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phosphoryl ation sites that regul ate channel activity
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normal functioning of CFTR is critical for the maintenance of electrolyte transport throughout the

body, including respiratory and digestive tissue. CFTR is composed of approximately 1480
amino acids that encode a protein made up of a tandem repeat of transmembrane domains, each
containing six transmembrane helices and a nucleotide binding domain. The two transmembrane
domains are linked by a large, polar, regulatory (R)-domain with multiple phosphorylation sites

that regulate channel activity and cellular trafficking.

[004] The gene encoding CFTR has been identified and sequenced (See Gregory, R. J. et
al. (1990) Nature 347:382-386; Rich, D. P. et al. (1990) Nature 347:358-362), (Riordan, J. R. et
al. (1989) Science 245:1066-1073). A defect in this gene causes mutations in CFTR resulting in
cystic fibrosis ("CF"), the most common fatal genetic disease in humans. Cystic fibrosis affects
approximately one in every 2,500 infants in the United States. Within the general United States
population, up to 10 million people carry a single copy of the defective gene without apparent ill
effects. In contrast, individuals with two copies of the CF associated gene suffer from the

debilitating and fatal effects of CF, including chronic lung disease.

[005] In patients with cystic fibrosis, mutations in CFTR endogenously expressed in
respiratory epithelia leads to reduced apical anion secretion causing an imbalance in ion and fluid

transport. The resulting decrease in anion transport contributes to enhanced mucus accumulation
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defective ion and fluid transport. (Quinton, P. M. (1990), FASEB J. 4: 2709-2727). Studies have

shown, however, that the reduced numbers of AF508-CFTR in the membrane are functional,
albeit less than wild-type CFTR. (Dalemans et al. (1991), Nature Lond. 354: 526-528; Denning
et al., supra; Pasyk and Foskett (1995), J. Cell. Biochem. 270: 12347-50). In addition to AF508-
CFTR, other disease causing mutations in CFTR that result in defective trafficking, synthesis,
and/or channel gating could be up- or down-regulated to alter anion secretion and modify disease

progression and/or severity.

[008] Although CFTR transports a variety of molecules in addition to anions, it is clear
that this role (the transport of anions) represents one element in an important mechanism of

transporting ions and water across the epithelium. The other elements include the epithelial Na"
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to degradat10n or by the ER accumulation of these defective/misfolded proteins [Aridor M, et al.,

Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., ef al., Neurochem. International, 43, pp 1-7

(2003); Rutishauser, J., ef al., Swiss Med Wkly, 132, pp 211-222 (2002); Morello, JP et al.,

TIPS, 21, pp. 466- 469 (2000); Bross P., ef al., Human Mut., 14, pp. 186-198 (1999)].

[0011] 3-(6-(1-(2,2-Difluorobenzo[d][1,3]diox0l-5-y1) cyclopropanecarboxamido)-3-
methylpyridin-2-yl)benzoic acid in salt form is disclosed in International PCT Publication WO
2007056341 (said publication being incorporated herein by reference in its entirety) as a
modulator of CFTR activity and thus useful in treating CFTR-mediated diseases such as cystic
fibrosis. There remains, however, a need for economical processes for the preparation of the

cycloalkylcarboxamidopyridine benzoic acids described herein.

SUMMARY OF THE INVENTION

[0012] As described herein, the present invention provides processes for preparing CFTR

3-
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[005] Figure 5 is a conformational picture of Compound 1 in Form I based on single

For

crystal X-ray analysis.

[006] Figure 6 is a conformational picture of Compound 1 in Form I based on single

crystal X-ray analysis as a dimer formed through the carboxylic acid groups.

[007] Figure 7 is a conformational picture of Compound 1 in Form I based on single

crystal X-ray analysis showing that the molecules are stacked upon each other.

[008] Figure 8 is conformational picture of Compound 1 in Form I based on single

crystal X-ray analysis showing a different view (down a).

[009] Figure 9 is an "HNMR analysis of Compound 1 in Form I in a 50 mg/mL, 0.5
methyl cellulose-polysorbate 80 suspension at T(0).
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[0014] BRI EF DESCRI PTI ONGorpdiiid DRAW NGS [ 001] Figure
1lis an X-ray diffraction pattern calculated froma

comgprisglgehacatgpstofil st ructure of Conmpound 1 in Form| .
[002] Figure 2 is an actual X-ray powder diffraction
pat i) grovidihg Chngwatdrancthyilpyridme teompoujdD3hd Bi(gure 3 is an

a ffractl n pattern cal cul at ed

ou o Pl Dot hph S unt 1 T Form 1. and an

actual X-ray pomdﬁkn iffraction pattern of Cbnpound 1

in Forml . [004] ¥ |s a differential scanning
cal try (DSC) trac o# Conpound 1 in Forml

N/ Br CO,tBu

2 3 ;

i) cross coupling compound 2 and compound 3 in a biphasic mixture comprising water,
an organic solvent, a base, and a transition metal catalyst to produce compound 4,

=

"
N

CO2tBU
4 ;

ii1) oxidizing compound 4 to produce compound 5,



[005] Figure 5 is a conformational picture of Conpound
1in Form| based on single crystal X-ray anal ysis.
WO 0O8p7dHEYUre 6 is a conformati onal picture of PAOIROSICRS4SS
1in Forml based on single crystal X-ray analysis as
a dinmer formed through the carboxylic acid groups.
[ 0GV)] addi@bh@mind o ©ARS Opd¥RIoh @R dle pPHidH WoRetPTo F6dHRe bhifpound
1in Forml based on single crystal X-ray analysis
6:showing that the nol ecul es are stacked upon each
other. [008] Figure 8 is conformational picture of
Conpouyfd ¥ in Form | based on single crystal X-ray
g a different view (down a). [009]
FigrI e Ois 1IHNWR anal ysis of Conpound 1 in Forml
in a 50 ng/ ¥ 0.5 nmethyl cellul ose-pol ysorbate 80
suspensi on atcolg® . [ 0010] Figure 10 is an 1HNMR
anal ysis of Conpound 1 in Forml in a 50 ng/nmL, 0.5
met hyl cekl ul ose-pol ysorbate 80 suspension stored at
room tenperature for 24 hours. [0015] Figure 11 is an

1H 2@3@%%§é L@j6gmﬂggﬂ$%E3FNcghTstandard. [ 0016]

DETAI LED | PTI ON OF | ON [0017] The
presept_i enQ;on relates to a process for preparing
Cbnﬁxpn gnpound 1 conprising the steps of: i)
pr dvi @i onp- 3- et hyl pyri di ne (conpound 2) and

3- (Ybut oxycé&rbonyl ) phenyl boronic acid (conpound 3),
ii1) cross_coupling conmpound 2 and conpound 3 in a

bi phasi c fixture conprising water, an organic solvent,
a bhase, and transition netal catalyst to produce
corth g %< S‘?%Y‘in} mdﬁ? RfesAneigPf q rﬁ’&OdéC"‘c ‘EPHB’PB%‘L)ge
compound 5.iv) addi n amne group to the 6 position
[ y|to produce conpound 6,

of tre“p yl O
FI&OWZ COztBu
H

8 ;

vi) de-esterifying compound 8 in a biphasic mixture comprising water, an organic

solvent, and an acid to produce compound 9,

e 3 L]
% NSy CO,H
H

® acid
9 ;
vii) slurrying or dissolving compound 9 in an appropriate solvent for an effective

amount of time to produce Compound 1, which is a free form of compound 9 and is sometimes

referred to as Form I as characterized herein.

[0018] In other embodiments, the process for preparing Compound 1 comprises the step

of:

1) reacting compound 6,



v) reacting conpound 6 wth conmpound 7, in an organic
solvent in the presence of a base to produce conpound
W@20000)61d- est eri fyi ng conpound 8 in a bi phasi BCTiS1008/@85458
conprising water, an organic solvent, and an acid to
produce conmpound 9, acid vii) slurrying or dissolving
conpoupe~ngd-i n an appropriate solvent for an effective
annunt\pf|tine to produce Compound 1, which is a free
f ormgNOf Neomyotind 9 and is sonetines referred to as
Forml as c icteri zed herein. [0018] In other
enbodi nents, It he process for preparing Conpound 1
comprises th&%®Bep of: i) reacting conmpound 6, w th
conmpound 7, 7, in an organic solvent in the presence
of a base @o produce conpound 8, ii) de-esterifying
conpound 8 in a biphasic m xture conprising water, an
or gathi wmpolndeht, and an acid to produce conpound 9,
[0019] iii) slurrying or dissolving conpound 9 in an
apgggg ' s@ vent for an effective anmount of tine to
es a

pr oud 1. [0020] The present invention also
provi ocEss for preparing a conmpound of formula
1l:conmprising the’step of: ia) reacting a conpound of
fornmul a 6@: 6a wher ei n,

in an organic solvent in the presence of a base to produce compound 8§,

FXO 0o Z |
H
8

i) de-esterifying compound 8 in a biphasic mixture comprising water, an organic

2

solvent, and an acid to produce compound 9,

F><O 0 =z |
F o N \N CO,H
H

® acid
9 ;
[0019] iii) slurrying or dissolving compound 9 in an appropriate solvent for an effective

amount of time to produce Compound 1.

[0020] The present invention also provides a process for preparing a compound of

formula 1:




Ris H C-6 aliphatic, aryl, aral kyl, heteroaryl,
cycl oal kyl, or heterocycloal kyl; R is independently
wa2leotad2 from -RJ, -ORJ, -N(RJ)2, -NO2, hal ogeCil/USI0ME/085458
- Cl- 4hal oal kyl, -G _4hal oal koxy, -C(O N(RJ) 2,
-NRIC(O RJ, -SORJ, -SO2RJ, -SO2N(RJ)2, -NRISO2RJ,
confpRihe th&@RF, - NRISO2N(RJ) 2, -COCORJ ; RJ is hydrogen
or CI aliphatic; ois an integer fromO to 3
I NClay $da¥@ig AethpPuh@of@BrmiuM &ger from O to 5 inclusive;
with a conmpound of fornula 7a: 7a wherein, Ais a
fused cycl oal kyl, heterocy@,gal kyl, aryl, or
heteroaryl ring; R is i endently selected from
-RJ, -ORJ, -N(RJ)2, - Hal ogen, -CN,
- C1- 4hal oal kyl, -G _4tl oal kgky - C(0) N(R J) 2,
-NRJC(O)R J, -SORJ, -SR2RJ, - )2, -NRISO2RJ,
CORJ, -CO2RJ, -NRIJISO2N(RJ)2, -COCORJ ; RJ is hydrogen
or Cl aliphatic; mis an intgger from Qo 3 inclusive;
nis an integer froml to 4 inclusive; andX is a halo
wh&€inOH, in an organic solvent in the presence of a
base. [0021] The present invention provides a process
R if B C RS BpRdticngyRaRiD astedatf, c{abma corbaterRgcivdignei n, R
is H G-6 aliphatic, aryl, aralkyl, heteroaryl,

R, RY&depalditly seREteDBLEI-REYORDaNRYY,; -NO,, halogen, -CN, -C;_shaloalkyl,
_C1shaloalkoxy, -C(O)N(R’),, -NR’C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR'’SO,R’, -
COR’, -COR’, -NR’SO,N(R”),, -COCOR’ ;

|

R'is hydrogen or Cy_saliphatic;
o is an integer from 0 to 3 inclusive; and
p is an integer from 0 to 5 inclusive;

with a compound of formula 7a:

wherein,
A is a fused cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring;

R; is independently selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
_C1shaloalkoxy, -C(O)N(R’),, -NR’C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR'’SO,R’, -
COR’, -COR’, -NR’SO,N(R”),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;
m is an integer from O to 3 inclusive;

n is an integer from 1 to 4 inclusive; and



Ri is independently selected from-RJ, -ORJ, -N(RJ)?2,
-NO®2, hal ogen, -CN, -Cl-4hal oal kyl, -Cl1 _4hal oal koxy,

WO SODPMIRI) 2, -NRIC(O RJ, -SORJ, -SCRRJ, - SO2NEEIYR008/085458
-NRIJISC2RJ, - CORJ, -CO2RJ, -NRJSOZN(RJ)Z -COCORJ ; RJ
I's hydrogen or Cl1 aliphatic; ois an integer fromO to

X iSa hdilebtoHVE;, and p is an integer fromO to 5
i nclusive; conprising the steps of: ib) providing

in @OIRANGIVR iRl rasRevndbaa, |f 10 (HO 2 By N X Hal |
NS (R)P 2a 3a ; wherein, R is independently

sejmei d r&@hﬁl%ﬂtlo VldesN( deds for arin?al @8BBund-EMhrmula 6a:
g4h§?%alkyl -G _4 aloalkﬂc?iy, CE E d% %

“NRIG(O)R J, - SORJ, -S@RJ(R1708@N(RJ)2 -NRJSOQRJ .

CORJ, -CO2RJ, - NRJS(IN(ji&Tﬁ\O
N
1)p

6a
wherein,
R is H, C aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalky],;

R, is independently selected from -R’, -OR’, -N(R"),, -NO,, halogen, -CN, -C_shaloalkyl,
-C1shaloalkoxy, -C(O)N(R’),, -NR’C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR’SO,R’, -
COR’, -CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;

o is an integer from 0 to 3 inclusive; and
p is an integer from 0 to 5 inclusive;
comprising the steps of:

ib) providing compound 2a and compound 3a,

ot (HO),B
| ~ Y L
(N\/J\Hal l/ (R
2a 3a ;

wherein,

R is independently selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
_C1shaloalkoxy, -C(O)N(R’),, -NR’C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR'’SO,R’, -
COR’, -COR’, -NR’SO,N(R”),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;
o is an integer from 0 to 4 inclusive; and

p is an integer from 0 to 5 inclusive;



RJ is hydrogen or Cl aliphatic; o is an integer from
o 4 inclusive; and pis an integer fromQo 5

WO pbAOHIYE; i i b) cross coupling compound 2a andPCOIRI08ICB5458
3a in a biphasic mxture conprising water, an organic
solvent, a base, and a transition netal catalyst to
Pr QibY GRosE BSRANEbRuNdZa indWORHBINA, 3aRla biPhast EixRiré @npBing

defined for conpounds 2a and 3a above; iiib) OXIdIZIng
Waf@b A BTEARC A2l verd ad?aéf‘d Arda BN metal satalgs to PighegesprpoyRg 4a

o, and g are as defined for conpounds 2a and 3a above;
[

|vb)d§h ng an amne group to the 6 position of the
pyrEr noi ety to produce conpound 6a, 6a ; wherein, R
S aliphatic, aryl, aral kyl, heteroaryl,

cycl%al 500, heterocycloalkyl and [0022] R1, o, and
p are as &fined for conpounds 2a and 3a above. [0023]

The present invention also prOV|des a process for

prepari#y a conpound of fonula a :7a wherein, Ais a

fused cycloalkyl heterocycloalkyl aryl, or
Whﬁéme%armd air"n%f ﬂpeq fgr gomenopRdsParng 93 d9Vveict ed from

- N2, hal ogen, -
- cmeAr%ldézam&sﬂmpou@ 4agp arqsiapwgpoundcf@@) N(R J) 2,
-NRJC& -SORJ, -S2RJ, -S2N(RJ) 2, -NRJSOZRJ,
Eﬁ -WU&EMRDZ,-arGU;

2 ( 1)p
5a ;

wherein, Ry, 0, and p are as defined for compounds 2a and 3a above;

ivb) adding an amine group to the 6 position of the pyridyl moiety to produce compound

6a,
(R1)o
//q
N
HY™ N7 Y] N
R P> (R1 )p
6a ;

wherein,

R is H, Ci. aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalkyl; and
[0022] Ry, o, and p are as defined for compounds 2a and 3a above.

[0023] The present invention also provides a process for preparing a compound of fomula

7a:

(R1)m

-10-



RJ is hydrogen or Cl aliphatic; mis an integer fromO
to 3 inclusive; nis an integer from1l to 4 inclusive;
W@e9X7G1$2 a hal i de or OH conprising the stepsPCr/UB19P8/085458
reduci ng Conpound 10b: 10b whererin, Ais a fused
cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl
ring; R is independently sejgected from-RJ, -ORJ,
-N(RJ) 2, -NO2, hal ogen, -CN, -Cl-4hal oal kyl,
wherin; 4hal oal koxy, -C(O)N(R J)2, -NRJIC(O)R J, -SORJ,
-SO2RJ, -S2N(RJ) 2, -NRISO2RJ, CORJ, -CO2RJ,
A is NRISRINIRKY R hetelobFiRRkyl, ald, drfhetlafﬂafy@ﬂﬁg‘ or Cl

al i phatic; and mis an |nteger fromQo 3 inclusive,

Ry %ﬁd&p@adéﬁ@kh‘éle&gd ﬁgﬁlrlRJ tQRD EN’@U}; eNemRastRel, -ENb-C)| 4hahoa1
wherein, ring m are as defined in Conpoup
10bCaJél6k%1kP¥>b)C(péT§@%} n@mdé@Bu RROR} (5 QL nSQN(R):, NRSOR’, -

halqgenaid Ry ﬂﬁ%m@)zprc%@@ Conpound 12b: 12b
wherein, ring A &1, m are as defined in Conpound

R'ilf V& ¢, ikl |sahaI|de iiib) reacting
1 %gg%b%d 1é%ﬂv%|th a cyani de to produce Conpound 13b:

mlgl;lpmyggglrf%rg()tg%glgh@w, ., and mare as defined in
Conmpound 10b above;

n is an integer from 1 to 4 inclusive; and
X is a halide or OH;
comprising the steps of

ib) reducing Compound 10b:

whererin,
A is a fused cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring;

R, is independently selected from -R’, -OR’, -N(R"),, -NO,, halogen, -CN, -C_shaloalkyl,
-Ci4haloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),, -NR'SO:R’, -
COR’, -CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic; and
m is an integer from O to 3 inclusive,
with a reducing agent to produce Compound 11b:

(R1)m

<
| ~!

Z OH

11b

wherein, ring A, Ry, and m are as defined in Compound 10b above;

-11-



i vb) reacting Conpound 13b wth a conmpound of fornula
13bb in the presence of a base: 13bb wherein, Hal is a
whaiwdesi4and g is an integer fromO to 3 incl uBCTES20085085458
produce a conpound of fornmula 14b: 14b wherein, r is
an integer froml to 4 inclusive; and ring A, Rl, and
m aibe r@&uﬁ%e@mﬁp&mum1mmemdge1ﬁ@n &6 piiilice Compound 12b:
sequentially reacting Conpound 14b w th a hydroxide
base and acid to form Conpou),15b, which is conpound
7a when X = OH 15b wherei~£A, ring A, RlL, and mare
as defined in Conpound zg&;éégxé*'and V|b) reacting
Cormpound 15b with a hal oge %@gent to form
Compound 16b, which is conpound 7a when X = hal i de:
wherein, Hal is halide; and ? ring A, Rl, and mare
as deflned i n Conpound 14b above b0024 The resent
Wh?rﬁwelma ArRiapndgm regyy idglinedan Gpypawd 1 'aﬁboaﬁeaﬁéﬁaﬁa a halide;
npound 1 from conpound 9 bel ow. said process
cor’r‘bt?)l @?ﬁ@gﬁﬁ)epet%l 28ty a ypuids g Ressd RPN 3Bin

appropriate solvent and stirring for an effective

anount of tine to produce 7ﬁbbund 1.
| A~_CN

13b
wherein, ring A, Ry, and m are as defined in Compound 10b above;

ivb) reacting Compound 13b with a compound of formula 13bb in the presence of a

FMh\(A)/Ha

q

base:

13bb
wherein,
Hal is a halide; and
q is an integer from O to 3 inclusive; to produce a compound of formula 14b:

(R1)m

~

wherein,
r is an integer from 1 to 4 inclusive; and
ring A, Ry, and m are as defined in Compound 10b above;

vb) sequentially reacting Compound 14b with a hydroxide base and acid to form

Compound 15b, which is compound 7a when X = OH:

-12-



[ 0025] The present invention also provides a process

for preparing Conpound 1 from conpound 9 bel ow said
Wee@eesg4ronpri sing the steps of slurrying conpOUEsR008/085458

addi ng aqueous NaCH, and effecting recrystallization

to produce Conpound 1. [0026] The present invention

al so provides a conpound of #qrmula 6b: 6b wherein, R

is H C _6 aliphatic, 7/arabkyl, het er oaryl ,

cycl oal kyl, or heteroc yl] R and R2 are

i ndependent |y sel ect ed 1-RJ, olOR J, -N(R J) 2,

-N®2, hal ogen, -CN, -G _4hal gafkyl, -C _4hal oal koxy,

-C(ONRJ)2, -NRICO)R J, - J, -SQ2RJ, -S2N(R

J)2, -NRISO2RJ, -COR J, -CO2RJ, -NRISZN(R J)2, -COCOR

J : RJ is hydrogen or Ci_6 afPphatic; o is an integer

fromQo 3 inclusive; and pis an integer fromQo 5
whergig) iy&ipg &, R[.eodmargestdefiped is kompowrigi4baBovgs el her ei n,

the follow ng definitions shall apply unless otherwise

i ndilty aeeding Coppondipd witirarhatogepng agent lodamhepapeyngdg g gvhich is
corfpbRhd §a Fhd RSIngiidd ansmenbr ane conductance regul ator or

a nmutation thereof capable of regulator activity,

i ncluding, but not limted {g, DF508 CFTR and G651D

CFTR (see, e.g.

http://ww. genet . si ckki

mut ati ons). [ 0030] As us

to conmpounds or conpositions ere the structura

units are arranged in fixed enetric patterns or

| attices, so that crystalline solids have rigid | ong

range order. The structural l6imits that constitute the

crystal structure can be atons, nol ecules, or ions.
wh@eipst al | i ne solids show definite nelting points.

cafjcftr/, for CFTR
Fmuygerystalline” refers

Hal is halide; and
r, ring A, Ry, and m are as defined in Compound 14b above.

[0024] The present invention also provides a process for preparing Compound 1 from

compound 9 below:

H
o NN OH
FXDXE'/ !
F O
1

X < CO,H
F O NT N 2

H

* HCI
9 ;
said process comprising the step of slurrying compound 9 in an appropriate solvent and stirring

for an effective amount of time to produce Compound 1.

[0025] The present invention also provides a process for preparing Compound 1 from

compound 9 below:

13-



[0031] As art-recognized the bidentate |igand (dppf)

as in Pd(dppf)d 2 stands for
walphempphosphi nof errocene and as the fornul aPCT/US2008/085458

Ph2PCsHAFeCsHAPPh2. [0032] The term "nodul ati ng” as

used herein neans increasing or decreasing, e.g.

activity, by a neasurab anount. [0033] As descri bed

herein, a _bo anwp f a g stituent to the center

of wiy hi I pye-ring system (as shown

bel g esamt sSsybstitutoon of the substituent at

any s&hstltutable position in any of the rings within

the nultiple ring system For exanple, Figure a

represents possible substitution in any of the

posi t iy ho 9z re b. Figure a Figure b [0034]

UnI%y@ ‘ ibe $ structures depicted herein

ar eFaleso™~ Nyt P2 soneric (e. g.

enanti onmer i A least erenedic, and geonetric (or

confornational)xff rms of the structure; for exanple,

the R and S configurations for each asymretric center,

(2) and (E) doubje bond isoners, .and (2) and (E)

conformational isoners. Therefore single
saléﬁl%ééﬁg’gmsﬁ%lthé SQRBF SuRvin¥BbhpAfd 9%@&@‘3&@0h§NaOH and

di astereoneric, and geonetric (or conformational)

eﬂmm&gumeem&¢Mnmeopmey@ﬁkmuwnwbhnds are within the scope

of the invention. Unless otherw se stated, al

t alf03eeFheprésentrigvenfion Heo prongearadspoind dfdoimmleetiit i on ar e

wWithin the scope of the invention. Additionally,

unl ess ot herwi se stated, sfflkctures depicted herein

are also neant to inclu nmpounds that differ only

in the presence of one sot opi cal Iy enriched

atoms. For exanple, ¢d¥pobtindg] t he present

structures except for Rhe rep ené%i of hydrogen by

deuteriumor tritium or the replacenent of a carbon

by a 13C or 14C-enriched cdbbon are within the scope

of this invention. Such conpounds are useful, for
whexmnpl e, as anal ytical tools, probes in biologica

assays, or CFTR correctors with inproved therapeutic
R ipHofid adiphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalkyl;

R; and R; are independently selected from R’ -OR’, —N(RJ)z, -NO,, halogen, -CN,
-Cy_shaloalkyl, -C;shaloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO;N(R),,
NR’SO,R’, -COR’, -CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;
o is an integer from 0 to 3 inclusive; and
p is an integer from O to 5 inclusive.
[0027] Definitions
[0028] As used herein, the following definitions shall apply unless otherwise indicated.

[0029] The term "CFTR" as used herein means cystic fibrosis transmembrane
conductance regulator or a mutation thereof capable of regulator activity, including, but not
limited to, AF508 CFTR and G551D CFTR (see, e.g., http://www.genet.sickkids.on.ca/cftr/, for
CFTR mutations).
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[0035] In one enbodi nent, the present invention

provi dess a process for preparing Conpound 1: Conpound
WwWa200p0036] | n sone enbodi nents, the process f oPCT/US2008/085458

prepari ng Conpound 1 conprises the steps of: i)

providing 2- br ono- 3- net hyl pyri di ne (conpound 2) and

(«Mboqt AX¥GahBeRMYlysRIBEYIRN PRb&paTdd o&&a{ﬁ@gum where the

cross coupling conmpound 2 and conpound 3

Stm%‘i‘fﬁhﬂ’étﬁ regiiRngsAdn Bt BPHG Pofaresror lajtigesrsgthay Flgétﬁlihee solids have
rigi®Bhy ﬁﬁée orfler! THSEruP@RS uni@NFht RodsHiaRStht LQal Bhikhire&ah 8t ¥Shns,

to produce conpound 4, 1ii) oxidizing conmpound 4 to
molgsutyel e eons drpsalhite ®lids sowaddintgmeltingneinie. group to the 6

position of the pyridyl noiety to produce conpound

6, 1003tleAsai- mgomolmdd@tam ligilnd édppﬁwadl Pd(dppd) Qe anele Fd

i | d b
dlphglﬁ)g@@é%niog%oce e delng al Hl% fg QL glelg%gpouﬁ(sj e8t Ion .

o3 it bl ac.uaeﬂ%oef%ﬁr Bt %néén%%sfn% GhERER G e

zwﬁﬁbubyyﬁm@umbwdn$sm1V|ng conmpound 9 in an appropriate
solvent for an effective anmount of tinme to produce
CO[IIDOBI]nAIS descifit?d Bdiein|, B bsaindravemrirodiarvebitisuent th eéhef dentst of one ring
anic solvent is rotic sol vent ]LOOS

: a | n._sone
withg ‘E')‘H#“m?rﬁ% VB (3 SF%‘E’“ TS hicRes I ERYt ‘§n§%18§@%§“‘f“?‘3ﬁf any

subslitudab] AhoIBHR OXS LI aﬁemggiwqmrm@a m@6Fk Mk kystdn®, Fdr@kaiNE Figure a
benzene, xylenes, nmethyl ?-butyl ether, nethyl ethyl

represghty ﬁ%ﬂmb}?ewhwut}%lb emwf thegrosiiians shewp ghidigure b.
N, N- di net hyl f or mam de, N, N-dlnethylacetanlde

N- net hyl pyrrol i di none, or dlnethylsuﬁ?oxide. [0039] In
sone enbodi nment s, first or ganR? nt is
sel ected from ace og pEFile, : .

R

wnns R

I o
Figure a Figure b

[0034] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (Z) and (E) double
bond isomers, and (Z) and (E) conformational isomers. Therefore, single stereochemical isomers
as well as enantiomeric, diastereomeric, and geometric (or conformational) mixtures of the
present compounds are within the scope of the invention. Unless otherwise stated, all tautomeric
forms of the compounds of the invention are within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein are also meant to include compounds that
differ only in the presence of one or more isotopically enriched atoms. For example, compounds
having the present structures except for the replacement of hydrogen by deuterium or tritium, or
the replacement of a carbon by a >C- or "*C-enriched carbon are within the scope of this
invention. Such compounds are useful, for example, as analytical tools, probes in biological

assays, or CFTR correctors with improved therapeutic profile.

[0035] In one embodiment, the present invention providess a process for preparing

Compound 1:

-15-



tol uene, benzene, or xylenes. In sone enbodinents, the
first organic solvent is toluene. [0040] In other
weniodrarent s, the first organic solvent is a pPCE/U82008/085458
solvent. In sone enbodi nents, the first organic
solvent is selected from net hanol, ethanol, or
i sopropanol . [0041] In sone enbodi s, the first
base i s an inorgani c bas .[?p4%J I e odi nent s,
the first base #s m m car bonat e,
cesi um car bonat g4 Siumn p ate, sodi um
car bonat e, sodiun1phosphate sodi um hydr oxi de,
pot assi um hydroxi de or | yﬂhhydroxide [0043] In
sone ot her enbodi nent s, the st base is selected
?mé@?%l%&%% glg‘g (g‘lglglgg] %ee[;ayro&gs(s){oﬁ eﬁ%%mﬁﬁ 1 comHorlses the steps
of: flrst base is sel ected fron1potaSS|un1carbonate.
[0044] In sone enbodi nents, the transition-netal
cat alpysitiding 2-drqyad-B-antithyipybidme deomaonhd/Stand BA645] | n sone
di um ed catal yst is selected
b R PG i B BB ot 5 G 2.
tetrakls(trlphenngg ph ne) pal | adi um(0) or
tri s(di benzyl i deneacet di pal  adi un{0). In yet other
enb nts, the pal |l achym based catal yst is
Pd( A 2. [0046] In sone enbodi ments, the cross
coupM ng'reaction is runc@tet ween about 600C and
about, 1000C. [0047] In ogher-enbodlnents, the cross
coupl%ng reactlon is runat between about 7OOC and
t 900C. et r . enbodi nent s, Cro
c od‘él NRs) C?‘E’é‘&% F%PP Em’f}ﬁd atmRybut ! ‘%}@135106%‘2&’8‘1 ¢ “loﬂlp§18‘r‘}% water,
a fIREDREMIDRIN &ht, alfhi& v Ghald @dhsHieRGletaPEutdlPst EAFrHIRE cOMpound 4,
using a peroxide. [0049] I n sonme enbodi nents, the
OXi n reaction is carried out using a perOX|de
selgcﬂ d from urea-hydrogen peroxi de, peracetic acid,
met Ny | ket one peroxide, sodium peroxide,
hydr oge roxi de, potassi um peroxide, |ithium

per oxi de, | bari um per oxi de, cal ci um
CO2tBU

4

2

ii1) oxidizing compound 4 to produce compound 5,

COztBU
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per oxi de, strontium peroxi de, magnesi um peroxi de, zinc
peroxi de, cadm um peroxide, or nercury peroxide. In
W@ v/ 0Etiehdi ments the oxidation reaction i s caPCi/Es2008/085458
usi ng peracetic acid. [0050] In sonme enbodi nents, the
oxi dation reaction is carried out in the presence of
an anhydride. [0051] In sonme enbodi nents, the
oxi dation reaction is carried out in the presence of
anV@qg%Qﬁggﬁmﬁﬁh@gﬁggcghgamgqet|c anhydri de, phthalic
anhydrlde ~or maleic anhydride. In some enbodi nments,
Jeaction is carried out in the presence
‘ aghydri de. [0052] In sone enbodinents, the
oxifdaPi o gctcon is run at between about 25C and
about 65C. [©053] In sone enbodi nents, the oxidation
reaction %s run at between about 35C and about 55C. In
yet ot her enbodinents t he oxidation reaction is run
at .about 45C. the .am natio
e dBE Sind Gy v b P grsSa baedt PRABHP By &
conpound. 055] I n enbodi nents, the am nation
' ief ofit in the presence of a sulfonyl
Y- » @7 éh8gul f onyl chl ori de,
nethanesquOn anhydri g met hansul f onyl chl ori de,
or/"-tol uenesul fonic anhydri de. In sone enbodi nents,
the am nation reaction is carried out in the presence
of nethanesul fontc anhydride. [0056] In sone

embaodi nent the amn tlo eaction is carried ouL ﬁ
andiefit Y BHYjas 8‘ff{lﬁoé‘§d 'bd l?i;aslcrﬁl‘é‘liﬁ"ecoé%‘éﬂlﬁﬁ‘@f%sat fr grganic

sol it RAd &4 ARt sQAVHEdUdS Esoand he ami nation reaction is an
al cohol anlne [0058] In sone enbodi nents, the

amlp>a<td g@nt in the anmination reaction is an
F o N
H

9 ;

CO,H

vii) slurrying or dissolving compound 9 in an appropriate solvent for an effective

amount of time to produce Compound 1.
[0037] In some embodiments, the first organic solvent is an aprotic solvent.

[0038] In some embodiments, the first organic solvent is slected from 1,2-
dimethoxyethane, dioxane, acetonitrile, toluene, benzene, xylenes, methyl #-butyl ether, methyl
cthyl ketone, methyl isobutyl ketone, acetone, N,N-dimethylformamide, N, N-dimethylacetamide,
N-methylpyrrolidinone, or dimethylsulfoxide.

[0039] In some embodiments, the first organic solvent is selected from acetonitrile,

toluene, benzene, or xylenes. In some embodiments, the first organic solvent is toluene.

[0040] In other embodiments, the first organic solvent is a protic solvent. In some

embodiments, the first organic solvent is selected from methanol, ethanol, or isopropanol.

[0041] In some embodiments, the first base is an inorganic base.
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al cohol am ne sel ected from et hanol am ne,
et hanol am ne, propanol am ne, butanol am ne,
w@zmpanakam ne, or hexanol am ne. I n sonme enbodPCEHS2NS/085458
the ami nation reagent used in the am nation reaction
i s ethanol am ne. [0059] In sone enbodi nents, the

SseqRag] BIsPABmbSAMYRN thd Srs@AsARKEbItE $6th Yeddsiunt EP8Mhte, cesium
In some enbodi nents, the second organlc solvent is an

carbgii PPIEssEsR Dlariphatcs Feskiyra Gerpengia. 100Ug pasp s yestiwa Aidroxide,
0ta9§119ff fkﬂom@&@lilﬁﬁ‘ihﬁlrﬁyhl%xldte ol uene, benzene, Xxylenes,

butyl ethér nethylene chl ori de, chloroforn]

L@Mk] ﬁtSBﬂﬁ% oﬁl%t 1rﬁ@ﬁsh glﬁ'rsct ‘BQslétlé' Lk QU % 13)%1 pcﬁ'é‘sghﬁr@rbonate

net hyl f or mam nmet hyl acet am
cesulhun rabonatqyrpoeksigh nhmehat@ rIndneWéhethbgdhfrmts,dbe figspbagoiveelected

enho he second organic solvent is toluene.
ﬁonpggg%fgﬁﬁﬁégﬁ% enbodi ments, the second base is an

or Eﬁﬂh]grn*%%‘%g emL)QcP 1%2 ts It}rpe t% mt3101? ﬁp?a? %t Tea e;%aﬂgilusn%co%se% catalyst.

an organi c bdse se

ﬁdm%] sgrrnne Izc]mbo liIlF]nh[%/ et%aﬂ dium- baselay af’il [nﬁt ¥ il Sel from

pyl ant ne, P e, am ne,
pallamﬁuqn(ylr)aceluamePd(hpspf;ﬁnnmt@hb@ﬂphmﬂpﬁosplﬁlh@pﬂadmnm)bﬁse is

. triethylam ne. ] 0063 n _sonme enbo the .
wis iy P BT e D 4 S CORERRS s adiprpybgegd
Cmagghspmﬁﬁﬁgnpresence of a catalytic anmine. In sone
enbodi nents, the reaction between conpound 6 and

co [Ubﬁﬁllnﬂ sémb SmBEiMbiRS tRldrods RoliBg PEaBS&ITE Bunk béween about 60°C
catal yti c anmount of dlnethylan1nopyr|d|ne [0064] In

and abowbl®hpodi ment s, t he thlrd organi ¢ solvent is an

aprotic solvent. [0065] In sone enbodinments, the third
or POATcIngop embodimen tigsiress ceundise yeptonge st Bwegngrput 70°C

and JboRit gd"@e thhgeff %ﬁltepéﬂlfodlrﬁénl%x ﬁf@%aotsgfﬁg?ﬂée Ieﬁétioﬁ s r]tuﬁ la{"ﬁ)%ﬁt 80°C.

enzene enes net hyl ene

L &8 ’soﬁlg %BB&EBEE& tﬁ@&Maltloﬁ féﬁé’tkoan%a‘?ﬁ&i OL\WE&HQ’ 41 peroxide.

ket one, acetone N, or mam
N U S o A ) L s
selegedy@om ores diydmgtn pesoxadee pondetic réid, methyl ethyl ketone peroxide, sodium
peroxide, hydrogen peroxide, potassium peroxide, lithium peroxide, barium peroxide, calcium
peroxide, strontium peroxide, magnesium peroxide, zinc peroxide, cadmium peroxide, or
mercury peroxide. In some embodiments the oxidation reaction is carried out using peracetic

acid.

[0050] In some embodiments, the oxidation reaction is carried out in the presence of an

anhydride.

[0051] In some embodiments, the oxidation reaction is carried out in the presence of an
anhydride selected from acetic anhydride, phthalic anhydride, or maleic anhydride. In some

embodiments, the oxidation reaction is carried out in the presence of phthalic anhydride.

[0052] In some embodiments, the oxidation reaction is run at between about 25°C and

about 65°C.

[0053] In some embodiments, the oxidation reaction is run at between about 35°C and

about 55°C. In yet other embodiments, the oxidation reaction is run at about 45°C.
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[0066] In sone enbodi nents, the first acid is an
inorganic acid. [0067] In sone enbodi nents, the first

Ww@eiodof@4an i norgani ¢ acid sel ected from hydr oREI/083008/085458
sul furic, nitric, phosphoric, or boric acid. In sone
enbodi nents, the first acid is hydrochloric acid.

[ OffR8Y] IhRome ERb&ITRGEH, AR UnSination @cdB8oiLS tatibd b@ad thePresence of a
reaction is run at between about 200C and about 600C.

sulfgrobgmppoppd- ot her enbodi nments, the de-esterification
reaction i s run at between about 300C and about 500C.
| n[0955] In sginp embediments. Agrngnation geagonpis caFipd petar thgpresence of a

sulf(fn?ﬁ&ﬁﬁﬁ%ﬂnd SCBIJCH:B ¥ ﬁ%es%ﬂg&l c{llgg(?@ ]mellﬂnégﬂanc anh]ydnde,

mbodi nents, the appropri ate solvent 1's selected from
meth@aﬁtéfonﬂmhhmdalog pholugngsitl tmicrankydinde.. In gemg gmbodiments, the amination

reacggl;[) RALIERL Foiy gllgg){e%grgzr QP % nesﬁlf onYe: arlllily(irisdesel ected from

or an a A)ne ano Xture. In other

glﬁlerﬁ?l é%lo al.tnggdlﬁglﬁr Qlﬁera{nag?qlo%(%eac on is Cgﬂ'l? Blfqra% al’il]ggl’ztl]

In SO ctrve
tempzedtiveen about 2 and about 24 hours. [0072] In sone

enbodi nents, the effective anount of time is between

ab 57 2Inansic ainbotdimd@s, hicsunsination réishierus@inib cdi amendt®n rdéabgon is an
I ffective anmount of tinme is between about 2 and about
alcoBe) apiiifr s |0 still other embodinents, the effective

of tine i bet en .about 2 and about 6 hours
[ gg“%gi’] Poge ﬁ‘é‘l’ocg lgatloflﬁ%agﬁ?td‘ée@gg theamipagion reaiction is an
alcoRSIAMikcSBRcibd ﬁoﬁtlﬁé@ha‘ﬁﬁlaﬁlhﬂet ShaddGintine pRlphid1dmiaé, bR,
1 or concentrating the sol uti on of Eb ound 1 to

pentacfigggipe. op Be¥pelamine z it 50818 capadipients ghe @rn@af#@crﬁg&%qul indhe

anmgggpgﬁ&gmgsmhggﬁﬁhmgn ot her enbodi nents, Conpound 1 is
urther purifed by recrystallization fron1an or gani c

t ?]Erllntsgxznggﬁlb&ﬁm%ﬁts %&%Q&n‘& &Qah}éesgfv%nt'@gﬂ éf)g@uc s@%ntar €

uene, cunene
[0060] In some embodiments, the second organic solvent is an aprotic solvent selected

from 1,2-dimethoxyethane, dioxane, acetonitrile, toluene, benzene, xylenes, methyl z-butyl cther,
methylene chloride, chloroform, methyl ethyl ketone, methyl isobutyl ketone, acetone, N, N-
dimethylformamide, N, N-dimethylacetamide, N-methylpyrrolidinone, or dimethylsulfoxide. In

some embodiments, the second organic solvent is toluene.
[0061] In some embodiments, the second base is an organic base.

[0062] In some embodiments, the second base is an organic base selected from
triethylamine, trimethylamine, methylamine, diethylamine, tripropylamine, ethylmethylamine,

diethylmethylamine, or pyridine. In some embodiments, the second base is tricthylamine.

[0063] In some embodiments, the reaction between compound 6 and compound 7 is
carried out in the presence of a catalytic amine. In some embodiments, the reaction between
compound 6 and compound 7 is carried out in the presence of a catalytic amount of

dimethylaminopyridine.
[0064] In some embodiments, the third organic solvent is an aprotic solvent.

[0065] In some embodiments, the third organic solvent is an aprotic solvent selected from

1,2-dimethoxyethane, dioxane, acetonitrile, toluene, benzene, xylenes, methyl #-butyl ether,
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ani sol e, 1-butanol, isopropyl acetate, butyl acetate,
i sobutyl acetate, nethyl t-butyl ether, nethyl
WO 2obotek2 ket one, or 1-propanol/water (at variRUBUS2008/085458
ratios). For exanple, in one enbodi nent, Conpound 1 is
di ssolved in 1-butanol at about 75 OC until it is

metl§XHR LRILAIY cRlb®$ehy 8lthy CaR}1ikBGns dwihyl Reb el klétoln@ rhcét@ne N,N-
about 10 OC at a rate of about 0.2 Cmny

dlm@]pv@lrlgprgld@fN m%ﬁ]aceia%(; é\hmﬁtgylpbréol}dér&ng,t%énwhylsulfomde In
somg bbdAh RN ﬂ{eQQl?(ﬂ)rgbrﬁc Q&l&%ﬁ isephgdigents, the process

for preparing Conpound 1 conprises the step of: i)

re ﬂﬁ)kb]nﬁ sSﬁ%ﬁHMm@nts Whd frCRIPEO Hﬁ]gloygamz acign @ second
organic solvent in the presence of & second base to

pr ﬂﬂi)'d?]elnc\sgﬁlfg Qfﬂﬂgdn%enté 'tﬂe ﬁjl%t a%?dtlg 5111 fnﬁfg@glc %82‘98%&1 1?0&1 na

hasi ¢ m xture COfT'pI‘I S ng wat er 'OI‘ gani C o
hym@dﬂm@nSMﬁandnawfwﬁsmma@ﬂdbDncpn@dm@emcgmb@hm@ng}hqﬁmtwndw

h drocllllg)nc Jyy rying or dissolving conpound 9 in an
v opriate solvent for an effective anDunt of time to

@%ggleorsorgﬁ erélgosdé enet%i t c@ eslerlﬁcaglo{l react 011 s runt Mt %tttﬁvaeﬁibout 20°C
andMMdeﬁE enbodlnents, the second organi c solvent is an
aprotic solvent selected from 1, 2-di net hoxyet hane,
di gp0afeln oﬂmebmmdimbﬂtg thet @Laseﬁﬁcathem@em is Xl o b&s/cen about 30°C

?- but et h neth ne chloride, .chloroform
and @h?f} Caipyi Wt SHE Ry 1S {tﬂW“%éf’a&HBH Is3ubH Ghel 40°C.
ﬁﬂv t hy Ifor de, N, N—dlneth Iacetagl Ef
mnﬁﬁ?‘i’[‘? SMPeHHERHE theoarppEﬂpH%’Fﬁ Ve SSEIeFtge romyyvaley pg an

alcoﬁcsm@@ér MERbR, Th REnSERRIAI QI BB lafpropial@iMveh Bis kQbd@NBom water or
0078 In sone enbodi nents, the second base is an

an a @é%ﬁ@%@/wwwg]urq i SEhsEcrBbRYIBFIFR HieSPPIORERE s s Water.

base i s an organic base selected from
[0071] In some embodiments, the effective amount of time is between about 2 and about

24 hours.

[0072] In some embodiments, the effective amount of time is between about 2 and about
18 hours. In other embodiments, the effective amount of time is between about 2 and about 12
hours. In still other embodiments, the effective amount of time is between about 2 and about 6

hours.

[0073] In other embodiments, the process further comprises the step of filtering the slurry
of Compound 1 or concentrating the solution of Compound 1 to effect recrystallization and filter

the recrystallized Compound 1.

[0074] In other embodiments, Compound 1 is further purifed by recrystallization from an
organic solvent. Examples of organic solvents include, but are not limited to, toluene, cumene,
anisole, 1-butanol, isopropyl acetate, butyl acetate, isobutyl acetate, methyl t-butyl ether, methyl
isobutyl ketone, or 1-propanol/water (at various ratios). For example, in one embodiment,
Compound 1 is dissolved in 1-butanol at about 75 °C until it is completely dissolved. Cooling
down the solution to about 10 °C at a rate of about 0.2 °C/min yields crystals of Compound 1
which may be isolated by filtration.
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triethylamne, trinethylam ne, nethylam ne,
di et hyl am ne, tri propyl am ne, ethyl nethyl am ne,

waelz@vhayiwet hyl am ne, or pyridine. In sone enboRiTrERN088/085458

of:

the second base is triethylam ne. [0080] In sone

enbodi nents, the reaction between conpound 6 and

COaOSING othek SmB&lifnbR tiWrodels fohfrepdrBS&NEHoREd Peomprises the step
catalytic amne. In sonme enbodi nents, the reaction is
carried out in the presence of a catalytic anount of

di met hyl am nopyri di ne. [0081] In sonme enbodi nents, the

t hill aeigNPossi ent is an aprotic solvent. [0082] In
some enmbhodi ments, the third organic solvent is an

aproti vent selected from 1, 2-di met hoxyet hane,
di oxa nitrile, toluene, benzene, xylenes,
net%?l et her, nethyl ene chloride, chloroform
net hyl etone, nethyl isobutyl ketone, acetone,

N Ndi met hyl f gi de, N, N-di nmet hyl acet am de,
N- et hyl pyrrol i di hone, or dinethyl sul foxide. In sone
enbodinean, the third organic solvent is

e.

acetonitri [0083] In sonme enbodi ments, the first
aciqhis an &pprganic acid. [0084] In sone enbodi nents,
the P PEPOUEI 4 i's an inorganic acid sel ected from
hngoghl ic, sulfuric, nitric, phosphoric, or boric
aci@( I me jenbodi nents, the first acid is

hydr 00 kd. [0085] In sone enbodi nents, the
de-esterifi ion reaction is run at between about

200C and about 600C. [0086] In other enbodinents, the
de-esterification reaction is run at between about

300C and about 500C. In still other enbodi ments, the
de-iesteohd drgadit @ivehemahd OBscnSe ¢furke@ind dbeud pAAOEE.compound 8,
[0087] In sone enbodi nents, the appropriate solvent is

selqptee an al cohol /water m xture. In
some [ (jﬁﬁe solvent is selected
front wl er®o E0% met'hanol / wat er mixture. In
ot her enbodi fi gt opri ate solvent is water.

8 ;

i) de-esterifying compound 8 in a biphasic mixture comprising water, a third organic

solvent, and a first acid to produce compound 9,

FXO 0 - |
F o N \N CO5H
H

® acid
9 ;

ii1) slurrying or dissolving compound 9 in an appropriate solvent for an effective amount

of time to produce Compound 1.

[0076] In some embodiments, the second organic solvent is an aprotic solvent.

[0077] In some embodiments, the second organic solvent is an aprotic solvent selected

from 1,2-dimethoxyethane, dioxane, acetonitrile, toluene, benzene, xylenes, methyl z-butyl cther,

methylene chloride, chloroform, methyl ethyl ketone, methyl isobutyl ketone, acetone, N, N-
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[0088] In sonme enbodi nents, the effective anmount of
time is between about 2 and about 24 hours. [0089] In
wae v ostndi nents, the effective anount of ti nMRCT/BS2008/085458
bet ween about 2 and about 18 hours. |n other
enmbodi nents, the effective anobunt of tinmeis between

dim&RAErm#mAB) dvmahguamlae N-fethyIplirolRfiaE, @ ABRANIRINGSide. Tn
b

the effective anpunt of tine is between about 2 and
somg pbtdimey thescepdouppicsalvert i eibodi ment s, the

process further conprises the step of filtering the

sl 07§ Iasows apbediarents, ghe seeriddaterianpt piganinbassol uti on of

ound 1 to effect recrystallization and filter the
r ei‘%ﬂ%]t Iq(spmg sarbhmpe e seCodboeei ) preaerbase selesdediiein s |

trletﬁgqgﬂ?ﬁg qgml’th{yﬁmﬁﬂér &Qﬁ&laﬁﬂ{e dik @ afﬁ)ﬁert@l f faﬂllnle' @tfﬂ;lhlgﬁlylamme
orbodl e

froman organic Solvent. In o
dietiGdmpsbylaaiing, ¢royfiding hlarsopa ﬁmbetﬁmblyts rtbecseymdédaisq iy atelthyﬂﬂmme
froman organi c solvent. Exanples of organic solvents
i n{ﬂOQQﬂeIn Sbmt: emb@ﬁmomts Itlilemieitoeidn betweevdonaend Curdmoeeipound 7 is

carrLed 0 790 Hie prese e o?a catally GO Q y n, s%cgtea 0d1merlﬂt X eac%on Searried out
{1 ace ate, Y P Fl Ii

in thle @tdsertcy bf Kettdné, ano)funflefmhmahylmnin/omtdare. ( at v arious
rati os). For exanple, in one enbodi nent, Conpound 1 is
di §981 viadomn ethbidiinaitglthethirdbegiic 8vEaCisuntaptotit tolivnt.
conpl etely di ssol ved. Cooling down the solution to
abe82]110 sOfe ainbadimante tif thad Ot.ghm@ s@vdat i alﬁ aptoit d&lvent selected from

rystal s of Co ound be i sol at ed
1.2-fipf @P@fqﬂ@ﬁe 48 fcthltg#ﬂfqiwe af-rrglepes, Flﬁfé%%%ﬁther
metwlah@ RhlboAfle, BRIGMIFEIRS mdthPT QRE%Stohd rmeﬂ{y‘?@@ﬁdtﬂg(eﬁ)né: %U&&W@N—
formula 1; | conprising the step of: 1a) reactin

dlm@]@ﬂmﬁald@f}v Nd}nﬁgtpéla@éamléea N-methylpyrrolidinone, or dimethylsul 0x1de In

some embodiments, the third organic solvent is acetonitrile.
[0083] In some embodiments, the first acid is an inorganic acid.

[0084] In some embodiments, the first acid is an inorganic acid selected from
hydrochloric, sulfuric, nitric, phosphoric, or boric acid. In some embodiments, the first acid is

hydrochloric acid.

[0085] In some embodiments, the de-esterification reaction is run at between about 20°C

and about 60°C.

[0086] In other embodiments, the de-esterification reaction is run at between about 30°C

and about 50°C. In still other embodiments, the de-esterification reaction is run at about 40°C.

[0087] In some embodiments, the appropriate solvent is selected from water or an
alcohol/water mixture. In some embodiments, the appropriate solvent is selected from water or

an about 50% methanol/water mixture. In other embodiments, the appropriate solvent is water.

[0088] In some embodiments, the effective amount of time is between about 2 and about

24 hours.

[0089] In some embodiments, the effective amount of time is between about 2 and about

18 hours. In other embodiments, the effective amount of timeis between about 2 and about 12
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wherein, Ris H C _6 aliphatic, aryl, aralkyl,
heteroaryl, cycloal kyl, or heterocycloalkyl;R is
w0 pdepaEndent |y selected from-RJ, -0R J, - N RIDQI/USNGR085458
hal ogen, -CN, -Cl-4hal oal kyl, -C _4hal oal koxy,
-C(ON(RJ)2, -NRIC(ORJ, -SCORJ, -SOQ2RJ, -S2N(RJ) 2,
hours NRJSBO0Ritibr embdidndnts, 16 Rdtive- MU HAE NGRS Botwe @D and Bdout 6
i s hydrogen or Cl allphatlc ois an integer fromQo
hours. j nel usive; and p is an integer fromO to 5
inclusive; with a conpound of formula 7a: 7a wherein,
A 10999] Inpthe crbedimanticyhc prerepeiugbsrcrmarivey fhe siepyf filtggng the slurry
of cta%&rngqr ¥ cohwﬁ&amg thé S1BARR @eﬂhﬁmddyl 15 SHES t&fslaliion and filter
N( RJ) -NO2, hal ogen, -CN,
the remstmlhaﬂddéﬂmwund L.G _4hal oal koxy, -C(0)N(R J) 2,
-NRIC(0)R J, -SORJ, -SM2RJ, -S2N(RJ)?2, -NRJSCQRL -
COmo1} ioceRg embW@@z N(omp)amd L mOodRI pyrifRd by secdnysthlloggtion from an
oreele st bR iep Pleio PobifhRT AFGTr R4 By BT from
anoqynﬁhbwmn Exﬁﬁ@ﬁnﬂoqmgammesmhmmnébunnehalmneﬂanmﬂu@k

cum GG a1 UBR, MR S ETNE OT Ao DisaH[E PRTEC eher

metl@mté@ﬁitﬁlﬂdéf@e drhﬁ)r@ﬁtﬁ&%t&r(&aﬁf@us&@ﬂldé? nftorle§anqne apoRt i C
sol vent. sel ect ed i met hoxyet hane, di oxane

embgdigiepinf-pmpeuad ltl%fhé@}w@d ith bﬁ‘i‘é‘?ﬂ% at shoppiefped u%ttpmompﬁfa%lm

diss@VAETGooling down the solution to about 10 °C at a rate of about 0.2 °C/min yields crystals
of Compound 1 which may be isolated by filtration.

[0092] In another embodiment, the present invention provides a process for preparing a

compound of formula 1:

comprising the step of:

ia) reacting a compound of formula 6a:

(R1)o
g
HN SN | \_R
R Z ( 1)p
6a

wherein,

R is H, C aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalky],;
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nmet hyl ene chl oride, chloroform nethyl ethyl ketone,

met hyl i sobutyl ketone, acetone, N, Ndinethylformam de,
WORMNvd7arex hyl acet ami de, N-met hyl pyrrol i di none, P@F/US2008/085458

di met hyl sul f oxi de. I n sonme enbodi nents, the second

organi c solvent is toluene. [0095] In sone

R ﬁﬁﬁ&ﬁéﬂd{@myss,elebt@@ fr%ﬁlCRh dophsn(ulﬁ mzmam@;@h cchass. mmﬂm

In sone enbod ts, the,s is,an _or ; ;
bastr GeloakoRd CIEBML i S GRAR nS0R: FYhBLrgPae, NSO’ -
MetdniramdlR!, ARBJIMIN RHCoR!Propyl am ne,

et hyl met hyl am ne, die hylnethylan1ne or pyridine. In

R1§gg§ 9@Hﬁﬁ$ﬁ§w the second base is triethylan ne.
I'n sone enbodi nents, the reaction of conpound

ms%lmé?f&mmcﬂﬁve snfarried out in the presence of
a catalytic amne. In sone enbodi nents, the reaction

pmk§ig@@gﬁggug%glhau£@§ presence of a catalytlc amount
|nethylan1nopyr|d|ne [0098] In some enbodi ments,

an@g&mﬁhng%fhpﬁughgnyl ring in formula 1 is an ester,
the process further conprises de-esterifying the
compound i n a biphasic nlxtqh conprising water, a
third organi c sol vent, d |rst acid to give an
acid salt. [0099] In soﬂz
organi c solvent is an ap tg0Myent sel ected from
1, 2- di met hoxyet hane, di oxane,(&gcetonitrile, toluene,
benzene, xylenes, nethyl ?-but¥y] ether, nethylene
chloride, chloroform nethyl ethyl ketone, nethyl
i sobutyl ketone, acetone, N,dinethylformam de,
N, N- di net hyl acet am de, N-rmet hyl pyrrolidi none, or

whéltiget hyl sul f oxi de. In sone enbodi nents, the third
organic solvent is acetonitrile. [00100] In sone

A i€RREH R My, h&terobydGlkyR G, drhc@fbatyl@hgani ¢ aci d.
[OOlOf?QIn gone e&%odlggnrg t he tﬁ?rdga0|d is an

R 1sn1€lfe9@ﬂb§tlyas‘éle6|te§ abRcRke doRf omw)gdmhﬁa@dgeﬁ -c8uld YhdiSalkyl,

nitric, phosphoric, ,0r boric

enbBaieRiesy. tHONR bt- cep) w&r o%QzRorszBbu -NR'SO,R’, -
[OQ%Q@]Ck?R5°NR%ﬁﬁﬂ@gzm%BébR¢ﬁe de-esterification
meen

reaction I's run at
R'is hydrogen or Cy_saliphatic;

m is an integer from O to 3 inclusive;
n is an integer from 1 to 4 inclusive; and
X is a halo or OH;
in a second organic solvent in the presence of a second base.
[0093] In some embodiments, the second organic solvent is an aprotic solvent.

[0094] In some embodiments, the second organic solvent is an aprotic solvent selected
from 1,2-dimethoxyethane, dioxane, acetonitrile, toluene, benzene, xylenes, methyl z-butyl cther,
methylene chloride, chloroform, methyl ethyl ketone, methyl isobutyl ketone, acetone, N, N-
dimethylformamide, N, N-dimethylacetamide, N-methylpyrrolidinone, or dimethylsulfoxide. In

some embodiments, the second organic solvent is toluene.

[0095] In some embodiments, the second base is an organic base.
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about 200C and about 600C. [00103] In other

enbodi nents, the de-esterification reaction is run at
wheziesin4snbout 300C and about 500C. In still OREEDS2008/085458

enbodi nents, the de-esterification reaction is run at

about 400C. [00104] In sone enbodi nents, the acid salt

cafobe| HQROME bfBtifentt, IR bR taihn H1@AMTE base RMected from
slurrying or dlssoIV|ng the acid salt in

trleﬂé)diﬂﬁ%rtrl%@?@ylgﬁlllr\?ew@hﬂémnﬁndlétfﬂ?lé@mevfélpmwlaﬁlﬂneowhrflm%ylamlne
d1et1{)@19919ﬁ11min@ ot %dlﬁ@bﬁ%bﬁ@ @ﬁlﬁ@dlﬁl@l@cs Q&Osreg’(ﬂlrd'b%e% ﬁféltﬁﬂf‘fa'ﬁ{me

I's sel ect ed ron1mater or an al cohol /water m xture. In

S OfToMRAQTMEERbSi Eﬁ’c? R PBA 'o?‘éo‘?néz%}}hd’ &NVitlh éon%hf?&?aelg carried

fromwater or an a out 50% net han water m xture
out iptteepresendyodiaetalytic amive. Apmepnbadimess] thersaction inearagd out in the

pfeS%n%%%lat%&”e%%ﬁm? oS Gony u%eeleeﬁé'uﬁ ?3‘8%331 “In
[%92]”@10 mg?még' (%nqgt‘)ﬁlu %ié ﬁ% nyllJ fﬁrt‘muqel 1s7an ester, the

pnxfﬁﬁmdmnammamesmﬁmmﬁﬁﬁﬁgﬂmeomp@mﬂhnmbmhunﬁnmsubamwesmgwmwna
t 12 urs. ot her

bout 2.and a n stil
nir R TG LS LAt of O] ™ is betueen
ab and ab 6 hour 0010
n%é?ﬁ'é‘r??’%‘e N %(I“BFI&%é% oy L’Egﬁ‘é‘F %:‘ES‘?PE) Fi a§é"8r°€1ﬁ solygng Bel?ﬁ‘ed from

1,2- alhieﬂl@kymné higoxghd) bENortkild, Bfbuce®HRRARE x9fenésOmbak Br-bhity1 Rther,
, or concentratlnq the sol ution of the compound
§

meﬂalflenﬁéhlﬁmlea chloofformp pyghy1 gty kptpag tmethyd W@t%lllﬂqofﬁtaic@ﬁneaﬁ’d\’

d1méth)l'lfo?ﬁlhrﬂﬂe tlhﬁf cﬁﬁ&[@’ﬁ&f?ﬁlﬂhlﬂ@ admEAPBAYAHiRne f R rd[fyétl?ylslﬂf'oﬁde In
Forml . [0 I'n ot her embodi nents, Compound IS

somﬁamb%@mmpmﬂwﬁb @%mﬂ@@ﬂygmﬁkmﬁﬁﬁﬁﬂ@n from an organlc
sol vent. Exanples of organic solvents include, but are
nof0019Gti t ed noome eibediments dlreetivet, acihis einergaie acid.
1- butanol. For exanple, in one enbodi nent, Conpound 1
i s[Wil8Hol vednjspmg embodiments, the third acid is an inorganic acid selected from

hydrochloric, sulfuric, nitric, phosphoric, or boric acid. In some embodiments, the first acid is

hydrochloric acid.

[00102] In some embodiments, the de-esterification reaction is run at between

about 20°C and about 60°C.

[00103] In other embodiments, the de-esterification reaction is run at between
about 30°C and about 50°C. In still other embodiments, the de-esterification reaction is run at

about 40°C.

[00104] In some embodiments, the acid salt can be converted to the free form,
Form I, by slurrying or dissolving the acid salt in an appropriate solvent for an effective amount

of time.

[00105] In some embodiments, the appropriate solvent is selected from water or an
alcohol/water mixture. In some embodiments, the appropriate solvent is selected from water or

an about 50% methanol/water mixture. In other embodiments, the appropriate solvent is water.

[00106] In some embodiments, the effective amount of time is between about 2

and about 24 hours.

25



but anol at about 75 OC until it is conpletely

di ssol ved. Cooling down the solution to about 10 0OC at
wa20000w1ef about 0.2 Cnmin yields crystals of EONPENLI085458

1 which may be isolated by filtration. [00110] In

anot her enbodi nent, the present invention provides a

pr veen for sﬁﬁﬂ:feinfbgdﬁqeﬁ@ RO bifekti0f ath@muf tﬁneﬁﬁ ‘bet@en about 2
wher ei n, Rls -6 ali hatlc aryl, aral ky

and Hwe}%w In @3}1@{ %bqelwenw@ r—heﬁg?@ws AN A K S thwqeg about 2 and
abodt n 9 a&EY dﬁlryiﬂl)éth%? érﬁ@&dﬁgeﬂ‘tsr Qo e'ftgétlve aggt]mt of MR BetweNBout 2 and

hal ogen, -CN, -Cl-4hal oal kyl, - 4hal oal koxy,
about GhOMN( RJ) 2, - NRIC( O) RJ, -SO?J -SOZRJ -SOZN(RJ)Z
- NRIJISO2RJ, CORJ, -CO2RJ, -NRJSOZN(RJ)Z - COCORJ RJ
is [QW!QR]ogen br oty embpéimmscthe Dropess ﬁmhﬁmoerg)elseSfthmpooftfdtermg

the s%urbrnciltffeséo\ﬂl%’ou@d’] oqf fgrn{u?a ?Eleﬁog%g% §1r coolgl:Ee%ltrggn r S \golhgllorr]lgof the

| Usi Ve;
componyofi frdmika lan G om@hmaatﬂﬁed r8ay 2dliBdon amhdteeing theRecryssallized

i ndependent | y. se ted from-RJ, -OR J, -N(R J)2,
comp O?EZWIB%&H %]@i\f C| _4hal oal kyl, -G _4hal oal koxy,

L CRENET AT LA < K =/ S G A,
fromJan orfkhid SINWAIEXGBP1ObS &ga_rﬁc QlvepRahdigde, But b n@ﬂhﬂnﬁécﬁ‘l@ fbluene,

fromQo 4 inclusive; and p is anlnteger fromQ to 5
Cumgnge pjgl arl -butanol. For example, in one embodiment, Compound 1 is dlssolved in 1-
butanol at about 75 °C until it is completely dissolved. Cooling down the solution to about 10 °C

at a rate of about 0.2 °C/min yields crystals of Compound 1 which may be isolated by filtration.

[00110] In another embodiment, the present invention provides a process for preparing a

compound of formula 6a:

(R1)o
g
HN \N | \_R
R Z ( 1)p
6a

wherein,
R is H, C aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalky],;

R; is independently selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
-Cishaloalkoxy, -C(O)N(R'),, -NR’C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR'SO,R’, -
COR’, -COR’, -NR’SO,N(R”),, -COCOR’ ;

R'is hydrogen or Cy_saliphatic;

o is an integer from 0 to 3 inclusive; and
p is an integer from 0 to 5 inclusive;
comprising the steps of:

ib) providing compound 2a and compound 3a,
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iib) cross coupling conpound 2a and conpound 3a in a
bi phasic m xture conprising water, a first organic
walogemig2 a first base, and a transition netal PCEHUSI09&085458
to produce conpound 4a, 4a ; wherein, R, o, and p are
as defined for conpounds 2a and 3a above; iiib)
oxi di zrg conpound 4a to produce conpound 5a, 5a ;
mheléY , R, o, afitbp as defined for conmpounds 2a
andQ3 bove; ivb) addilngzaRan ne group to the 6
posi i or@f the pyri dyl iety to produce conpound
6a, 6a, ; wherein, Ris H ,C -6 aliphatic, aryl,
ar al , heteroaryl, cycﬁ%alkyl, or heterocycl oal kyl ;
Rl, o, and p are as defined for conmpounds 2a and
bove. [00111] In sonme enbodi nents, the first

or.gani ¢, sol vent i.s an;apfoti.c sol vent 00 ]-1n.s
e e T s NGl R S e T
é’ z.el_mhmsekb?we(dmaé)zh aipd@@gaf, —|S(OEJ§ ?@zRf,i—$©2|§(FbL,uﬁRfSOZRJ, -
enzene, xylenes, t,hyl  ?2-butyl ether, nethyl ethy
cotone: ‘GREtny N NGBB 0T Y GG, acet one.
N, N-di et hyl f or mam de, N, N-di net hyl acet am de,
RHR@W%P%?F%§%?%H@@Whone, or di net hyl sul f oxi de. [00113]
.In _some enbodi nents, the first organic solvent is
0 isal) Ife8E Fopy LN *HBEEOYE 49 | e, tol uene, benzene, or
.xyl.enes. In some enbodi nents, the first organic
P isginteenr fiom § t9)5URHES VS 00114] I n ot her embodi nents, the

first organic solvent is a protic solvent. In, .
iib) cros§ coupling compound 2a and compound 3a in a biphasic mixture comprising

and
Wh%rgma

water, a first organic solvent, a first base, and a transition metal catalyst to produce compound

4a
(R1 (]
¢
| R,

)
4a

&

wherein, Ry, 0, and p are as defined for compounds 2a and 3a above;

iiib) oxidizing compound 4a to produce compound Sa,
(R4)
C
<
N
I
o

5a ;

(0]

x
| _—

Z (R1)p

wherein, Ry, 0, and p are as defined for compounds 2a and 3a above;

ivb) adding an amine group to the 6 position of the pyridyl moiety to produce compound
6a,
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some enbodi nents, the first organic solvent is
sel ected from net hanol, ethanol, or isopropanol

WO 0020142 n sone enbodi nents, the first base iBCHEIS2008/085458
i norgani c base. [00116] In sonme enbodi ments, the first
base is selected from potassi um carbonate, cesium
car bonat &,),pot assi um phosphat e, sodi um car bonat e,

sodi u osphate sodi um hydr oxi de, potassi um
hydr oxi dd|_or I|th| um hydr oxi de. [00117] In some ot her
e I ment first base is selected from potassium

car bonat e, ﬁ%carbonate or potassi um phosphate. In
yet ot her enbodlnents, the first base is potassium
car bonafae. [00118] In sone enbodi nents, the
transition-netal catalyst is a palladi um based

wh&ahal yst. [00119] In sone enbodi nents, the
pal | adi um based catal yst is selected from

R iPH] € adiligrdtic QrﬂlC b A& E hetB@a8RRYIIEA 1A, or heterocycloalkyl; and
tetrakls(trlp enyl phosphi ne) pal | adi um(0) or

Ry, lof (b 8N deYinbHRA EABRIAME)dinp3h higgb UN( 0) . I n yet ot her
enbodi nents, the palladi umbased catal yst is

Pd (ampf]) d ZIn[SQIQé- EBbodiMemONR: MERAEUNERENt it BCaFb@RSHlvent.
coupling reaction is run at between about 600C and

abget131000C. 1n[s0@d hbodiMel, IR fir R MR\ eht is §1BReLHORT 2-

~coupling reaction is _run at between about 700C and
dimeghesiyethgpodioxang, apetonigilpdpluenphbrarpisnidenes Heetlerl g9ytyl ether, methyl

ethyFPé’ﬂd;He' &&h&lel%h{y‘? Eetbrfe Eéé%n@tN @’Qﬂl’ﬁ@:th?l@(g‘lcﬂ‘am 090?1’ %Zalmle glacetamlde

enbodi ment's, the oxidation reaction IS carrie
1“H©@VmMSMn@Km@gEMmmﬂﬂhm$®@123] In sonme enbodi nents, the
oxi dation reaction is carried out using a peroxide
seld1Hd fr omsameamhydtimoge mhqi?aﬁtaxfg@@ sopentds edl¢cteddwing,

acet%m%llé/ toluene ybenge%%,oor} ?{Ef) er O)fn some eonodlm n s Iilo?ﬁsg 01;%anlc solvent is

en peroxi aSS|un1perox
tdu@ErOX|de bari um per oxi de,

[00114] In other embodiments, the first organic solvent is a protic solvent. In

some embodiments, the first organic solvent is selected from methanol, ethanol, or isopropanol.
[00115] In some embodiments, the first base is an inorganic base.

[00116] In some embodiments, the first base is selected from potassium carbonate,
cesium carbonate, potassium phosphate, sodium carbonate, sodium phosphate, sodium hydroxide,

potassium hydroxide or lithium hydroxide.

[00117] In some other embodiments, the first base is selected from potassium
carbonate, cesium carbonate or potassium phosphate. In yet other embodiments, the first base is

potassium carbonate.

[00118] In some embodiments, the transition-metal catalyst is a palladium-based

catalyst.

[00119] In some embodiments, the palladium-based catalyst is selected from
palladium(II)acetate, Pd(dppf)Cl,, tetrakis(triphenylphosphine)palladium(0) or
tris(dibenzylideneacetone)dipalladium(0). In yet other embodiments, the palladium-based

catalyst is Pd(dppf)Cl..
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cal ci um peroxi de, strontium peroxi de, magnesi um
per oxi de, zinc peroxide, cadm um peroxide, or nercury
weezoonide2z | n sone enbodi nents the oxidati on rBCEEUS2908/085458
is carried out using peracetic acid. [00124] In sone
enbodi nents, the oxidation reaction is carried out in
t hepope®senc eIn@Bm@ BB&tINEth, AR crbQQdwd g kddcBHTE run at between about
. odi ments, the oxidation reaction is carried out in
6O(¥ﬁ@abﬁé§896% of an anhydride sel ected from acetic
anh dri de, phthalic anhydride, or maleic anhydride. In
12Hbodi rerethisr empred ity e ors ceubing BciaR it Bnpat bejween about

70"(9%%(1 a'bGut@B% pl'hﬁ/%?(ﬁﬁ& eﬁfbocﬁl%ﬂ@l th@c@ﬁr&')gﬁl %%ac&&p&%ﬁl atlaBout 80°C.

sone enbodi ne the oxidation reaction I's run

be abouf, eACANGARAY th ERGdaribORLEToh il Lar$f Bt

enggggﬂents ﬁg’gxpghtggn reaction s run at t&%% :
peroghlout 35C and about 55C. In yet other enbodi nents, the

oxi dation reaction is run at about 45C [00128] In

soff¥12Hbodi nenbws cmheliapits alnd ondatieackétom issaciad piteding a
perox%e selec n%cp tgmg {ll'eefsl %n&mﬁé)nf pe?ox? fe%l] eltlc aci melflh (?eth&loke%'one}g)eromde

S amnation reac ion

SOdl@Ilﬂth]fOﬂldEhﬁ/dﬂfg@lSﬁeﬁﬁﬂd@fpotﬁss&lﬂl paoyille, tictipo padxige|badt@geroxide,

fro ;%J&enesulfon. chl or.i de, hanesulf ni ¢

CaIC]éIH}RF r‘}‘?ﬂt‘%’ﬁ%?/dfio‘ﬁ%ne%ﬂfl 8?1]06 e Zine per0x1 e, cadmium peroxide, or

mer@PpdrOtite Nasbhé embsdiRaiyae bsdlaandnr}ea&qaielsw@i@d bBRIS peracetic
the am nation reaction is carried out in the presence
acidof net hanesul foni ¢ anhydri de. [00130] In sone
enbodi nents, the amnation reaction is carried out at
a0l t enpleramg Fe8odipgs, 319 oxidstish FRactionplS GRREH LW, In the
Iﬂﬁg&kgg&igmk&gﬁgent used in the amnation reaction is an
al cohol am ne.[00132] In sone enbodi nents, the

am[(f(‘ﬂ%]on r eaQenkt eﬁiﬁ@cﬁmbﬂ}s,ttﬁbeox?dytlaﬁféa&{bn is carried out in the presence

of an anhydride selected from acetic anhydride, phthalic anhydride, or maleic anhydride. In

some embodiments, the oxidation reaction is carried out in the presence of phthalic anhydride.

[00126] In some embodiments, the oxidation reaction is run at between about 25°C
and about 65°C.
[00127] In some embodiments, the oxidation reaction is run at between about 35°C

and about 55°C. In yet other embodiments, the oxidation reaction is run at about 45°C.

[00128] In some embodiments, the amination reaction is carried out in the presence

of a sulfonyl compound.

[00129] In some embodiments, the amination reaction is carried out in the presence
of a sulfonyl compound selected from p-toluenesulfonyl chloride, methanesulfonic anhydride,
methansulfonyl chloride, or p-toluenesulfonic anhydride. In some embodiments, the amination

reaction is carried out in the presence of methanesulfonic anhydride.

[00130] In some embodiments, the amination reaction is carried out at ambient
temperatures.
[00131] In some embodiments, the amination reagent used in the amination

reaction is an alcohol amine.

29



reaction is an al cohol am ne selected from
nmet hanol am ne, et hanol am ne, propanol am ne,
wheioaanildan ne, pent anol am ne, or hexanol am ne. PCHUSHNK085458
enbodi nents, the am nation reagent used in the
am nation reaction is ethanolam ne. [00133] The
pr qesd] | NVentsbAB cAbSHMPE \hI@Finai ok EEF Jséddh the amination
yreparing a conpound of forula 7a: 7a wherein, Ais a
reacg%lé gn éyghocl) aqnwpc;lecﬁg{ oy @}p@}ag(élplpgy]p,’ etl&nﬂamn@r propanolamine,
butaﬁ@l%ﬁfn@%ﬁ{an&hlﬂglé @hekﬁolaﬁﬁﬁp Qfﬂg&ﬂg érﬂboﬁﬁﬁ&@s‘i ﬁlg afnﬁrﬁﬂbn reagent
-RJ, - ., -N(RJ)2, -NO2, hal ogen, -CN,
used-iCtheahasiah kepction iCethatpddnoad. koxy, - C( O N(RJ) 2,
-NRIC(O RJ, -SORJ, -SQ2RJ, -SO2N(RJ)2, -NRISO2RJ, -
COmY133] Ghe R:sent NRISOERN{SRPy@ides EOCCRS for (RIparisg hyenpsyash of
fom&57C1 aliphatic; mis an integer fromO to 3
Inclusive; nis an integer from1 to 4 inclusive; and
X is a halide or OH conpris(' Dg the steps of ic)
reduci ng Conpound 10a in_a UFth organic solvent: 10a
whererin, Ais a fused ]

i , heterocycl oal kyl,
aryl, or heteroaryl ring: rngependent |y sel ected
from-RJ, -ORJ, -N(RJ)2, -N@Z\ hal ogen, -CN,

- C1- 4hal oal kyl , -Ci _4hal oal koxy, -C(O N(R J) 2,
-NRIC(O RJ, -SORJ, -SQ2RJ, -S2N(RJ)2, -NRISO2RJ, -
CORJ, -CO2RJ, -NRISO2N(RJ)2,7,- COCORJ ;

wherein,
A is a fused cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring;

R is independently selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
_C1shaloalkoxy, -C(O)N(R’),, -NR’C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR'’SO,R’, -
COR’, -COR’, -NR’SO,N(R”),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;
m is an integer from O to 3 inclusive;
n is an integer from 1 to 4 inclusive; and
X is a halide or OH;
comprising the steps of
ic) reducing Compound 10a in a fourth organic solvent:

(R1)m

whererin,

A is a fused cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring;
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RJ is hydrogen or Cl aliphatic; and mis an integer
fromQo 3 inclusive, with a reduci ng agent to produce
w@Eepouid2 11a: 1la wherein, ring A Rl, and m BCEUS08/085458
defined in Conpound 10a above; iic) reacting Conpound
lla with a first halogenating agent in a fifth organic

R, ﬁs@lﬁdéﬁé}fdeﬁt[%/ d@fe@t@&lﬁ@mORﬁpQthN(l?Zﬁ Nl)’éahaMg@ﬁ egm @)l magoa@kyl
m ar e apov

R1,
- Crankan, da O by NRGRD R GRS SOt ANB'SOR’ -
cyqﬂmge(kngrgﬁqﬁgNﬁg mPuRebdBa : 13a wherein, ring A

R1, and mare as ned i n Conpound 10a above ivc)

R'it GakbidASr EOMnRuaeE: 3p Wi th a conpound of fornmula 13aa
llnﬁﬁ % pggzgngé of a third base: 13aa wherein, Hal is a

m D& ihger B0 % 3 cRGivENt eger from Qo 3 |nclu3|ve to
produce a conpound of fornula 14a: 14a wherein, r is

liysi ve; and rlng A, Rl, and
o R T R

sequentially reacting Cbnpounq 14a mnth a hydroxi de

base and second acid to 3,
AL o

lla
wherein, ring A, Ry, and m are as defined in Compound 10a above;

iic) reacting Compound 11a with a first halogenating agent in a fifth organic solvent to

produce Compound 12a:

(R1)m

l Z Hal
12a
wherein, ring A, R;, and m are as defined in Compound 10a above, and Hal is a halide;

iiic) reacting Compound 12a with a cyanide to produce Compound 13a:

(R1)m

l P CN
13a

wherein, ring A, Ry, and m are as defined in Compound 10a above;

ive) reacting Compound 13a with a compound of formula 13aa in the presence of a third

FMh\(A)/Ha

q

base:

13aa

wherein,
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Compound 15a, which is conpound 7a when X = OH. 15a
wherein, r, ring A, RL, and mare as defined in
w@opouid2 14a above; and vie) reacting ConpouneCT/Bs2008/085458
with a second hal ogenating agent in a sixth organic
solvent to form Conpound 16a, which is conpound 7a
HaMBgRale=ardal i de: wherein, Hal is halide; and r, ring
A, Rl, and mare as defined in Conpound 14a above.
q isl QB3¢ floth BRFENGHIIRL (I ®Blke athBpddULE for@tgani:c
solvent is an aprotic solvent.[00135] In sone
enbodi nents, the fourth orgam,g solvent is an aprotic
sol vent sel ected from 1, 2<difret hoxyet hane, di oxane,
acetonitrile, toluene, kgpe, | enes, nethyl
?-butyl ether, nethyl ethy exone, nethyl isobutyl
ket one, acetone, N, N-di net hyl{fr mam de, N
Ndi et hyl acet am de, N-nethyl pyrrolidi none, or
di met hyl sul f oxi de. [00136] In sone enbodi nents, the
fourth organic solvent is séfected fromacetonitrile,
t ol uene, benzene, or xylenes. In sonme enbodi nents, the
whergitlr t h organi ¢ solvent is toluene. [00137] In sone
_enbodi nents, the reducing agent is a hydride. [00138]
ris jap ingegepfram del it achiss'e: ae r educi ng agent is sodi um
_hydride, lithium alum num hydride, sodi um borohydri de,
ringyp, Bp@ndima a5(defingstin 6RO aPAYRi num hydride. In
some enbodi ments, the reducing agent i s sodium

bi SR sermeirky eaapidng/Sannamd Ldn Wit akoxidpseald spepnd gerd to form
[ . ' action i s run at between
Coaggﬁtlg%ﬂgﬁﬁnéggﬂ%ﬁggg%gg?ggot %T enbodi nents, the

reducing reaction is run at etween about 15C and

about 400C. [00140] In B/ erbodi ments, the fifth
organi ¢ solvent is an 4 ' ]

15a

wherein, 1, ring A, Ry, and m are as defined in Compound 14a above; and

vic) reacting Compound 15a with a second halogenating agent in a sixth organic solvent

to form Compound 16a, which is compound 7a when X = halide:

(R1 )m

wherein,
Hal is halide; and
r, ring A, Ry, and m are as defined in Compound 14a above.

[00134] In some embodiments, the fourth organic solvent is an aprotic solvent.
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[00141] In some enbodi nents, the fifth organic sol vent
is an aprotic solvent selected from
wamodrarer hoxyet hane, di oxane, acetonitrile, tRCUESW)IS/085458
benzene, xylenes, nethyl ?-butyl ether, nethyl ethyl
ket one, nethyl isobutyl ketone, acetone,

N, Modssyeh borhd @hsramhaie, thdl fHhREdMN BERAEN b Hrotic solvent selected
N- net hyl pyrrol i di none, or dlnethylsquOX|de [ 001

from |2 disprshaxpesbeiicndinxase. acefenifle tpueneghirencsilsnenmatiyl ]butyl ether,
meﬂ%@ Et‘ﬁ?ltk%%ng rrﬁ&hﬁ?ﬁ%ﬁ’@ Ee&éﬂe acetto% WA %1m§§}1fb¥1]namld9%xfl

benzene, or xylenes. In some enbodi ments, 'the
dlm¢th>f1mtaun@tahfrrnethsdpﬂmhdmoge we timethyulforige. et her. [00143]
In some enbodi nents, the first hal ogenating agent is a
t hiQ9Je] Iin sdraenbodmantshtie fethodgameriotyentiihecldciaddtom acetonitrile,

tolué}l%l Qe%%%%tédr% le ?serittl 41 ¢ émmo(a{}}( nts l %urﬁil %190 s%fl@dt ié{%luene.

e reac et wee n
E“"??’iéf b T S “Qggta%e%“eaf%%ﬁ%?etneﬁ? S the
" RS AL, b 0 DSBS, A0
hydm‘m, addkmt boromtdaikle, y asliwhe bis{2ameth brgicthe rpald mirent Isydritié eln some
ermbEHiBBi ﬁg%%gﬁc?&q%”gﬁﬁ e b %é@%s@axsﬁﬁu%m&laéﬁﬂ%

SO and ad to a slurry of an alkalj nmeta
LW?% In pomeyg “%‘?’i‘b*oﬁ%e ﬁ%‘gff%‘g rqapiLong Garit bet%?‘\/aé’ﬁ‘c‘t 3°§ and
abom [1AQARY tmbdUiHEHIE RITBRRINIBEIcEon & @Citibefk et afedfmPEnREd about
12a with a cyanide is run at between about 100C and

40°G@bout 600C. 1 n other enbodinments, the reaction is run
at between about 200C and about‘SOOC.,In ot her
enff¥d#thdmane erpRodinesags the Aifthoreapis sabveat wewwretialselyentsooC
and about 400C. [00148] In sone enbodi nments, the third
baW14H Iapape erykoplimantsathe ifiibrogeamiceobyarids ar goatiggplvesi selected

fromspﬁlrﬁém étHE‘Et &"10)(2&1@ eacEtBhl'Erﬁe qgiﬁ@ne' l§en§§lee>811§1@s frﬁe‘?ﬁ?l t-butyl ether,

pOt assi um car bonat
methyl ethyl ketone, methyl 1sobutyl ketone, acetone, N, N-dimethylformamide, N, N-

dimethylacetamide, N-methylpyrrolidinone, or dimethylsulfoxide.

[00142] In some embodiments, the fifth organic solvent is selected from acetonitrile,
toluene, methyl #-butyl ether, benzene, or xylenes. In some embodiments, the fifth organic

solvent is methyl 7-butyl ether.

[00143] In some embodiments, the first halogenating agent is a thionyl halide. In other

embodiments, the first halogenating agent is thionyl chloride.

[00144] In some embodiments, the reaction between Compound 11a and the first
halogenating agent is run at between about 10°C and about 35°C. In other embodiments, the

halogenating reaction is run at between about 15°C and about 30°C.

[00145] In some embodiments the cyanide is an alkali metal cyanide. In other

embodiments, the cyanide is sodium cyanide.

[00146] In some embodiments, Compound 19 is dissolved in an organic solvent and
added to a slurry of an alkali metal cyanide. In other embodiments, the organic solvent is

DMSO.
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cesi um car bonat e, potassi um phosphate, sodi um

carbonat e, sodi um phosphate, sodi um hydroxi de,
WPi0ae%ilgam hydr oxi de or |ithium hydroxi de. [ O00RGODUSI008/085458

sonme enbodi nents, the third base is sodi um hydroxi de

or pot assi um hydroxi de. In some enmbodinents, the third

147% 1R MrASEhBHNMHE, %R of 8 F)&Md bR wS@ARyanide is run at
odi nents, Conpound 13aa is selected from

bet“@% H:rO@P HEEras éboua Pk I efhepRlindimadtse Aie Grastien ia e at between about
20°@5H‘a{bgﬁt%e@t ﬁlr@herghlg&ﬁfﬂgl% hﬁ@l%actgh k?srl‘am&me@\?@éﬂ%bout 30°C and

di br onobut ane, di br onopent’ane, | -brono-2-chl oroet hane,
aboyt 4¥Gno- 3- chl or opr opane, 1-brono- 4-chl orobut ane, or
| - br ono- 5-chl oropent ane. [00152] In sone enbodi nents,
Co 9481 dn 1@ecenlzpdimdntsothe tHrddthbomotsp hem és. an[i0@ 8] base
sone enbodi nents the reaction of Conpound 13a with a
coffi9d4Hdn edmd ambmdineent3tia thisl basmis atlediat fvge potapyoun cog@ate,

cesu%n garg?nabe Pc?tgs%lum a%ho u@i%%g % garg%gt S Oté‘&g‘};?h ?}%ﬁa’te hdidin hydroxide,

pomﬁmhmﬁymﬁnﬂsmﬂhmum&adﬁkmh.|s run at about 700C. [00154]
In some enbodi nents, the hydroxi de base is sodi um
hy goax0]de sorhd éﬂiﬁddh‘ndmysdt‘lﬁxliidlebas@'fs spditia hgdraridb yoscaskide.

I n, other e ment s he hydroxi de sodi um
PongiF i e[ﬂga%@ﬂﬁsﬂuthe e RS SRR s econd hci d
n ni In s nbodlnent he se ond
i@lﬁéqgé&& f“i‘%‘ﬁ% ﬁ%?%}gﬁﬂg?% ig Sel%“ﬁqdf ichlgrae
dlchwﬂ@ﬁéﬂhﬁé | dGch] REbURMAE | dictAGrbsbntand, cﬁ&ﬂﬁo&ﬁiﬂéddlﬁi%ﬁfoﬁnopiﬂée
second acid is hydrochlorlc acid. [00156] In sone

dibrerppfydngetibremopeEing elgbramei athleragtbancolbomoch AipegpiaPangg ! -bromo-

4ch“r&ﬁhtﬂ%d(frqxﬂrgﬁo@%for@ﬂ%gtaﬁ@cond acid is run at between
about 700C and about 900C. In some enbodi nents, the

r eﬂﬁ)tlSﬂ Mn Eo?nJ éfﬁboﬂ‘m&%?é%mﬁ%@ 13aa is 1-bromo-2-chloroethane.

[00153] In some embodiments the reaction of Compound 13a with a compound of
formula 13aa is run at between about 0°C and about 90°C. In some embodiments the reaction is
run at between about 60°C and about 80°C. In some embodiments the reaction is run at about

70°C.

[00154] In some embodiments, the hydroxide base is sodium hydroxide, lithium
hydroxide, or potassium hydroxide. In other embodiments, the hydroxide base is sodium

hydroxide.

[00155] In some embodiments the second acid is an inorganic acid. In some
embodiments, the second acid is selected from hydrochloric, sulfuric, nitric, phosphoric, or boric

acid. In some embodiments, the second acid is hydrochloric acid.

[00156] In some embodiments, the sequential reaction of Compound 14a with hydroxide
base and second acid is run at between about 70°C and about 90°C. In some embodiments, the

reaction is run at about 80°C.

[00157] In some embodiments, treating Compound 14a with a hydroxid base is done in
the presence of a cosolvent. In other embodiments, the cosolvent is an alcohol. In other

embodiments, the alcohol is ethanol.

-34-



[00157] In sonme enbodi nents, treating Conpound 1l4a
Wi th a hydroxid base is done in the presence of a
weomobhuwamt . | n ot her enmbodi nents, the cosol veneCT/BES208/085458

al cohol. In other enbodi nents, the al cohol is

et hanol . [00158] In sone enbodi nents, after treating

Co Pmss] dn ddhRe MhBoRirfenfly Bt XieSteholi@ound 14aSyithSOly@kRee base, it is
~ before treatnent with a secon§ acid. In other )
isolageséirariprtgentivith agsepaggagidle dn etberempiodimentsnif istispdaed gy gplifferent
basevmﬁltwﬂ@%aéjﬁg td lgldlﬂé{ e@o\’lzp%u@mp lﬁpgthé-r_de‘ﬂlbohﬂleﬁ{s%é different base

enbodi nents, the ditferent base used is
usedgy eyadhexylbmme treforro thegyplohdxalagyednsteseitt ammoni um sal t .

[00159] In sonme enbodi nents, the sixth organic sol vent

i s [MASHPn eanacenshsidineants, the @B IGOEanigsodwenels erbrdiigrstitest.

the sixth organic solvent is an aprotic sol vent

selWd 6@ dn fenunendhodingkintse thh exghedrbamesohdinbix ameprotic solvent selected
frongf_:,g—fﬁl?nge%tﬁogl lﬁtgértr{ef %1% ua%;é,le a’ceét?ﬁlgrleg,ﬁgl %n)r%tl’)e%?reg Séh)wqe?nitegol el‘jl%y)ll f‘—butyl ether,
methye tthnleketome ahahgd isobl i lchtone drylohg Nmdid@hylformamide, N,N-

) i met. cef am de,,. N-nmet hyl roli.di none, or

dim QT e B o et etiod: ment o ¢ he
sixth arganic solvent i s selected fromacetonitrile, . .
¢ ol tods8 T Bn wltatniihts, e sRELSTETE wieB b A b acctinpgte

toluleXBzahe Iy en&O I Sdthe drSbddRhdh@N e six@0dBalic dolveitRBIuene.
enbodi nents, the second hal ogenating agent is a

t himyi] IR Qdﬂlﬁd@ﬂbohﬁnei%e@%ﬁ@hﬂ@%&&jﬂg@eﬁ%}@fhﬁnﬂ halide. In some
hal ogenati ng agent is thionyl chloride. [00163] In

embgdjmsnts thssasare helegenetieg sesaids fhémybshleilépound 15a with a
second hal ogenati ng agent is run at between about 400C
an{P036H Je s@rrormbadinepgnhe &orsdRl oférpourd BSarvaica seegndihglogenating

ager{é I:H’rkbr}uf'ilﬁt ‘tl%ﬁ;léé’ﬁ & u"flg@i@ anﬁgg&t%mb aﬁl%%e g@gﬁimérgsd%&r@action is run at

odiments, the reaction is run at 701
betweoDdlgy] S0rheng plewie M°CG. Ay eemnd onbainatypthoviadten ia rpr dekwy 70°C.
for preparing Conmpound 1 from conpound 9 bel ow. 1HC
sal@1t1dde peso mpritginrdpotpheyidss @ pravtssgbnpreparing Cooppmd drom
Comgmkﬂgﬁgk%ppropriate solvent and stirring

H
0 N N\ OH
F O
1
O 0 =z
FX \l CO,H
F O N N 2
H

* HCI
9 ;

said process comprising the step of slurrying compound 9 in an appropriate solvent and stirring

for an effective amount of time to produce Compound 1.

[00165] The present invention also provides a process for preparing Compound 1

from compound 9 below:
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for an effective amount of tinme to produce Conpound 1.
[00165] The present invention also provides a process
w0 2009p7@pAar i ng Conpound 1 from conmpound 9 bel ocRCHHB2H08/085458
process conprising the steps of slurrying conpound 9,
addi ng aqueous NaCOH, and effecting recrystallization
to produce Cbnpound 1. 166] I n sone enbodi nents,
recrystalll [ [ rveg”py addi ng concent r at ed
Ents, the appropriate
sol wauer S aboud 50% met hanol / wat er
n1xture I n sonme enbodi nents, the appropriate sol vent
is water. [00168] {In some enbodinents the effective
amount of time is betmeen about 2 hours and about 24
hour s .o S the effective anount of
tin%){ ‘ 2 hours and about 18 hours. In
Sone efbodl M ect?2fle anount of time is
bet ween abo L about 12 hours. In sone
enbodi ments, theg gffective anpbunt of tine is between
about 2 hours and about 6 hours. [00169] In sone
enbodi ments, thegprocess further.conprises the step of
filtering t he slurry of Compound’ 1. [00170] In ot her
sal(f-‘ﬁ%é@é Mr%mgqm% Res1rlifig PERTHEEY, Jdﬁﬁ&@a&&é%ﬁ@}z! 26 8ind
bel ow:  said process conprising the step of
dﬁ@@nggﬁé@mﬂymﬁgw@nwﬁwwﬁ&mamumih bi phasi ¢ nixture
conprising water, a third organic solvent, and a first
aciwiéeq I@s@@ﬁm@w@m@rggrygt_all'{z@@mﬁg_ﬂwhiewecg@n@ding concentrated HCI.
enbodi nents, the third organic solvent is an aprotic
sol09ai] [n pemesarhedandatsd thaeprprepriathsolveht is avater gagn about 50%

meﬂ’%gél\/\gﬁ ntn%tu?ep Iﬁﬁ&gé érﬁ%pd%ae\,/n?ﬁ 1'the ) ér%gltlaq? solYe%ms water.

oxye ane oxane, uene,
ch pﬁ) F?g n s Soglrm&%tts ¢ e?fi:glv% %]QnPur& %fgrﬁg %ED p\%ﬁg Dfout 2 hours and

about 2éhuiry.l Inleetne nmboﬁmentanhaa effdpukahmmlhhgﬂtfnmmramwdm abblut 2 hours

and B P et R SRR Emoq B BHE i O g X between about 2
hours and about 12 hours. In some embodiments, the effective amount of time is between about

2 hours and about 6 hours.

[00169] In some embodiments, the process further comprises the step of filtering the

slurry of Compound 1.

[00170] In other embodiments, compound 9 is produced from compound 8 below:

"X ]
H

8 ;

said process comprising the step of de-esterifying compound 8 in a biphasic mixture comprising

water, a third organic solvent, and a first acid to produce compound 9.

[00171] In some embodiments, the third organic solvent is an aprotic solvent. In some
embodiments, the third organic solvent is an aprotic solvent selected from 1,2-dimethoxyethane,

dioxane, acetonitrile, toluene, benzene, xylenes, methyl #-butyl ether, methylene chloride,
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third organic solvent is acetonitrile. [00172] In sone
enbodi nents, the first acid is an inorganic acid. In
waeuvostndi nents, the first acid is sel ect ed PECDIS2008/085458
hydrochloric, sulfuric, nitric, phosphoric, or boric
acid. In sone enbodi nents, the first acid is
chloRyf6hinD Gl éthyla@iotle, B T3butl MkesRER TR Ai MBI EhylfoRBamide, N,N-
_ de-esterification reaction Is run at between about
dlmg@d@emdeayormthﬁmhqunes @ﬁéln%&&lf%ﬁq, SIp SPIHG embodiments, the
thirdGe8¢ Sivehi € aldMurileacti on reaction is run at between
about 300C and about 500C. In sone enbodi nents, the
degﬁﬁ?ﬂ Th Edrﬁ@éﬁtﬁﬁirﬁ&@;ﬁh‘e Pt laSid iR iRr ﬁp@égid. 40Q6me embodiments,
00174] In sone enbodlnpnts,'conpoung 8 I's prepared
the tgrstomdcl@ pdestaddTadn hysdoakbome otwHuri nsee, ehospliorics ai bbrisragisle dg some

enmg&HBﬁ&ﬁhgﬁmI %1§%g&o&ﬁa%%kﬂ9 conmpound 6 wi th conpound
I'n & second organi ¢ solvent in the presence of a
se e 1o .produce n 175] In nme o
R e OGRS AE SOty LRl R o 20°C
and staluy€TC. Th sonscommebodmnndi tie dt-sstedifivatisaecanithn asagae i run at between

o LS b sFB e S RS RSy s s

40°henzene, xylenes, nethyl ?-butyl ether, nethylene
chloride, chloroform nethyl ethyl ketone, nethyl
| s pipuy A |in kehodtbodas@tsOfnp i dNg isréfayddifni@smgd@nd 6 and compound
N, N- di net hyl acet am de, N-net hyl pyrrolidi none, or
7 belgMiet hyl sul foxi de. In sone enbodi nents, the second
organi c _solvent is toluene. [00176] In sone
enbodi [FENYS, the second base is an organic base. In

soqgﬁew Qts, the second base is selected from
triethylam tri met hyl am ne, 9 e, 0
di et hyl am nestri propyl am ne, et angge,
di et hyl net hylcgipe, or pyridine. In“some c
6 7,

said process comprising the step reacting compound 6 with compound 7 in a second organic

solvent in the presence of a second base to produce compound §,

FXO 0o Z |
F O N \N COztBU
H

[00175] In some embodiments, the second organic solvent is an aprotic solvent. In some
embodiments, the second organic solvent is an aprotic solvent selected from 1,2-
dimethoxyethane, dioxane, acetonitrile, toluene, benzene, xylenes, methyl 7-butyl ether,
methylene chloride, chloroform, methyl ethyl ketone, methyl isobutyl ketone, acetone, N, N-
dimethylformamide, N, N-dimethylacetamide, N-methylpyrrolidinone, or dimethylsulfoxide. In

some embodiments, the second organic solvent is toluene.

[00176] In some embodiments, the second base is an organic base. In some
embodiments, the second base is selected from triethylamine, trimethylamine, methylamine,
diethylamine, tripropylamine, ethylmethylamine, diethylmethylamine, or pyridine. In some

embodiments, the second base is triethylamine.
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enbodi nents, the second base is triethylam ne.[00177]
In sonme enbodi nents, the process is carried out in the
wpem@senadd2 of a catalytic am ne. In sone enbodi PENUS2008/085458
the catalytic ami ne is dinmethylam nopyridine. [00178]
In sone enbodi nents, conpound 6 is prepared from
CopRITdn dorRedriMdirfents, BRIpEbcBIsOE ESi8e ACRINTY thS pR&nbd6F a catalytic
_steps of: oxidizing conpound 4 to produce conpound 5
amingeilh semeRMRod RSN the Satplytie aming i %Wﬁtﬁéla@lﬂ@abﬂc{l@ﬁ-t he
6-position of the pyridyl noiety on conpound 5 to
pr YL EH L snmprotirkedancntsoeormoung f isgyeRsrednsuearinouad 4 belew:
oxidatign reaction is carried out using a peroxide. In
son€ gffbodi nents, the peroxide is selected from
ur eg- 4 Qgen peroxi de, peracetic acid, nmethyl ethyl
xi de, sodi um peroxi de, hydrogen peroxi de,
eroxi de, lithium peroxide, barium peroxide,
cal ci um pgr@xi de, strontium peroxide, magnesi um
per oxi de, Zzinc peroxide, cadm um peroxide, or nercury
peroxi dey In sone enbodi nents, the peroxide is
peracetic acid. [00180] In sone enbodi nents, the

sai®PHo8RE EQRhsRRGhd slop carried out in the presence of
an anhydride.” I n some enbodi ments, the anhydride is

sel etz Q0MAGHUIGo UMY dofiou iy hal i ¢ anhydri e, or
mal ei ¢ anhydride. In Some enbodl nents, the anhydride
is phtbaljc anhydride.[00181] In sone enbodi nents, the
oxi datioff reaction is run at between about 25C and
6o, ¥ sone enbodi nents, the oxidation reaction
is run lat een about 35C and about 55C. In sone
enbodi ent s,Y t he oxi dation reaction is run at about
45C. [00182]°%®Busone enbodi nents, the ani nation
reaction is carried out in the presence of a sulfonyl
conpound. I nd3sone enbodi nents, the sul fonyl conmpound
is selected tionptoluenesul fonyl chloride,
met hameBatifegemporrthy@radd en amvar isenup o the Aynositpi of thelpyridyl moicty

or pt 0&&'9&1‘?&%5 oQy $roduce compound 6,

CO2tBU
6

[00179] In some embodiments, the oxidation reaction is carried out using a peroxide. In
some embodiments, the peroxide is selected from urea-hydrogen peroxide, peracetic acid, methyl
ethyl ketone peroxide, sodium peroxide, hydrogen peroxide, potassium peroxide, lithium
peroxide, barium peroxide, calcium peroxide, strontium peroxide, magnesium peroxide, zinc
peroxide, cadmium peroxide, or mercury peroxide. In some embodiments, the peroxide is

peracetic acid.

[00180] In some embodiments, the oxidation reaction is carried out in the presence of an
anhydride. In some embodiments, the anhydride is selected from acetic anhydride, phthalic

anhydride, or maleic anhydride. In some embodiments, the anhydride is phthalic anhydride.
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anhydride. In sone enbodi nents, the sulfonyl conpound
i s met hanesul foni ¢ anhydride. [00183] In sone
weaiddiarent s, the ami nation reaction is carri eRCDUS2088/085458
anbi ent tenperature. [00184] In sone enbodinents, the
am nating reagent used in the amnation reaction is an

al ool | 12 rMEemddainSHRee the Rk dHEredcSion tshien &l veB@h aBdtik DS C and
is sel ected from met hanol ani ne, et hanol an ne,

aboys P& K antdIseae pRbodnenn SlcaH daEon fsadtoanoluam héveegbout 35°C and
abo1 8%&N %%G&Q %nbdd‘méﬁﬂ%eedm%rﬂ}%%tn%n il RR 2RAophRcam ne

I's ethanol am ne. [00185] The present invention al so
pr ﬂ)()'l‘é’ﬂ%n Eorﬁ@éﬁ’&ﬂ n%f thfegﬁlméltlén @Qctloﬁk?s Mﬁé'dedu@m tﬁ% 4)1%56'1_1'06 ofa
6 al'iphatic, aryl, aralkyl, heteroaryl, cycloa
sulfcwl Mmmmd: ylelsglae Rlybodlrmntamltb sRiforzl eompieg eridispied ‘;rom p-

tolue?n%gu?%hgll oa @me@a&esuﬂ oal{\l Eg]{%,%leﬂe'g%@ )E?r}%gﬁg, or p- N,

tolueﬂkﬁ]ﬁ(l@)aﬁﬂydndsaﬁbpme SOBRIMentSERNURINA comPiRhB@rthanesulfonic
h - CO2RJ, -NRIJISG2N(RJ)2, -COCORJ ; RJ is hydrogen
anhyglfidgy, allphatlc ois anlntegerfromOtOS

is an inte mQ to.5 inclusive.

L ORI R bRl e et g Pad i S L BT

tempegdt@bes to a conpound of formula 6b and the attendant
definitions wherein Ris H[00187] In sone

enmd84]ﬂﬂ§c§ne SR IRRASE afnﬁﬁéﬁﬂg fe@gbnlf @leatithe bRimdtion reaction is an
onpound of fornmula 6b and the attendant definiti ons

aICOM@fI@}% Isomeserngbpdgngngsy the jaleobg] @mine; i sefectqddprpmpthptelasgne

cthafSTRARE r{ﬁf@ﬂaﬁolaﬁlhﬁ ‘tﬂftﬁl%ﬁtﬂ{mé Bé’rﬁﬂfola@rﬁné 8 8D IPIn@ In some
compound formul a
embodiments, the alcohol amine is ethanolamme

[00185] The present invention also provides a compound of formula 6b:

(R1 )o

)
HN” N Y
i) | R,

6b
wherein,
R is H, C aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalky],;

R; and R, are independently selected from R’ -OR’, —N(RJ)z, -NO,, halogen, -CN,
-Cy4haloalkyl, -Cishaloalkoxy, -C(O)N(R'),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),,
-NR'SO,R’, -COR’, -CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_saliphatic;
o is an integer from 0 to 3 inclusive; and
p is an integer from O to 5 inclusive.

[00186] In some embodiments, the present invention relates to a compound of formula 6b

and the attendant definitions wherein R is H.
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and the attendant definitions wherein R is nethyl and
ois 1. [00189] In sone enbodi nents, the present

WO popeiatdlen rel ates to a conmpound of fornul a 6bPENTUSI0NE085458
attendant definitions wherein R2 is -COR and p is 1.
[00190] In sonme enbodi nents, the present invention
r epmtmq Th Sone &ﬂdﬂaﬁh’dﬁ@g ok pfe@éﬂﬁﬂv@ntﬁtﬁ r@lﬁie@flﬁ?d’&npound of formula 6b

initions wherein is -CO 2RJ, is G _6

and ﬁneuaﬁﬁélﬁlt&e HaeﬂanSpNheéelqu eosgtphatip alsdo% lembodi ment s,
the present invention relates to the conpound [00192
| n[Wd3Y e pypirphodtracntschigpenserd invenigp relates anc‘foaiﬂpouncl of formula 6b

and TRALORGA d%ﬁm'tlgl%t%?em kl 1s§19erﬁ?yl enpodijnent s, Conpound 1

may contain a 14C I'n some enbodi nents, the ani de
ca I
(@Qg@sﬁ In? P%g%ggl%egﬁcn%%%%ré 1ﬂv§nt‘f’0n]r§1gﬁ‘2?{0%{.5@r%l{ gnlépggf]formula 6b

and ﬁlefdttgglalﬁtcﬁeﬁm@f)ns wherein R, is —CO,R’ aﬂd pis1
3-(6-(1-(2,2-difluorobenzo[d][]I, 3]d|oxol-5-yl)
cy 10901 dp amvecantiydioearisd dn)% pﬁﬁsmﬁl‘rvyhtpylrrbldtem toa cpln)pbemdz@‘ fermula 6b
and gle agen%arqt dehmtlorag wllee:rrrt%r? hlS gal,? Fs oCre I%]afqgh%tlﬁ 20 p'_id

I spersli 1 SSO

fluoro enzo
! é%irl S stsaiiag paﬁsgnq%ﬂﬁveil B! @?3%9@% c
acid in an appropriate sglvent for an effective anount
of time. In another entodi ﬁbrEL{ is formed
directly from NN
3-(6-(1-(2, 2- dlfluorébenzo[ 3]%ioxo|-5-y|)
cycl opr opanecar boxam do) -
3-nmeth Ipyrldln 2-yl)-t-butyl benzoate and an
ap (l0&HF1ila b emerinlpdinaanish Campgusd fi naayzaontgin 4 fgdigpgaive isotope. In some
14, 0
embgmggﬂs r@cﬂﬁfoufl(g?f O?Ig%lé tﬁz OC([)%?% fn o(rjr}e oe)r(nglodlén_egtls,)the amide carbonyl
Cmbowgf©@nm@mﬁémﬂrb6ﬂanldo) 3- nethylpyr|d|n 2-yl )benzoic
acid is the startlng p0|nt and i n one enbodi nent can
be 49 8} dfesibda g/ ey NG ati.d chloride noiety with
an ani ne nolety accordlng to Schenmes 1-3.[00195]
Sc H9ie4] Conpmichesiadree flortrhe 3a(6H (2 Ridgiiodeemmi & ly3]div¥oliByl)

cycI%I?ropanecarboxamido)—?a—methylpyridin—2—yl)benzoic acid and, in one embodiment, is

prepared from dispersing or dissolving a salt form, such as HCI, of 3-(6-(1-(2,2-
difluorobenzo[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid
in an appropriate solvent for an effective amount of time. In another embodiment, Form I is
formed directly from 3-(6-(1-(2,2-difluorobenzo[d][ 1,3 ]dioxol-5-yl) cyclopropanecarboxamido)-
3-methylpyridin-2-yl)-t-butylbenzoate and an appropriate acid, such as formic acid. In one
embodiment, the HCI salt form of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yI)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid is the starting point and in one
embodiment can be prepared by coupling an acid chloride moiety with an amine moiety

according to Schemes 1-3.
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22 21 20 [00196] In Scheme 1, carboxylic acid 17 is
reduced with a reducing agent in a suitable sol vent

W@ 2009/0761¢3 uene) to produce al cohol 18. Treat meP@T/U$2008/085458
Conpound 18 with a chlorinating agent in a suitable
sol vent (e.g. nethyl-?-butyl ether (MIBE)) produces

OO[UI&@Q'S]%cﬁeQne A %}M@d&b@l@t‘mé asP celbs® meies. the chloride to
yleld compound 20. Reaction of conpound 20 with a base

| kyl dihalide (e. Qr ono- 2- chl or oet hang
P X of he spiTocyel o % copppourd 2t >Hydp ¥l |I;§i| en
t he éyanlde group gives the carboxylic acl d®2
mhltm is chlorinated to yil d the acid halide 7. 19
[00197] In one enbodi nent, Conpound 17 is commerg¢ially
avai l able. I n one enbodi nent, the reducing agent |is
sodi um bi s(2- met hoxyet hoxy) al um num hydri de [ or

NaAl H2( OCH2CH2OCHs) 2], 65 wgt % sol ution in tquene

Faath i% sold under t e Vitride(r) by ALdp
et @ [00198] |nfd mefr e chiw gl | g

agent that converts Conpound=i8 to Conpound f99's
th|on% chloride. In anotgﬁr enbodi ment, the thiqpyl
chlpriZde is added to Conpblind 18 while maintai ni E t he
te erature of the reaction mxture at 15C to 25C and
thep stirring for an additional hour continues at
300C. [00199] In one enbodi nent, the cyanide group of
conpound 20 results fromreacting Conmpound 19 with
sodi um cyanide in a suitable solvent (e.g. DMSO . In
el gno her enbodi nent,the tenperature of the reaction
rg is mai nt ai ned at 300C to 400C while the sodium
F Byahige'Gl's bei ng added. [00200] In one enbodi nent,
compound 20 is reacted with potassi um hydroxi de and an
al kyl dihalide to yield the spirocyclic conmpound 2 1
in a suitable solvent (e.g. water). Al though, a

SP{(096%1Gh SéncRlAPERBo O Eill $7 gquu%&d%dltlﬁ D red6 R Breht intaliGitable
process Is easily adaptable to ot
solvent (e.g. toluene) to produce alcohol 18. Treatment of Compound 18 with a chlorinating

agent in a suitable solvent (e.g. methyl-z-butyl ether (MTBE)) produces Compound 19. A
cyanide group displaces the chloride to yield compound 20. Reaction of compound 20 with a
base and alkyl dihalide (e.g. 1-bromo-2-chloroethane) yields the spirocycloalkane compound 21.
Hydrolization of the cyanide group gives the carboxylic acid 22 which is chlorinated to yield the
acid halide 7.

[00197] In one embodiment, Compound 17 is commercially available. In one
embodiment, the reducing agent is sodium bis(2-methoxyethoxy)aluminum hydride [or
NaAlH,(OCH,CH,OCH3),], 65 wgt% solution in toluene, which is sold under the name Vitride®
by Aldrich Chemicals.

[00198] In one embodiment, the chlorinating agent that converts Compound 18 to
Compound 19 is thionyl chloride. In another embodiment, the thionyl chloride is added to
Compound 18 while maintaining the temperature of the reaction mixture at 15°C to 25°C and

then stirring for an additional hour continues at 30°C.

[00199] In one embodiment, the cyanide group of compound 20 results from reacting

Compound 19 with sodium cyanide in a suitable solvent (e.g. DMSO). In another embodiment,
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asllthlmnalmnnum
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diregh mt?ﬁ%medws %beéma&alﬁaowé 7264 SIBORER OB RepFRf qut n the
same reaction vessel.

[00203] There are several non-limiting advantages to forming compound 7 according to
Scheme 1 and the embodiments described above and elsewhere in the application. These
advantages are apparent even more so when manufacturing compound 7 on an economic scale
and include the following. Use of Vitride® over other reducing agents, such as lithium
aluminum hydride, to reduce Compound 17 to Compound 18 allows controlled (manageable
exothermic reaction and gas evolution) and safe addition of the reducing agent. Use of DMAP as
a catalyst in the halogenating reaction of Compound 18 to Compound 19 as opposed to certain
other bases such as DMF avoids formation of dimethylcarbamoyl chloride, a known carcinogen.
Adding a solution of Compound 19 in an organic solvent such as DMSO to a slurry of the
cyanide in an organic solvent such as DMSO controls the temperature of the exothermic reaction
and minimizes the handling of the cyanide. Using ethanol as the cosolvent in hydrolyzing

compound 21 to compound 22 results in a homogeneous reaction mixture making sampling and
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ot her bases such as DMF avoi ds formation of

di net hyl car banoyl chl oride, a known carci nogen. Addi ng
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0. 010 equivalents to conpound 2. In another

enbodi nment, the is u only at Q.
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anmg§np§rature i% t he reaction vessel bel ow
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[00206] In one embodiment, the palladium catalyst is Pd(dppf)Cl, which comprises a
bidentate ferrocene ligand. In another embodiment, the catalyst is used only at 0.025 to 0.005
equivalents to compound 2. In another embodiment, the catalyst is used only at 0.020 to 0.010
equivalents to compound 2. In another embodiment, the catalyst is used only at 0.015

equivalents to compound 2.

[00207] In one embodiment, oxidation of compound 4 is carried out with urea-hydrogen
peroxide or peracetic acid. Peracetic acid is preferred as it is more economically favorable to
obtain and easier to isolate and dispose afterwards. In one embodiment, an anhydride is added
portion-wise to the reaction mixture to maintain the temperature in the reaction vessel below
45°C. In one embodiment, the anhydride is phthalic anhydride and it is added in solid form.
After completion of the anhydride addition, the mixture is heated to 45°C and stirred for four

hours before isolating compound 5.
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crystallizes conmpound 6 directly fromthe reaction
m xture inproving yield and facilitating
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of 3-(6-(l1-(2,2-difluorobenzo[d][I, 3]dioxol- 5-yl)
cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl ) benzoi c
acioh214)¥QRkAd 3. Avretidhr dTaR Gcill 8ACH 11 30@-(DGL PRI, FSHIRAPNEL , ¥ dioxol-
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compound 8 with an acid (hydrochloric acid shown)

ds conpound § Yhich is the precurs op
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conmpound 6. In one enbodlnent alter a reaction tine
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conpound 9in an appropriate solvent for an effective

”EMQiZ]QFl ohd é'ﬁ?oodgléﬁ? theSRId chid?fdg'éoﬁf;ound 7 is repared from compound 22
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(S [
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res aci ds/ s f or nc
the P o oG Sin SLRG PR m BB UES e amoun
of DIVBARI002 catidtalbhte rdldthe to &aipoonthel 19 oWBymBodifent, 4fet a Baction time
of tvgoolllolilltrjsI Sva%re Ps aggedntg the mixture and stirred for an additional 30 minutes. The organic
phase is separated and compound 9 is isolated by adding a suitable solvent (e.g. acetonitrile) and

distilling off the reaction solvent (e.g. t). Compound 9 is collected by filtration.

[00213] Using compound 9, for example, as a starting point, Compound 1 can be formed
in high yields by dispersing or dissolving compound 9in an appropriate solvent for an effective
amount of time. Other salt forms of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid may be used such as, for example,
other mineral or organic acid forms. The other salt forms result from hydrolysis of the t-butyl
ester with the corresponding acid. Other acids/salt forms include nitric, sulfuric, phosphoric,
boric, acetic, benzoic, malonic, and the like. Compound 9 may or may not be soluble depending
upon the solvent used, but lack of solubility does not hinder formation of Compound 1. For

example, in one embodiment, the appropriate solvent may be water or an alcohol/water mixture
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pure@lz‘l%% tI) fHR Tﬂtm g@ﬂg&%gd Irtanottr %ﬁod@rﬁaﬁ ds'uﬂé‘?ﬁfﬂal ure refers to
su y pure ref ,7%

stantia ers to greater than 90 urit
gﬁmwmﬂanéﬂhemﬁenﬁmdmnhmenmeQEGMammMammyypmﬁeﬁbeﬁ@gsawmﬂmn9®%
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reat.er.. t han 9W it The tenperature s
somfag ah inery AT B A RGBT Eni BSOS RGPl rpenveen
roorh h:ﬂlp@ﬁﬂﬁ(bhﬂd' doi°es Iﬂﬁn&mﬁm@dlﬁa&moms kdAdeha K islbetwedn tdaﬁl
to determ ne. one. enbodi nent, the tenperature

temrreéatwe@%‘é(h G- oIér?’P?té?ﬁ?@Pb&fhEﬁeét disderperragere iy heturaiAsE and 60 °C. In

anotBERAMBLIRR e, tHe RS eRITRE Pl &n 6B O BhYBETC r oom
tenmperaturé and 40 OC. In another enbodiment, the

t ﬁg@@iﬂtlﬁlgcﬁne én%%‘rﬂ@%nCélgp%dqr}ﬁiay% 0her Bﬁl@éﬁ%ngg%stalhzatlon
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cumEﬂer, Ilrﬁ?orle, e%rultafnbl? %olg%p)';lgcce@(e‘? B@M aic%ﬁ%ei, fg&mtyl acetate, methyl t-butyl ether,
methyl isobutyl ketone, or 1-propanol/water (at various ratios). Temperature may be used as
described above. For example, in one embodiment, Compound 1 is dissolved in 1-butanol at 75
°C until it is completely dissolved. Cooling down the solution to 10 °C at a rate of 0.2 °C/min

yields crystals of Compound 1 which may be isolated by filtration.

[00216] There are several non-limiting advantages to forming compound 9 according to
Scheme 3 and the embodiments described above and elsewhere in the application. These
advantages are apparent even more so when manufacturing compound 9 on an economic scale
and include the following. Crystallizing compound 8 after reacting compound 7 with compound
6 eliminates chromatographic purification. Direct crystallization of compound 9 after treating

compound 8 with an acid versus deprotection with another acid, such as trifluoroacetic acid,
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[ 021 Ghgr undglhe r adi ol abel ed cyani de

groug of conpound 23 results fron1reactin% CDgPound 19
wi 19922 Gompard bexigodi thonubytaniads fiep famafi 3Gkl €40l vent
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Formyhjap gharacterized herein by X-ray powder diffraction, differential scanning calorimetry

(DSC), thermogravimetric analysis (TGA), and "HNMR spectroscopy.

[0011] In one embodiment, Compound 1 is characterized by one or more peaks at 15.2 to
15.6 degrees, 16.1 to 16.5 degrees, and 14.3 to 14.7 degrees in an X-ray powder diffraction
obtained using Cu K alpha radiation. In another embodiment, Compound 1 is characterized by
one or more peaks at 15.4, 16.3, and 14.5 degrees. In another embodiment, Compound 1 is
further characterized by a peak at 14.6 to 15.0 degrees. In another embodiment, Compound 1 is
further characterized by a peak at 14.8 degrees. In another embodiment, Compound 1 is further
characterized by a peak at 17.6 to 18.0 degrees. In another embodiment, Compound 1 is further
characterized by a peak at 17.8 degrees. In another embodiment, Compound 1 is further
characterized by a peak at 16.4 to 16.8 degrees. In another embodiment, Compound 1 is further
characterized by a peak at 16.4 to 16.8 degrees. In another embodiment, Compound 1 is further
characterized by a peak at 16.6 degrees. In another embodiment, Compound 1 is further

characterized by a peak at 7.6 to 8.0 degrees. In another embodiment, Compound 1 is further
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the sodi um cyani de is being added. Conpound 23 may

then be further reacted according to Schenes 1-3 to
Wpeedooa42 adi ol abel ed Conpound 1. [00220] PCT/US2008/085458

Characterization of Conmpound 1 [00221] Cbnpound 1
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hernogravinetric analysis (TGA),
charscpereﬂed gs eopak.at PDA10171.9 degnave  brAvodienesriodinGuinsempdund § is further
r
charg&éﬁzgg é? b ?éa%dat 9 Yo ?ggq%e% q é%gls?p glﬁlg %{1‘[ ]éonﬁa %ﬁd ]}?s fﬁrther
charakﬂgmeéby B pcagrat 28 t ayzmmgms dIrIf%an'élelt antdoiringiCoeghowsi Ing further

i,on. In another enbodi nent, Conpound
Ch”%g?gw hg?g% ?P?égqﬂgﬁone or nore peaks at 15.4, 16. 3,

U R P aBB oty PraibER Rt pi? TR on patch

subs%ﬂﬁl@&ﬁmlldrﬂo anodfiegurembodi ment, Conpound 1 is further
characterized by a peak at 14.8 degrees. In another
en’gmd'm&ﬂtom&aﬁmﬂmmcbﬁpwﬂnh@éhaedmaha@d 8rd &fEhchiyn @attern
at 17.6 to 18.0 degrees I n anot her enbodi nent,
Sw”é@ﬁﬂbﬁﬁ@ﬂ%*?gw?ﬂﬁ?ﬁe? characterlzed by a peak at 17.8
ﬁwees I n anot her enbodi nent, npound 1 is further
2E31dp pasher Bvbeﬁlﬁegkceep%d A h%a mgnagligis gpistebsysiep a P2i/n
spac@%ﬁiub%d%@%ﬁwﬁghmt @f@fﬂ%‘i’on@ hs 4f96p6 MBIA; b =12.2994 (18) A; ¢ =
aracterized by a peak at 16.4 to 16.8 degrees. In

33.0ah 6 He o e¥5oBFHBIIBS (%Wpdwﬁd?oi is further
characterized by a peak at 16.6 degrees. |In another
e a2 4dm by oti@o mpbahaerdt, Compawnd hey chehatcantddryi theldSGyrage shown in
Qk at 7.6 to 8.0 degrees. In another enbodi nent,
npound 1 is furthercharacterized by a peak at 7.8

I n anot e f
chﬁi"?@& P B DB bRl 3 xR R by e ¢Hf Shectra of
CongoatdeshoemtoBignRpB,10Conpound 1 is further
characterized by a peak at 26.0 degrees. |In another

enpoed2 618 brdeGanmnbeindentioh ﬂesfctibddh%l‘ellcﬁaf BEnefel fdi@turdyrstdod, the
peak at E} 4 to 21.8 degrees. qpther enbodi nent

fOll%%%WB § aresetfgyth. h]é Ishou?c{ be understoo that these examples are for illustrative
purposes only and are not to be construed as limiting this invention in any manner.
EXAMPLES
[00227] Methods & Materials

[00228] Differential Scanning Calorimetry (DSC)

[00229] The Differential scanning calorimetry (DSC) data of Compound 1 were collected
using a DSC Q100 V9.6 Build 290 (TA Instruments, New Castle, DE). Temperature was
calibrated with indium and heat capacity was calibrated with sapphire. Samples of 3-6 mg were
weighed into aluminum pans that were crimped using lids with 1 pin hole. The samples were
scanned from 25°C to 350°C at a heating rate of 1.0°C/min and with a nitrogen gas purge of 50
ml/min. Data were collected by Thermal Advantage Q SeriesTM version 2.2.0.248 software and
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characterized by a peak at 21.6 degrees. In another
enbodi nent, Conpound 1 is further characterized by a
weeak0A423. 1 to 23.5 degrees. In anot her enbRCI/IEI00§/085458
Compound 1 is further characterized by a peak at 23.3
degrees. [0012] In sone enbodi nents, Conmpound 1 is
anal§Ra _rb?Unwetsapﬂnﬂysisaso&ivﬁfer@@tdnoxmm@m BisfurBéHas Neftdaadld, DE). The
simlar to that of Fi?ure 1. [00222] In sone
repOgiRth BEMPAECRICShHPERARAIYFSY s characteri zed by a
diffraction pattern substantially simlar to that of
Fi {l9220IXR Popvder; Nembodi ment, Conmpound 1

has a nmonoclinic crystal system a P2i/n space grou
antPO2HY The X-Rey ¢iffragion P dag okEagy bivsre egllecterd @@fémgeﬁ)DS

e Y

monQdrpoatnd Cu degled hibe adthdtd mddtilpywihecO8Q@0tkVad emahadlwn sanmples were

Fiqure 4. .[00225] 1n anot her . epbodi,nent, Co und 1 is
placi A8 Bk RNy R LTV S p B Pl Bt et ek
coll&RAWn 1 20sebd bl ERE 282 dlbferdhD@248]ks: 18P a TR ITHeiata vidh€integrated with

i nvention described herein npy be nmore fully

GARy s¢ Tt s end meraedhwith BIiFRG Ex amyiewitaiors. dicertaypticn for the reported

pealSRRMbLE RerwgLrlood that these exanples are for
iI'1lustrative purposes only and are not to be construed

as rdob ity L Spilnv:ent i ' LES
Lol B P PR P A
NaASd 4 AR HAGH O 1601 et w5t%«(OBGpn [rO0R2®)) Wek purhes¢dfrem tildrich
Cme%ggﬁning calorinmetry (DSC) data of Conpound 1 were

T ect ed using a DSC Q OO V9.6 Build 290 (TA

| n%&%E—Biﬂu%?owl,%gﬁzlogi’oxotfeE)S'—ca%%%?cra%}du\{l;% p‘l’l\@c%ased from Saltigo (an

affiliate of the Lanxess Corporation).

[00234] Anywhere in the present application where a name of a compound may not

correctly describe the structure of the compound, the structure supersedes the name and governs.

[00235] Synthesis of 3-(6-(1-(2.2-difluorobenzo[d][1,3]dioxol-5-yI)

cvclopropanecarboxamido)-3-methylpyridin-2-yDbenzoic acid « HCI.

[00236] Acid Chloride Moiety

[00237] Synthesis of (2,2-difluoro-1,3-benzodioxol-5-yl)-methanol (Compound 18).

1. Vitride (2 equiv)
PhCH; (10 vol)
2. 10% aq (w/w) NaOH (4 equiv)

F>5) Fyf
F o COLH 86-92% yield F o OH
[00238] Commercially available 2,2-difluoro-1,3-benzodioxole-5-carboxylic acid (1.0 eq)
is slurried in toluene (10 vol). Vitride® (2 eq) is added via addition funnel at a rate to maintain
the temperature at 15-25 °C. At the end of addition the temperature is increased to 40 °C for 2 h
then 10% (w/w) aq. NaOH (4.0 eq) is carefully added via addition funnel maintaining the
temperature at 40-50 °C. After stirring for an additional 30 minutes, the layers are allowed to
separate at 40 °C. The organic phase is cooled to 20 °C then washed with water (2 x 1.5 vol),
dried (Na,SO,), filtered, and concentrated to afford crude Compound 18 that is used directly in
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calibrated with indiumand heat capacity was
calibrated with sapphire. Sanples of 3-6 ng were
waweioghad4d nt o al um num pans that were crinped RGI/H§R008/085458
lids with 1 pin hole. The sanples were scanned from
25C to 3500C at a heating rate of 1.0Cmn and with a
the d¥ki ftggen gas purge of 50 m/min. Data were collected
by Thernmal Advantage Q SeriesTM version 2.2.0.248

sofgo2a9] syaméaa of 5.2RarddyetbNiVEaFRbraAn le)éﬁi(ﬁluﬁ@fet(@@ﬁ@ound 19).
version 4.1D (TA Instrunments, New Castl e, .

reported nurrbers reprels%Clsungé nal yses. [00230]
XRPD (X-ray Powder Diff %‘1) CE@‘E‘%SH The X- Ray

diffraction (XRD) data qf e collected on a
Br uker D8 DI SCOVER powd é é ctorreter vvlth HI - STAR

2- d| @\d/et ector “an t gr aphi fg °©

monoct sealed tube with Ra r ag cl

used at 240~ KkV,~35mA. Th&2s@fh isldwer e pl ce%l on

zer o- background silicon wafers at 25C. For each

satfiR4)] Gompourat B8 (fl0aaqes diseolecdcio MEBE dvalt Al falgtecamugt of
DM&??Pm%a{ i 3%dﬁ%dﬁan‘é§@@2(s \I)Nar%gde?n 'gidguon J%%{ ﬂlghte%dlﬁzr  added
at a kb Iﬂﬁﬁifmﬁ’ tlid?oﬁir{[krﬁoﬁetlmﬂleeeactdm eelrst 2 °r01 I'Jéﬁ téroprerdtive is increased to

T T M S M —

the toiyigérhtdle o Qks Mﬁ@(%&%@%&h@hdm@&l whﬁ/ﬁtﬁﬁl m& 149Brs are
i n tol uene) purchased from Al

alloyeshyo sgyarage. 2T119| 0F$919t9r16qu lssstlserlr%@droc{x@r/&@ Na@Hdﬁkf)WPE is added.
AftcRGirfin YRS 194 Shaseds ftﬁ@ﬁ%éeg&iaﬁ&vécﬁa s@atdtd, Iﬂre%rgahctﬂnsse is then

LanxeSs Cor poration Anywhere in the present
drie Gy Pt ﬁlmm@n@nﬁatﬁét%ff%d @'@ﬁﬁo@mﬁ@mﬁﬁw that 1s used directly in
thel&g{gt%)tly descri be the structure of the conpound, the
structure supersedes t he nane and governs. [00235]

? 'S)?(fgfﬁ %lg’o‘é nglhao%-fjﬁ-fo!e&%ﬁﬁ)gEID%%-QLetonitrile (compound 20).

cch opr opanecar boxam dP)N3CI\rIT?M]¥|1P\>§“ di n- 2-yl ) benzoi c

*
acid *Hd . DMSO (3 vol)
30-40 degrees C
2. water (6 vol)

FXO MTBE (4 vol) FXO:Q\/
% cl > % CN

95-100% yield

[00242] A solution of Compound 19 (1 eq) in DMSO (1.25 vol) is added to a slurry of
NaCN (1.4 eq) in DMSO (3 vol) maintaining the temperature between 30-40 °C. The mixture is
stirred for 1 hour then water (6 vol) is added followed by MTBE (4 vol). After stirring for 30
min, the layers are separated. The aqueous layer is extracted with MTBE (1.8 vol). The
combined organic layers are washed with water (1.8 vol), dried (Na,SOy), filtered, and

concentrated to afford crude compound 20 (95%) that is used directly in the next step.

-50-



[00236] Acid Chloride Miety [00237] Synthesis of

(2, 2-difluoro-1, 3-benzodi oxol -5-yl) -net hanol ( Conpound
WA 30902614 tride (2 equiv) PhCH3 (10 vA) 2. 1OOb/HSR008/085458

(Ww NaCH (4 equiv) 86-92%yield [00238] Commercially

avai |l abl e 2, 2-difluoro-1, 3-benzodi oxol e-5-car boxylic

acioh243-S9ntdis bB22L difNNb1R0L, 3 Bet AU I6RPES-(IRyM&prbpanecarbonitrile

Vitride(r) (2 eq) is added via addition ¥unneF at a
(comppuadi2d).pmi ntain the tenperature at 15-25 0C. At the

end of addition the tenperature is increased to 40 0C

for 2 h then 10% {temo-aghlogdrnq@d.50qety) is careful ly

added via additi of0%UENe(5.0requmt)ai ni ng the tenperature

at 40-50 OC. AftePcgNBr (0.0%gdquon an additional 30

MmN} he | ayer@dagres&l | owed to separ at e Fgy°

Thé(or C phase

Wat €~ 0L M5 vol ), drégepog/NaZIO), filtered,” and

concentrated to afford cfué)°E8§pound 18 that is used

di i nt he pext st 00 nt hesi f

o KRR BRUIF oBSGHngted BT 0 B RuR el (&8 smbligmo >
chlod®jhand(1.53¢ add Obt,SBe uVdq) BdRe] & DF Cefaui ) THYTBIt §Bmixture is

vol) 2. water (4 vol) 82-100 %vyield [00240] Caonpound )
coolgggthien workge yp wath M HT prrewatein Thargsgargesphpgg i waphed yyithy watgrand brine
then@RDNenOf rdMIVEY (o aFofPlontfourP2@dded and SO 2 (1.2 eq)

is added via addition funnel. The SOC 2 is added at a

rajgd2l {natistb M LR aRIORRE 3béh fodidkol-BS 1)L §Reh ApaRbcarboxyli
15! LA R ten‘E)erature i’s incréageg%’t)o& bAfpaitcarboxylic

hoon

acid (compound 22).

1. 6 M NaOH (8 equiv)
EtOH (5 vol), 80 degrees C
2. MTBE (10 vol)

FXO dicyclohexylamine (1 equiv) _ FXO ®
% CN T F o

3. MTBE (10 vol)
10% aq citric acid (8 vol)

OH

69% yield

[00246] Compound 21 is hydrolyzed using 6 M NaOH (8 equiv) in ethanol (5 vol) at 80
°C overnight. The mixture is cooled to room temperature and ethanol is evaporated under
vacuum. The residue is taken into water and MTBE, 1 M HCl was added and the layers are
separated. The MTBE layer was then treated with dicyclohexylamine (0.97 equiv). The slurry is
cooled to 0 °C, filtered and washed with heptane to give the corresponding DCHA salt. The salt
is taken into MTBE and 10% citric acid and stirred until all solids dissolve. The layers are
separated and the MTBE layer was washed with water and brine. Solvent swap to heptane

followed by filtration gives compound 22 after drying in a vacuum oven at 50 °C overnight.

[00247] Synthesis of 1-(2,2-difluoro-1,3-benzodioxol-5-yl)-cyclopropanecarbonyl

chloride (compound 7).

SOCL,
PhCH;,

FXO 0 60 degrees C FXO o)
F o OH - F o Cl
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30 OC for 1 hour then cooled to 20 OC then water (4
vol) is added via addition funnel maintaining the

W@ eovperasure at | ess than 30 0C. After stirri npCT/G820881085458
additional 30 mnutes, the |layers are allowed to
separate. The organic layer is stirred and 10% (W v)

aq {OOMﬂlohfboﬂnd/m ()1 2l ®) RdALGed itd1&dne $1.5 K61 Bgl tﬁ@ﬁm&l@e‘h@ated to

nut es, yers are allowed to separate.

60 Sr §9Fﬁ12d1’6ﬁ’8?5’é aﬂ%edtwdawp denneiadstylyene ppd pRELgre daﬁ@lled from the
reacﬁ%&mré Qﬁ&@omnﬁ&f %ﬁin%bﬂdﬁ@lu%‘@@%fi sk dbd@td d1§t111@§ anln

directly 1n the next step. Synt hesi s of

(2{0'6299]% Hﬁ{e? s bt B¢ 3@ Q%ﬂﬁlﬁqu ﬁen\il)a ﬂﬁ-%t-ﬁphéeliddlﬁlle (compound

(conpoun A sol ttion of Co Conpound 19 (1
23).eq) in DMVSO (1. 25 voI) is added to a slurry of NaCN

(1.4 eq) in DVMBO (3 vol) maintaining the tenperature

bet ween 30-40 0C. The p1N5®@ﬁ(lae§& red for 1 hour

then water (6 vol) is addg by MIBE (4 vol).

After stirring for 30 n1$5({é ers are separ at ed.

The aqueous layer is extThe r%f h MIBE (1.8 vol).

The carpP rgani c | ay®pter @vewashed er (1.8

vol ), 280 ) .t iMT&Fdd volnd,co 140N

afford cPudé conmpound 20 (95% that is used directly

in ext ste 0024 ] the

g3 PSR ChIRG T a Y SO IR ARG iorshis st i e of
Na'4CN (1 clospp oLDEISDI(B vol) nmrmmﬂg thehd:m:pse@emh doevebi 3GA@LL 171)e mixture

s g IOl gt B DA e e bF VR RN BReT T for 30

min,88Y lay & atdlsePdrAdl €0 Sq kot aferGs Sd@hctbd WD WOEEE (1.8 VOl) The
chl oroet hane (1.5

combieoy St FYRTS S EHEE W) Yyl aN e S b B B R
condé@t'?eh@djto WRroMd &ﬁﬂe%ﬁgolﬁﬂdﬂvéﬁt ?srpurlfg@b?&g@%t@ gr@ﬁl@s eis

washed with water and bri ne
[00251] Synthesis of '*C-(2,2-difluoro-1,3-benzodioxol-5-yl)-

cyclopropanecarbonitrile (compound 24).

1,2-dibromoethane
LHMDS

F O F®
F><O 14CN - F><b FON

/

[00252] A mixture of compound 23 (1.0 eq) and 1,2-dibromoethane (1.8 eq) in THF (3
vol) is cooled to -10 °C via external chiller. 1 M LHMDS in THF (2.5 eq) is added via an
addition funnel and at a rate to maintain the temperature in the reactor below 10 °C. One hour
after addition is complete, 20% w/v aq. citric acid (13 vol) is added via addition funnel
maintaining the temperature in the reactor below 20 C. The external chiller is turned off and after
stirring for 30 min the layers are separated. The organic layer is filtered and concentrated to

afford crude compound 24 that is purified by chromatography.
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then the solvent is renoved to afford conpound 2 1.
[ 00245] Synt hesis of
WO 2q02/0%14dl f | uor o-1, 3- benzodi oxol - 5-yl ) - cycl opr BEENWES/G85458
oxylic acid (conmpound 22). 69%yield [00246] Conpound
2 1 is hydrolyzed using 6 M NaOH (8 equiv) in ethano
( 5100253] S3htiRs B oMen@itioro TN bEA6HINKEI-3-§1)C 00! ed to
room tenperature and ethanol is evaporated under
cyclopropamgcarhoaylicacidicempeurdi®n into water and MIBE, 1M
HC was added and the | ayers are separated. The MIBE
| ayer was then trdateédNaDHh8diwykl ohexyl ami ne (0. 97
equiv). The slurry EOUQ6oVell 80degend filtered and
waghesl wih hept are MiBli ve the correspondi og BQ

ah% IS
anff s21r Yil all solids dissolve. Tie Payet EOH
separated .*e the MIBE | ayer was washed MAth wat e and

| vent . swa o hept ane f filtration
or S su Tt 25° RS AR v NPl Lanih iRt 588 at 50
°C OQé}ningﬁ Me@hikeurd @ @é’dﬂr&i toPYdHh &ﬁﬁ)bﬁltu@é and ethanol is evaporated under
2-di fluoro-1, 3-benzodi oxol - cyclo r opanecarb

VaC%‘HyITh@ﬁ‘FS&“F eﬁetalfeéldw@a@fﬁa ard MTEEq 12\4 Rigure ond the
orga(n% l%/e?g,)ﬁlﬂeﬁedsdhdj&;ﬂc@rgralte@ td QI}fM@ @@m (%Iné 2‘5.0| ) and the
m xt'ure heat ed 4 eq) is added via
ad ﬂ10§5ﬂ r‘S BH{éB? L;f 14&_ rle(ZtZOJhﬁﬁ&% laﬂ %em&olag ?l) Qy aﬂljobmcarbonyl
fromthe reactlon xture aftér 30 m nutes. Itiona
chlorigle (comepof1nd 36)y ol ) |s added and distilled agaln
[ 00249] Synt hesis of
14C- (2, 2- diquoro-I,3-beﬁ®6dLoon-5-y|)-acetonitriIe
Nal4CNCHICH, equi v) DWVBO (3 vol)
DMAP F O 0
> X 14
e cl

[00256] A mixture of Compound 25, 4-dimethylaminopyridine, and thionyl chloride
(SOCl,) in CH,Cl, is stirred to produce compound 26, which may be further reacted with

compound 6 without isolation.
[00257] Amine Moiety
[00258] Synthesis of fert-butyl-3-(3-methylpyridin-2-yl)benzoate (compound 4).

1. toluene, 2M K,CO;,

Pd(dppf)Cl,, 80 degrees C | \
(HO%LB z
x 2. aq. MsOH N
| + 3. aq.NaOH _
N Br -
COZtBLI COZtBU

[00259] 2-Bromo-3-methylpyridine (1.0 eq) is dissolved in toluene (12 vol). K,CO; (4.8
eq) is added followed by water (3.5 vol) and the mixture heated to 65 °C under a stream of N, for
1 hour. 3-(#-Butoxycarbonyl)phenylboronic acid (1.05 eq) and Pd(dppf)Cl,-CH,Cl, (0.015 eq)
are then added and the mixture is heated to 80 °C. After 2 hours, the heat is turned off, water is
added (3.5 vol) and the layers are allowed to separate. The organic phase is then washed with
water (3.5 vol) and extracted with 10% aqueous methanesulfonic acid (2 eq MsOH, 7.7 vol). The
aqueous phase is made basic with 50% aqueous NaOH (2 eq) and extracted with EtOAc (8 vol).
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[00250] A solution of Compound 19 ( 1 eq) in DVSO

(1.25 vol) is added to a slurry of Na CN (1.4 eq) in
wOrBD0{6342 0l ) nmai ntai ni ng the tenperature bet WBEHUSDOSIB5458

OC. The mixture is stirred for 1 hour then water (6

vol) is added followed by MIBE (4 vol). After stirring
The bR¥anid Caydt R cotddftrdt@yi8affod RudeePApalnadd. (3INEthadk 8@ lirectly in the

| ayer is extracted with MIBE (1.8 voIS. The conbi ned
next§igani ¢ | ayers are washed with water (1.8 vol), dried

(Na2SO ), filtered, and concentrated to afford crude
c o930 Pynthesin af 2-(3s(tgrgrpprioxeearbonybRheydk Hgietyhgyridine-1-oxide
Synt hesi s of
(COHF‘ILISA)?%?%%'Z- di fl uor o-1, 3- benzodi oxol - 5-yl ) -
cycl opro eear boni t rri I
1,2-dib flet hane L
23 (1.0 ¥y a1 HF (3
vol) is cool & M
LHVDS in THF (R.5 eq) is added via an ad@iti off funnel
and at a rate G®tBwai ntain the tenperature in tbgseu
reactor below 10 OC. One hour after addition is
co mhggg:o_n@)e&f%d/\d M '(Tm) iscdidsbived ﬁl@tdﬁ(: 18vdnl Wales (0ad dell ishadded
via addition funnel naintaining the tenperature in the
Pollpsd oY Jre BRI TR e T kSRR S HINY ST €k i Rl peytion-wise

as a 80 BhlaBhtais tHe térhNBathi@lin B0 rdifdr b6y UsYEr A fBF &mpletion of phthalic
separated. The organic layer is filtered and

anhydlgie adwtiton g miwuEs brebdde B1EC.cfpotiREedar antelditiogal 4 hours, the
L0589 OTBLAPRGERY | QRO . e
complz goropiNrp 3D esditivoxtht mextareichtifred Myearddiddil 30 mingtaviiadHe layers
[ Et I o, degr ee 254 nd.. .
sobiiod MV it s oo G AL Bt R R g

for 30amiviotey, thatlay@os HEalbwesdno giphrate] e Bigehid HRase & wabtEB% /v aq
NaCli.o'P}Eg otrga{}l?celgh%geuirs %16% %?ter%ﬁ QI?J‘ g)olncclenst’ra‘%\cll{;[l a?tj%oa}ﬁ gr%dg Qodrr?pround 5(95%)

that is used directly in the next step.

[ )15

r/e| f conpound

[00262] Synthesis of tert-butyl-3-(6-amino-3-methylpyridin-2-yl)benzoate (compound
6).

1. Ms,0, py, MeCN, 70 degrees C
2. ethanolamine H.N” N
7

CO2tBU CO2tBU

[00263] A solution of compound 5 (1 eq) and pyridine (4 eq) in MeCN (8 vol) is heated to
70 °C. A solution of methanesulfonic anhydride (1.5 eq) in MeCN (2 vol) is added over 50 min
via addition funnel maintaining the temperature at less than 75 °C. The mixture is stirred for an
additional 0.5 hours after complete addition. The mixture is then allowed to cool to ambient.
Ethanolamine (10 eq) is added via addition funnel. After stirring for 2 hours, water (6 vol) is
added and the mixture is cooled to 10 °C. After stirring for NLT 3 hours, the solid is collected by
filtration and washed with water (3 vol), 2:1 MeCN/water (3 vol), and MeCN (2 x 1.5 vol). The
solid is dried to constant weight (<1% difference) in a vacuum oven at 50 °C with a slight N,

bleed to afford compound 6 as a red-yellow solid (53% yield).
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vacuum The residue is taken into water and MIBE. 1M
HCO is added to the mxture and the organic layer is
WO pdoveradk and concentrated to afford conpound BSI/US2008/085458
[ 00255] Synthesis of
14C-1- (2, 2-di fl uoro-1, 3- benzodi oxol -5-yl)-cycl opr opane

cafgaesy Isyhithesis bfi®(d- gomzo(nndm%@}mzo | Hdiok6I02pH] A
m xt ure of qu@pund 25, 4- dlneth an1nopyr|d|ne and

cyclppriopayacachoxamidey axshylpyridin- ?@42@ utylkengpdte fcompopnd 8).
produce conpound 26, which may be further reacted wth
i > ‘ [ 00257] Ami ne Moiety

Ha BN D ylpyri di 1,
voliﬁAﬁ?§§y%§ 8 eq) ?
wat er (3. B t he n1xture heated to 65 0C untfer

ol )
a strean1g?%N for 1hour. 3-

el R PSSR 3y %ff%?ogasne?b?lﬁ%ﬁe%goa%g@ HGopsad added
v 1“3?‘%5@3? Bt r o e (5 vy o e e are 02 ca)

and gyeghy Jyiggye ) 499 Insiepyshedfre ol hﬂ%@l GrgameEndHaddicr 3 hetg pater (4 vol
bascWa RECpMnti %21 Waligdd tb heRedtBby mddeke em‘télas@lffﬁ%fu §d1mﬁ1)€1%s the layers

aqueous rnet hanesul fonic acid (2 e

are sgppielodsTlshaEig @ai’fﬁalél thet S50 WA 1o g B ot N (ot
com?&)nd@rtgua%ﬁ{aﬁ%E Je a#i? 1\%5@@‘%3 (fdﬁ bg&ld)on-gh@ gfo?g&g %5 ahcﬁ@ﬂ%ﬁd

S con entrate ord crude conpoun
distilled wgiédrystieHiggtonycgurs. t Weten@xio! bisedpon ¢ro0d280JucByinediied gl the

mixt%{e(séifrf? for 1;2 hblﬁhg )s&lbd Lis g %lll,%c/ Sipy] glll%/ tion, SWaShetdh“)lllfhply} Fball VOluI]ile)
MeQti/detef Conpoalbdsed on crude product), and partially dried on the filter under vacuum.
The solid is dried to constant weight (<1% difference) in a vacuum oven at 60 °C with a slight N,
bleed to afford 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl) cyclopropanecarboxamido)-3-
methylpyridin-2-yl)-t-butylbenzoate as a brown solid.

[00266] Syntheisis of Syntheisis of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-y])
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid « HCL salt (compound 9).

6 N HCl
:OX“\ /(IO/COztBU 40 degrees C
F><3 o @
F o N \N COzH
H

* HCI

[00267] To a slurry of compound 8 (1.0 eq) in MeCN (3.0 vol) is added water (0.83 vol)
followed by concentrated aqueous HCI (0.83 vol). The mixture is heated to 45 + 5 °C. After
stirring for 24 to 48 hours the reaction is complete and the mixture is allowed to cool to ambient.

Water (1.33 vol) is added and the mixture stirred. The solid is collected by filtration, washed
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ur ea- hydrogen peroxi de phthalic anhydride Et OAc, water
tBu [00261] Conpound 4 (1.0 eq) is dissolved in EtQAc

w@ 200v/0ton42 Wat er (0. 3 vol) is added foll owed bRCT/US2008/085458
ur ea- hydrogen peroxide (3 eq). The phthalic anhydride
(3 eq) is added portion-wise as a solid to maintain

withtvigert( @ RS @l UAR] faftiallh @rib@ACThe Filthalnayy vASuRC. THI bR is dried to
conpl etion of phthalic anhydride addition, the m x

. : . aal t : ture
constant Waightd1 Yeglifiegense) ingrperunseyep et oYy G with apligh e bleerhtglafiard
com?&hﬁﬁ@’as herhaat sy .t urned of f. 10% w w aqueous Na2Sq

(1.5 eq) is added via addition funnel. After .
CopRhedisRRtis W@g&é%iﬁh%beﬂﬁﬁu[‘I',31Hi6§@1-5-§1) stirred
for an additional 30 mnutes and the |'ayers Separ at ed.

cyclgpropancgartiosamidpe-3-methglpyridiac?-phin169aoud WCompoNs2ilg 3

is added. After stirring for 30 mnutes, the

Rl areoal IBWRd t o separ at e.sltheinor gani ¢ phase is
S . d .cdhe orgamec phase is then

/X
(95% that is used

Synt hesi s of

terf-butyl-3-(6H0MN no- 3- net hyl pyridi n-2-yl ) benzoat e
(conpound 6). [00263] A solution of conpound 5 ( 1 eq)
and pyridine (4 eq) in MeCN (8 vol)) L§ heated tQ 20
OC. A solution of methanesul foniy a ir i gie (
in MeCN (2 vol) is added over 50 W drooer
funnel maintaining the tenperature at | tthan 7
The m xture is stirred for an additional 0.5 hours
after conplete addition. The m xture is then all owed
to cool to anbient. Ethanol am ne (10 edjommuaditied vi a
addition funnel. After stirring for 2 hours, water (6
vol[00269 Aaduedoahih-tlhe, 2rdiftdarolentd df bdldedtot-Hyn0 OC.

cycl@é;topea{necsatrtl)orxarlnpd%)— 9Q rethwlll'p-g/rf’éinl'—]?—w’)gdnzéig gcig QLIIC&i (1I esq) cl:noxl)vllteerc(tlg gfol) is

stirred at ambient temperature. A sample is taken after stirring for 24 hours. The sample is

ectly in tgye, next step. [00262]

filtered and the solid washed with water (2 x). The solid sample is submitted for DSC analysis.
When DSC analysis indicates complete conversion to Compound 1, the solid is collected by
filtration, washed with water (2 x 1.0 vol), and partially dried on the filter under vacuum. The
solid is dried to constant weight (<1% difference) in a vacuum oven at 60 °C with a slight N,

bleed to afford Compound 1 as an off-white solid (98% yield).

[00270] Synthesis of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yI)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid (Compound 1) using water

and base.

O
4 O ] 1. H,0, 50% NaOH
F o N \N COoH 2. conc HC1
H 60-90 °C
*HCI
F><O 0 =
F o N \N CO,H
H
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filtration and washed with water (3 vol), 2:1
MeCN water (3 vol), and MeCN (2 x 1.5 vol). The solid
w0 200d07@d2 t 0 constant wei ght (<1% di fference) PCI/HS2008/085458
vacuum oven at 50 OC with a slight N bleed to afford
conmpound 6 as a red-yellow solid (53%yield).[00264]
Synthesi s of 3-(6-(1-(2,2-difluorobenzojfpound 1
[1,3]dioxol-5-yl)
CY plooP1| aRANGEAT ToX a1 140 - BHRLEEAMTT 1, Fjduxdr-yy))- t - but vl
beggoage (con%gund@g%dg%00265 Cﬁﬂﬁgun% 7 |e&3|ssolved
cyclppropagresineapilor3 yeathhasid-bih beareic adifl o FiCH Y caaHuvaerded voD
stirrdd & aRBHhi ﬂeﬁBerﬁMM? hade® S@A%/Wsﬁﬁﬁa@ﬁ (@9%0 bid nﬁxt(tre]is stirred for
eq), dinethylam nopyridine ( P, 0.02 eq), and
NLT 13 mintoy lvand atem(oge@oeﬁqs)olutlnnt Gbmemteat@HQkM chihis eddegrio crystallize
b t 4
COH’I%%HIP Eﬂl g&nu 3 Cfe ttH%H t eor %@a(g {fln%%deyh%x g?%%ﬁle fq,?el of the t-
butysldienldaterﬁgtef OFhe30ixtvranis hesgd uﬂmeHlPh(}endym mdsetpaNxTets% TAEC) t-

S the filtere d C rate
bun Rl SR AT B S s haBL By RIS P e Gy itation
wasNdd@ludt)wat&t‘E{@N 3(Bvorg bncb@ﬁt@iﬂly@lﬁe@ oighe fipeoghdeit \)aCthLﬁrn Hﬂldﬁdhd is dried
distilled until crystallization occurs.

to CQ?’gtamb‘%eé%‘H (ohye étft?&‘éw@r"aamwym. ey fedCanth t%%ehwwltﬁﬂ‘éo afford

Con?ptohﬂcfﬁéjs aBQﬁf@hlltb soﬂ?@)?%)ﬂ/lbﬂ is collected by filtration,
washed with 1:1 (by vol une; MeCN/ water (2 x 1 vo

]?iafcmgm Ry RIS of3- (Hjﬁcf%ﬁhdlﬁﬁgmlﬁ@ﬁzto{tg[ll,MdQ&bleﬁyl‘)"n the

under vacuum e solid ried to constant

cyclopsiopmmecacbpyagjdo)-drinethlpyridinz2-yizongeir a¢ié (Cempamndolg djgectly from
lwn%)ﬁl'ght N2 bl eed to afford

6- (| (2,2-dif|uorobenzo[d][|,3]dioxo|-5-y|)
m do) - 3-
)-t- butx%gehzg?gfaa@ a brown solid.

i Si

enzo[d]L , 3] di oxol -5-yl)
cycl opr opanecar boxami do) - 3- ne hvmﬁyrldln 2-yl)benzoic
acid HCL salt (conmpound 9). HCO [00267] To a slurry
of conpound 8 (1.0 eq) in MeCN (3.0 vol) is added
wat er (0.83 vol) followed by concentrated aqueous HC
(0.83 vol). The mxture is heat % 50 :
stirring for 24 to 48 hours the g
and the nmixture is allowed to coof to apRi ejt . N

Compound 1

[00273] A solution of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-y1)
cyclopropanecarboxamido)-3-methylpyridin-2-yl)-t-butylbenzoate (1.0 eq) in formic acid (3.0
vol) is heated to 70 = 10 °C. The reaction is continued until the reaction is complete (NMT 1.0%
AUC 3-(6-(1-(2,2-difluorobenzo[d][ 1,3 Jdioxol-5-y1) cyclopropanecarboxamido)-3-
methylpyridin-2-yl)-t-butylbenzoate) or heating for NMT 8 h. The mixture is allowed to cool to
ambient. The solution is added to water (6 vol) heated at 50 °C and the mixture stirred. The
mixture is then heated to 70 + 10 °C until the level of 3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-
yl) cyclopropanecarboxamido)-3-methylpyridin-2-yl)-t-butylbenzoate is NMT 0.8% (AUC). The
solid is collected by filtration, washed with water (2 x 3 vol), and partially dried on the filter
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Water (1.33 vol) is added and the m xture stirred. The
solid is collected by filtration, washedwith water (2
wo2@B7eaed ), and partially dried on the filterP@mtga008/085458
vacuum The solid is dried to constant weight (<1%
difference) in a vacuumoven at 60 OC wth a slight N2

undd@ veqfnt orhakbiarid daemeeumdand wakher 1 af diffvBide Rin®0labelim oven at 60 °C

Wlth[a| Shg]]lt&% Syn t(BESIrﬁC%mpoun(d ) a(s an(offwhltelsohclljor obenzol d]

cycl opr opanecar boxam do) - 3- net hyl pyri di n-2-yl ) benzoi c
aclW@2(Bdyrodunadiffactipparatieryealsulitsd froprropeds coastal strugtyreof
Con%o{uﬁf {nHofm 21 bl M I ®BgR3 olrdiik I1 ’11"5?"35 %e%ﬁhl‘a{édlf)kaks for Figure 1.
cycl opropanecar boxam do) - 3- net hyl pyri di n-2-yl) benzorc

ac 27810k 11 €0) in water (10 vol) is stirred at

|ent tenperature A sanple is taken after stirring

d sanple is submtted
1Si s i ndicates conpl ete
he—sqglid is collected by
Hh—water—(2 x 1.0 vol), and
the ﬂﬁﬁber gAder vacuum The solid
12 dri pri t r'16rlrlmqt r-mt wei Hht (<1% difference) in a
vAcuurh oved747 60 OC witH-% slidht N2 bl eed to afford
Conpound 1 1882an ofif -whi®e3 solid (98% yield). [00270]
S¢nt hgsi s @fl.63- (6- (1 - (2, 2-difl udrobenzo[ d]
[ b, 3] di oxol2380yl) 63.7
cycl ogr opangoar boxam do) 5038 met hyll pyri di n-2-yl ) benzoi c
agl d (|Conpoygnd 1) Using gwter and base. Conpound 1
[@0271] Toogsglurry of 50

ANy

nal
N
N
T 1+ U
o)

L

Q]
'EJI
[\)‘
@4
(>IN0}
L ;
D

™ o

3-(6-(I-(2,2-di fruorobenzo[d] [, 3] di oxol -5-yl)
cycl opr opanecar boxam do) - 3- net hyl pyri di n- 2-yl ) benzoi c
ac [
e!](jgézg%nr a{ectu%gﬁg%% ecgvd@?%%cs\lﬂng é{féh) ofsédea{goﬁlqd Iagn F‘%Eﬁ 18Vhown in
Figund Xt Tabde 7 Bststhe peted peaks fNFIgWS2mi n or until a
honogeneous sol uti on. Concentrated HC (4 eq) is added
t o[W2YFtTablei2ze

7 .

3 74.9
4 73.5
1 100.0
2 75.6
6 42.6
5 70.9
9 36.6
10 34.8
11 26.4
3 36.9

[00278] An overlay of an X-ray diffraction pattern calculated from a single crystal
structure of Compound 1 in Form I, and an actual X-ray powder diffraction pattern of Compound
1 in Form I is shown in Figure 3. The overlay shows good agreement between the calculated and

actual peak positions, the difference being only about 0.15 degrees.
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Compound 1. The mixture is heated to 60 OC or 90 OC if

needed to reduce the level of the tbutyl benzoate
W@gien761dhe m xture is heated until HPLC anal yBCBUS2008/085458

i ndi cates NMI 0.8% (AUC) tbutyl benzoate ester. The

n1xture Is then cooled to anbient and the solid is

Fd(}g@]%e IS Cf tidct BﬁCd)rﬁﬁbunM\@SQF&nW it bhowatigIFi (fﬁ.ﬂ% X Melfing for
and partially dried on the filter under vacuum

Cmm%mm%bmﬁ@ﬂpé0@WﬁéHaVB“8%ﬁ§¥ant wei ght (<1% di f f erence)

in a vacuumoven at 60 OC with a slight N2 bleed to

af 092801 Confsmpiépnal Riguish oL empghing & isBermdl baseropnysinglepyystal X-ray
anal%{?@a%% gﬂov@flﬂ BF%%?@'SS_S @fFlgurés% & %h&v&zhy%fr&gefl %%W%Q&boxyhc acid

, di oxol - 5-
groupy ef @qupaﬁéhfalrebd&mt@bmgshmcdm ipyhrei gt sl 2Thd ripead 2iagure

reve?]giﬁgx?rgsﬁgﬁgnénogtﬂ?%mnagu?&t IC%mprﬁ)n'@ lblg %I%ﬂ %'mo%%n%’,l Ii—l’gl/l;l', with the
follo3vifiBur(il ce(lAirRendiohd: Lo 0loera D AlJH + 1 B2 Wi(DXIc-B3Yd7) (4) A, =

| o r boxam do) - 3- et hyl pyri di n-2-y
93 9T ol e2°0(11 S ey & rPeFIB‘%Yn‘?fc,COE&’iOHmF Bing’ %Ifal%latﬁiﬁ?@ﬁmcmral
datati®1 46» o/ 4@ QGoo Khe reaction is continued until the
reactlon is conplete (NMI 1.0% AUC

3- {02811 (IRMVER SHebtrdionr @Hﬁﬁﬁﬁﬁ’({ dhielsh &b Hin®t@lresd- V1 JFigures 9 and 10

cycl opropanecar boxam

depigfeleimioyd | & Farplyn 3 59 H@%Hﬂy |penetbatcsiiulore-tobapibalg ¥ grspension,
and E‘%ﬁre&lme ﬂé‘%}oﬁl %ﬁrgflea = rhlsopwed to cool to anbient.
e solu? S de&

on | to water (6 vol) heated at 50 0C

ANhopHA JIXLUHefouSebifeh Gl PaMyHH ol 5 HRRURER! €d TO

unt | the Ieve

di fl uorobenzo[d][I, 3] di oxol -5- yl)
cy@ﬁnéigégkécarboxan1do) 3- nethylpyrldln 2-yl)-t-butyl
o ol l ected by
and
The solid

)_1(, e)ina

vacuum oven at 60 bleed to afford
Compound 1 as an 6#?7ﬁ3793“@3ﬁ gso 56§74] An X-ray
di ffradBBon p@ﬁteﬂH)déF@GPﬁUéd)ﬂﬁ@ﬁﬁéﬂsingle crystal

structure of_CbanHﬂd41yb@UEQanh4h§mghomn !n Fi gure
1. Table 1 lists HQS4%9M%%H§H%94H?%#§H§°r Figure 1
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[00275] Table 1. [00276] An actual X-ray powder
diffraction pattern of Conpound 1 in Forml is shown
WO eooBogusr 2. Table 2 lists the actual peaks fRCT/BS2908/@85458
2. [00277] Table 2. [00278] An overlay of an X-ray
diffraction pattern calculated froma single crystal
structure of Conmpound 1 in Forml, and an actual X-ray
powder diffraction pattern of Conmpound 1 in Forml is
shown in Figure 3. The ové&lldMShows good agreenent
bet ween the cal cul ated and actual peak positions, the
1. di fA erosersdoripe¢pagnpibppaibdut 0. 15 degrees. [00279] The
DSC trace of Conpound 1 in Forml is shown in Figure
4. Melting for Cbnpound ,in Form Ofcurs at about
204 0C. [00280] s ofy Conpound 1
in Form | based ryfitall] X-rayll anal ysis are
shown in Figures ’ igd?es B~show Giydr ogen
bondi ng bet ween carboxyllc acid groups of a dinmer and
the resulting stacking that occurs in the crystal. The
crystal structure reveals a dense packing of the
coniflsgguhesepsGanpound 1 in Form | is monoclinic, P2i/n,
with the following unit cell dinmensions: a = 4.9626(7)
A b pfoxii.ﬁnQQQbfﬁl)o A,rneﬁlyipy&am@?&n(p@md%) and 3-(83. 938(9), V
= 2014.0 Density Cﬁg?ound 1in Forml
cal RUPEY, OITYPBPﬁng{ oAyl <C%raw 1. 492 g/cn8 at 100
K. [00281] 1FTNMR spectra of Conpound 1 are shown in
Figures 9-1 1 (Fiﬁﬁs nd 10 depict Conmpound 1 in
For ¥n a 50 ng/ nL, nmet hyl cel | ul ose- pol ysor bate
80 Buspension, and Figurk 11 depicts Conpound 1 as an
HCl ®al tBr. [00282] Tabl €3Bel ow recites additiona
analytlcal data for Cbnpgund 1. [00283] Table 3. C/ S
LGt m?2 ’

i) cross coupling compound 2 and compound 3 in a biphasic mixture comprising water,

a first organic solvent, a first base, and a transition metal catalyst to produce compound

4

B

-

S
N

COztBU

4

2

ii1) oxidizing compound 4 to produce compound 5,

COztBU ;

iv) adding an amine group to the 6 position of the pyridyl moiety to produce compound
0,
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HnN. 1 mmH NVR (400 Mz, DVMBO-d6) 9.1 4 (s, 1H),
7.99-7.93 (m 3H), 7.80-7.78 (m 1 453.3 1.93 1H),

Wa@2004071F2 (m 1H), 7.60-7.55 (m 2H), 7.41 - 7PGBU$IHN8/085458

4.

S.

2H), 2.24 (s, 3H), 1.53-1 .51 (m 2H), 1. 1 9-1 . 17
(m 2H)CLAIMS 1. A process for preparing Conpound 1:
conpri s he steps of: i) providing
2-bronp-3fnetriyl pyridi ne (conpound 2) and

3- (Fvbat oy nyl) phenyl boronic acid (conmpound 3),
ii) cross c i ng compound 2 and conpound 3 in a

bi phasi ¢ m xtlure conprising water, a first organic

sol vent, a fi9%®Ybase, and a transition netal catalyst
to produce conpound 4, iii) oxidizing conmpound 4 to
produce cénpound 5, iv) adding an amine group to the 6
position of the ri.dyl noiety to produce conpound

6, V) TFEHBE FHRPEBHD BEHEOBPMIEH: conpound 7, in a second
organic solvent in the presence of a second base to

pr ot oynd 8, vi) de-esterifying conpound 8 in a
bi piag) t conprising water, a third organic
sol vent, an irst acid to produce conpound 9, acid
9 ; and

7

in a second organic solvent in the presence of a second base to produce compound &,

FXO 0o Z |

F O N \N COztBU
H
8

vi) de-esterifying compound 8 in a biphasic mixture comprising water, a third organic

2

solvent, and a first acid to produce compound 9,

" 3 L]
% NSy CO,H
H

® acid
9 ;and

vii) slurrying or dissolving compound 9 in an appropriate solvent for an effective

amount of time to produce Compound 1.

The process of claim 1, wherein the first organic solvent is an aprotic solvent.
The process of claim 1, wherein the first organic solvent is toluene.

The process of claim 1, wherein the first organic solvent is a protic solvent.

The process of claim 1, wherein the first organic solvent is selected from methanol,

cthanol, or isopropanol.

6.

7.

The process of claim 1, wherein the first base is an inorganic base.

The process of claim 1, wherein the first base is potassium carbonate.
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vii) slurrying or dissolving conpound 9 in an
appropriate solvent for an effective anount of tine to
w@e@dooa4Conpound 1. 2. The process of clai m 1PCTAI£2008/085458
the first organic solvent is an aprotic solvent. 3.
The process of claim1, wherein the first organic
8. SOl MRMProdeSs dfelauNewhdein TRAraREiAGEMStaDEatddys2is philadMi8baicd
the first organic solvent is a protic solvent. 5. The
catybcess of claimi1, wherein the first organlc sol vent
Is selected from et hanol, ethanol, or isopropanol. 6.
9. Thellsmsesssofsaie | aybarain thgtneHadivm-Passd catplypt iHBAEPRTICIa N
i norgani c base, 7. The process of claim1, wherein the
10.1 j i mseeses qfslaip agkgreimthesF oo AApEng reaqtipa lb%@ééeé"v%qﬂ 60°C and
loe€aim 1, wherein the transition-netal catalyst is a
pal | adi um based catalyst. 9. The process of claim1l,

11. V\’h eflﬁ:' Iﬁ]octepseof RBkh @?\klh’é?élg AR A AleY&Hon 1§caP1¢te%Pﬁs)n% a2p6r0x1de

he process of claim 1, wherein the cross coupli

12. r e af"ﬂe' p%beéssof oHin QL WP&&M\%%XQQQ& RAGioh Q00 iedbht us_m;eperacetlc acid.

process of claim1, wherein the oxidation reaction Is

13. iar%yo&ggtof%mm BndEh N HAftatidiPreact R lgoaaﬁ%gﬁt AfthEhleie of

rein the oxidation reaction is carried out using
angéw@m@tlc acid. 13. The process of claim 1, wherein
the oxidation reaction is carried out in the presence
14.0f "Hie paereyschfictien 119herdihéheproloigsreadtiop lisdamictl, oupinghepresence of

[ ion reaction is carried out in the presence
pm£$%aﬁ?ﬁ9@§c anhydride. 15. The process of claim 1,

B O B0 S AR o
%t Ir oc%ssro%%ﬁﬁm g,n wﬁe%eiﬁ a{eralmengatigg trealctrﬂont i? EarLFEF I He BIes &ce of a
oyt “Eonpound:

sulfonyl compound.

17. The process of claim 1, wherein the amination reaction is carried out in the presence of

methanesulfonic anhydride.

18. The process of claim 1, wherein the amination reagent used in the amination reaction is

an alcohol amine.

19. The process of claim 1, wherein the amination reagent used in the amination reaction is

ethanolamine.

20.  The process of claim 1, wherein the second organic solvent is an aprotic solvent.

21.  The process of claim 1, wherein the second organic solvent is toluene.
22.  The process of claim 1, wherein the second base is an organic base.
23.  The process of claim 1, wherein the second base is triethylamine.

24, The process of claim 1, wherein the reaction between compound 6 and compound 7 is

carried out in the presence of a catalytic amine.

25.  The process of claim 1, wherein the reaction between compound 6 and compound 7 is

carried out in the presence of a catalytic amount of dimethylaminopyridine.

26. The process of claim 1, wherein the third organic solvent is an aprotic solvent.
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17. The process of claim1, wherein the am nation
reaction is carried out in the presence of
woreiobamasal f oni ¢ anhydri de. 18. The process of PCI/HBI908(85458
wherein the am nation reagent used in the am nation
reaction is an al cohol am ne. 19. The process of claim

27.1, TRGEJE: JRRIAM WRdréiR heltRROSRANI&ISREbnt B abAGiANE. NAt i on
reaction i s ethanol anine. 20. The process of claiml,

28 WheriRi plodebter fERER M 0w Bt A e TirStak M8 4n inSrga@klc afd.0t i C
solvent. 21. The process of claim1, wherein the

29.S eCOGprédeGTichird 0| WRMin ki fir@ladRNEhydésehlofid@cigr ocess of
claim1, wherein the second base is an or gani ¢ base.

30.23. Th-El]ﬁod%sQﬁ" @f$m Of whdréh Melic-MRANEH BN tA6tiHEE AMtit B&&6er ®°C and
trlethylan1ne 24, The process of claim1, wherein the
60°Ceacti on bet ween conpound 6 and compound 7 is carried
out in the presence of a catalytic am ne. 25. The
L. pr obhegsocsss afickitnl 1Wwhapie thei appropiate sdeant Brclpetediien Water or a 50%

Hm&g&ﬁg%ﬂgnﬁmgﬁd conmpound 7 is carried out in the
presence of a catalytic amount of

3 di r@{ew&%ﬁg JTRRYh i Al Aein 4R ap&laﬁnaé QfieRPisWar! @l m 1,

wherein the third organic solvent I's an aprotic

33.50l "Mﬁﬂ)troc%zs of Ll RI Wh&dir tl%fefféo];twe%l%untvgf ﬁﬁl%'l@bett\p@ent2mnﬂ 94 hours.

organic solvent is acetonitril . The process of
34CI ayQ VheEER 1T RBRdD afx % %@f'lt&%{ A0LIGrRGH dl1
ﬁ%mﬁrocess of cl 5fn1§n W%efgl At he fﬁgét aé?. ?bmpmm
or dwehntr@thﬂgdm wldpndf C8opoundd tprfow serofallghadmand filtaheg i n
he..d i fiication reaction is run at between 200C
recérstglhég%ggélgdimﬁ _]_ : .

he process of cIa|n11 wherein the

35.8PPX QR ias%tfor c%la}/lgg({i ou%g ec&ﬁ:%d ise themte\g%tfer or a 50%

neth process of claim1,
V\'hej’ rea@t&ghceom%BErdoéJ“ ate sol vent | s wat er.
=
|
H,N™ N
CO2tBU,
6

with compound 7,
Eyf
F O Cl

7,

in a second organic solvent in the presence of a second base to produce compound &,
" 2 0]
F o N \N COztBU
H
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33. The process of claim1l, wherein the effective

anount of tinme is between 2 and 24 hours. 34. The
wpeweedd4nf claiml, further conprising the stRQI/G$2008/085458

filtering the slurry of Conpound 1 or concentrating

the solution of Conmpound 1 to effect recrystallization

andi)fdel dsRFitymg: ddﬂ@oﬁlﬁﬁg WSt ApHabic %ﬂxt@fé@ﬁl&iﬂﬁné—wat@5 a tifird organic

process foripreparlng Conpound 1 conprises the step

of :Solvynty @detfirHgedppodps cemPindy. conpound 7, 7, in a

second organi c solvent_in the presence of a second
basme 2 C nd 8,ii) de-esterifying conpound
8 i PREFNG AN xCOUPH Si ng water, a third

s > Lexe
or gani T sol vant H ar{\bl a st acid to produce conpound
9, 1HA iii) slurrying ™ dissolving conpound 9 in an
appropriate sol Vélftl for an effective amunt of tinme to
produce Conpound 1. 36. A process for preparing a
conpound of forndila 1: 1 conpriskng the step of : |a)
reacting a conpound of forpula 6a: 6a wherei

G 16 HPTHRGLS @8805@13& COMBPP YA, an [RBRTEPIAT wlvenbﬁ% Plb%ﬁf%we amount

or(ﬁgh@&@ g&gqﬁhﬁb . 1s independently selected from
ﬁ% ?n NC2, hal ogen, -CN,

36." ClA é(%las@%ll@féparm RabK@¥Nula 15( 0) N(R J) 2,
-NRIC(O)R J 2RJ, -SO2N(RJ) 2, -NR.JSOZR.J,
(R)m (Ry)o
//q
N
N S
| Ry
1
comprising the step of:
ia) reacting a compound of formula 6a:
(R1)o
¢
HN SN | \;_R
R Z ( 1)p
6a

wherein,
R is H, C aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalky],;

R; is independently selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
_Cyshaloalkoxy, -C(OIN(R”),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR’SO,R’, -COR’, -
CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;
o is an integer from 0 to 3 inclusive; and

p is an integer from 0 to 5 inclusive;
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CO2RJ, -NRIS2N(RJ)2, -COCCORJ ; RJ is hydrogen or Cl1
aliphatic; ois an integer fromQo 3 inclusive; and p
WO 2009M761#2 eger from Qo 5 inclusive;with a conpOUns200$/085458
fornula 7a: 7a wherein, Ais a fused cycl oal kyl,
het erocycl oal kyl, aryl, or heteroaryl ring; R 1is
with BdeRpneent foymslelrect ed from -RJ, -ORJ, -N(RJ)2, -NC2,
hal ogen, -CN, -Cl-4hal oal kyl, -C _4hal oal koxy,
-C(ON(RJ)2, -NRIC(ORJ, -SQRJ,, -SR2RIJ, -SZN(RJ)2,
-NRIS2RJ, -CORJ, - CORRIAANRIGPZN(RI)2, -COCORJ ; RJ
i s hydrogen or Cl aliph mils an integer fromO to
3 inclusive; n is an intege X1 to 4 inclusive;
and Xis a halo or OH, in a ond organi c solvent in
the presence of a second base.’W37. The process of
cl aim 36, wherein the second organic solvent is an
aprotic solvent. 38. The prowmess of claim 36, wherein
t he second organic solvent is toluene. 39. The process
whatincl ai m 36, wherein the second base is an organic
base. 40. The process of claim 36, wherein the second
A ibafred §/clonikel hytbidtydi@lkyd hryl Tdrdeproasesisg;of cl ai m 36,
wherein the reaction between conpound 6a and conpound
R, ikandepergiaiittyl eticodifromnRE, RORH FEGENC DS hatogeat-alNy td,Ghaloalkyl,

Pk SRR copoant. ST mOch R ParMIGSOR. -COR. -

CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_saliphatic;

m is an integer from O to 3 inclusive;

n is an integer from 1 to 4 inclusive; and
X is a halo or OH;

in a second organic solvent in the presence of a second base.

37.  The process of claim 36, wherein the second organic solvent is an aprotic solvent.
38.  The process of claim 36, wherein the second organic solvent is toluene.
39.  The process of claim 36, wherein the second base is an organic base.

40.  The process of claim 36, wherein the second base is triethylamine.

41.  The process of claim 36, wherein the reaction between compound 6a and compound 7a is

carried out in the presence of a catalytic amine.

42.  The process of claim 36, wherein the reaction between compound 6a and compound 7a is

carried out in the presence of a catalytic amount of dimethylaminopyridine.

43.  The process of claim 36, wherein when R; on the phenyl ring in formula 1 is an ester, the
process further comprises de-esterifying the compound of formula 1 in a biphasic mixture

comprising water, a third organic solvent, and a first acid to give an acid salt.
44. The process of claim 43, wherein the third organic solvent is acetonitrile.

45. The process of claim 43, the first acid is an inorganic acid.
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carried out in the presence of a catalytic anount of

di met hyl am nopyri di ne. 43. The process of cl ai m 36,
wabmpera4mnhen Ri on the phenyl ring in fornmul aPQI/US20881085458

ester, the process further conprises de-esterifying

the conpound of fornula 1 in a biphasic mxture

46.CONTHel prddags NRLadh 43 awHeldin the T @ aLill 6 15@to¢BREc a@d a fir st
acid to give an acid salt. 44. The process of claim

47.43, THREREsbflchen YR Wwikrh Saib-Cste@icdaBH reb&ionGLiuRE Botwée . 20°C
45. The process of claim43, the first acid is an

amﬁ@b@ganlc aci d. 46. The process of claim43, wherein
the first acid is hydrochloric acid. 47. The process

48.0f Bhearonessa! clgfie fiherdiethgacid selk s sonveiter shihe &5 farentora L by

slulrr%lﬁg 8t d&%fv‘ﬁ%@ﬂe £0PG1an gn %Q(qgrlafb%oIVIHQOMn%@ﬁ%e%noﬁhtadf Bine.

wherein the acid salt 'is converted to the free

49.f orpge p’%&regg dr 'clamf 48 | Wckoth 1he aﬁﬁroﬂﬁ'ﬁé@l%hﬂg sélgﬁedaﬁ:dnq wﬁék br a 50%
in an appropriate solvent for an effective anount

methpiped/wak® misthig. pr ocess of cl ai m 48, wherein the
appropriate solvent is selected fromwater or a 50%

50. met Hemodoestetf ehaimit twihreecin 89 apTheriahy weessis pfatee| ai m 48,
wherein the appropriate solvent is water. 51. The

51.pr oBwgsoasfs afickim 4 gyvhewhietheicfedtive ambiing of fime isdhetyvaen 2@hd 24

hmﬁ%ne is between 2 and 24 hours. 52. The process of
cl'aim 48, further conprising the step of filtering the

52. | l'lfhery{)roce%st or}%lag nlgergompr 1;nm'Jthg stecpoofqilf %aglthfe }u? of he

concentra e so ron o oun
Corﬂpolunld &0formmila ll in Bdrfndc tor cmerymtmg thie zeium@mfalmjcofnpbm&r ofrfqrmula 1
d f . in F | . .
in g 6 ikl b Etsh SRR R peth ST TretPa AT reata 1 in

For@al. wher ei n,

53. A process for preparing a compound of formula 6a:
(R1%
L)
N
HN™ °N |\:_
6a
wherein,

R is H, C aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalky],;

R; is independently selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
-Cishaloalkoxy, -C(O)N(R"),, -NR’C(O)R’, -SOR’, -SO,R’, -SO,N(R),, -NR'SO,R’, -COR’, -
CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_saliphatic;

o is an integer from 0 to 3 inclusive; and
p is an integer from 0 to 5 inclusive;
comprising the steps of:

ib) providing compound 2a and compound 3a,
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Ris H G _6 aliphatic, aryl, aral kyl, heteroaryl,
cycl oal kyl, or heterocycloal kyl; R is independently
wa2leotad2 from -RJ, -ORJ, -N(RJ)2, -NO2, hal ogeCil/USI0ME/085458
- Cl- 4hal oal kyl, -G _4hal oal koxy, -C(O N(R J) 2,
-NRJC(CDRJ -SORJ, -SQ2RJ, -S2N(RJ)2, -NRISO2RJ,
, -NRJSOZN(RJ)Z -COCOR J ; RJ is hydrogen

Er;iyallphatchQkﬁ integer fromO to 3
|nc and p is an||grd§éﬁ fromO to 5 inclusive;
compi sifffy the steps of ~ib) providing compound 2a and
conp nd 3a, 2a 3a ; mhergln R is independently
selec %d from-RJ, -OR J; -N(R J)2, -NO2, hal ogen,

hr -G 4ha|oa|ky| -C|_4haloalkoxy, -C(ONRJ)2,
WheRiB o QR J, -SOR J, -SOPRJ, -SO2N(R J)2, - NRISO2RJ,

- - NR] S ' AT J [
R SRR RSB B N el o
—C1I4lﬂz(t1)d))dD18dxye—C((aMRPz, FSRaOhRIT sgm"d ’ ‘soggﬁ @otzlsrats‘)z%JI mgiJsem}eCOR -
| cr gou I ng ;conmpoun a and conpoun ain a
Cod$pﬁﬂ§§ NRe-ak Q¢ rising water, a first organic
| vent, a f%&%t base, and a transition netal cat al yst

Rlﬁgy PEAPES eUMBRifAd 4a, 4a ; wherein, Ri, o, and p are
as deflned for conmpounds 2a and 3a above 1iiDb)
o ISR PEs AL dduFE YA 28b produce conmpound 5a,

p is an integer from 0 to 5 inclusive;

iib) cross coupling compound 2a and compound 3a in a biphasic mixture comprising
water, a first organic solvent, a first base, and a transition metal catalyst to produce

compound 4a,
(Ry)
C
|
N

da ;
wherein, Ry, o, and p are as defined for compounds 2a and 3a above;
iiib) oxidizing compound 4a to produce compound 5a,

(R1)o

Sa ;
wherein, Ry, o, and p are as defined for compounds 2a and 3a above;

ivb) adding an amine group to the 6 position of the pyridyl moiety to produce compound

6a,
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5a ; wherein, R, o, and p are as defined for
conpounds 2a and 3a above; ivb) adding an am ne group
W@ 2000/aB182 posi tion of the pyridyl noiety to prRCUS2008/085458
conmpound 6a, 6a ; wherein, Ris H G -6 aliphatic,
aryl, aral kyl, heteroaryl, cycloal kyl, or
het erocy®,pal kyl ; and Rl, o, and p are as defined for
2a and 3a above. 54. The process of claim
' he first organic solvent is an aprotic
. _b@igrocess of claim 53, wherein the
first orgamigAsol'¥ent is toluene. 56. The process of
claim53, wherein the first organic solvent is a
protic ol vent; 57. The process of claim53, wherein
the first base is an inorganic base. 58. The process
wh@tincl ai m 53, wherein the first base is potassium
carbonate. 59. The process of claim53, wherein the
R i{ HAOS/ dlipRdciBRhrakal abti®hryl, SydodRH] @Geldrochasar; and
catal yst. 60. The process of claim53, wherein the

R,, Rahddakire it REsedfoe 8 wuds JasnlPdf dppt) G 2. 61. The
process of claimb53, wherein the cross coupling

54.1 eaptel pabteisSoflclaim 88, WIRTME AR BH Bfzamid oI QCan Hbtic EHQent,
process of claim 53, wherein the oxidation reaction is

55.CarTﬂeqﬁoc@$btof'é§ﬁIH g3,§vl{é9<iﬁ1©thie¢ﬁst ofg%nicwleerﬁ QRS S. of claim
53, wherein the oxidation reaction is carried out

56.US1TH3 PEIACHclabn 38 wherdrHhe TR oRaRR 8SISe s £HrdlidodRnt.
wherein the oxidation reaction 1s carried out in the

57.Pr BRI of3RIABRWMHckERthe first base is an inorganic base.

58.  The process of claim 53, wherein the first base is potassium carbonate.
59.  The process of claim 53, wherein the transition-metal catalyst is a palladium-based
catalyst.

60.  The process of claim 53, wherein the palladium-based catalyst is Pd(dppf)ClL.

61.  The process of claim 53, wherein the cross coupling reaction is run at between 60°C and
100°C.

62. The process of claim 53, wherein the oxidation reaction is carried out using a peroxide.
63.  The process of claim 53, wherein the oxidation reaction is carried out using peracetic
acid.

64. The process of claim 53, wherein the oxidation reaction is carried out in the presence of

an anhydride.

65.  The process of claim 53, wherein the oxidation reaction is carried out in the presence of

phthalic anhydride.

606. The process of claim 53, wherein the oxidation reaction is run at between 25°C and

65°C.

67. The process of claim 53, wherein the amination reaction is carried out in the presence of

a sulfonyl compound.
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65. The process of claim53, wherein the oxidation
reaction is carried out in the presence of phthalic
wa@nliydrdide. 66. The process of claim53, wher ePCI/URM08/085458
oxi dation reaction is run at between 25C and 65C. 67.
The process of claim53, wherein the am nation
68.1 eatel padtebsSof ¢t 5 8,AvIRin th8 afniftiPk REETYAEs @rid culInf tBesence of
compound. 68. The process of claim53, wherein the
methanelfonisanhyditdei on is carried out in the presence of
met hanesul foni ¢ anhydride. 69. The process of claim o
69.53 Thgrpapcassspichiam 434 iergipie REHIFEA reggedgused 14 the amination reaction is
an 204 HR0 reaction is an al cohol amne. 70. The
process of claimb53, wherein the am nation reagent
70.US efhel ﬂﬂoctegbeof QLA @’55,! %réi@%%%h%ti&?re@ééﬁ@ﬂs%h AMhB&minbdon Raction is
process for preparing a conpound of fonmula 7a: 7a
cthggiodanginia, A is a fused cycl oal kyl, heterocycl oal kyl ,
aryl, or heteroaryl ring; R is independently selected
71.f r ofproRgss formp,aring\[q pQ]r)@und pmmuha]aogen, - CN,
- Cl1- 4hal oal kyl , -G _4hal oal koxy, -C(O N(R J) 2,
-NRIC(O RJ, -SORJ, -SC2RJ, -(BOEN(RJ)2, -NRISO2RJ,
-CORJ, - CO2ZRJ, -NRISQ2 COCORJ ; RJ is
hydrogen or Cl1 ali phati integer fromO to 3
inclusive; nis an integer 1%to 4 inclusive; and
Xis a halide or OH

wherein,
A is a fused cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring;

R, is independently selected from -R’, -OR’, -N(R"),, -NO,, halogen, -CN, -C_shaloalkyl,
_Cyshaloalkoxy, -C(OIN(R”),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR’SO,R’, -COR’, -
CO,R’, -NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;
m is an integer from O to 3 inclusive;
n is an integer from 1 to 4 inclusive; and
X is a halide or OH;
comprising the steps of
ic) reducing Compound 10a in a fourth organic solvent:

(R1)m

l Z
CO,H
10a
wherein,

A is a fused cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring;
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conprising the steps of ic) reducing Conmpound 10a in a

fourth organic solvent: 10a wherein, Ais a fused
weywboailkyl , heterocycl oal kyl, aryl, or heter oRCHUS2008/085458

ringRi is independently selected from-RJ, -0OR J,

-N(RJ) 2, -NO2, hal ogen, -CN, -Cl-4hal oal kyl,

R, sGhdepbiRb@ R¥Md frof(-Q), NOR', INR"), N KR, -CNS@R I haloalkyl,

- SO?RJ, -SOZ)glq(RjJ)Z, s NRISCPRJ, - CORJ, - CCPRIJ, | ; ;
-CrapordepRy-RIPNRDCARIIOR REARs. APelt ofONGE 2cINR'SOR', -COR’, -
co’l psoNrRANdcmdoR'an integer from o 3 inclusive,

wi th a reducing agent to produce Conpound 1la: 1la

R’ WREd6Ed or O Mlipfatididng @nd m are as defined in Conpound
10a above; 11C) reacting Conpound 1la with a first

m 03 Reehatdne (P9gRIuvE a fifth organic sol vent to
produce Conmpound 12a: 12a wherein, ring A, Rl, and m

witfth feddSind §EdnDRDrbdhc COOMPYRAM 119 above, and Hal is a
halide; "iTic) reacting Conpound 12a with a cyanide to
fmei n, ring A, Rl, and m
a above; ivc) reacting
of (glg)rrrula 13aa in the

produce Conpound 13a : 13a
are as defined in Conpou
Compound 13a with a co
presence of a third base:

lla
wherein, ring A, Ry, and m are as defined in Compound 10a above;

iic) reacting Compound 11a with a first halogenating agent in a fifth organic solvent to

produce Compound 12a:
(R1)m
l /\ Hal
12a
wherein, ring A, R;, and m are as defined in Compound 10a above, and Hal is a halide;
iiic) reacting Compound 12a with a cyanide to produce Compound 13a:
(R1)m
o
13a

wherein, ring A, Ry, and m are as defined in Compound 10a above;

ive) reacting Compound 13a with a compound of formula 13aa in the presence of a third

Hal\,H\,Hal

q

base:

13aa

wherein,
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wherein,Hal is a halide; and q is an integer fromQo
3 inclusive; to produce a conpound of fornula 1l4a: 1l4a
waobmpeiag2r is an integer from1 to 4 inclusi vRCT/HSZH08/085458
ring A, Rl, and mare as defined in Conmpound 10a
above; vc) sequentially reacting Conmpound 14a with a
Haly @ h@ixdcdghdbase and second acid to form Conpound 15a,
whi ch is conpound 7a when X = OH. 15a wherein, r, ring
q i%An ifdger &0eh MModrifclagvd ef pro@de b BofkpsiRawnthrihdia 1apove; and
vie) reacting Conmpound 15a with a second hal ogenati ng
agent in a sixth organic solywpt to form Conpound 16a,
whi ch is conpound 7a whe > halide: wherein, Hal is
halide; and r, ring A | ggd qgire as defined in
Conmpound 14a above. 72. pr s of claim 71,
wherein the fourth organic scﬂ nt is an aprotic
sol vent.73. The process of claim 71, wherein the
fourth organic solvent is toluene. 74. The process of
claim 71, wherein the reducilfy agent is a hydride. 75.
The process of claim 71, wherein the reducing agent is
whergidti um bi s(2- met hoxyet hoxy) al umi num hydride. 76. The
_process of claim71, wherein the reducing reaction is
rispp integer femided indsivan#nd400C. 77. The process of claim
71, wherein the fifth organic solvent is an aprotic
ring 8| Reged mag asiglngdrip cempowr 10p abeve71, wherein the

fifth organic solvent is methyl -butyl ether. '
vc) sequentially reacting Compound 14a with a hydroxide base and second acid to form

Compound 15a, which is compound 7a when X = OH:

(R1)m

15a
wherein, 1, ring A, Ry, and m are as defined in Compound 14a above; and

vic) reacting Compound 15a with a second halogenating agent in a sixth organic solvent

to form Compound 16a, which is compound 7a when X = halide:

(R1 )m

wherein,
Hal is halide; and
r, ring A, Ry, and m are as defined in Compound 14a above.

72. The process of claim 71, wherein the fourth organic solvent is an aprotic solvent.
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79. The process of claim71, wherein the first

hal ogenati ng agent is thionyl chloride. 80. The
wee@eesg4nf claim 71, wherein the reaction of EINPENLI085458

Ila with a first hal ogenating reaction is run at

bet ween 15C and 300C. 81. The process of claim 71,
73.WheTiRi plodefieofelaah 7 8y lictei® B ifbtiMhGy @nickBlvedds tofld@e. pr ocess

of claim71, wherein the reaction of Conmpound 12a with
74.2 CHRPrétRsd oF clabfl 78IwIREINER Re (B0R L2 80 dis449EidB83. The

process of claim 71, wherein the third base is an
75.1 NOT1RG@sPALRIm §4,. whbhen Pk 0&RSBg @fen€ lsabdurhbis(wher ei n

the third base is potassi um hydroxi de. 85. The process
megpxyethoryppipminygbydside: Conpound 13aa i s

| - br ono- 2- chl oroet hane. 86. The process of claim71
76.\wh eFhisinioaerieof CBaB 1 GHheETin e ysEinE TCRSEON fHi % bettyagibling and 40°C.

of forrmula 13aa is run at between 500C and 900C. 87.
77.Thel ismsecesofstaing 7 & wherein thiiéthorganicriel vegtdis 8% prfetipedeent.

sodi um hydroxi de. 88. The process of claim71, wherein
78.t helhgaesses A €ladm 76, velisrgimthe Jidthioseaaiisglveigas mythul rrupd ether.

of claim71, wherein the second acid is hydrochloric
79.acithe pygeessTlagn @ &axheray the [figt Aplpgenatipgeagantys thigayl chloride.

sequential reaction of Conpound 14a with a hydroxide

80. paskhearigressedf 6laém & veheradn th fcagtioyeftpamsurbble vakir feidelogenating
mwﬁ&PiJhﬁap&Q@&§§5qfa&jﬁﬁ@171, wherein the sixth organic
o)

vent 1s an aprotic solvent. 92. The process of

i P . - Te .
81.:: lah{@ é&ce%s‘é&%lla A1 iR rch Bﬁ%?ye@lﬁ&%‘é HPLYMGRE. 1S

ol uerie. e. process O. a! m /1, er .el n the
se | : :
55 oA TSI ARG iy T, ST

betw&a W€ andd®€cond hal ogenating agent is run at between
400C and 800C. 95. A process for preparing Conpound 1

83.f r dhhequoesuridladn Bél vowreis thie thiph pses sn cengenicdiasyy t he
step of slurrying conmpound 9 in an appropriate sol vent

84.andlTstpreaessng claim 71, wherein the third base is potassium hydroxide.

85.  The process of claim 71, wherein Compound 13aa is 1-bromo-2-chloroethane.

86.  The process of claim 71, wherein the reaction of Compound 13a with a compound of

formula 13aa is run at between 50°C and 90°C.

87. The process of claim 71, wherein the hydroxide base is sodium hydroxide.
88.  The process of claim 71, wherein the second acid is an inorganic acid.
89. The process of claim 71, wherein the second acid is hydrochloric acid.

90.  The process of claim 71, wherein the sequential reaction of Compound 14a with a

hydroxide base and second acid is run at between 70°C and 90°C.

91. The process of claim 71, wherein the sixth organic solvent is an aprotic solvent.
92. The process of claim 71, wherein the sixth organic solvent is toluene.
93.  The process of claim 71, wherein the second halogenating agent is thionyl chloride.

94.  The process of claim 71, wherein the reaction of Compound 15a with a second

halogenating agent is run at between 40°C and 80°C.
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for an effective amount of tinme to produce Conpound 1.
96. A process for preparing Conpound 1 from conpound 8
wheloomraenpri sing reacting Conpound 1 with forrETUSDLI085458
bet ween 600C and 800C. 97. A conpound of fornula 6b:
6b wherein, Ris H G _6 aliphatic, aryl, aralkyl,
95.het gpareX lfor potaliRACKMbounan thet emgeyed 98dlky! ; R and R2
are independently selected from-RJ, -OR J, -N(R J) 2,
-NO 2, hal ogen, -CN, -@xdhal oal kyl, -C _4hal oal koxy,
-Og(]? J, -SO 2RJ, -SO 2N(R
P 2RJ, -NR JSO2N(R J) 2,

QygiQgen ap Cl aliphatic; o is an
integer fromQo 3 inclusive; and p is an integer from
0 to 5 inclusive. 98. The conpound of claim 97,
wherein Ris H 99. The conpound of claim 97, wherein
R isdd al i phatize_and o is 1. 100. The conpound of
cl & ' is methyl and o is 1. 101. The
conpo s i PHR2 is -CO2RJ and pis
1. 102. The aim97, wherein R is -CO
2RJ, RJ is Cali,phgtic, and p is 1. 103. The conpound

9

said process comprising the step of slurrying compound 9 in an appropriate solvent and stirring

for an effective amount of time to produce Compound 1.

96. A process for preparing Compound 1 from compound 8 below

H
0 NN OH
F O
1
0] -
F 0
>< \l CO,tBu
F O H N 2
8

comprising reacting Compound 1 with formic acid between 60°C and 80°C.

97. A compound of formula 6b:

(R1 )o
I
HNT N Y
) L Rk
6b

wherein,

R is H, C aliphatic, aryl, aralkyl, heteroaryl, cycloalkyl, or heterocycloalky],;
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R; and R, are independently selected from -R’, -OR’, —N(RJ)z, -NO,, halogen, -CN,
-Cy4haloalkyl, -Cishaloalkoxy, -C(O)N(R'),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),,
NR’SO,R’, -COR’, -CO,R’, NR'SO,N(R),, -COCOR’ ;

R'is hydrogen or Cy_¢aliphatic;

o is an integer from 0 to 3 inclusive; and

p is an integer from 0 to 5 inclusive.

98. The compound of claim 97, wherein R is H.

99.  The compound of claim 97, wherein R; is C;.¢ aliphatic and o is 1.

100. The compound of claim 97, wherein R; is methyl and o is 1.

101.  The compound of claim 97, wherein R, is —CO,R’ and p is 1.

102. The compound of claim 97, wherein R is —COR", R'is C16 aliphatic, and p is 1.

103.  The compound
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