT/US2012/045431
HO, . |
‘g-OH O‘B,O
Pinacolate
| A\ Alcohol . | NN
P N P
N “Ts N N‘Ts
8a 1a

[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 IIb 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).

[0346] Scheme Ilc:

4/ OH
Ke o g 2
o) //,,,HO F\,N‘ o)

'B-0 N N —N H
N\ + (\r H Pd Catalyst N Deprotection
| _ N_ N —_— > | N\ —
N“ N Y NZ N
Ts Cl ll-
1a 2a S  3a

\\ XN
) e
N N 4a N N Ia

H
[0347] In Scheme Ile, 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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25.79 > 10 % 28.17 > 10 % 28.88 > 10 %29.62 > 10 % 32.32 > 10 %

WO 2013/006634

[0348] Scheme 111

PhNEt,
100°C

iia

% = [13c4, 15N2]

\B/O
B
NZ TN

la Ts RS

Pd(P(Ph)3)4 “
Na2003

[0349]

AN

=N

N
|

Ts

iiid

PCT/US2012/045431
“d N.__CF
HoN ~- 3 J
o iiib %, H
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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 POCl; in the presence of a base, PhNE®,, 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 [13C,15N]—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 (iiic) 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)s),) catalyzed cross-coupling reaction to generate
[*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), and deprotecting [°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) 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 (Ia*).

93



36.68 > 10 % 38.41 > 10 % [0356] The present invention also provides a
solid formof (R)-2-(2-(1H pyrrolol 2, 3-

bl pyri di rw8-290p663mi di n- 4- yl am no) - 2- net hyl but anoi ¢ aci #CfA®po1desisgnat ed as
Form B. In sone enbodi nents, the solid FormB is characterized by one or
nore peaks corresponding to 2-theta values neasured in degrees of 9.2 0.2,
18.1 0. 293509 Bchémervand 32.0 0.2 in an X-ray powder diffraction pattern.

I n ot her enbodi nents, solid FormB is further characterized by one or nore
peaks correspondi ng tofl2-theta val yes measured in degrees of Rak. 4 0.2,
30.1 0.2, 29.9 0.Xoang 26.1 0.2]in an X-ray powd&r di hﬁg/gﬁcd@n pattern.
[ 0357] Refeg%i ng to Figure?, inH ﬁenbedctmmﬁ, t olid FBrmB is

NBY  aRdiyplickgkbricadid er 1y ng_t‘@@rrovm)bﬂ/pea;@b&aﬂmfa
> 30

charact erdg

Rel ative I'ntensity (% 6.40 > 30 %#9. 12 cl
*=14C 11a**
(}4'<
3 OH B R 3H
4 R R1
O A e,
0 ~ * [
~NH NN N H O
(\r 1 Ts AN N\
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Cl Pd(OAc), Acetone-H,0 H
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[0351] In SchemelV, [14C]—enriched urea is reacted with propiolic acid to generate
[14C]—enriched uracil, which is reacted with POCl; and PCls to generate [14C]—enriched
2,4-dichloropyrimidine (11a%%). ["*C]-enriched 2,4-dichloropyrimidine is coupled with the
compound of Formula 15 to generate the ['*C]-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 %

24.82 >30 %
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I's characterized by an XRPD Pattern having the foll ow ng peaks: 2-Theta
Rel at i ve woters#ioses4(% 6.40 > 10 % 9. 19 > 10 PCT/US2012/045431

[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] Referring 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 J/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 Form A. In some embodiments, solid Form 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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% 30.06 > 10 %31.92 > 10 % 32.02 > 10 % [0359] In another enbodi nent, the
solid Form B has the solid state 1H NMR spectrum presented in Figure 3.

[ 0360] Rewernidmyed’s Fi gure 4, in another enbodi nent, thecsaiSee2/Pesa1B is
characterized by a dehydration tenperature of about 73 C. In other
exanples, solid FormB is characterized by an onset tenperature of about 40

C. And, idnSediBre Okt B%.8 €0 Afdl, MAbAk BxinspleN 1RG AN iAZie dhhyctadi-8€hy dr at i on
heat of about 725 J/g. |In another enbodinent, solid FormB is characterized
by a dehydfltfghsat afehpeldt-ul/8: of about 137 C. In other exanples, solid Form

Bis Char[@S‘GhF_r IR GolRYyi A prORe Alve L RIMREALUER Rfh iR BREE thdGhis Srve A is InBreSOME
exanples, solid FormB 1s characterized by dehydrati on heat of 42.0 J/g.

[0361] Révlbryndagord Eaggeipenplesiape fahe Reipow i Hisetion ontyad 8¢5 1ogtosr m B

under goesg aged & 17hilRs BBkcdp@ P mb iR RITh 81 whgrperature to 99.4 C. And, in
sonme enbodi nents, the solli 4 Form B undergoes a 2.6 % weight |loss from99.4

C to 157.1036@] AwB609 mMpHwdprwdent invention al so provides a solid form of

(R-2-(2 pyr - o A()-

b1yt 1 i RO PG REPE Sn 13 cofumn, Mbils phaseiwas ssgionirl/oguee EEA (0400 1) b ana
m de (| alldesigmat gdmagnikoDeicflion a wagstengénd@3D mentin teel wad 25636m A i s

char acternilirzntla[dS by one or nore peaks corresponding to 2-theta val ues neasured
i n degrees of>23.7 0.2, 11.3 0.2, 19.3 0.2, and 15.4 0.2 in an X-ray
powder di[0369%ct(BpHPpatoh &8 .columno tMiile phdso diasreretomtrikorata/ T @0A00d) f ur t her

oL o D Pl BTSSRI, 0, 2011, Yol easr e
pat t ern. [037863](CREPECIohAGViters KBFdRe PRenyl ¢tvlaig 46550 08D mim@ns.s yihevisdlei d Form A
I's char a% e?si:iAZ \?/gs \gc)l/ter?lrll\/l §§E%n51?1;[ Itoreglege,g%lvig)] ?99t Be MrO%hfl: gt\llgsg % vg)agaks :
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/1M 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 mL/min. Detection at UV, 220 nm.
T=235°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 tube 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
generator 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 "H MAS
T, saturation recovery relaxation experiment in order to set up proper recycle delay of the Be
cross-polarization (CP) MAS experiment. The recycle delay of BC 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 BC 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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characterized by an XRPD Pattern having the foll ow ng peaks:
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[0381] 7-azaindole (5a) (6.9 kg, 58.4 moles) was added to a 2001 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 NaHSO3 (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-
blpyridine (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% HCI (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 L 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] THEF (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-BuLi
(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. HCI1 (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 HPL.C analysis (method A), 69.4% yield of
1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-ylboronic acid (8a)).
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10 % 28.88 > 10 % 29.86 > 10 % 34.83 > 10 % [0365] Referring to Figure 7,
I n anot her enbodi nent, the solid Form A is characterized by a nelting point
of about W6201/0066340t her exanpl es, solid Form A i s char Crarseaem43apl onset
97 tenperature of about 260.8 C. And, in sone exanples, solid FormA is
characterized by nmelting heat of about 140.5 Jig. [0366] The follow ng
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he

fully understood se exanples are for the pur pose of illustration only
and are m¥trold2.8blRyiineay as limting the scope of the invention in any
way. [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 LOD (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-
yl)pyrimidin-4-ylamino)butanoic acid (3a)

[0394] Tripotassium phosphate (KsPO,) (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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[0367] Anal ytical nethods used: [0368] (A) HPLC on C18 columm. Mobile phase
was acetonitrile/water/ TFA (60:40:0.1). Flowrate was 1.0 niLim n Detection
at wavel engt2n13gf066330 nm Run tinme was 25-26 m nutes. [036%jusedR/OHRBC on C18
colum. Mbbil e phase was acetonitrile/water/TFA (90:10:0.1). Flow rate was
1.0 mLimn Detection at wavel ength of 230 nm [0370] (C) HPLC on a Waters
XBri dge fppssy! Iﬁ@'séﬁma,te 6]es§:1 >o obéﬁkg o3 &;udy. PofPallARM G aRtaS Gadmhrs wiat er / 1M

ammoni um f or mat e, . Mobi |l e phase B was acetonitril e/vvater/ 1M
amoni um¥Hrkedt éOI‘lE‘FF)APf ée EW@CTP““@ é%ﬁl&w d higorpigtuggwvas, agitatpd il ng nyt es.

Total rumehbb®odd MMdIWLe$.02 FloRY (.6 &uiv D MinThIpHRpIGRd IPPR,) &fas WdBed245 Nm T
= 25 C [837 O( D) HPL Qon aOV\aétters(‘Q&Br)li)dgrﬁj(;Is Ph}glr)]y lt)co dunn3) I ; 150 mm

3.5pm a%melr%submwwemé agigatesk fon anlepsrAdrniantes ¢riet 2C pwe@abactwyg(ﬂﬂ)
Mobi | e phaggeBpiae HaCR AR/ Ms%émheéd to 1Y RIFR LAV R TR Rain R ug: O

(90:9:1). G adi ent 15%to 90 % B in mnutes. Total run ti 22 m nut es.
Fl ow r at @itogsn pyrpeyi Th@eqcee@pmmtaweweatﬂ@) TS °C tor gglegt 17 h)@l?szqndeE) XRPD
Anal ysi s

t Di scover
or Bru kernlt%gﬁéﬁg%cgﬁ% ﬁ p gscdf{%ér@tv %?19}1' %g%‘%@ Aﬁoﬁ] Advaﬂﬁi asoyst em The
XRPD pat tnemnsedier BPI€emiged nathod 600 & éfipdr @ltquote Addltroettll eetysomdnode using a

Br uker D8 Advanc d|f C t ed wi.t h sea sour ce and
o Vant oo PARMBIRE okl BRONTE' Sda AL ARRGI kS RIER 1 HPRatdbao PUT CF 2
operati I’lgm&fhll‘emn\ﬂdﬂdmg&lr@‘fvasfl@lrﬂew Afick an addmubmhtlz hi)urmherméactﬂihe/apsmdmrto sanpl e

was pl ac a5| i con or T r rded j.n a g-q
scanni ng%&?gz”/o%?g’rp 1hE ‘P%ﬁ‘&%dh%f ﬂgtggnaiﬁswﬁeﬂi gacgwgb?é)lr;lgol $99b. 0'%4 and a
dwel | ti madiabnal Satf1gdt a&deﬁﬂbo{eﬁ&l@}ep&reu b?ﬂlsﬁﬁwﬁg S’ﬁ@‘g@ﬁlla‘aﬁﬁﬁ(ﬁmhceﬂﬂ@n){RPD
patterns were acquire roomte e.in refl e using a

Br uker DS’OBHE?@g\? ongfifer (W W%F@ﬁ%ﬁ[ﬁabg@lﬂnﬁ}ﬁteﬁh aﬁd Cgﬁigtnﬁgé &Yurce and a
Hi - St ar @ﬁ@@nggﬁ(gﬁﬁlgé (Bruker AXS I\/adl son, W). The X- Ray generator was
operatin tage o a current of mA. The powder sanple

was pl acé®Ph Exgmyleld: h@)t?e‘i“ethﬂﬂé'@ flatesy- %P@rp@éﬁ byyEWivgt h an exposure

tinme of 8 (ﬁﬁ_q lamhi}® %@Jﬁ@@gﬁ ywere subsequently integrated over the
range of ]ylzfg% o hyaand)21 0(13 0 i i

: 2 ed into one continuous
bat Dor . (939375 To(R)- 1 Rahiogy AV anie Al pemeibprEay sod Barasde it ed on
a TA | “St(ﬁl'ﬂf{f%gtréd RS 3%910595 Eé&%@ﬁigf ﬁybr@é{ab&oﬁﬂ@ WZBlosyPr oxi mately 1-4
ng of solid s ﬁe was aced 1 n a platinum sanpl e "pan and heated in a 90
m./ mn mpwrrolg@rﬁ -Blpyading dt151@@10’ldﬁ 2hp1109ar®®(§) Crolind begie degngriagwithweitiegemal yzed

TA AN VS| G
BS:‘ 1[] gr ent | alsél\%}cﬁggm ngHgaqé %?dfg&%%%%@g%%g‘% f;g%ééé\%%ﬁﬁégﬁigﬁ&%([@gﬁi (9
I nstr urremtl)sasm[sdiety 1@2Qﬁ<ﬁpaoell (6106 el rCmtmnathﬂiegassm@ﬁn abdiezrsaﬁ(emyluﬂ@smeng of
solid Sar\rxpl 5 the IIlIX ure O a e%?er Cr ! wee %&%gﬁ]@g%l %Ptglgl:tcg)anogn heat edin a

50 niL/mn nltrogen Strea re anal yzed using
TA | nst r Hoanils (3di Vl&rleaitloAmaieymmsc adfe bt MALE ahdystsAhowO3TV.F% of HR)-SSNIVR

Experi me ra were t he. Br uker Bi ospin
200 Wb AeroieBs i i siby o SR BEb aritisr BSEHblsEde IR HORITRE: < i osprn anm
HFEX pr obqos@p@&mpwsse ma.ked 1 HyerdeTR)3 PR din - |) fyimsd x4 -§Rbfhg)-2/0ng  or

| ess, dependi ng on sanple availability). Mgic angle spinning (MAS) speed

of typi canthyipatanoigagid applied. The tenperature of the probe head was

set to 2743994 0 AMidMutiOnZe 4NhGuiuf RO, @hichi a8 pic@Rably maﬂeagvltﬁl@ro B%hfspi Nni ng.
The proton rel axation time was neasured usi ng 1H T1 saturation recovery

rel axat i dfP et et Wt abr B tOtcentgéﬁhq}ﬁnmreB@rﬂS? O @fidedde fhgyeasiort he 13C
Cr 0Ss- polygéieZal 'tlf%r}ee(c%ﬁ w%a@i @@75 TenE for alﬂ ﬁaaﬁ%%ﬁfs@vlﬁil@ lagiYaii@f (k3C CPMAS
experiment was adj usted be at least 1.2 tinmes |onger than the neasured
1H T1 r elmixiaes. gk aligpet of ﬁbQW 4&mk yagrigiopedigomn e reagHpomixdyye end anglyzed by

signal -t f was set
P02 s, A EO R o e A T B0 e

enpl oyed.3aThe Hart mann- Hahn match was optinm zed on external reference
sampl e ( n S engt h of
appr oxi rat A0} " 159 18 YOS SRR BRI RA Y Il o e A ST e
st andar d cofleaahaiFant anhelsopropy] atesatei(f§ gl3dvotmsonanceldsk tind ibe wct&nppm [ 0378]
The followi ng preparative exanples are set forth in order that this
invention is nore fully understood. Thgse exanples are for the purpose of
illustration only and are not to be construed as |imting the scope of the
invention in any way. [0379] Exanple 1:
3-(4,4,5,5-tetranmet hyl-1, 3, 2-di oxaborol an-2-y1)-1-tosy1-111-

pyrrol o[ 2,3-b]pyridine (la) [0380] Exanple |a:

3-brono- 1H pyrrol o[ 2, 3-b] pyridine (6a) [0381] 7-azaindole (5a) (6.9 kg,
58.4 nDIes) was added to a 200L glass Ilned reactor contalnlng 52 6 kg DIVF.
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[0382] The reaction was quenched with 10% aqueous sol ution of NaHS03 (17.5
kg) while maintaining the tenperature below 15 C. A saturated aqueous

sol uti on WO 2NesBH0&B4( 61. 6 kg) bel ow 25 C was added to adjpastustere/opi43t o about
7 to 8. After neutralization, the m xture was transferred into a 50 L
vacuum filter and filtered. The resultant cake was washed with water (18
kg) and toheirededsragliatimoehedst § d2ndk@) Thd RacEAke xi@swalrfilRebdithrodel 4 A¥mdr yer at
about 50-60 C until the water content detected by KF 5Kar| Fi sher. reacti on)
was | ess Pedhghcegitegugn pS-{nsh Noficlacofilie: r”é"s’iﬁf“tt‘efd"f’(sﬂys%d Wi 9962 ebyHerandyheas
nmeasur ed yoer iRY Geh ﬁ?ddh@ ﬁns%)the 8RBy irgd u@(ﬁus and organic phases were separated.

3-brono- 1H pyrrol o[ 2, 3- yridi ne 6a) 83] éxrrpelb

3- br ono- -4 ksef 122199 G n@rV@[eQ cabpy @% LV “ﬁérae‘ ?@9@%@@84}1@%8 phase in a 120-

3- br ono- Jl'rlt_ér%/arc{o?l ﬁ&e%;@oﬂh@)ﬁutﬁye Wsc'ls Qﬁ@tecft%@eszm‘ag 1, O%th?’coﬂwnﬁﬁ%d% added to
94.3 kg of THF In a L gl ass-| reactor. The solid was dissol ved
conpl et elsylub@/n 2P rrr1|0n§ anArltzlérfOItanéearn4>hourSe Igseseypl teapH ovagsitsedivstadwitls C, NaH
(3.4 kg, e i on)
very 3 (N SIORE e WRRPHACHCh MBS bk Ry BRALE 0ifd ool RERERNA,; 01

Af t er the fa@delbthoandahe ik welhemmdmm(eo ka(s? wilimgsgolf lﬂ\bHCanleIfdu:r cakai | e

4ot y1 BoRsEZab TR Pl Rl e gt a0 miia o lGUI e & g
of 0.5 kgvat@gimtaiuingdeatd @lR6ut5 TO-RDkof Wrtceﬁ-a)heu‘amhdrcmbomwasdcbd)tml ete, the

et i on gD i s e ERBEHUAT 1T bR e Bt 5o

m nut es. tHibeghl ER6tkHco rﬂﬂtwasmﬁen&is denigebd campl feteecwmeﬁndtthesqmrea{fvelerveehsaf

3- brono- 1H py o[ 2, I 6a) s | ess than. 1% ter about 1.5
nour o) o eriadloRistsy R TS Getenbaley ke i i nped W ey o

mai n';]ar n| ?@sdr@ef@}ﬁ@gggtﬂgstgggggm%o C D cgljo(rjomet hanﬁ (41. 3 kQ) WhWals added
to the m xture en () was added i nt e m xture ile

mai nt ai nilfAPH hehediddiErievas %érn@art@zsg wd hepipdchimenl 3gdpdded and filkginghases wer e

al | oned tp p SRR &paki&d $0k 2 RuBhdOWler, ﬁﬁ&x@&k%&%ﬁemﬁo W@ﬁmeﬁﬂhh@ﬁhéd tw ce
with dichl ororret hane. Duri g&; each extraction, the mxture was stirred for

15 mi nut ®stveerthe Atschrelikerppd the secgivaiifask. o aield ettrhed ohefakecangidial wer e

combi ned.g;;he %%Qll&%rQ(Vgﬁfah Qzlth%hﬂw Y& 8. WS iGR et balé%a's"ggan{teﬁg’ed‘l kg)
and water (40 kg). During each the mxture was stirred for 15 m nutes
and then uhéﬂr@Oﬂm’e@@SSmer@ﬁnle@gen[fOBG&}aSﬂ?rﬁbmmmure was transferred into a 50
L vacuum er i 1€ r ( was washed
it i o028 el e B U S RS sl S TIRACRIR

conbi ned whﬂhdledergmaturepﬁvawlmaaedd@mnﬂﬁ actSe"dZ Héh@nssd:@ @epHdes vacuum of a
pressure I r Pet oI eum et her
(9kg) wad a&l te usm% 11Q & ;Fg/spﬁ Iéfﬂ?lrltr%was t]ier{coo \}\(I)a g +§F?ﬁ'rr§ 8g1tatedflf’)
honogeneadesst 2 Adues. SHMMlytumasastfﬂtafeﬂfve:s figcred nith aaNuhed fikacwhioh fvhd t er and
filtered. The ca S shed w.th petrol eu t he AI| ht brown
sol 10 resarped e T <B8E 7 sty ERr R SUT ST a55 ettt 2 ot hod
A), 9|4% Yingl filted Eakd wak emﬁnalnddaﬁmérpbbmw@e@léﬁ[oz nﬁrolgtrpﬁ()f hdeaze3( &al)lbgs ) [ ([)82573]8]
Exanpl e 1-tosyl-1H 1 din yl boroni c_acjd a

THF (28. 6549 e st g ?%te[sgrresine%ﬂ%rlbr %yélgerawmﬁ %& i) (4 ko)
wer e addQ/dCIIuﬁl ith4 nhraghlaﬁdﬁge Bher aaxt wﬁemesﬁﬁkg rar@ 2unt(i H- Hero{spj id

di ssol ved corrpl etely. Triisop roPéI borate ( was ad ed and the

mi xt ur e RERYTEEO}-Bopstigidiarovirmge mer‘h—yﬁdltqno’(%“@é“ g) was added drop wise at
a rat e ofpputIy fr.0 2 HOhRUE IR BlAINL G LARILEIDRRAIye of about 80 1o

-90 C. After the add nperaturé was nmaintained at -80 to -90 C
The conplr@rlerﬂeeerﬂ,lowfacrdr{éa)rgea@@% anmags dreigBaieder HoymPRE! Endhdse golish fowns h

sanpl e al t r | et e when
t he peak &5%% %1? & Xgirpdjgrrgoﬁlﬂ-srt]altlosy %%B(g??gtag?gs %%Cﬁ%raﬁj ?(%égpgg;{ﬁpwas | ess

t han 4% a[)@@SQ]ﬂeMtﬂesrfrC(rQthegi)ané\}alsessrrmmbwntadldeﬂgmestHe m xture to quench the

reaction. .e xture
oot r andBF b kBB ol Bk R Sy it Py hlRe 2
vacuum ofmehybetaseic acidé4s than -0.08 MPa untrl no THF distilled out. The
resi due was dissolved into water (25 kg) and 10% agqueous NaCH sol ution (26
kg). The m xture was stirred until thgy4solid dissolved conpletely. The

m xture was transferred into a vacuumfilter and filtered. The filtrate was
extracted twce with MIBE (21 kg each) at about 20-30 C. During each
extraction, the mxture was stirred 15 mnutes and held 15 m nutes. HCl
(28L) was added into the agueous phase to adjust the pHto between 3 and 4
whil e maintaining the tenperature of about 10-20 C. The mi xture was stirred
at about 10-15 C for 1 hour. The nrxture was transferred |nto a centrrfuge

b
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[0396] Example 2b: (R)-2-nmethyl-2-(2-(1-tosyl-1H pyrrol o[ 2, 3-b] pyridin-3-
yl) pyri m di n-4-yl am no) butanoic acid (3a) [0397] To

(R) - 2- ( 2-wbl2013000963i mi di n- 4- yl am no) - 2- net hyl but anoi ¢ acipdThisdeenid4er | de
(2a) (limting reagent) and

3-(4,4,5,5-tetramet hyl-1, 3, 2- di oxabor ol an-2-y1)-1-tosyl1- 1Hpyrrol or, 3- bl pyri
dine (1. J64080) 1RAHe ?eaaroemraate it @xBmpie b, A ea@aumrdﬁqaslsrmeqm afei t r ogen.
Add 6N aqueous NaCOH ( g) and conti nue assing. Charge PdCl2( Anphos) 2
(0.0014 &4y val and %altateﬁvlrwhzﬂtﬁreeﬁ)&r?&m b 3P yC updihi{uenabyis seetassi ng
for at | easfersdfh MM He@RetnRaR VB ém 2. t@m fS;frkHl?[Qt3%]ﬁyrk§rﬂp%I)§§rHﬁlﬁlnoi bet ween

70-75 C to generate the compoun For mu he reaction is deened
conpl et e YiRaro) HPRethyRulayye eme kftmea@s oG (R the batch to 20-25 °C then charge

(2-chl or gpyry @‘69ia&w‘éte)t 'c%%r?@bw?% Tl h M RRBbEn AR T A5 b itle: (22)

remai ni ng. anmpl e
(R) - 2- ( 2tKerhatghyfor -5 s Qf-%)}%ﬁyr(] ditlter Shoyslorpy ripyriglihg sefidy Waivagdr (2x 1 vol).

et hyl bu ( 9 4 i ch was
o oua GUEPEAELE S OGPyl B0 SR aeal SH o vos
control toméntdiemperbatch teelperaSm; n«wa@reaurdeﬁ) 2500(1 heerfogadinoadjedtoere oapld badke
reaction hau I tating the
m xt ure. (\i\ﬁga:@g %egph%) 6B%Ncogorﬁ_da e he atCh %m&)e]ta[uret Oez%rogg&cl?r on‘Pm xture
and anal ydédhdgonkielfsl ermmhmld (2 (. ew%dw s@&)G%mberpiomyrfbrmb IdsothanR&rsda and

o the r aateeerht Ve S et o St Kb Byt I8 after iGlsnony) 7

acet ate (add 8n@,thScako Witi®gjer (B8 2 ady @dn nanrfahd'@ vopabty @ solidk Xt € twas
agitated for_a tes The react s filtered through
a 4-cm palredh)- éé’%’?ﬁi pylﬁ‘)lgﬂ‘? lpyrigtipy N@P%rérﬁ ig- ‘413’[“¢‘épr1n°Lﬂ m@@ﬁ‘é@‘%ﬂm WS rinsed

wth 9.0 g of water and the water was then used to rinse the celite pad.
The aqueous and_ organi ¢ phases were separated. 0.9 kg of Darco G 60

acti vat e(ﬂ WA} bdrxappbedcy (B)-2o(d< 1HoEpll 3thleyra‘tfuéoﬂ§3yw§e4ﬁlawﬂ1@@ liter
reactor. l?jleiflaﬁfnc%G@ @@xture was adjusted to less than 1.0 with

concentrated HCl1 solution at 25 10 C and held for at | east 4 hours. If

necessar Y0408he Torheueesctionapixigst ia dixpmpla 2BNhpgor solytien ¢H KL (%S ofdn pvaieh
filtered t f u cl ot h,
and the. <571 L HLEMRNEE A LRl SIS Trec PRETING Bells & 7y or
cake was cpeiersica finan th@nmtemnqd@m tp |(Rt)e2 +H4- éléisgyreﬂ@{ﬂ 3ritlpyrolgefrybpyrinaidinteast 30

e L g S an g L A

was sti rtiedpH or< awitheast HL1. hErmfosm aTine adjusttgnteof WeepI foed £ 6 bsieg € t hr ough a

Nut shce fil eur d |It andtheslrds wer e
retshog wAtE A e B R R BRES L L nd ek Bl sEcdify @ Bmpdia 8P L
mai nt ai nédrouia &a) [maswﬂ% e sqrde sStirrtee Gfrnnfot haden tfaor hat (tlet@tw&ﬁ (rd v} es.

and 1111 arrghs sh RS R ER s RO REE RGBT SR Bu ppea

wth a Ovﬂa&r@kQ%i)ltﬁb@nf-helptaﬁé (et warn teholidiud 8¢ he tf dild @)-2and1Hhe recei ver
fl ask, to%r)eld ird filter cake and a fin filtrat The solids were

haahed OBl BBV B R it A R Pt P PSS A Lrat 1t &) wed under

posi ti ve [0409F S Utx@nfpie 44: L PRpSFAtOR Of @F)-1- H-parobRE BHyribdés2] The pH of the
final filtrate vvagﬂ{:tdj uste9 tol betf/i\eie)en@a(aS %ﬁ : E]Z’r rtaIGN NaOH whil e the

t enper at YORYHBMdiRg: Ylaminged-methyie-A2,23-trifjuer Oethﬁyl)h'etée%@!ﬂe a)t he pH was
readj ust egly1g¢i rIQng)HOFﬁé{h%IIIBﬁlef(D@) (Bl kb aiga MESs, @%eéauﬁg%a‘@‘%&e@ w 5 Cand

agitated for at | eas ours he m xture was tere |tered with a

Nut shce f(R)-2#%- (1%1’1@1(?10[\%é?sblemﬂlfpée’ﬂpwﬂtlﬁlfa4‘b’lamﬂ@r) 2apghybutapec agid (485 wer e
rinsed wi § ?kg jﬁgn((lgs Y@leﬂt’ﬁgﬁtn ’PLOIM\B se(@.’l 6-1;2?&# dl(?tgAmlfrlEth Iﬁ:r(Ct?[a(gle oVas

mai nt ai ned u er positive préssure o nitrogen r at eas m nut es.

[ 0403] TH¥ Mewhikoltcepiag (hie.tenperftifefaef 3¢ 2k eWptondt H)3dw) wds addedtadnakierdd bven at <
?g) Czu?g%zsiﬁi{fo?a‘f r‘dv:ltoef g@@%?m%e%%@t%{? sRLI%nd BY Six BredPY Sk ¥ '<Blpdcdorfl kg of
bl pyri di fea3t30pipnicsri ‘therreabtiph aniitme Jwa eoedy (0t &hoPropyphicdpl{opa)anhjdde4] The
(R -2-(2-(1H pyrrol ol 2, 3-bl pyridin-3-yOpyrimdi n-4-yl am no) - 2-

met hyl but anoi ¢ acid (4a) generated abmge is designated as Forns B and E
These solid forns were subject to XRPD, solid state 1H NVR, and TSG

anal yses descri bed under (E) and (F), above. The results fromthese

anal yses are presented in Figures 1-4. [0405] Exanple 3b:

(R -2-(2-(1Hpyrrol o[ 2, 3-b] pyri di n-3-yl) pyrin di n-4-yl ani no) - 2-

met hyl but anoic acid (4a) [0406] To the reaction m xture in Exanple 2b,
charge a sol utron of KO-l (8.8 eq) |n water (7 3 voI) and agrtate the batch

Y r ey g ey - o o o o o



trifluoroethyl)butanam de (la) (4.182 kg, white powder, 0.18% wat er
content, 98.6% AUC using HPLC (nethod D)). [0412] The solid state

(R) - 2- (2-WoOHomyaos@lol 2, 3- bl pyri di n-3-yl) pyri m di n-4-yl aRCRa)S2@2/045431
met hyl -N-(2, 2, 2-trifluoroethyl)butanam de (la) generated above, is
designated as Form A.  This conpound was subject to XRPD, TGS, and DSC

anal yses seieg6d (1hetkeurgiemole)2. Raiv Foras aalkaMe thehiRui@Hhild Baibfa@magthes e
anal yses are presented in Figures 5-7. [0413] Exanple 4b: Preparation of

(R)-2- (24 t((nj_g_q_reﬁg,rprbglpg[QQ Q. EPE)WFHW%V&S agitated for at least an hour keeping the

yl)pyri mt@ih n&uﬁélaa n9)>c2théh‘a2 D9l otidil dnihé [MS%%' oesdblebut papm de (Ia)

[ 0414] To( 2- 1I—|-pyrro|o|23b|pyr|d|n- pyri m di n-4-yl am no) - 2-
met hyl butvalﬁéiifted ilg nainaginipg fheitepegatyie dglent2y) @h g@aQU%ﬂlﬁWWFS (7.5 vol),
then char,genJER05) { 4 iSO Sk e NTHELne RAabe AT by e Lo 6O 65
C and maintain this tenperature tor no less than 3 hrs and t e solids are
conpl et elaiqyit s9pfemeged @ddhe reactp0 w25 d@emiead te het ¢ise complotes Wakdr (brokg. hy| ami ne
(2.0 eq) 5 i i . . e . 0, unti |
HPLC anal y?ﬁ%ﬁe‘gﬂ‘g%e aglgéécf t?&%e%%cﬁlgﬁ Iﬂ?}?{ulle, el tﬂmaﬂt@mt}}ﬂ&m‘% wgs ag?tgteg'f(ﬁlgp

(R) - 2- (2-1<(a$ﬂ-3(hymuk9$ ohis Baipfapynrg de eaPesatirphelowdd G- 4-

yl am no) -2-net but anoi ¢ aci d a solution (15
vol, 1. 1&@WV\M e Dr‘rtéllren‘?aaslCRPCr?ntrfgtecﬁaI%deWatcuur}{éVrltgt ugtgry VY r%gpaé fir the mxture
for 30 Mte]n[belfmmeSefl}SafCatI@ptdpglap&las(91555 MASH vbhmw)r\garmddeqotmememhaMt er (4

vol ). Emul si ons_ have rved.at this i d ca dressed

! e buugh SooET SHHBH A WP St R gUtBE kR 0L g B S ACRIERE 11 ¢
4 vol . Rapeat °G Thdm&iurPia®Eooled t6 1Yy $t5aIC] and afifr@inut f@dj 148dt ohdiouk.otfal vol ume to
approximately 11 vol . He t he re to 50-55 C then add water (2.45vol,
final sol“@%ﬁ%&%é}%}g@i‘Yﬂs&aéf’é‘z‘@/or%a})étrtﬁ‘?W{HE‘EIH%%FW%@Z) T@B“’rﬂﬂ@é@ﬂm? he batch
W th was filtered and washed with water (10.5 kg, 3 volumes). The filter cake was malntalned

(R -2-(2-(1Hpyrrolol 2, 3-bl pyridin-3 ‘N_zog)rlmdln4ylamno -methyl -N-(2, 2
L 2- trif lUdioRtAA Iarﬁiﬁtlraﬂémtreéen(f%at 1‘{3|S Rigeey Biesed cofs wadisedipbiind of
Formul a (Aadahol (Pi. Wﬁ(gf@rvoﬂlnmsﬁb}aégltﬁ@orﬁ%&h& Rﬁﬁll(ﬁ%s%ﬁt% wiN@l A& until the

m xture i s approxinmately 58w % water in nmethanol. Cool to 20-25 C, stir 1

h, then NMPtkesin GASHMM@olyaleeragint B 2daker! Y2 W el ipsinpiyS e’ CsdMicds at 60- 65 C
to give (a atglg Q?Zil @Y(gr a@ieg&]tghgurpltﬂé/ﬁllxmrg w%s Mfte)r&y rTH@sgh(ﬁ vé&ré/ lx/‘:i‘é_%@o) 2-

met hyl - 2,2,2-trifluoroethyl)butanam de (la). 15| Exanple
Pr epar at |Votdil r@ffthE(nR) Q21 (k2- Edlomepylie rﬁnltthtmwaﬂ&@h@amtrm@) ulzier mmllmmr®m| c acid

hydrochl %%[g%?at&%?} el;ﬂg)l_é@nz %%Bacsﬂ.é‘ﬁ {%&as n&lzc en r%e ﬁe’;'s wgfer (3 vol)

was adde I sova he resulting so ut| nwas stirred for
20 mm t h@nn@nmatdl ﬁlltrlakarvcapyﬂcvwnaddo meat(rﬂzorih t@npe)atlamﬂorla%teﬁ dag$. ) Theenigtuadded t o
the reaction m nsecut i ve n xtu s heated to

refl ux ( q}.e,fs u?ﬁ 12 eneous &% elate??%%(? éngle ]tol ondlbl>9n ﬁﬁf&‘ anal ysi s

(NMT 3. 0%(tAU@teD(f562 kgﬂd4$M)®VIﬂlpyﬁmmldingﬁtem:[&ratlﬁe of 49 + 5t@ie Afof tati on was
concentrat.ed t 4 val) and | PAC e .added and t he
e St o aiiPln s by e ot pd s FAScdibet MR aRTREL taeons
sol ut i on.coffeh@dteBioidiyniestd TAO rdse%mt idaiire s Bddled dd@ th ayledss 5 Ware fmapar at ed.

| PAC (6 vo dded to the aqueous |ayer and the pH of the m xture was
adj ust ed aE‘(Sf?t%dm%r at leasis2 fpurty %%“g’(h‘ﬁte%ﬁéﬂ ind A %Pg%‘f’?rP MERF B Y t han 20
mm , the 1@YRES voleice). SBRANRE Qfte wlbﬁaaﬁmwﬁddr Y &live)asss@x bf Agbes f th | PAC
(3 vol). The combined | PAC | ayers were dried (Na2SO4) and filtered. 1PA (1
vol ) was 2al#ed0 puntigse The fselagd@rodgeigrpsidaisd to rngtantaeighgundeppacuay diogy

dr opwi se.qriReVE AL Hieh X\ﬁﬁr@@feq@@ Wil a nitrogen purge to yield (R)-2-(2-(1H-

(R)-2-(2-chl orOférl m gl n4-yl am no) - 2- met hyl but anoi'c aci d hydrochloride
(0.01 wt PY@”qu P&ﬁ@lgt3a)ﬂlpi3/§@1¢tﬂhé ypngaelct- iy kN2 ddr ous stirring. After
stirring, I tAl washed
(4:1 A %iLPASf@ ). {Mﬂanﬁd@ a? @%gﬁ(gn at p\aﬁ’amc@é%%ﬁxgrﬁ?%\?g%elgté%@“ﬁt ha N
bl eed touei@gﬁtPéﬁt(HwélOgﬂﬂ)) to afford

(R -2-(2h! >kl ori de
(25) as. Ggfr SROM AU g A A R o OB gl QA2

(R -2-( Zmeﬂtﬂw@rm offRioBelhlyphutamciintide3da)l deparatedrataivads ydsapmaad js Pormet.hy| but anoi
c acid (4a) [0418] (R)-2-(2-chloropyrimdin-4-ylam no)-2-net hyl butanoic
acid (2a) (10.00g, 37.58 nmml) and 106

3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1)-1-tosyl- 1H pyrrol 0112, 3-

bl pyridine (la) (17.21g, 43.22 mmol) were charged into a 250 nL reactor and
purged with nitrogen gas. Under nitrogen gas degassing and stirring, 52.00
m. of I PA was charged into the reactor followed by 6M NaCH (20.05 ni).
After degassing the stirring m xture for 15 mn,

4 di tert- butyI phosphanyl N N-d| et hyI an| i ne paI I ad| un( | | )d| chI or| de

N N N NN A b . o o o "~ NN



[0423] The reaction m xture was cooled and diluted with ETOAC, washed with
wat er, brine dry over sodiumsulfate filter and concentrated. The product
was puri fweaotsypobdsash chromat ography with the foll ow ngpPephisk@2phase: 0 MDC
to 10% MeOH MDC. [0424] 1H NWVR showed that nobst 1H atons on the aromatic
rings were replaced with deuterium atons. [0425] Exanple 8: Preparation of
[13C, 15 ’\ﬂﬂ%rﬁoh@)lﬁ@rﬁl V(/EB)Sul%é((tZO KikPbpyeGs aind ID%C&malyses descrlbed under (E) and (F),

b] pyri di n 3- yldﬁp yrim di n-4-34) am no) - 2- net hyl - N- , 2-trifluoroethyl)butan
am de (| abyver dao gysulsgsomhegeranlysqsiy I)resﬁtlteiﬂ%@lriﬁ\ﬂ enriched uracil was

i xed W gh13) MERRESAR Nk egarlicdR S A0 PINEHEpA9Blo[228b i@ 100 C for about

12 hrs. he sol vent was evapor at ed acet ate was added, and the

resul t i ngDRysimigia-4pdamino)- ?ﬁ’é‘ﬂhylcﬁ (22 Artgiilugrogthab butagamidg{l)t he sol vent was
(260 my o uF ?%“?2?3%@& TP IR ek anpigeyrt m dine (11a)

2, 4-di ch|rmtlmﬂwanmcmcxdé4q)z Ditingreagars) phaxgsc-mwethi THE (7.5 vol), then charge TP®

o A (1, 370kt Mt doAgnhl, HAPhRsh ORI TR AR Redefiu®S) (100
C for abdotnolldss IﬂwrSSh,rs arllghe Sﬁdlﬂ&/antomplstebuhqsolwed e@b@trdmelﬂﬁﬂ theretaggee was
added o e RSRNAMMALYS) TOEA RSP LGB, Mt bt ehed v Lh
1113C, 15NhHEPILEC hlteldiysm showed < 1.0% of (R)-2-(2- (1H pyrrolo[2 3 b]pyrldln 3-yl)pyrimidin-4-

1 sV Shon R bk fid 148 "SRRl FallE  Nac Ot i 116hmg)

[ 13c, 151 Nhlle @uirtgihiag a batch temperature < 30 °C. Stir the mixture for 30 m1n then separate the

(R - 24(2 hl or rimdin-4- thyl -N- (2,2, 2

trifluor @Et‘sﬁ% ‘ﬁ’pﬁ’t t&ﬁ%%?ﬂéplﬁy SF ZVHFW(“S% <‘ﬁ>¢§e HiQrschaly 'P??n observed at this

3-(4, 4, 5,pomk eitd @m@t BYdrestedBh@ugh addition of NaCl solutlon Charge methanol (7 vol) then
dloxaborolan2y -1-tosyl-1Hpyrrolol 2,3 pyridine (la) &80 ng), 2N
Na2CO3 (ﬂwellm‘w@wﬁep%t %Ll)nes a%@rmtw%}wom@%@w o golupide i on mixture is

stirred appB@infadiPl1 @J?OHEat:t-I?e ik turd RBS0583] QRN MRS RBY PSR, e PR Rl NY!
acetate was added to the reaction mixture. The reaction mxture was then

filtered cOmMBSIUSINGZ Tavigicidp gredngl) pyer 8P Hyp. IeedthethatchyvigdReP42€1H26 g of
crude |i

(R~ 2- med By o oay B A GOy Vg Dy e N GRR: .

yl) pyri mtmﬁllrﬂr@klwl))ﬁatnnm)le ) (21W2%Zeﬁtdrhaﬂddlmrtmemmmoymmfmlaé%%iSc!ll)f forES + =
553.2, E ' 4 ' .

(R -2- met%hhr? §_%%3_ E‘ ]tile([?loaglg}\x}_]age'?‘egeq rQer(l)l u%l?v]%tﬁgm})ét}ﬂ: e{bli)irogcﬂﬁzgely 58wt% water in

bl pyri di mneﬂaaylbl) [ﬁml m2@r2’5-°¢- stir)ldmiheo Yilth: P22 (h2-calre \f/lthmatele(tZWy]))IbnyttMam de

() S ALSELPE Y g Al gl S d o

evapor at emlathyTJNe(zrmmﬂmfbemymbmmmmamwxt racted with et hyI acet ate, filtered

Ce)x(l?lr Cﬁ;g%Ml%?d xlalljlgp es: V\i’lt'er[])algattlr(]) of ?l% i ?i cehlorop ﬁﬂl‘? 1%t4eylz]il?nno) gg of 1113C, 15N1-

(2R)2 g (5Zne(tﬂﬁb@tﬁhdtsnﬁIa@ildg}yardthmyrdeqza) 3-yl)pyrim d| n 4- y:E)Sam no)726maE Bﬁ'g,b] (
- r or oe ut a - =
Exarrpl e Ef)b‘Ill5 %/ ng K’ﬁ%? Lanty ‘8%‘?@&3(?3)) "‘?ﬂ(‘ e(‘ﬂ-t-s‘b‘%h%

b] pyri di ny3- Tha RYIiRY Slufiod whd I3 6 202ninBh YD, 4 Nich RupyAntidihd {1U0% q(cja%byl ) but an
am de (Ia**) [0431] Propialic acid (0.393g, 5.63 mmol) was added dropw se

to a suspBMST B Bere pddedda theripdch Pl e SONSSG VHHE Thﬂslssqmg/fm%ﬁare w88 8. 57 ny,

3.52 mmlh):ate@toggﬂlmhg’?ﬂﬂomfter @ﬁe'cﬁné éoépl&)on%%e r@dcﬁo§9§ﬁ@ﬂ@'aﬁﬂy§i\@-s heat ed at
85 C for hour s. di |l uted C then neutralized

wi th NH4@MTa%40%28U§O% > ﬂﬁlcéﬁvr@méum\@me ca. @a@ h> thvneluti@ww@nmgatad &bl ved and
suspe ”de%W \K’E‘te%% a(ﬁ"fbA@@ﬁ%@) We él F’ddEH)an@tﬂg nﬁ?ttnte Ist L(rzh?’ nmaeldlfl—:ﬁ %

resul ting solids were renoved tration, and the filtrate was

evapor at ot = A2sil |4 v@mg@ét H@kﬂqunmls @ﬁnmmtfkfg:tr alpnipg (14\/@@&1@141030 mlmwle@ys to

I\/EOH( 20) ) e rity,
142. WereDs%% gt% b@\%i)%%éﬁ%%’ th%%ﬁﬁ%%‘ﬂ%%ﬁc@%ﬁbﬁ c&%ﬁe r| e%lhyl am ne
(log, 98 aBjusmwio)3.0 n3. émwsomummamn Aftey sivaing ad tbedthimN2HGIn. ehdleyat e (119
m., 119 mmol) at 0 C. The resulting suspension was stirred for 3 hours at O
Cto water bath tenperature under argmn. The white suspension was filtered
and the obtained solid was washed with ethyl acetate (80 nL). The solid
was dried under vacuum overnight. [0433] A m xture of 1114g-enriched uracil
(crude 142 nCi, 2.73 mmol) and Et3NHC1 (75 ng, 0.546 mmol) in POC13
(0.75nm., 8.19 mmol) was heated slowy at 130-140 Cin an oil bath for 2
hours. The resulting reaction m xture was cooled to 50-60 C then added PCl15
(1.14qg, 5.46 mml) and POC13 (0 6 m_ 6 56 rrrml) then stlrred addltlonal 1



trifluoroethyl)butanam de (la**). [0437] Exanple 10a: Preparation of Methyl
2- am no- 2- net hyl but anoate [ 0438] 2-am no-2-net hyl butanoic acid HC1 salt
(20g, 130wormtgo6asas suspended in 150 nlL net hanol. A solpaTiuseoefo4HEL (4M i n
di oxane was added and the m xture heated to 50 C overnight. The m xture was
cooled to roomtenperature and evaporated to dryness under vacuum The

resul ti n@velr@@mhﬂeﬂjem@atduydus £¥ad XB8dtedMRiEh Hse@l(mou)hqme chMbihBEIPAC
purifi catl on. 1H NVR (

3.54 - 3.layerscsre quigd <Néz%b> «'(Itﬂi filtpred. 13%@&01) W%addqd t?éhe(féltratm ON ﬁcé% 1. 35 (m
2H), 1. 1%pAS0. 85’3&) whk aZlaecfdropvalse‘ Themiklare éﬁ)seec{e@%%](Rﬁ%f@r@ﬁl@roﬁwldm
hy

Preparati on of (2-chl oropyri mdin-4-yl)am no | but anoat e

[ 0440] A4235@n1ﬁ12) # p@ﬁwlhﬂﬁ@ol@ Hﬁlld@ééroghlf)mﬁer@pp]wt 9. A ize e ﬁsﬂd%t“atfl?o at e
(8. 49, dg%%ﬁ@ |sﬁpr1|v% Aftgll ﬁ%@r&mﬁs Itﬁgndllﬂqﬁle(pgocﬁlgv Wai%t)ﬁml%pfﬂfﬂﬁﬁgﬁ 5q, 54

4mol ) an reaction m xture was heat ed Cfor -18 hours.
After coovashny, (4MPé€(IB@0htﬂ 2 viphsanddiied | Hamwcum owinat 99 eC axthpadbthdeddvg t h MIBE.
The orga um sul fate.
Tt at; oA hEREL S Bl ot nethollol Al Bl S EHBIERAS R (T 511 o e
was puri ﬂllyédcfﬂyﬂdel(aa)rascatnpﬁrmmwgolacphy, (0- 100% et hyl acet at e- hexane
affordin g N

2 ((2- cnt3Ey A P PEion ] (-5 G ST BUTaloE Bpygidi® S pyrimigina e

(CDc:13)84gymﬁm?>)8aﬁmylmhaanoﬁaaia((za)m) 5.95(8, 1H), 4.2-4.001, 1H), 3.86(m

w244, 10 ha 1} e LR b SJaphTgh byoat i fa 38 aotof2( ™ S0 e

2- met hy 13248 2mhdly daisdyd4; 415‘5 |ﬂ§jﬂaﬁ1@ih91 P33=dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-

b] pyridin-3-y1l)p ut anoate _[0442] A 50 essure
vessel wadPY Elﬂ‘é‘feéé’d ﬁf glq‘("fﬁeabt}tQ/F‘ggﬁ b ﬁor:%ngpurggdr“’“h

(4, 4,5, SitRigeRpR tmﬁlder]m@og%n r@h@é@%'h@'aﬁd\stﬁnf{é )swoml&llﬁzrxsvablcw%dddh@e (4. 49,
11. O5mol ), math % rimd dé am no) - 2- net hyl but anoat e,
(2. 44g, {1 re%?ﬁfpljoweél d.6MrNé<aHts At wly- 100 dsgassing By sdBingmigHe ookl ) and

degassed e @f’te’&tﬂ’lﬁﬁpﬂéﬂsf)ﬁhnﬁ‘l NIN-GiRB - §ﬂ1f11?eaﬁ§'llﬁ(ﬂﬁm§gd1@hlerla-@@ﬁa25 Rei( dppf) C12
was added, the flask seal ed and heafed to 90 hours. The m xture
was cool é)dJSademOi)tV_ews ebarggsripqdhe uﬂﬁ%@ﬁagnalslurr&m%’r%mb ﬂf [Hd ebheyallings gave
7.8g of %i%&%asrfﬁﬁﬁegﬁ%amh ¢4 aﬂ@tﬁer%rﬂnil' @ng)f)ogl 1@esﬂtr8§%%'i@§199rtﬁ60hy1 (0-80%
et hyl acetate-hexane affording 3.99 (81%

2- et hyl .r@c(i(QIQm'(xlur@ (Wgyheaggdl.t(pyl} ?(E)lmﬂl 2hegHPIHT samples confirmed that the reaction was

B 52(s. TRRRY i B R AT IBIEY SRR o a0 BNl w1 90 1 2
(d, 3H), récB®8a{ssol8idn,in RaB4c/2.00l()rmd bielrgacRor as2ngOtainay aZM)°C uhtib8 ( s 2H) ,
éx;frpl( Z fgﬁ)C %P\ge(iaj"?% pJIete gln*osélflatlfgrf ofjfhe proéun} SH. me ml 480.25 [ 0443]

;CI( <(1I ZE (() }159419] r dﬂm[r@pﬁelblhprywre dianeddieylt Py r@ mlcthdﬁlﬁ;feﬂlt() hzmemq;H &-0e0.hy| bgg ﬁEOiTE -
and 15m. L\?\é@i M%ghqxg mi))( gctlva}ég arcoaq i'U 398 30 wt%) was %harge% into ?he reac?or

2- met hyl -agd (HeZestlling @ﬁm&m%@uﬁwﬂo% 22 Brrbirpy febdion n@xtyite) waasrtilidtediti - 4-
yl ) am no) but anoate was added and_t he aﬂq)ﬂ(éure was heated to reflux for 18

hours. THE"MEE G ORa¥Cwbidd o) Pas torfbe BORIC AR CHREAEPE sol uti on

was addedieaddiigedBios! Wh&pMBS the Xdab @Gt @k ude vhs RRkQAND-5 8td1Yhsi ataepwher e upon
a white precipitate formed in the aqueous |ayer. The ﬁ;o uct was then

filtered @ Pombheederssasmidyemagheridrtp & "MK SWEBGUMEPIEPEIMIYYE. 69 (68%)
2-((2-( 1|Wa§${a’[1f?ellﬁ’éd2un§elt§'tlﬁ}ﬁg agt')@ @fdfl Qﬂf(gd (5}16@'n'ﬁn4a'fﬁéf he WeRRdicrof a

nmet hyl but anoi ¢ aci d white solid , MeOD) 8. 87 édd 1H)

8. 32 (m solMgion. 7T@4ea(ca>r whgyooleal @1(4&? 0@4@)0(3/12 usel re@fhlrlgra)temueratgmpf 5°¢Cm 2H)
1.68 ( S’Thglfg Ftl&ﬂ%@t éwass(!_&ltlm.fguﬁﬁw d}'t%&%?&atfe&%ﬂ@r hqx/ang?en

Preparation o Hpyrrolo pyridin-3 ) pyri mdin-4-

y1) am no)H®redandhyhshrd @ith ager (K il uoHowtdiyi hebanaamilde The gadulgvers 100nL f 1 ask
was char t

2-((2-(1 %i/ar{gﬂo mﬁllgld%rvaa%ulna?tnt yl) pyri m di n4- yI ) am no) - 2- net hyl but anoi c
acid (1.6g, 5.14mmmol), 20n1_ DMF, HOBt (243.1ng, 1.8mol), EDC (1.18g,
6.17mmol ) and 2,2, 2-trifluoroet hanam' ne (450rtlL, 5. 65mmol ). Stir at A -18
hours. 75mL water was added and the mggture extracted with 3x 100 nL MIBE.
The conbi ned organi cs were washed with water, brine and dried over sodium
sul fate. The solution was filtered and evaporated under vacuum affording
1.19 (54% of a pale yellow solid which was pure racem c

2-((2-(1Hpyrrol 0112, 3- bl pyridi n-3-yl) pyrim di n-4-yl)am no) - 2-

met hyl -N- (2,2, 2-trifluoroethyl)butanam de. [0447] Exanple 10f: Preparation
of (25)-2-rrethy| 2 [[2 (1H—pyrro| 0[5 4- b] pyr| d| ne- 3-

o g, . . —— L e Y



WO 2013/ 006634PCT/ US2012/ 045431 WHAT IS CLAIMED IS 1. A process for
preparing a conpound of Formula |I: R6 R3 4 '1\1-R7 | or a

phar macewoDcalJopé@acept abl e salt thereof, wherein: Rl i #CTHS201C043381 - F;, R2
is -Hor -F, R3is -Cl4 aliphatic optionally substituted with 1-5
occurrences of R5; R4 is -Cl_2 alkyl optionally substituted with 1-3

occurr engeR0pf EXampk 7: Prepafﬁimawn@ﬂteadted tla)kzam (tlmﬁiﬂi‘ﬁb[ﬁ:{)bf Fidina3-3- 7
menber ed carbocyclic or heterocyclic saturated ring optionally substituted

with 1- 5 Ybeyimidindaodammops-methyl-N-ghe.2- tﬁﬁu?@eﬁhﬁ!ﬂ@w@na@qu Byl ected from

hal ogen, - OCHS, O—l/ NCE -NH2, -SH, -SCH3, -NHCH3p - CN p'r unsubsti t ut ed

-Cl1 2 aliphati % tvvo R5 groups, togeth @Frbon to

which they are a}\ \f/&Ff’n a o(E)ropyI ring; R | s\ umsUBsti tuted
H a_C.H&Zﬁ RBYGr - (G) 2 drein each Ris

-Cl_2 al kyl; 7 i S
I ndepend i W H or -F; conprisingXfe step of: 1 ctd ng a conpound of
Formul a Htfy'a hydrdehl oride sal tof a conmpg gl/ N Ia-D
N" O H 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,O was added to the mixture and refluxed under a balloon of H,.
The mixture was cool filter washed with MeOH and ETOAc, and concentrated to dryness,
generating an off white solid. CMS shows D incorporation 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 Hy up to 40 psi 3x times over 10 min. The pressure 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 shield 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,'*N1-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 PhNEL, 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-trifluoroethyl)propanamide (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
109



Formula 2 12 In the presence of water, an organic solvent, a base,
and a transition netal catalyst to generate a conpound of Formula |I. WO
2013/ 006630RCB/M0&3d12/ 045431 2. The process of cl ai m 1pChiuse@n434be
organi c solvent of step i) is an aprotic solvent. 3. The process of claim
2, wherein the aprotic solvent is acetonitrile, toluene,

N, N- di rretsbwéﬁtwagampaﬁtedun&letﬂymétaﬁéIv@@ @ac&:mud@le r@e@s N uréEt tykackigh t - but yl
et her, or any conbi nation thereo dDrocess of any one of clains

1-3, WwherERHTe s fW%Wa@eg&llRl?émHQ ané‘tbé‘ﬁe ] 4r§d§nMQ4éo geNtANEd mE5. The

process of (&t &Npeflicnaet)ed- (tzkh@d%gﬁ&i& A9h\ao)-bmany1a-eohel sel ected from
met hanol , propanol, isopropanol utanol ; tert-butanol, or any conbination
t her eof . Ui quqﬁlé’l)bkl@éfé@ée@ﬂc)aﬁ% oh - biiSct Al 1-5, wherein the base of step
) 1S an bg] 0qnto:Pashiched k- 110 HIG6SSHih. L) Fhihé.o-ybRyELmbEE | nor gani ¢

base conprises tripotassi um phosphate,” di potassi um hy gen phosphat e,
di pot assitufivaeathdiataeamide QB@l(ﬁﬁﬂnéhltsmmltWélthi (4, %@éﬁ@tmn}yﬁry ybﬁé’te di sodi um

hydr ogen FRGSANH 8. o R0 LRI ARG @Rl 0 ufly 218, PERPERSGT c alm 7

wherei n the 1 norgani rise 9. The
process d&IME I(%tmﬂn) &nd RA@PBi).n(10 Ime). aleeabatctlnEnaXtuﬂtrysjstmed de9(b°@nfpr at@etslz\laa-l KOH,

or any c ination there roc o alm; 1-9,
wher ei n ﬁﬂgsgﬁ{lﬁg it evaﬁora%fl a?d éltg)fl afenat? By &fa 5 rea tlon mlxﬁ]lre ? i'um cat al yst.
11. The pewdessixndre elagihmm filgredvbrest 610& alnhn elumalwl’lalchthyﬂraccemmaﬂqgsnerﬁé 13Gmp i)

i S i bohSt BanenterbRes B Ere b bREsT bl BB R R A her eof | 12.
The pr oceg$pyhidal-aynmmide)-Mhepetdiflhhecpal it e ciidal F$t= 23.568p=1 )

conpr [ SES5 515,
[0429] 120 mg of [*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) was treated
with LiOH (800 pL, 1N) 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 Si0O,, and eluted with ethyl acetate to generate 19.3 mg of [BC,]SN]—
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 [*C]-
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 mL) at 0 °C
then neutralized with NH4OH (aq, 28-30%) in an ice-water bath. The residue was dissolved and
suspended with NH4OH (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 mCi).

[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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, N -CH3 H3C , Oor any conbination thereof. 13. The process of any
one of clains 1-12, wherein the reaction of step i) is perfornmed at a

t enper at Wwe 2bstovee3a about 50 C and about 110 C.  14. Thecpruse@s43B1 cl ai m
13, wherein the reaction of step i) is perforned at a tenperature between
about 60 C and about 95 C. 15. The process of claim 14, wherein the

reacti on u@f obsdiRi sblid was WRhEOWIEEhltacaai @SR AL THeGoREHWESTdARAHvadinC and
about 80 C.  16. The process of any one of clains 1-15, further conprising

the step®vefighti)deprotecting a conmpound of Formula 3 to generate a
conmpound [¢433for Amh:@uré of [*Cl-enriched uracil (crude 142 mCi, 2.73 mmol) and EGNHCI (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 POCl; (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 KoCOj3 (526.2 mg, 3.80 mmol) in water (1.6 mL., 6 volume) was
added isovaline-HCI (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 1N -
NaOH (6 mL) and isopropyl aceate (6 mL.) were added. The aqueous phase was separated and
the organic phase was extracted with IN NaOH (6 mL x 2). The combined aqueous layer was
acidified to pH = 3.0-3.5 using 6N HCI (aq). The resulting solution was extracted with
isopropyl acetate (15 mL x 3). The collected organic layer was concentrated to 3-4 volumes,
then 1N HCl etherate (1.73 mL., 1.73 mmol) was added drop wise at O °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] o a solution of K,COs (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. The (0.641 g, 1.61 mmol), 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 PA(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 for 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-pak®vac 20 cc (52)-C18
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117 and; iii)reacting the conpound of Fornmula 4 with HNR6R7 in the
presence of a coupling agent and an organic sol vent to generate the
conmpound WO 2pwaomd3a 1.  17. The process of claim 16, wheCcEus262ag543i )
conprises deprotecting the conmpound of Formula 3 in the presence of a base.
18. The process of claim 17, wherein the base conprises an inorganic base.

19. The QE&Q%%%n@@vaﬁlb&WﬁhL&toMﬁw@Oﬁ\xIaféQ(SOI)\Qifﬂﬁﬁh&ﬁda{i@@ 0igs4 anses kaaliy et al
hydr oxi de. ,,20. The B%ocess of cla rein the al kali netal hydroxide

i's NaOH, oKD I-gmichif 8r%ﬂﬁ/ét2r<8r€11t<?fé¥b%ﬂ>yrr012h23 “Mreigpgedipyrinnindy one of

claims 1@1;%%0)%@&% z[hcl 8+4)8A8 bb@Me@ ViR RSP rhdibdheREAUHFity 1 thdi8uRd gpence of
an organi c base. e process of claim 21, wherein the organic base of

step iii }n%ﬁﬁﬁ*ﬁg%s a tert iary amne. 23. The process of claim 22, wherein
Lhe ter L iggag) MR RRRRG! P ohtbhicdick BORKARYLRENVIGRM fiEpybfibiety] am ne, or

any conblnatlon t her eof process "of any one o ns 16-23,
wher ei n tbﬂmmé@uwlomna@@rﬂt ylgrhingthafanpic iayid ¢3atir (78€ s12pt-6 pynghshoi) én

anhydr i dec‘l]lchlogémetﬂ_a[h? (fH BE §/§s R PRN- 1%%31%&{18 391%{1131} 3)(@ 63ﬁmL"“ﬁ'g?]1ﬁh<m( 'ﬁ% organi ¢

sol vent rises a ha car
substit utr@dltmgtsq)laMdW@fmoladl fo @FC, adlrep TcStBr(ﬁiD%a&tt nroﬁhylheewg,fo 656\, 1.1

2013/ 00643 4REHLUR0 A 045 RN on NEARIAGESD, 80 o ARy wbeigln the
organi c SOIPV conprises an a g’[ te rahy I’O uran conpri sing

2- met hy| tdedpr \albty drtefreulting mixture was stlrred 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,SQ,, 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-b]pyridin-3-yl)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) 5 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, J = 7.5 Hz, 3H).

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

[0440] A 250 mlL 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(300mL)
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27. The process of any one of clains 1-26, further conprising the steps of:
iva) reacting a conpound of Formula 5 with bromne in an organic solvent to
gener at e wocompowsd of Forrmula 6: Br 56 va)reacting thectarspaad4af

Formula 6 with p-toluenesul fonyl chloride to generate a conpound of Formul a

7: Br Ts 7 vi) reacting the conpound of Formula 7 with triisopropyl
borate, iwhs Taﬁlﬁ:dﬁﬁ@&@'ﬁﬁ@tuféfexﬁﬁbt&f\gﬁm lmml Tl@i'ﬂrgﬁlﬁwex@ra&ﬁ W@fégx/a{shédhhtﬁn base to
generate a conpound of Formul ) and i) esterifying a

conmpound “6¥er ged SRAdOvEr sprium Splifﬁtéc 811%94@11&% BYfBPrafion ‘éﬂ‘i‘%‘f"@‘élﬁ]il alfarded/Eigt "t o
gener at e ;¢ @ﬂapgwplwmh Ry ;ﬂﬂx‘n'ﬁ@d by ﬂas%%h@ﬁeatdg&aq)ﬁ? 58 10H% 201 QRBuQfcxEhAl B

1- 26, further npri si ng b) reacting a conpound of
For nul a affmdm ﬁbﬁa (éf"@éﬁ%féwlfzd@y@l@ﬁpmlé@ "t‘ﬂ)ag@ﬁ@r?aﬂléth&lbé‘@ﬁ?%ﬁmdm@ﬂ For nul a

9: IH NMR: (CDC13)0 8.05-7.88(m, 1H), 6.28(5,1H), 5.95(5, 1H), 4.2-4.0(u, 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-
b]pyridin-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-
blpyridin-3-yl)pyrimidin-4-yl)amino)butanoate . 1H NMR(CDCI13) 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-yl)pyrimidin-4-
yl)amino)butanoate was added and the mixture was heated to reflux for 18 hours. The
reaction was cooled to rt and and 50mL 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-yl)pyrimidin-4-yl)amino)-2-
methylbutanoic acid as white solid. TH 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-
yl)amino)-2-methyl-N-(2,2,2-trifluoroethyl)butanamide
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59 vb)reacting the compound of Fornmula 9 with N bronosuccinimde to
generate a conpound of Fornmula 7: 7 vi) reacting the conpound of
For mul a Wei20ts/006d3ssopr opyl borate, in the presence of &aTarSg@nRi0es43ol vent
and a strong lithium base to generate a conmpound of Fornula 8: HO g-OH ;

and vii) esterifying the conpound of Fornula 8 with pinacolate al cohol
in an or geqet SOl oMt ﬂm v@i@@@irg’édem&l pqrm@H@Qn@lb[fpb]@syh@n$ryl)p;ﬁmirdaﬁ process
of any one of .clains ther conprising t viiia)

reacting ‘& @%%ﬁﬁaetwlb%?%%d debe. whdprerh 3Reli @Mg H@%&(?éﬁtéwg’ with a

conmpound 1gf, Q8 BHca1 Lk, d. 7k &) M@??Q?ﬁﬂ&@oe@t&n%ﬁi@m%PE@@SrﬁﬂQ) ag);;or gani c
solvent to generate a m xture conprising a conpound Formula 12 and a

conpound abft ~Edhenss. a7518; wRRr RS addeBanR4hevnRORRSYragoR R@th 3x 100 mIL 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-ylJamino]-
N-(2,2,2-trifluoroethyl) butanamide. 186.7mg(16.7%). 1H NMR (300 MHz, MeOD) 8 8.82
(dd, J=8.0, 1.3 Hz, 1H), 8.22 (dd, J =4.7, 1.3 Hz, 1H), 8.19 — 8.04 (m, 2H), 7.22 (dd, J =
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

OTHER EMBODIMENTS
[0449] All publications and patents referred to in this disclosure are incorporated herein by
reference to the same extent as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Should the meaning
of the terms in any of the patents or publications incorporated by reference conflict with the
meaning of the terms used in this disclosure, the meaning of the terms in this disclosure are
intended to be controlling. Furthermore, the foregoing discussion discloses and describes
merely exemplary embodiments of the present invention. One skilled in the art will readily
recognize from such discussion and from the accompanying drawings and claims, that
various changes, modifications and variations can be made therein without departing from the

spirit and scope of the invention as defined in the following claims.
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HR2, NH CI 1213 30. The process of claim?29, further conprising the steps
of : i xa) deprotecting the conmpound of Fornula 12 and the conpound of
For mul a MOi2m3does3pr esence of an inorganic acid to genePaQTAISA12I0XI4AT €
conprising the conmpound of Formula 2 and a conpound of Fornula 14: R2 R3
RAR3 R4 y-co2HY-CO2H HR2'1-1 C 214 xa)reacting the mxture
conpri si ngahhgs comeumdisof Fornul a 2 and the conpound of Forrmula 14 with
HCL in the presence of an organic solvent to generate the hydrochl oride
salts of the conmpound of Forrmula 2 and the conpound of Fornula 14; and
Xi a) recryst al gbdegk ohsrePirl We8mPburdde rhydoehl oride salts of the conmpound
of Fornmula 2 and the conpound of Fornula 14 to generate the hydrochl oride
salt of the conpound of Fornmula 2, C 2 Xﬁf20%3/006634PCT/U82012/045431
31. The process of any one of clainms 1R28:;fyNther conprising the steps of:
viiib) reacting a conpound of For nmulaxy
Formula 15 in the presence of a solwen
Formula 2 R2 R =N
=
|

N

1 an acid salt of a compound of
Qﬂd base to generate the conpound

IZ o

I

or a pharmaceutically acceptable salt thereof, wherein:

Rlis -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 halogen, -OCHj3, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN, or unsubstituted -Cj_, 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

Risa -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 salt of a compound

Formula 2

= | A\ N N\ 0
\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
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a ; and i xb) reacting the conpound of Fornmula 2 with HCl to generate
the hydrochloride salt of the conpound of Formula 2. 32. The process of

cl ai m 31, wotersgionesthe base of step viiib) is an inorganiPCThss@20¢348ct ed
fromtripotassi um phosphat e, di potassi um hydrogen phosphate, di potassium
car bonat e, disodium carbonate, trisodi um phosphate, disodi um hydrogen
phosphate, or any conbi nation thereof. 33. The process of either of clains
31 or 32, wherein the solvent of step viiib) conprises water. 34. The
process Of cl AMnPesess phdaimy In WhpsingdBe grgpRic Vet %fp“‘?Pi‘? SH1 aPigHe #Yent onpr i ses
an al cohol sel ected from nethanol, ethanol, propanol, iso-propanol,

but anol, tert-butanol, or any conbination thereof. 35. The process of any
one of cl3ai s TBapRgess afdsiey T Whirsintbgarrplisobenids agstapitiileptolyese.per f or ned at a
t enper at %ﬁ—d%etﬁﬁ%%ﬁf?l@}]%%]odi&eﬁlﬂa_ _eﬁﬁiﬁe,?‘a@&o&; met:f@} terﬂﬂ)ﬁty@étﬁ&?@rsan f claim
35, wherein the Teaction of step’viiib) is perforied at "a tenperature of

f r om abogpmB@at@nitheredfout 100 C. 37. A process for preparing a conpound of
Formula 4: 4 wherein: RlLis -H -d or -F, RRis -Hor -F, R3is -Cl4

al i phatic optionally substituted with 1-5 occurrences of R5; R4 is -C _2

al kyl optd onallhg/preeiss of dnytosel ofnilains 1-23 whereinrtheorgesc sflveRbol soap i) is a prdi® and R4
are takenoltvgrget her to forma 3-7 nenbered carbocyclic or heterocyclic
saturated’ri ng optionally substituted with 1-5 occurrences of R5; each
R5 is independently selected from hal ogen, -OCH3, -OH, -NO2, -NH2, -SH,

-SCH3, -NHCH3,, -CN_or.unsupstituted -C aliphatic r two R5
o oups,  toget BB PFehoLHETEa Bt 6 DALy PAE S R or m
cycl opr opydthanbl fropL@NRdopfipHiEh] tHuEansE, &ft-titanol, or any combination thereof.

6. The process of any one of claims 1-5, wherein the base of step i) is an inorganic base.
7. The process of claim 6, wherein the inorganic base comprises tripotassium phosphate,
dipotassium hydrogen phosphate, dipotassium carbonate, disodium carbonate, trisodium

phosphate, disodium hydrogen phosphate, or any combination thereof.

8. The process of claim 7, wherein the inorganic base comprises an alkali metal

hydroxide.

9. The process of claim 8, wherein the alkali metal hydroxide comprises NaOH, KOH,

or any combination thereof.

10. The process of any one of claims 1-9, wherein the transition metal catalyst of step i) is

a palladium catalyst.
11. The process of claim 10, wherein the palladium catalyst of step i) comprises
palladium(Il)acetate, tetrakis(triphenylphosphine)palladium(0),

tris(dibenzylideneacetone)dipalladium(0), or any combination thereof.

12. The process of claim 10, wherein the palladium catalyst of step i) comprises
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I a)reacting a conpound of Fornmula 1 with a hydrochloride salt of a conpound

Formul a 2, 12 in the presence of water, an organic solvent, a base, and
a pal | adiwon2ostmbesgt sel ected from \ C FePd - NCI APCraSgeEn®s#Be a
conpound of Forrmula 3, and ii)deprotecting the conpound of Fornula 3 to

generate the conpound of

\CI \CI
/CI

%P?é' ey @G Kara)

Q
H4C Q/Q \/© i / cl 4( /4
Q / ° / ;' Q ?P/Pd:sl
SO T e =

Cl Fe

P ©\/ c

ele
7L , or any combination thereof.

13. The process of any one of claims 1-12, wherein the reaction of step i) is performed at

a temperature between about 50 °C and about 110 °C.

14. The process of claim 13, wherein the reaction of step i) is performed at a temperature

between about 60 °C and about 95 °C.

15. The process of claim 14, wherein the reaction of step i) is performed at a temperature

between about 70 °C and about 80 °C.

16. The process of any one of claims 1-15, further comprising the steps of:

ii) deprotecting a compound of Formula 3 to generate a compound of Formula 4:
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Formula 4. 38. The process of claim 37, wherein the organic solvent of
step ia) is an alcohol. 39. The process of claim 38, wherein the al cohol
i s sel ectwo 2br3owses@t hanol , et hanol, propanol, i sopropan@eCT/usatiamned43t
tert-butanol, or any conbination thereof. 40. The process of any one of
clainms 37-39, wherein the base of step ia) is an inorganic base. 41. The
process of claim40, whekeird f*fegy | norgani c base is an, l,kal i metal

hydr oxi de. WD 2013/ 0066 4PQ¢AQ82012/045431 42. TRe ss of claim41,
wherein the al kal i I \pyMIr 0xd de is NaOH, KOH, y onbi nati on

thereof. 43. The pro@ S oﬂiany one of clains 5 Hvherein the reaction
of step ia) is gerforngd at a tenperature betwe Qbout 50 C and about 110
C. 44. The proce N¢l ai m 43, wherein R’ tion of stepia) is

performed at a te ure between about 60l C _and about 95 C. 45. The
process of claim44, whgreidn the reaction of“btd$ iap is pg&ﬁorned at a

t enper at ure between about 70 C and about 80 C. 46 The process of any one
of clains 37- i\, WNQMQgﬁﬁﬂhemdawﬂﬁﬁbnmﬂmﬁwmhf@ﬂéﬁ it the pesquee ffor med in t he

presence Qi 1&@2&3@@ a?uhorgeﬂlﬁ‘ceso%ﬂﬁggéneﬁite il g!}r[{b \@g%@ﬁ&ﬁﬁ the base is an

i norganic rocess o arm e’inorganic base is
an al kali netal hydroxide. 49. The process of claim 48, wherein the alkali

| h 50 Th
o any odaost O il hE bR Rl AN FOTRARK SR ORRE R codPpynlOF BLOCTSS

conpound FofmHe B mtha piensk bha Base.aci d salt of a conpound of Fornula 15 in the
presence of a solvent and a base to generate the conpound Fornula 2: R2 Cl

; and i Xxb) reacting the conpound of Formula 2 with HClL to generate

t he hydr aghl omhégrosak bf @dimt I7e wE&BRA Khs®fonh@iseHnanddganic base.

19. The process of claim 18, wherein the inorganic base is an alkali metal hydroxide.

20. The process of claim 19, wherein the alkali metal hydroxide is NaOH, KOH, or any

combination thereof.

21. The process of any one of claims 16-20, wherein the reaction of step iii) occurs in the

presence of an organic base.

22. The process of claim 21, wherein the organic base of step iii) comprises a tertiary

amine.

23. The process of claim 22, wherein the tertiary amine comprises

N,N-diisopropylethylamine, triethylamine, or any combination thereof.

24. The process of any one of claims 16-23, wherein the coupling agent of step iii)

comprises propylphosphonic anhydride.

25. The process of any one of claims 16-24, wherein the organic solvent of step iii)
comprises a halogenated hydrocarbon, an alkyl substituted tetrahydrofuran, or any

combination thereof.
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Cl 2 51. The process of claim50, wherein the base of step viiib) is an

i norgani ¢ base selected fromtri potassi um phosphate, di potassi um hydrogen
phosphat eyodopawessi um car bonat e, di sodi um carbonat e, tPCIasuopdIdsphat e,
di sodi um hydr ogen phosphate, or any conbi nation thereof. 52. The process
of either of clainms 50 or 51, wherein the solvent of step viiib) conprises

water. 93. Thge poesessclah Bl Fhériadhe i€lolvehh@nfPkdentalkgf sbb@peyi 11 D)
further conprises an al cohol selected from nethanol, ethanol, propanol,

i so- pr opdstEhydrpiyranremprisiag £-NRYIRELYI9Furahy conbi nation thereof. 54. The
process of any one of clainms 50-53, wherein the reaction of step viiib) is
perfornmed at a tenperature of fromabout 70 C to about 120 C. 55. The

process 6f- cl Ah¢pegess afay one ok Hamg d 26t fughersPmgrigpe (ieisiepy ofi s performed at a

temperature Ofygfr %&R%Htcogpo&dto%&%ﬁs WAR bfominef-an OrdAhRGES S hOT Preparing

a conmpound of Formul a a pharmaceutically acceptable salt thereof,
wher ei n Rgndrae a ppmpa@ind 9f Formuladonpri si ng the steps of: iva) reacting a
conmpound of Forrmula 5 with brom ne in an organic golvent to generate a

conpound of Fornula 6: Br R'G6s eact i ngrt he~¢ ound of Fornmula 6 with
p-tol uenesul fonyl chloride mr ate a CMM Formula 7: Br
\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:

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
=z | N\
NS
NN
Ts

8 ;and

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

solvent to generate a compound of Formula 1,

1 B/O
R
Ts
1
28. The process of any one of claims 1-26, further comprising the steps of:
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Ts 7 vi) reacting the conpound of Fornmula 7 with triisopropyl borate,
in the presence of an organic solvent and a strong lithium base to generate
a conpourmoabiosesul a 8: HO s-OH ; and Vi i) esteripCyiusgo2ioesssonpound
of Formula 8 with pinacolate alcohol in an organic solvent to generate a
conpound of Forrmula 1. 57. The process of claim56, wherein the organic
solvent in st@am)i V@lcting a@BmARIAtoF SorhiyVERith pIuenthBfoRyQhesEe 0f gedb@icm 57,
wherein the aprotic solvent is dinethylformam de. 59. The process of any
one of cl&PREOwY-Bgomyadein the reaction in step iva) is perforned at a
tenperature of about -5 Cqio about 30 C. r©60.. The process of claim59,
wherein the reaction of stéﬁ;?gE§>is perfor aly a tenperature of about O
Cto about 10 C. 61. The pr of any on | ai ms 56- 60, wherein the
reaction of step va) is performednin the presencégsof sodium hydride. WO
2013/ 006634PCT/ US2012/ 045431 62. The processgof any one of clains 56-61,
wherein the reaction of step va) is perforned at a’tenperature of about 0 C
to about 30 Cyp) 63eacting N @EPSSdAt FohRilfY G2h NPRERER cinlifidé Qicﬂ:ééhj:&ﬂ@ aof step
va) is perforned at a tenperature of about 5 Cto about 25 C.  64. The
process GPMEPHEKRf EXMURhEr ein the reaction of step va) is performed at a
tenperature of about 10 C to about 20 C. B65. The process of any one of

cl ai ns 56-64, wherein the strong Ri{bi base of step vi) is n-butyl

lithium 66. The process of any on \oﬂ cpai ns 56-65, wherein the reaction

of step vi) is perforned at a tenperatlUrd8 of about -100 C to about -70 C.
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
Ts

8 ;and

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

solvent to generate a compound of Formula 1,

1 B0
R
Ts
1
20. The process of any one of claims 1-28, further comprising the step of:

viiia) reacting a compound of Formula 10, wherein Rdisa -Ci4 alkyl, with a

compound of Formula 11
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67. The process of claim66, wherein the reaction of step vi) is perforned
at a tenperature of about -90 C to about -80 C. 68. The process of any one
of cl ai rewb@eMosasher ei n t he organi c sol vent of step vi PLTits2@2had4dgenat ed
hydrocarbon. 69. The process of claim68, wherein the hal ogenated
hydrocarbon is dichl oronet hane or dichloroethane. 70. The process of any
one of clains 56-69, wherein the esterificatiRgn reaction of step vii) is
performed at a tenperature of about 0 Cto %Jé%%tcmo C. 71. The process of
claim 70, wherein the esterif&pa jon reactipn of step vii) is perforned at
a tenperature of about 10 C to\about 40 C. Ng2N The process of claim 71,
wherein the esterification ygattcoorof step Wi) is perforned at a
tenperature of about 20 C to abgut 30 C. WD ﬁ@lS/ 006634PCT/ US2012/ 045431
73. A process for preparing a corﬂd;ound of Formula 1: or a pharmaceutically

accept ablighs pldsericbof @0drganibigdse bt Rlorgdmic dollvent@h gOieratdi mE@HPBcbSpignd He st eps
of : i vb) reacting a conpound of Formula 5 with p-tol uenesul fonyl
chl ori de SPBPYEHSf Hpranula SEREPendEd P2 &3/ 1> | NNI, NNI, HTs 59

vb)reacting the conpound @f gF@enmula 9 with N bRremdsucci nimde to generate a
conpound of Formula 7: Y¥-Co,R® N Y-COR®
T NN SN
Cl Cl
12 13

30. The process of claim 29, 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 the compound of Formula
2 and a compound of Formula 14:

R2 R3 R* RS R?
Y¥-CO,H

CO,H
///\ng /N\77N>L i
NYN H R>N_=N H
Cl Cl

2 14 - and

xa)  reacting the mixture comprising the compound of Formula 2 and the
compound of Formula 14 with HC] 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,

R2 R R*
¥-CoH
T N—N

N \
CI7/

2
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7 vi) reacting the conpound of Fornmula 7 with triisopropyl borate,
in the presence of an organic solvent and a strong lithium base to generate
a conpourmoabiosesul a 8: HO s-OH ; and Vi i) esterciguseg2oka3conpound
of Formula 8 with pinacolate alcohol in an organic solvent to generate a
conpound of Forrmula 1. 74.The process of claim73, wherein the reaction of
step ivbjlis peEHOLERES dnf ohbier Q4ifS @ Refudther S OipH T AYE Kicgor: WO
2013/ 006634PCT/ US2012/ 045431 75. The process of either of clainms 73 or 74,
wherei n the s¥iiBhgrepstingipGrnperad obFomtudpl L, with asacid 9ifof p compayndpf 76, The
process QhrANY 190hOpreSedndd 6 sORedPund WhRIR) Bedehife ﬂh@@&hg&'ﬂd ehmffieP Vi) is
performed at a tenperature of about -100 Cto about -70 C. 77. The process
of claim 76, wherein the reattion of step vi) is performed at a tenperature
of about -90 C to about - C178. The process of any one of claims 73-77,
wherein the organic sol ve step vii) rR’s @ hal ogenat ed hydrocarbon. 79.
The process of claim 78, wh&rein the hal ogehat ed hydrocarbon is
di chl ororet hane or dichl or oét hane. 80.NMphe G#¥tess of any one of clains
73-79, wherein the esterifigation reactionign st-eagdvii) is perforned at a
tenperature of about 0 Cto about 60 C. 81. Thé process of claim 80,
wher ei n t he eitber i fehamp itt@rcompaatd o oinmls 2 epth\HA1 ko geneper thohyreckhtrida
tenperaturg o about %0 PC to about 40 C. 82. The process of claim81,
wher ei n £AECHET EMRELPE ISE P 8%t ion in step vii) is perforned at a
tenperature of about 20 C to about 30 C. 83. A process for preparing a
conpound 38f F%ngrlogessz of ¢ air|$13 El'wt%_r'eljn tl’ll\fll ‘t())ase 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.

33. The process of either of claims 31 or 32, wherein the solvent of step viiib) comprises

water.
34. The process of claim 33, wherein the solvent of step viiib) further comprises an
alcohol selected from methanol, ethanol, propanol, iso-propanol, butanol, tert-butanol, or any

combination thereof.

35. The process of any one of claims 31-34, wherein the reaction of step viiib) is

performed at a temperature of from about 70 °C to about 120 °C.

36. The process of claim 35, wherein the reaction of step viiib) is performed at a

temperature of from about 80 °C to about 100 °C.

37. A process for preparing a compound of Formula 4:
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s1-1 CI 2 wherein: RZis -Hor -F, R3is -Cl4 aliphatic optionally
substituted with 1-5 occurrences of R5; R4 is -C _2 alkyl optionally

substi t utwo 20i3tdeceB43 occurrences of R5; or R3 anaCRAUSa012/08RREN
together to forma 3-7 nenbered carbocyclic or heterocyclic saturated ring
optionally substituted with 1-5 occurrences of R5; each RS is

i ndependent|y selected from hal ogen, -QCHX* -4+, -NO2, -NH2, -SH, -SCH3,
-NHCH3, -CN, or unsubstituted -G _2 aljph , or two R5 groups,
together with the carbon to which thEyNar¢ als ached, forma cycl opropyl
ring; conprising the step of: Viha) ‘meacti ng a conpound of Formnul a

10, wherein R8 is a -Cl4 al kylR' withj/a conmpound of Fornmula 11 R4 NH2 COOR8

10 in the presence of an organi § bgs&and an organic
N

NTN
4
wherein:
Rlis -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 halogen, -OCHj3, -OH, -NO,, -NH,, -SH,
-SCH3, -NHCH3, -CN, or unsubstituted -Cj_, 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
\N N\ —N H
Ts Cl
1 2

in the presence of water, an organic solvent, a base, and a palladium catalyst selected from

Qo RO 970 CQ\Q
S8 O O -
go o, oo O o)
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Cl solvent to generate a m xture conprising a conpound of Fornula 12 and a
compound of Formula 13: R2 R3 RAR3 R4 Y-CO2R8Y-CO2R8 NsN HR21-1 CICl 1213
84. The prwoess/wbe3al ai m 83, further conprising the step®CoiS2012/045431 xa)
deprotecting the conpound of Fornula 12 and the conpound of Formula 13 in
the presence of an inorganic acid to generate a m xture of a conpound of
Formula 2 and a conpound of Formula 14: R2 R3 R@RS R4 Y-CO2Hr.N. CO2H NI,

HR2 CICl 214; and xa)reacting the mxture of npound of Formula 2 and
t he conmpound of E la 14 with HCl in t ence of an organic sol vent
to generate the ochl oride salts of -'-ound of Formula 2 and the

conpound of
HaC

HiC

| d
g Pi/@ anﬁ{’p )<P/Pd‘<>' |
Pd” ' JCl P
S Pas >( 4:3/\\d/CI

P

<:j§2t:> | :ﬁ(zi:> | e 8 Q:;i;fg//c
&
T

Cl

Pd_
Pd < ©

Fe
@N;LC' d O
) \ , Or , or any combination thereof,

to generate a compound of Formula 3, and

Fe

R2 RS R* OH
' N—N ©
R‘l
\N N\
Ts
3

ii) deprotecting the compound of Formula 3 to generate the compound of
Formula 4.
38. The process of claim 37, wherein the organic solvent of step ia) is an alcohol.
39. The process of claim 38, wherein the alcohol is selected from methanol, ethanol,

propanol, isopropanol, butanol, tert-butanol, or any combination thereof.

40. The process of any one of claims 37-39, wherein the base of step ia) is an inorganic
base.
41. The process of claim 40, wherein the inorganic base is an alkali metal hydroxide.
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xia) recrystalizing the mxture of the hydrochloride salts of the conpound
of Fornmula 2 and the conpound of Fornmula 14 to generate the hydrochl oride
salt of twe:ewmmpewsnd of Fornmula 2, Cl 2 85. A process f@cTarSe@anisigl a
conpound of Forrmula 2: R2 R3,74 pH/ N O s1-1 C 2 wherein: RRis -Hor -F
R3 is -Cl4 aliphatic optionally substituted with 1-5 occurrences of R5; R4
is -C _2 alkyl optionally substituted vmth 1-3 occurrences of R5; or

R3 and R4 are taken together to form -7 menbered carbocyclic or
het er ocyéfi c 48§ piPstse “rl‘?lﬁlg‘”oﬁfl‘i’rﬁ‘ﬁélllq %}kf’éldﬁ%ttllhtyﬁ]toéﬂle\’/ﬁ N%p}i-%oﬁc‘?f&i“)’ ences of
R5; Cgﬁgiﬁa,ﬁ;’glth&eéfndependent |y selected from hal ogen, -OCH3, -OH, -NO2,
-NH2, -SH, -SCH3, -NHCH3, -CN, or unsubstituted -Cl1 2 aliphatic, or

two R5 groups, together with the carbon to which they are attached, forma

cycl opr O%l FirAgproCRURF dn§'oﬂgottaﬁm§t3‘?ﬂ§ \QEe'reln the react{bﬁ bd)e 1§ﬁ§£)érﬁ9m@dconpound
of Formula 11 vm}t)h an acid salt of a CO%@ of Formul g In the presence
ou

of a sol wehtempagtuge brageentaboyShet andahdye nd Formul a 2

44. The process of claim 43, wherein the reaction of step ia) is performed at a temperature

between about 60 °C and about 95 °C.

45. The process of claim 44, wherein the reaction of step ia) is performed at a temperature

between about 70 °C and about 80 °C.

46. The process of any one of claims 37-45, wherein the deprotection of step ii) is

performed in the presence of a base.
47. The process of claim 46, wherein the base is an inorganic base.
48. The process of claim 47, wherein the inorganic base is an alkali metal hydroxide.

49, The process of claim 48, wherein the alkali metal hydroxide is KOH, NaOH, or any

combination thereof.

50. The process of any one of claims 37-49, further 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:

Ry
K\/m 3
NN R R*
E NH2)<COOH
11 15

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

salt of the compound of Formula 2,
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R2 i xb) reacting the conmpound of Formula 2 with HCl to generate the
hydrochl ori de salt of the conpound of Fornmula 2, CI 2 86. The process of
cl ai m 85,wotersgions3the base of step viiib) is an inorganiPCThss@20¢348ct ed
fromtripotassi um phosphat e, di potassi um hydrogen phosphate, di potassium
car bonat e, disodium carbonate, trisodi um phosphate, disodi um hydrogen
phosphate, or any conbination thereof .o 8% dJdfe process of either of clainms
85 or 86, wherein the solvent of ste vﬁﬁybx conprises water. 88. The
process of claim87, wherein the soliv NOof ‘step viiib) further conprises
an al cohol selected from nethanol, noH, propanol, iso-propanol,

butanol, tert-butanol, or any conbiaation thereof. 89. The process of any
one of clainms 85-88, wherein the reaction of step viiib) is perfornmed at a
tenperature of fromabout 70 C to aboup 120 C. 90. The process of claim
89, wherein the reaction of step viiib) is perforned at a tenperature of
fromabout 80 Cto about 100 C. 91. The process of claim 16, wherein
HNR6R7 is. 2,2, 2-triflupraethyl amne. 92. The.process of .ejther of clains
o or 28 ahen B Bote S EORoU T s b of P Sy Sopedens b eretid L Basb
1H- pyr r olf@h2trigotadspyni pisispteatd, Gpptaiurd h gdb@hhddphy digdidmIadopyé,i di ne (5b) .
133 WD 2013/ 006634PCT/ US2012/ 045431

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

thereof.

52. The process of either of claims 50 or 51, wherein the solvent of step viiib) comprises

water.

53. The process of claim 52, wherein the solvent of step viiib) further comprises an
alcohol selected from methanol, ethanol, propanol, iso-propanol, butanol, tert-butanol, or any

combination thereof.

54. The process of any one of claims 50-53, wherein the reaction of step viiib) is

performed at a temperature of from about 70 °C to about 120 °C.

55. The process of claim 54, wherein the reaction of step viiib) is performed at a

temperature of from about 80 °C to about 100 °C.

56. A process for preparing a compound of Formula 1:
?\F
1 5-©
R
Ts
1

or a pharmaceutically acceptable salt thereof, wherein R'is -H, -Cl or -F; comprising the

steps of:
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93. The process of claim27, wherein the conpound of Fornmula 6 is selected

fromBrBr CI , ,1l i-iH 6a6b 3-brono-1H pyrrol o[ 2, 3-b] pyridine (6a) or
3- br ono- SwohbvweaBk pyrrol o 2, 3- b] pyri di ne (6b); the comrpoarsdoiafo4Har mul a 7
is selected fromBrBr , I,lI TsTs 7a7b 3 -bronmp-1 -tos yl- 1Hpyrrolo 112,3

-b] pyridine (7a) or 3 -bronmp-5- chloro- 1 -to s yl-1Hpyrrolo [2

,13|- |b| pyri di neivayb) readting aCOMPOUNAGT Bbrnfuds S B b niise i5@h 8eded sbivenidiO ) 3-- OH /

generate a compound of Formula 6:

R _ " _ Br
[ [
H H

5 6

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

R’
\E%iﬂi<>
N N

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.

57. The process of claim 56, wherein the organic solvent in step iva) is an aprotic solvent.
58. The process of claim 57, wherein the aprotic solvent is dimethylformamide.
59. The process of any one of claims 56-58, wherein the reaction in step iva) is performed

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

60. The process of claim 59, wherein the reaction of step iva) is performed at a

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

61. The process of any one of claims 56-60, wherein the reaction of step va) is performed
in the presence of sodium hydride.
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TsTs 8a8b 1 -to syl- 1Hpyrrolo [2,3-b] pyridin-3 - ylboronic acid (8a) or
5 -chloro-1 -to s yl- 1Hpyrrolo 12 ,3- blpyridin-3-ylboronic acid (8b);

and the cwopowmeesi Fornula 1 is selected fromY'----- / PON/US3010/0@431 | Kl
NmMN\I, Tsls lalb

3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1)-1-tosyl- 1H pyrrol o[ 2, 3- bl py
ridine (la) or 5-

chIoroS 4455tetranethy1 2- di oxabar ol an- y@t) 1-tosyl- 1H-pyrro|o[2
, 3- bl pyri®di ne P‘P Pipcesygd By Py 9@6@%5@#0@%@9%4%9@ P 5@8@%@5‘3 of claim

28, wher gf DiehipBrab@iBomoe ofc Gapsiba®. is selected from<C 11 Nm Isls

63. The process of claim 62, wherein the reaction of step va) is performed at a

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

64. The process of claim 63, wherein the reaction of step va) is performed at a

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

65. The process of any one of claims 56-64, wherein the strong lithium base of step vi) is

n-butyl lithium.

66. The process of any one of claims 56-65, wherein the reaction of step vi) is performed

at a temperature of about -100 °C to about -70 °C.

67. The process of claim 66, wherein the reaction of step vi) is performed at a temperature

of about -90 °C to about -80 °C.

68. The process of any one of claims 56-67, wherein the organic solvent of step vii) is a

halogenated hydrocarbon.

69. The process of claim 68, wherein the halogenated hydrocarbon is dichloromethane or
dichloroethane.
70. The process of any one of claims 56-69, wherein the esterification reaction of step vii)

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

71. The process of claim 70, wherein the esterification reaction of step vii) is performed

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

72. The process of claim 71, wherein the esterification reaction of step vii) is performed

at a temperature of about 20 °C to about 30 °C.
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9a9b 1-tosyl-1H pyrrol 0112, 3-bl pyridine (9a) or

5-chl oro-1-tosyl-1H pyrrol 0112, 3-bl pyri dine (9b); the conpound of Forrmula 7
is sel ectwo2br3aoe®BaBr |,1 Cl / 1 Isls 7a7b 3 -bronp-1 - Pa3/Uske12DkE4pY T r Ol O
112,3 -b] pyridine (7a) or 3 -brono-5-chloro- 1 -to s yl-1Hpyrrolo [2

, 3-bl pyridine (7b); the conpound of Fornmula 8 is selected fromHO "B-CH /
1C Tsl s 78a8b Alprb@sy/tbr plebdinl h@bMpduhd It Pbiyild ¢ n- 3-yl boronic acid (8a) or
5-chl oro-1-tosyl-1H pyrrol ol 2, 3- bl pyridin-3-ylboronic acid (8b); and the
conpound of Forrmula 1 is selected from 11

O\
1 B~ ©
R
\N N\
Ts

or a pharmaceutically acceptable salt thereof, wherein R'is -H, -Cl or -F; comprising the
steps of:

ivb)  reacting a compound of Formula § with p-toluenesulfonyl chloride to generate
a compound of Formula 9:

R’ R’

g8 g8

\N N‘ \N N‘
H Ts
5 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 B-OH
R
Ts

8 ;and

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

solvent to generate a compound of Formula 1.

74. The process of claim 73, wherein the reaction of step ivb) is performed in the

presence of sodium hydride.
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NN, NN, Isls

3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an- 2-y1) - 1-tosy1- 1H pyrrol ol 2, 3- bl py

lalb

ridine (1P 2013/06634 PCT/US2012/045431

chloro-3-(4,4,5,5-tetranet hyl-1, 3, 2- di oxaborol an-2-y1)-1-tosyl-1H pyrrol o[ 2

, 3-bl pyridine (Ib). 95.The process of claim?29, wherein the conpound of
Formul a 18 i sTeepeEdseof ditheraf V2P VORRSEREL MORORA I AS & i) K3C

A ... H2k.
2-am no- 2:

..H3 NH2 COO-tuNH CH3 COO-tu 10al0Ob (R)-tert-butyl
bsel ihiwat anoat e (10a) or tert-butyl 2-ani no-2-net hyl propanoat e

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

76.

The process of any one of claims 73-75, wherein the reaction of step vi) is performed

at a temperature of about -100 °C to about -70 °C.

7.

The process of claim 76, wherein the reaction of step vi) is performed at a temperature

of about -90 °C to about -80 °C.

78.

The process of any one of claims 73-77, wherein the organic solvent of step vii) is a

halogenated hydrocarbon.

79. The process of claim 78, wherein the halogenated hydrocarbon is dichloromethane or
dichloroethane.
80. The process of any one of claims 73-79, wherein the esterification reaction in step vii)

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

81.

The process of claim 80, wherein the esterification reaction in step vii) is performed at

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

82.

The process of claim 81, wherein the esterification reaction in step vii) is performed at

a temperature of about 20 °C to about 30 °C.

83.

A process for preparing a compound of Formula 2

4
R2 R3 R OH
///%—N\ ;o
N _N H
Cl
2
wherein:
R%is -Hor -F;

R’ is -Cj4 aliphatic optionally substituted with 1-5 occurrences of R’ ;

R*is -Cy alkyl optionally substituted with 1-3 occurrences of R’ ; or
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halib 2,4-dichloropyrimdine (11a) or 2,4-dichloro-5-fluoropyrimdine
(11b); the conpound of Forrmula 12 is selected from CH2CH3 F H3C CH3 H3C

6- 1- 000- tvBOYo OB 006d3BU NN, sl1-1H CICl 12al2b (R)-tert-but PCT/US2012/045431

2- (2-chl oropyri m di n-4-yl am no) - 2- net hyl but anoate (12a) or tert-butyl 2-(2-
chl oro-5-fl uoropyrimdi n-4-ylam no) - 2- net hyl propanoate (12b); and the
conmpound of F@F gl & akStakén ©RG @B fBhbéred Eakieh¥ic or heterocyclic

2- (4-chl oropyri m di n-2-yl am no) - 2- net hyl but anoate (13a) or tert-butyl 2-(4-
chl or o- SSPtPI;%’rchWPP?ﬁ“H {1} subsiuiedivi) L %W?E’Erﬁ}ﬂei)? o‘faanoate (13b). 96. The
process of cl @dcngQsmM\é}ﬁﬁ(ﬁa'nﬂ m@etéaqmphm ff -ocar,maia &b, i-8psekacted from
CH2CH3H3C CH3 NH3C ' CCIJ—ﬁ/\I IdN'1d O 14a14b

-SCH3, -NHCH3, CN, or unsubstltuted -Ci2 ahphatlc or
two R’ groups, together with the carbon to which they are attached, form a
cyclopropyl ring;
comprising the step of:

viiia) reacting a compound of Formula 10, wherein Rdisa -Ci4 alkyl, with a

compound of Formula 11

R2

Y
R? R N _N
NHZXCOORE‘ \(g
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® ¥-Co,R®

//?— H el N?l_N‘
7; -,

Cl Cl
12 13

34. The process of claim 83, 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 of a compound of Formula 2 and a

compound of Formula 14:

R2 R® R* RS R4
Y-COo,H N /-COH
N///ng‘ 5 / \7_N\
Cl Cl
2 14

;and

xa)  reacting the mixture of 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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(R -2-(4-chloropyrimdin-2-ylam no)-2-nmnet hyl butanoic acid (14a) or
2-(4-chloro-5- fluoropyrimdin-2-ylam no)-2-nethyl propanoic acid (14b); and
t he conpowoadowsiook@arnul a 2 is selected from. Cl- 12CH3F HBCTMNS2012B®EGEOOH) L COOH
N, NN NH:.--NHCdC 2a2b

(R -2-(2-chl oropyrimdin-4-ylam no)-2-net hyl butanoic acid (2a) or

2- (2- chl or o- Sxfal UOHERMHITiAhgth& nktiie 3THA DY drdcHIBdbysh Y SHRAN@nfpoad ¢F (2b) . 97.
The process of claim 31, wherein the conpound of Formula 11 is sel ected

from F clHemmupgind the eprapousd jof Borpule 1 te ﬁ?w%gh? ipgrarieride salay! e
2, 4-di Ch|cgﬁ1901§1ﬂfok?p‘@[ngﬂ)y%l m di ne (11b) t he conpound of Formula 15 is

sel ected from H3C CH3H3Q\ - LH3 NHCOOHNH2- - - COOH
R? R3 R* OH
A
—N H
Cl
2
85. A process for preparing a compound of Formula 2:
R2R§;i<?H
ATE
N _N H
Cl
2
wherein:
R%is -Hor -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 halogen, -OCHj3, -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;

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

Ry
K\/m 3
NN R® R*
\g NHZXCOOH
11 15

; and
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15a15b D-isovaline (15a) or 2-am no-2-nethyl propanoic acid (15b); and the
conpound of Fornula 2 is selected from.Cl-12CH3F H3C CH3 H "f - COOHY- COOH
N, N, HH Gvail203a@he3¢R) - 2- ( 2- chl or opyri m di n- 4-yl am no) - 2PeEtusgébowsmaDi ¢ aci d
(2a) or 2-(2-chloro-5- fluoropyrimdin-4-ylam no)-2-nethyl propanoic acid
(2b). 98. The process of any one of clainms 1-37, wherein: the conpound of
Formula | is:ixb)H, reéctfn@'ﬂ@ﬂ%%&ﬁid JERsRINS 2 Wh@Cl't@é&ehte the hydrochloride

salt of the compound of Formula 2,

R2 R3 R* OH

7

I N~—N 0
N \

Cl
2
86. The process of claim 85, wherein 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.

87. The process of either of claims 85 or 86, wherein the solvent of step viiib) comprises

water.
38. The process of claim 87, wherein the solvent of step viiib) further comprises an
alcohol selected from methanol, ethanol, propanol, iso-propanol, butanol, tert-butanol, or any

combination thereof.

89. The process of any one of claims 85-88, wherein the reaction of step viiib) is

performed at a temperature of from about 70 °C to about 120 °C.

90. The process of claim 89, wherein the reaction of step viiib) is performed at a

temperature of from about 80 °C to about 100 °C.

91. The process of claim 16, wherein HNR®R’ is 2,2 2-trifluoroethylamine.

92. The process of either of claims 27 or 28, wherein the compound of Formula 5 is

selected from

A NG e\
H H
5a 5b

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

(R -2-(2-(1H pyrrol 0112, 3-bl pyri di n-3-yOpyri m di n-4-yl am no) - 2- met hyl - N- ( 2,
2, 2- trifwoanoawbesh) but anam de (la) or PCT/US2012/045431
2-(2-(5-chloro-1H pyrrol 0112, 3-bl pyridi n-3-y1)-5-

fl uoropyri mdin-4-ylam no)-2-nmethyl-N-(2,2,2-trifluoroethyl)propanam de
(I'b). 99.A process for preparing

(R
y
H

) - 2-(2- % %ﬁrroloIZ :gyrldln 3-yl)pyrim
| ani no) 93- med RyProngsg of Jain Whrr%ﬁwwwagﬁgﬁrlaélwle%ﬂ AMa ta: 1/, /
[ "N-CH2CF3 N.O Hla or a pharBaceutrcaIIy acggpt abl e salt thereof,

conprising the step of: |)r

3-(4,4,5,5-tetranet hyl-1, 3, o -borolan- -y ) -tosyl-1H

pyrrol ol 2, 3-bl pyridi ne (Ia) {the hydrociNOrNde salt of

(R -2-(2-chl oropyri m di n-4- yIaano) 2- nethylbuﬂanorc acid (2a), , in the

presence of water, an organi c é®l vent, an ineébgani c base, and a pall adi um

catal yst to genera

(R -2- rret3|+gr9m91@2Pyerflq[%§3bipymnﬁm>ar oPromasdshigier HPrrdohgYlpyidies n- 4-

yl am no) hggyanoi ¢ acid of Formula la. 100. The process of claim99, further

conpri si ng the step of reactlng 2,4-di chloropyrimdine (1la), and H3CH2c.
1S S

cH3 the compound of Formula elected from

Br Br
Cl
Ty O
Ts
7a 7b
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

*g-OH ‘g—OH
Cl
g8 g8
\N N \N N
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
Ts Ts
la 1b

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 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).
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NH2COOH 15a D-isovaline (15a) to generate the hydrochloride salt of
(R)-2-(2-chloropyrimdin-4- ylam no)-2-nethyl butanoi ¢c acid hydrochl ori de
(2a) 10IwoARoweess for preparing PCT/US2012/045431
2-(2-(5-chloro-1H pyrrol 0112, 3-bl pyri di n- 3- 3/ 0- 5-

fl uoropyri m din-4-ylam no)-2-nethyl-N-(2,2,2-trifluoroethyl)propanam de of
Formul a loh: FrMe hibedstBCIHtBmbeNwReréih thdeodipodnddtaioBeIe 9tid eaklel rdgcept abl e sal t
t hereof , conprising the step of: i)reacQ%ng

5-chloro-3-(4,4,5,5-tetr am’ 3, 2-di mn- 2-y0-1-tosyl - 1H
pyrrol ol 2, 3-bl pyridine (Ib)k\w t he hydroghl orjde salt of
2-(2-ch|oro-5-f|uoropyrinidiH-4-¥¥Ianino)-2)hetq¥lpropanoic aci d
hydr ochl ori de (2b), a o/
9a 9b
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
O
\N N\ \N N‘
Ts Ts
7a 7b
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

*‘g-OH ‘g-OH
= Cl “
Y [
N\
N“ N SN7 TN
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-0O
cl
g8 g8
Ts Ts
1a 1b

3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 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).

95. The process of claim 29, wherein the compound of Formula 10 is selected from
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--NN Ts Cl | b2b In the presence of water, an organic solvent, an
I norgani ¢ base, and a palladium catal yst to generate
2- (2- (5- ohban/ed3dsyl- 1H pyrrol 0112, 3- bl pyri di n- 3- 3/ 0- PCriuser1epy343m di n- 4-
yl am no) - 2- net hyl propanoi ¢ acid of Forrmula Ib. 102. The process of claim
101, further conprising the step of reacting F NN Cl 11b
2, 4-di chl oro-5-fl uoropyri mdcne, (11b), and,C cH,

_\\CHZCHS

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

NN N\fN
Cl Cl
11a 11b

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

the compound of Formula 12 is selected from

H.C QHZCH3 FH3C>LCH3
3U~—C00-Bu COO-Bu
N ///%,
Nﬂ—N\H K N
=N =N H
Cl 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,CH3 HsC_CHj
NH3C~—coo-Bu N ¥-COO0-Bu

G A
—N H F =N H
Cl Cl
13a 13b
(R)-tert-butyl 2-(4-chloropyrimidin-2-ylamino)-2-methylbutanoate (13a) or tert-butyl 2-(4-
chloro-5-fluoropyrimidin-2-ylamino)-2-methylpropanoate (13b).

96. The process of claim 30, wherein the compound of Formula 14 is selected from
CHyCH, HsC_ CHs
NTsC~—CcooH N Y~COOH
AR NN
NI AT
Cl Cl
14a 14b
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H3c CH3 NH2 COOH 15b 2- am no- 2- et hyl propanoic acid (15b) to generate
the hydrochloride salt of 2-(2-

chl or o- 5-wburorgoyesum di n- 4- yl am no) - 2- net hyl pr opanoi ¢ a@eica/uS2ep/043381 2b

103. A solid form of

(R -2-(2-(1H pyrrol 0112, 3- bl pyri di n- 3-yOpyri m di n- 4-yl am no) - 2-

met hyl butRpei4c@asiofyrfidin-toRhENAadeBEbiIR &id (138¢r 2Thenmal-5d Form E of
claim 103, characterized by one or nore peaks corresponding to 2-theta

val ues neRSIPEIMId-dalirira-Zonethylpropgnose acgl @dbyyansl 5379 0.2, and 24.8 0.2
in an X-ray pgwdsmpdlinilor il Ratik&ENrom105. A solid form of
(R)-2-(2-(1FprrroF0112,3-b|p ridin-3-yOpyrimdin-4-ylam no)-2-

met hyl but anoi ¢ aci d (4a) QQ§iéHé?bd as Form B.HC19d:s The solid Form B of
clai m 105, characteri zemaﬁ&o(ﬂ“‘ nore pe c

val ues neasured i n degnees . 9.2 0.2, 181 ONﬁ 19.1 0.2, and 32.0 0.2
in an X-ray powder diffbﬁ@tiéﬁ pattern. 157 THe solid Form B of claim
106, further characteriCzed by one or nore @eaks corresponding to 2-theta
val ues neasured in degreed®f 21.4 0.2, 30.12P 0.2, 29.9 0.2, and 26.1
0.2 in a I 6 o1 - solid form of
(FQ-Z-(Z?%?%ﬁggyE% 0 @giip%gﬁ%ggﬁ?gﬁggﬁ@g?%% |%?£ﬁylanino)-2-

met hyl buta@ehbradifdofopaimdes#-yhated-2asetFdprop8ioic 48D(2bA sol i d f or m of

(R -2-(2-(1H pyrrol ol 2, 3-bl pyri di n-3-yOpyri m di n-4-yl am no) - 2-

met hyl - N-(2, 2, 2-trifluoroethyl)butanam de (la) designated as Form A 110.
The sol i @7For ithéprofese batlam10 9whahianixcdoapometofiprone 1bis saipeted Heak s
corresponding to 2-theta values nmeasured in degrees of 23.7 0.2, 11.3

0.2, 19.3 0.2, and 15.4 0.2 incﬁn X-ray po e&ldiffraction pattern. 111.
The solid Form A of claim11f,furt her char| rized by one or nore peaks
corresponding to 2-theta valNngesNneasured i N rees of 28.9 0.2 and 21.5
0.2 in an X-ray powder diff;ggfion pattern.

reQPdnding to 2-theta

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

the compound of Formula 15 is selected from

H3C>{CH2CH3 H30><CH3
NH;~ “COOH NH;~ “COOH
15a 15b

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

CH,CH, F HsC CHj

HsCacooH //Si Y~CooH
TN TN
J/«}—N | N,
cl cl

2a 2b

(R)-2-(2-chloropyrimidin-4-ylamino)-2-methylbutanoic acid (2a) or 2-(2-chloro-5-
fluoropyrimidin-4-ylamino)-2-methylpropanoic acid (2b).

98. The process of any one of claims 1-37, wherein:

the compound of Formula I is:
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H H
N—CH,CF F  CH; N-CH,CF
{ \ 2LF3 HyC ~ 2LF3
NWN\ © N///gﬁN\ ©
cl
NS NS
N N
NN NN

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

99. 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
/,/ls
///\—N‘ 0
N
N
N"H

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),

O\B,o HOH
= N\ Nm_N‘ o}
\N N\ —N H
Ts Cl
la 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-yl)pyrimidin-4-

ylamino)butanoic acid of Formula Ia.

100.  The process of claim 99, further comprising the step of reacting
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2,4-dichloropyrimidine (11a), and
H3CH2Q,‘ CH;
NH,”~ ~COOH
15a
D-isovaline (15a) to generate the hydrochloride salt of (R)-2-(2-chloropyrimidin-4-
ylamino)-2-methylbutanoic acid hydrochloride (2a)

HOH
e

0

Cl
2a

101. 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_CH2CF3
T N—N
e

Cl

=
X
N

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-1H-
pyrrolo[2,3-b]pyridine (1b) with the hydrochloride salt of 2-(2-chloro-5-fluoropyrimidin-4-
ylamino)-2-methylpropanoic acid hydrochloride (2b),

O?ESOF F OH
Cl H
= N\ N/l/ng ¢}

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.

102.  The process of claim 101, further comprising the step of reacting

11b
2,4-dichloro-5-fluoropyrimidine (11b), and
H3C><CH3
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
N b

N _N H

Cl

2b

103. 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.

104.  The solid Form E of claim 103, 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.

105. 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.

106.  The solid Form B of claim 105, 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.
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107.  The solid Form B of claim 106, 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.

108. 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.

109. 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 Form A.

110.  The solid Form A of claim 109, 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.

111.  The solid Form A of claim 110, further characterized by one or more peaks
corresponding to 2-theta values measured in degrees of 28.9 = (.2 and 21.5 + 0.2 in an X-ray

powder diffraction pattern.
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