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METHODS OF PREPARI NG QUI NOLI NE DERI VATI VES BACKGROUND OF THE | NVENTI ON
Cross RefwoenoastwoRel at ed Applications 5[0001] This applcirasteemesini ms t he
benefit agfiorkdy SickeProoR4ssiianiaivomagsent Application No. 61/199,088, filed
Novenber 13, 2008, the contents of which is incorporated herein by
reference inits entirety. Field of the I nvention 10 [0002] This discl osure
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differentiation, programmed cell death, migration and chemoinvasion.
Summary of the Related Art

15 [06003] Improvements in the specificity of agents used to treat cancer is of considerable

interest because of the therapeutic benefits which would be realized if the side effects
associated with the administration of these agents could be reduced. Traditionally, dramatic
improvements in the treatment of cancer are associated with identification of therapeutic
agents acting through novel mechanisms.

20 [0004] Protein kinases are enzymes that catalyze the phosphorylation of proteins, in
particular, hydroxy groups on tyrosine, serine and threonine residues of proteins. The
conscquences of this seemingly simple activity are staggering; cell differentiation and
proliferation; i.e., virtually all aspects of cell life in one-way or another depend on protein
kinase activity. Furthermore, abnormal protein kinase activity has been related to a host of

25  disorders, ranging from relatively non-life threatening diseases such as psoriasis to extremely
virulent diseases such as glioblastoma (brain cancer).

[0005] Therapeutic use of kinase modulation can relate to oncological indications. For
example, modulation of protein kinase activity for the treatment of cancer has been
demonstrated successfully with the FDA approval of GleevecG) (imatinib mesylate,

30  produced by Novartis Pharmaceutical Corporation of East Hanover, NJ) for the treatment of
Chronic Myeloid Leukemia (CML) and gastrointestinal stroma cancers (GIST). Gleevec is a
c-Kit and Abl kinase inhibitor.
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[0008] The endogenous ligand for c-Met is the hepatocyte growth factor (HGF), a potent
inducer of angiogenisis, also known as “scatter factor” (SF). Binding of HGF to ¢c-Met
induces activation of the receptor via autophosphorylation resulting in an increase of receptor
dependent signaling, which promotes cell growth and invasion. Anti-HGF antibodies or HGF
20  antagonists have been shown to inhibit tumor metastasis in vivo (See: Maulik et al Cytokine
& Growth Factor Reviews 2002 13, 41-59).
[6009] Tumor growth progression requires the recruitment of new blood vessels into the
tumor from preexisting vessels as well as invasion, adhesion and proliferation of malignant
cells. Accordingly, c-Met overexpression has been demonstrated on a wide variety of tumor
25  types including breast, colon, renal, lung, squamous cell myeloid leukemia, hemangiomas,
melanomas, astrocytomas, and glioblastomas. Additionally activating mutations in the kinase
domain of c-Met have been identified in hereditary and sporadic renal papilloma and
squamous cell carcinoma. (See: Maulik et al Cytokine & growth Factor reviews 2002 13, 41-
59; Longati et al Curr Drug Targets 2001, 2, 41-55; Funakoshi et al Clinica Chimica Acta
30 2003 1-23). Thus modulation of c-Met is desirable as a means to treat cancer and cancer-
related disease.
[06010] Accordingly, there is a need for new methods of making compounds that are

protein kinase modulators.
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or a pharmaceutically acceptable salt thereof, wherein:
R' and R? join together with the nitrogen atom to which they are attached form a 6
membered heterocycloalkyl group;
X'is H, Br,Clor F;
10 X’ is H, Br,Clor F;
$ is 2-6;
nl is 1-2; and
n2 is 1-2.
[0012] Intermediates useful in preparing the above compounds are also disclosed.
15 [0013] The compounds of formula i(1) are useful as protein kinase modulators, and they
inhibit c-Met.
[6014] There are many different aspects and embodiments of the disclosure described
hereinbelow, and each aspect and each embodiment is non-limiting in regard to the scope of
the disclosure. The terms “aspects” and “embodiments™ are meant to be non-limiting
20  regardless of where the terms “aspect” or “embodiment” appears in this specification. The
transitional term “"comprising” as used herein, which is synonymous with "including,”
"containing," or "characterized by," is inclusive or open-ended and does not exclude

additional, unrecited elements.



,NO 5 or a pharnmaceutically acceptable salt thereof, wherein: Rl and
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3 or a pharmaceutically acceptable salt thereof, wherein:

R'and R? join together with the nitrogen atom to which they are attached form a 6

membered heterocycloalkyl;
X'isH,Br,Clor F;
X*isH, Br,Clor F;

10 s is 2-6;

nl is 1-2; and
n2is 1-2,

the method comprising:

contacting the compound of formula h(1) with reactant z(1) to yield the compound of formula

15 (1)
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] Aspect (1) of this disclosure
rel at es twoaomaskwd of preparing a conpound of formul a PCT)uS2009/06444Ft 2 Sor
a phar macsuticy Datet No: A@e@PBLABbA29SAl t t hereof, wherein: R and R2 join
together with the nitrogen atomto which they are attached form a 6
menbered heterocycloal kyl; Xi is H Br, d or F, X2 is H Br, C or F;, 10s
is 2-6; nlis 1-2; and n2 is 1-2, the nethod conprising:
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[0016]  The reaction in Aspect (1) of this disclosure is advantageously carried out under
suitable reaction conditions. Non-limiting examples of suitable reaction cbnditions in Aspect
5 (1) include using basic conditions. Non-limiting examples of basic conditions that can be
used in Aspect (1) of this disclosure include the use of inorganic bases, such as aqueous
KOH, NaOH, K,CO3, Na;CO3, KsPO4, NasPO4, KoHPO4, Na;HPOQ,, and the like, or mixtures
thereof. Other non-limiting examples of suitable reaction conditions in Aspect (1) include
using suitable solvents. Non-limiting examples of suitable solvents that can be used in
10 Aspect (1) of this disclosure include water miscible solvents, such as THF, acetone, ethanol,
and the like, or mixtures thereof. Other non-limiting examples of suitable solvents that can
be used in Aspect (1) of this disclosure include water immiscible solvents such as MTBE,
dichloromethane (DCM), isopropopyl acetate (iPAc), toluene, and the like, or mixtures
thereof. Other non-limiting examples of suitable reaction conditions in Aspect (1) include
15  using suitable temperatures. Suitable temperatures that may be used for the reaction in
Aspect (1) include a temperature at a range of from about 7°C to about 30°C, or alternatively,
at a range of from about 10°C to about 26°C, or alternatively, at a range of from about 12°C
to about 21°C. The product formed in Aspect (1) is in the free base form and this free base
form may be converted into a pharmaceutically acceptable salt thereof, by methods known in
20  the art. In one example, the compound of formula i(1) can be converted to its bis-maleate
salt by the addition of maleic acid and a suitable solvent. In another example, the compound
of formula i(1) can be converted to its bis-phosphate salt by the addition of phosphoric acid
and a suitable solvent.
[0617] Utilities of the compound of Formula I are further described in WO 2005/030140
25 A2



contacting the conpound of foimula h(1) with reactant z(1) to yield the
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[0033] In another embodiment of Aspect (1), R! and R? join together with the nitrogen
atomn to which they are attached form piperidinyl, piperazinyl or morpholinyl.

[6034] In another embodiment of Aspect (1), R! and R? join together with the nitrogen
20 atom to which they are attached form morpholinyl.
[0035] All compounds of formula i(1) for Aspect (1) disclosed above include any of the
disclosed alternative embodiments in Part A for each of X‘, Xz, nl, n2, or s, in combination
with any other of the disclosed alternative embodiments in Part A for each of X', X%, nl, n2,
or s, as well as a pharmaceutically acceptable salt of any such combination.

25
Embodiments of Aspect (1) Part B

[0036] In another embodiment of Aspect (1), nl and n2 are each 1.
[0037] In another embodiment of Aspect (1), nl and n2 are each 2.
[6038] In another embodiment of Aspect (1), nl is 1; and n2 is 2.
30 [0039] In another embodiment of Aspect (1), nl is 2 and n2 is 1.
[0040]  In another embodiment of Aspect (1), X' is H; and X* is F.
[0041]  In another embodiment of Aspect (1), X' is F; and X% is H.
[0042] In another embodiment of Aspect (1), X! and X? are each H.

[0043]  In another embodiment of Aspect (1), X' and X are each F.
6



[ 0018] I n anot her enbodi nent of Aspect (1), XI is d or F. [0019]In another
enbodi nent of Aspect (1), X2 is O or F. [0020]In another enbodi nent of
Aspect (W0 2Kio/ise96h. 5[ 0021] I n anot her enbodi ment of Aspettusedp/o6d421is F.
[ 0022] | n /amody heke wnhadiasenwoofsesdspect (1), Xi is H [0023]1n anot her
enbodi ment of Aspect (1), X2 is H [0024]1n anot her enbodi nent of Aspect
(1), nlis 1. [0025]1n another enbodi nent of Aspect (1), n2 is 1.

0026 I 0027] 1 th
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Aspect (i[ &%?f(?gg’fﬁlﬂmétn%ﬁ% ct @rﬁ% l}b\ggect (1), s is 6.
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nitrogen atom to which they are attached form morpholinyl.

(0050} In embodiment (C) of Aspect (1), the compound of formula h(1) can be made by

reducing a compound of formula g(1) to yield the compound of formula h(1):

NO,
)// \ NHp
(x3), :__ 7\
: (Y
A m Reduction N MO §
F*\
1)

wherein each of R, R?, X%, S and n2 are as defined in Aspect (1), or as in any of the

10

embodiments of Aspect (1) (Part A), of this disclosure,
[0051) The reaction in embodiment (C) of Aspect (1) of this disclosure is advantageously
15  carried out under suitable reaction conditions. Non-limiting examples of suitable reaction
conditions in embodiment (C) of Aspect (1) include reducing the compound of formula g(1)
to the compound of formula h(1) in the presence of a catalyst. Non-limiting examples of
such catalysts that can be used in embodiment (C) of Aspect (1) include platinum group
metals, and the like. Non-limiting examples of catalysts that are platinum group metals
20 include palladium, platinum, rhodium, ruthenium, and the like. Reduction of the compound
of formula g(1) can also be carried out by non-catalytic reduction, such as with the use of
dithionite, iron acid-acid, or tin-acid. In another embodiment of embodiment (C) of Aspect
(1), the reaction is carried out in the presence of palladium on carbon (Pd/C). In another
embodiment of embodiment (C) of Aspect (1), the reaction is carried out in the presence of
25  about 5% to about 20% Pd/C. In another embodiment of embodiment (C) of Aspect (1), the
reaction is carried out in the presence of about 7% to about 15% Pd/C in ethanol. In another

embodiment of embodiment (C) of Aspect (1), the reaction is carried out in about 10% Pd/C

7



20 atomto which they are attached form norpholinyl. [0035]A | conpounds of
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and X2 is |-1.
as ammonium formate, alkylammonium formate, or potassium formate. Other non-limiting

examples of suitable reaction conditions that can be used in embodiment (C) of Aspect (1)
include the use of suitable solvents for the reaction to take place in. Non-limiting examples
10 of suitable solvents that can be used in embodiment (C) of Aspect (1) include THF, AcOH,
ethanol (EtOH), EtOAc, and the like, or mixtures thereof. Other non-limiting examples of
suitable reaction conditions that can be used in embodiment (C) of Aspect (1) include the use
of hydrogen gas under a suitable pressure that can be used in the reaction. Suitable pressures
that can be used in embodiment (C) of Aspect (1) include pressures ranging from about 10 psi
15  to about 50 psi. Other non-limiting examples of suitable reaction conditions that can be used
in embodiment (C) of Aspect (1) include the use of suitable temperatures that can be used in
the reaction. Suitable temperature ranges for the reaction in embodiment (C) of Aspect (1)
include temperatures that one skilled in the art would ordinarily use for this reaction. In
another embodiment of embodiment (C) of Aspect (1), the reduction reaction can be carried
20 out in the presence of about 10% palladium on carbon in a mixture of ethanol and water
containing concentrated hydrochloric acid and pressurizing with hydrogen gas at
approximately 40 psi. The reaction temperature can be at about ambient temperature. Once
the reduction reaction is complete, any catalyst that may have been used can be removed, if
so desired, by filtering the reaction mixture through a bed of Celite®. The reaction mixture
25  can optionally be purified, for instance, by adding a basic solution, such as potassium
carbonate, until the pH of the solution is from about 9 to about 11. The resulting suspension
can than be stirred and the resultant solids can be collected by filtration under standard
conditions.
[06052] In embodiment (D) of Aspect (1), the compound of formula g(1) can be made by
30  reacting a compound of formula f(1) with reactant y(1) to yield the compound of g(1):



[ 0045] I n anot her enbodi nent of Aspect (1), Xl is I-I; and X2 is d.

[ 0046] I n anot her enbodi nent of Aspect (1), XI and X2 are each C. [0047]In
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enbodi nmertesy DRispPecRotly-03XP/I9se F;, and X2 is C. [0049] hi anot her
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reduci ng a conmpound of formula g(1l) to yiN&l,d the conpound o ¥Paul a h(1):
10 wherein each of R, R24G X2, S an are as defined i n/Aspect (1), or
as in any of thBE% Mo rivg  Of ?‘s ) (Part A, o{ 2}/h/§__ scl osure.

[ 0051] The r acw i bodi jment \EO)2 Aspect (1) of )in“% di sclosure is
advant ageoushyX1 o

N&Ut underH@ui t abl e reaelj on _conffi tions.

Non-1imting“exanples of suitable reaction con i1T170R emyodi nent (C) of
Aspect (1) Include reducing,the conpound ofgpfo | a tgJthe conmpound of
formula h(1) in the presence of a catalyst. Nalt-kNg g wxanpl es of such
catal ysts that can be used in enbodi nent (@2 of Aspect gI1) include platinum
group netals, and the like. Non-limting exanples of catalysts t Hat are

pl at i num"BEsR-Greersssento plopyiag evwep sal Faciof R . Rl Xt aohn2 whevdafimed inut heni um
and the |y j : I . e carried
Ut by nenras{ Iy o 9 gf belenBoRRRREUN ALl (L APHILAD, ol affARA Xhal® (T
aci d- aci dimiting expmplgef 8 leaving aroup inshudenipbuigroepst(swh ae@bBdionEnVa(i@s of Aspect

(1), &he ' ' ' I . S ) Ll adi um on car bon
(U . PoTBRE sl B8 el 4 BHEGRER Py @B RO O 020t on
i s carri édsootht skilled drtisaprvesihmablifto 2Bkeaboyrarisont of redoaut y(PO%ngd/ C. | n anot her
enbodi ne I ent f pe 1 the reaction is.carried out in
the pr esgé]%glgrgﬁﬂgggdﬁl{ggg%aﬁ%a aéeﬁ{é?sfg%bg?@ ke wélttﬁCZW@fJ?s tp r‘f‘@ﬁ%?ﬁ%“r

enbodi mentmotrcatip adiilybla staftity noferidbpe cdmd dp with haioue asthpodnds witithel ed out in
about 10% Pd/g{ff%\g’é%%m 056960PCT/ US2009/ 064341 Attorney Docket No:

224990/ 08813
10  [6053] The reaction in embodiment (D) of Aspect (1) of this disclosure is advantageously

carried out under suitable reaction conditions. Non-limiting examples of suitable reaction
conditions in embodiment (D) of Aspect (1) include using basic conditions, such as, for
example, 2,6-dimethylpyridine (2,6-lutidine). Other non-limiting examples of suitable
reaction conditions in embodiment (D) of Aspect (1) include using suitable reaction

15  temperatures when the organic base is added, which can generally range from about 120°C to
about 180 °C. In another embodiment, this reaction temperature can range from about 130°C
to about 160°C. In another embodiment, this reaction temperature can range from about
140°C to about 150°C. Once the reaction is complete, a base, such as potassium carbonate,
can be added to the reaction mixture to precipitate the solids, and then the precipitate can be

20  collected by filtration under standard conditions.
[0654] In an alternative embodiment for embodiments (C) and (D) of Aspect 1, the
compound of formula h(1) can be made by reacting the compound of formula (1) with
reactant u to yield the compound of formula h(1), wherein each of R!, R?, X%, s and n2 are as
defined in Aspect (1), or as in any of the embodiments of Aspect (1) (Part A), of this

25  disclosure.



in ethanol. In another enbodi nent of enbodinment (C) of Aspect (1), the
reduction using such catalyst is carried out by transfer hydrogenation in

t he presewmoeowmiosewshydr ogen-transfer reagent, wherein thechyuse@gemstr ansf er
reagent iAtehey et prdzespypdovyensessansf er reagent known in the art which the
skilled artisan would consider to be suitable for this reaction. In another
5 enbodi ment of enbodi ment (C) of Aspect (1), the reduction is a transfer
hydrogenation reaction carried out in the presence of an aqueoys, sol ution
of formc acid and a formate such as amoni um format e, al kytagunoni um
formate, or potassiumformate. Qther non-limting exa >

reaction conditions thatGcan be used in enbodi ment (C;TF %
i nclude the udf®OUsf switakle solvents for the reaction to ke pl ace in.
Non-limting 10 gf suitable solvenis tihg sed in
enbodi nmerft\ f P h/ 1) inclyde THF, AcC]-l et ha )H), EtOAc, and
t he Ilke,Rp mx(?ures ereof. O er non- | i

reaction conditions tﬁat can be _used, i leaﬁtO(C QI Aspect (D)
@ 7%?suﬁi abl e pressur Ye that can be used

include the use of hydrogen, oas
in the reaction. Suitable press can be used in enbodi nent (C) of
Aspect (1) include pressures ranging from about 10 psi 15 to about 50 psi.
QG her non-liniting exanples of subltable reaction conditions that can be
used in eyHRel N8 MprésEats RlcadtP fohip (A horl- Bkt exd Wfﬂ

t enperatures that péan Se eﬁseggl npt heoreac{ﬁlgo)rll rﬁkgw tﬁb%rn@%joﬁer ature ranges
for the helaereugn(sueh srifoB erdilt THea)temtivasader qmbodinmoptsuipanddfef Atperies t hat
one skil liggdiens L, g %9 t | n anot her
enbodi ment” of %nﬁgﬁé%rémw? e@?ﬂ'&gﬁ‘&sh%\ %Sr‘éacfuﬁﬁc&m ﬁm% ﬁ\go?]x lir"glgnc%l on can be
carri éd 2garoples af puitdhle rprcior noditiphs abblatalte&ﬁ%vpaﬂep &meummmema(@mmm(b) a

m xture h r a goncentr at d acid and
or essur i 2 Agpeatping R A £GORE N AR ERbEH Cu RSB, 01

t enper at garebecmed foe this al@bmtive aemmfembddam (&) und(D)Of @sepetchlaurcmduﬁcblmo n

reaction _i,s.co hat v ed can be. eaned,

if so de§PYEE® rﬁgﬁ 4G W@V ?éﬁ% ﬁ%}/%é’tcﬁgﬁtgﬁg%%] f‘g (Bmg‘ﬁmﬁmﬁ ?F“Gf“

Celit e( r XDMFh&t}ryEaretat@ N-meth b yeroBdone @Nmtpr(ﬁp’ytﬁnb Yarbéhaftl tindf th€ ke, bor

i nst ‘ﬁ%ag‘9 baS| . sol uti or, %PE of assi ym carbonate, until

the fBi of"if e ngn T Re- AP ek oA ee R CoRAiPTR Gt | ng

suspensi @lerdive Etlapfbrbﬁlbsﬁlhfeﬁt@@(?ﬁzﬁﬂ (bher Agsetl(1andludahd 658 of auilBlbatd ect ed by
conditjons. [0052]1'n embodi ment (D) of Aspect

f||trat|on under cgﬁog
(1), theSEBMdEMAILIOP ‘g‘F "IeaI‘@P‘i‘)‘nlﬂ'éﬁwexﬁ@ﬂ’?ﬁﬂ’ceﬂwuﬁbo?l’é]éﬁﬁs?ﬁ # c@bpound of

formul a fufeh)indMideiii®AGHi H(alﬂldé ﬁﬂﬂdrﬁie@aﬁl@lﬁyﬁoﬁﬁ}?@iﬁ@% keli(nloka) WO
2010/ 056960PCT/ US2009/ 0643 At t or ney Docket 224990/ 08- 013V\01129058

wher ei n BECHdEaebtfsediym tehbuiagidemotipsiumn fat-Beetide pndihe like or mixtuwres and n2 are
as dgki nefirdol ABRELIn- I{nqi}mg Q)Ianﬁ#e deRuidbYe R ctibh SRR in@%ﬁ% ?eaafonASpeCt (1)

(Part A), of this disclosure. non- limting exanple of a |eaving group
i ncl udes tomaeE e TaRging S labes 7®12OE§€ op pltqryatividay 3o U 6, ooaisouatiady, 86- r eact ant

y(1) are 6P eldiyn At AR fon BCRIAT0 Betbl UBLL 3¢ Cdd QRNERANag N SO, LNE

skilled artisan would able to make any varla Ion Of reac a nty(1l) using
comrer ci and rpaciand i lcatbbecaddediand thg repatiar tembgataretah pe umea@dlagnwm thechni ques to

nodi fy t I’II tg C up, Wi th
vari ous g‘@ﬁ“%‘&ﬁ%@ t%tnﬁlxjaéﬁ{%‘éﬁa edaa%\% t’?%r 8%11(?? Qiuf) " ?’ lf;daw%b ftf)ro(grg]wfﬁ‘gd reaction
i n edBodisoiation ¢with fibfatidspect (1) of this disclosure is advantageously

[6055] In embodiment (E) of Aspect (1), the compound of formula f(1) can be made by

converting a compound of formula e(1) to the compound of formula f(1):

G
RS /H\ - R 7
R2

e(l)

(1),
10



carried out under suitable reaction conditions. Non-limting exanples of
suitabl e reaction conditions in enbodi nent (D) of Aspect (1) include using
basi ¢ comsotznomseoesuch as, for exanple, 2, 6-di net hyl pyr iPdiTris2009/064341

(2, 6- | ut isédRePockeGoh@soocnenstvomotst Ng exanpl es of suitable reaction conditions
i n enbodi nent (D) of Aspect (1) include using suitable reaction 15

t enperatures when the organic base is added, which can generally range from

about 12 [imen t hi on tenperature
can r angg&%egnmﬁgﬁg’u?seﬂ%gawgg 5535‘8151“?86%”? ﬂé’aﬁ‘ﬂiﬁ*ﬁéﬁ@ a%ﬁﬁrgﬁa }ﬁipwt(ﬁl’ s
reaction otrcmmangb%eemmmmangef Aspeen( BhBart Alwtﬁxi disadzaret Aldddimibng e é ged
reaction is a base h as, pot I um nat e e added to
t he reactTYhP Fnon% Efwén% gopr tz‘é'i C;?lutéj:tcéls‘f%g ? igent (g?ﬂtb st (D B‘gk’ﬂ"g@}opl tate
can be 2cgﬁﬁipk eatied d1yB{ ol ) pat tzﬁhrbeléﬂdhﬂrbyﬁhﬁ)@éiﬁhﬂg ﬁil Noﬁﬂﬁn1tulio0054] I'n an
alternative (ﬁ'glﬁgent for enbodi nents (C) and pect 71, the

conpoudnd "6‘?‘“1? BFRLNS GRS it fandis vssd lpég’(??‘?‘ﬁ’ﬁmt(ﬁé"fc%ﬁ’ﬁﬁlﬂ?dn@‘ﬁdef ormul a

f(1) wi tRho8agingAkens, bth¥b SO k@ﬁpm{\dcgfpéeg,%&h%eh&%) wherei n each of
R, R, X2, s and n2 are as defined in Aspect (1), or as in any of the

embodi mehUS6hs  Adpsetiqmin epbadipent (E) 8fA%H$Fts{1)2@dhl§ Siselotnre is adygptageously

2010/ 056%%E@%U&%QQ%ﬁx%@é;cn%ht&h&ﬁxns%h%nm e ﬁ;]?e%oéfos%lta&é?)%é@ ok 9058
NH2 wherein LG represents a | eaving gmoup non- | ti ng exanple

| eavi ng §PRAEPTS rie | cbedimeal E)gefodprecy Gl dhclads dF USBrowatir‘b}e sofyratsal Nen-nat ive
step jpor LIRS of % B8 AofvBlts Qiat 3R ggtuséd ﬂpg?lélgodl erﬁd(F? &:V

carried out under "sult e reactron conditions | es of
sui t abl e dpxeg the dalogenatipr iob e dompotwids ofaforreula &t i) \iecledeep péler; agxrmt)odolm,t s (O
and (D) such as ACN, DMF, and the like, or mixtures thereof. In other embodiments, the chlorination
can be carried out using POCI; in acetonitrile, COCl; in DMF, or SOCl; in DMF. The
addition of the chlorination agent is advantageously carried out at a temperature ranging from
15 about 35°C to about 75°C. In another embodiment, the addition of the chlorination agent can
be carried out at a temperature ranging from about 45°C to about 65°C. In another
embodiment, the addition of the chlorination agent can be carried out at a temperature
ranging from about 50°C to about 60°C. After completion of the chlorination reaction, the
mixture can be heated to reflux until the reaction is complete. The reaction mixture can then
20  be filtered to remove solids, and the product in the filtrate can then be extracted using
standard techniques.
[0057] In embodiment (F) of Aspect (1), the compound of formula e(1) can be made by
converting a compound of formula d(1) to the compound of formula e(1) with an alkyl

formate, such as methyl formate, ethyl formate, n-propyl formate, or i-propyl formate.

R X/é\jij\/i: aJkyl formate n\ ADD(%

25 ac) e(h)

wherein each of s, R! and R? are as defined in Aspect (1), or as in any of the
embodiments of Aspect (1) (Part A), of this disclosure.
{0058]  The reaction in embodiment (F) of Aspect (1) of this disclosure is advantageously
carried out under suitable reaction conditions. Non-limiting examples of suitable reaction

30  conditions in embodiment (F) of Aspect (1) include the use of a suitable base. Non-limiting
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of Aspect (1) include a suitable solvent. Non-limting exanples of a
suitabl e solvents that can be used for this alternative step of enbodi nents
(© and (WP 20fo0sewect 1 i nclude polar sol vents such as ecwaiShybacstanm de
(DMA) , diareichidcsiiof Diopwbe- o (BMB@)sg di met hyl f or mam de (DVF), ethyl acetate,
N-nmet hyl pyrrolidone (NWP), propylene carbonate, and the |ike, or

10m xtures thereof. Qher non-limting exanples of suitable reaction
conditio e i t f Aspect
(D)1 met oRanPr T SuRube LRGN SurbeRel B erfEARGTR oF Abbis Sy o0

Non- | i i tbases, Mntml eSSOdMHnelkonxlcl(ﬁupmsthmqe badias ¢t]mnde0a®tﬂne ma&mhnmg:l ude

[ithium r |ithi.umtetr i idid kal i taI
al koxi desg‘éslﬁtgﬁS %gs}élst%) react B i BT §EL0 B]f%t (E} Eﬁé?péftt(?b h’é “S%\ﬂ t he
li ke, or snﬁabluoh&nt&SNb&ﬂxﬁﬁtﬁng f@ﬂﬂnﬁll’es dmnﬁdahlmcﬂvdﬂg text aipheused inSoibodinleat

reactlon reacti n tenperatures ranging fraom about 75-120
C, or’al t@?%ﬁl’%‘g?@ ’nggAelai h@‘e S yromy ‘Paé’r‘)ﬂd‘tlth\f’ét"’? ?098"3‘ o C@MQ*WQSF ¥t on

m xture (faﬂmtehexﬁtl the lixeobradixtugesibéeny. @Rt hobimitingnaaapidi bf Qnable Basgorand
react ant ulpfﬁ %dfd and %he reaction tenperature can be increased
again to°P “‘g‘tﬁl"t‘ SBPRIMEn ) g AsResh el dqivdesthe tisg efsuitphle eemnsraghesai Hhe

addi t i onaéachidreis dtdwntégemtﬁanwdqsw aPshirdble 3@hstkd @R rtmgtu{g frdeh bk 309 o 0055] I'n
enmbodi nent ugEé of Aspect ( % t he compound of fornula f(1) can be nade by
converti® otirfirother embadiment.cthipyreqcon gan by pastiethentdtont gbqwide’ G (o1): WO
2010/1956 %@&E@iﬁd@?%&{e@ EABARmAN:! mrsr}%uQPEzlﬁ% c'z\d?red %Zﬂa? %’éuﬁ’ 54%1 VWL 11%9058
wherein LG represents a | eaving group, and each , e an are as

defi ned Fefciianjecemplaty, the progucticpn bgrecipitatddyaddiod mM@nbﬁlatAsxb@@mse@E) (Part

A OF oL Bl Shaas, o RAfak MLb)NG.EX AR BiPBER ThERNAR SRR {2t

coul d be used i i ment 0 groups ‘such as

a, Br oﬁOlﬁyteﬂhaflltMQDB@dmgdlmriﬁed U@@mﬂﬂmg techeiquess. Non-1imiti ng 5
| | t
ropect LSO, BAERRG At ROREH Sk th, GRCoRiGu3 BF oy SMI R B 5 pess

POC135 amadflutinga korkpounf ef)ﬁﬁ]nmlae(m eragaeldm dompemdiodiforenia {(Ey of Aspect ( 1) of
this disclosure is advantageously carried out under suitable reaction

conditions. Non-limting exanples of suitable reaction conditions in

enbodi mrent (E) of Aspect (1 i ncl ude the use of suitable sol vents Non-

Reduction

20 wherein each of s, R and R? as defined in Aspect (1), or as in any of the embodiments
of Aspect (1) (Part A), of this disclosure.
[0060] The reaction in embodiment (G) of Aspect (1) of this disclosure is advantageously
carried out under suitable reaction conditions. Non-limiting examples of suitable reaction
conditions in embodiment (G) of Aspect (1) include reducing the compound of formula c(1)

25  to the compound of formula d(1) in the presence of a catalyst. Non-limiting examples of
such catalysts that can be used in embodiment (G) of Aspect (1) include platinum group
metals and the like. Non-limiting examples of catalysts that are platinum group metals
include palladium, platinum, rhodium, ruthenium, and the like. Reduction of the compound
of formula ¢(1) can also be carried out by non-catalytic reduction, such as with the use of

30  dithionite, iron acid-acid, or tin-acid. In another embodiment of embodiment (G) of Aspect

12



10 imting exanple of suitable solvents that can be used in enbodi nent (E)
of Aspect (1) during the hal ogenation of the conpound of fornmula e(1l)

i ncl ude awpabmvosewproti c sol vent, such as ACN, DMF, andPChaskek@ss3ar

m xt ur es aker Bode Nol aoatohenwemnbaei nents, the chlorination can be carried out
using POC1l3 in acetonitrile, COC12 in DMF, or SOCl2 in DVF. The addition of
the chlorination agent is advantageously carried out at a terrperature

rangi ng 0 750 ot her e addi tion
of the cm f)liﬁleﬁ% Lﬁgﬁqécgﬁ% é‘gn tbhge %Bﬂf&gfn%nfigﬁ%e&ﬂr@re raé.lﬂ Fhg from
about 45@nbodialeoudl eﬁiﬁﬁdnﬂeﬂt @naif h’ﬁ;pecﬂe l(ri)oﬂble reRtion isharreddut inahe plesdnbeof

S0C t o aBBON S0e A e UG b Bt mocist SPPRATFENC) BRRtieer(L) e

m xture ealtidieishesiedut ia teprkddicddflabbutt 9Bt DG 150N PI/E i @fHahdl! B andiier
reacti.on préure an_then 2 filtered to renove solids, and theggr oduct

inthd fi “{bH%‘H‘eB‘e(%éﬁ? AsReckd )T Facton Ahepsmried QU dhhodukse PA§057] 1 n

enbodi mend ethimbol. ofn ahSBECEmHodiment bﬁemnmﬂ@s)qa‘f Afspécwﬂ)ath@(ehhctﬁﬁris derigmde by
converting a conmpound of forrmula d(1) to the conpound of formula e(1l) with

an al kyl O%Phﬁﬁ@feféuéwgﬁsaﬂﬁ%ﬂrhwe Hf%ﬁe%’@t%f Bydiggenfiensfar eagent. pyhspsin theor nat e,
or i-pr Olﬂycll QLR Rr reagent can be R resentihodRdn 'ﬂ%l‘?{ @nieR gef i ned

i n Aspect or as in an the odi nents ‘of Aspect (Part A), of
this di sélFl Agisary powa|cPAsder é@@?l‘é&ﬁah]mf%ﬁb@dﬁm @F}nqﬂfermgpe@me(mf of this

di SC|1@SU'é§1bb(ﬁm@xq\/(@i'5'§)?g§%d§ 1y, th redu@Rhid gq%‘rgrktl hy t ; on x% lofi chEBE bhON

conditions. Non-limti exarrp es of suit conditrons in
enbodi nein ﬂ(eﬂ)rescﬂcewwcaqué@ sohitibn @€ fortnec acid and petassitin éstrmateb@ﬁe:r non-

Non- 1 i m t:.p 0 S / 06434

22299|0/m 0&%%?\%&%%%@%% Fgéi{ Ok){fc%glglgf ﬁt?st a é 'Att’asgsre ﬁ%{tteD%an nﬁml\lﬁjs)e%f in
enbodi e mspe(cFljl) afclubdle Peeatse @ﬁsumabie lscldentsfor drgedrtse®, talgugiceds. Nos-thiting

al koxi dec)(f on Sua*rbqe S?lvegsﬂ}r;ﬂnet h >(;|8Sde ‘Htenﬁ‘:‘?“‘bﬁflp%‘gipgfm ti ng(li ﬁ% es of

sui tabl e reé’c?sl on “condi e the
use a@f stdthbpirefumol(VHAY, scetitslamdl(AnOHl) r@aﬁul&(ﬁtﬂ)l&)s FubAS Usdpadphasol SIAYeAids t hat
can be u in enbodl F i.n¢l ude al.cohol.s. in

oot rat HE e AR gt Plereof St o AR RE B aatlts of REteBE fbticotnation et ¢ ne

| i ke, or cifi betudeei eﬁﬁmnmht ((Ijxoharspd@om hﬂcfﬂdb thHedis@ ¥PeuRhIRS pREsufed ta@Blnter €act i on
condi ti ons .i.n enbodj ne E‘B%’F‘% of Aspect B%PI ncl ude the use of suitable

t enper at Hicdd? B fgaqtign . Bresiey ﬁ}l‘aégfé‘b $pdda epbadimgnt (Giof Lspest (Rl e

t enper at wcRidé R&uRY rdngdiP R0 btouB U psh & BB@AWH HOC. | n anot her enbodi nent,
this reaction can be carried out from about 40C to 10 about 50C. In anot her

embod? ne 061k hj & snother pypodimentof cwbegimert (G)ef Aspegiydkithequeductinn issqartiede
react i ONgiShyCRIMIE h9dropdiRticd RAE pr&ateR PhREIRhEhEL @Xgeﬂﬁ%ﬂaﬁlrﬁﬂ%uso' vent

that will cause the product to preC| pitate,” for exanple,” nmethyl-t tyl
et her ( MrBiygensisasion wagrat candhe andyydisger Binistes reagens knpwh it ghej anwhietthe

opti onal Ll&ﬂ]&iuﬁrhgdne\godf& 'c&%xdﬁ' @J‘ gak tatb%%? gy ‘?e'sagtlc[no Ognglrﬁ)ﬂlef" TheGhRERtof( O of

Aspect (1), the conpound formu can
embodiment (G) of Aspect ( 1), the reduction 1s a transfer hydrogenatlon reaction carried out

25 in the presence of an aqueous solution of formic acid and a formate such as potassium
formate, ammonium formate or alkylammonium formate. Other non-limiting examples of
suitable reaction conditions that can be used in embodiment (G) of Aspect (1) include the use
of suitable temperatures that can be used in the reaction. Suitable temperature ranges for the
reaction in embodiment (G) of Aspect (1) include temperatures that one skilled in the art

30  would ordinarily use for this reaction. In another embodiment of embodiment (G) of Aspect
(1), the reduction reaction can be carried out in the presence of about 10% palladium on
carbon in a mixture of ethanol and water containing concentrated hydrochloric acid and

pressurizing with hydrogen gas at approximately 40 psi. The reaction temperature can be at
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15 reducing a conpound of formula c(1) to yield the conmpound of formula
d(1l): N2 R2NH2 c(1l)R2d(1) 20wherein each of s, RI and R2 as defined in
Aspect (IW0 20r0/8896bn any of the enbodi ments of Aspect (PrT(URas0mw/06d341 of this
di scl osuraeemdy 0@e0j-Themeacwoenessn enbodi ment (G of Aspect (1) of this

di scl osure i s advantageously carried out under suitable reaction
conditions. Non-limting exanples of suitable reaction conditi?ns I n (9
enbodi ne 1xningl  .reducing. the compound of fornula c(1
55 vo t habolsufin (RBERuC WRfie IERAbF ISl 18 CAAPRCHA Te R Bl B

Non- | i mi tthewpngpoanpiaadeekraudsngkadwisteshitiv@t. can be used i n enbodi nent (Q

exap o 1§12 ot AR PR HEPEAGEE L IR BB e e Bicanl padebci um
pl ati num rhodium ruthenium and the H ke. Reduction of the conmpound of

formula GéablingABodlonnd Bfofifih bAY wal! nﬁ“ﬁm&bg@lﬁ%a&qﬂw&@ﬁg%ﬁ& o(Bieh as

with the use of 30 dithionite, iron acid-aci or t anot her
embodidment of enbodi nent (G of Aspect WO 2010/ 056960PCT/ US2009/ 064341

O
HsC AN :

AN " n
X6 S NO, F\‘\ ﬁ\ O
Hz,N 50 NO,

b(1)

o1
wherein Xb is Br or Cl; and each of s, R' and R? are as defined in Aspect (1), or as in
any of the embodiments of Aspect (1) (Part A), of this disclosure.

10 [0063] The reaction in embodiment (H) of Aspect (1) of this disclosure is advantageously
carried out under suitable reaction conditions. Non-limiting examples of suitable reaction
conditions in embodiment (H) of Aspect (1) include using a phase transfer catalyst for the
reaction to take place. Non-limiting examples of phase transfer catalysts that can be used in
embodiment (H) of Aspect (1) include methyltributylammonium chloride,

15 methyltricthylammonium chloride, tetrabutylammonium bromide, tetrabutylammonium
chloride monohydrate, tetra-n-butylammonium bromide (BwyNBr), tetrabutylammonium
hydrogen sulfate, tetrabutylammonium hydroxide, tetraethylammonium bromide,
tetramethylammonium hydroxide, and the like. In another embodiment, the phase transfer
catalyst used in embodiment (H) of Aspect (1) is tetra-n-butylammonium bromide (BusNB1).

20  Other non-limiting examples of suitable reaction conditions in embodiment (H) of Aspect (1)
include using basic conditions for the reaction to take place. Non-limiting examples of bases
that can be used in embodiment (H) of Aspect (1) include Cs,CO3, K2CO3, Na;COs, and the
like, or mixtures thereof. In another embodiment, the base that is used in embodiment (H) of
Aspect (1) is K;CO3.  Other non-limiting examples of suitable reaction conditions in

25  embodiment (H) of Aspect (1) include using a suitable solvent for the reaction to take place.
Non-limiting examples of solvents that can be used in embodiment (H) of Aspect (1) include
dimethoxymethane (DME), THF, toluene, dichloromethane, and the like, or mixtures thereof.
In another embodiment, the solvent that is used in embodiment (H) of Aspect (1) is toluene.

In another embodiment of embodiment (H) of Aspect (1), the phase transfer catalyst is tetra-
14



Attorney Docket No: 224990/ 08-013W)/ 129058 (1), the reaction is carried out
in the presence of palladiumon carbon (Pd/C). In another enbodi nent of
enbodi mrenwo(@o/5696hspect (1), the reaction is carried OoRCTIUS2e00@643rESENCE
of about 8%y BrogPuR49ZBOPALE0E N anot her enbodi ment of enbodi nent (G of
Aspect (1), the reaction is carried out in the presence of about 7%to
about 15% Pd/C in ethanol. In another 5 enbodi nent of enbodinent (G of
Aspect ( hlputfiRBmbRidmt bRMidsS BANBrE IO Ubivelk APRIMend OXPSWCrh2 R RGRG) - 1N
anot her enbodi nent of enbodi nent (G of Aspect ), the reduction iIs
carried dpRtassiim ¢aghpspis} Thy drasyetcanibs exinectediey grtresteanctechatques known in the

hydr ogen-{;r ansfer reagent, wherein the hydrogen-transfer reagent can be any
hydr ogen-transfer reagent known in the art which the skilled artisan woul d
consi der [#%4be dJuiembirimentdl) of Wspect @aef thisdisclosure it ¢repoambadomentt b(df 10
enbodisne f 100, | t.ran r _hydrogenation
react isonr&g%ée%% baﬁ? &Iﬁﬁé? &%’rh%oruﬁe@gfr’]%)gﬂ%i? Bgﬁo“é‘éuié‘g?fst ° xoef(fl}g f ((:Jor{X %Ofm‘?ggr]n‘i c acid
and pot adeimma (b mate. Other non-limting exanples of suitable reaction
conditions that can be used in enbodinment (G of Aspect (1) include the use
of suitable solvents for the reaction to take place in. Non-limting

exanpl es of suitable solventgthat can be used in enbodi ment (G of Aspect
(1) include 15 tet yado h_(THF), acetic acHsgq lat hanol (Et OH),
Et OAc, i sopropanol, (WA the | i*K&s or mxtures t O her
non-limting exa 0 M t abl e reaction conﬁi\o et can be used in
enbodi mrent (G of ASpéect i ncl ude the use’8f SuPtabl e Hpéssures t hat can
be used in the reaction. Suitable pressures that canyg used in enbodi ment
(G of Aspect (1) include pressures ranging fromabout 10 psi to about 50
psi. 20 [0061Wh¢reiaﬁ61ih8roeﬁb@@ti¢mhbfmllsrdﬁ%dirmrdefi(x@inwfspd&sﬁemagih), t he

reduGhi on..1 S I ogenation in the presence of a
hydr ggen- }?%n@?%‘?ﬁoﬁgg%ﬁl?&%ﬁﬁetfgﬁs{ﬁg%ﬁglésggsgceoﬁ%e'r ansfer reagent can be any
hydr ogen{@6dhsf dhe reaetiarit ekhalimentril)toh Asgact (1Wf thiy disolswk isl ddeshtgedisgan woul d

consi der e .Suitab for this . reaction. l.n another _enbadi nent of
enbodi ne ﬁ%rgf%’m off deAs?‘f)lha@{e rscfion pqnditony E\LQPIHBWIHP% e’%‘émtpp‘fé ]5 T"é‘fiﬁﬁ\?&%‘lj‘e nati on
react i on cemiitidne th embod2fent (1) dfhesppeteHandedeatacting &g ¢enpsundof Bringha aph form c

acid and f te such as.pot assi ormat e, ammpni um for nat.e. or

oo oo b R RS Rl R o FEROL R Rar B EeR sr s By b React | on
condilfi opsctidhdiondifionslie emBETimbt (B AChaFENY thaPan BF uAINRGlde(cbhduchisd Mele the use
of suitable tenmperatures that can be used in the reaction. Suitable

t enper at FAE! erdempiratysgs in the pEngeef fram ahoubeinieRbott & Copr flispmgively 8 | ncl ude

t enper at Wkdgpetdat irReranké b Mh bibut 52 @hbol Qo \ek ﬁite@ﬁa@i\/ﬂ?%ﬁlt}émﬁéﬁtu&or this
reaction, |In another enbodi nent of enbodi nent (Gg 0126) Aspect (1), the
e

reduct i off PREEET HriTemAbWES Calprebed 181 The nredicy seppragsddit - 10%
pal | adi UBx R GALORR UL kRWH iX hwaghgﬁ iRfaRANRIng3Meh M8 ©hioRA8 WAl LitPan

concentrated hydrochloric acid &
aqueous potassium bicarbonate solution.

[0066] In embodiment (J) of Aspect (1) of this disclosure, reactant z(1) can be made by

reacting reactant z(1a) with a chlorinating agent to vyield reactant z(1):

) ;\) .

chorinating agent .

S e N

HO N c N
reactant z(1a) reactant z(1)

5

wherein X' is Br, Cl or F; and n1 is 1-2. Compounds of reactant z(1a) can be made

25  according to the method described in Example 25 of WO 2005/030140 A2, and the skilled

15



pressurizing with hydrogen gas at approximately 40 psi. The reaction
tenperature can be at WD 2010/ 056960PCT/ US2009/ 064341 Attorney Docket No:
224990/ 08wOLB8IM5a9058 about anbi ent tenperature. Wien PhE/USe@owb4sal i S
conpl et e,asbhenaairal ystoganwbestsenoved and the conpound can be extracted

usi ng known techni ques. [0062]1n enbodi nent (H) of Aspect (1), the conpound
of formula c(1) can be nmade by reacting a conpound of formula b(1) with

B or & Sfifwbl k¥ SRR Ry LS ga Bk Cor e in
?—.8%/ 08f63} hlmrtﬁmhnmlermrtb s010é up\ejib Chridud ﬁorﬁﬁal:chﬂsAvSMthm e s?dspcb‘off diaﬁt_ﬁht&ﬁ}ﬂ) el. _

0 0 is disclosure is
advant aggg‘ﬂ'ﬂ’éaﬁ %@béﬁgaﬁ%dgﬁséﬁﬁ QS&@‘VE&%&&{?&F %,I&Fldl tions. Non-linmiting
exanpl es [60673 Ui (7B e ci@a@tdn®dadeRROJ) HOAPeit1 otane idieRturé Wadtinfsnast (1)

i ncl ude usi ng a hase tr?nsfer catal yst for the reaction to take place.

Non- | P PR Qb Hifer suigpb ep??é‘stlé’“t‘roﬁﬁjfé‘f"@r Nogrligijjag exanpits Hfamitahle peden n
enbodi WEl&bncﬁt'i‘@nsQr{ eriSdu@aEnt (3 of Wosdctide indRIBE Uik b BMbNALR F{E?éyntlmcﬁ‘ i poede.

met hyl tri et hyl anmoni um chl ori de, tetrabutyl anmoni um br om de,

t et r abut Pré rigen 206 thsrlikg e IneoBiey erpbadimert of erabaditent () aferecui. KM de
(Bu4NBr) chiofilid 30Ukyd 3SMPRLALRKEAT QS50 Rb- ilaﬁt ﬁfﬂa{ﬁé&%f/ it I@maeml

hydr oxi de, tetraethyl anmoni um bronide, tet ra nmoni um ydrOX| e, and
the |i ke .conditiopsdn erabodimens ()96 Aspect He nphds earrmgw@ﬂélre rezptigh yist temgerdtuien

enboqbrrena 111(: #Qn(gehoésa%&too&m t%o%xt i@brgr ﬁe&u&yélyamqah ?fethg?an(gg’ n@MB” 20

O her non- I ng exanpl es sul tabl'e reaction ions incenbodi ment
(H of Aspati3°C 1) abowt|l0Us ansitematbali @ aclemgérhiuonin mcnrarlghéronedmut BT too take

hspoct (1o AR eESETRN R BuRRES e R Dol Rt B ERGBGIED 7

t her eof . of Aspmbinklade earbyouel o nbe rehdien bm a auit dbbt sul\senusndl—hmtmgtmdhpimmf (H) of

condi t otk SEBRismmicaEne PR v, Peelet DR RhePl ol R el o

sol vast fkeverthach esanetlogmatte@hycamrumhaae divalardnhdthdnt N@loeofanip| o2 sthefs, 5] vent s

t hat can sed in e men ncl ude di net hoxyrret hane
( DVE) , F@B 5&*@&é€ﬁdgb‘§ﬁﬁuﬁﬂo@‘é‘§’wz&ﬂ‘&am§ﬁc?%ah@g JI%ME 1?‘f‘n ‘gf USRSy eof . I n
anot her emekadi MBRt restilfiag S@luientcohfagiing seautsﬂcdzalm cﬁmdus’éanw&lbﬁt fkthaspect

1) is toluene. In anqther enbo |rrent of . enbod nt of Aspect (1 t he
E)hZise tr awgf,s&ngctg[ng??g? cpglp?lglpro 01’111&13 1(1)1n Aspect ¢) of thlg l(?l)sclosure P (1),

[0068] In another embodiment of Aspect (1) of this disclosure, the compound of formula

20 i(1) 1s of formula 1(2):
X!
N
X2:©/NH

HCO § i(2)

or a pharmaceutically acceptable salt thereof, wherein:

X' is H, Cl,Bror F; and

16



WD 2010/ 056960PCT/ US2009/ 064341 Attorney Docket No: 224990/ 08-013W)/ 129058
n- but yl ammoni um brom de (Bu4NBr), the solvent is toluene, and the base is
K2CO3 (povassiomsswar bonat €). The product can be extract edThg2@xts4sat i on

t echni quegerienBagkit Norp2PHEB-aip Vo I PPO64] | n enbodi ment (1) of Aspect (1) of this
di scl osure, the conmpound of formula b(1l) 5 can be made by reacting a
conpound of fornula a(l) with HNGB to yield the conpound of forrmula b(1):
b(1) xzymr@l Br F. I 4 nﬁént@ﬁe@bov@fagth@%&h &fnd%ffo'x?‘xlnulﬁ ), are as
defined in Aspect (1), or ‘as in 10 any of the e nbodi nents o Aspect (1)
(Part A) compotHiog faimls)iGa grche i OB Phie foanenit em cowvesabisdi ment (1) of
Aspect  (lphaftacdulibal BRUGE tHefeoRdVARL ui tabl e
reactlonp%onéftlonka%% |n§§Fno exa ?wgﬂpﬁkgﬁﬁﬁ&gkggﬁgg%kﬁ g%ﬁ%ﬁltlons
in errbodlcmwﬁef( fo)its pfs- mslp@@:wlt(hy)th‘t msllitwd@f mekeist dcitpnd heuitablerolmnt, afd thor nul a
a(1) $$§§ I 1 ) non-limting
exanp es 0 sufltogg?@ %g 2?%%‘8’?%8%“‘%@%’ ?Srbgﬂglﬁ)?%me% gggy%%?dl lfn)m'fof Aspect (1
) that ca@hospboricsasidl and@lsuigblecohduict i ng t he reaction under tenperatures in

t he rang from to abqut r ern i vel a.tenperature
inthe r i?\dél’%] of ?’%’% aB0 tO?g‘ ecc)tl(tﬁ%%‘%s dgffoélfr? 1%’8?({/188

t enper at lﬂafrmulan(Z)Imexcrearﬁgblstﬁ‘farfdr)o?mEbout 5C to about 10C The product b(1)

can be s extr chnj for instance
usi ng rre?‘f%@’p qrt?f%g(')}feir 8‘83‘)‘%}\5&?’8 ﬁyﬁéﬂé’d’a ab‘(‘){]‘&églsﬁlﬁ?‘ﬁ? & bonat e
sol utlDOncor[ﬂﬁﬁﬁﬁbffbnﬁﬁIbQCll)liﬁafﬁforﬁﬂﬂa:Qﬁ) Aspect (1) of this disclosure,
reactant z(1l) can be made by reacting react ant z(la) with a chlorinating
agent to yield reactant z(1): o Herein X1 is Br, d or F; and
nl is 1-2. Conpounds of reactant z(1a) rade 25 accordl ng to the

met hod described in Exanple 25 ofﬁgz 30140 A2, and the skilled

O

Xb a(2)

wherein Xb is Br or Cl; and

the compound of formula b(1) is of formula b(2):
H,CO.

S
b(2)

xb
15 wherein Xb is Br or Cl.
[0071] In another embodiment of Aspect (1), embodiment (H) of this disclosure, the
compound of formula b(1) is of formula b(2):

HaCO

(\o NO,

Xb b(2)
wherein Xb is Br or Cl;

20  the compound of formula c(1) is of formula ¢(2):

17



WO 2010/ 056960PCT/ US2009/ 064341 Attorney Docket No: 224990/ 08-013W)/ 129058
artisan would be able to nmake any necessary substitutions using
comer ci avbyosvabdeabl e starting materials to cone up w POTUBROOE436DMPOUNdS
Wi t hi n t heorsg Dpe of 22000@B0BRD/IB08a) . Exanpl e 25 in WD 2005/ 030140 A2 is
i ncorporated herein by reference. [0067] The reaction in enbodi nent (J) of
Aspect (1) of this disclosure is advantageously 5 carried out under
suitabl e reaction conditions. Non- Ilnltlng exanpl es of suitable reaction
conditions in enbodi nent (J) of 4 ncl ude using a chlorinating
agent such as POC13, oxalyl chloride) any the |like. In another embodi nent
of enbodi nent (J) of Aspect (1)[;Q\ |l oride is used as a chlorinating
S

agent. Non-limiting exanples of[sui@able rcti on conditions in enbodi nent
(J) of Aspect (1) include carry t the reaction at a tenperature 10 in
the range from about OC to about }15C|{ or alternatively at a tenperature in
the range from about 3C to about O or at@ernatively at a tenperature in
the range from about 5C to about 10C. Other non-limting exanples of

sui t abl e whszeat Xbis Brondiltandns i n enbodi nent (J) of Aspect include carrying
out the reagtion in a suitable solvent. Non-limting exanples of suitable
sol vents LhEt _can be used in enbodi nent (J) of Aspect (1) include polar,
aprotic 18sol PehteomilReas hal ogenat ed hydrocarbons, i.e., dichloronethane,
chl or of ongg729r  ah besiSer einbsdlmeﬁtoms &t a; a:'ﬂﬁ)odltr&hf @A RS HEAddude 1) _
contalnlng catal ytic an P , m xtures thereof. The resulting
sol ut iPon C@@H?W%ﬁﬁmﬂ@éﬂ)amff@(@)la%h be used wi t hout further processing,
to make the compound of formula i (1) in Aspegf (1) of this disclosure.

[ 0068] I n anot her enbodi ment of Aspegi his di scl osure, the conpound
of forrmula 20i(1) is of fornmula i(2): 0 or a pharmaceutically
acceptabl e salt thereof, wherein: i3 Br or F;, and WO

2010/ 056960PCT/ US2009/ 064341 Attoﬁ?:}JEbcketN@b 224990/ 08- 013W)/ 129058

X2 is H d, Br or F. As nentione r@bbuf for the conpound of fornula i(1),
t he conpound of fornula i(2) can be/in fthe free base formor it can
converted to a pharmaceutically accgpLéble saPr. thereof. Accordingly, the
conpound of formula i(2) can be converted to its bis-maleate salt by the
addition of naleic acid and a suitable solvent, and the

and the compound of formula d(1) is of formula d(2):

10
[0073] In another embodiment of Aspect (1), embodiment (F) of this disclosure, the

compound of formula d(1) is of formula d(2):

HeC

(\O NH,
O a2

0 ; and

the compound of formula e(1) is of formula e(2):

18



5 conmpound of forrmula i(2) can be converted to its bis-phosphate salt by
the addition of phosphoric acid and a suitable solvent. [0069]In anot her
enbodi renwoabhioaspwset (1) of this disclosure, the conpourdTits2ab/obaanul a

i (2) wherArgprmy Dibkei : B49900ad13N@1d9gs8 F. [ 0070] I n anot her enbodi nent of Aspect
(1) of enbodiment (1) of this disclosure, the 10 conpound of fornula a(1l)
is of formula a(2): wherein Xb is Br or d; and the conpound of formula
b(1l) is of formula b(2): C b(2) N2 Xb 1l5mherein Xb is Br or . [0071]In
anot her enbodi ment of Aspect (1)H,ce loe - (H) of this disclosure, the
conmpound of forrmula b(1) is of fornu [2): CoNO2

@O e(2)

[0074] In another embodiment of Aspect (1), embodiment (E) of this disclosure, the

compound of formula e(1) is of formula e(2):

HiC

O (2} ‘

[0075] In another embodiment of Aspect (1), embodiment (D) of this disclosure, the

10 compound of formula (1) is of formula f(2):

reactant y(1) is reactant (y)(2):

19



Xbb(2) wherein Xb is Br or d; 20 the conmpound of formula c(1) is of
formula c(2): WD 2010/ 056960PCT/ US2009/ 064341 Attorney Docket No:

224990/ 08wWO0LB8IM589058 wherein Xb is Br or C; and Fl2PcTIiseeomeesphol i ne.
[ 0072] | n ranet beke demboeimentonfosdspect (1), enbodinment (G of this

di scl osure, the 5 compound of formula c(1) is of fornmula c(2): H300 CO
C(2) ; and the conmpound of formula d(1) is of fornmula d(2): [0073]In
anot her enbodi nent of Aspect (1), erggodineng\@ F) of this disclosure, the
conpound of forrmula d(1) is of formilg d(&): C

X |

reactant (y}2)

wherein X? is chloro or fluore; and

the compound of formula g(1) is of formula g(2):

2t

5 .
[8076] In another embodiment of Aspect (1), embodiment (C) of this disclosure, the
compound of formula g(1) is of formula g(2):
10 wherein X? chloro or fluoro; and

the compound of formula h(1) is of formula h(2):

20



ONH2 d(2) ; and the conmpound of fornula e(1l) is of fornula e(2): WO
2010/ 056960PCT/ US2009/ 064341 Attorney Docket No: 224990/ 08-013W)/ 129058

[ 0074] | n woavtvsewnbodi ment of Aspect (1), enbodi nent (BrTafS2a00i064341

di scl osuraggmet hekecdrpomeloovofineeul a e(1l) is of formula e(2): 5 and the
compound of formula f(1) is of fornula f(2): [0075]1n another enbodi nent
of Aspect (1), enbodinent (D) of this disclosure, the 10 conpound of
formula f(1) is of formula f(2):

[6077] In another embodiment of the alternative embodiment for embodiments (C) and
(D) of Aspect 1, the compound of formula f(1) is of formula f(3):
|

O SN
o
5 f(3)

7

the compound of formula h(1) is of formula h(3):

PO
-0 A

P

N

AN

and reactant u is reactant u2;

NH,

10 reactant u2

21



reactant y(1l) is reactant (y)(2): WD 2010/ 056960PCT/ US2009/ 064341 Attorney
Docket No: 224990/ 08-013W)/ 129058 reactant (yX2) wherein X2 is chloro or
fluoro; awo 20teesewnpound of forrmula g(1l) is of fornula g@C2)us2&9/0643@07611 n
anot her embedbrrnt.: nivospawtyifdsy, enbodi nent (C) of this disclosure, the
conpound of forrmula g(1) is of fornmula g(2): 10wherein X2 chloro or
fluoro; and the conmpound of formula h(1l) is of fornmula h(2): WO

2010/ 056%@&%?” l&%ﬁ?&ge(roeglﬁgér]hem of Aspect (1) of this disclosure, the compound of formula
h(1} is of formula h(2):

wherein X% is F ;

5  reactant z(1) is reactant (z)(2):

IZ,

HO reactant z{(2)

K

wherein X' is F; and

the compound of formula i(1) is of formula i(2):

Iz

HaCO i(2)

AN

(\o N
)

10 © .

[06079] In another embodiment of Aspect (1) of this disclosure, X' and X? for each of

formula h(2), i(2) and reactant z(2) are each selected from Cl or F. In another embodiment of

22



Attorney Docket No: 224990/ 08-013W)/ 129058 [00771In another enbodi ment of
the alternative enbodi nent for enbodinents (C) and (D) of Aspect 1, the
conpound Wb 2bovosedea f (1) is of fornula f(3): 5 f(3) trhe/usesmpoesdl of
formul a hudney D&keodo: Rapomgbawb(Bdss NFi 2 and reactant u is reactant u2: NH2
10reactant u2 WD 2010/ 056960PCT/ US2009/ 064341 Attorney Docket No:

224990/ 08- 013W)/ 129058

Aspect (1) of this disclosure, X! and X? for each of formula h(2), i(2) and reactant z(2) are

both F.
[0080]  Aspect (2) of the disclosure relates to a method of preparing a compound of
formula b(2):
5
HaC
(\o NO,
Xb b(2)
or a pharmaceutically acceptable salt thereof, the method comprising:
reacting a compound of the formula a(2) :
HsCO
(.
Xb a(2)
10 with HNO; in a suitable solvent to yield the compound of formula b(2):
HaC
(\o NO;
Xb b(2),

wherein Xa is Cl or Br; and Xb is Cl or Br. The compound of formula b(2) can be in its free
base form. The reaction conditions that can be used in this aspect include any of the reaction
conditions disclosed in embodiment (I) of Aspect (1).

15 [0081] Aspect (3) of the disclosure relates to a method of preparing a compound of

formula c(1):
HyCO

(\o NO,

N
k/o (2

or a pharmaceutically acceptable salt thereof, the method comprising;

23



[0078] I n anot her enbodi nent of Aspect (1) of this disclosure, the conpound
of fornmula h(1l) is of fornmula h(2): wherein X2 is F; 5reactant z(1) is
react ant We)20Ryes6960 wherein Xl is F, and the conpound ofcCrarsemwmecd3gl) is of
formul a isgayey QORI domoamotbvenosenbodi ment of Aspect (1) of this disclosure,
XI and X2 for each of formula h(2), i(2) and reactant z(2) are each
selected fromd or F. In another enbodi ment of WO

2010/ 056960P 0 4990/ 08- 13W)/ 129058
aspect (1) ﬁ%ﬁ#ﬁé%%%?%iﬂﬁoﬂfew R RBho DR SR R 2T () and
react ant wath2)phasegrapsieihcatalysf 60804sAapec butfBnmohiuthisodidecBaNBrp i £l ates to a
et hod Ofsui?a%?e%%fv'e&Qo ‘?riefdp tﬁp go%‘p%ug ot]c fgﬁnr{lli:!,\ &29( 2)

HCOL [ j HaC
S on X

0, Basic conditions and

phase fransfer catalyst N
Xb b(2)
Q ()

5 [0082] The compound of formula ¢(2) can be in its free base form or converted to a
pharmaceutically acceptable salt thereof. The reaction conditions that can be used in this
aspect include any of the reaction conditions disclosed in embodiment (H) of Aspect (1).
[06083] Aspect (4) of the disclosure relates to a method of preparing a compound of
formula d(2):

10 ©
or a pharmaceutically acceptable salt thereof, the method comprising:
hydrogenating the compound of formula c(2) with a catalyst to yield the compound of
formula d(2):
15
H,CO HsCO

Catalyst

O T
N
N/\ d(2)
o) @) l\/o

[0084] The compound of formula d(2) can be in its free base form or converted to a

pharmaceutically acceptable salt thereof. The reaction conditions that can be used in this

aspect include any of the reaction conditions disclosed in embodiment (G) of Aspect (1).
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5 b(2) or a pharmaceutically acceptable salt thereof, the method
conprising: reacting a conpound of the forrmula a(2) : a(2) 10with HNGB in
a suit ablwo=olwsedeot o yi el d the conpound of fornula b(2PCT/US200@@648hETr €i N Xa
I's C or ASsrhey Bk Mb22iksso08bi3e0/iBoss The conmpound of formula b(2) can be inits
free base form The reaction conditions that can be used in this aspect

I ncl ude any of the reaction conditions disclosed in enbodlnent (1) of

5 | at t t hod of
popect, ( Thset, LABRISSROR sl ol bheiol RGBT Sy pf=s 12, ¢
sal t theﬁbmmuauﬂb met hod conpri si ng:

H
H,CO .
ZF
N

l\(/\’ e(2)

O

or a pharmaceutically acceptable salt thereof, the method comprising converting a
5  compound of formula d(2) to a compound of formula e(2) with sodium ethoxide and an alkyl

formate, such as ethyl formate, in a suitable solvent:

H3CO
3 H3C0

[j\\o NH, NaOEt 5
@ SN

H
=
ZF

N

O

[0086] The compound of formula e(2) can be in its free base form or converted to a
pharmaceutically acceptable salt thereof. The reaction conditions that can be used in this

10 aspect include any of the reaction conditions disclosed in embodiment (F) of Aspect (1).
[06087] Aspect (6) of the disclosure relates to a method of preparing a compound of
formula f(2):

HaCO
([
N

Q £(2)

or a pharmaceutically acceptable salt thereof, the method comprising converting the

A\ /

15  compound of formula e(2) to a compound of formula f(2) with a chlorinating agent in a

suitable solvent:
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reacting a conpound of formula b(2) with norpholine under basic conditions
and wi t h wophagsedenansf er catal yst (such as tetra-n-but pcamseeowssdr on de
( Bu4NBr ) )Aupreey Bocketivet 2@ 93Wpa058t o yi el d the conpound of fornula c(2):
0c(2) 5 [00821The compound of formula c(2) can be in its free base formor
converted to a pharmaceutically acceptable salt thereof. The reaction
conditions that can be usedygn this aspect include any of the reaction

t he discl osure relate» -thod of preparing a

or a pharnmaceuti R/'-Ie “her eof he :
hydr ogenati ng tmgat npound of f y to yield the
conmpound of for 2) NH2 d(Z)Tf?30841The conmpound of
formula d(2) can [ |ts k@2ee base formor c 'eg?led to a

phar maceutical |y table salt thereof. The rkacthon contPtions that can
be used in this aspect include any of the reactioh conditions disclosed in

enbodi nmertthe céshpaind AS foeditila ) can be in its free base form or converted to a pharmaceutically
acceptable salt thereof. The reaction conditions that can be used in this aspect include any of
the reaction conditions disclosed in embodiment (E) of Aspect (1).
5 [0088] Aspect (7) of the disclosure relates to a method of preparing a compound of
formula g(2):
NO,

X2

or a pharmaceutically acceptable salt thereof, the method comprising reacting the compound
10 of formula f(2) with reactant y(2) under basic conditions in an appropriate solvent (2,6-

lutidine is a sterically hindered organic mild base) to yield the compound of g(2):
reactant y{2) Oz
]
HiC N XDNOZ X
/
HO

(\o N . HE \

S

O 72) (N\o ) ;
@

0

?

wherein X* is H, Br, Cl or F. The compound of formula g(2) can be converted to a
pharmaceutically acceptable salt thereof. The reaction conditions that can be used in this

15  aspect include any of the reaction conditions disclosed in embodiment (D) of Aspect (1).
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[ 0085] Aspect (5) of the disclosure relates to a nethod of preparing a
conmpound Wb 2bovosedea e(2): or a pharnaceutical |y accept ablrassabessher eof

t he met hoHoedRiskd X RFPIVEAVEPHIMY a 5 conpound of fornmula d(2) to a conpound
of fornmula e(2) with sodium ethoxi de and an al kyl formate, such as ethyl
formate, in a suitable solvent: [ 0086] The conpound of formula e(2) can
be in itq0089ge bagpectl(8Y N dieRRNR196s oQ rRethiid PRORMY LAnipbudfsept abl e sal t
thereof. The reaction conditions that can be used in this 10 aspect include
any of tH&™MWaREY on conditions disclosed in enbodi nent (F) of Aspect (1).

[ 0087] Aspect (6) of the disclosure relates to Axret hod of preparing a
conmpound of forrmula f(2): or a pharnaceuti accept abl e salt thereof,

t he net hod conprising converting the 15 @& I of fornula e(2) to a

igent in a suitable solvent:

WO 2010/ 056960PCT/ US2009/ 064341
HaC N

S
San
N/ﬁ n(2)

O

or a pharmaceutically acceptable salt thereof, the method comprising hydrogenating the
Scompound of formula g(2) with a catalyst in a suitable solvent to yield the compound according

to formula h(2):

NiHo

Catalyst H3CO.

wherein X? is H, Br, Cl or F. The compound of formula h(2) can be in its free base form or
10  converted to a pharmaceutically acceptable salt thereof. The reaction conditions that can be
used in this aspect include any of the reaction conditions disclosed in embodiment (C) of
Aspect (1).
[0090]  Aspect (9) of the disclosure relates to a method of preparing a compound of
formula (h3) by reacting the compound of formula f(3) with reactant u2 to yield the
15  compound of formula h(3).
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Attorney Docket No: 224990/ 084013W1129058 The conpound of formula f(2)
can be inits free base formor converted to a pharmaceutically acceptable
salt t herwofoi0fiseeneacti on conditi ons that can be used PPOTiUs2®9IA6{3eCt

i ncl ude aAYmePhoctN®: LEARKLARCERREI ti ons disclosed in enbodi ment (E) of
Aspect (1). 5 [0088] Aspect (7) of the disclosure relates to a nmethod of
preparing a conpound of fornula g(2): or a pharmaceutically acceptable

salt thereof, the method conpr|5|ng reacting the conpound 10
with reactant y(2) under ba;lc conditions in an appropriate

of fornula f(2)

lutidine is a steriea nder ed—organi-c—m-bd base) to yield

of g(2): reactant y(2) O whewrin X2 is H Br

of formul e o j
t her eof . \ﬂﬁjreactlon condltlons t
any of the>eaction ggnditions disk|géed i

26 WD 2010/ 056960PCT/ US2009/ 064341 \,J
NH, O

reactant u2

[0091] The reaction conditions that can be used in this aspect include any of the reaction

conditions disclosed in alternative embodiments for embodiments (C) and (D) of Aspect (1).

5  Definitions

[0092]  As used in the present specification, the following words and phrases are

generally intended to have the meanings as set forth below, except to the extent that the

context in which they are used indicates otherwise or they are expressly defined to
something different.

10 [0093] The word “can” is used in a non-limiting sense and in contradistinction

mean

to the

word “must.” Thus, for example, in many aspects of the invention a certain element is

described as “can” having a specified identity, which is meant to convey that the subject

element is permitted to have that identity according to the invention but is not required to

have it.

15 [0094] If a group “R” is depicted as “floating” on a ring system, then unless otherwise

defined, the substituent(s) “R” can reside on any atom of the ring system, assuming

replacement of a depicted, implied, or expressly defined hydrogen from one of the

atoms, so long as a stable structure is formed.

ring

[0095] When there are more than one such depicted “floating” groups, as for example in

20  the formulae: where there are two groups, namely, the “R” and the bond indicating

attachment to a parent structure; then, unless otherwise defined, the “floating” groups can

reside on any atoms of the ring system, again assuming each replaces a depicted, implied, or

expressly defined hydrogen on the ring.
[0096] Pharmaceutically acceptable salts include acid addition salts.

25 [0097] "Pharmaceutically acceptable acid addition salt” refers to those salts that retain the

biological effectiveness of the free bases and that are not biologically or otherwise

undesirable, formed with inorganic acids such as hydrochloric acid, hydrobromic acid,

sulfuric acid, nitric acid, phosphoric acid, and the like, or mixtures thereof, as well as organic
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Attorney Docket No: 224990/ 08-013W)/ 129058 [ 0089] Aspect (8) of the

di sclosure relates to a nethod of preparing a conpound of formula h(2): or
a phar mmowotnoeisbysoaccept abl e salt thereof, the nmethod eomprsc@vnet34l

hydr ogenattbgbichencbnonpeundoafoeskor mnul a g(2) with a catalyst in a suitable
solvent to yield the conpound according to formula h(2): wherein X2 is
H Br, d or F. The conpound of fornmula h(2) can be in its free base form

10 ical t.abl It t.h f..Th action
condi t ot R of el OB ITRGGU:HIRY oRBRARI AR Bydfichotoiikedac: | on
condi t i onsalii ®¢l, obkit dcil, entvodti acEntucéitic aoik, Mepec heid, Brtark QAAikispeidf (9) of

M TR N L
15 conpousidereiulfonicradidasaticdic. acid\dbd H 1kt Oh GRHRARCTHAIDPL009/ 064341 Att or ney
Doc ketS N?OO9%%499IQ1/C %%E:l%g'u?x’fm/f&%lge? ?l?ustrated by the following examples, which are not to be

construed as limiting the disclosure in scope or spirit to the specific procedures described in

them.

[06099] Unless specified otherwise, the starting materials and various intermediates may

be obtained from commercial sources, prepared from commercially available organic

10 compounds, or prepared using well-known synthetic methods.

Experimental Procedures

[00100] The invention is illustrated further by the following examples in Scheme 1 and the
description thereof, which are not to be construed as limiting the invention in scope or spirit
to the specific procedures described in them. Those having skill in the art will recognize that
15  the starting materials may be varied and additional steps employed to produce compounds
encompassed by the invention, as demonstrated by the following examples. Those skilled in
the art will also recognize that it may be necessary to utilize different solvents or reagents to
achieve some of the above transformations.
[00101] Unless otherwise specified, all reagents and solvents are of standard commercial
20 grade and are used without further purification. The appropriate atmosphere to run the
reaction under, for example, air, nitrogen, hydrogen, argon and the like, will be apparent to

those skilled in the art.
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[ 0091] The reaction conditions that can be used in this aspect include any
of the reaction conditions disclosed in alternative enbodi nents for
enbodi mrenwe 200)0seed (D) of Aspect (1). 5Definitions [0@e2jUs309mesd4i n t he
present speeybiceatsd Bscmhewboishsewi ng words and phrases are generally
intended to have the neanings as set forth bel ow, except to the extent that
the context in which they are used indicates otherwise or they are
expressly defined to nmean somethi nggdj.ffgrent. 10[0093] The word "can” is
used in a non-linting sense and |n tontTadi stinction to the word "nust.
Thus, for exanple, in nanyoaspects of the |nvent|on.a certain element is
described as "c Oha) “a

t hat the subject eIeE-

the invention b S~ G it. A O
depi cted as "flgégrng" on a rpﬁ§h§%§ten1'th- Nt e i [ t he
substituent(s) b can reside on any atoip of the ring system assunlng

repl acenent of a depicted, inplied, or exptessly defined hydrogen from one
of the ring atons, so long as a stable structure is formed. [0095] When
there are nore than one such depicted "floating" groups, as for exanple in
20 the fornul ae: where there are two groups, nanely, the "R and t he bond
indicating attachment to a parent s ture; thenydsl ess otjerw se
defined, the "fl o&s%hg . geoups can Jresijde on any atonpyoft’he™ring system
agai n assum ng each rej Ps a depi , inmplied, ¢ sly defined

hydr ogen on t he z;ﬁgo ”_-5~..;arnaceut|cally accept ab al'Ng, i ncl ude acid
addition salts. 5[0097]"Pharnac % BF accept &bl e~acid addition salt"
refers to those sakés that retain’tfie blological fectiveness of the free
bases and that are not biologically or otherw se uhdesprable, fornmed with

i norgani ¢ acids such as hydrochloric acid, hydrobromc acid, sulfuric acid,
nitric acid, phosphoric acifl, and the like, or mxtures thereof, as well as
organi ¢ WO 20104@6960PCT/IUS2009/ 064341 Att or, Docketho

224990/ 08- 013W)/ 12905 T ds~such &d-Cacetic acrd, w}doroaceti c acid,

propionic acid -@ d, pyrddOeHacid, oxal ik |d, naleic acid,

mal oni ¢ aci d, sfﬁtﬁhlc Aci b0, f unmr iHECAE d, t ro~a€ia, citric acid,

benzoi c acid, (o], c acid, nandel iggyaci d, th nesul foni c acid,

et hanesul foni ¢ acf d, toluenesulfonic aci d, saT:?quc acid and the i ke, or
O

m xt ures thereof.

C

POCH,
CH,CN
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5[ 00981The disclosure is further illustrated by the foll owm ng exanpl es,
which are not to be construed as |imting the disclosure in scope or spirit
to the spwoi2bioospreocedur es described in them [0099] Unl ess/usp@oiobised
ot her wi sejttortehBocket Npr 249PP8-idWenI%efB s and vari ous i nternedi ates may be
obtai ned from comerci al sources, prepared fromcomrercially avail able
organi ¢ 10 conpounds, or prepared using well-known synthetic nethods.
Experimental Procedures [00100] The invention is illustrated fumb@er by
the follow ng exanples in Schege 1 and the description theregf;—which are
not to be construed ,.g@o ] he i ryentl ONCk N scope or 'to t he
specific procedures desc i I them having skill in & art wll
recogni ze that 15 the. stz ng_aat eri a ey be varied and additional steps
&g denonstrated
ecogni ze
#gents to

enpl oyed to producef cofpouids NenconpaSsed by the i@
by the foll ow ng ex . Those skil%g?,*n the art wl
that it may be necesdaryito utilize dr PT84 %€nt sol
achi eve sone of the a transformations. [001011 Un] ess ot herw se
specified, all reagents and solvents are of standamd commercial 20 grade
and are used w thout further purification. The apprigpri-ate atnosphere to
run the reaction under, for exanple, air, nitrogen, rogen, argon and the
like, will be apparent to thg illed in the art. WO

2010/ 056960PCT/ US2009/ 06434/ Al or ney Docket No: 224990/ 08- 013VWN#29058
Schene 1 Xb in Schene 1\abg
i nternedi ates described within the description of Schene (Y
referred to as hal g ih this halo group for these inter
meant to nmean either

pr of Chy. This inition of halo, whi
5 only to these i er 05 in_migiléjﬁcu'LmLon o'?seé
nmeant to change Eﬁ%ode ni 8 on of hﬁbﬁ}%?ﬂEpe defipjti .
Preparation of 1 %5*ﬂ$thoxy-4 (3-hal'o propoxy) - 2[?%tx enyl | - et hanone
L\¢/° T:::j

is applicable
el ow, is not

o)
Ha
F . F
H3C N Q 5 :
Z c N Ni N
S Oy
N K,CO, , H,0, THF

=

F
SOk
@

Xb in Scheme 1 above is Br or Cl. For the names of the intermediates described within the
description of Scheme 1 below, Xb is referred to as halo, wherein this halo group for these
intermediates is meant to mean either Br or Cl. This definition of halo, which is applicable

5 only to these intermediates in the description of Scheme 1 below, is not meant to change the

definition of halo in the definitions section.

Preparation of 1-I5 methoxy-4 (3-halo propoxy)- 2 nitro-phenvll- ethanone
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[00102] Water (70 L) was charged to the solution of 1-[4-(3-halo propoxy)-
3- met hoxywpherwisyeet hanone (both the bronmp and t he chl oroTase@oOMB4ar €
conmmer ci adubryey Boviai Noadhdomjos-offweris@k ut i on was cool ed to approxi mately 4C.
Concentrated sulfuric acid (129.5 kg) was added at a rate such that the
batch tenperature did not exceed appr oxi mately 18C The resulting 5

sol ution o] |tr|ca| 8 kg) was
added at [gﬁ?’a ewgugrfﬁgflfzw %ﬁ%g {1}%@1%)02&?0 gtl “18 PRge* @ gg%é‘oxy
appr oxi mphedy] ell@Gone\othylednmema hdothe dﬂorowamwurﬂrade donemareiniey sRABGHATHO a

o xtur . STREOKEPs PR S Bl g droniilldh SR st Tt i S s | 2y er

was back aextaleambledlaumt: battietehipbramne: didhareiketed agpiexiaari rsed. mtrbsylh&rge chloride

| ayers were .washed with a iumbic nate sal uti on and
conceﬁt r éPIEHO%VHWBégFﬂ ?ﬂpgwfﬂ?tglﬁ'ggﬂ g“‘flp?o%%ﬁ‘f%"rﬂﬂd (&égiﬁbﬂ%‘*d&ﬁb@‘t“ﬁé‘e m xt ure
was agai @u«ﬁmﬂ@mmamdnﬁaatm@m giczbd dppeixitdiely O, 1édeRRBlofi@d, Ut i on was

stirred at ap CLOXI matég 20C during which tinme the product crystal | i zed.
The soli d‘é‘f‘te\ﬁéﬁ? 1CE BFIC ?%Ed‘w‘ SEParete Erefieh Thoadddie spaghiqumixtuse wasBen addedif f or d
conpound ifth &id intrn@e BRI bne MlbAN MRS Was Hpafafd A8 1R aaﬁéoﬁmyer%'s bgake and
used di rectl¥ i n 15t he next st%p

DVBO- d6) extacted vgth methylang)chloyido. he sombipgd mathzlsne(¢hlorziﬂ)laye13 vgme (vsshedsH) 3.78
(1) - 3065 widh)agk , ,

[MCl)+HI 288, ‘%hg?%ﬁsﬁ% Klé@%%?%ﬁépm% cgﬁceﬁ%teW‘&%Mgls%ﬁ’q 2% ound
331. 09, 3Batagol qms@é@ﬁd@lﬁgw pifture was again concentrated by vacuum distillation. The

1-15- et anone 20
[001031 T EMS%F(\(}%%W\A%EB%% t%P%ngg{a% btdﬁ %ré@?gﬁgﬂ}s&t]pé(’&\%gs di ssolved in
t ol uene. cisebized Tbesaids mmqqﬂmt@chycfétr(t@?l @ashgr) will ¢-bphelgs affiordcar bonat e

(83.4 kg i on llo t r ahut vl nlum
brom de %3 @g Eﬂ%ﬁﬁleﬁ%ﬁﬂnﬁoﬁﬁﬁ}g% OIﬂte‘Easffs np‘?%tscu ﬁ ‘ﬁ’i’?&t e xt ure
was Héat €t rest ssgppr oxi mat el y 85C for about 9 hours. The mxture was then
cool ed to anbjent t at ur ) [ n' r.was renoyed. The agqueous
| ayer 25 was 6@@\4“42‘5833‘5% ter%}/[&?tdgpt%o‘?ﬁgge ﬁ’rh%iﬁﬁﬁ% (o PHE R4 ( fiyers were
washed seHy S (e)lﬂ a6 (W (EH) Q\m (@gﬂg 1203182, oé S, @H} 'L@:VMQ @M?&L{M(@B@H?m
thlosulfatefoll ons_of water. The resulting solution of

the titlé® %bﬁﬁ%@r’?&gﬂagal%@ﬂﬂmp ?ﬂ@ Aex: 3§ﬂ@pf°Vd1‘% Hoet 3349t her processi ng.
' HN'VR (400|VHZPre {andB)- S%eﬂ%rx thanogd-1) . 3. 93

(s quin, 2H;
LC N%O Ca[‘!s'aﬂlﬂor Tbmwensw%@kezwolﬁ@ﬁ thgpmvipus step was dwselﬁe# mttoloeneoh

142- am I WO
20107131528"&%‘ gcﬁﬁf%szoogt;dg% (@po REPI Pofsstim cRbSRAR(Y3 2 READY dagid1anane

solution, followed by tetrabutylammonium bromide (9.92 kg) and morpholine (83.4 kg). The

resulting 2 phase mixture was heated to approximately 85°C for about 9 hours. The mixture

was then cooled to ambient temperature. The organic layer was removed. The aqueous layer
25  was back extracted with toluene. The combined toluene layers were washed sequentially with

two portions of saturated aqueous sodium thiosulfate followed by two portions of water. The

resulting solution of the title compound was used in the next step without further processing.

'HNMR (400MHz, DMSO-d6): 8. 7.64 (s, 1H), 7.22 (s, 1H), 4.15 (¢, 2H), 3.93 (s,

3H), 3.57 (t, 4H), 2.52 (s, 3H), 2.44-2.30 (m, 6H), 1.90 (quin, 2H); LC/MS Calcd for [M+H]"

30  339.2, found 339.2.

Preparation of 1-[2-amino-5-methoxy-4-(3-morpholin-4-vi- propoxyv)-phenvll-

ethanone
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Attorney Docket No: 224990/ 08-013W)/ 129058 [00104] The solution fromthe
previ ous step was concentrated under reduced pressure to approxinmately half
of the orwgizoslosewbune. Et hanol and 10% Pd C (50% wat er PagtUS2@902434y) wer e
added; t h@erkeeBadletNorguomloBipBYONTASE heat ed t o approxi mately 48C and an aqueous
solution of formc acid (22.0 kg) and potassiumformate (37.0 kg) was
added. When the addition was 5 conplete and the reaction deened conpl ete by
thin | ay o] ol ve the by-product
sal U, - TRLVIBH 2 TR SALARMoh B ShevidR DR M0 Corp it Pt SREIE S8 S8
filtrate amsxmretsehwﬁcﬁmrmwolumdWclmnésl@%rf&i QD% whteewne, S/xmskg)dded The

m xture basi of a ti.on of aqueo

pot assi u\r%%?:a gfe resu.cthg) Fuqyuvéﬁg'eiﬂ a)p%gm?éeg%?%&e@ﬁdﬁﬁaq‘{eﬂ‘éﬁﬁﬁﬂ%us | ayer

was back oéfdrmaxﬁcmdnv()tkb) mﬂlpuam;mrdrma&%mn@lmddaeal uaeethghadifion way e dried

over nhydr ium sul ryi ng .agent was renoy by filtration

ond t o FRLEIER D e GRS AR TBe 87 PR doE BB b W P

pr OceSSI Agded to dissolve the by- product salts. The mik tdNViRas(fREMHE ren%@fed@olubﬁa 7 11 (s,

111 7.01 gbr s,..211) (s,, 111),.3.97 (t, 211), 3.69 (s , 3.57
411) cagl %sz*(esfﬂtf@E Pias C%C@&razede’edirﬁ?d"m presurg pnd Eﬂ!iieﬁe wewd_desi W@eCakd 15

f 0" [ MtHimi g0 was niddbl BEi3@RE of about 10) byRhE&RRUtRl @ Aqibus potassium carbonate

6- met hox& 76§3 nor phol i n- 4-yl - propoxy) - qui nol i n- 4-ol, sodium salt [00105]

A sol uti GHe tuess HivEmyastpRatefband s aguedys lavar wasthadloexteapiad with yalugney Fhet e (70. 0

kg) was agdeded t‘alufehﬁaplﬁggs%éré)ﬂhéir&@ Mf‘dr&fs%ﬁﬂlﬁhﬁ%uﬁgtgpl‘he-ﬁ%% ghih & Was

war ned to approxi mately 44C for about hours. The react’ m xt ure was

cool ed t &megypd bx filtatien gndabayesylingnplution waguisdtiny the aexistep (NMBEuies added

whi ch ca &;%&s@@e product to precipitate. The product was collected by

fiItrat| n and "t he cake was washed with MIBE and dried under reduced

pressure at alfBVMRH400MPz NSO el6): Bhe1tsi Bd), o @idbes, 26,31 () 16D, 3.97 eugh a

"o 1R Gt sl 0 9425, M B BB cquin, 2 CMS Geed 11y

7.5416s, f@FMHH]" 3119127&(@;13094) 4.29 (t, 2 H, 3.99 (m 2H), 3.96 (s, 3H)),

3.84 (t, 211 2H) ,
LC/ I\/B( Cal cd 12 SISt qui cﬁmnﬂ ol, SOdlllmryalt H)

AL 919 B m 28]
4-chl or - ﬁbmw]hOAysoKm()Bof%ﬁﬁiﬂﬂéﬂx(ﬁhd’e(iibkg}hh%ﬂiahcﬂ%nd Etﬂ?l]tgﬁﬂatéohg@ﬂ(g?r ous
oxychl ori de %(}11333 gg was added to a sqglution of 6-nethoxy-7
mor phol i Wa%3dded i iBnptgHondang the pregiouysten. The mixjure yyas W@“ﬁ‘?&’é?é?ﬁft”ﬂma@lﬁ hat was

heat ed t a4g0rp out BRou afe tdaBiAARixtukORasRS1e8 AMpExEmatt 1) @590 XidiyR 1 Was heat ed
to reflux (approximately 82C) and held at that tenperature, with stirring

for &Bpr Bxyirice(YTRE) Wé%‘f‘@"‘é‘f"h\% cetsed therproduct jger e@mﬁm dde produgtivapr ocess HPLC
anal ysi S¢oliEhgd B?ﬁﬁ%ah&ﬂaﬁ@%ﬁe EREVadfLGLa %Hﬁlllﬁhﬁ a e 1ea NN &%g&ﬁ%%

materi al renmmi ned. The reaction m xture was then coole

fil t er edatambiopenpeRes Fbe RamoBEoBay 08lsd throyzhtagnesh yersxck efforkie0.2

224990/ 085 Qﬂtﬁé/‘@ﬂél&%% Jermve solids. The filtrate was then concentrated to
a resi due Acetronl e was added and the resulting solution was

concentr at ed MRr(wl‘vﬂdreDM&tHdﬂ énH.22hbos, it He, Sl dadfe®ss ¢, tHE 7r5és,due and

and Zquottie AN By droii dg0 Chray 88 il S2ih 4B ST ArD. fal "separ at e

and t he amedhiE1 B2y 2. ymn kagkLEMS aaice thr \WMi-R NElDY Feae3pdi.ori de. The

conbi ned net I}él ene, chkg Iut| ng were dr| ed over anhydrous nagnesium

sulfate, filt i & et e prpfholind-virgunaline; §s” were dried at

30-40C upeess]r eﬁktféﬁlﬁbré\ls&ﬁ%lﬂ&ldeQZ@ﬁ Kg)dvag Q&leﬂ&&ﬁ%l@tm'ﬂﬂﬁetﬁ&y%@ kg) .
morpholin-4-yl-propoxy)-quinolin- 4-ol (5.00 kg) in acetonitrile that was heated to 50-55°C.

30  When the addition was complete, the mixture was heated to reflux (approximately 82°C) and
held at that temperature, with stirring for approximately 18 hours at which time it was
sampled for in process HPLC analysis. The reaction was considered complete when NMT 5%

starting material remained. The reaction mixture was then cooled to 20-25°C and filtered to
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| HNVMR (400MHz, DMBSO-d6): 8. 8.61 (d, 1H), 7.56 (d, 1H), 7.45 (s, 111), 7.38
(s, 101H), 4.21 (t, 2 H, 3.97 (s, 3H, 3.58 (m 2H), 2.50-2.30 (m 6H)),

1. 97 (quiwp 28Hyosk960MS Cal cd for [ M-Hr 458. 2, found 458. @CT/US2009/0B43@par at i on
of 4- ( 2- fAuuty Dockee Nt 4900/ RRBWONYSYs2 6- Met hoxy- 7- ( 3- nor phol i n-4-y1

propoxy) qui noline [00107] A solution of 4-chloro-6-nmethoxy-7-(3

nor phol i n-4-y1)-qui noline (2.005 kg, 5.95 15nDI) and 2 fl uoro-4-nitrophenol

(1.169 k Wa. heat o 14 145

Stirri ng?erPZVeAs%h&:) l(lj‘gl(e flﬁ'tat% v@as%ﬁ%ﬁ cglll;cg?trat 0 Qi reﬁ;] etﬁo %gvag%irﬁsw g‘HP for in

process Hmmm sy)hmsn wihmmamtedmma mu@mhsdare&dloﬁdmhﬁdacd/\kmﬁb | ess t han

5% startin emalned The reaction m xture ooled to

appr oxi macf‘sg(f ‘g%eéﬁﬂ 8 S Y PIQTRYas S E“f\%}f aguyt 053}%@%3’? gﬁw&@ added to the

m xt ure, av;ﬁuochammmhmydﬁm(ierm rédul tRigt2i phiade rhi@ WREw ! sepRatdDardMBs Rushils. The
washed w th aqueous

solid cipitate re collecte filtration,

pot as§| uﬁqy(‘?&g'%el?fﬁ?émaﬁﬁ \A‘?‘"é‘ﬂhy fes loggft%ﬁﬁ‘éﬂ‘blf‘%ﬂ?}%ﬂe‘ﬁr@%@?e to afford
the titl Qolﬁﬁdﬁ%@tﬂﬂddxﬁeﬂ o]relksﬂlhydrous magneslum eulfaké'mmeﬁ 48DMRZen AP éj@ld 8 8.54
(d, 1H) % 11) 1H), 7.43 (s, H),742(s,
1H), 7d anhd pq)ere Q{leﬂ gt %q 40°§pbnder3e@@eq gressgqq)to a@org Ghe(tttle cgnq))oung (h48q t |

2H) , 2 3@8 {m 4H), 1.96 (m 2H). LC M Calcd for [MrHr 337.1, 339.1, found

337.0, 33 Preparati on of
311 Uor o- 446. HENMBOMHig INBENSD {5 81 o1 IpR6eh) T ABLS, BT 35 G,

yl ox p Y, )8 i n

A (2197 CaPA AT 208 SRS s8R A ST e Pt 7 fon g 1

pr opoxy) Glaled dbri [VerH]2458. % Gyund#d8.00% pal | adi um on carbon (50% wat er wet, 250
g) in a mxt upegrguoentor}% a] urnd at er._cont ai ni n% ocentr t ed hydrochloric
acid (1.5 L) we ; PP AL AP TR HREEYY 40 psi). The
m Xt ure peEpo g)guumﬂdm at anbi ent terrperature When the reaction was conplete

010/ 0564 MBET, AsSbtisr 6T ShIAT Tty TR BeBbonbe-sbAnne 05 wei 150058

HPL C 1anaknss) dad 2tﬂmerohydmgmomsw epted mollin e hiidme ok héafayth ¢4h-wi t h ar gon.
The reactl%gt gg \3@3 filtered throu?h a_bed of Celite to renpve the
cat al yst ECGIRGE IENFEIY 2 DQee P PHYich hianerif Wassampled feriip PRORRSS pH of t he

sol uti onHARAE ARREIOXTHERdaBlioh W& cordiferé PoipldtIh USRS 90 s WBifig fadefikied at
20-25C for approximately 1 hour. The solids were collected % S5filtration,

washed wraPHIRES: Bie raacgion mixdpre das Hyn sonted iedeprox mstrbe ¢ °Fraes s*@?eéwabaddﬁd ord the
title copp@usfn fatboatt v added to the mixture, which was then stirred at ambient temperature

20 overnight. The solids that precipitated were collected by filtration, washed with aqueous
potassium carbonate, and dried at 55-60°C under reduced pressure to afford the title
compound (1.7 kg).

'HNMR (400MHz, DMSO-d6): 5 8.54 (d, 1H), 8.44 (dd, 1H), 8.18 (m, 1H), 7.60 (m,
1H), 743 (s, 1H), 7.42 (s, 1H), 6.75 (d, 1H), 4.19 (¢, 2H), 3.90 (s, 3H), 3.56 (t, 4H), 2.44 (1,

25  2H), 2.36 (m, 4H), 1.96 (m, 2H). LC/MS Calcd for [M+H]* 337.1, 339.1, found 337.0,
339.0.

Preparation of 3-fluoro-4-[6-methoxy-7-(3-morpholin-4-yl-propoxy)-quinolin-4-
yloxy]-phenylamine
[00108] A reactor containing 4-(2-fluoro-4-nitro-phenoxy)-6-methoxy-7-(3-morpholin-4-

30yl propoxy)quinoline (2.5 kg) and 10% palladium on carbon (50% water wet, 250 g) in a
mixture of ethanol and water containing concentrated hydrochloric acid (1.5 L) was
pressurized with hydrogen gas (approximately 40 psi). The mixture was stirred at ambient

temperature. When the reaction was complete (typically 2 hours), as evidenced by in process
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1H NVR (400MHz, DVMsO-d6): 5 8.45 (d, 1H), 7.51 (s, 1H), 7.38 (s, 111), 7.08
(t, 11-1), 6.55 (dd, 11-1), 6.46 (dd, 1F1), 6.39 (dd, 1H), 5.51 (hr. s,
2H), 4. 19w0t201021%9603. 94 (s, 3H), 3.59 (t, 4H), 2.47 (t, pRHUS20986843¢ M 4H),
1.98 (m Adbdey Ddcke! B 2@ad 08 di3von2opsbirH] 4' 428.2, 10 found 428.1 Preparation of
1- (4-fl uoro-phenyl car banoyl) - cycl opr opanecar boxylic acid [ 00109]
Triethylamne (7.78 kg) was added to a cool ed (approxi mately 4C) sol ution

of conmer, i I G Xxyh i 95 kg) in
TE. ar A% O, AN SRR PR AR P sfeo BB AR The
sol uti on miasreswastilekdftioougppbabdf Celie®yo idmdo tlmaamtyes Patagiunhembdnaieony |

chl ori de s .ad ng,the batch te r re b low 10C. When
t he addi téaéﬁ&%lggéhg %‘f eqq%espgf %ﬂ’ %hg‘fm)lv ap PRP(S?’S‘&‘H‘IP& ]ﬂeﬁ(egmﬂ‘ ) in THE
was addedu@bnsaomaasena-a@ht X)%PCM’rapﬁlﬂilﬁhteﬂ}enﬁ@frﬁrh;rselﬁdﬁl v@héalctmeag@spdhloc The
m xt ur.e sstlrr nd, t hen di w t

i sopr gpy %’é’f’a‘f"és ghgﬁ‘gg?rgldir'gngoy@nc\% ﬁ@cprggéﬁfﬁé‘hi‘fr‘ﬁﬁpﬁ? et h
aqueous so@psundilydéordyde, water, and aqueous sodi um 20 chloride. The

organi ¢ sol ution was concentr at ed bgévacuum distillation. gt ane was added

to the concentlﬂw(‘*ﬁﬁwﬂ%g’msﬁ A%): 8BdP (4 R 31 G+ EPel3H (G, Hdnt P8 ftugati on and

th I V, the title
compound 1105 g 10168 (RPRARESTRE I, St N R TR A6 101306 (or
s, 1H), 13@958 4({§,24ﬂ+€) 2HY, ¥ (m, a8).(1:H8 (apH). 7.Q/B1S7Caled fon{M2H)" 42&241 (s, 4H),
LC MypCaleGdiafa9g 1 [ MF1- 1] 224.1, found 224.0 25Preparation of

1-(4- fI uo henvl car bam)yl) cycl opropanecar bonyl chloride [00110[ Oxalyl
chl ori de (291P'e ‘ : 1 : ; pppbowdinatiél y 5C) sol ution

of 1-(4- /[ car 1 c Io ropa e bo THE at a
rate guc Mﬁljaf the b(f}%)k i syuar%e Cﬂgl g@?@@é%naim%lﬁp?lh‘g addi tion
was corrplcahmprctaﬂig atmtablle CMSprapdnedech(bomﬂfcmﬂdC(Q aﬂhg)eﬂtl‘mesrrh&ﬁtatqumle and held
with stir fo e in ess HPLC
anal ysi s I kglgggttcéif“[)pﬁrea &)%‘CE\%@% %%eé?lé}“o“fﬁ%s Sé‘b‘lcﬁtb qrdppr%} afs ed in the
next 1§t epo mmdlésuind ihd:mtlhﬁﬂiyl pMIGﬁ@S(SgﬂQ:g) ?I?S addé&d, ﬁ&%ﬁr@tmﬁlﬁht&ft%rzgerature

ccloro ca lic aci 3- met hoxy- -

m);r phgl i Qﬁ %‘gib‘%@b 19T FORPYiCatht 1"6?? ﬁglrm’ioafah?f‘dé A(kg) in THE

fl uor ophwayaadeam Date suMQhM@ﬁ@&ﬁ%Q&&I{el&?&Q%k&@&Mt Ahd RIAAGY wRpcket No:
224990/ 08- 013W)/ 129058 [00111] The solution fromthe previous step was

added t oSurTed ok @p@xgpat@yfﬁl@gqsan@lmfg diluted with isopropyl acetate. The diluted solution

met hoxy - %k WndHed Rk AN with aREDROM I dRBdeD vired, Rk YdueARgHYLAM ne (1160
kg) and pot assi u?n&lgar boﬁate ?12 25 ngﬁg: n THE aﬁd wat({élFé at a rate such that

t he BYt cRblpdipdhaprgrmc %ﬂww&m@@aat%q byyspwuk ivallasioy. Heptang @as yed t he
addi ti onty¥as c&REMIRL The f0RiRAUGRY WaSHiltered by centrifugation and the solids were

dried at approximately 35°C under vacuum to afford the title compound (10.2 kg).
'H NMR (400 MHz, DMSO-d6): 13.06 (br s, 1H), 10.58 (s, 1H), 7.65-7.60 (m, 2H),
7.18-7.12 (m, 2H), 1.41 (s, 4H), LC/MS Calcd for [M+H]"* 224.1, found 224.0
25 Preparation of 1-(4-fluoro-phenylcarbamoyl)-cyclopropanecarbonylchloride

[00110] Oxalyl chloride (291 mL) was added slowly to a cooled (approximately 5°C)

solution of 1-(4-fluoro-phenylcarbamoyl)-cyclopropanecarboxylic acid in THF at a rate such
that the batch temperature did not exceed 10°C. When the addition was complete, the batch
was allowed to warm to ambient temperature and held with stirring for approximately 2

30 hours, at which time in process HPLC analysis indicated the reaction was complete. The
solution was used in the next step without further processing.

Preparation of cyclopropane-1,1-dicarboxvlic acid {3-fluoro-4-[6-methoxy-7-(3-

morpholin-4-vl-propoxv)-quinolin-4-ylamino]phenvl }-amide-(4 fluorophenvl)-amide
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5 warnmed to anbient tenperature and held with stirring for approxinmately 1
hour, at which tinme in process HPLC anal ysis indicated the reaction was
conpl et e.wOQuBIe9epot assi um car bonate sol uti on and i sopPopiS2@0e6EUE Wer e
added t o Autrey bateCiy; 229PPes-pE¥OIPISAY 2- phase m xture was stirred and then the
phases were allowed to separate. The aqueous phase was back extracted with
i sopropyl acetate. The conbi ned isopropyl acet ate Iayers were washed 10

wi th wat ggosf1g] | OM@QOI'HMOM r&\Q8ts deg &i[EgPS Lifbrd@d with a

m xture of magnesi um sul fate and act| ate urry s filtered
over Cel inpeghaxy-7s@dnerplolingg- ertat’mx\xhgum@wc‘eylbnﬂt@dﬂsﬂmmn(H|60 katandppr oxi mat el y

noxt ot o Nt ol B8 & DR Tl o ERTROUGS MO Bbdtoies. 10141

(s, 1H), wedn@&tgised at kpro8mdtEly(1d; 211€]) Wheh @4 addidon w6 chhdplete/ thé batchwa®H) , 7. 53

2H) , 2 6. 41 1 .2 t, 2H).,. 3.95 ,
(28 s 0 mford b2y g b il 3,°2,
4H) . LC Mﬁleﬁabmdesk (bﬂ’LD\Ahh-l]ymﬁBﬂx(ﬁted ihbtt&d:tx&B@as’lcomplete. Aqubts patagsiin@n of the
bi sph h 1,1-di | id,

e TR e e

| - ag‘l de (ixditeliads@BReiRNYdn)thapiiaske werOilbhidl 1 Yephrate! THRAABecks phadk ¢ag boxylic
acCl

(3- f | uor B2 *E2g1ed Witk porropyl apate e crmbingd isoRspRIY pSetaslanas Pareavashedn no] pheny

Il - anpdewith vididi G6110MRaBY liuedd $Rivkd Bl andieN bigkRd HiBh MRGrddrssol ved in
acetone and water. Phosphoric aci dTg 5% 372.48 g) was added at a rate such
&

that t he THERGH Biksaad eﬁteatafi garhen: Teg ey wapdterqhevep Gelitp®nad thadiltratari ned at
25 appr OWaEr@&rﬁlaﬁfraieﬁ'to 29611 ¥y ab?rﬁﬁﬁa‘ieﬂff ﬁ'(g’f‘flﬁtﬁellvaaﬁhﬂ toipfold e WL &J;hﬂ'o t he

pr oduct preC| pitated. The solids were collected by tiltration, ed with
acet one AMFhdyss sarisd inspihe sxitisigp slifow dethenproeessiaguum t o af f or d the title

d (1.5 f .l th
comound, (1, SSPAKR ol bhise ATPRYBNID, s Nl 99 b s
MHz, 1DVBOHNE)ES (fudRHh G50t 250), T@24th, 71), 7.16i)t, ZHD 6@2 (¢, H). D0 (L, 2B .45, 301H)

(% b G Wl a7 Gy g o il 7, 8%

(bs, 6H) forVBH{633.2fouhd 6331148 (d, 411). Procedure for direct coupl i ng 35

Vo 2oLo1 056980ECT, [£20001 06541, Al sorney Docket, i 2249901 05 GLVe1 126088

-7-(3-morpholin-4-
20  phenvyl)-amide
[00112] Cyclopropane-1,1-dicarboxylic acid {3-fluoro-4-[6-methoxy-7-(3-morpholin-4-yl-

oxy)-quinolin-4-ylamino]phenvl } -amide (4-fluoro-

propoxy)-quinolin-4-ylamino}phenyl }-amide-(4 fluoro phenyl)-amide from the previous step
was dissolved in acetone and water. Phosphoric acid (85%, 372.48 g) was added at a rate
such that the batch temperature did not exceed 30°C. The batch was maintained at
25  approximately 15- 30°C with stirring for 1 hour during which time the product precipitated.
The solids were collected by filtration, washed with acetone and dried at approximately 60°C
under vacuum to afford the title compound (1.533 kg). The title compound has a c-Met ICs
value of less than 50 nM. The bisphosphate salt is not shown in scheme 1.
'"H NMR (400 MHz, DMSO-d6): (diphosphate) 10.41 (s, 1H), 10.02 (s, 1H), 8.48 (d,
30 1H),7.93 (dd, 1H), 7.65 (m, 2H), 7.53 (d, 2H), 7.42 (m, 2H), 7.17 (m, 2H), 6.48 (d, 1H), 5.6
(br s, 6H), 4.24 (¢, 2H), 3.95 (s, 3H), 3.69 (bs, 4H), 2.73 (bs, 6H), 2.09 (t, 2H), 1.48 (d, 4H).

Procedure for direct coupling
35
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[001131 Solid sodiumtert-butoxide (1.20 g; 12.5 mml) was added to a
suspensi on of the chloroquinoline (3.37 g; 10 nrnol) in dinethylacetam de
(35 L), wolzboviseveby solid 2- 5 fluoro-4-hydroxyanil i nePCThis2aanks3gr een
reacti on Awme Drclet NueB49PI@a0IeWOA0595- 100 C for 18 h. HPLC anal ysis showed
approximately. 18% starting material remaining and ca. 79% product. The
reaction m xture was cooled to below 50 C and addi tional sodium
tert-butoxide (300 ng; 3.125 mmol) and aniline (300 ny; Z 36 Mp) were
added and heating at 95-100C was resuned. HPLC anal ysis aff 18 h reveal ed
less than 3% starting nmapierial onenai ning. The 10 reacti oy Wag cool ed to
below 30 C, and igae_ water (50 FWagacglded whil e i J ing t he

t emper ature bel ow 3¢ {ter rrl—ﬁagf—ar 1 hour at om { enperature, the
product wes> 2 iltrafion hep’m’f\h/\’/Vaie 2”x 10 rnL) and
dried unctm;/l\/acuum on the filten, funnel, t eld 4.11 g of the coupled
product as a tan solid (96%vyield; 89% corrected for water content). 15

[00114] TébthBR aadd Miiuk @mﬁxbxﬁé;ﬁa&umtghms Qﬁh&)twas%dé%% Q%F’pensm?l obpo wat er by

KF. [001151 The fore 0| ng disclosure has been described in sone detail by
way of i [Fhigeapigeling{ wsDdn dimsthylnsetamide 43 bmly fellaved baselidfhder st andi ng.
The i BVeRfybRy- ox@%ﬁﬂnéjqﬁg BarR @b eMhdaRidnShRAEIW S ﬂcgtcﬂ' Q{QSOH)@ BlECidi ¢ and

preferred enbodi nents and techni ques. However, it should be understood that
many var |P&¥$m@§1yah&1qméuappreb}mam 1&%@*‘5@8%@12‘1@“&@@%@4 & @odict.hi n t he

spirit angeRGORG RknkdGad aaxﬁagd Qv 56 o(Miykd adaﬁloﬁmbau& ; d—?b&?ﬁd? 3 ﬁk' Il in

the art that changes and I cations can be practice e scope of
t he appemidzed 18} mimed) and keitind GO mg 2.36 gunad) were adidd asd badng #1A5-100ECabove

descri pt 'réwmla@ %lgﬁgls ra{?ef{tl% i ru'elzﬁh rlgsts éﬂ@eﬁnmgﬁlg gé F l‘l%lrrlfilglglll’lxé/lg he scope

of thelnventlon fore, M¥nce to the
abovéOdempmqnwasn:oolb«hto ehoud®°q, rasd &adzatwe(S@en]e)rmasmddled/wmh maaiitanmga:l&: to the

25 follo ed.clai he ful equi val ents to
whi ch su&nﬁgfaglﬁér)rgag‘?go e?t |A?Bf %mm 3‘6?%)’?85’66‘5”&%@2%6 08%%?4?1 At t or ney
Docket Noolle22d 99 Gilt8oh) WaNRd A8 0E8e @ xT0anlNand dAed@ideochcOim ph @Rdileng a
compound_of for i (1) har maceut i cal ly. abI sal t

t her eof , "SIREY té}ygéfé gl&? %ﬁkg’elﬁﬁuﬁ %‘FWO‘?LSB&%@? ‘{%ﬁt(h&%H&}{%%ﬁ 835 B’r‘h to which
t hey arewatetaﬁin@tb.forma_ 6 nenbered heterocycloal kyl; XI is H Br, d or F
X2 is [(BIM] II-?Ii\llvllzlf‘{ ar?d 1\/1%: go_ngi’stent with product; 97.8% LCAP; ~7 wt% water by KF.

[00115] The foregoing disclosure has been described in some detail by way of illustration

and example, for purposes of clarity and understanding. The invention has been described
with reference to various specific and preferred embodiments and techniques. However, it
should be understood that many variations and modifications can be made while remaining

20  within the spirit and scope of the invention. It will be obvious to one of skill in the art that
changes and modifications can be practiced within the scope of the appended claims.
Therefore, it is to be understood that the above description is intended to be illustrative and
not restrictive.  The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with reference to the

25  following appended claims, along with the full scope of equivalents to which such claims are

entitled.
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10n1 is 1-2; and n2 is 1-2, the method conprising: contacting the conpound
of formula h(1l) with reactant z(1) to yield the conpound of forrmula i(1):
15 WO 20w0/2086864PCT/ US2009/ 064341 Attorney Docket No: PCT/US2009/064341
224990/ 08 gE3NPI1"PORHEV-DLIWPHREOFet hod according to claim 1, wherein s is 3;
and Rl and R2 join together with the nitrogen atomto which they are

attached form norpholinyl. 3. The nethod according to claim1l, wherein the
conmpound w cierimul a h(1) is made by reducing a conpound of fornmula g(1) to
yield the compound of formula h(1): wherein each of R, R2, X2, S and

n2 are as defilned frincdhodiahprpaunsaempentiod faewdr g to claim 1, wherein
the conmpound of formula h(1l) is nade by 10 reactjing a conpound of formula
f(l) with reactant u to yield the conmpound of f ha h(1): NH2

7 1\
N
H
NH
(1)
or a pharmaceutically acceptable salt thereof, wherein:
5 R' and R? join together with the nitrogen atom to which they are attached form a 6

membered heterocycloalkyl;
X'is H, Br, Clor F;
X’ is H, Br, Clor F;
s is 2-6;
10 nl is 1-2; and
n2 is 1-2,
the method comprising:

contacting the compound of formula h(1) with reactant z(1) to yield the compound of formula

(1)
i5
>X1)nl / ;(:zni
4 \ -
== N

reactant z{1)

N k§\~ A
N
REE

0
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NH2 wherein LG represents a | eaving group. 5. The nethod according to claim
3, wherein the conpound of forrmula g(1l) is nmade by 15 reacting a conpound
of for mulwof2byosessdh reactant y(1l) to yield the conpounacofUsbavmudsal g(1):
WO 2010/ O88F6DPETUSLHS 0BI4TS At t or ney Docket No: 224990/ 08- 013W/ 12905. 8
wherein LG represents a | eaving group, and each of RI, R2, X2, s and n2 are
as defined in claiml 6. The nethod according to claimb5, wherein the

conmpound 20f  f Ghébefod bdebrdinfy BRMAEN DYwRr&R P KES: Tahc[‘ﬁ’ dFOTHA wpmef wipthaul a e(1)
to the conpound of forrrulaf(lz R2/e(1) 1)

nitrogen atom to which they are attached form morpholmy

3. The method according to claim 1, wherein the compound of formula h(1) is made by

reducing a compound of formula g(1) to yield the compound of formula h(1):

NO2
/@ al
Xz n2 J=== \
)
A/a\ Reduction x ;
Fi‘\ I :[ ):
g R\ AK/C(S

h(l)

wherein each of R', R%, X%, S and n2 are as defined in claim 1.
4. The method according to claim 1, wherein the compound of formula h(1) is made by

10 reacting a compound of formula f(1) with reactant u to yield the compound of formula h(1):

NH,
/. \
(x2){--—.._
. HaC \
N (’\}\ =
NSO N
RZ K1)

wherein LG represents a leaving group.

5. The method according to claim 3, wherein the compound of formula g(1) is made by

15  reacting a compound of formula f(1) with reactant y(1) to yield the compound of formula

g(1).
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wherein LG represents a | eaving group, and each of s, RI and R2 are as
defined in claiml. 7.The nethod according to claim®6, wherein the conpound
of formulwoefyosssomade by 10 converting a conpound of forrmst@on¢By1to the
conpound 4g¢mef Brrifoa2 280005 CIARVER29R al kyl f or mat e: wherei n each of s, Rl
and R2 are as defined in claim1. 8. The nmethod according to claim?7,
wherein the conmpound of fornula d(1) is made by 15 reduci ng a conpound of
formula c(1) to yield the conpoungea@n: §or mul a d(1): wherei n each of s,
Rl and R2 are as defined in claim1. WOMB10/056960PCT/ US 64341

At t orney Docket X %8 9. The nethod a radhyng to claim
8, wherein the s made by rea(:)gz);g/o e conpound of

formul a b(1)q1vvi e/ conpound of fornul a
N HO

A

- H3CO
R?
f(1) Ry A F
NP0
RZ

N
g() ,

wherein LG represents a leaving group, and each of R', R, X, s and n2 are as defined in

claim 1.

6. The method according to claim 5, wherein the compound of formula f(1) is made by

5  converting a compound of formula e(1) to the compound of formula f(1):

H G
‘NN 7 - N i
SR~ W AN
R? (1) R
f(1) ,
wherein LG represents a leaving group, and each of s, R' and R? are as defined in

claim 1.
7. The method according to claim 6, wherein the compound of formula e(1) is made by

10 converting a compound of formula d(1) to the compound of formula e(1) with an alkyl

formate:

Hs H
H
, m AT
R\
NS NH, alkyl formate Rl\ Ms\ =
R2 /N 8] N
R?

d() el

wherein each of s, R' and R? are as defined in claim 1.
8. The method according to claim 7, wherein the compound of formula d(1) is made by

15  reducing a compound of formula c(1) to yield the compound of formula d(1):

H4C Catdlyst
NPON
H\/N *0 NG, AN j(\}\
R? NSO NH,
HZ

c(1)

da(1)
wherein each of s, R and R? are as defined in claim 1.
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c(1): 41) wherein Xb is Br or d; and each of s, Rl and R2 are as
defined in claim1. 10. The nethod according to claim9, wherein the
conpound WO 2hmwesedea b(1) is made by reacting a conpound Pofi/usesswbe4n( 1)
wi t h HNOB*“t%5Y Paclet Ng: 24 "O%‘ﬁ’fj%’u?ﬁ?fsof formula b(1): wherein Xb is Br or O
and each of s, Rl and R2 are as defined in claim1. 11. The nethod
according to cI aiml, wherein reactant z(1l) is made by reacting reactant
15z(1a) With Fhehkhod aabidig BYRGH 8] wheydiethd coSBeImANT fnblac(1) is MRIBI N X1 is
Br, dd or F;, and nl is 1-2. 12.The nethod according to claim1, wherein the
corrpound of formula i(1l) is of forrrulaﬂgl(Z) WO

2010/ 056 9somgrhesaomynd efifenmula b(1) with R R to yield the compound of formula

(1)
5
H
Q/N\ 1
b(1)
wherein Xb is Br or Cl; and each of s, R and R? are as defined in claim 1.
10.  The method according to claim 9, wherein the compound of formula b(1) is made by
reacting a compound of formula a(1) with HNO; to yield the compound of formula b(1):
10

b(1)

wherein Xb is Br or Cl; and each of s, R' and R? are as defined in claim 1.
11.  The method according to claim 1, wherein reactant z(1) is made by reacting reactant

15  z(1a) with a chlorinating agent to yield reactant z(1):

chorinating agent T
\ — N
Cl
HO N H
reactant z(1)
reactant z(1a)

wherein X' is Br, Cl or F; and nl is 1-2.

12.  The method according to claim 1, wherein the compound of formula i(1) is of formula
20 i(2):
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Attorney Docket No: 224990/ 08-013W)/ 129058 or a pharmaceutically
acceptable salt thereof, wherein: X1 is H d, Br or F;, and X2 is H, C, Br
or F. 5 wW8.20isewset hod according to claimb5, wherein treTas2@o06434DF
formul a fAtddey Pekepfo: RPPILBWVP(IRYB  10reactant y(1l) is reactant (y)(2):
reactant (y)(2) wherein X2 is chloro or fluoro; and the conpound of fornula
g(1) is of fornmula g(2): WD 2010/ 056960PCT/ US2009/ 064341 Attorney Docket
No: 224990108-013W1129058

or a pharmaceutically acceptable salt thereof, wherein:
x'is H,ClL BrorF; and
X?is H, ClL, Bror F.

5
13.  The method according to claim 5, wherein the compound of formula f(1) is of formula
f(2):
1
=
Sas
N
4 e
10 reactant y(1) is reactant (y)(2):

Xz: : NO2

HO

reactant (yX2)

wherein X is chloro or fluoro; and

the compound of formula g(1) is of formula g(2):
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14. The method according to claim3, wherein the conpound of fornula g(1)
Is of fornmula g(2): wherein X2 is chloro or fluoro; and the conpound of

formul a hWo)2oeicsedeof or mul a h(2): 15. The met hod accor #cm@st@oobasism 1,
wher ei n t4emee s olerid oS PIBVAIA%EE h(1) is of fornmula h(2): wherein X2 is F;
reactant z(1l) is reactant (z)(2): wherein Xl is F; and the conpound of

formula 0) is of fornmula i(2):

14.  The method according to claim 3, wherein the compound of formula g(1) is of

formula g(2):

5 ;
wherein X is chloro or fluoro; and
the compound of formula h(1) is of formula h(2):
NH,
X2
HaCO N
P
SO
N/} h(2)
(o
10

15.  The method according to claim 1, wherein the compound of formula h(1) is of

formula h(2):
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WO 2010/056960 PCT/US2009/064341
Attorney Docket No: 224990/08-013W0/129058

wherein X is F:

reactant z(1} is reactant (2)(2):

reactant z(2)

wherein X! is F; and

the compound of formula i(1) is of formula 1(2):

i2)




