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PROCESSES FOR THE PREPARATI ON OF 3-(4-(2, 4-
DI FLUOROBENZYLOXY” - BROMO-  b- METHYL”- OXOPYRI DI N- |

W@ 20d840Y10y9 N, 4- DI METHYLBENZAM DE BACKGROUND  PCT/IB2007/003993

3-(4-(2,4-difluorobenzyl oxy) - 3- br ono- 6- net hyl - 2- oxopy
pdi n-1(2H) -yl )-N, 4- di nmet hyl benzam de is known to be
useful as therapeutic agent for treating many

pat hol ogi cal conditions, including the treatnent or

prevent i Oﬁﬂ@‘cegéé@lﬁmm PREP ARSPIONOPT 3 (4l Zeases.
The effi cac \8)4 E -di fl uor obenz -bro

6 DWBE UG ROBENDAX tr BT QAP WY HL2 at‘%%%%tm@nuaﬁt ¥
|5 believed to be ¢ fel-BliferiioLBERZARIIDELY L0 i nhibit

p38 ki nase. I eved t at p38a ki nase can cause

or contribute to the effects of, for exanple,

i nflammation general | Y5 -~gEHBGHS: neuroi nflammati on;
pai n; fever; pul nonary 8lsordérs car di ovascul ar

di sea&eatftz aiftlioorhpopabhy)-3-tyomoke Mty Rearopyridin-1(2H)-yl)-N,4-

N Ll e LA L
damom@&:aiscomﬁttmsathclnemgcbtustrsqﬂpteenodp@aemmrsof nhfiammatory
R e T R
ehéthalvekagiriaml-1 QHWII)-N PaB) ety nereamEide fchdlievediaibey refated
bR eed condi T ons: viral and o
bact e istelicDé @ Hat pBSa kiR¥EE Grdcaudaerconiribliecibitiee effects of, for
i nfl uenza; endotoxi c shock; toxic s ock syndr
sxaBPemiaHamaadien geneslin & PENS NSH TR aa“rgé%éwa"ﬂfﬂvter pl e
BGRIRSY SisodlePLLHRicVastulahBsdR88! QirdiBRTyBELRY] sthoke;
ischemia; reperfusion injury; renal reperfusion injury; brain edema; neurotrauma
and brain trauma; neurodegenerative disorders; central nervous system
disorders; liver disease and nephritis; gastrointestinal conditions; ulcerative
diseases; ophthalmic diseases; ophthalmological conditions; glaucoma; acute
injury to the eye tissue and ocular traumas; diabetes; diabetic nephropathy; skin-
related conditions; viral and bacterial infections; myalgias due to infection;
influenza; endotoxic shock: toxic shock syndrome; autoimmune disease; bone
resorption diseases; multiple sclerosis; disorders of the female reproductive
system; pathological (but non-malignant) conditions, such as hemaginomas,
angiofibroma of the nasopharynx, and avascular necrosis of bone; benign and
malignant tumors/neoplasia including cancer; leukemia; lymphoma; systemic
lupus erthrematosis (SLE); angiogenesis including neoplasia; and metastasis.

WO003/068,230A1, published on August 21, 2003, describes 3-(4-(2,4-
difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-N,4-
dimethylbenzamide, its preparation and use in the treatment of inflammation.

3-(4-(2,4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-N,4-
dimethylbenzamide and closely related analogs can be made by either the
following described racemic route (Route 1) or chiral route (Route 2).

In efforts to make the discovery route more efficient and a scalable

process, several modifications have been introduced in Route 1. These not only
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wanaasavzseul ar necrosi s of bone;

system pat hol ogi cal (but non-malignant) conditions,
such as hemagi nomas, angi ofi broma of the nasopharynx,

t unor s/ neopl asi a i ncludi ng cancer; | eukem a; |ynphoma
system c lupus erthrematosis (SLE); angi ogenesis

i ncl udi ng neopl asi a; and netastasis. WX03/068, 230Al1 ,
publ i shed on August 2 1, 2003, describes 3-(4-(2, 4-

ok PR eaRr oo SRR Rk Y picb MR YL g

reéaetions. tTe deqeataeeoftsteyfs 2, KBf bt thmdlscovery route- alkylation,
3-(4-(.2, 4-di f|.uorobenzyl ox opyr
hva‘wvé sy By At W AR ge B TR By A e
r@?ﬁg f@arrsa\beo@w cﬁfaéadamsrrmﬂ\esé)mcEJdblm/md:]dgetelﬁunluls wwrklg) at
escri be acem c ro ra
¢aghuTier, Blch g5 MRl edrgggongpas P?fice& irafiojls YA foittdin pighsr
Béibs CiRRbte RAGbIGs th@als@bif @oﬁfﬂﬁ@l@ﬁals&ﬁ@é pbssible.
nodi fi cati ons have been intr oduce?‘gaﬂrG)Rout 1, These

not dTAYHE RAYasHBItiRiGHR HRYPIPRANPVRIF Mg tonardghe

;\!\gbgﬁé@oﬁ bPs %9Mb§§ncpé'ft Fcﬂhﬁjﬁa e WiifAfes trférﬁeedeBEcﬁﬁlluenCe
steps 2, e discovery rou

@rnmamgr@nhy Wﬁ@ftw?@f @damla@ieo?ﬁ"ﬁbﬁr&*ﬂﬁs'%)d§s iqeatfiediby o
p:QE‘.g%éIQ&N %'n@’rhéﬁd RRrGPsls By SHoaty SR&uté Oralsd é(\ﬂf 4Lt use

asons hese ncl'ude” avol di ng tedi ous wor kup at
@iamlstl\str@pena@whera@qsalbte: pl e extractions and
concentrations and to obtain higher yields. Route 1
avoi ds the use of costly materials where possible.
Route 2 was initiated toSdEMARY a novel chiral route

tovar Z’etfirg eﬂ@&)ﬁﬁ@éﬁ#dﬁﬁe ﬁfesgpt‘m%@ﬂlﬂﬂ% 2 iy ;ﬂrowgﬁrdcegé)for

elim or ¢ romatogra
wbfprepaatioracich smap@bideofdormala Isynt hesi s was identified
by utilizing a selective enzy%tl c hydrolysis

appr.oach. Route 2 al so avoids Jt he use
L
X1 e 6 X4

comprising the steps of:
a) contacting a compound of Formula V:
OH

with a halogenating reagent in the presence of at least one solvent to produce a

compound of Formula IV:

beni gn and maPComBaw7/003993



of costly materials where possible. SUMVARY The first
enbodi nent of the present invention is an inproved
wEe@ses®74 or the preparation of a conpound of MOF/MBAE/003993
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I: conprising the steps of: a) contacting a conpound
of Formula V: with a hal ogenating reagent in the
presence of at |east one solvent to produce a conpound
of Formula I'V:1V b) contacting a conpound of Formula
IV with a substituted benz | halide in the presence of
at | east one solvent ang; a ase to produce a conpound
of Formula c) contacti n onpound of Fornmula I11
with a base in the pres | east one solvent to

ef at
produce a conpound of FB all: d) contacting a
conpound of Forrmula Il w tivating reagent in
the presence of at |east onegsolvent and then
contacting the resulting njxture with an amne to

produce a conpound of Formula I; wherein X1' X2, X3,

3343( rﬁ%%t.gg% FnHuRd gﬁsmgwwm a"%ubgﬁ%'uféd t%nz{;\nhgﬂdé%ﬁ the

s a Cl- or ar 0,
rareenmtesofaﬂt ket omsmgeni@lnd a lersedo gzloctgse@l mpowmld)f rﬁzprmgla
ff. or a Cl1-C6 al kyl;

mn

¢) contacting a compound of Formula Il with a base in the presence of at least

one solvent to produce a compound of Formula Ii:

d) contacting a compound of Formula Il with a activating reagent in the presence
of at least one solvent and then contacting the resulting mixture with an amine to
produce a compound of Formula ;

wherein

X" X2 X2, X4 X5 and X° are independently H, halo, or a C4-Cg alkyl;

R'is a Cy-Csalkyl or aryl;

R?is H, halo, or a C4-Cs alkyl;

R®is halo, or a C4-Cg alkyl; and

R*is H or a Cy-Cs alkyl;

R®is H, a C4-Cs alky! or aryl; or
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R5 is H a Cl-C6 alkyl or aryl; orR4, R5, and the
nitrogen to which they are attached forma

woreeoplzdornyl , thi onor phol i nyl, piperidinyl, PCT/IB2007/003993

pyrrolidinyl, or piperazinyl ring which is optionally
substituted with 1 or 2 groups that are independently
CcrC 4 alkyl, CC 4 al koxy, hydroxy, hydroxy CC 4
al kyl, CrC di hydroxyal kyl, or hal ogen. The second

S?SSS%SP?L@% ek T e B RS
Fﬁblﬁﬁ}l tpﬁ%rlﬁtn?PﬁP/rr@)dlrﬁ/PWr@@e'r%ﬁ riBg vmﬁums opftionally

or mu natin rea%ent LN presence

gfbsiiutedyidh 196 Qﬁ@‘llﬂﬁetﬁ?t arg rwe@@ué@ﬂ by %ﬁpé'ﬁiw@l 00104 alkoxy,
) AP T Formula |V

mrﬁwényﬂr}/%}{gygealwr§1ﬁ€}%ﬁg%rgﬁce o?j#a bdl?%fner sol ution

to produce a conpound of Fornula X: x ; c¢) contacting

a corpgpu t ﬁﬁ)@@@d '

t he pr esgebﬁlécfe{gog%r %%&? He ee%orﬁyé)ﬁpﬁ%ﬁn %r{w'e prbcess

oo theaprepagtivh ef aesmboumrgofrﬁo(mutael aomprising thaistapst o

rod onpou la | X:d) contacting a

2 g?ﬁi‘as Cq%%ﬁﬁﬁhz’ﬁ%fa?% a substituted benzyl hal i de
in the presence of a base @nd at |east one solvent to
produce a conpound of Forgﬁ(ima I; wherein X1' X2, X3,
X4, X5 and X6 are indep l,y HL halo, or a Cl1-C6
alkyl; RL is a Cl-Ce al gyl jor aryl;

o

‘< ZMD
(@) us!

with a halogenating reagent in the presence of at least one solvent to produce a

compound of Formula IV:

b) contacting a compound of Formula IV with an hydrolase in the presence of a

buffer solution to produce a compound of Formula X:

¢) contacting a compound of Formula X with a activating reagent in the presence
of at least one solvent and then contacting the resulting mixture with an amine to

produce a compound of Formula IX:



R2 is H halo, or a C1-C6 alkyl; R3 is halo, or a
Cl-C6 alkyl; and R4 is Hor a C1-C6 alkyl; RS is H a

w@1008078rkyl or aryl; or R4, R5, and the nitr ORPENIB2007/003993
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whi ch they are attached form a norpholinyl,

t hi onor phol i nyl, piperidinyl, pyrrolidinyl, or

pi perazinyl ring which is optionally substituted with
1 or 2 groups that are independently Cl1-C4 alkyl, CC
4 al koxy, hydroxy, hydro Cl-4 al kyl, Ci1-C4

di hydroxyal kyl, or haloggnh. The third enbodi ment of
the present invention™i i nproved process for the
preparation of a compouyhnd of Forrmula | having the
foll owi ng structure: @o r|§1ng the steps: a)

contacting a conpoundR nHLa V having the
follow ng structure:wt N
1, 3-di brono- 5, 5-di net hyl to#n in the presence of

acetonitrile to produce a canpound of Forrmula IV

having the foll ow ng strixcture: b)a ontacting a

conpound of Formula IV with Bacill us Sp. protease in

t he pdpseEmaaingfa eniidvadial Fponads $X withphadshates brrizybalide in

35} Hohy B PERLCHS: A,SATBRY oy SRS KClpgbii b
Farmulad; X with 1, 1' -car bonyl di i m dazol e | n the

presen e of di met hyl f ormam de and then the resulting
m xt ur MNcontacted with NH2CH3 Jn tetrahydrofuran to

produxé xé xbmﬂomdoxe drerimigpantientlyay, vedo tdnea €-oCH alki/ing
strucy l’j is a C4-Cg alkyl or aryl;

R?is H, halo, or a C4-Cs alkyl;

R® is halo, or a C4-Cg alkyl; and

R*is H or a C-Cg alkyl;

R®is H, a C+-Cs alkyl or aryl; or

R* R® and the nitrogen to which they are attached form a morpholinyl,
thiomorpholinyl, piperidinyl, pyrrolidinyl, or piperazinyl ring which is
optionally substituted with 1 or 2 groups that are independently C4-Cs4
alkyl, C1-C4 alkoxy, hydroxy, hydroxy C+-Cs alkyl, C4-C4 dihydroxyalkyl, or
halogen.

The third embodiment of the present invention is an improved process for
the preparation of a compound of Formula | having the following structure:

F
Q!
O™>N
H
N\
@]

comprising the steps:
a) contacting a compound of Formula V having the following structure:

5



d) contacting a conpound of Formula I X wth a conmpound
having the follow ng structure:in the presence of

WEoi0asiorm car bonat e and N-net hyl pyrr ol i di nonePCTiB2007/003993
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fourth enbodi nent of the present invention provides
novel internedi ates sel ected from net hyl
3-(3-brono-4- hydr oxy- 6- net hyl - 2- oxopyri di n-1
(2H)-yl)-4- methyl benzoate; (+)-methyl

3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyri di n-1
(2H) -yl )-4- met hyl benzoat epH

3-(3-brono-4- hydr oxy- 6-nme | -2-oxopyridin-1(2H) -yl)-N
, 4- di met hyl benzam de l '

3- (3- br ono- 4- hydr oxy- 6- ifet Ryl = 2- oxopyri di n- 1

(2H) -yl ) - 4- et hyl benzoi c d;
(-)-3-(3-brono-4-hydroxy- Ryl - 2- oxopyridin-1
(2H) -yl ) -4-nmet hyl benzoic acidy and (-)-1 -(5-(1
Him dazol e-1 o
wittal Bediiomees, fretimg thy hedgntpingn theopigsanggyefrasgipngtile to

g ) : . Iy
GEA 0N BRPPLl S Rah Ul nlind PRASIRENER! e
conpound and salts of thisOHnventi on can be prepared
from materials general IBf ilable in the art. The
term"al kyl" nmeans a str % or branched chain

hydr ocar bon radi cal

O\
o
b) contacting a compound of Formula IV with Bacillus sp. protease in the ‘
presence of a dibasic potassium phosphate buffer solution to produce a

compound of Formula X having the following structure:

OH
Br /|
O N
OH
0]

c) contacting a compound of Formula X with 1,1’-carbonyldiimidazole in the
presence of dimethylformamide and then the resulting mixture is contacted with
NH,CHsin tetrahydrofuran to produce a compound of Formula IX having the

following structure:

OH
B~
|
O N
NH._
O :and

d) contacting a compound of Formula IX with a compound having the following

structure:



having from1l to 8 carbon atons and i ncl udes, for
exanpl e, nethyl, ethyl, npropyl, isopropyl, n-butyl,

wG@e@shbmoyd , i sobutyl, tert-butyl, n-pentyl, n-PErIB2007/003993
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nheptyl, n-octyl, and the Iike. The term"aryl" neans
an aromati c hydrocarbon ring system containing at

| east one aromatic ring. The aromatic ring may
optionally be fused or otherw se attached to other
aromati ¢ hydrocarbon rings or non-aromatic hydrocarbon

rings. Exanples of aryl groups include, for exanple,
phenyl , naphthyl, 1,2,3, 4-_% ydr onapht hyl ,
[ ndanyl and bi phenyl The tefm "G_roup A nmetal” is

al so knovvn as an al kali. netal d udes, for
Ektﬁﬁyﬂr%’senpﬁPﬁP%ﬁ?s'%&@mﬂ”éFﬁjaﬁfg‘g' ‘T‘ﬁ@“"toé‘iem "Group

HA et foulth eﬁ4b%e.rﬂfémwntr@spréébrﬁtlark@hh&ep@aro@a nepélal and
i ncl udes, for exanple, calcium barium strontium

ingmesiaies Sel*ﬁ‘ée‘i‘ BPM " phar maceuti cal | y-acceptable" is
used Al Iy Bldmlo-hihybiohs- RN LERLHAMI-YPRA)-4-at

noun i s’ appfopri use as
p‘r@ﬂmgaieﬁ:al product or as a part of a

phar MG Aal Hfr&ﬂlﬂ% hyc}%iahfs RN 2NG R0y Adih! hl%”f’ﬁ -4l

t he r| Se rises conpri si
ety lpeatzeate; (| ncl udi ng the cI ai ns) those words are

ar et ARl T P2 SRR AP IR, "
enedth@baredaynidand t hat Applicants intend each of those
RSt R Bl S oSBT Ly b
deitij nitions for various abbreviations used herein: M
's NE@ g% %romo 4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl)-4-methylbenzoic
acid; and
(-)-1-(5-(1H-imidazole-1-carbonyl)-2-methylphenyl)-3-bromo-4-hydroxy-6-
methylpyridin-2(1H)-one,
or a pharmaceutically acceptable salt thereof.

DETAILED DESCRIPTION

The compound and salts of this invention can be prepared from materials
generally available in the art.

The term “alkyl” means a straight or branched chain hydrocarbon radical
having from 1 to 8 carbon atoms and includes, for example, methyl, ethyl, n-
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-
heptyl, n-octyl, and the like.

The term “aryl” means an aromatic hydrocarbon ring system containing at
least one aromatic ring. The aromatic ring may optionally be fused or otherwise
attached to other aromatic hydrocarbon rings or non-aromatic hydrocarbon rings.
Examples of aryl groups include, for example, phenyl, naphthyl, 1,2,3,4-
tetrahydronaphthyl, indanyl, and biphenyl.

The term “Group IA metal” is also known as an alkali metal and includes,

for example, lithium, sodium and potassium.
7
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Hz is Hertz. J is Coupling Constant. mz is mass to

charge ratio. 0Cis degrees Celsius. g is gram ng is
worzdoBlogpoans. mmole is mllinoles. m. is mlliPCT/EE2807/003993

mM_is mcroliters. Mis nolar. HPLC is high

performance |iquid chromatography. "DMAC' is

N, N-di met hyl acet am de. "DMAP" is

di met hyl am nopyri di ne. "DVMF" is dinethylformm de.

s ah'ﬁier?fyr:’érguw'éh%eteﬂﬁs? oo koS Snpkalibs fadf mstal and
&?ﬂ@g fdr%xgmﬁ%t Byt banimestroriaim, hfaghesinm. oner

t er t 'Bm erm épmﬁmace&{ogﬁyhlagcrép%ab?g’lig usec!vIT dB ecl;ltuvaﬁy in t"ns

sheBREENGN 18 A 1A tHE RRied Helin ié BpprobRABYOAIBeNS 2

pharmaceutical product or as a part of a pharmaceutical product.

With reference to the use of the words "comprise" or "comprises” or
“comprising” in this patent (including the claims) those words are used on the
basis and clear understanding that they are to be interpreted inclusively, rather
than exclusively, and that Applicants intend each of those words to be so
interpreted in construing this patent, including the claims below.

The following are definitions for various abbreviations used herein:
MHz is Megahertz.

Hz is Hertz.

Jis Coupling Constant.

m/z is mass to charge ratio.

°C is degrees Celsius.

g is gram.

mg is milligrams.

mmole is millimoles.

mL is milliliters.

uL is microliters.

M is molar.

HPLC is high performance liquid chromatography.
“DMAC" is N,N-dimethylacetamide.
“DMAP” is dimethylaminopyridine.
“DMF” is dimethylformamide.

“DMI” is 1,3-dimethylimidazolidinone.
“DMPU" is 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone.
“DMSO” is dimethylsulfoxide.

“ee” is enantiomer excess.

“HCI” is hydrochloric acid.

“MTBE” is methyl tert-butyl ether.
“NMP” is 1-methyi-2-pyrrolidinone.



"TFA" is trifluoroacetic acid. "THF" is
tetrahydrofuran. GENERI C SYNTHESI S This invention, in

wW@ao08/072039 di rected to processes for the preparetT/BR0e1003993
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a conmpound of Forrmula I: wherein X1' X2, X3, X4, X5 and
X6 are independently H, halo or a & C6 alkyl; R2is
H halo or a C1-C6 alkyl; R3 is halo or a Cl1-C6 al kyl;
and R4 is Hor a Cl1-C6 alkyl; R5 is H a Cl-C6 alkyl
ryl; or R4, R5, and the nitrogen to which they are
Qf%’gc'%éﬁetf‘ﬂﬁ??frﬁ mor phol i nyl, thi oror phol i nyl,
PTPET ik Shifidtoaced k@I di nyl , or piperazinyl ring which
is optionally substituted with 1 or 2 groups that are
W%ﬂéﬁ%t@hyﬁgpfmnm al kyl, Cl-C4 al koxy, hydroxy,
hydroxy Cl1-C4 al kyl, Ci- C4 di hydr oxyal kyl , or hal ogen.

A conpound of FOHTLH a | can be nmade by elther t he
Qﬂﬂﬁl&@%ﬂé@&ed racemc route (Route 1) or chiral
rout eThiBMRLEA, in égt‘? |§8 &é'ﬁ‘fjospr%‘éé&re%k?&qhérﬂn %}ﬁa ion of a
i nvention may €xi rop SONners, i.e

comaoinrshel Fargwieek s. The i nventi on encorrpasses t he
racem ¢ and the resol ved atropj,soners. In sone

embodi nents one atropisoner is| preferred over the
other. In the racemc ro%e\iﬁnﬁﬁ‘erred atr opi soner
can be separated by chiiral .¢ chr omat ography. In

the chiral route the ne hiX¥al col um
chr omat ogr aphy has be jsnated by utilizing a
sel ective enzymatic hydrol ysis approach.
R4
Negs
0

I .
wherein X" X2, X% X4, X® and X® are independently H, halo or a C;-Cg alkyl; R? is
H, halo or a C4-Cq alkyl; R® is halo or a C4-Cs alkyl; and R* is H or a C4-Cg alkyl:
R®is H, a C4-Cs alkyl or aryl; or R*, R®, and the nitrogen to which they are
attached form a morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl, or
piperazinyl ring which is optionally substituted with 1 or 2 groups that are
independently C4-C, alkyl, C4-C4 alkoxy, hydroxy, hydroxy C1-C4 alkyl, C4-Cs4
dihydroxyalkyl, or halogen.

A compound of Formula | can be made by either the following described
racemic route (Route 1) or chiral route (Route 2).

The compounds described in the invention may exist as atropisomers,
i.e., chiral rotational isomers. The invention encompasses the racemic and the
resolved atropisomers. In some embodiments one atropisomer is preferred over
the other. In the racemic route a preferred atropisomer can be separated by
chiral column chromatography. In the chiral route the need for chiral column
chromatography has been eliminated by utilizing a selective enzymatic
hydrolysis approach.

In one embodiment, the present invention provides a process for the
preparation of a racemic compound of formula I. Route 1 is generally presented
in Scheme 1.

O



In one enbodi nent, the present invention provides a
process for the preparation of a racem c conpound of

wo orosb79 . Route 1 is generally presented i nPCUIB0€7/003993
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1. Schenme 1 activating reagent base sol vent sol vent
am ne wherein X1-X2, X3, X4, X5 and X6 are

i ndependently H, halo or a C& C6 alkyl; RLis a &CC 6
alkyl or aryl; R2is H halo or a OGC&6 alkyl; R3 is
hal o or aCrC6aIkyI andR4|sHor aClOGaIkyI
R5 is H a O O alkyl orS#%1 or R4, R5, and the

nitrogen to which they are attachedforma o X2
nmor phol i nyl, thi onor pholdamnyl, piperidinyl, o ' X3
pyr®lidinyl, or pipei yl ring which is opkighal | x4
SU ituted with 1 oo gyp uEstnP{edﬁJ%l ﬁaﬂgepe de t l y x

y

pal keydoenal@li+e@eentl g;ox 3
A |, Cl -Cdirhydr oxya or ﬁal 0 ﬁrepaF‘ n of
a%md &f'velor mul a 2tGwd 1 19 erEBne enbodi O
t he pres@nt i nvention pr\9w0des a prytess for the o

pr epafoatl on of a corrpound of formula V conprisinl
contacting a conmpound of formula VI with a corrpound of

formula VIl in the presepce of at | east one
sol vent.wherein Rl Is a Crg7 6 alck ,Or ary
halo or a CC 6 al ; | %@'}0 orxa
al kyl . XL A X8
base i x5 _ sovent 0 N R2
O >N R?
3
solvent R amine \©\(N\ ]
OH R
1 O
i O

wherein X X2 X X*. X5 and X® are independently H, halo or a C1-Ce alkyl; R' is
a Cy-Cg alkyl or aryl; R? is H, halo or a C4-Cs alkyl; R® is halo or a C4-Cs alkyl;

and R% is H or a C1-Cs alkyl; R® is H, a C1-Cg alkyl or aryl; or R*, R®, and the
nitrogen to which they are attached form a morpholinyl, thiomorpholinyl,
piperidinyl, pyrrolidinyl, or piperaziny! ring which is optionally substituted with 1 or
2 groups that are independently C4-C4 alkyl, C+-C, alkoxy, hydroxy, hydroxy Ci-
C. alkyl, C4-C4 dihydroxyalkyl, or halogen.

Preparation of a Compound of Formula V -Method 1

In one embodiment, the present invention provides a process for the
preparation of a compound of formula V comprising contacting a compound of
formula VI with a compound of formula VIl in the presence of at least one |

2

v gl

OH RS 2 solvent o N| R?

= | + Re
=2 Q,F‘1 base
0”0 0
0

v

solvent.

10



Typically a conmpound of fornmula VI is contacted with a
conpound of formula VII in the presence of at | east

wop@spwovent and a base. The process is typi cabd1B2007/003993
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carried out at a tenperature from about 300C to about
3000C. In one enbodi ment the tenperature is from about
450C t o about 1500C. In another enbodi nent the
tenperature is fromabout 600C to about 100C. The
process is typically carried out for a time period
Wherenaaéuﬂa € i atky! dicargbBts hatimar & C11Gs adnds and R is halo
%ar] the tine period is fromabout 2 hours to
_856 f Wdurs. In another enbodiment the tine period
is f rWﬂl@d)IQlatcohﬁ)dmod fo$ fdrmukbdlls c@rﬁatted mgth arbampalndewft

i V51 2 Reeen L atn Ohe hA) kR el nd

triflyes pRicBangliypidaigratRe f atis @érﬂﬂ)eramlﬁ‘@ﬂbﬁfamit aem ®
i ncl ude di chl orobenzene, xylenes and di phenyl eth

BhowirH08GH dlp P AMbEHIEesb IhgdAMPRAtHE ¢f’nir%m@é>éw£ oYY {0 about
e o
XD iAo PO s RLPELAR S g oaio st

topfg¢.uor oet hanol or et hyl ene gI ycol . I n anot her
enbodi nent the solvent is ethylene

enbodi fg Riocesisyaieally Sagied; %*{ja@h‘i'rﬁg Bég%d gpmoqt@glﬁ4@ours to
BBSEt 60 FoRelredHosh BN hitae li’iﬂfe%)ér@das frambdat 2.hours to

bi carbonate or al koxi de of a oup L
ahaviAhousot eaicunir SHISHRER o Urae! Ry D B CRRPLS hars
?&Qb é@l,% Qonate In one enbodi nent the base is, for
exanpl e, a hindered tertiary am ne such as

N, N- dThe 6piveipys atRiar saiveet orarnQswRiar aaiveRt. (EpR)ples of useful

polar solvents include ethylene glycol and trifluoroethanol. Examples of useful
nonpolar solvents include dichlorobenzene, xylenes and diphenyl ether. In one
embodiment the solvent is dichlorobenzene, xylenes, diphenyl ether, ethylene
glycol, or trifluoroethanol. In another embodiment the solvent is trifluoroethanol
or ethylene glycol. In another embodiment the solvent is ethylene glycol.

In one embodiment the base is an inorganic base or organic base. In one
embodiment the base is a carbonate, bicarbonate or alkoxide of a Group IA or
[1A metal, for example, potassium carbonate, potassium t-butoxide, or sodium
bicarbonate. In one embodiment the base is, for example,a hindered tertiary
amine such as N,N-diisopropylethylamine, triethylamine (TEA) or
dimethylaminopyridine (DMAP). In one embodiment the base is potassium

carbonate,

Preparation of a Compound of Formula V- Method 2

In one embodiment, the present invention provides a process for the
preparation of a compound of formula V comprising contacting a compound of
formula VIl with a compound of formula VI
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di met hyl am nopyri di ne (DMAP). |In one enbodi nent the
base i s potassium carbonate. Preparation of a Conpound

w@tooBoraend a V- Method 2 I n one enbodi ment, theP@r/eEBReom003993

i nvention provides a process for the preparation of a
conmpound of formula V conprising contacting a conmpound
of formula VII with a conpound of fornula VIII.wherein
Rl is aC-C6 alkyl or aryl; RRis H halo or a OGC®6
alkyl; and R3 is halo or a C1-C6 alkyl. Typically a
conpound of fornmula VIl is contacted with a @bnpound
of formula VIIl in the presence of at |east e .

sol vent andygn aci d Teoprocess is typi N -grried

out at a tgnpepat About sd@a t o ahguty 2500C. In
one e ,t t"he tenper re—'r—s—if—ﬁermaag% OCto
aboutR'TOPOC” I n anot hér Enbodi meatd the te |1i s

from abott 150C to about 600C. The process is o
typically cdbried out Yidr a time period fronVabout
0.01 hour to about 10 hows. In one odj nent e
wmefémp%ﬁﬁ@oci-ge alkder apbR” I8 s halbwR & @Hgbélh‘ﬁ'nf?“ﬂg?ﬁ% halo
net has, enbodi nent the tine period is fromabout 1
(%{gau%t@% gﬁout 7 hours. The solvent is a polar sol vent
or a Tveisedy acomepyrchel fourda Yl iecamnipried wWith Heprgpound of

N e B RS e 38 g oL e pee ! €1 ©
nonpdlterprscdssantypicalictarded dibataniempeeatuighiyem abaukere to

a otuli%!SO‘IC?. rItn_otgmueteyrrlwboe 1r|nqeerr1t”chéJI %eerlgrl)yrlatu?et E%de taB!ab’teél% t%rél%out
100°C. In another embodiment the temperature is from about 15°C to about
60°C.

The process is typically carried out for a time period from about 0.01 hour
to about 10 hours. In one embodiment the time period is from about 0.5 hour to
about 7 hours. In another embodiment the time period is from about 1 hour to
about 7 hours.

The solvent is a polar solvent or a nonpolar solvent. Useful examples of
polar solvents include acetic acid, lower alkyl carboxylicic acid and
dimethylformamide. Useful examples of nonpolar solvents include dioxane,
tetrahydrofuran, methyl tert-buty! ether, diethyl ether, toluene and
dichloromethane. In one embodiment the solvent is dioxane, tetrahydrofuran,
methyl tert-butyl ether, diethyl ether, acetic acid or lower alkyl carboxylic acid,
dichloromethane, or dimethylformamide. In one embodiment the solvent is
dioxane, tetrahydrofuran, acetic acid or dichloromethane. In one embodiment
the solvent is dioxane.

in one embodiment the acid is an organic acid. In another embodiment
the organic acid is a lower alkyl or a substituted lower alkyl carboxylic acid, or a
sulfonic acid such as p-toluenesulfonic acid, or methanesulfonic acid. In one

embodiment the sulfonic acid is methanesulfonic acid.
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di chl oronet hane. I n one enbodi nent the solvent is
di oxane, tetrahydrofuran, nethyl tert-butyl ether,

wale@sloylo7et her, acetic acid or |ower al kyl carbOrRIB20€7/003993

aci d, dichloronethane, or dinethylformam de. In one
enbodi nent the solvent is dioxane, tetrahydrofuran,
acetic acid or dichloronethane. In one enbodi nent the
solvent is dioxane. In one enbodinment the acid is an
organi c acid. In another enbodi nent the organic acid
is a lower alkyl or a substituted |ower alkyl

A;tfggrﬁﬁédrld&i% Ghhia A ;&gﬁwlé'sfsom ¢ acid such as
= ) nmet hanesul fonic acid. In

one énpodeseitr ptaparisgihiconipouad ptfornulaatthsnmpiising spetacting

e e e o

contacting Meldrumis acid with di ketene i pape
presence\eP~zase \ang at | eastVedne sol ve %il\//bl\%rum s
acid diketene WII fol | owrng procedure i sysmm | ar
to the onéyfeported inthe |itgsature at K&hgPHI Kim
Y; Park, Lee, C; Kim W Synthetic Comruni cations
(1984) Meldt(iP)s, ackb5- QYikeTdre process is typicaMily carried
out at a tenperature from about QOC to about 1000C. In
one ditedalioning prasedureripeimilnicethe $ne repRriasil dhe efagiure at
t). . thepr .gabod iREInFHES '
A L ST R A S e Sl
14(p).@8btY carried out for a tinme period from about

O oL b SRS B SRR SR okl o
about 100°C. In one embodiment the temperature is from about 5°C to about
50°C. In another embodiment the temperature is from about 20°C to about
25°C.

The process is typically carried out for a time period from about 0.01 hour
to about 25 hours. In one embodiment the time period is from about 0.5 hour to
about 10 hours. In another embodiment the time period is from about 1 hour to
about 5 hours.

In one embodiment the base is an organic or inorganic base. Examples
of useful inorganic bases include Group IA or lIA carbonates, bicarbonates or
alkoxides, such as potassium carbonate, potassium t-butoxide, and sodium
bicarbonate. Examples of useful organic bases include triethylamine (TEA),
dimethylaminopyridine (DMAP), and N,N-diisopropylethylamine. In one
embodiment the base is potassium carbonate, TEA or DMAP. In another

embodiment the base is TEA.

Step 1 ~ Halogenation

In one embodiment, the present invention provides a process for
preparing a compound of formula IV comprising contacting a compound of

formula V with a halogenating reagent.
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is fromabout 1 hour to about 5 hours. In one
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Exanpl es of useful inorganic bases include Goup |IA or
HA car bonat es, bicarbonates or al koxi des, such as

pot assi um car bonate, potassiumt-butoxide, and sodi um
bi car bonat e. Exanpl es of useful organic bases include
triethylanm ne (TEA), dinethylam nopyridine (DVAP), and

N, N-di i soprd:pyl ethyl am ne. In one enbod] t he base
I S pot assi ar bonate, TEA or DMAP. | K her :
enbodi ne ase i Ha) fion In
one enbo pt ?algg%mg%gggmtll on P OQII dgs a
process f eparl ng a cQypeund of for 1V

conpri si ng ki ng a conpound of for Quit h a
hal ogenating r gent hal ogenati ng reagent sobvent
wherein R1L i% a Ci-C 6 alkyl or aryl R2IV s H hal o or

Byt o & isaabiner av b Bio%r 8 Gutin Shilanalt s o

h;a:ame@@mkgg reagent in the presence of at |east one
sol vent rocess | i cal l ri out at
Cenper w2 Fesmraii ToribBd R edneded s e MHiodtntng

R IRk gréunteBPar ladstioBeisdvenpom about - 15C to abOUt
200C. I n anot her enbodi nent the tenperature is fro

about The eowcess isdpeige!ly carried out at a temperature from about 40°C to
about 50°C. In one embodiment the temperature is from about -15°C to about
20°C. In another embodiment the temperature is from about -10°C to about
10°C.

The process is typically carried out for a time period from about 0.5 hour
to about 10 hours. In one embodiment the time period is from about 1.5 hour to
about 5 hours. In one embodiment the time period is from about 1 hour to about
3 hours.

In one embodiment the solvent is a polar solvent. Useful examples
include acetonitrile, acetic acid, or an acetic acid containing a co-solvent such as
water or lower alkyl alcohols. In one embodiment the solvent is, for example,
acetonitrile, acetic acid, or an acetic acid containing a co-solvent such as water
or lower alkyl alcohols. In one embodiment the solvent is an acetic acid/water
solution. In another embodiment the solvent is acetonitrile.

The halogenating reagent can be neat or a solution. In one embodiment
the halogenating reagent is a brominating or a chlorinating reagent. In one
embodiment the brominating or chlorinating reagent is, for example, phenyl
triethylammonium tribromide, 1,3-dibromo-5,5-dimethylhydantoin, N-
bromosuccinimide, pyridinium bromide, perbromide, bromine,
dibromotriphenylphosphorane, bromine chloride, N-bromohydantoin, N-
bromocaprolactam, N-chlorosuccinimide, sodium hypochlorite, chlorine, sulfuryl
chioride, cupric bromide, phosphorus pentachloride, or t-butyl hypochlorite. In
one embodiment the brominating or chlorinating reagent is 1,3-dibromo-5,5-

14
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wn

100C. The process is typically carried out for a tine

period fromabout 0.5 hour to about 10 hours. In one
weedpsdiavent the tinme period is fromabout 1.5 POIIB2@7/003993

about 5 hours. In one enbodinment the tine period is

fromabout 1 hour to about 3 hours. In one enbodi nment

the solvent is a polar solvent. Useful exanples

i nclude acetonitrile, acetic acid, or an acetic acid

direiRbheatioR S neaAT ke Sarpere. rRavae”

&hiBotnent AE Br@Ainkf rhd Rageftas beonaieie d,in @homer esebdinent thed
cont ai ni ng a co-sol vent such as wat er or | ower al kyl

ipEdRiNg reagend isel oML dMRINERYdARIAN s an aceti c

aci d/T‘P'@tr%rlog%‘Pub%d ﬁ’:@y bbtoARREE In BERRsHABS bf &acidoly ong
is acetonitrile. The hal ogenating reagent can be neat

embedimentthp &sid is Anereani®oarigantc acitk Ranyjenal ysei! acids
1[18@95%@ dlﬁon%bgﬁé’ﬁ& gﬁr))d?&or&rmcaa & HRA| d%ﬁtdne%cfdeﬂﬁ@feﬂuorlcn

om nating or “chlorinating reagent
adid, sufurieacigphe phpseheyic acidi dn R gmboAimAn! the B de,

5-di met hyl hydant oi n, Nbronpsucci ni m de,
%trgfh.gﬂrgl;;clgjrm ?om de, perbrom de, br oni ne,

di bronot ri phenyl phosphor ane, brom ne chl ori de,

N- br onohydant oi n, Nobr onocapr ol act am

N- chl or osucci ni mi de, sodi um hypochl orite, chlorine,
Subf2dBehzglliar i de, cupri c brom de, phosphor us

hi it.
2?}22 f R entpgin PR drsaeg EPER b kles ad RBSs Lo i s
Faﬁfrhd)é eompbuitd 6l forh liy inystapiisigcortactmigreecorbpauridds

of | . orin | n anot her enbodi ment the
f@f’BH'PHgtW’% ‘2%?6%?0‘3? %qr]ﬁdﬁe. I n anot her embodi nent

t he X2
OH 3
X! 0 X
“ xd 6 4
0=~ N" g2 substituted benzyl halide 77 X £ X
R3 O >N R2
RS
O. -1 solvent
R o}
@) base R!
0
v 1

wherein X X2, X3, X, X5 and X® are independently H, halo or a C4-C alkyl; R is
a Cq-Cs alkyl or aryl:R? is H, halo or a C4-Cg alkyl; and R%is halo or a C;-Cs alkyl.

Typically a compound of formula 1V is contacted with a substituted
benzylhalide in the presence of at least one solvent and a base.

The process is typically carried out at a temperature from about 0°C to
about 200°C. In one embodiment the temperature is from about 15°C to about
100°C. In another embodiment the temperature is from about 25°C to about
75°C.

The process is typically carried out for a time period from about 0.5 hour
to about 40 hours. In one embodiment the time period is from about 1 hour to
about 10 hours. In another embodiment the time period is from about 1 hour to

about 5 hours.
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brom nating reagent is
1, 3-di brono- 5, 5-di net hyl hydant oi n. The hal ogenati on

woreapsiozoconduct ed in the presence of an aci d. PCT/IB2607/003993

enbodi nent the acid is an organic or inorganic acid.
Exanpl es of useful acids include tetrafl uoroboric
acid, hydrobrom c acid, hydrochloric acid,
hydrof l uoric acid, sulfuric acid and phosphoric acid.
In one enbodi ment the acid is tetrafluoroboric acid.
St ep 12-onBeMFHdthEMRMhé Buisdtitutearbastyifende ist he present

i nvention provides a process for "preparing a conpound
of formula I'll conprising contacting a conmpound of
formula IV with a substituted benz hal i de. wherein
X1 X2, X3, X4, X5 apg? gndently H, hal o or
aC C6 alkyl; RLis a CGC6 or aryl;R2 is H,
halo or a O C6 al kyl; and“RS aloor a O C6

al kyl. Typically a conpound 0 fo%wula IV is contacted
with a substituted benzylhalldé in the presence of at

| east one s vent and,a ba $S,8l ally
T G A e SR Histl it e G o
nﬁ@%%deh Hnﬁal@rm@d@neatalkyhentoammmﬁmnmmse halorsubbiituted
about 1000C. é' &mw%%@ l Odl t he
bairyBRlde B fOr 8X3PRIR 2BElHY EYOEY C. The
@ﬂ@&r@@éwz‘yﬁ)rérmab cablaifleastidredibfimidé oF 4@|fIUOI’maepeylclddnde
rom about 0.5 hour to about 40 hou %%{n di N
%ﬁﬁbquwzflh'éloﬂﬁi%f %érq'f!}@f@%enﬁv‘sma %‘Oﬂbﬁire“?tz? imen
roo#%ésh@u%osbertgmﬂﬁ?w% 2 B BNy lEhiBridé. "B aetherd
embodnment the halo substituted benzy! halide is 2,4-difluorobenzylbromide.

In one embodiment the solvent is a polar aprotic solvent. In one

embodiment the polar aprotic solvent is, for example, N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMAC), N-methylpyrrolidinone (NMP), 1,3-
dimethylimidazolidinone (DMI) or 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (DMPU). In another embodiment the polar aprotic solvent is N,N-
dimethylformamide. In another embodiment the solvent is N-
methylpyrrolidinone.

In one embodiment the base is an organic or inorganic base. Examples of
useful inorganic bases include Group IA or lIA carbonates, bicarbonates or
alkoxides, such as potassium carbonate, potassium t-butoxide, and sodium
bicarbonate. Examples of useful organic bases include triethylamine (TEA),
dimethylaminopyridine (DMAP), and N,N-diisopropylethylamine. In one
embodiment the base is potassium carbonate, potassium t-butoxide or sodium

bicarbonate. In another embodiment the base is potassium carbonate.

Step 3- Hydrolysis
In one embodiment, the present invention provides a process for

preparing a compound of formula Il comprising contacting a compound of

formula 11l with a base.
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about 5 hours.In one enbodi nent the substituted
benzyl halide is: wherein halo is chloride, brom de or

w0 o@Baizzo7and X2, X3, X4, X5 and X6 are i ndepenPE&niB2p01403993

hal o, or a G C alkyl. In one enbodi nent the

hal o- substituted benzyl halide is, for exanple,

2,4-di fl uorobenzyl brom de, 2, 3- difluorobenzyl brom de,
2, 5-di fl uorobenzyl brom de, 2, 4-difl uorobenzyl chl ori de,
2, 3-di fl uorobenzyl chl ori de or

2,5-di fluorobgnzyl chloride. In another enbodinment the

hal o- substi t yt egs benzyl chl oride is X2

2, 4-di fIzyI chloride. In another enbodi ngnt 4 he
hal o >&=1j\b$tx6 nteat benzyl halide is 0

2, 4-di fll ubr obénzyl broni de. In one enbodd iﬁx‘i
sol velt Vs Ra pol ar aprotic solvent. In one lenbodi nent
t he aprotic sol venf®®, for examjleN R

N, N- di cb.ﬁr mam de” (DVF), N, N-di net tam de
(DMAC), N-tfet hyl pyrrol i di¥éfle (NWP), 1,3 OH

di met hyl i m dazol i di none (DM ) or o

1, 3-di et hyd -3,4,5,6-tetrahydro-2(1 H)- py(i m di none
(DVPU). In énot her enbodi nent the pol ar apljoti c

W MBI X3 xR R XPRhAXP hey mBBbéiRientpHARGbRE B CROQEIKpRRAL is
the solvent is Nmethyl pyrrolidinone. |n one errbogl gept
§v6

a GeOpaky! @@%Rgisdérhaéo BFa Cribregdhiyt: @ng 4% ds hRleRA
ful inorganic bases include Goup IA or HA

carbonat es, bicarbonates or al koxides, such as.

pot adspiealicacbopatnd oiferadaillinconteteskviiea base B8 um
' of useful organi c bases include

&??ﬁ‘%ﬁ?gﬁ%ﬁg h,%%&i met hyl am nopyri di ne ( DVAP) land

N, N- dihegopeaspys Fploglacdrmied olnataniempetaidienfsar abhet BRSO

SR BT e e BELITRARS P REbER AFciedbu
RPEAIR I HBINeAERBB@RRNT the temperature is from about 40°C to about
75°C.

The process is typically carried out for a time period from about 0.5 hour
to about 40 hours. In oné embodiment the time period is from about 1 hour to 10
hours. In another embodiment the time period is from about 1 hour to about 5

hours.

In one embodiment the base is an inorganic base. Useful examples of
inorganic bases include a group 1A or llA hydroxide base or carbonate base such
as potassium, lithium, cesium and sodium hydroxide. In one embodiment the
base is potassium, lithium, cesium or sodium hydroxide. In one embodiment the
base is sodium hydroxide.

in one embodiment the solvent is one solvent. In another embodiment the
solvent comprises a mixture of two or more solvents. In one embodiment the
solvent is, for example, water with or without a water miscible organic co-solvent
such as lower alkyl alcohols, tetrahydrofuran (THF), acetone, acetonitrile, N,N-
dimethylformamide or dimethylsulfoxide (DMSQ). In one embodiment the
solvent is water. In one embodiment the solvent comprises acetonitrile and

water.
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Step 3- Hydrolysis In one enbodi nent, the present
i nvention provides a process for preparing a conpound

w@tooBoraend a |1 conprising contacting a conmpouneCDiB2007/003993

formula Il with a base.wherein X1' X2, X3, X4, X5 and
X6 are independently H halo or a C1-C6 alkyl; RLis a
Cr C6 alkyl or aryl; R2is H halo or a &C 6 al kyl;
and R3 is halo or a & C 6 alkyl. Typically a conpound
of formula Il is contacted with a base in the

pr esenaaother ambbdiasht theecostdovedbf fofinelagh carde hysirolyzed
typically carried out_a erature 0 t 100C
s Beip ket S haRtidbslif FER B0 HaScelRRIaREN: 1

from about 200C to about 800C. |In anot her enbodi nent

he temperature is from about 400C to about 75C. The
mﬂgﬂypi cally carried out for a time period

f r omjababtenthodinhénir the @redeatinvéd@idnqtbdded a provess for
enbodi nment the tinme period is fromabout 1 hour ta&#o

PEQRKNG @ ROMRBYMEP! f@WM@ il FRsh COMRESIPY FRACHRY R SGMPOUP
f%prﬂHlta ILwiROHA abBroBF?&kétaoﬁinﬁl@ra"geni %n@'ﬂ%rﬁm@éﬂtlﬂ@ﬂhe td¥ilting

base i s an iInorgani c base. exanpl es of
Mg AviihcarparsePiate PU@éWaOfgﬁeéa'bdquam‘”Q—tQ HOdeskq gampound
basen@L | carbonate base such as potassium [lithium
cesi um and sodi um hydroxi de. In one embodi ment the

base i s potassi I ithium cesiumor sodium x?
hydr oxi de. ®¥nbodi ment the base is x®
hydromg x5 Q

.
activating Xﬁ X® f x4

reagent 0 Re X

3
R solvent R3 R
OH N
\HS
i o)

0 amine

Il

wherein X" X2, X°, X4, X® and X® are independently H, halo or a C4-Cg alkyl; R is
H, halo or a C-Cs alkyl; R® is halo or a C4-Cs alkyl; and R is H or a C4-C alkyl;
RS is H, a Cy-Cg alkyl or aryl; or R, R, and the nitrogen to which they are
attached form a morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl, or
piperazinyl ring which is optionally substituted with 1 or 2 groups that are
independently C4-Cq4 alkyl, C1-C4 alkoxy, hydroxy, hydroxy C4-C4 alkyl, C4-Cy4
dihydroxyalkyl, or halogen.

Typically a compound of formula 1l is contacted with an activating agent in
the presence of at least one solvent and then the resulting mixture is contacted
with an amine.

The process is typically carried out at a temperature from about 0°C to
about 50°C. In one embodiment the temperature is from about 1°C to about
25°C. In another embodiment the temperature is from about 5°C to about 15°C.

The process is typically carried out for a time period from about 0.01hour
to about 35 hours. In one embodiment the time period is from about 0.5 hour to
about 10 hours. In another embodiment the time period is from about 1 to about

5 hours.
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In one enbodi nent the solvent is one solvent. In
anot her enbodi nent the sol vent conprises a m xture of

w0 p80720mdr e sol vents. I n one enbodi nent the sPpCT/EB07/003993
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is, for exanple, water with or without a water

m sci bl e organi c co-sol vent such as | ower alkyl

al cohol s, tetrahydrofuran (THF), acetone,
acetonitrile, NLNdinethylformam de or

di mstAlry bstilatiny agent(iOBEAgent thaonetivardsade @arﬂoxyltmmd

h
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conpound of formnu nprising reacting a
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an appro rlate primary second mne to produce a
ddrpaehidasttoin er iabramocaprpteastas. nln>qne ebodmertithe)estivating

e e B L Y
chridrid® phespihaous axx@h@riaemhqssphorﬁ.ﬁ tﬂi@ldﬂdemr@h@s@c&bkyl
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boyldr solyerfd inCludal diyibthy Elrar@dnidle, vdtioagidlakig llowaralhacagerylic
acid. Examples of useful nonpolar solvents include dichloroethane,
tetrahydrofuran, dioxane, methyl tert-butyl ether, diethylether and toluene. In
one embodiment the solvent is, for example, dimethylformamide, dichloroethane,
tetrahydrofuran, diox\ane, methyl tert-butyl ether, or toluene. In one embodiment
the solvent is dimethylformamide, dichloroethane, tetrahydrofuran or dioxane. In
another embodiment the solvent is dichloroethane. In one embodiment the
solvent is dimethylformamide.

In one embodiment the amine is HNR*R® wherein R*is H or a C;-Cs alkyl;
and R®is H, a C4-Cq alkyl or aryl; or R*, R®, and the nitrogen to which they are
atfached form a morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl, or
piperazinyl ring which is optionally substituted with 1 or 2 groups that are
independently C4-C4 alkyl, C1-C4 alkoxy, hydroxy, hydroxy C4-C4 alkyl, C4-C4
dihydroxyalkyl, or halogen. In one embodiment R* is H. In one embodiment R®
is a C4-Cs alkyl. In one embodiment, the amine is methylamine. Typically the
amine is combined with a solvent prior to addition. In one embodiment the
solvent is methanol, ethanol, tetrahydrofuran or water. In another embodiment
the solvent is methanol, tetrahydrofuran or water. In one embodiment the
solvent is tetrahydrofuran. In one embodiment the amine is a solution of methyl

amine in tetrahydrofuran.
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Typically a conmpound of fornmula Il is contacted with
an activating agent in the presence of at |east one

waoelmseno7and then the resulting mxture i s conP@IBA07/003993

10

15

with an am ne. The process is typically carried out at
a tenperature from about OQOC to about 5C0C. In one
enbodi nent the tenperature is fromabout 1C to about
25C. In another enbodi ment the tenperature is from
about 50C to about 150C. The process is typically
car r i @ptionatlly faoracil ¢amiee peeditoavork bprieoeactian. on avsur to
| e
B0RHbik HRHAGa i< dh SREnE P IR adifhCEXbfBIoRR LOGhul Soids
achodiavetic atibecitricraeich &Gl edd sslfuricaticalbo mnelermbpohmauttths acid

Psgagceiglaslgx ||5rfc e?gé(w-g:la%re{lflf a(f?ﬁ% lﬁe%g'gs%hgn%%@t%é \é?ﬁqsc' HCl,
atetetaoipbi d;ultmrlt: wciof Irtdfr@ mh)dmmyhu tbe acidds Hadr eby

I| Ecgﬁ 3 ﬁﬁg@éqﬁ@ﬁsrﬁhé %E{D r d nuF lhgtci’ rEc')rl s'tgn&}rg%%ractive

eRERMYBYAe M2Hads! e d| cycl ohexyl car bodi i m de, thionyl
chl oride, oxalyl chloride, sphor us hl ori de

oS pHORSRS R i1 80 B NG ICH FErIAE D GTHIg i

EF&% udikd ﬁmyé@anmlnamrﬁémd% deéch 8y ailsldri dikgl carboxylic
rom de, perbrom de, bro

arigeame 'ﬁtqweﬁ&w&ﬁ%da@%'meﬁ@eeﬁreo&n. R¥ace of the acid
Bhl%ﬁ@é"ﬁﬁé’%é% N AGhixdY Eﬁ%@@fﬂ’(t@ﬂn@é—‘daﬁ@cah he®YAthesized using

nbodi ment the activating age IS

aaym@amlwi Ehipphoralase mdh@ytqseﬁ@e@ﬁ & bpisahninaei§s amine Ha§$-
Grﬂb e 9id2%R MLelrr‘FnQ!:l fd &6 bé%mﬁrﬁelg%a%s%yé:ma@@hﬂ@ch as

orys trichlori e or orus pentachloride. In
oa@oemmld@\ﬂle the activating reagent is oxalyl

chl 2;T%§%§<#d(}n§ B B2hs G AERANddMAnAEL4r4RPOLDIE BRYENn
one embodiment, the hydroly3|s and amidation could be conducted prior to the

benzylation step.
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The solvent is a polar solvent or a nonpol ar sol vent.
Usef ul exanpl es of pol ar sol vents include

waleovsioipld or mami de, acetic acid and | ower al kyPCT/IB2007/003993
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carboxylic acid. Exanples of useful nonpolar solvents
i ncl ude di chl oroet hane, tetrahydrofuran, dioxane,

met hyl tert-butyl ether, diethylether and toluene. In
one enbodi nent the solvent is, for exanple,

di met hyl f or mam de, di chl oroet hane, tetrahydrofuran,

di oxapenotRl BiflbotiRddnt aHe Wes@hhﬁVentOh pirmhdwa pracesefar the
enbodi nent the sol vent is. di

ATRBRIAPOA AR FBa RS KA FUICIP IR R ANE Veph? Sglener
Sﬁ%ﬁgh@? 3k atceﬁqp%ghd’ Sﬂﬁ)rmé‘rlaqﬂfcﬁlb{/\/ﬂ{gqeém@@e Rdute @2n§ generally

I ment the solvent is dinethylformamde. In one
presediedmBcherge @ni ne i s HNR4ARS wherein R4 is Hor a
CrC alkyl; and R5 is H, adeh&mdoal kyl or aryl; or R4,
R5, and t he nitrogen to which they are attached form a
mor phol i nyl, thi omor phol i nyl, piperidinyl,

pyrrolondi nyl , or piperazi nyIOHrl ng which is optl [y
substiltuted with 1 or 29<iL t hat arelnde : tly
Cl- a kyl, CC 4 al kox roxy ydr oxy Cr C4I

al C 4“49961‘?@)‘59'63@9% oﬁ ha ’grgen LN o e R?
ents nt RATTSH TN o ° erpodi ment R5 is

al ky n Qne enSBdl ment , arm is net hyI a

Typi ¢ the amine is corrbl ned wﬁth a sol vent pr|

to ad tloon. In one embodi ngnt %t he sol vent |s

nmet hanol , et hanol, tetrahydrofuran or water.

anot her embodi nent the solvent is net hanol ,
tetrahydrofuran or water. In one enbodi msnt the ©

sol ventivatirg t et r alkydgQf uran. I n one enbodi nent >¢‘

am ne 784 sol utio /q met hyl ami ne ilmse X5
t et r abyrdatof ur an. IN naflqybgﬁﬁ/ “é,?ggd—eaﬂ—be—u-seoot V\/Cﬁzk
up the reaction. R solvent R4
amine N N
\RS RS
e} o)
IX l

wherein X" X2 X8, X* X® and X® are independently H, halo or a C4-Cs alkyl; R is
a C4-Cs alkyl or aryl; R2is H, halo or a C4-Cs alkyl; R% is halo or a C4-Cg alkyl;
and R*is H or a C4-Cg alkyl; R® is H, a C4-Cs alkyl or aryl; or R, R®, and the
nitrogen to which they are attached form a morpholinyl, thiomorpholinyl,
piperidinyl, pyrrolidinyl, or piperazinyl ring which is optionally substituted with 1 or
2 groups that are independently Ci-Cq4 alkyl, C+-C4 alkoxy, hydroxy, -hydroxy Cs-
C, alkyl, C4-C4 dihydroxyalkyl, or halogen.

Compounds of Formula V and IV can be prepared as previously

described in Route 1.

Step 1-Protease Reaction
In one embodiment, the present invention provides a process for

preparing a compound of formula X comprising contacting a compound of

formula IV with a hydrolase.
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wa@eood/o74@ and sul furic acid.

enbodi nent the acid is an organic or inorganic acid.
Exanpl es of useful acids include acetic acid, citric
I n one enbodi menPCT/MB2007/003993
acid is acetic acid, citric acid, HCl, or sulfuric
acid. In one enbodinent the acid is HCI1 acetic acid
or sulfuric acid. In one enbodinent the acid is HC .
Compounds of fornula | can be isolated by filtration
or standard e Lractlve or evaporative ngfhods. Those
skilled in thg§ art can appreciate anyal tlernative to
maki ng thi*% uct using a m xed anﬁ e

i nt er medi S hasalo al kyl c £ acid
anhydr i deacﬁ neer mBdi ate of y\gg?[ﬁ | m d?rgpl g | n'%er medi at e
in placeo'f g acid chloride inter Rg. A m xed
anhydri de | @ Qljate can be synt hesi @ Siglg a
typi cal al ky[™Chiforeformate in the presencellof a

typi cal hi nderedCani ne base. The acyl inida2ole

I nter medi at el\can be synthesi zed using a Keagent such

as carbonyl diim dazole. The sequence of steps nmay be
whararaRY Btk CnCs elker @l arploBS ist, enatmyisa ChiCealey! and R%is halo or

%ch&q&]t t he hydrol ysis and ami dation could be

prior to the benzyl ation step.In another

enbodTypreHly atd@mu@mae enformONeNtis oontpcted wdbshyargpaseigske
for the @{e %{ E‘on of an enantiomerically enriched
reselreOlt PUIRISQUIORT y a singl e enantioner of a

conpotndy @kedOk Micall cﬁaﬁleHQWt Bfa F@%‘ée&a@re Reiit &bt BSC to
generally presented 1n Schene 2. Schene 2 activating

about 80°C. In one embodiment the temperature is from about 10°C to about
60°C. In another embodiment the temperature is from about 20°C to about
40°C.

The process is typically carried out for a time period from about 5 hours to
about 100 hours. In one embodiment the time period is from about 25 hours to
about 75 hours. In another embodiment the time period is from about 30 hours
to about 60 hours.

The process is typically carried out at a pH of about 6 to about 12. In one
embodiment the pH is from about 8 to about 11. In another embodiment the pH
is.from about 9 to about 10. In another embodiment the pH is about 9.

In one embodiment the buffer solution is an inorganic buffer solution. In
another embodiment the buffer solution is, for example, potassium phosphate
buffer solution or an inorganic bicarbonate buffer. In one embodiment the buffer
solution is dibasic potassium phosphate buffer solution. Typically the molarity of
the buffer solution is about 1 M.

In one embodiment the appropriate enzymatic solution is a hydrolase
such as lipase or protease. In one embodiment the hydrolase produces the (-)
enantiomer of a compound of Formula X in excess. In one embodiment
particularly useful hydrolases are those that produce the (-) enantiomer in at
least 80% enantiomeric excess. In another embodiment particularly useful
hydrolases are those that produce the (-) enantiomer in at least 85%
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wo2@Bkylo7or aryl ;

reagent solvent am ne wherein X1 X2, X3, X4, X5 and X6
are independently H halo or a CG-Calkyl; RLis a CGC

halo or a C1-C6 alkyl; and R4 is Hor a CC 6 al kyl;

R5 is H a Cl-C6 alkyl or aryl; or R4, R5, and the
nitrogen to which they are attached forma

nmor phol i nyl, thionorpholinyl, piperidinyl,
pyrrolidinyl, or piperazinyl ring which is optionally
léhﬁérhéh’é Qﬂce‘%t fh élndﬁﬂier%nwd@iuﬁénttd&aﬁcuafrﬁ usefle ppidmises vre
Cl-C4 al yl al kox ¥% o Cl- 4

tGaseha eobide P 1y GraRya iy 35St aio GoAN s orieges ol

a':n%EHE# 'eﬁ1 bbdffsht bé(rti%@!érl?%s@mﬁiﬁ&ﬂfr@lﬁs@a@ftﬁdéeoth&{ roduce the (-)
described in Route 1. Step 1-Protease Reaction |n one

engpbenakintat |qaﬁb9§){°@§éﬁt'0mﬁv3e?ﬁci96$1 5y anpthes £mPqdipeRis s
Ja?ﬁcuﬁ%fr&%%l@ﬂy@ro%@g@g% ?éo thfaP Bdkige ?ﬁec(ﬁ)rm’fdn‘fib%r in at

cont ac a conpoun a 'V w
lbgad ﬂer/aereanm@eee AXERES; 4n an@emb@emrme wdr@law is Bgrilius sp.

PR Sl fede @ bio AR, Plog el Torfad. 01 act e
Wi t hIhgoe emasdiment thedydrdaenpiedatessa mmp@wncb@fl Raringla X as
N A o e
dranpenat ofrsecanspdundrof &oouula20DE@xcessabout

In one embodiment the (-) enantiomer of a compound of formula X is
preferred. The (+) enantiomer of a compound of formula IV can be isolated and
removed. The (+) enantiomer can be recycled by thermal isomerization to the
racemic mixture in a typical aprotic organic solvent at a temperature in a range
from about 100°C to about 300°C.

Typically the (+) enantiomer of a compound of formula IV is contacted
with a high boiling aprotic solvent, halogenated or substituted aromatic or
aliphatic solvent.

The high boiling aprotic solvent, halogenated or substituted aromatic or
aliphatic solvent can be chlorobenzene, anisole, dioxane, NMP, N,N-
dimethylformamide, or dimethylsulioxide.

The process is typically carried out at a temperature from about 0°C to
about 200°C. In one embodiment the temperature is from about 75°C to about
150°C. In another embodiment the temperature is from about 100°C to about
140°C

The process is typically carried out for a time period from about 30 hours
to about 200 hours. In one embodiment the time period is from about 20 hours
to about 100 hours. In another embodiment the time period is from about 50

hours to about 75 hours.

Step 3- Amidation
In one embodiment, the present invention provides a process for

preparing a compound of formula IX comprising reacting a compound of formula
23
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6Q0C. In another enbodi nent the tenperature is from

about 200C to about 400C. The process is typically
we200si0z7out for a tinme period from about 5 hoReBHIBR2007/003993

about 100 hours. In one enbodiment the tine period is

from about 25 hours to about 75 hours. |n another

enbodi nent the tine period is fromabout 30 hours to

about 60 hours. The process is typically carried out

H of about 6 10 t
il Rein ARAc b Qo EoRAERRESEARY e
w.nﬁambbmpﬂ&t@mnm@pbr Sscondayantind @ produemachepound of
nbodi rrent the pHis about 9. In one enbodinent the

f@m‘“ﬁér‘ solution is an inorganic buffer solution. In
anot her egbhodi ment the buffer solution i s, OH or

exanphe, Rotassi um presspdtageeagent er sok'ytjian or an

i nor gantye” car bonate buffer. In one enbj nt the
buf f er_sql ign is o i ym phespheteezbuf f er
solutloon. Ty;ﬁcallythe mol arity of thg,

sol ut Rdg4s. about 1 M | AM#ge enbodi ne R4
appropri enzymatic solution is a hydr sk stich as
| i pase or>prutrease. In one enbodi nent the Hydipl aBe

produces the d-) enantioner of a conpound of Fornula X
in excessy I n one enbodi nent particularly useful
hydrol ases are those that produce the (-) enantioner

wﬂ%n%zp XEas, h%%oérg.ﬂ?ﬂbis aIKo, Ré i Ch?él@ or h@@@}p&hﬁr R3 is halo or

ment parti usef ul ydr ol a q 4
aﬁatcem*mm fihie H o0& EnneioHer 1 B G TRyl Or ant: or R,
rc‘ﬂﬂ% hRARER %o fvﬁf:ﬁstﬁ%yr 4id ARShEEIorRDRbipRBRhyI,

ar | use ol ases are those that produce
ﬁm@fpmolmyamneo'd@wl, |pmnghd|m>éa§tpl@0%'@ﬂ ARG VYR 'F&Pt'ona"y

Sigettned wﬂh 1 or 2 groups that are independently C1-C4 alkyl, C1-C4 alkoxy,
hydroxy, hydroxy Cq-Cy alkyl, C4-Ca4 dihydroxyalkyl, or halogen.

In one embodiment compound of Formula X and IX are the (-)
enantiomers.

Typically a compound of formula X is contacted with an activating reagent
in the presence of at least one solvent and then the resulting mixture is
contacted with an amine.

The process is typically carried out at a temperature from about 0°Cto
about 100°C. In one embodiment the temperature is from about 10°C to about
50°C. In one embodiment the temperature is from about 15°C to about 30°C.

The process is typically carried out for a time period from about 0.1 hour
to about 10 hours. In one embodiment the time period is from about 0.5 hour to
about 5 hours. In another embodiment the time period is from about 1 hour to
about 3 hours.

In one embodiment the activating reagent is carbonyldiimidazole,
dicyclohexylcarbodiimide, thiony! chloride, oxalyl chloride, phosphorus
oxychloride, phosphorus trichloride, phosphorus pentachloride, phenyl
triethylammonium tribromide, pyridinium bromide, perbromide, bromine,
dibromotriphenylphosphorane, bromine chloride, N-bromohydantoin or N-
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anot her enbodi nent particularly useful hydrol ases are
those that produce the (-) enantioner in at |east 95%

wepaaniwneri ¢ excess. | n anot her enbodi nent PCT/IB2007/003993

particul arly useful hydrol ases are those that produce
the (-) enantioner in at |east 99% enantioneric
excess. I n one enbodi nent the hydrolase is Bacillus
sp. protease solution (Savinase(r), Novozyne,
Bagsvaerd, Denmark). In one enbodi ment the hydrol ase

@rbﬁ%éﬁ@l@tmmmemboﬁmmuiha a)itu%mg reagaatric m xt ure.

GHAADIUOR= 61 B BB BICH B U B T 2 ol chighice

(S5 ﬁﬁmcbxwﬂbrldéﬂﬁahésy)ho@u@nﬂtmom onoéhcﬁpﬁomptmmhohfonde In
forrrul a Xis preferre CBL%”%% ant i oner
‘0

ermemhadiment erRagent |'Sv0 na%f@&‘%ﬁanqoa‘ms%‘he

IhRafity reanant s eambngigimiliazéiecycl ed by ther nal
I sonerization to the racenmic mxture in a

apr ot The sHvaihisca BYIRUERIYeOr 8 NEBRYIaT SRR Pﬁeﬁﬂ Pé@fae'es of
5!8 KL m%ﬁl@g(alrﬁé?th?im%nﬁ@&%@etlcTX&d aAH |Id</vér|%ﬁPM &rboxyllc

ena I onmer a Co ound for nul I's contacted

agith Examplgs otb@mfuhgarwpiemspkye@t@uwme digRipogthaseed or

%ﬁ%ﬁ}gdr&ﬂfrfﬁj o%x%ﬁ@t gthgfteﬂ L{%h@me? (ﬁé"th%l@mef aﬁa%lbé@ in
ng aprotic so ogenat ed

an@embodimant tiei gohant s, @mlevemplecélmew@/lf@nh@m&@e ﬁz:élﬁéoethane

A e

metsoatenalstomnpmyMrmamﬁe mr&@oamaucetr@mab@fwarrz@oﬂ@saﬂen In
g@%ngr@nqgé ent t‘we sofvgﬁr{p § T%thH) 8eth§'nef.rlﬂr8n%be od?rﬁgn{ e
solvent is dimethylformamide.

In one embodiment the amine is HNR*R® wherein R* is H or a C4-Cs alkyl;
R%is H, a C4-Cs alkyl or aryl; or R*, R®, and the nitrogen to which they are
attached form a morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl, or
piperazinyl ring which is optionally substituted with 1 or 2 groups that are
independently C4-C, alkyl, C1-C4 alkoxy, hydroxy, hydroxy C4-C4 alkyl, C4-Cy4
dihydroxyalkyl, or halogen. In one embodiment R%is H. In one embodiment R®
is a C4-Cs alkyl. In one embodiment, the amine is methylamine. Typically the
amine is combined with a solvent prior to addition. In one embodiment the
solvent is methanol, ethanol, tetrahydrofuran or water. In another embodiment
the solvent is methanol, tetrahydrofuran or water. In one embodiment the
solvent is tetrahydrofuran. In one embodiment the amine is a solution of methyl
amine in tetrahydrofuran.

Optionally an acid can be used to work up the reaction. In one
embodiment the acid is an organic or inorganic acid. Examples of useful acids
include acetic acid, citric acid, HCI and sulfuric acid. In one embodiment the acid
is acetic acid, citric acid, HCI, or sulfuric acid. In one embodiment the acid is HC|,

acetic acid or sulfuric acid. In one embodiment the acid is HCI.

Step 4- Benzylation
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1500C. In another enbodi ment the tenperature is from
about 1000C to about 1400C The process is typically

wearsioe7out for a time period from about 30 hpCF/BEB2067/003993

about 200 hours. In one enbodinment the tine period is
from about 20 hours to about 100 hours. In another
enbodi nent the tine period is fromabout 50 hours to
about 75 hours. Step 3- Anmidation In one enbodi nent,

t he present invention provides a process for preparing
a conpound of formula |IX conprising reacting a

conpduede embodinmarit e wiasenhinvepien dpevidgsea atqqeﬁatqrﬁ@e
ﬁ%gé‘rratroﬁgfjaEFI%BO&&H‘&%HJ‘QIE&ﬁ {jﬁﬁ talc iy Jic8 gﬂ"b’r h
an-appropriate prinmary or seco am ne to produce a
foonplauXdvitbfa $udstiuked bexzyhetidarat i ng reagent sol vent
amine X | X wherein X1 is H halo or a &C 6 alkyl; R2
i's halo or a OC 6 alkyl; R3 is halo or a Cl1-C6

glky'-g and R4 is Hor a OC6 alkyl; R5is H &
mr aryl; or R4, R5, and the nitrogen {0 uhich
e2 attached form a nor phol basgl , t hi onor ')h'yl
p |d| nyl , pyqrolﬁ”Hﬁ"Wé or_pr_per_az.r_n.yl 'r e X
S\ IIy subst®1 Wi th JoRént2 groupgst hat are
i nggpgndently GrC 4 alkyl, CC 4 al koxy, 'g
hydroxy CIRTA al kyl, C1- C4 di hydr oxyal kyl , or R5
0
IX | o

wherein X" X2, X3, X4, X5 and X® are independently H, halo or a C4-Cg alkyl; R?
is H, halo or a C4-Cs alkyl; R® is halo or a C4-Cs alkyl; and R* is H or a C-Cs
alkyl; R®is H, a C;-Cs alkyl or aryl; or R*, R®, and the nitrogen to which they are

X2
XS

attached form a morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl, or
piperazinyl ring which is optionally substituted with 1 or 2 groups that are
independently C4-C, alkyl, C1-C4 alkoxy, hydroxy, hydroxy C4-C4 alkyl, C1-Cy4
dihydroxyalkyl, or halogen.

in one embiodiment compound of Formula IX and | are the (-)
enantiomers.

Typically a compound of formula IX is contacted with a substituted
benzylhalide in the presence of a base and at least one solvent.

The process is typically carried out at a temperature from about 0°C to
about 200°C. In one embodiment the temperature is from about 25°C to about
100°C. In another embodiment the temperature is from about 50°C to about
75°C.

The process is typically carried out for a time period from about 0.5 hour
to about 20 hours. In one embodiment the time period is from about 1 hour to
about 10 hours. In another embodiment the time period is from about 2 hours to
about 4 hours.

In one embodiment the substituted benzylhalide is:
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weomwsarioedd wi t h an activating reagent

In one enbodi nent conpound of Fornula X and I X are the
(-) enantioners. Typically a conpound of forrmula X is
in the pPEFEBROE/003993
of at |east one solvent and then the resulting m xture
Is contacted wwth an amne. The process is typically
carried out at a tenperature from about 00C to about
1000C. In one enbodi nent the tenperature is from about
100C to about 5C0C. In one enbodi nent the tenperature
is fromabout 15C to about 303&. The process is
typically carried out for a tijnme period fromabout 0.1
hour to about 10 hours 9 enbadli ment the tine
period is from aboutha@ 5 ho about 5 hours. In
anot her enbodi nent the tineip Qd is fromabout 1
hour to about 3 hours. |n€oneYenbodi ment the
activating reagent is carbonyldiim dazol e,

di cycl ohexyl carbodi i mi de, thionyl chloride, %I

whbmin dalo iptidside busnids pe luidiste; dag XpaSsyhof wnd X° are

eSOk, RRCEPTELS D REDROA R Bl s

peshtiailiteés, fcbreamnpe 2di- dhﬂmmbenzplmemmldpha,ﬁphor ane,

ChomRE ceridle: Y RLSTRONSRNL 0L0 O%ceronnayiinie

g@a&m{ﬂrﬁb@wz@@hwgﬂﬁ belp] Ismlmiﬁﬁolb@zylchlotr:lde in another embodiment
i cycl ohexyl car bodi i chl o oxal
H181 9 aebsti{me%eﬁw@ dﬁ?éﬁ) @%Ofo kh%m R aotner

 BRibeBih R B4R iﬁH\o thl%‘l?lﬂﬂ@d BenyendirRiens or4- (ﬁiﬂuorbbemyﬁ)romlde

enbodi nent the reaqent is oxalyl chloride. % T
enbodr‘rﬁ@ﬁte"ﬁ@f@"'ﬁ%@t %pﬁ%s,a@ﬁgwlc PE inorganic base xamples of

684100RYIgehicTHad8Z McRide Group IA or lIA carbonates, bicarbonates or
alkoxides, such as potassium carbonate, potassium t-butoxide, and sodium
bicarbonate. Examples of useful organic bases include triethylamine (TEA) or
dimethylaminopyridine (DMAP); and a hindered amine such as N,N-
diisopropylethylamine. In one embodiment the base is potassium carbonate,
potassium t-butoxide or sodium bicarbonate. In another embodiment the base is
potassium carbonate. ‘

In one embodiment the solvent is a polar aprotic solvent. In one
embodiment the polar aprotic solvent is, for example, N,N-dimethylformamide
(N,N-dimethylformamide), N,N-dimethylacetamide (DMAC) or N-
methylpyrrolidinone (NMP), 1,3-dimethylimidazolidinone (DMI), 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU). In another embodiment the
polar aprotic solvent is N,N-dimethylformamide. In another embodiment the
solvent is N-methylpyrrolidinone.

In one embodiment the product is purified by trituration or precipitation
using an appropriate solvent and/or co-solvent system. In one embodiment the
solvent is methanol, 1-butanol, ethanol, ethyl acetate or 2-propanol. In one
embodiment the solvent is methanol, ethanol or ethyl acetate. In one

embodiment the solvent is methanol.
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The solvent is a polar solvent or a nonpol ar sol vent.
Usef ul exanpl es of pol ar sol vents include

walzevsipld or mam de, acetic acid and | ower al kyPCT/IB2007/003993

carboxylic acid. Exanples of useful nonpolar solvents
i ncl ude di chl oroet hane, tetrahydrofuran, dioxane,
met hyl tert-butyl ether, diethylether and toluene. In
one enbodi nent the solvent is, for exanple,
di met hyl f or mam de, di chl oroet hane, tetrahydrofuran,
di oxgnese BEMIVh theait wildpdreabteanat the sé@lueme@f stapsonay
enbodi nent t he soI v§ gl nmet h%vgl for rraggrl] s
WrEhNGEEHYR 8708 bt ‘g}?y“?ﬁ@ PSS OMEPERENE S TYE"SRYt her
enbodi ment the sol vent ssen@dischl or oet hane. I n one
enbodi nent the solvent is dinet hydfor mam de. I n one
enbodi ment t hewam ne i s, HNRARS in R4 is Hogr a
Criei,6 al kyl ; is H, CrC 6 gl)«\gﬁ%r aryl gr

and the_Ajtitogen t |chth are attach dlforma

inyl> thi onor gholi nyl ipéridinyl, ©

pyrr I|d|rry1—crr—'p|per nyl ring V\hlchlso nal |y
subst i t ut egeowiftsén 11 or\@\m&ps tskBE °'&%é i ndep Ly
O C 4 al kydep1@s@24 al koxy° hydroxy, hydroxy Cl-C4o
al kyl, Cr €&41diséupdr oxyaIMﬁb?of@qq?hal ogen. In onglste 3 of seq
errbodi ment R4 is H In enspreobadi nent RS is a &
bal kyl . I n one enbodi ment, the am'ye (i s nethylam ne.
Typically the amne is dnbi ned wi Yhta sol vent i or
to addition. In one enpodi ment tBﬁeﬁé\hy,ent i B8 @
met harol , et hanol, t ghydr of uran cor water. 4
anor enbodi ment t | vent i s—methamol ,
t et r&ahydr of uran or wat TH one eglxete mant t
sol vgnt®is tetrahydrofura I n one enbodi nment
am ng is&p aofs@k ut i on of T’Eth I am ne in

3ofs
t et r ahydr of ur an. step 4 of seq 1
e} step 4 of seq 2

OH OH >\é_ . OH
\©\” o0 N O N

o 0O
NH, —
o slep 2of seq 4 NH._ step 4 of seq 3 NH{

step 3of seq 4
o 0

Sequence 1: halogenation, hydrolysis, amidation. Sequence 2:
hydrolysis, halogenation, amidation. Sequence 3: hydrolysis, amidation,
halogenation. Sequence 4: start with 3-amino-4-methy! benzoic acid, amidation,
halogenation. Note that the final step in all these approaches is the benzylation
step.

In one embodiment, the present invention provides novel intermediates.
in one embodiment the compound is selected from

methyl 3-(3-bromo-4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl)-4-
methylbenzoate;

(+)-methyl 3-(3-bromo-4-hydroxy-6-methyl-2-oxopyridin-1(2H)-y!)-4-
methylbenzoate;
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Optionally an acid can be used to work up the
reaction. In one enbodinent the acid is an organic or

w0 p@sgaore aci d. Exanpl es of useful acids inclede1B2007/003993
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acetic acid, citric acid, HCl and sulfuric acid. In
one enbodi nent the acid is acetic acid, citric acid,
HCl, or sulfuric acid. In one enbodinment the acid is
HCl, acetic acid or sulfuric acid. In one enbodi nent

o e

pliiregiayidehzamidé; a corrpound of forrrul a |l conprising.

L:ﬁg;?ﬂ% ﬂgg%g ; Qé_ f}k’g}él gpyr Antl%ﬂe@ak%téﬂéenzmc

iamzhependently H halo or a & C6 alkyl; R2is H halo

| s H aga(gd?r@“% 45 h@@xy @zﬁ%lﬂg)" %Oxgpgll@qg(%:‘)@]l-éi-&r?quylgéqzoic

QigR4nd RS, and the nitrogen to whi ch they are attached
forma rmr t hi om)rpholln er|d

pyr r of-di ﬁ;fﬂ H- 'rardyagplﬁér -69TPAYY!) ?wﬂh@g r%b@mqy -G Aroxy-6-

Wﬁ&l iﬁ&.ﬁ.@g\rM&IJhel or 2 groups t hat are i ndependent | y
droxy, hydroxy CrC 4 al kyl,

@f@ mheumwavm%aamptat&e Sﬁlgth@g?@ff‘r I n one enbi odi ment
CO”DOW'F?’ cBhp 5&5&@&%19&\%@%4 m% etd%%dﬂn ?heefBﬁﬂto'f Qé'iFsr %rived

Typi cal Iy a conpound or nmul I X is contacted
ér@nsmptgmn@dorbvé@ﬁrw Reids d@epwdlm@orptf@sml@fccanm arglt of

T e T
enapestidsn ducheas enttanced ppermaaagutical sta’arltbmnacbmnnmmpetaiures
%Rglf%midities, or a desirable solubility in water or oil. In some instances, a salt
of a compound also may be used as an aid in the isolation, purification, and/or

resolution of the compound.

Non-toxic pharmaceutically acceptable salts include, but are not limited to
salts of inorganic acids such as hydrochloric, sulfuric, phosphoric, diphosphoric,
hydrobromic, and nitric or salts of organic acids such as formic, citric, malic,
maleic, fumaric, tartaric, succinic, acetic, lactic, methanesulfonic, p-
toluenesulfonic, 2-hydroxyethylsulfonic, salicylic and stearic. Similarly,
pharmaceutically acceptable cations include, but are not limited to sodium,
potassium, calcium, aluminum, lithium and ammonium. Those skilled in the art
will recognize a wide variety of non-toxic pharmaceutically acceptable addition

salts.

The compounds described in the invention may exist as atropisomers,
i.e., chiral rotational isomers. These compounds can be, for example,
racemates, chiral non-racemic or diastereomers. In these situations, the single
enantiomers, i.e., optically active forms, can be obtained by asymmetric
synthesis or by resolution of the racemates. Resolution of the racemates can be
accomplished, for example, by conventional methods such as crystallization in
the presence of a resolving agent; chromatography, using, for exampie a chiral

HPLC column; thermal or kinetic resolution; or derivatizing the racemic mixture
29
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1000C. In another enbodi ment the tenperature is from
about 500C to about 750C. The process is typically

wearsioe7out for a time period from about 0.5 POUIB20G7/003993

about 20 hours. In one enbodinment the tinme period is

fromabout 1 hour to about 10 hours. In another
enbodi nent the tine period is fromabout 2 hours to
about 4 hours. In one enbodi ment the substituted
benzyl halide is:wherein halo is chloride, brom de or

wmtdadesol‘angi réégeniXo, geMrate(sllaat@deom@l‘Sesem?d@ﬂ‘@rﬁb@nt ly H,
halo, or a

8Bt B e BohiApty oF s BBCH E TSR TElon, 1R removing he
isbiviigh dgear mhgameydtb tiwndritgnal Zoﬁmodmd Irlm‘rwbemzybaﬂycﬂnndbed

é"@ 'ngl:qjﬁ?eo enéyﬁr@;ﬂ e[soc‘éangt}e repeateH G%Qr‘?\%‘}édﬁglnr?crrégs% 'the

gna'}rn@h'few%ﬂﬁ}&ﬂé)doﬁ’fﬂduhdde In anot her enbodi nent the
hal o-substi tuted ben

D T PSS SRS EF TS I ETLRD (9 XSS AURRROIHe

f@' éhlﬁalll Rsibiidral BImeNZMe ihaéntde dnsompasses the racemic and the
2, 4-di fl uorobenzyl brom de. I n one enbadi Lrye%rﬁo t he base

f@oyﬁd@#r@aﬁpwe& Thedefiamne yskaionsensgre W:Ssae?campound

, Lﬂ?ﬁ&%‘éh%x@ﬁ@ﬁtrbﬁ\%ﬁﬂl@@ 43 0diPad s o PAsAS Q@m&@ﬁers

I'car bonat es or al koxi des such as pOt aSSI
and HBndthés illystasior Blsem Showgeash QbatreRiePraeai ﬁhﬁmd )ina

Fkﬁﬁ%ﬂ&p@kﬁon ﬁ%@gﬁ'.n%ar&gpnuwfa% %‘?n rcggylm?e @élﬁ@%iehm%r\éd& set
fomidh far ﬁ@nﬁuéa b&pa&'ma @gbstuwtagthmtmdeé@p@@ Bﬁlﬁetr?(qﬁﬁ ami ne.
pg%sggfen?mﬂ.ﬂ' ﬁ?aénﬁ.ﬁzﬁ 5}%&9 hwg §95ie FEs%ﬁfsbt%%DSsm%ted

oxi de or |um carbonate. In anot
berdmytixyent the base is pot assi um car bonat e.
RoR?
s
Ry o x
(2)
RpRS_
74 AN
Ry g X
(A)
o H
Ry R e i
' p'
L I
® 'cl ® 0

When enantiomerically enriched, one enantiomer is present in greater
amounts that the other and the extent of enrichment can be defined by an
expression of enantiomer excess ("ee"), which is defined as 100 (2x-1) wherein X
is the mole fraction of the dominant enantiomer in the enantiomer mixture (e.g.,

an ee of 20% corresponds to a 60:40 ratio of enantiomers).
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In one enbodi nent the solvent is a polar aprotic

sol vent. I n one enbodi nent the polar aprotic sol vent
N, N- di net hyl f or mam de PCT/IB2007/003993
(N, N-di net hyl formam de), N, N-di net hyl acet am de ( DMAC)
or Nnet hyl pyrrolidi none (NW),

1, 3-di net hyl i m dazol i di none (DM ), 1, 3-di net hyl -
3,4,5,6-tetrahydro-2(1 H)-pyrimdinone (DVPU). In
anot her enbodi ment the polar aprotic solvent is

N, N-di met hyl f ormami de. | n anot her enbodi nent the
solvent is N-nethyl pyrrolidinone. In one enbodi nent
the product is purifi dketbiedtfEiammies i on or

Pos solbr o dPe Ban il bR BRL AR LR BNE e R Pt e
reshaiane of tHis bistlesode,inehihhavagl , et hyl acetate or

2-propanol . In one enbodinent the solvent is nethanol,
et hanol or ethyl acetategggg@g%ﬂ enbodi nment the
seh¥aBs 7ind Beddpn@he JVEnsies\eithediet Ithatiane tbscribet! imEkample 1.

appreci ate that the sequenc
alternative orders.
sequences.
hydr ol ysi s,

4Eﬂﬁi;on, ogenatiUk.__Sequ
millno% 4- | obenzoic acid,
181 8genat i on. Nbt e tﬁ%?%the fin

tep in all thesgiij\ro
appgoaches ig the benzylation step.O . N

F 5 | A
qel Qe
F Bl’n F Br. Z F
O

of s
Schene %CH@B? ts sone possible

eps may occur in

Schene 6 1 2 Sequence %f hal ogenati on,
am dati on. Sequence 27" hydrolysis, B oH
hal ggenat i onyHani dati on. Sequenge ] hydr ol ysi s, N7

N

m/jitL
F
o,
O
3

DMF/ K,COs5
F
Qe
Br-
CICOCOC :f%]\ F
DMF, THF o=y

oV
o}
2a
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)

NaOH

O™>N
CH4CN, Hy0
HCI OH
o)
2
F

o]
CHgNH, O™™N
H
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I n one enbodi ment, the present invention provides

novel internediates. In one enbodi nent the conpound is
W@ edsormwd f rom et hyl PCT/IB2007/003993

3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyri di n-1

(2H) -yl )-4- nmethyl benzoate; (+)-nethyl

3-(3-brono-4- hydr oxy- 6- net hyl - 2- oxopyhdi n- 1

(2H) -yl )-4- nethyl benzoat e;

3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyridi n-1(2H)-yl)-N

, 4- di met hyl benzam de;

3 ( 3- br ono- 4- hydr oxy- 6- netg%l-z oxopyridin-1(2H)-yl)-4

- met hyl benzoi ¢ aci d;

(-)-3-(3-brono-4- hydroxy 6- met hyl - 2 oxopyri di n- 1( 2H) oy

| ) - 4- net hyl benzoi ¢ aci d; and (-)-%"-(5-(1 Br A

H-i mndazol e- dioxane “ B, |
-car I ¢ phen{flsX- 3- br&fme - hydroxy-6-. © I

et byUpyri di n- 2¢4 X0 - one; or & MaC e U tAb @ atbidtey \©\yfo
acgeptable salt thereof. The co s.of this N

i nventi on may b& used in the formgofgsalts derived 4 ©
frominorganic or organic ac ds. Dependi ng on ther

particul ar c npound a sa pf t he compound
advant ageo s ue to ope ie of the sal tt h I
ed

properti e@ as enh Rar mueaut i caI ility
in differing tenperat nd hunfdictiteQ
deswable smlpubd;cblty | ter or Oilyg In so

i nstances, a salt of a nd al so may be u 88 an

aid in the isolation, purifdcation, and/or resgol@tion
of the conpound.
F

Sqet -5
o gy

CIcCOCOoC! H.NH
DMF, THF OF>N CHgNH
\©\(0|
0
2a 1

The racemic process to prepare (-)-3-[3-bromo-4-[(2,4-
difluorobenzyl)oxy]-6-methyl-2-oxopyridin-1(2H)-yl]-N,4-dimethylbenzamide (1) is

described as follows:

Synthesis of methyl 3-(4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl)-4-
methylbenzoate (5) Using Pyrone 6:

OH

OH 'NH, TFE a

& O\
I Ol Ky,CO
0] O 2 3

0 (O
O
6 7 5

4-hydoxy-6-methylpyranone (6) (1.18kg, 9.34 moles), methy!-3-amino-4-
methyl benzoate (7) (1.0kg. 6.21 moles), catalytic K2COs (102 gm, 0.74 moles)

and 2L of trifluoroethano! were mixed and heated to 80-87 °C, under nitrogen for
32
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Non-t oxi ¢ pharmaceutically acceptable salts include,
but are not limted to salts of inorganic acids such

w@sgooBythoechl ori c, sulfuric, phosphoric, di phosptiniB2007/003993

hydrobrom c, and nitric or salts of organic acids such
as formc, citric, malic, maleic, fumaric, tartaric,
succinic, ‘acetic, lactic, nethanesul fonic, :
pt ol uenesul foni ¢, 2-hydroxyethyl sul foni c, salicylic

and stearic. Simlarly, pharmaceutically acce tag S
2ahboss Afiet thecwmpeiionsafgeaasion) thaimigyre wa§saq> Santo 55 and

%égs&hw%c'efége Wag d@tjj L %ﬁoldtnbﬁ?réﬁﬂaﬂ?@o@lm@sum@ C. A

art w1 recagni ze a w de variety
pfodnmwamllecq@uawaummrcu by banetpie b bise alieut 535 isolated
)é'ﬁl ﬂg ??S/r6 queﬂ?gf Etb(?(gﬂyr?bglﬁ q?d ;Xe@?ﬁﬁ?ﬁylﬂ@ﬁoate.
I S0rfE4i|£erné’th/e@eneﬁyﬁb%d@romGh&gthylﬁomn@hd (2H)-yl)-4-

CiobacEpPhran DY REPe g T ARk e BB adry)-2.2-
amidinal1l 3-dreanee, 6‘@16%(8)&3no|m30bt ai ned by asymetric

synthesis or by resolution of the racemates. o,

Resol ution of the racemates can be acconplished, for
exanpl e, by conventiong t hods doxeol as D\ﬁ\a
crystallizaffon in the lar sencefeﬁ\ﬁgAa reso gent ;
chr omat ogr , ysin orOexompu € a CHi'ra PLC

col um;.o | or kin resol ution; or de atd' zi ng
the raceyc mxturewith a resolving reagent to
generate diastereoners, separating the diast reQmers

vi a chrongt ography or sel ective crystallizat and
removi ng the resol ving agent to generate the or|

|
conpofmaixiure efmaathybramincad Metambszrale @ok MmO ank?- g'lfnr']‘?a%%s)
%98\56{1 H{gﬁﬁg% S%Wudéﬁe [ze@%ﬁﬁéiﬂylw 3eRaheads blrame (8) (3.86

i'ncre enant onerlc urity a compound
g, 16.94 mmol, 1.4 eq.) in dioxane (20 mL) was heated at reflux for 5 minutes

and cooled to 50 °C. The mixture was then treated with 1.16 g of methane-
sulfonic acid and heated at reflux for five minutes. Liquid chromatography
indicated the reaction (cyclization) was essentially complete. The mixture was
poured in 60 mL of crushed ice-water and stirred for 1.5 hours. The precipitate
was filtered, washed with water and air dried to give 2.47 g (75% yield) of the

product.
A,o o)
A/ h i) TEA/CH,Clo OM
i) HCI O OoHO
Meldrum s acid diketene 8

The above procedure is a modification of the procedure described in the
literature at Kang, J; Kim, Y; Park, M; Lee, C.;Kim, W. Synthetic
Communications (1984), 14(3), 265-9. In essence Meldrum’s acid was reacted
with diketene in dichloromethane in the presence of TEA at 20-25 °C for 2 hours
to give 80% of 5-(1-hydroxy-3-oxobutylidene)-2,2-dimethyl-1 ,3-dioxane-4,6-dione
(8).
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The conpounds described in the invention may exist as

atropi soners, i.e., chiral rotational isoners. The
WO pwentiodh enconpasses the racem ¢ and the r espdCTERR007/003993
atropi sonmers. The following illustration generically

shows a conpound (Z) that can exist as atropi soners as
well as its two possible atropisoners (A and (B).
This illustration also shows each of atropisoners (A)

) of et o AN PL I EEL. e A BB b A3AHRYA-2

rh:ﬁ r@zo‘a iIs a substituent wwthin the definition of
RZ, I%ﬁ 'S a substituent within the_gefinition of
CONR4R5, and DH epresents the sybstituted benzyl oxy.

AYdA

When enantionerycally enriched, ofie enantioner is
present in er ammunts that her and the

hrment —can—be—defi by art '&Xpression
xcess (‘MR whi ¢ defined as 100

(2x-1) whereit @.the nol e fractron]of the dom nant
enantiomer in the enantioner mxture Pe.g., an ee of
20% corresponds to a 60:40 ratio of

enanti omers). D& ai | ed Exanpl es The flol | ow ng exanpl es

are ner el ¥ g kparidradiiGhy - Mairosty-Garisting 2t axophedin-1(2H)-
remai nder of this disclosure in, any vva¥ Exél/q‘%l‘: ],t d
5 Wcherdyieraaated SHEeR ke 3 fR MoleS) i1 9L FrE el | (Hharatgr @
A5 bbetd N BXafm & dragIbRiR if SH1esm1i8 aBi vis hiepaicer
and added slowly to the reaction via dropping funnel. During the addition of
bromine, the mixture became homogeneous followed by the formation of a white

extent of enri
of enanti oner

precipitate. After the addition was completed, the mixture was stirred for another
10 15 minutes. The mixture was diluted with 16L water; and the product was filtered

and washed with 12L water followed by 9.6L cold acetonitrile (0-5 °C). The solid

was dried to yield 1.85 kg (90%) product. 'H NMR (300 MHz, DMSO-dg) & 1.80

(s, 3H), 2.04 (s, 3H), 3.86 (s, 3H), 6.15 (s, 1H), 7.59 (d, J= 8.1 Hz), 7.73 (s, 1H),

7.98 (d, J=8.1, 1H), 11.6 (bs, 1H). Anal. Cald. for C4sH:4BrNO4: C, 51.16; H,
15 4.01; N, 3.98. Found: C, 50.83; H, 4.02; N, 4.00.

Synthesis of methyl 3-(4-(2.4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-
1(2H)-yl)-4-methylbenzoate (3)

F
Br Bro~ F
| cl |
0N F O™>N
+ KCl + KHCOq
O\ DMF/ KgCOg O\
0 0]

4 3

20 Methy! 3-(3-bromo-4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl)-4-
methylbenzoate (4) (1.9kg, 5.4 moles), N,N-dimethylformamide (4.8L) and

34



The racem c process to prepare (-)-3-[3-brono-4-[(2, 4-
di fl uor obenzyl ) oxy] - 6- net hyl - 2- oxopyri di n-1

w@ 24dpA0ydof9 N, 4- di net hyl benzani de (1) is descri brC/ER007/003993
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foll ows: Synthesis of nethyl

3- (4- hvdr oxy- 6- et hyl - 2-oxopyridin-1 (2H)-yl)-4-

nmet hyl benzoate (5) Using Pyrone 6:

4- hydoxy- 6- met hyl pyranone (6) (1.18kg, 9.34 noles),
nmet hy! - 3-am no- 4- nethyl benzoate (7) (1.0kg. 6.21
podEsd Ke@Ogl i 1kg; 8KR@ORs| Wer rgmpdmogethmr@snea@aﬁjtozaf» i

»EﬁdaeféW%@‘éﬁéEaﬁﬂ&#'m@éew&ﬁﬁo“%”@égg»?’%5%0“??% s 4geget

?f%dhocﬂat B eeMperbire wae maiealred Hewbs5TC Aaﬂttd tAd addition,
acetate was added and the sol ution gradually

memmw:re was heaed.at A5 5EdaILE hares. Aler SC1MES R SRR AT
m;ﬁt{] L ARSL AL & o BBV AP OMie P78d-58 bELGH K Bhilitioh of

Pal( wai@y dmxsm:e mtfmre&amwmnaddmm 15L2whtey Thedsroge pydduct
enzoat e.

wag wwgﬁ trﬂg@){,gp Ynzrmﬁ%ég;/megwqpoi 4& JThe In}nxtﬂre was
EF1 6y hiRe theaadie ﬂ(t&)ada@puem BP kP a9EM) predag. H NMR (300 MHz,

GBI B3 D, P, S oBtbas?® . AT bt 6.8
phe?ﬁsw% gRiBNY |henaost §Hf,7).44 (B J& §HZ12H, 7.59 (q, J

44;81&1@,)(1,1—-!)375)4(15““;») BdRr) J 2 6K AppL £ald. for
S zbzgs‘rjﬁﬁ&;llﬁ\%ﬂ?? (3.986 FyundiBc Kb 53k 3.83;4 814,

eated at reflux for 5 mnutes
and cool ed to 50 OC. Th_e mxture was then treated with

ot y
n(@&btvi)ehn“n(eﬂwdﬁanzalma@mi)(a)vas essentially conplete. The

m xture was pourec,t in 60 nL of crushed ice-pater and

stirred for .05 hgurs. The preci pltate ﬁ

CHyCN, Hz0
i ~coocH, > ¢! )\: ~COOH
3 2

Methy! 3-(4-(2,4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-
yl)-4-methylbenzoate (3) (3.4kg, 7.1 moles), 2.5M NaOH (3.1L. 7.8 moles),
CH4CN (12L) and 8.6L water were mixed together and heated to 60 °C, under
nitrogen. Once the mixture became homogeneous the mixture was stirred for an
additional hour. The reaction mixture was cooled to 20°C and then treated with
865 ml concentrated HCI at a rate such that the temperature was maintained
below 25°C. After the HCI addition was completed the mixture was stirred for
another hour. The product was filtered and washed with 12L CHsCN, dried to
give 2.87 kg (87%) adduct. 'H NMR (300 MHz, CD;0D) & 7.87 (dd, J=7.8, 1.6
Hz, 1H), 7.82 (d, J = 1.8 Hz, 1H), 7.69 (q, J = 8.1 Hz, 1H), 7.57 (d, J = 8.1 Hz,

1H), 7.09 (dt, J= 2.2, 8.6 Hz, 1H), 6.7 (s, 1H), 5.4 (s, 2H), 2.14 (s, 3H), 2.02 (s,
35
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was filtered, washed with water and air dried to give
2.47 g (75%yield) of the product. acid di ketene 8 The

described in the literature at Kang, J; Kim Y; Park,
M Lee, C;Kim W Synthetic Comrunications ( 1984),
14(3), 265-9. In essence Meldrums acid was reacted
wi th di ketene in dichloronmethane in the presence of
TEA at 20-25 0C for 2 hours to give 80% of

@H)((& 0vds @4, 3H9>@M¢sytmp@nf9 238,di. getshgh). 1ES-HRMS m/z
- di oxane- 4, 6- di one (8). nt esi s of
36{ @Zlﬁ Mﬂ@alﬁq(gqrcg@wg reguigsestif &EWE nal. Cald. for

§%F@1 iy, ORIy enzone oldh) F%Lm@seemuomoé 4Bk 7
dr oxy- 6- met'hyl - 2- oxopyrldln 1 ( H) -

yI) 4- methyl benzoate (5) ( 1 .6 kg, 5.85 noles) in
; Ri0/8/14-t58R e et 5

fin-

6L _acetic aci d
& ; gitVY) t o the reaction via dropplng
funnel Durlng the addltlon of prom ne, the n1xture

became Honogeneous fol |l owed b he formati on of a

whi t ipitate. After th’%‘ruon was conpl gf e

Bhe ] wassgida red & o/- 15 mi nutes. F
M tuke was d| | i dHmi t ho ter; ddNthe pro

was i Tt er ed—and—washed 12L warer foftoted b
gm acetonitrile (\8(@?(& The solid was dN
to H.85 kg (90% pro 1H NMR (300 MHz, DNSOM

6) d 1080 (s, 3H), 2.04 (s, 3K, 3.86 (s, 3H, 6.15 ©
(s, 1H), 7.59 (d, J =8.1 Hz), 7.73 (s, 1H), 7.98 (d,
J =281, 1H, 11.6 (bs, 1Ha Anal. Cald. for G 1

SHLABUNH - gffruorebdnAfoxyi8-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-4-
methylbenzoic acid (2)(1.4kg, 3.0 moles) was suspended in 7L tetrahydrofuran
with 28 ml N,N-dimethylformamide and chilled to 5°C. Oxaly! chloride (368 ml,
4.22 moles) was added to the reactor at a rate such that the temperature was

maintained below 10°C and the gas evolution was under control. After the oxalyl
chloride had been added the reaction mixture was allowed to warm to room
temperature. The reaction was completed when the mixture became
homogeneous. The reaction mixture was drained into separate container and
set aside. 40% methylamine (4.4L, 50.3 moles) and 2.6L water were added to
the reactor and chilled to below 5°C. The reaction mixture was then added to
the chilled methylamine solution at a rate such that the temperature was
maintained below 15°C. Once the addition was completed the mixture was
allowed to warm to room temperature and stirred an additional 30 minutes.
12.6L water was added to the mixture and the stirring was continued for another
hour. The product was filtered and washed with 10L water to give 1.25 kg
(90%). 'H NMR (300 MHz, DMSO-dg) § 7.95 (bs, 1H), 7.88 (dd, J= 1.2, 5.7 Hz,
1H), 7.68 (q, J= 5.1 Hz, 1H), 7.64 (d, J = 1.2 Hz, 1H), 7.46 (d, J = 6.0 Hz, 1H),
7.36(bs, 1H), 7.29 (dt, J = 1.8, 7.8Hz, 1H), 7.16 (dt, J=1.8, 76.0 Hz, 1H), 6.70 (s,
1H), 6.18 (s, 1H), 5.33 (s, 2H), 3.32 (s, 3H), 1.97 (s, 3H), 1.88 (s, 3H). Anal.
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4.01 ; N, 3.98. Found: C, 50.83; H, 4.02; N, 4.00.
Synt hesi s of net hyl
W@2(08/0(D7%- di f | uor obenzyl oxy) - 3- br onp- 6- net hy| PCF/BeoEN103993

idin- 1(2H)-yl)-4-nethyl benzoate (3) 4 3 Methyl

3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyri di n-1

(2H)-yl)-4- nethyl benzoate (4) ( 1 .9kg, 5.4 noles),

N, N- di net hyl f ormam de (4.8L) andpowdered K2CB ( 1 . 1

kg, 8.1 noles) were m xed together and heated to 55 0C

OatdieformgtMQ@ﬁaNgag A 0dief EtQbt 0 0enidyDd: ChBéiildid, 4.8684%, 5.659

d a ate such that the tenperature

FRuRE B DR St P 28T At er the addit) on, the

i xt UThee reesmiveabeuatt 8t(4 658,400 daobéhZylonpuB-bromd-BenetByl-2-

st BT R0l At T B RRr oS (Ftod RE LERTe L o

5 ar%mvdgﬁapheﬂhmm cmraxvambhérwhade anch a@Shiealcsli@JIM oL

wat e oduct s.the uri fj
Ehirelba® AR (HaleRHia g iisuitonagafh inrhenghag ethano
&@?neqﬁ@bl 1R 16 E@lafﬁé){HerofrrleLigfﬁcﬁ@b t psxus@ 4- cﬂﬂ@?oﬂfengyloxy)
909% uct. 1H NMWR 1( I%a {s, 3H),
blomo(ﬁsme@ybz ogo;gryndps 2319.1)/1 N54§ign%t§y grpgamlgei ) (s,
1H), 6.88 (dt, J = 4.8, 1.8 Hz, 1H) 6.96 (t, J = 4.8
Hz,lH) 7.42 (d, J =6 Hz H) 59 (q, J = 4.8 Hz,
10 1H), 7.74 (s, 1H), 802@&,__&@;2_6|—|z 1H). Anal. Cald.
Found:
%eﬁ%rgg?ﬂep%@ l'é%'ﬂ%ra\l@ynt@%sngQIE?’[('}pgg’sactﬂI%g% h‘\oEﬁarﬁS‘le
3-(4-(2,4-difl uorobenzyl oxy) - 3- br onp- 6- net hyl - 2- oxopyr
idin- 1(2H) -yl)-4-nethyldgnzobc acid (2) 3 2 Methyl
3-(4-(2, 4-di fl uorobenzyl oxy) - 3- br ono- 6- net hyl - 2- oxopyr
idin-1 (2H)- OH

Q
OH NH, =3 )\\(._
K2COg l Br-N__p.
~ 0" N ¥ UBr
| + e 0]
0”0 > - .
o ethylene o
~
6 7 glycol ACN
g O
OH OH
Enzyme
0" N + HO0 — o * <7’\NJ\N/§ e
M KoHPO, = s
N N DMF
(0] OH
AN
0O : O
4 10

F
o Br o F o
O”°N CHgNH, _ ZF 07N
=N > H
NF ) THFIDMF NMP o
K,COs ~
0 ; ©

Following the development of a process for the racemic 3-(4-(2,4-
15 difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yt)-N,4-
dimethylbenzamide, a process for the direct preparation of (-)-3-(4-(2,4-
difluorobenzyloxy)-3-bromo-8-methyl-2-oxopyridin-1(2H)-y1)-N,4-
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10

15

yl)-4-nmet hyl benzoate (3) (3.4kg, 7.1 noles), 2.5M NaCH
(3.1 L 7.8 noles), CH3CN (12L) and 8. 6L water were

worzooeai72oeget her and heated to 60 0C, under ni tPOLEBR007/003993

Once the m xture becane honobgeneous the m xture was
stirred for an additional hour. The reaction m xture
was cooled to 200C and then treated with 865 ni
concentrat ed HCI at a rate such that the tenperature

i nt ai dbelow 50C. Aft . addition was
TR ainie rS bR eI anBPetans aas faesaribhes aite:
The product was filtered and washed with 12L CH3CN,
dried to give 2.87 kg (87% adduct. 1H NWVR (300 MHz,
8tspdD) 7.87 (dd, J = 7.8, 1.6 Hz, 1H)17.82 (d, J = 1.8
Hz, 1H), 7.69 (g, J = 8.1 Hz1 1H), 7.57¢kd, J = 8.1

Hz, 1H) 7. 09 (dt g = 2.2, 7 (s, 1H),
5.4 (s, BH), 2. NH], Seto (s, 3»{%?5 1=124
Hz, 1%13%; 94+(s,‘\@\ﬂ 15 (5, 3H)1 O . 3H) .HO
ES- H 464. 0 H calhglenef or AL/ Br F2NO4
requires 464.0304), Anal . CaPcol for C2 Br F2NOX4;
C154. 33 Hl 3.47, Nl 3.02. Found: Ci154. éO; OHl 3.42; N,
3 17 Preparation of

(-)3- 4|4ydo2< %ﬁtbfﬂywmﬁﬁew (@XM)kg35§r2C}ﬁgle§7 W?étmzols- Me04-

i met hyl benzam de

TN N o 0 M IR RS R S
éé@téh\@l(e\%gﬂg’ﬂ_))arﬂf ﬂgéﬁé’b?@&%@'ﬂ 9\5% Qédluncfé}f%tro%eﬂ and

us enc} tetrahy uran wth
Rence qn?étllﬁwa%demw@ By yaeuuh ﬂismléajmo Tfsl@ccea@palvyas stirred for

g&? 59 rhbgl% 4t %@8% nﬂ-’%lo?ﬂ rfgﬁthg%&ﬁ n 5 m%ggr%%és cc;oheed {Oe%gbo A

rate suc Pature was malnta
belaomom@lé?/vww daheiogd8. 1é\mebauth) ) o s \aaded todie roisture.olThe

Alger the oxalylo chl orl de had heen.pdded the react on,
washed with a 1:1 acetonitrile/water solution (3.4 L each) and dried to give 60%
isolated yield of methyl 3-(4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl)-4-

methylbenzoate (5).

+ BF’N\W/N * HN NH
“Br
O o ACN O\ o
0O
4

A solution of 1,3-dibromo-5,5-dimethylhydantoin (1.375 kg. 4.81 moles) in
acetonitrile (11.5 L) was added to a solution of methyl 3-(4-hydroxy-6-methyl-2-
oxopyridin-1(2H)-yl)-4-methylbenzoate (5) (2.50 kg, 9.15 mol) in acetonitrile
(4.8L). The solution was added at a rate that maintained the temperature less
than -10 °C for 90 to 180 minutes. A portion of the acetonitrile (approximately 6
L) was removed after completion of the reaction via distillation. The product was

precipitated by the addition of water (7.9 L) and filtered to yield 2.90kg (90%) of
38



tenperature. The reacti on was conpl eted when the
m xture becane honobgeneous. The reaction m xture was

waele@snzd79 nt 0 separate contai ner and set asi dePCHOBA07/003993
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nmet hyl am ne (4.4L, 50.3 noles) and 2. 6L water were
added to the reactor and chilled to bel ow 50C. The
reaction mxture was then added to the chilled
met hyl am ne sol ution at a rate such that the
tenperature was mai ntai ned bel ow 15C. Once
sy Bda- m@oéowr@tye@m%@ylme@av@'mﬁ§2%)rsr'bé\z@&ethwbmte
gﬂ& roomtenperature and stirred an additional 30

nutes. 12.6L water was added to the m xture and the
stirring was continued for another hour. The product
g@%iltered and washed with 10L water to give 1.25 kg

. 1H NWR (300 MHz, DMSO-d6) d 7.95 (bs, 1H), 7.88

(dd, o8 = 1.2, 5.7 Hz1 1H), 7.68 (g, J = 5.1 Hz, 1H),
1.2 Hz, 1H)17.46 ¢d, J = 6.0 ®K1 1H 1
17. 29 érdvmeJ :B 7. 8Hz 1 Bi4~7. 16 (dt,
s, |1H), 6.18 ($1 1H) 15, 33
ﬁ@wmsN 1+1. 08 fis,~3H. CHsOH

' r 1HL7Br F2 0.66 Et
. ; 4.30; N, 5.65. d:oQ, 54.
N, 5.79-The racem ¢ product

3- (44(2 4- di f | uor obenzyl oxy) - 3- brno- 6- net hyIOZ-
oxopyridin-1 (2H)-yl)-N, 4-di ne@hyl benzam de (1)

Sttt Sy LEB S IRLRR R 2ottt (-4

Glratinaiberalobte) (AACKKD . 8@ Dadles) waGhmeixied alithi 1id dibiasicgmtassium

:E’
mcﬁ

]ﬁg?@{%%wgeré&’ﬁ’}'g@ gcata% %gétﬁé‘é}f}m p%osﬁibaqe @Bblk‘ﬁ W %Sfﬁolgg

and v@ndr‘k% 6.4, L‘}) @hcf Wu@rﬁétb@wt)mwa pH of the solution was adjusted to
- 6- X0
B 19 rt Ot 76 0 A D dollored byig Agieiiop of Savinase®

enzyme (Novozyme, Bagsvaerd, Denmark) and warmed to 30°C . After stirring
for about 40-45 hours, the pH of the solution was adjusted to 6.0 using 6N HCI
(2.3 L) and stirred for 30 minutes. The resulting precipitate was the unreacted
enantiomer of the ester methyl (+)3-(3-bromo-4-hydroxy-6-methyl-2-oxopyridin-
1(2H)-yl)-4-methylbenzoate (423gm), which was isolated by filtration and
washed with water. The aqueous filtrate was washed with 5.0 L methylene
chloride. It was then further acidified to pH 3.6 with 2.1 L of 6N HCI to precipitate
and isolate the optically enriched acid (-)3-(3-bromo-4-hydroxy-6-methyl-2-
oxopyridin-1(2H)-yl)-4-methylbenzoic acid (10) by filtration. 1.3 kg (80% of
theory) of product was obtained after drying.

Step 4
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Schenme 9 depicts the overall synthesis that is
described in Exanple 2. Schene 9 Foll owi ng the
walewslmpnent of a process for the racem c 3- ( 4PCRIBR007/003993
di f 1 uor obenzyl oxy) - 3- br ono- 6- net hyl - 2- oxopyri din-1
(2H) -yl )-N, 4- di net hyl benzam de, a process for the
direct preparation of (-)-3-(4-(2, 4-
di fl uor obenzyl oxy) - 3- br ono- 6- net hyl - 2- oxopyri di n-1
(2 -yI) N, 4- di met hyl benzanmi de has been devel oped and
s descri bed as fol |l ows: Stgg OH
xy 6 netnglpyranone (6)g, 1 kg, 53.2 nol &
no- met hyl benzaé%é]%?) (4CEBOKRg. 27 l
Ay i

OB—(-0-54 91

, caf
ac i owi | NL) apdreth glaxcol THFEME4 L) NH
were njixed under nitrogen and tc& nitrile was >
rempved by vacuumdistillation. Thelreaction was 0

stifted for 18-24 hours at 65C. Fol?ovvl ng the reacti®on
the nti)S¢(Qrbeomad - lydadxyeb-metiyhe@xopyridin-1(2H)-yl)-4-methylbenzoic

/

SHEED Ehud YRy be b QA Re Y. R, SEF RIS

awtﬂNdﬂ}dlneeihyltmrr@@rﬁxdeABpnb)dwe rmaed tgiether atlampigshed Wit h
I h d
el 02 bbb REIh B el i
rae(hgf’ralfm%idé GGM?@} memﬂygzeAfomw{a Idl 1r1 1;[012}6)5) wak-adided at a rate
met enzoat e SO op of .
tfagn@m@'aﬁ%t@ ghabiai R a, S mikurg Pecage 4. g1
généoﬂs a8 %ﬁeol'e'abt" ar |‘éa6he1d éerﬁplleilor\(\/aﬁ sandesl of o N2

sol uti on of hyl 3-(4-hydroxy- 6-met hyl - 2-
hydrochloric acid solu’uon (15.4 kg) was added to reach pH 3 orless. The

acidification precipitated the product. The product was filtered, washed with
water and vacuum dried at 60°C overnight to give (-)3-(3-bromo-4-hydroxy-6-
methyl-2-oxopyridin-1(2H)-yl)-N,4-dimethylbenzamide (9) (1.56 kg, 4.44 moles,
97% purity).

Step 5
OH i
Br . O/\©\
N~
+ K00y ——— Oy +  KBr+ KHCO,
H
N{

3-(3-bromo-4—hydroxy-6-methyl—2-oxopyridin-1 (2H)-y1)-N,4-
dimethylbenzamide (9) (1 kg, 2.85 moles), potassium carbonate (0.43 kg, 3.11
moles), 1-methyl-2-pyrrolidinone (4.0 L) and 2,4-dif|ubrobenzyl bromide (0.71kg,
3.42 moles) were mixed together and heated at 30°C for 2 hours. The reaction
mixture was diluted with water (12.5 L) over a period of 30 to 60 minutes and
then stirred for 30 to 60 minutes. The product was filtered and washed with
water. (-)-3-(4-(2,4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-
N,4-dimethylbenzamide (1) (1.36 kg, 95% purity, greater than 99% ee) was
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oxopyridin-1 (2H)-yl)-4-methyl benzoate (5) (2.50 kg,
9.15 nol) in acetonitrile (4.8L). The sol ution was

w@eowes7are a rate that maintained the tenperat uPE€r/IB2967/003993

than -10 OC for 90 to 180 m nutes. A portion of the
acetonitrile (approximately 6 L) was renoved after
conpletion of the reaction via distillation. The
product was precipitated by the addition of water (7.9 -
L) and filtered to yield 2.90kg (90% of net hyl '
Sothidrellr ono- 4- hydr oxy- 6- net hyl - 2- oxopyri di n-1

8 U Tl aauis e B0 De et 115G b ibanayioxy)-3-bromo-
é%k&thwlzlo&an@hhxmb)ewmat @m{e«ﬂaynﬁerﬂzak@ﬂe @) &o mgl Sﬂ)mms)
m xed with 1M di basi ¢c potassi um &%g hat e

and orethanol dBdagiese pitassioneine ik tp @%@ aRg St'ir?d for 1
H@l tesl')we ?d%@W%E fi téT@d%mH)v)a Bd vM\Wa‘Werﬁthr%é&atJ?@%é’ch%nol

tron was a ust
€00 U} ioognve( ab31#-( &4zinfLL)or¢bﬂn|zwmd Phyromeet-arrinyliZoexayridin-

T RS DY PR K ROERRRE 08 RPRE  our .

the pH of the solution was adjusted to 6.0 using 6N

e BieabeJRiBh bR oA e TR g o2

agjuayAt o(hle)r§sl(n[BedmnOh@aﬁmdhaweﬁhmnthwm@plﬂso@w itslpractical

Pierin 5 FBRCLAL SKIBAOA I 4 tcape! eyl B5eroRn

ftd hmmato@s\mﬁwswasm ma;t be Beﬁ sluntmtdwty\beew:dmhms dea It
masthnfuft er ) I;;)H.:%..G\g[vi@‘?ﬁ .1 L of 6N
PREFICYIBT 1% ci s Pé{?%'%a‘%f% afse FUFIEHL? 18 #PVEnr i ched
a@beditments, 6Rd Ry vhridyely exatiffedret hyl - 2- oxopyri din-1
(2H) -yl) - 4- nmet hyl benzoic acid (10) by filtration. 1.3
kg (80% of theory) of product was obtained after

dryi ng.
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Step 4(-)3-(3-brono-4-hydroxy-6-net hyl - 2- oxopyridin-1
(2H) -yl ) - 4- et hyl benzoic acid (10) ( 1.50 kg, 4.44
wori08872079L, 1' - car bonyl di i m dazole (1.08 kg, 6.BGI/IBEH)03993
and N, N-di net hyl formam de (3 nL) were m xed together
at anbient tenperature. Once the activation reaction
was deened conplete, 2 Mnethylamne solution in
tetrahydrofuran (5.5 L, 11. 1 noles) was added at a
rate that maintained the tenperature bel ow 300C. The
WWhatis elaiieeshise honpgeneous as the reaction reached
conpletion. A solution of 1 N hydrochloric acid
solution (15.4 kg) was added to reach pH 3 or |ess.
Thé petasistforcthe ippapapationi giat @ngebuntef poodwiat:. The
product was filtered, washed %th wat er and vacuum
dried at 600C overnight to gi
(-) 3-(3-brono-4-hydr oxy- i
(2H) -yl) - N, 4-di et hyl b '9) (1 .56 kg, 4.44
nol es, 97% purity). = X4
3-(3-brono-4- hydr oxy- 6 | -X2- oxopyridin-1(2H) -yl )-N
, 4- di met hyl benzani de” (9N (R kg, 2.85 nol es),
pot assi um car bonat e (A 43 kg, R,;%. 1 1 noles),
~1-met hyl - 2-pyrrolidino .ONL) and
2,4-di fl uorobenzyl brom¥ 0. 7 kg, 3.42 noles) were
m xed toget her and heated ap 300C for 2 hours. The
reaction mxture was dillted with water (12.5 L) over
| f ,to 60 mnutes and then stirred for 30
> @g&%@in&qﬁgé’@)g The product was filtered and washed
ajMcohtaetitgea compound of formula V:
(-)-3-(4-(2,4-difl uorobenéqy oxy) - 3- br ono- 6- et hyl - 2- ox
opyridin-1 (2H)-yl)- N,;-ﬁI t hyl benzamde (1) ( 1 .36

hykX2- oxopyri di n- 1

kg, 95% purity, greater than 99% ee) wasobtained. The
product was then purifigthn"R?

(-)-3-(4-(2,4-difl uorobdnzyl oxy) - 3- br ono-
O
0
Vv

with a halogenating reagent in the presence of at least one solvent to produce a
compound of Formula IV:

OH
1
g
@] N R2
RS\QY
O\
R1
o
v

b) contacting a compound of Formula [V with an hydrolase in the presence of a

b

buffer solution to produce a compound of Formula X:
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6- met hyl - 2- oxopyri di n-1(2H) -yl ) - N, 4-di et hyl benzam de
(1) (4.0 kg, 8.4 noles) and nethanol (13 L) were m xed

wo ogsiero and brought to 600C and stirred for BRCTR2007/003993

The product was filtered and washed with ambi ent
tenperature nethanol (3.0 L) to give

(-)-3-(4-(2, 4-difluorobenzyl oxy) - 3- br ono- 6- net hyl - 2- ox
opyridin- 1(2H)-yl)-N, 4-di met hyl benzam de (1) (2.9 kg,
6.1 noles, 98.4%purity). Fpe above detail ed
description of enbodi meptslis intended only to
acquai nt others skilledcgﬁ%gﬁe art with the invention,
its principles, and its actikcal application so that
others skilled in the ag y adapt and apply the
invention in its numerous as they may be best
suited to the requirenent articular use. This

i nvention, therefore, is not bimted to the above
enbodi nents, and may be varj ously nodified. What is
claimed is: 1. A process f t he jpreparation of a

f E : i Si .he. st :
SRR oM OB A8ch g8 v prosenc
bahtdgasi ane sglvesbayenthen sontaeting e eesubting madure et arp@rine to

I t t ) d of F lalV: iv ; b
ﬁ&#g%'@iqqgwoﬁﬁﬁgﬁgaﬁaﬁ% 'ggprmloa |$/rvr;ytﬁ an hly\ér ol a)se

in the presence of a bufPdr solution to produce a

conpound of Fornula X! contacting a conmpound of
Formula X with a activatinp reagent in the presence of
at | east one solvent efidn contacting the resulting
m xture with an am negd o )

R

N

\RS

0
IX :and

d) contacting a compound of Formula IX with a substituted benzylhalide in
the presence of a base and at least one solvent to produce a compound of
Formula I;

wherein

X' X2, X3, X4 X5 and X® are independently H, halo, or a C4-Cg alkyl;

R'is a C;-Ce alkyl or aryl;

R?is H, halo, or a C;-Cg alkyi;

R% is halo, or a C4-Cg alkyl; and

R*is H or a C4-Cs alkyl;

R®is H, a C1-Cs alkyl or aryl; or

R*, R®, and the nitrogen to which they are attached form a morpholinyl,

thiomorpholinyl, piperidinyl, pyrrolidinyl, or piperazinyl ring which is

optionally substituted with 1 or 2 groups that are independently C4-Cy
alkyl, C4-C4 alkoxy, hydroxy, hydroxy C4-C4 alkyl, C4-C4 dihydroxyalkyl, or

“halogen.

2. A process of Claim 1 wherein the preparation of a compound of Formula V:
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produce a conpound of Formula I X ix ; and d)
contacting a conpound of Fornmula I X with a substituted

whewsphtead i de in the presence of a base and at PCEEEN07/003993

one solvent to produce a conpound of Fornula I
wherein X1' X2, X3, X4, X5 and X6 are independently Hl
halo, or a & C6 alkyl; RLis a Cl-C6 al kyl or aryl;
R2 is H halo, or a O C6 alkyl; R3is halo, or a
Cl-C6 alkyl; and R4 is HopHa C1-C6 alkyl; R5 is H a
C1-C6 al kyl or aryl; or E%i}FS, and the nitrogen to
whi ch they are attached g norpholinyl,

t hi onor phol i nyl , piperiéﬁ | A pyrrolidinyl, or

pi perazinyl ring which ig®optionally substituted with
1 or 2 groups that are inde dant |y C1-C4 al kyl,
Cl-&A4 al koxy, hydroxy, hydro Cl-&A4 al kyl, Ci1-C4

di hydr oxyal kyl, or hal ogenY 2. A process of Claiml

EP B Pe LB R LA L BREIRE of Formia M- w
Wi th a conpound of fornmula Q4l: WVII

|
0”~0" "R2

= —_— -

Vi

with a compound of formula VII:

‘ s NH,

o,
)

Vi :
in the presence of at least one solvent and a base
wherein

R'is a Cy-Cgalkyl or aryl;

R?is H, halo, or a C-Cs alkyl; and

R% is halo, or a C4-Cg alkyl.

3. A process of Claim 1 wherein the preparation of a compound of Formula V:
OH

comprising contacting a compound of formula Vil:
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in the presence of at |east one solvent and a base
wherein RLis a G C6 alkyl or aryl; R2 is H, halo, or

w@2@sC7Aarkyl ; and R3 is halo, or a Cl-C6 al kyl PCBIB2807/003993
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process of Claim 1l wherein the preparation of a
conpound of Formula V: conprising contacting a
conpound of formula VII:wth a conpound of fornula

VIIl: VIIl in the presence of at |east one solvent and
an acid wherein RL is a G -C BHal kyl or aryl; R2 is H,
hal o, or a CrCe al kyl; and i f°hal o, or a Cr C6

al kyl. 4. The process Oer 1 wherein the conpound

of Formula | is
(-)-3-(4-(2, 4-difl uoroben2y) oy ) - 3- br ono- 6- et hyl - 2- ox
opyridin-1(2H)-yl)-N, 4- di net E/{I benzam de or a

PRigt BReRBbLARb] ¥rrR@aemi.abl e salt thereof. 5. The
process of Claim4 wherein
) - 3- br ono- 6-

(-)-3-(4-(2,4-di fl uorobe¥yz
met hyl - 2- oxopyridin-1 ( =\, 4- di et hyl benzam de
of 80% 6. The

IS present in enantioneric
process of Claim 1 wherein the hal ogenati ng reagent,
in step a, is phenyl triethglannoniun1tribronide,

1, 3- di br omo- 5, 5- di net hyl hyd%i# oi n: Nor omosucci ni ni de,

in the presence of at least one solvent and an acid

wherein
R'is a C4-Csalkyl or aryl;
RZis H, halo, or a C4-Cs alkyl; and
R® is halo, or a C4-Cs alkyl.

4. The process of Claim 1 wherein the compound of Formula | is
(-)-3-(4-(2,4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-N,4-
dimethylbenzamide or a pharmaceutically acceptable salt thereof.

5. The process of Claim 4 wherein (-)-3-(4-(2,4-difluorobenzyloxy)-3-bromo-6-
methyl-2-oxopyridin-1(2H)-yl)-N,4-dimethylbenzamide is present in enantiomeric
excess of 80%.

6. The process of Claim 1 wherein the halogenating reagent, in step a, is
phenyl triethylammonium tribromide, 1,3-dibromo-5,5-dimethylhydantoin, N-
bromosuccinimide, pyridinium bromide, perbromide, bromine,
dibromotriphenylphosphorane, bromine chioride, N-bromohydantoin, N-
bromocaprolactam, N-chlorosuccinimide, sodium hypochlorite, chlorine, sulfuryl
chloride, cupric bromide, phosphorus pentachloride, or t-butyl hypochlorite.
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pyri di ni um brom de, perbrom de, brom ne,
di br onot ri phenyl phosphorane, brom ne chl ori de,

N- chl or osucci ni m de, sodi um hypochl orite, chlorine,
sul furyl chloride, cupric brom de, phosphorus
pentachl oride, or t-butyl hypochlorite.7. The process
of Claiml wherein the solvent, in step a, is

cetonitrile cetic aci or, an acetic acid . . .
Zoh8Pidcge & BT o uiEindue RodM, Bisioe & B Reptonigg acetc
atia obrainsacetic adid@vain@a colxeivehbarhsasobater, adwerlalkyl
wherein the hydrolase, in step b, is a |ipase or
Bleedak digxangne process of Claim1 wherein the buffer
solution, in step b, is a dibasic potassium phosphate
buf fer solutign or an inorganic bicarbonate buffer
8olThe peacesy of Claire 1prhsraiadhehydplase, in sifidh.df A lipage or
Bfchdasat i ng reagent, in stepc, is 1, 1°'-
car bonyl di i m dazol e, thionyl chloride, oxalyl
chl ori de, phosphorus oxychl ori de, phosphorus

é.fTrfé“;F@Féééeof RRRASPRAEHN %%Pk&g{i@rﬁ'in B ks a dibasic
triethylammonium tribrom de, pyridinium brom de,
petabsignintesphinte iy, sotition @men inqua@mig bisadwmads bufer solution.
brom ne chl ori de, N bronohydantoin or

Nor onocaprol actam 11. The process of Claim1l wherein
10eTB®proeass of Glast &pvherein shedactivatigg femgeaiirdsiep ¢, is 1,1'-

CU PO RS2 bRy ARYE o R SR ndBE Bonigriger,
ghodpborisnri¢tHeidenphesphiorusspeapach/oride, piNe/REieithdaramoniamh

is H.and C1-.C6 kyl.. 13, Th f d ai
bR i Bt R B s Fom e, T step d st
dibromotriphenylphosphorane, bromine chloride, N-bromohydantoin or N-

bromocaprolactam.

11. The process of Claim 1 wherein the solvent, in step ¢, is
dimethylformamide, dichloroethane, tetrahydrofuran, dioxane, methyl tert-butyl

ether, or toluene.

12. The process of Claim 1 wherein the amine, in step ¢, is HNR*R® wherein R*
is H and R®is a C4-Cg alkyl.

13. The process of Claim 1 wherein the substituted benzylhalide, in step d, is:
x2

X3
halo

X8 NG
X5
wherein

halo is chloride, bromide or iodide; and
X" %2, X3, X4, X5 and X® are independently H, halo, or a C4-Cg alkyl.
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wherein halo is chloride, brom de or iodide; and
X1- X2, X3, X4, X5 and X6 are independently H, halo, or

w@2@8/0097al kyl . 14. The process of O ai m 1l wherrCTIE2067/003993

solvent, in step d, is N, Ndinethylformm de,

N, N- di net hyl acet am de, N-nethyl pyrrolidinone, 1, 3-

di met hyl i m dazol i di none, or

1, 3-dinmethyl-3,4,5,6-tetrahydro-2(1 H)-pyrimdinone.

15 The process of Caim1 wherein the base in step
ot assi carbonat e, potassiumt - i de,

3801 Bf'n%chéﬁ? BhHlata, EHGTELHGT Solvd, in step d. 1s RN

dinﬂmﬁ HﬂnméerN-@irﬂ@thylgbethMedNl—rﬁ@fhglbmfblﬂisﬁb’r{eamsﬁe

rocess of olvent is

16

ai"ﬁ%hsé'f% JgRene. & lleneetyf-giehriedrihero-2ginsayaimidinone.

glycol, or trifluoroethanol. 17. The process of Caim
2 wherein the base is potassium carbonate, potassium

fl5 plheoxperss of Sdaitnd wheribihediase, in step d, is potassnum carbonate,

%%Qbh&%’i@&ﬁ’é %E@ijﬁgoné}% et%i?‘%'amé‘ fuﬂ%hglam|réopynd|ne

di met hyl am nopyri di ne cess o
ahdMNedissoprapydtw@minei s di oxane, tetrahydr of uran,
nmet hyl tert-butyl ether, diethyl ether, acetic acid or
| ower al kyl carboxylic acid, di chl or onet hane, or
i6.nieehybéensrmd Glale. 1 dBerelhihemobessis difhld@bbénmeBenwkderedsn

/ g s process for the
%‘Eg%rg)r?gﬁeé’ne@flg%g @gﬁ%o%ﬁf; &1" % ?rﬁﬂ\l a | having the
foIIovvi ng structure: conpr|3| ng the steps: a)

oI {@% gcgesssroﬁgl%mgﬂga\?r{gmft e base is poqassmnq oan)onate

ﬂotassimtbmmlmu}xﬁjésddlﬂmtHﬂ@!érb@ﬂﬁhw,tr@,ll\ndllsnptdﬁﬁlemfmheﬁ of

%%Flé or glme?hylammopyndme

18. The process of Claim 3 wherein the solvent is dioxane, tetrahydrofuran,
methyl tert-butyl ether, diethyl ether, acetic acid or lower alkyl carboxylic acid,
dichloromethane, or dimethylformamide.

19. The process of Claim 3 wherein the acid is a sulfonic acid.

20. A process for the preparation of a compound of Formula | having the

following structure:

F

oﬁ
Brfj\ F
O=>N |

comprising the steps:
a) contacting a compound of formula V having the following structure:
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produce a conpound of Fornmula IV having the foll ow ng

structure: b) contacting a conpound of Fornmula IV with
w@awslor2039 sp. protease in the presence of a poPEEEB200M/003993

phosphat e buffer solution to produce a conpound of

Formul a X having the follow ng structure: c)

contacting a conpound of Formula X with 1,1

'-carbonyl diimdazole in the presence of

di mret hyl for mam de and thendyhe resulting mxture is

contacted with NH2CH3 in;i&ézhydrofuran to produce a

conpound of Formula | X haying the foll ow ng structure:

d) contacting a conpound®© rmula I X with a conpound

having the follow ng str e:in the presence of
pot assi um car bonat e and hy pyrrol i di none.
0

with 1,3-dibromo-5,5-dimethylhydantoin in the presence of acetonitrile to
produce a compound of Formula IV having the following structure:

OH
|
O° N
\C\’(O\
(9]

H

5 b) contacting a compound of Formula IV with Bacillus sp. protease in the
presence of a potassium phosphate buffer solution to produce a compound of
Formula X having the following structure:

Br

Q
434,
-/ I
O

OH
¢) contacting a compound of Formula X with 1,1’-carbonyldiimidazole in the

10 presence of dimethylformamide and then the resulting mixture is contacted with
NHoCHjs in tetrahydrofuran to produce a compound of Formula IX having the

following structure:

OH
B~
l
O N
NH._
o - and

d) contacting a compound of Formula IX with a compound having the following

15 structure:
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F
r—% >—-'F
Br

in the presence of potassium carbonate and N-methylpyrrolidinone.
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