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SUMMARY
The first embodiment of the present invention is an improved process for

15 the preparation of a compound of Formula |

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

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

compound of Formula IV:



OHx ONRL RBORL 01V b) contacting a conmpound

of Formula IV with a substituted benzylhalide in the
w@e@sermoe of at | east one sol vent and a base tRCPIRMAUE®3993

a compound of Forrmula [I11: x2 x3 x x5 x4 5 ON Rz X5

R3/ V1 QR1 O 511l c) contacting a conpound of

Formula Il with a base in the presence of at |east

one solvent to produce a conpound of Fornmula Il: x2 X3

I\ O x1 5x4 x5 ONR2 \'CH 0 Il . d)

contacting a conpound ofs; Fornula Il with a activating

reagent in the presence 10)of at |east one sol vent

and then contacting theoére uRting mixture with an
amne to produce a conp of Formula I;

o.

o}

WY .
b) contacting a compound of Formula IV with a substituted benzylhalide in the
presence of at least one solvent and a base to produce a compound of Formula

5 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
10 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;
15 R?is H, halo, or a C-Cq 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



wherein X1' X2, X3, X4, X5 and X6 are independently

H, halo, or a C1-C6 alkyl; Rl is a Cl-C6 al kyl or
w@eooBH0720% R2 is H, halo, or a Cl-C6 al kyl; R3PCHIBAO103993

or a C1-C6 alkyl; and R4 is Hor a C1-C6 alkyl; R5is

H, a Cl-C6 al kyl or aryl; or 3 WD 2008/ 072079

PCT/ 1 B2007/ 003993 R4, R5, and the nitrogen to which

they are attached forma norpholinyl, thionorpholinyl,

i peridi nyl rrolidin eraz rin
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10 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:

15 :
¢) 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:



buffer solution to produce a conpound of Fornmula X CH
Xii ONR R36 ,M OH O 15 X c¢) contacting a
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presence of at |east one solvent and then contacting
the resulting mxture with an amne to produce a
conpound of Formula I X: 4 WO 2008/ 072079
PCT/1B2007/003993 OH X1 O NR2 R3\I M ,R5 0 IX;
and d) contacting a conp%%nd of Formula I X with a
substituted benzyl hal jdejin the presence of a base

and at | east one sol v)é produce a conpound of
Formula I; 5 wherein X , X3, X4, X5 and X6 are

i ndependently H, hal 0P of afl-C6 alkyl; Rl is a

Cl-C6 al kyl or aryl; H _halo, or a Cl-C6 al kyl;

R3 is halo, or a Cl1-C6 l; ﬁand 10 R4 is Hor a
Cl-C6 alkyl; RS is H a akyl or- aryl; or R4,

R5, and the nitrogen to whi ch they are attached forma
nmor phol i nyl,  thi onor phalxi nyl , %WEI di nyl ,
pyrrolidinyl, or piperazinyl ring ichis optionally
subst i} mm@btmt;tdnompnunz of Foupga t R atthar subiski brigythalide in

lo G5 Pht ks CHsSH |HONY s U@ o NS €
Formula [;
wherein

xbx2 X2, x* X and X® are independently H, halo, or a C4-Cs alkyl;

R'is a Cy-Csalkyl or ary};

R2is 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



The third enbodi mrent of the present invention is an

i nproved process for the preparation of a conpound of
wao-e00sr274 having the follow ng structure: F ECBIB2B07/(M3993

H NI 20 0 conprising the steps: a) contacting a

conpound of Fornmula V having the follow ng structure:

5 WD 2008/ 072079 PCT/1B2007/003993 OH N O wth

1, 3-di brono-5, 5-di net hyl hydantoin in the presence of

acetonitrile to produce a conpound of Formula IV

having the follow ng strucbdre: OH Br OO0 5 b)

contacting a conpound- of mula IV with Bacillus sp.

protease in the presenc ofl_a di basi c pot assi um

phosphat e buffer sol uti sh to produce a conpound of

Formul a X having the fol ng structure: OH Br O CH

O c) contacting a conpoun Parmula X with

1,1 -carbonyldiimdazole in tge 10 presence of

di met hyl f ormam de and then the resulting m xture is
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5 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
10 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

15 structure:



Br ONHS O ; and d) contacting a conmpound of Fornmula
I X with a conpound having the follow ng 15 structure:
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presence of potassium carbonate and

N- et hyl pyrrolidinone. The fourth enbodi mrent of the
present invention provides novel internediates
selected from5 net hyl

3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyridi n-1(2H)-yl)-4
- met hyl benzoate; (+)-neth
3-(3-brono-4- hydr oxy- 6- met soxopyridin-1(2H) -yl)-4

- met hyl benzoat e;
3-b 4- d th i di n-
(nzt pg;qgg%gngp gt pat ggq(;@(rﬁé‘@ gexargﬁg\lgéeotﬁ%a/r%l%inlone

3- ( 3-PROfRnft eh’)ﬁ%ﬁ%ﬂ B fﬁét;iméent invention provides novel
- 2-oxopyridin-1(2H) -yl ) - 4-met hyl benzoic aci d;

{ntgrmdisteppIeRedirAfdr oxy- 6- met hyl - 2- oxopyri di n-1(2H) -y
l)-4- azr@}’é?@%%c@ h%#oq% eaf'ﬂéth%/ﬁ%xé;pylrd(rﬁ 1—1 Ju0-4:

Him e-1-carbonyl) met hyl pheny 4- hydr
oejhydenzeateyl pyri din-2(1 H)-one, or a phar rraceutl cally

accen, bl anialis i §7be0hroRETAER BESEM ETH b2 The

conpo salts of t |s i nvention c pa ed
ﬁ"recblmlbmtzeaieal s generally available in the art. The

term ) |0

nyr oot B T e e P BRI e

dimeethyloénmesde f or exan‘pl e, rret hyl, ethyl, n- propyl,

208" 90 bR D45 Mo RSB Ry ob AR - R e

abid; term "ar yI " means an aromati c hydrocarbon ring

syste al ni n Ieas e_aronpt i [ T .

o oS PR By Shar 1y PR Pog -0 Rl medg benzoi

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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attached to other aromatic hydrocarbon rings or

non-aromati c hydrocarbon rings. Exanples of aryl
w@emapnorncl ude, for exanple, phenyl, napht hyl PCUIB20®7/003993

30 tetrahydronapht hyl, indanyl, and bi phenyl. The term

"Goup A netal"” is also known as an al kali netal and

i ncludes, for exanple, lithium sodium and potassium
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wee PR Ganering Pl oe BRLgoTh: SRRt BN, “Conet ant
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is gram ngis mlligrans. nmole is mllinoles. 20
Zjig ﬁQ?h‘?"Hters pL is microliters. Mis nolar.
pq-j_Pismérgz hi gh performance liquid chr orrat ogr aphy.

i s N Ndinethylacetam de. 25 "DVAP" is
kﬂislﬁthWP%FFPH%tﬁWl dine. "DMF" is dimethylformanide.

m}Q_l\(b mds% té.cﬁa,gbmatdwyl i mi dazol i di none. "DWPU' is
1

|rretc\l/ 5,6-tetrahydro-2(1 H)-pyrim di none.
Clsdegrees els;us

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-methyl-2-pyrrolidinone.
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wao eqoBOOrY|l ether. "NWP' is 1 -nethyl-2-pyrrol PCI/IB0&7/003993
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8 WD 2008/ 072079 PCT/1B2007/003993 "TEA" is
triethylamne. "TFA" is trifluoroacetic acid. "THF"
is tetrahydrofuran. 5 GENERI C SYNTHESI S Thi s
invention, in part, is directed to processes for the

aration of a conpound of Formula I: x2 \ x3 x1
aTERSS eBylaming rs Ro / R4\ | N, R5 O wherein Xi'

XQFA’xg,tr.fmrogégt,@g@th6 are independently H, halo or a

is 10 H halo or a C1-C6 alkyl; R3is
-QT”(_)" l§,tetgah2g[c@gag| kyl: and R4 is Hor a Cl-06 al kyl :
R5 is H a Cl-C6 al kyI or aryl; or R4, R5, and the

nitrogen to which they are attached forma
@ﬂf}'ﬁrﬁgﬁfﬁmﬂﬁ@imr phol i nyl , pi peridinyl,

rro I VAN
P! OFhSIhioT pRRREGREEN L bl S B B
campaued @iformaia IC4  al koxy hydr oxy, hydroxy Cl 4
al kyl, Cl1-C4 15 di hydroxyal kyl,, or hal ogen. A conpound
of Fornula | can be made by eifher the follow ng
described racemc route §R ¥ or chiral route
(Route 2). The conpoungs d eg in the invention
may exi st as atropisone . Xchiral rotational
i soners. The inventi or"engo asses the racemic and the
20 resol ved atropi somges. In some embodi ments one

atropi soner is preferred er R*
N.

0

RS
! ;
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
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the other. In the racemc route a preferred
atropi soner can be separated by chiral colum

w@ boosiexoegr aphy. In the chiral route the need POT/1B2007/003993

chiral colum chromatography has been elim nated by
utilizing a selective enzymatic hydrol ysis approach.
25 I n one enbodi nent, the present invention provides a
process for the preparation of a racem c conpound of
formula |. Route 1 is generally presented in Schene
1. 9 WD 2008/ 072079 PCT/ | BF&O7) 003993 Scheme 1 x2 OH
OX3 OH XL X1 x6 x4 5 2 halogenating reagent 0 N R2 ¥

substituted benzyl halidip N*\R2Z X R R R/ R3 sojvent X3
0. sol vent O Omxmsem vpIVvIl px 2% i
X377 X3 activating p 1 gea nt e
B2 Xhagbnatnarea®n SRt " oo s
amne T N5 I Ov_vﬁereln 2,
4, X5 afeX6 are i nde entlﬁ?'"?'l‘t hal o or
aIkI ‘%87 s a C1-C6 al kylo or aryls basR2 is H, halocpr
a G1-& alkyl; R3 is hald or a Cl-C6 alkyl: and'R4 is
H or a Cl-C6 aIkyI; R5 is H a Cl-C6 al kyl or aryl; or
R4, R5, and the 5 nitrogen to which they are atta@hed
forma norpholinyl, thigmogphol cmé! pi per i X3
pyrrolidinyl, or piger yl rlrggémlch IXS ptl Ly
substituted wit hx%b:r[@ x“ 7 \E X
base | X5 solvent 0= N R2
03 N R2 RG R4
solvent R o amine N‘Rf’
1 O
[ .
wherein X" X2, X8, X* X® and X® are independently H, halo or a C4-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

=z
NH ol
OH R3 2 solvent o N| R?
= | + Re
R2 Q,F‘1 base
0”0 o
0
\%

solvent.

]
Vi Vil

10



2 groups that are independently Cl1-C4 al kyl, Cl1-C4
al koxy, hydroxy, hydroxy Cl- C4 alkyl, ClL-C4

walrdvgarozyal kyl , or hal ogen. 10 Preparati on of P@I/1B2007/003993
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Compound of Formula V -Method 1 In one enbodi nent, the
present invention provides a process for the
preparation of a conpound of fornmula V conprising
contacting a conmpound of fornmula VI with a conmpound
of formula VIl in the presence of at |east one
0kremB i<HC i ali R3arglo R s, tralo or 21;-Ca alkyk and 3° is helo

B R%@‘{ng Il?3 O OR1L 15 VI VII VO 10 WO 2008/ 072079
cF M k003993 wherein RL is a Cl-C6 al kyl or

aryl ; Ty¥cdlly ahtonimiuadof famClk-\06s abhtgtted aviith eRSorhouTal af

r a -C6 al kyl. Typically a c oun ormul a Vi
Rl a rigssos SLefnebad sReRCHEs Bost 1 e

pr esefgepicedd isltRAGd!ly QAR a4 t@nskratubaiem dboling0°C to
process Is typically carried out at a tenperature from

aboultt3080C froonapdbedizBotinetamep@tWAtbHPMehOU Az"C to about

YR P At kR A e R i et o gt

tooakout 100C. The process is typically carried out
for a_tinme perjod from about

_ h t 0 0
hour sThe RIaSRES isrydeReRTedRut ?C?fr?gflijrﬁé PeERe flfeﬂl?ﬁ%?&lﬁ é&%[s to
2pBABFENdRs, RRSHE erftBodiPERSihe hifeaRaloles frembasiuie Moutshie

time period is fromabout 15 hours to about 25 hours.
Theulst) hais. Insanpthasiegioosigneniihe Bne pergd bolrap 9?8%135159“3
ECFQ lies ,.g)furysef ul  polar solvents include ethyl ene
glycol and trifluoroethanol. Exanples of useful 15
nonpolfbe selgenidha olaneplyeret Q!iedTﬂr@gEbéﬁ'X@'h"e,E’S@”W%@f UasdH!

SPRREARS s 0y e Ot g Sl
Y

gbypdhr savents intlude disbidialpasizene. rxyanes 186g cifissul eibat (1 Aee
SRR S SRAORREL GO, Bl e
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

11



In one enbodi nent the base is an inorganic base or
organi c base. In one 20 enbodinent the base is a

w@ a0080mAare, bi carbonate or al koxi de of a G oupPCHIB2007/003993
I1A netal, for exanple, potassium carbonate, potassium
t - but oxi de, or sodium bicarbonate. In one enbodi nment
the base is, for exanple,a hindered tertiary am ne
such as N, N-dii sopropyl et hyl am ne, triethylam ne (TEA
or di met hyl am nopyridine (DVAP). In one enbodi nent the
base is potassium 25 carbonate. PreparatiorQf a

Conmpound of Fornmula V- Method 2 In one enb nt, the
present inyg)tion proviHd®s a process for
preparatioghghd®a c ®f fosameha V ccH];pr sﬁwg

cont actd ng corpound /fe a
conporindrof formula VA1 11 WO 2608/ 07207 0.1

PCT/ 1 B20®7/ 003993 OH 0O OHONH Oh z z R3 X11°
solvent ~ ¥R3 N R R'\OIIOO~ acid ORL VIl WIIl VO

wherein R is a Cl-C6

whereinds' igladyi "Co el R8Ny sR Haﬂ‘b ha@rgf 2 %IR%QQR%(FEQB #% Réto
IYPECR, vk corrpound of formula VII is contacted with
a conpouna/ 5 fornula VII1 in the presence of at

| eastTy@n:@llxsalcwn@ursdw@lf farmelaivél. is Thtapied vdisa pempound of

f%)yrﬂblﬁ%h}'n f@% df é&%c@l& afAba& dnBBReAt AhEak he about 0C

I n"one enbodi nent the tenperature is
f r omTaiemch@G i$ typgathucarriedo@ atlantemperdiere fecpm@@pm:ﬁﬂc to

t t 15C t
i pEB el e SRRy RS netd gt & A7 Hhovi HE 15Roy
1‘ Gd?'m 3R aHbthEr Bhbb@Hent e taRpeitat ke ihpomsabolin1Htto about
nbodi nent the tine period is fromabout 0.5 hour to

@lﬁ’@ut 7 hours. In another enbodiment the tine period

Is from &B?é%ts %t;@%‘éﬁy EQFI’IQ@BB%I‘ZU esrroﬂ-slm?n %Bbl‘lﬁﬂ) héur

a polar 'so pol ar "sol vent exa
tofabolis1 pbbuars. ﬂsmbm@ambodln“@lnuti@ tioe petochisifiom Rloowsi0.& Rh}ﬂ to

@9522%9 16 Bt (g%@od%éﬁ?{ﬁéytkrﬁé’ﬁ@ﬂécg@ g‘?ronlrjﬁﬁg&H hour to

r solven s int i oxane
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.

12
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25

tetrahydrofuran, nethyl test-butyl ether, diethyl
et her, toluene and dichloronethane. I n one enbodi nent

wo b@ssrdovent i s di oxane, tetrahydrofuran, mnetpkgl/1B2007/003993

tert-butyl ether, diethyl ether, acetic acid or |ower
al kyl carboxylic acid, 20 dichl oronethane, or

di met hyl formam de. I n one enbodi nent the solvent is
di oxane, tetrahydrofuran, acetic acid or

di chl oronet hane. I n one enbodi nent the solvent is

di oxane. In one enbodi nent the acid is an organic

A%‘&HPOJFM S Rela \ﬁgg’é)&t[%[ét the organic acid is a
ed | ower al kyl carboxylic

aci d,A procass @B psapafiofa coapodnd atferndlaplll sbmerieisaicoatacing

r

BelorumRacTE T IR e G oFecdne e B35 BRG3F(GRRbnd tivent
2008/ 072079 PCT/ I 82007/ 003993 A Conpound Bor mul a
VIl Syn % cgss for peéparing a Mof
formul a COfrprl g contacting— Mel drunf syacyd
with di ket ne in the presence wfe a base and® abH|@ast
one solvend. O O solvent ZOO 0O O+ 00 base HO 0 5
Mel dr umesdramischoiti ketdéeeznd |1 The fol |l owi ng Milbcedure
is simlar to the one reported in the literature at
Kang, The; follgwing procpdyne is pmilesto thg.one K@pﬁrte\ﬂ,m%{ltﬁ@tw@ at

@gg@nkww Pk (%9@9%) C.; y%fb . S)%%TIQComuMEm%Q@
ca

carri'ed out at a tenperature from about OC
1443), B65¢hout 100C. In one enbodi nent the tenperature

fr. ' '
the (QRIIparinS TP aabd oo staerRabitoR FBRN! ¢Rslo
MR 866°C.SintoHel erabddimeatrthée e@nmmtufr@rs feort iabeutE O todibout
from about 0.01 hour to about

&6 dn meRiher REDRRiReNS ke tsawiegatw@dﬁ{fawoaj%%% Cﬂtﬂf?b%

bout 10 hours. In another enbodiment the tine
period is fromabout 1 hour to about 5 hours. In one
enbodihesprocedsds hainally sardad oubtaniadingy perieshfepmiegopse1 hour

I

BERPAEE 1o 5n T B0 b bBEP AT R ERSPErAT } (AR EBRLEs hér o
giuas §ihoonsc dn lrontieeempodiassit the trrdperdod »déronaablolgdd’mmto
2%&&% arbonat e. Exanpl es of useful organic bases

8 EYT i et hyl am ne (TEA),

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.

13



di met hyl am nopyri di ne (DVAP), and
N, N- di i sopropyl ethylam ne. In one enbodinent the base

WO 20090t23%i um car bonate, TEA or DVAP. |n anot hP€T/1B2007/003993
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enbodi nent the base is TEA. 25 Step 1 - Hal ogenation
In one enbodi nent, the present invention provides a
process for preparing a conpound of fornula IV :
conprising contacting a conpound of fornula Vwith a
hal ogenati ng reagent. 13 WO 2008/ 072079

PCT/ 1 B2007/@38993 OH OH X O NI R2 h@ Genat i ng
reagent C RR3 sol vent- O Rl ORl oOlv
wher ei n ' a C1- C6 vl ; > hal o or
a Cl-Co k)N Rand %hﬁmpt a Cl @6 al Kyl .

Typi cal | mpound of fagpala Vis con ed with a
hal ogenat i G.gagent in the presence O Qmast
one solvent. Tlye process is typically carri ed out at a
tenperature\from about -40C to about 508 In one

d t_t t t
SreIn I G 81icee ONEaE MR 4 Pt B paraticr 8RS Bl o
dpaLg;- céét@nzyu? about 10C. 10 TPe pr ogess i's t%pl cal ly
rr out for a ti eriod.fro our
Dot TIRCHb SO AT e RS0 Pt P Rng
fre QBraPwe pleém'a@@faﬁl@ast@h@%blv@nhourS In one

enbodi nent the tinme period is fromabout 1 hour to
about Thg PFHsgss is tywc@@éaérvﬁﬁowtr% AtteMREradye Jion ab@ﬂa40°0 to
60552 b BB YRR Rl oy 1570 o abou
QOPC ailmamgher aobciieertthe sensberatire veaft@an about -00&C tabibout
alc hols. I n one enbodi ment the solvent is, for

le, acetonitrile, acetic acid, or an acetic acid

c ont a’THé BebRsE %‘t?ﬂl:éﬂ%arﬁéép&taér ABh8Moerigd fﬂoﬁi/\@éo@bl@’rhour
al cohol s. I n one enbodi nent the solvent is an acet

42 PEPWIEKCEOUTS ol ANERMbIcHMaRdh A i echsiodiiFrisAm aqaut 1 5 hour to
SEbUEHholis. 3¢6hOBIbbAIRNt 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



20 The hal ogenati ng reagent can be neat or a solution.

I n one enbodi nent the hal ogenating reagent is a
whe@sionare ng or a chlorinating reagent. | n onePCT/IB2007/003993

enbodi ment the bromi nating or chlorinating reagent is,

for exanple, phenyl triethylamoniumtribrom de,

1, 3-di brono- 5, 5-di net hyl hydantoi n, N br ormsucci ni m de,

pyridi ni um brom de per br om de, br om ne,

gL preny phesbheans, b onie el oL s

AhsdHiREASHE Cb'ré]’hﬂbﬁ'r@g re%@@htUﬁbl‘dhﬂﬁ@ hligrhb®er eibodiment the
sul furyl chloride, phosphor us

b
S ORAITD 674 GRY S SIS, 510 TR BIIBI, - one

emoq*hm‘iogte'?\@tl@{ ﬁ’n%@tdoﬁﬂu&éd phhebiarihcagf seaa@ntn bee
1, 3-di bromo- 5 2008/ 072079 PCT/ | B2007/ 003993

5 @I’nh@d%?ﬂht%&@tddﬁ AN oKgasTic AlenolgaBisiag. drramRIeeObyseful acids
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38
wn

|ﬁ9lh85 'té?n%ﬂubﬁb@ﬁ@&&]@ rh)%%’&glln%&% e éﬂﬁﬁ)‘ﬂ’b 'é%fd’ Rgdrofluoric

I'n anot her
amd;muﬁamq angd aeagbmphoglc acid. In one embodiment the acud is

5- di met hyl hydant oi n. The hal ogenati on
%ﬁgﬂtgdr&(g:%nﬁc? ‘ed in the presence of an acid. In one 5

enbodlnent the acid is an organic or inorganic acid.
Exanpl es of useful acids include tetrafluoroboric
acid, hydrobrom c acid, hydrochloric acid,
SedrooBenaylatton aci d, sul furic acid and phosphoric acid.

Inoeenb nent .t acid,is trafl i d
10 StEgna et P wPres b hEeufbifpHR: @ s s M, o
;bn’f@}éfMQ @ﬂompcumdi@fsoamma dic esrapfighng cqtegag mmmqund
of for sing _contacting a conmpound o
fPHPH‘él'gUW'%%%W%%%%W?ﬁ 48 benzyl halide. x2 OHO
X3 Xl ~ X6 4 0 N R2 substituted benzyl halxde X e

X R3 HR2 X b R 0, 1 solvent 0 R bas Q. R O
15 IV)1 erein X1' X2, X3, X4, X5 X6 @ ’
i ndep by H shtahtmembenayu fdis€6 al kyl s X
R 0 R?
RS
O‘R‘ solvent
0.
O base R’
0
v Il

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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15

a Cl-C6 alkyl or aryl;R2 is H, halo or a Cl-C6 al kyl;
and R3 is halo or a C1-C6 alkyl. Typically a conpound

wo@tooBor200d a |V is contacted with a substit ut edPCT/IB2007/003993

benzyl halide in the presence of at |east one sol vent
and a base. 20 The process is typically carried out at
a tenperature fromabout 0OC to about 2000C. In one
enbodi ment the tenperature is fromabout 15C to about
100C. I n another enbodinment the tenperature is from
about &d BERA&ARSdE &: typical ly
carriEgﬁgﬁ%qxgﬁﬁghsviggﬁgﬁﬁod fromabout 0.5 hour 25
to about 40 hours. In one enb¢
is fromabout 1 hour tg 10 hpurs. In another
enbodi ment the tine,ps ('S Nyerittabout 1 hour to
about 5 hours. 15 WD 2008/ O} g PCT/1B2007/ 003993 1In
one enbodi nent the substi S anzyl halide is: x2 \
hal 0 x3 xs / x4 x5 wheréein halo s chloride, bronide
or iodide; and X2, X3, X4, X5X&nd X6 are

RIS ket 3 en e Pl RS v

ih@épenan®) |, hae Zordi €-Coaibena ynbreatiodener? ii3e halo- substituted

SRR, bl 201 on e

%fl@ﬁrgbér{z\}%&ﬁﬁezy bt zobromide, 2,4-difluorobenzylchloride,
uorobenz I chloride. In enbo

A 3tailusrehenzylohled q)grr]%§1d¢fh,|o(59t?qg1gypglor|§e In ano erembodanent
thefaft-opld ﬂ{u%hewgfémo%é@sez aldm aResdesicnientiedimantndrhe

al o substituted benz

@puo@menumemwsbwsﬁﬁ wzykﬂaﬁhﬁﬁ Tord-WHssRheRbraRige.
S OLVqﬂtoné SriboBRh tl?é’éé?\‘}érﬁ iS8 'pMI%F‘bproh@ s8ent. eflaadi ment

ol'ar aprotic solvent is, for exanple
Nnbladimleet thy potar mardtigsolvenis) for munalﬁniétmvma%v(%“a@'de

W@t’c# NN’FH‘%“QX# élﬁ‘ﬁldgngi}zmw ﬁ'l'élMD yrr@al@none NMP), 1,3-

d'ﬁfﬂ'wl'"mmhdl@ona BN pet rBamm@trtyl 3 @d1a-H-tet@wira-ai ibne
émm,@ﬂqpn% gb'ﬂ‘gﬁ{t) E‘r méﬁ' mgﬁ%ﬁag%ﬂﬁ agﬁigetsbﬁent is N,N-

em’mﬂWlftmmﬁmwbe Irs ahatbat embocmmen‘éthB)EIOWﬂt ©IN-di none. In
nent the base is an organic or inorganic
Wﬁgﬁf "8 of
In one embod|ment the base is an organic or inorganic base. Examples of

useful inorganic bases include Group IA or lIA carbonates, bicarbonates or

timent the tine period

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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useful inorganic bases include Goup Aor IIA
car bonat es, bicarbonates or al koxi des, such as

WEoa0assiomm car bonat e, pot assi umt-but oxi de, anPCEHEIWUM03993

20 bi carbonate. Exanples of useful organic bases
include triethylamne (TEA), dinmethylam nopyridine
(DMAP), and N, N-di i sopropyl et hyl am ne. In one

enbodi ment the base is potassium carbonate, potassium
t - but oxi de or sodium bicarbonate. In another

enbodi ment the base is potassium carbonate. 25 Step 3-

Hydr ol ysi sl p_ore enbodi nent, the present inverkion
provi desoess for preparing a conpound_o X3
f or muklg A XSCoffpixf si ng contacting a conpou 0
formuld Il wth a base. 16 WO 2008/ 073Q79 x° x4

PCT/I%Z 703993 x2 x3 X2 X3 X1 6 X4 D\ x5xXX1 X6 |

| X4 FgANR2 X s R3 base 8N Rz O RL R3/'N'sBfvent \

OH 0 0| wher el XT™XZ,” X3, X4 R nd X6 are
i ndependent] y 'H, hal o orS¥*€1-C6 al kyl ; s or Cl-CB
al kyl or aryl; R2 is H, halo or a C1-C6 al kyb; and R3
is halo or iR Cl-C6 alkyl. 5 Typically a cgrrpound of

formula Il'I"is contacted with a base in th presence

Wierih 1ers txe oxre x8 ahy KAtkre iIRBEPAHARAEY B, halotoy BI CACK Hlkyl; R is
carried out at ﬁg tenperature from about, 10C to §b§ut
tdtl byt

a100Cs alkil @resyle maig ot e Tt g 15 Salor YA
% > to about 80C. In another embodi ment the
nperature is fromabout 40C to about 10 75C.  The
pr ocdypicaly & ppnpaundoidamylad irontasiecavith adage in ke
0 o about 40 hours. In one
%é%%‘(f?ﬁ%ﬁ 'etgﬁgor{éiéry%\/epr%ri od is fromabout 1 hour to 10
The process is typically carried out at a temperature from about 10°C to

about 100°C. In one embodiment the temperature is from about 20°C to about
80°C. In another embodiment 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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hours. In another enbodiment the tine period is from
about 1 hour to about 5 hours. 15 In one enbodi nment

w0 b@siozoe i s an i norgani c base. Useful exanpl eBCDiB2007/003993

i norgani ¢ bases include a group I A or II1A hydroxide
base or carbonate base such as potassium |ithium
cesi um and sodi um hydroxi de. In one enbodi nent the
base is potassium lithium cesiumor sodium
hydroxi de. In one enbodi ment the base is sodium
hydr dxiadethe28mbodioret thetxodipoent of feemsial Il eat besydrmyzed
| vent.. In another e | ent the ol vent - ri ses
S prarpeilly SRR AREEERTD bt B8 A% orE B e
the solvent is, for exanple, water with or wi thout a
mater n1§C|bIe organi c co-solvent such as |ower alkyl
rahydrofuran (THF), acetone,

acet QRight ishfbodlMhét, e lﬁiﬁéslé)ﬁl inQ& MM st6viass a process for
di met hyl sul f oxi de ( In one enbodinent the Zgof

RIgPgEHE a CompaLied Of fpwudﬁéﬂ@ftrse'apﬁ%ﬂ@ "R3GHNG | CPBHOUN
ARG PRRN 86 %ggr%gh&t@a%h%ﬁhg aRheland e ARG e Bekdiiting
PCT/ 1 B2007/ 003993 I'n anot her enbodi nent the conpound
wixturemiti & arAroRiEe BEMANIRISIPRRAMAIINGIORTBHR § FPRPoUNd
%%%ﬁ@ a®r a nucleophile in a non-aqueous condition.

Am dation 5 In one enbodi nent, the present
i nvention provides a process for preparing ax?borrpound
of formul ¥onprising reacting a c
forml agl | i ,appropriate actlvtl
t hen contlac Kngxgrf% r esciivetinglg  m xt
appropr@gg‘mﬂl mary or '§&8hdary ani ,\t, Rproﬁsuce a
conmpoung? formula |. somdnix2 X3 X33 Xl X6 | X5 X4
activat i 1 X6 5 X4~2teagent X om\']Rz R3
sol vent Ro "CGLyOH ~ N, R5 0 amne X I'R10

amine o)
Il

I

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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wherein X1' X2, X3, X4, X5 and X6 are independently H,
halo or a C1-C6 alkyl; R is H, halo or a Cl1-C6

W@bkdoglo720R8 i s halo or a C1-C6 al kyl; and R4 i SP¢¥/mB2067/003993
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Cl-C6 alkyl; R5 is H a Cl-C6 alkyl or aryl; or R4,
R5, and the nitrogen to which they are attached form
a mor phol i nyl, thionorpholinyl, piperidinyl,
pyrrolidinyl, or 15 piperazinyl ring which is

opt i om:abbwa&u@agemtug edeargemhthht attivategrthd parddrgiic #dig.

ﬁ W@Eg%ﬂléﬁn&%@ng ﬁl@ff}f roehﬁlpfoqfdl;@gi&rp}c;}(/ﬂlc&c}/d thereby

inelR@RRy itsTERERAY kovard mm@@mnb @tiacﬁ«onrﬁruh@ eHbouﬁ»nent the
contacted with an actiyvating in he presence of

agtivating aoeds §%ﬂb9@y1@“raeﬁazq'%éwcw&enég%rpw'H@'dﬁa hiamyk s
@rqaﬁ@&tcﬁalyl @Qomiet Fhéébl‘@?ﬂs’@(ycﬂ' Bﬁdé)rdh6§|§l$orh§ trtdﬁwrfaal ly

carried out at eraturé from about Cto aou
Bi@r@phpwsmﬁéﬂ@%@ﬁnemﬁnyt iﬁ*éﬂ”w@wé@ratx@rtébrosm@e dhidiseum 1

brokiad fbronfREird AinB bl BTRORINELNd e LRIFRRE e,

| t o about rocess
Nyppeahygarnsein or ddoremocapiolagtan.ni cmr@raaoqhm@m tie@gtivating

e e
d:hioraximtpherspfmm@dwamldehmdsph@upemhd]mdesorfp;hoaptmom 1
b, o oY OSBRI PET GERR AR

arwtbetxgmb@dlmendthemnvamgm@ameasrrsarbmmkhlasda@lé he

| ect hi. | t box

Cner cLermvart e o eder bTer o Buisbab e SRR bxameles of
;bcﬂaEMV]QTJ@Uﬂlugerwméi‘mgléqramm&?tacegc agérhd II@N%r alkytl Icq;arbox%/llc
C i m. dazo C ohex e i on
R HmEles B V0] Sannlr Ko S R GR oo EReor | o
u@heayﬂmfuu@ tdidx@hk oM thel tertius plrar UsictheRttae Bhatdldéne. In

I
ﬁ%b@ér%g\t} O%W(}gmsg %%%@E%mdnﬂweethyq%rmamlde dichloroethane,

@traredrefuram RiRiahe e s PP ARty | REHT dtolBhET irfiéhe embodiment
N- br om)h%dant oin or N bronocaprol actam |In one

RIS ERE tdlmﬁ@ygqume\,nag@ rpgchl%{@gwtanqa Jetrahydrofuran or dioxane. In
SRIRETBMISEdiRE AAES sBive Mt i§ BthRRGMARAT IRAE! dFhistRIimER RBY |

chloride, oxalyl 10 chloride, phosphorus oxychloride,
%‘@é}ﬁﬁo‘?'@@ﬂiyﬂfpﬁm'ﬁ@?de or phosphorus pentachlori de.

In ong oﬁ@’%%o@ﬁﬁ‘éntttﬁ@aﬁﬁe' |¥@NW@5W@9§WR4'|§HQ%§| o-Cs alkyl;

chl ogl de. In another enb rgent the activating
arsbigeistHiasColm @eroﬁrvlnpdlaz@ eand e ryspgaimto wfyclaﬂwlaa@

%c}ﬁgm‘or a ﬂlorr]ﬂ{bq ﬂ}/lafhloﬁﬂér}ée?mn%,Wﬁ%h@é@%ﬂlo‘?@l Oy

ar so vents ude acet’i'c aci d
mw aIZIOWerrnga\lvlklylh lsc@ml@oaw $ubstitusedawithl1 OFERamplpssthef are

HERA AP aE o0l BNk ST 51O 30 ovc.
dihuei'rhwwtyh@rr hakvgen ollme!rreembndlment R*is H. In one embodlment 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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one enbodi nent the solvent is, for exanple,
di met hyl f or mam de, di chl oroet hane, tetrahydrofuran,

waoelc@gsans7o met hyl tert-butyl ether, or tol uene.PCTIE267/003993
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15

enbodi ment the solvent is dinethylfornmam de,

di chl or oet hane, tetrahydrofuran or dioxane. In 20

anot her enbodi nent the solvent is dichloroethane. In

one enbodi nent the solvent is dinmethylformam de. In

one enbodi nent the amne is HNRARS wherein R4 is H or

a Cl-Qptieiatlylan acihehnRB usedHp warkoup &8 RRYAN. o aeyl ; or

. | 8 ne .

orf Pt 11 ORI o Mol g EBipleg Rt BEPAGias

netudel dodtiogtig, ctric2®idyiHid ead sulfuricracity Woinetennigodiment the acid

PR PR SR s R i s o

Ayeticaaid Gﬂswtﬂarlalakwl In diibéﬁ:ibochinhmdhexayldl i&yGl. or

22 °%EBaoblo 5B PP B wkﬁw?n”?rhséﬁﬁq“?qdrh%?ﬁécﬂve

GBéMoaéﬂv@&netW@sb cally the amne i s corrbi ned vvi th a
solvent priogr to addition. In one 1 nt th

sol vehtosesskiigdra iy ant %%%RR&PC'“@&W kYP keﬂg this
tt udifl amk&ﬁén@m@@lI.rnamedlatt@euaﬁhy@nﬁwer%lmbamwnc

rahydrofuran or water. In o

S0\ AoRy e PSR of %ﬁyh'm'dazmeo'ﬁaer@ﬁg@aﬁ w&ﬂ@cq : #dhe acid

2ALAGe irterh it 'AQHMQ& aﬂ%ﬁd?x}db int@fdtfatk Ban be synthesized using
tetrahydrof uran. 08/ 072079 PCT/IBZOO / 003993

@dym@mmyycrdﬁroé@mt% Brihperassaee el WpidR! bipdetee amine base.
TSRS BRI OB ey b s
agwonyl dioiidazotd.tri c acid, HC and sul furic acid. In

o ne epho gé(ﬂfe’?.tce thp gte?g Hjaly Hesregﬁgﬁ | 'ege raF Pﬁgéltﬁe lygs In

, Or su one € o e ac
bmz embBdimoett e dydmlysis and Efrulriatioramtdd be ﬁoamoted prior to the
gnﬁ§%gt o he acid is HCl. Conpounds of forrmula I can
&'%50 te ‘by filtration or standard extractive or

evaporative nethods. Those skilled in the art can
appreciate an alternative to nmaking this product
using a m xed anhydride internedi ate such as a | ower
al kyl carboxylic 10 acid anhydride internedi ate or
acyl imdazole internmediate in place of the acid
chloride internediate. A m xed anhydride internedi ate
can be synthesized using a typical alkyl
chloroformate in the presence of a typical hindered
am ne base. The acyl im dazole internediate can be
synt hesi zed using a reagent such as carbonyl

di i m dazole. 15 The sequence of steps may be
rearranged in several possible ways. In one

enbodi ment, the hydrolysis and am dation coul d be
conducted prior to the

20



benzyl ati on step. 20 WO 2008/ 072079 PCT/1B2007/ 003993
I n anot her enbodi nent, the present invention provides

w@2@8ot®3s for the preparation of an enanti onePCT/E20§7/003993
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15

enriched m xture or exclusively a single enantioner

of a compound of fornmula | followi ng Route 2. Route 2
is generally presented in Schene 2. Schenme 2 OH OH OH
/1 x1 il X1 ON R2 hal ogenating reagent 0 N R2
hydrolase ON R2 R3 solvent RB33 01 RLO1RL/ OH O

0 O |¥ dn¥thér ¥Absdimda] ek ardsemeihiargionprotidds & pfocess for the
reagent X X [/ (. base |

. . : XS@olventt 0 NR@# .
Bigpatationckan gnRMerisally Grieled quxtyre QERXChIsHeht @ gnple,

! foffRula @ idlowing Rowtb@r eRdut&’2'is Yenerall
%@H%ﬁg&agﬁgﬂgﬁﬁoi nlélgpendentgl y H halo or a&Cl- C6y
prelepntedin Sceem@ 2C1- C6 al kyl or aryl; R2 is H halo or
a Cl-C6 alkyl; R3 is hal o Rperfe £1-C6 alkyl; and R4 is
Hor a Cl-C6 alkyl; RS is H a Cl1-C6 al kyl or aryl; or
R4, R5, and the nitrogen to which they are attached

f orm @nor phol i nyl, thi onor@iolinyl, 10 piperidi®yl,
pyrrolbidinyl, or piperaziX ing which is opfy 1y
subs{itlited with 1 or 2 g odszthﬁ}dogge i ndepgodgnt | y
CL-CCAnNal kY|, haerntas '&IRdxy, Ry dFoxy., Rydr gxy Cﬁ- R

al Cl- C4 dihydroxyal K hal ogen.
solvent
O‘R‘] O\R.' OH
(0] o) 0

v \Y X

X2

X3
OH 1 o

activating X1 X P y
reagent ﬁ | oo | 7
solvent O N"R? 4+ substituted 0PN R2

- benzylhalide
- RS y solvent R2 .
amine R¢ R
N N,
\RS RS

IX |
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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Compounds of Fornmula V and IV can be prepared as
previously described in Route 1. 15 Step 1-Protease

w@Re@siom | n one enbodi nent, the present i nvenPCDIB2007/003993

provi des a process for preparing a conpound of
formula X conprising contacting a conmpound of fornula
IV wth a hydrolase. 21 WO 2008/ 072079

PCT/ 1 B2007/ 003993 OH OH X ~NI X/ O N R2 hydrol ase O
R2 R3 R3 b&]lll OH R-0O0 IVX wheyein RLis a

Cl-C6 alkyl ofaryl, R2is H halo og alCl-C6 alkyl
and R3 is h rra Cl-C6 al kyl. Typi y a conpound
of formul vV ilk contacte Fogith hydrg '&bthe 5

presence of_ albuffer sol ° _The process 1s
typically %S@i; out at a tenperat uf m about 5C
n

to about 8 @ne enbodi ment the t aijgHe is
from about 1 t¥ about 60C. In another enfhodi nent

the tenmperature s from about 20C to about ©40C. 10

The process I\ typically carried out forxa tinme period
fromabout 5 hours to about 100 hours. In one

afbath REista Cheqalkyroreyli Biisits, Halmon abe@s 46/ hod RS is balo or

abo 75 hours. In another enbodi nent the tine period
'P%ﬁ%ﬂfﬁ

bout 30 hours to about 60 hours. The process

is typypail v cvatpouad obitrmala 18 iptbithctabovith Hydislasdintthe
12. In ope %LS emb,odi ment the pHis fromabout 8 to

Rissghce el @ Pyl $OIUeR: enbodi nent the pH is.from about
9 to ahoplocds islybi@noichrleatipadh nberhitfe PbiM bRk et to

9. In one enbodinent the buffer solution is an
About@ACc Inbond embediment te. temperaduretih pmeakovd il REnto abpat

B QR Bl BRI ROFERRATAEETR IS,
goe.enbodi nent the buffer

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%

22
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w@odoanrwm i s about 1 M

20 solution is dibasic potassium phosphate buffer
solution. Typically the nolarity of the buffer

appropriate enzymatic solution is a hydrolase such as
| i pase or protease. In one enbodi ment the hydrol ase
produces the (-) enantioner of a conpound of Fornul a
X in excess. |In one enbodi ment 25 particularly useful
hydr ol ases are those that produce the (-) enantioner

én'énﬁémeh@é‘ﬁdes@o% St ri e@rﬁ&fdﬂrﬁerﬁmet&;illarllymsaﬂﬂ)h?@blases are
di ment parti cul ar‘lé(ﬁ_ausefu h drol ases are those

(bR 1131 BAdHE R4S Enantdast h Ghisas] S0t A S S arcRas viB
aHORRy %mawﬂéh@a@w /u@é)r%&%?drolaé@weqn@ge memaa@e ther-)

anot her enbodi nent particul arly useful hydraol ases are

anaotieneniatal jRastitR’e SNRBUIQMICRERBS oM AMIQOiEBENtY 00
g2 rf?/rU’s%rtﬁ hﬁd?@f?%?s ﬁ}entho PlbprodgEd A U%Hantlomer in at

particul ar drol ases are those pr oduce
leem 90% enam'amerl@ meaSn Impng @a@pdm m@dmdr@ﬁée IscBacillus sp.

EEESE sollof i s RANATS, lafileld, Biitdr. 13T

i n atn oheasbodiginetiertidoriasd rafow@@sa;comnom@bof Formula X as
i h

STRRENR b BHh) RS RORt HutosR ool sae Ry

dnanﬂmeeuftm«nbmmmdtdﬁéohydlacx asxcpspduces a conpound of

I e T S e

prefspedndhef +)F@farnmbmeb<oﬁ mcmp@;&ﬂi oflfornauie |\& odvo dé insatdted hrd

by ele die (T endrionar A Peners et iy fesization fans

rhderRRMikEiIre Bod @bl@dl anrdtic sganicadivenhst  temnatotd prerange
can be recycl ed thermal isonmerization to the

frone aRp\ WOX(PLR%WLH 390tSpi cal aprotic organic sol vent
at anﬂEﬂéfﬁE Yy eeria'?mtn@m"eﬁﬁﬂ@corﬂaﬁo&frf@@f@mé It RO8ontt &t ted

abou pically t (+) enantioner of a conpound

with & dwmb@hng,erpr@tuz:miv%t iéajogfwaﬁw o FHPGHUIS 3rPRgtic of

aafl?ﬁ (1 Lvent, hal ogenated or substituted aromatic
t| c soI vent. The high boiling aprotic

sol v@he hlgmwmlg@rea:trefap grivaenydwiogenaiad erwkatitutedogromatc or
I

bR IEMY PR Al ez saRe, ESHe

dima’élytﬁgﬂrrmnmﬁ@mrdienefhbl@ulmmss is typically carried

one SRR Phbbfurd R Pl s Skl B 5B
AUL00°E5 AR onk RdAITAET tiedTesharEte ishioni ebper7a-one absut

from about 100C to about 25 140C
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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The process is typically carried out for a tinme period
from about 30 hours to about 200 hours. In one

wepdwsaiaoent the tinme period is from about 20 heC¥r/EB20070003993

10

15

20

25

about 100 hours. In another enbodinent the tine period
is fromabout 50 hours to about 75 hours. 30 Step-3-
Am dation I n one enbodi nent, the present invention
provi des a process for preparing a conpound of

forpula | X coppri,sin t] f

%9t Seomu sy b 1RGSR oG hture
\RBPEPBpprabRate primeat dingecageat antnel td ;bredum)mcamppngd phe
resulting mxture wth an appropriate primary or

f§€!ﬁ'éiﬁd>éry am ne to produce a conpound of formula IX
OH OH X @ggtivating reagent X1 solvent O R2 ON R2

R3 3 kr~' Jam ne R/ ReticHing réagdRb 0 Ox'_ X 5 wherein
Xl is /harooraC1OGSl|IkI R‘lsH’ﬁaI|oora

Cl- C6 R3 is halo 8PV*R Cl1-C{ al meheR4 is H
or a 6I-F alfkyl: R5 is H _a CL-C6 al ky] . or
R4, R5,__and the nitrogeﬂmﬂr@ whi ch the% P at t gehed
forma @ ol |Op|yl t hi omor phol i nyl, pi per idi nyl,

pyrrolidrayl 'or plpera2|nyl ring mhlch I STopt onﬁﬁly
substituted vth 1 or 2 groups that are indepé&ndently
Cl-c4 algyl Cl-A4 al koxy, 10 hydroxy, hyer%y Cl-c4
al kyl , CI- C4 di hydr oxyal kyl, or hal ogen. I n one

@ﬂg‘%ﬁ qurrgtrHs ‘Fm‘éfwllégg -ef afkoF P@'lngm@rdgdr bX KB@MR\JH;BR? is)halo or
a@at@wscﬁt”e,(ﬂ: amict lérh" el &\V‘S—\te ﬁea\@@n? é1|¢ﬁn11k@ %@@é@}{ﬁe
a%? th&ﬂftntoggggo %chﬁfﬂﬁ‘éy &@dattfabﬁéh {on@ o @stdrbling, ni xture

con an am ne. The process is

t‘ruqmn@rahohnyb pineridinybay rrefiding 18 HiReraginy &ng Mﬁ%‘ﬁ&wlowy
iRl J9E2 P ARG RAb e ETBRYR I, oy
hedpey, @Vdmy iCg-C radikml &BroGt didgdoxyrliharithaseen.

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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The process is typically carried out for a tinme period
fromabout 0.1 hour 20 to about 10 hours. In one

weedpsdiavent the tinme period is fromabout 0.5 POIB2@/003993

about 5 hours. In another enbodinent the tine period
is fromabout 1 hour to about 3 hours. In one
enbodi nent the activating reagent is

car bonyl di i m dazol e, dicycl ohexyl carbodiim de,

thi onyl chloride, oxalyl chloride, phosphorus 25

@mmbpwdlaiﬁamphoﬁn:dﬁélmbsd'trrencirnb@@hwhamgﬂhmhm us

E@;B%%‘M ﬂ{ﬁﬁ%gﬁ%ﬁ%%%ﬁ{#ﬁ ﬁg@gﬁn "b faRr 3@ hioride,

&hdypﬁmﬁsrdxpaﬂawdaobﬁgm@m&mmchlbrmmasbhorrusdﬁmachlonde In
N- br onrobhydant oi n or

@@Wm@mﬁmtﬁ@g@@ge%H%W%A\%ﬁggts &ﬁﬂ%ﬁf&%@%%ﬁ Hent

éaf'avaﬁ\% le6@bhing ch@RERBImidazolear bonyl di i m dazol e,
di cycl ohexyl carbodii m de, thionyl chlori de

chl orT'”@eSOlV%‘ﬁéfs%)H@ﬁU%o'Yﬁ{y@h[a@pnafélar %@gh gty Iemeples of
b%lc%}h\%ﬂtg ficRid emﬁétﬂzl%rHl%nﬁ@é‘taﬁgm ﬁcfld dRd Idvﬂer MR carboxylic

ment e reagent 1s oxal y oride. In another
ambo&v(amntesmﬁ esgfubranipeler isayente dngitte qﬂ@hloroethane

féﬂ%gﬁd}}ﬂ{u%ﬁ @ncﬁéﬁg : rﬁem-grpt? R %ﬂ\ter ' oﬁetﬁyl@ﬂe‘?“%né Y

ar so exanp ['es o olar so ents
om&:émdedlmemtﬁeﬁoﬂ\@nmmw @xarapét dlmedwlf@rraﬁmldeow@hloawpane

%ﬁrgﬁﬁ&éé#ur&n aﬂetﬁé{% RSl eH‘%g,fﬁltOXUQR@Olnlatgnes%ﬁs&h%nt

di ¢hloroée tett rofuran
thetda)Went Brdlmbthiyycbmemmee dlmlca‘ohtyﬂaee Hetralzystiofuecdnueindioxane. In

roiBfrnannan He oNEafR ol Elietfiand pREiBungre
lewe«am%dmmltmfmarerdb butyl ether, or toluene. In one
nb t th t ' I.for. 1. de, .
o B S Al R PRI O
RARtHer Ceatiynemdryl bERécﬂlf’v end theamﬂo@dﬂ ot iey.aré n
RN T R s T e R
%g@ilaz@gl l?ﬁh&thcp |5R5ptlo$1ahj1 s@bsGitdbwah Kydr ZCUro?‘wa/ih,at are R4,

an ni e or
wihedolt iyt AU rrc P YSrOR, ey g Cs Ak, C7ET

g r@k%ﬂk)ﬂ‘ydr haﬁgenpw@n@émmbm{énmgﬁwthth bise BPbbenaNt R®
stituted th 1 2 rous t hat are i.nde endentlg/

@_a C4Caplkyl | In ene @mbévp ﬁ@avraﬁ(yz meiyiaine. chyrigally th
g#nrrg»é s c&%b%d%@mdé w%rﬁ@'@r lydaditeh. hRbRg @mbobnn@rnehe

I ment H In one enmbodiment R5 is a Cl-

solwert is llnﬁﬂ”@ﬂ@' @tﬁ@@ai tedrahydiofigan el waters lm%@%?%ﬁﬁ"ﬁ%d'mem
%%@oﬁ%hl % b n&”ﬂeﬂﬁh&oﬁo@%ﬁbﬂﬁ&ew Ian% SRbYERnPihkOr

t1on. n one enbodi nent solvent is
sevdmileirabydiatuedn. {reenaBypdpdmanahesimingtes soluton of methyl

tregﬁ;e&fdpgpgggf&@m the solvent is nethanol,

uran or water. In one enbodi nent the
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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25 solvent is tetrahydrofuran. In one enbodi nent the
amine is a solution of nethyl amne in

w0 edosalpdy of uran. Optionally an acid can be usPCI/IB2007/003993

work up the reaction. In one enbodinment the acid is
an organic or inorganic acid. Exanples of useful acids
i nclude acetic acid, citric acid, HCl and sulfuric
acid. In one enbodinent the acid 30 is acetic acid,
citric acid, HCl, or sulfuric acid. In one enbodi nent
the acid is HCl, acetic acid or sulfuric acid. In one
enbodi praenthiedinzaritdhe Pradent ingergionproes§ Peadess farshano
[ e ' e
BRRLERIFBr S chPoiiAc e iia P Somorich ORECRIDA Rbfhing b
forrepladvitbra sfbséituteshipmayitiatide.f or mul a | conpri si ng
reacting a conpound of formula I X with a substitut edxz

ben halide, x2 OH x3 X1 O/ base xi xs xa O NR2 X3
%\IUbS Ituted x5 R3 + benzylhalide O N R2 Ra solgréen
= ,RE V' N O R5 11X O 5 wherein X1'yX2 X3,

d X6 are independently bhsehal o or a X!

i s H, haiubstieda C1-06 alkyls R3 | or X°
Wkyl ; and@ﬁfzﬁl ?lgeH or aodnCo6 al kﬁ; 5 1S
6 alkyl or aryl; or R4, R5, and the ogen
tRey are attached form a morpholiny N‘RS

t hi onor®@hol i nyl, piperidinyl, pyrrolidinyl, or
pi p&¢ azi nyl ring which is optionally substituted Wth
1 or 2 Eroups that are 10 i ndependently Cl-Ca al kyl,
@hetaXkoRy X3, b6 dXoayd Xharerindepetdertly ki Hayo pr €€k alkyl; R®

Sombalinar e orkdl B IAER P e T P BXbr 2 S
i Rais|H, 2aCe0patkyngt angl; dioRNIA° aandthiesitoagenaotvatctwineh aze
aiﬁ?g tg{l ]}ql'}t@g%poi;ﬂ‘éomgglz%\io?@%rbgglinlyn pr%%d%DF%?I’?&%ir%ﬁ, & base
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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wo eosperarure i s from about 25C to about

The process is typically carried out at a tenperature
fromabout 0OC to about 200C. In one enbodi nent the
100C. PC¢TYIB2007/003993
anot her enbodi nent the tenperature is from about 50C
to about 75C. 20 The process is typically carried out
for a tinme period fromabout 0.5 hour to about 20
hours. In one enbodinent the tine period is from about
1 hour to about 10 hours. In another enbodi nent the
time period is fromabout 2 hgars to about 4 hours.

I n one enbodi nent the substitdted benzyl halide is: 26
WO 2008/ 072079 PCT/ | B260 7~039¢ X2 X3 halo X6 Xa

X5 wherein halo is"@Rloridé oni de or iodide; and
X2, X3, X4, X5 and X6 are ndependently H, halo, or a
Cl-C6 aIkyI I'n one enbodf’ment] t hex*hal o- subst i t ut ed
benzyl halide is, for exanple, xs .

2, 4- d|fluorobenzylbron1de 2,35 '

dhéleirohalb énalylbiixtep biawide 21 Bditiet BudXaBENXSEranddeare

%dép%u{qnmﬁ—gﬁgﬁg rl%ﬁl‘ %fﬁl ﬂ@l In one embodiment the halo-substituted

Bermzythdlitie o, abwzmbtehtzmm:ﬂmrobafnzammm@e 2Bbodi ment the
[ | orjde is

IuSaPPr ot Bl 2 R Py biSaidR, adrugiabenavishioridge

b@L@ﬂwbﬁéﬂzwh@dd@@nzﬂdmclromzmhlonde in another embodlment
4- d|fluorobenz

i halp-semies Ber s 2o eRera e BT gp. M gnother

~ BsebYimdn M §ut§2~ﬁﬁﬁ§d b@r@iyﬂﬁ'@d@lﬁgm difusrobéhAlbromide.

car bonat es, bicarbonates or al koxi des, suc

pot as'§iaim &ahastRgRtdhe B%%%@sﬁ”uﬂfg%”'%ﬁf B gaic Q%ﬁf Exampips of

Rs&sar lher@ahi% ba%é@lmelueé G}BuHWBHIIIA e8@RABRshBIs&HoharkWIe
triethyl"am ne (TEA) di met hyl am no rldlneésodln)n

akaxigehisnal pe @ORFPIHE %Ewaé@nq ium t-bltoxide, an
chbfb%ﬂéfépyé ‘ngyé%m@fun bRy AR REB TR e tYRMAS ETEA) or

pot assi um car bonat e, pot assi um t - but oxi de or sodi um
binvethaminoeyridine H?Mt\ﬁbranérﬁo@ti@@f@ﬂtani'%s%@s NgN-

B%ogfo;ﬂmpﬁ@{nmn% Be bmbgpﬁnmdtba{g%né pbna%s@ﬁi é’e?rBBnét@

I c solvent n one enbodi nent the po ar
pplessilm temlteitr of sodidro bicexeamgiee, INRINNNGT RETIRGIMe I BmDaRe is

hlsdiraipyer o), NN G et e (48

1, 3- dinmeetenhthadirdeztahé dolMentds @ Piay apiotg 5@th hipl ane
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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3,4,5,6-tetrahydro-2(1 H)-pyrimdinone (DVMPU). In
anot her enbodi nent the polar aprotic solvent is

wo20dsaraved hyl f or mam de. | n anot her enbodi ment PEEIB2007/003993

solvent is N-nethyl pyrrolidinone. In one enbodi nment
the product is purified by trituration or
precipitation 25 using an appropriate solvent and/or
co-sol vent system |In one enbodiment the solvent is
nmet hanol, 1 -butanol, ethanol, ethyl acetate or

2- pr qpasebi skilninaneart itbashresiate thitehs ebowariceicd steps may

nmet hanol et hanol o et hey acef at e. ne _enbodi nment
qoRer I8 AlgEIIVE §f4?é‘~‘t éf‘e%sﬁﬁéﬁ@f’ﬁﬁ sequences.
PCT/ | B2007/ 003993 Thosenefesskill in the art will
appreciate that the sequence of s{eps nay occur in
alternative opders. Schgpe 6 depi sonme possppl e
segijences. eme 6 0 _LOH OH @HN N2 i Br-df Il

O? 11 BigllO 0 0 teplof?ﬁeqarlo st Rl20f
S oQ step 1 of §2q)2°0 0 stép 1 gf sed 3Nstep 2
of sgq 2 step—30f seg step 2 of seq 3 O
Br- N ~N, BrepBrfseaNH2 \ o N‘e@WQ‘ OH st B¢,
seq 2 OH ®pigbep 1 of Teé’? 4 step 3 of seq 3 | step 4

of seq | step1ofseq3d step 2 of seq 2 step 3 of seq1
step 2 of seq 3
o
QH B OH
=z ~ N. Br
=
NH, | 7// Br |
O”"N o O0”°N
OH ' OH 3 0f seq 2
step 3 of se
X p seq OH
@)
step 1 of seq 4 0
step 3 of seq 3 step 4 of seq 1
o step 4 of seq 2

OH OH >\é_ . OH
e UG U ST 4 §
o0 oN

N . O°°N 0
~
o step 20f 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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O 111 step 4 of seq 2 OHOHOHBr r ~1, Br-1 N, |

NHZ Br OOONOON NHS Ostep 2of seq 4 NH step 4

\ \ step 3 of seq 4 A 0 O5 Seqeentr20d7/003993
hal ogenati on, hydrolysis, am dation. Sequence 2:

hydrol ysi s, hal ogenati on, am dation. Sequence 3:

hydr ol ysis, am dation, hal ogenation. Sequence 4:

start with 3-am no-4-nethyl benzoic acid, am dation,

MR e R L N

eiirbeitlylirentamitibe present i nvention provides novel -
Isgf :Lg@gltﬁrﬁaﬁw %y A methy?g-or)r\%&t/nc} rt‘ § 2?-8%% H’I thﬁbenzom
3cldP- br ono- 4- hydr oxy- 6- et hyl - 2- oxopyridin-1(2H)-yi)-4

- met hyl.benzoate; (+)-nethyl - .
3 (5 B GBI Ry B a2 6R i1 A dvyetyylpenpoic
acitP ap@t hyl benzoate; 28 WD 2008/ 072079

PCT/ | B2007/ 003993
3- ( 3- br-drfB: AHﬁwiaész&e BoARPRAY)-2-MednaRRANY A ProMg= hypjoxy6-

néemﬂgw.ﬁlm DM de;
ono- 4- Rydr oxy- 6- msth%l-z oxopyridin-1(2H)-yl)-4

Cmc_et phapaeselically agqqptatge salt thereof.
(-)- 3T(1§ cQﬁ@H@ncﬂ; &Xﬁné‘ﬂﬁ%nﬁoﬂﬂa?ﬂe L%e?%?ﬁﬁérfbﬁh Bt LhiEderied

[)-4-nmeth enzoi c
mnmndeg@@n%orpr@@mmwys) Dgpﬁmlmg/o@ﬂ@ﬁmw@arm%mmdhg galt of

N actnndid WP ke Rl dEbdo Bl ong br PE BF RSB ifslok
iprogemtié o suchgs beharsed pharmbane ufical Macbﬁhtssml diferire tevggratures
%1 ?Wu'rrpﬁ?{lgsa%'rﬁc% nrq%glg%gl'ugplﬁ/ch%ter%\a‘%ﬁnqh%%m%nméﬂﬁces 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



t he conpound may be advant ageous due to one or nore of

the salt's physical properties, such as enhanced
w@b@semweut i cal stability in differing tenperarpCr/@007/003993

and hum dities, or a desirable solubility in water or

oil. In sone instances, a salt 15 of a conpound al so

may be used as an aid in the isolation, purification,

and/or resolution of the conmpound. Non-toxic

pharmaceutically acceptable salts include, but are not

Witmratre@bl‘tlog resgenstoafenerede gaﬁtececanerdssmﬁ'%the

drochl ori c, p
bRt o atfdaiSpldbyy B STBPE' Gy A BARAE AR Hinoving fhe
asofviigragent i genecate el drigind @ompbend in énamaomerlcally enriched
artaric, succinic, acetic, lactic, t I '
fof vl i iy Rircoo SRR R ERG Flea T R BTRp i Fase the
5 g,ﬁ}?qt@h-@a.elpglntyd%fmdga’tfdoy.nd ph?r macetjt hc?I 'y accept abl e
cations include ut are no e 0
ot acHafATReHNG: dRSCrRa e Ao N SHE SR somers
T 0818ra3 Kdthlil isBrmkhe Brd invamitioh dneém pésEs the Wackenic and the
vari ety of non-taoxic pharmaceutica ept abl e
seaavER BHopisa e LEhe lien DO ApSUID SRGERTBEPaRs 4 Fmpound
$ ViAo xR Y s BibSiEoRSIss W&l SORERR pos'srb% atr@;b'lécﬁrﬁérs A)
tational 1sonmers. These conpounds can

f

10 axchfph ghis Heswiian also PRre PO BhSTSRET &S GA) and (B) n a

gfs@ﬁ«%reﬂrﬁle Bl ln'ttﬂs'ill'ﬂ:@ﬁ%no?\' h@' ahé W%arr? R §érﬂ9|d€f|mttons as set

active forns be
totsthdb nBerbya h@nﬁéﬁugaltwtwﬂi\tmﬁg|d§f'6‘ﬂ0'b9f F*esféﬂ I8#@i on
o0

%t%sténfeln't %ﬁﬁnﬁ%fﬁeh ot c;f‘éd)lQE ghgg)n{e? Feee tsent@te%gjﬁstﬁ&ed
bemzylca(s crystallization in the presence of a
resol vi ng agent; chrormt og{ﬁphy using, for exanple a
chiral HPLC col um; ki netic resolution; or
derivati zing the racem xq ure-p 29 WO 2008/ 072079
PCT/ 1 B2007/ 003993 w th VI ng reagent to
generate di astereoner 8y sep@r atX'ng the di astereoners
vi a chromat ography or sel eawive crystallization, and
renmoving the resolving agent to generate the ori gi nal
conpound i n_enantionerically enriched form Any of
conbi to

t he aboy r"o ures can be repeated o
increaé) Bint i oreete=purity of <@ coi

_i@un —-DThe

CONPOH Os des ed in the invention may ex
at r opi Soners, “e., chiral rotational |§pne?% The
i nvent i onAgn npasses the racem c and the resol ved
atropisonersj The following illustration Henerlcally
shows a cqppaund (2) that can exist as atiropigoners
as well asjits two possible atropisoners (A) 1p and
(B). Thisjillustration al so shows each of atropisoners
(A n a Fischer projection. In_Lth___.//Rp
|IIustratWOn »and X1 carr he same @&finit{ons as
(B
15 ! °

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.,

20 an ee of 20% corresponds to a 60:40 ratio of enantiomers).
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forth for Formula I, RP, is a substituent within the
definition of R2, Rpis a substituent within the
waledosiordoron of CONRARS5, and D represents the PCT/IB2007/003993

substituted benzyloxy. RP R3 ~~ND RP, O(2 RR3
RP, R3 f''\ N/ D\-/ ND PRPORPOX1L (B (A
R3R3 RPAP |~~ R (A Il (B) Il 15 Wen

enantionerically enriched, one enantioner is present
in greater anmounts that the other and the extent of
enrichment can be defined by an expression of

enanti oner excess ("ee"), which is defined as 100
(2x-1) wherein x is tDeaiteol Exain@es i on of t he dom nant

enant o in the epantioner, m X i '
o 200pEbyrEpsAaTPEy e BT ThahlR. pit ot irfiing R 8
2 MRS 819 dR0I68uieGT AhBR@Y.7/ 003993 Det ai | ed Exanpl es
The foll ow ng exanples are nerely illustrative, and
not liniting to the renﬁgﬁggiiLf this disclosure in
aaMemay 7 and Bt ehelorthiesiethetea itht&reldpsaribeti e Example 1.
overall syntheses that are %%scriged in Exanple 1.

\

Scheme 7 OH OH OH NH2 Br ONBr2 ON |
OH OH

n Brfj\
Br
P . TFE O°N 2 O N
o0 I O KoCO4 AcOH/water
O O O
6 0
F 5 | F 4 o)
0 0
F Bfn@ B’rig
m/\[i]\ 0N NaOH 0=y
F CH4CN, Hy0
DMF/ K,CO4 O HCl 0
o)
3 2

F
H
o)
F
F
o
O/\Ii:L Brz//\[i:LF
CICOCOC Btlf%ﬂ\ F o
DMF, THF o™y CHgNH, N
| N
cl ~
I o)
2a

1
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O~0l O KRC®Bi t AcOHwater t 0 ~ O 0\ 6 7 F
F40 OOFBr |l FBr, |l i E C OO NNaOHN
WQERBENR720M2O DMF/ K2CO3 0, HOI OH 3 0 2 0 F F P@rH007003993
010000CI F p DVF THENO CHBNHZ NNC I N 00 2ay
31 WO 2008/ 072079 PCT/1B2007/003993 Schene 8 OH OH

NH2 O OHO dioxane Br ~ Br2 reflux ON + MSA pN ~p O
AcOHwater 78 5 040 FFCO Brol FBr/ F FI
NaOH p O'N~ CH3CN, H20 DWW/ K2C8 i \ | p\ HC

Scheme 8
OH
o Br /I
O OHO dioxane Z
e reflux o l Bro 0N
0 MSA N
+ e ettt et
pe; o O/k . AcOH/water o
O O N
7 8 5 0O 4 ©
. ‘ F
F o/\©\ 5 O ‘[ ]
I
Br = F
C'ACLF n F NaOH On
0™ CH4CN, H0 N

DMF/ K;COj HCH o
oL
(o]
3 O 2
F
| Q0!
O™™N

N

CH3NH,
[ O —— H
e
Cl 0
2a ©

1

CICOoCOC!
DMF, THF

The racemic process to prepare (-)-3-[3-bromo-4-[(2,4-
5 difluorobenzyl)oxyl-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 NH2 TFE ]

4 O N
7 Ol  K,CO
(@) O 2 3

0 (O
0
6 7 5

10
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



OH O203F FpBpli F I 1 Br CGCOCOC | F
CHBNH2 N DV, THEONHN C p 2a O1 The racemc
wWEe@ses®74 0 prepare (- ) 3-[3-bronmo-4-[(2,4 5 PCT/IB2007/003993

di f1 uorobenzyl) oxy] - 6- et hyl

10

15

- 2-oxopyridin-1(2H) -yl ]-N, 4-di m et hyl benzanm de (1) is
descri bed’as follows: Synthesis of nethyl :

3- (4- hydr oxy- 6- et hyl - 2- oxopyri din-1(2H) -yl ) - 4-

met hyl benzoate (5) Using Pyrone 6: OH OH N H? 8
P2 hows. Kiiectheampleion & rqaqyon,ltbe mixture was cooled to 65 and

%Eﬁ.ﬁq@ agr%@r?% %E %B?Lﬂgﬁggh%ﬁe)zoé%lﬁg Jg%cgha l? cgéeﬂ% 8S)0°C. A

pridest)wasedllatiet waﬁE(CtMtr( alogthgcetaty 40 give @@put %{Sn@ uﬂated

O kL RS DRl, A5G P55 o A0S, BEAY -4 iy e

PCT/ |/B%3@é‘u\@(3/3ﬁ9my| P-hyrrosy-6-Afetiayl-2+ bropy aipt 2 Hb)-6f

|on ure was, coo
81313"% be&\?@?tﬁt g) e%l%b%afc?safeé‘n‘& qgtfﬁsh}?dr? %ém 03‘59 ﬂaﬁ]ﬁrﬁé )2.2-
apdied- it Ddloxadd @ 6-donp(8)dgddlionas col | ect ed, vvashed
with 2L ethyl acetate to give about 55% i sol 6;_Ied
yi el d of nethyl
3- (4- hyd 6- met hy] - 2 -
begzoa%/e.mx%“ met hyl gHo&opyrl g;ﬁg:abém—l) yﬂm et hyl

) /U\)jko ii) MSA 07N
O 0 0/5 @(O\
© o)
5

7 8

A mixture of methyl 3-amino-4-methylbenzoate (7) ( 2.0 g, 12.1 mmoles)
and 5-(1-hydroxy-3-oxobutylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione (8) (3.86
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)
iy TEA/CH,CI
L7 = ey
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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5 Alternatively nethyl 3-(4-hydroxy-6-nethyl

-2-oxopyridin-1(2H)-yl)-4- nethyl benzoate (5) can be
w@e@par®m® usi ng 5- (1- hydr oxy- 3- oxobut yl i dene) - BCREB2007/003993

di met hyl - 1, 3-di oxane-4,6-dione (8) as follows: CH i)

dioxane NH2 0 OH O reflux Oii) MBAN~-OOQOQ OO0 7

8 5 A mxture of nethyl 3-am no-4-nethyl benzoate (7) (

2.0 g, 12.1 nmoles) 10 an

5-$1-_h

S. ‘; & TRYa TVl : - & S04 et
rﬂétﬁ%@é‘r@zo(a?é)gzﬂt) was heated at reflux for 5 mnutes
and cooled to 50 C. The mixture was,then treated with

1.16 g of net e- sulfonic acig aéa heated at refl ux
for five mn . Liquid chrorratwgqnaﬁyhy i ndi cated the
reaction (cgji%@ti onrivas esse a conpl ete. The
m xture was 15 pour ed—n—66—mL of_grushed H&e- wat er
and stirred 1.5 hégredwatghe pr @o tate was
filtered, was th water and air dyfied to give 2.47
g (75%vyield) of ghe product. O00® ):~01)

TEA/CH2C12 O+ _0ii) Had 0O\ OHO QI\/EIdrunds acid
di ket ene 8 The%above procedure is a nodification of

t he procegu epdlRks dftRsthyIrs- ey dr@y-6-neainalusnepatidikaii@s)-

J; Kim Y; Park, M Lee, C. ;Ki W Synt het.i d
5 yotrmeihdanzeate (BLOgaKg, 589 g)o,lgsglggﬁ.é!_ apﬁtlceggg/ﬁ 6L water an

%%{l:eg{ HMsSACA dolRSh beReiaFomMetif 10BLkR&IcBB acidvas prepared

oromet hane 1 n the presence of TEA at 20-25 C for
ghchamdes sidvdy t the ré@sioofvia dropping funnel. During the addition of

S AN PR T B ey o= e
FRETibB20AREDDRIBItioByvestsieted, themiyture was stirred for another
10 13 5 rgﬂlsn_u?ersqqﬁé%’]ig%ger &Y R WMHBE'&@XM ﬁief‘pr%é@é%a)é' fitefed
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, TH),
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
+ KCI + KHCOq
o DMF/ K»COg5 o
o} o)

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
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net hyl benzoate (4) OHOH Br Br2 ON N + HBr
AcOH water 0111 O\ O O5 4 A suspension of nethyl

w@2¢08/0mpdr oxy- 6- net hyl - 2- oxopyri di n-1(2H)- 5 PCT/IB2007/003993

10

15

20

25

yl)-4-net hyl benzoate (5) (1.6 kg, 5.85 noles) in 6.4L
acetic acid/1.6L water and cooled to 15 C. A solution
of 973g bromne in 1.6L acetic acid was prepared and
added slowy to the reaction via dropping funnel.
During the addition of bromne, the m xture becane

€ 8e0O; {101 kgn Bedmbies) Weref mixeetogehesfang heattackto 55 °C

Ikt ofosgs 24 ¥ Farab bt o1g 2 e VS adii ot

Fﬁ'té&&trheth%ﬁe @éﬂwﬁér@%ré\h\/\la@ ridibtai@t &elowadsP Q. heftarrtog addition,
ltered and washed wth 12L water foll owed by

memmxwm waabeaiediat 66 1°€ fpi0B3.5 hgyrs. Afier Sdi1ques tf\ﬁdsa@lqné%as
oSt egreng e Rop T PHESEEeq EARR-C 3 W auciipp of
69L16va(e$.,Trﬂe g miasaw{e(ezu anll washed vith) 1 5L7waer. (Fhe crugd) product
s ersiuitied Rorugton t rebiipp iaer! (. gl Hos
an&hed%b|i§|$:te@d tt)dyi@Ri 2.8 ké (OB%) Spdudte SHNMR (860 MHz,
| uor ope
E>§H §¢)9Q3L8b?>6}n?~‘61 (peBHY I3 SxapY&2h (5. 2H), 6.11 (s, 1H), 6.88
fﬁﬁ 2%11 ,‘\‘?g,:)‘ 84H%‘31t|1i)}’é 3%%3%/%& 8 I-(23)I1DM’§ 7. @*%@J%rs FizB1 HF 7, 3 (q, J

2@.8Wzhi), 7.74 (s, 1H), 8.02 (d, J=6 Hz, 1H). Anal. Cald. for

SN, T S5 pSR 2, ToRRERET S (S8 1314

N, N- di net hyl f or mam de (4.8L) and
Preparation of 3-(4-(2.4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-

1(2H)-y])-4-methylbenzoic acid (2)
F F

Q0! Q!
O™ N 1. NaOH O™N '

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



34 WD 2008/ 072079 PCT/1B2007/ 003993 powdered K2CO3
(1.1 kg, 8.1 noles) were m xed together and heated to

wG20080720mder nitrogen. 2, 4-difluorobenzyl chl or@¢TEB2007/003993
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(9649, 5.9 noles) was added at a rate such that the
tenperature was mai ntai ned bel ow 65C. After the
addition, the mxture was heated at 65 C for 3.5
hours. After 3 hours the reaction was 5 conplete and
the reaction mxture was cooled to 20-25 Cwith the
1? e, aszli?H) \/33949(3- 3mE@ f0ld, gHyvasof {d, BR.eESaHRMS m/z
ed wth e crude product g
HRf PR TN CBRP QT e o1BTE AN PR AP A Tek Sa: or
65?1?1 g‘BPﬁnNtﬁ O 39 38417 NG, dﬁ%‘mwé 64 hbeﬂe@l@q\l 317
Fel'd 2°327kg (90% 'product . HNI\/R(SOO MHz, 13)
3 1.90 (s, 3H) 2.11 (s, 3H), 3.87 (s, 3H), 5.25 (s,

HPH) ZH8 4icinethyibenzarmideit) 1 1), 7.74 (5, 1 H, 8. 02
(d, J =6 Hz, 1 H. Anal. Cald..for C22HI8BrF2NO4: C, ¢
55. 25; 3.79; N, 2.93. Found: ] C, 55.34; H, 3.83;
3 14 paratlon of 3-(4- g\@\l 5

eNnZY3sel) - 3- fyl - 2- oxopyri di F
]5 &l 1) - 4 met by, benzoi o 2 F FCHaNia Br | @

H20 N "COOCH3 2.~ HCl
thyI 3-(4-(2,4-d i fI) ob H
nz Q8- br ono- 6- met hyl - gyrldln 1(2H) - yl)- -y >

et hyl nzoate (3) (3.4kg, 7Prm|es) 2.5M NaOH (3.1°
L. 7.8 noles), CH3CN (1 2L) and 8.6L water were m xed
toget her and heated to 60 Q@a under 20 nitrogen. Onge

the snwz glfIQS&%Qﬁzm&?QWH% ﬁw@ﬁmyﬂk%&%ﬁndﬂ@ﬁF lyr t£d

tironal "hour. The reaction m Xtur
m@my&wnﬂ@lcm@i @Nd.4kBeh Otmaes)evpssushengBhinmL tetrahydrofuran

RS E T LT Bl 2 R o Bpal R 058
¢ @mmhaaesa dvdshaddudxd tinereaar at a ratedutiothat deotehrgerdioerwas

d h
T R S S
MTBmde«erBEdo%'ﬁ thd deacﬂerﬂ nﬁxtﬂweﬁ/vaétllovﬂed'lb wanmStB room J

d, J
te"aoeiatvﬁe Eheroeacworo@aé a?mplﬁte—d %@Wﬁs "@X@e baceme ( 6.7
Rémoderdous d The (Sactidhimixtdreldtad Sraindd intoZsePardts 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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35 WD 2008/ 072079 PCT/1B2007/003993 3H) (d, J = 2.4

Hz, 1 H, 3.94 (s, 3H, 2.15 (s, 3H), 1.91 (s, 3H).
wWESoBRMB7M z  464. 0275 (M+H cal cd for C21H17 BeERNK407/003993

requires 464.0304). Anal. Cald. for C21H16 Br F2NOX4:

C, 54.33; H 3.47; N, 3.02. Found: C, 54.40; H, 3.42;

N, 3.17 5 Preparation of (-)3-(4-(2

4-di f I uor obenzyl oxy) - 3- br ono- 6- et hyl - 2- oxopyri di n-

1(2H)-yl)-N, 4-di net hyl benzamide (1) FFF OOO Br

BaldBfor o+, BrFoNECOCI66DMPH F1a8 AENER254.NH2HO4.80; i, WO

g_lf'% fJZ\ISﬁ 0§ Bl' ugﬁoﬁgﬁzyl oxy) - 3- br ono- 6- et hyl - 2- oxopyr

i di n-TiHeidEetyic) préduarat(Hy(R ldedifios robercybx()23-blordg; mEthgl-2-

Aron N e YR Bp R eczalr o TP pR 3Rs i) "

5 @rﬁrbﬁfaltdbea&r%@&smg a éhid stmbﬁar}/ phase ageteaks Chirdlbel QLUK or

t th t
%@ir%a)'ﬁﬁ &Dﬁlﬁgla(égegnle@l qHSief‘r : uggarﬁ'a %@rrrqatgﬁw fog 18hanol
4% H%rmbﬁﬁe &?@%b)ﬁé |so@% fhfel ddﬁre@é@hd)ﬁﬂl -3q4ieg 4tdifﬂJdr@@eszl©Ny -

m xture was L %aﬁz
PP ENMakY - %@h?ﬂ’yé'fjé‘d1 A’Héw' thé dl'ﬂ‘%t{“tﬁ' gn N5
honogeneous. The reaction m xture was drained into
separate contai ner and set aside. 40% net hyl am ne

10 (4.4L, 50.3 noles) and 2Es8m@iet2r were added to the

b i Xture

T S e IS R R T e
& rate such that the tenperature was nmi ntai ned bel ow
15C. Once the addition vig.f08pP! eted the m xture was
20 allowed to warmto roomtenperature and stirred an
additional 30 mnutes. 12.6L water omas added, to the
mxture gnd the sf,rring was conti d for an er

hour . pr odu s filte¥d and rashed VT NEDL

wat er ive 1. - (90% .. 1H NVE (300 MHzQ

DlvsoQ%) 6 7.95 (bs,O 1 H)emyzr;ess (do ol. 25Tz,
glyco h ACN

o) ‘ (@]
4 10

F
B' | ' oL Brn "
o) CHgNH, _ ZF 07N
—_—
/ THF/DMF NMP H
N
KoCOs ~

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-

37



10

15

1 H, 7.68 (g, J =5.1 Hz, 1 H, (d,J=1.2Hz,
1 H, 7.46 (d, J = 6.0 Hz, 1 H), 5 7.36(bs, 1 H,
wQa2@9/0tmr9 J = 1.8, 7.8Hz, 1 H), 7.16 (dt, J —RCBIB2867/®3993

Hz, 1 H, 6.70 (s, 1 H, 6.18 (s, 1 H, 5.33 (s, 2H),
3.32 (s, 3H), 1.97 (s) 3H), 1.88 (s, 3H). Anal. 36 WO
2008/ 072079 PCT/ | B2007/ 003993 Cal d. for

C21HL7Br F2N2O3 + 0.66 EtOH + 0.1 H2O C, 54.11; H,

. 30; N .65. F : 54.03;, H 4.59; N, 5.79 Th
éig%il’mltaérg%g?&@as t?eue%ddevglopeé ang this is described as ?ollows: ©
3-(4-(2,4-difl uorobenzyl oxy) - 3- br ono- 6- net hyl -

oxopyridin-1(2H)-yl)-N, 4-di net hyl benzani de (1)
éﬁﬁﬂdﬁced was then 5 chromat ographed using a chiral
stationary phase such as Chiral ceI QI TMogr

Chiral p r) ADTM i cel Chf%é | ndu r| es, Japan)
wi th netlhanol or_ et fanol nobi | ase to

i sol atg the eordd ng (5)-3-(4- (204N3I| | uo¥ obf&0

nzyl ethylene

3- brono- 6 met hyl - 2- o%opyr i di BYP{ 2H) - yI 4-di met hyl be
nzam de (1) 10 Ex%rrpl e 2 Schene 9 depi %ts t he overall
synthesis that is described in Exanple 2. Schems 9 OH

0 OA. H{/%X%%Q%tl‘(ylplyra‘?’bﬁbl (? ®. 7‘3rkg @3@ méles 'me@TyIQs Bmino-4-
et hyl ene 6 Enzyne

R aate A SomacEYimleo) SHiaNs HoP ok Eka.5.51 onies)
ch%mﬁﬂlel@.ﬁ L %fet@l@\r\e Efyccﬁr 6.14 L) were mixed under nitrogen and
the acetonitrile was removed by vacuum distillation. The reaction was stirred for
18-24 hours at 85°C. Following the reaction the mixture was cooled to 25°C. A
1:1 acetonitrile/water solution (6.14 L each) was added to the mixture. The
mixture was stirred for 90 minutes and cooled to 0°C. A product was colleted,
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



| Br ONCH3NH2Z ON, F ON N THF/ DVF NHS NWP H
K2C03 0 9 O1 0 Follow ng the devel opnent of a

wEe@sns®74 or the racemic 3-(4-(2,4- 15 dif | uorp@E1B2007/003993

10
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20

nzyl oxy) - 3- br ono- 6- met hyl - 2- oxopyridin-1(2H)-yi)-N, 4
di met hyl benzam de, a process for the direct
preparation of (-)-3-(4-(2,4- difluorobe
nzyl oxy) - 3- br ono- 6- met hyl - 2- oxopyridin-1(2H) -yl )-N 4
37 WD 2008/ 072079 PCT/ |1 B2007/ 003993 di net hxl benzam de
methy S<R-1ewmetopusionne meaing-2rexoguddinl Y- U4 ogthyhgnzoate
g?)ep 1 OH OHNH2 K2COB ON + H2O 0 0 ethylene O

ycol O 6 7, 5 O5 4-hydoxy-6-nethyl pyranone (6)
(6.71 kg, 53.2 noles), nethyl-3-am no-4- nethyl
?gélg_%ate (7) (4.50kg. 27.2 noles), catalytic K2CO3

X kg, 3.91 noles), acetonitrile (6.14 L) and
et hyDene glycol (6.14 L) were m xed under nitrogen and

tEm etonitrile was renoved vacuum di sOHI | ati on.
Thel rédaction was stizmed fer A8-24 holr 65C.

FOI'l Owi hg theypeaction—the nixture was cgol ed to 25C.
A~EON1: 1 acetoni t'MfEPRat e@” ST Ut i on (67 1M L eath)CHOH
was e\tothe m xture. T L Xture wa irred for
90 m nufles*and cooled to OC. r oguct | Joet ed,
washed Rith a 1:1 acetonitrile er solutironli(3.4 L

eac) and dried to give 60% isol@ted vyield of net hyl
3- (4- hydr oxy- 6- met hyl - 2- oxopyri®di n- 1(2H) -yl ) -4

et hy(+9$l0lé@%‘ §-(é-gpo'mo-glﬁwygo?(@@zmgﬂygz_l—oxgﬁyridﬁw-(P(2H)-yl)-4-

methylbenzoate (4) (1kg, 2.84 moles) was mixed with 1M dibasic potassium

‘phosphate buffer solution (dibasic potassium phosphate (3.05 kg, 17.5 moles)

and water (16.4 L)) and warmed to 25°C. The pH of the solution was adjusted to
9.1 with 10% NaOH solution (about 4.2 L) followed by the addition 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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+ Br--NYN + H-FNHBr ACNOOO 5004 A A
sol ution of 1, 3-di brono-5, 5-di net hyl hydantoin (1.375

wh 00847819 nol es) in acetonitrile (11.5 L) wasParthdor@3993
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a solution of nethyl 3-(4-hydroxy-6-nethyl-2 20
oxopyridin-1(2H)-yl)-4-nethyl benzoate (5) (2.50 kg,
9.15 nol) in acetonitrile (4.8L). The solution was
added at a rate that maintained the tenperature |ess
tha -10 Cfor 90 to 180 mnutes. A portion of the

tonltrlle (approximately 6 L), was rempved afteroH
m%\@glon of t e reaction vig distillation. TheB~~
was CI pitated by thE gddltl ofiHaf2 wat |

( L) an6< %B t-o—yiebd . (90%—ef~ 3

2008/ 72079 ,\Pém 007/ 303993 hylN  THFDMF “
3- (3- bfiono- 4- hydr oxy- 6- net hyl - yt/?di n-1 ~
(2 yI) - 4- net hyl benzoate (4) Step OH Br HOH ©O
Enzy?ne Br Br O+ HO1 MK2HPO4 ON | + 0 N + CH30M

O COH (t)34(B- b(rZomdr 4DyOroxy-BrMethyd-2-0xppyigin-1(2H)-yl)-4- methylbenzonc

wﬁiﬁ;ﬁgiﬁ@ *%afc?f%s} g tbaiaRadic B1.0s ko ke idsct
Maclﬂit\)lg?flgnetpytaggssmm Sphbsmatrmx@%fdgethes@l amfo@rmt
it ROAEGe AR PR PRl Ralvstie e 3 fF)
Hethylansine mlatlcad]nusttrah!/dt@jufb@ (9.51L,wi1t hmd@s) Naé)ddsle«ﬁ at a cate
(3t Al P b
I:f’cg)r%‘% ne'%'s @k 11§ ﬂe'éEt'ldigreaElQéd @&ﬁ}b‘lbtld‘f@ ASoh@on of 1 e pH

e solution was ad to 0 usin

.3
nydragidoria agid seluticsy (136 'lr«ﬁ rWﬁSe%ddeW% f@@mfgﬁﬁ@ 635, The
&’618%%&!0%%@0:&5‘@&5@& {1 pod &QC treéd pr&f‘u@ﬂ@vh@ fedre@f whdHdamtrer

ono- 4- hydr oxy- 6- net hyl - 2- oxop %/I‘Idln-
water and vacuum dned 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

B
NMP

OH
r
+ K00y ————s OFN + KBr+KHCO;q
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

40



10

15

20

15 1(2H)-yl)-4-net hyl benzoate (423gnm), which was
isolated by filtration and washed with water. The

waouwenm7diltrate was washed with 5.0 L net hyl B@IEIB2007/003993

chloride. It was then further acidified to pH 3.6 wth
2.1 L of 6N HCI to precipitate and isolate the
optically enriched acid

(-) 3-(3-brono-4- hydroxy-6-net hyl -2- oxopyridin-1

(2H) -yl )-4-net hyl benzoic acid (10) by filtration. 1.3
&gaﬁ@agbof 20 theory) of product was obtained after

) R e A 8 LA
Nm’ethyl?cxo@y%ianZM VN, 4- d:?neNnhbeTHEhﬁM:ﬂNHSO k@ 84 e’

br ono- dr oxy-6-neth 2- 0x0p

@ a)mhﬁﬁé{) mﬂr%@hm @getaei anq gr@yglat@@@ {E@Hd&tmd for 1
H&ﬂc{esﬁwe ptoduct %F?Ré‘r}éh‘an 1 é&@%@&t"f@mp@ra@ﬁe@%{tﬁ%ol

N, N-"di neth or mam were m xed toget
(10 Aol give ( 53t(é1@érchﬂtmf@beﬂ@ﬂ@é eroma-$veathdre- @mﬂﬁ@n

R AR PRI Eh am Be'th, O LRt SR B

rate that nmaintained the tenperature bel ow 30C. The
t .h y ' Gt

M X! i 55 RTR RATRAERIR S BRohBR SR PR Eag) S
seuairitothe(d Skideckig thevas vaitideel inventiea ib pphtiBlesy ardeisspractical
The. 10 [ ted th d .Th .
Srdate Sedet pets SRS St Reb fpobiEe Bl A5G e Mliion i
B h%ﬂe?ug@&ﬁ@i@ﬁﬁdggﬁ&y b% bgsteited to the requirements of a
-).3-(3-br roxy-6- . -

Nty b adt o (B igtons, js Rgtmiberies A eWSani de
éBl%boélﬂne'ﬁﬁs lkeid nﬂa’\yléllvfé \Ira:rioegly mcﬂﬂf%dourl ty). 15 Step 5 OH F
r [
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OXN + Br + K2ZCGB ON + KBr + KHCOB NHS H AN, OO 9
3-(3-brono-4- hydr oxy- 6- net hyl - 2- oxopyri di n-1(2H)-yl)-N
WQ Z008d7202¢ hyl benzam de (9) (1 kg, 2.85 nol es),PCT/IB2007/003993

pot assi um car bonate (0.43 kg, 3.11 nvoles),

1- met hyl - 2-pyrroiidinone (4.0 L) and
2,4-di fl uorobenzyl bromde (0.71 kg, 20 3.42 nol es)
were m xed together and heated at 30C for 2 hours. The
reaction mxture was diluted with water (12.5 L) over
AVirdrs elainedd 80 to 60 nminutes and then stirred for 30
to 60 m nutes. The product was filtered and washed
with water. (-)-3-(4-(2,4-difluorobe

hz ) egess 3eihe mospd atisnf la- @nwpovpy oif Bomadlg 2H) - y1 ) -

N, 4- di met hyl benzam de (1) (1.36 kg, 95% purity,

greater than 99% ee) was 40 WY 2008/ 072079

PCT/ 1 B2007/ 003993 obt ai pned he- ¥t oduct was t hen
purified. (-)-3-(4-(2,4- rabe nzyl oxy) - 3- br ono-
6- et hyl -2-oxopyridi% ) >, 4- di met hyl benzam de
(1) (4.0 kg, 8.4 nole d n€thanol (13 L) were

m xed together and broughf 8 60C and stirred for 1 5
hour. The product wasi¥ ] ereg4and washed with anbi ent
“tenperature nethanol ( L), ,to give
(-)-3-(4-(2,4-difluorobenzy ny-S-bronD-G-nethyl-2-ox
opyridin- 1(2H)-yl)-N, 4-di met hyl benzam de (1) (2.9 kg,
6.1 noles, 98.4%purity)! The above detail ed

b i f. enbodi nents is intended only to 10
> a@&ﬁ%h&ﬁhggﬁﬁés skilled in the art with the invention,

10

d)teenfactimg a pbepouhof fotrsulpnact i cal  application so that
others skilled in the art(ﬂ?y adapt and apply the
invention in its nunerous tornms, as they may be best
suited to the requirenent f a particular use. This
i nvention, therefore, i rkimted to the above

enbodi nents, and may bedvaeiously nodified. 15 20 41
WO 2008/ 072079 PCT/ 1 B200T7/ 003993 What is claimed is:
1. A process for the prep.rabldﬁ of a conpound of

Formula |I: x2 v

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 [V with an hydrolase in the presence of a
buffer solution to produce a compound of Formula X:
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O\ x3/ x164 x ONRBRX R/ R \'I N R 0 I
5 conprising the steps: a) contacting a conpound of
wo ooosiorw79: OH /~ 0O NR2 R3 0 V with a hal pOEmE0IT®3993
reagent in the presence of at |east one solvent to
produce a conpound of Formula IV: OH x' /I ONR2
R3 R 0 10 IV b) contacting a conpound of Forrmula IV
with an hydrol ase in the presence of a buffer
solution to produce a compgynd of Fornula X: 42 WO
2008/ 072079 PCT/ 1 B2007/ Q%ﬁf OH X ONR2
|

0” N7 "R?
R3
o
o]
X

c) 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:

OH
1
X /l
0 "N~ "R?
R3
R4
N
\RS
0
5 X - 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

10 xb X2 X3, x* X5 and X® are independently H, halo, or a C4-Cg alkyi;

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;

15 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
20 “halogen.

2. A process of Claim 1 wherein the preparation of a compound of Formula V:
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10

R3 OH 0 X c¢) contacting a conpound of Formula X with
a activating reagent in the presence of at |east one

wagodosemo7and then contacting the resulting m XeCr/EB20071(93993

an amine to produce a conpound of Fornula I X OH X1
ONR2 R34 N,R5 051X ; and d) contacting a
conpound of Formula I X with a substituted benzyl halide
in the presence of a base and at | east one solvent to
produce a conpound of For®mila I; wherein 10 X1, X2,
X3, X4, X5 and X6 are injéE%Pdently H, halo, or a
Cl-C6 alkyl; Rl is a CL: lalzkyl or aryl; R2is H,
hal o, or a Cl1-C6 al kyl ;33 i"s hal o, or a Cl-C6 al kyl ;
and R4 is Hor a Cl-C8' l; 15 RS is H a Cl-C6

al kyl or aryl; or R4, R5, @he nitrogen to which
they are attached form a norgholinyl,

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

BAFSFA P U BT ) 20 L

Cl- 4 al koxy, hydroxy, hyﬁy Cl-&A4 al kyl, Ci1-C4

di hydr oxyal kyl, or 20 hal n. 2. A process of Claim
1 wherein the preparation a,conpound of Formula V:
43 WD 2008/ 072079 PCT/ | B30/ (03993 OH

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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/1 ONR2 R31 ORL O V conprising contacting a
conpound of formula VI: OHO O R2 VI wth a

weoerspomed®d of formula VII: NH2 R3 1C 0. R 0 PEIB2007/093993

10

15

20

the presence of at |east one solvent and a base
wherein Rl is a C1-C6 alkyl or aryl; R2is H, halo, or
a Cl-C6 alkyl; and 10 R3 is halo, or a Cl1-C6 al kyl.
3. A process of Claim1l wherein the preparation of a
conmpound of Forrmula Vi OH /NQBR2 2 R3\ ORL 0 V

conprising contacting a conpgundi’of fornmula VII: 44
WO 2008/ 072079 PCT/ | BZO%ZQSO 93 NH2 R3 Ri.O\
: @)
VIl
with a compound of formula VIll:
O QOH O
X 0
o
Vil

k4

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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10

15

20

O VIl with a conpound of forrmula VIIl: 0 OH O O 0--~-
VIIl in the presence of at |east one solvent and an

wa@eiod/o7®7mherein RL is a Cy-C6 al kyl or aryl; RI/iB061/003993

hal o, or a Cl1-C6 alkyl; and R3 is halo, or a Cl-C6
al kyl. 10 4. The process of Caim1 wherein the
conpound of Formula | is (-)-3-(4-(2,4-d if

| uor obenzyl oxy) - 3- br ono- 6- net hyl - 2- oxopyri di n- 1( 2H) - ylI

-N 4- di et benzam de or tically. . .
b Jbg Patieds Shp fanisen 160 sSyENRaLE s FReiolje poetic
wkigr &idm e(ce}lc 3citi4obiiringlaichisenenbsuonzad wate), 1Svdiramg- 6
15 neth oxopyridin-1(2H) -yl)-N, 4-di net hyl benzam de
?Qowl%éﬁﬁjfoxlaﬂeenantl oneric excess of 80% 6. The
process of CI aim 1l wherein the hal ogenating reagent,
in_step a, I phenyl triethylamoni umtribrom de,

g, ihaume@ﬁ@ofsC@mﬂnﬂiwnﬁwamreiaﬁe iRstefp, is a lipase or
E,ro@égyépcm ni m de, pyridiniumbrom de, perbroni de,

rom ne, dibronotriphenyl phosphorane, brom ne

chl oride, N bronohydantoin, N bronobcaprol actam

O ST I e InaPOgDIA I Ecp ok it

oride, cupric or us
p@aﬁ%\whlp@psmwte buffer-s@mt@n qnﬁpwmfg@mc b@artzmahasbwﬁler solution.
2008/ 072079 PCT/1B2007/003993 7. The process of Caim
1 wherein the solvent, in step a, is acetonitrile,
HeefThe promesslof ©rinam vaeeein theagdtivatiomtegiganh @ step ¢, is 1,1'-

%r’g?(rg;h%i%éa%ﬂe‘z%@ﬁ%% gggg cg)%\(%chlg 5%{ R/Q%'sﬁl‘?&%%ﬁ%c%londe

blyatpbbasdrictilovidet ppodphors gentaghésleopherps btetmsammeniuiine
. f.Claiml. t.he buff | ut

BEGETES Puoln G Bido e HeSbReU tiRbE nace burrer |

giotamdtaphenylphosphivdags bramine calokideatl erdrabifgrantsh ot Non.

%O 10. TF] Héor ocess of Claim1 wherein the activating

'IPEAPC' Y Bt ep ¢, is 1,1 -

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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car bonyl di i m dazol e, thionyl chloride, oxalyl
chl ori de, phosphorus oxychloride, phosphorus
wo eooglofwrd de, phosphorus pentachl ori de, phenyl PCT/IB2007/003993
triethylammonium tribrom de, pyridinium brom de,
per brom de, brom ne, 15 di bronotri phenyl phosphor ane,
brom ne chl oride, N bronohydantoin or N
bronocaprol actam 11. The process of Claim1 wherein
the solvent, in step c, is dinethylfornanide

di ch| or oet han t et r ahydr of ur | oxa
f@r 51 L%Bf%ﬂess Qgcl@irﬂér"a"%?'nt"&? ﬁ‘g‘ﬁ%‘t 'Tftepl'ﬁ'é gﬁgcess of
\?hnﬁdtmlfbrrgﬁmfo%l N Nh@né’tﬁ‘%l@@etammeSN&ﬁemyldyﬁoIW1 3-
erein i S

3. 'The
pIRiRdaidazodsinpng. primsrigeny Ret %éﬂ%&f@hyl?{%a (TH)-pyrimidinone.
5 benzylhalide, in step d, is: x2 halo h3 xs ) x5
wherein halo is chlori de brom de or iodide; and X1'
0., Theaprosess ol laify! wh ek therispan ®igi 4.yis potarsium caspongte,
I 7
Bl lhone Y OnSRRLOTAO R PRI O ATRRFop e
pNN-diisograpytatyilaningani de, N, N-di et hyl acet ami de,
N- et hyl pyrrolidi none, 1,3- dinethylimdazolidinone,
or 1,3-dimethyl -3,4,5,6-tetrahydro-2(1
10 H).-Therpro¢etisrod fdaims! vberelhihemobessis didhldtbbénmebewkderesn

Bgﬁe sgﬁrr%rlt&@a% gm'lgﬂ 0%8%%%@@322?2?6,

triethyl am ne, d| met hyl am nopyri di ne, or

o Be e RSB CH D, P BF ing RedS inGeiuR 6 iteRle, 0 '
oo tp sy It-batdxite, s@dilhml e carbohate, ol N-ditsopraply lettofiaraineanol .
2 wherein the base is

The pr
%’8 fhylag! %%@PWEWZ‘?'B'”O%@'%%Q um t - but oxi de, sodi um
bi car bonate, N, N-dii sopropyl ethyl am ne, 15

B GP s S SS TmD 3R RO tine B pwran
metwaﬂ@ytdmjl Gk, dletiﬂi?t &ibr, bestlc- &l wi lowbhsnkw ctélrtstuwé acid,

@ acetic acid | ower al kyl carboxylic acid

ﬂfoaf%mah@meéwlf@rrﬁ@mm f or mani de.

1

L

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:

comprising the steps:
a) contacting a compound of formula V having the following structure:
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20 19. The process of Claim3 wherein the acid is a
sul fonic acid. 20. A process for the preparation of a
wa@ormpomed of Forrmula | having the follow ng SPeTITR2007003993
F OBr F ONH N- 25 0 conprising the steps: a)
contacting a conmpound of fornmula V having the
follow ng structure: 47 WO 2008/ 072079
PCT/ 1 B2007/003993 OH O NO wth
1, 3-di brono-5, 5-di net hyl hyggntoin in the presence of
acetonitrile to produce alconpound of Formula I'V
having the followi ng strugture: OH Br 0 0O 5 b)
contacting a conmpound ofOCFdfrmula IV with Bacillus sp.
protease in the presenc a potassi um phosphate
buffer solution to produc corpound of Formula X
havi ng the foll owi ng structurg: OH Br ONOH 0 c)
contacting a conmpound of Formila X with

Witd ;3 aibheany b &-difedaEadaniom ik hiee é%s@h@éS@m‘dét&ﬁtnle to
di rrethyl formani de_and then the resulti ng“m xture is

BIORHER BE@MACHAC ONFRIEHHR thwﬁg@ww UGteepr oduce a
compound of Forrmula | X haviopg t he

|
0N

RN

o)

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:

OH

0" N
o
0

¢) 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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following structure: OH Br O NHS 0 ; and d)

contacting a conpound of Fornmula I X with a conpound
whawsnoorhe following 15 structure: 48 WO 200BCOVR2002003993

PCT/ 1 B2007/003993 F F Br in the presence of

pot assi um car bonate and N-net hyl pyrrolidinone. 5 49

F
r—% >—-'F
Br

in the presence of potassium carbonate and N-methylpyrrolidinone.
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