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WO03/068,230A1, published on August 21, 2003, describes 3-(4-(2,4-
difiuorobenzylioxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-N,4-
dimethylbenzamide, its preparation and use in the treatment of inflammation.

3-(4-(2,4-Difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-
N,4-dimethylbenzamide and closely related analogs can be made by the

following described racemic route (Route 1).



N, 4- di met hyl benzam de and cl osely rel ated anal ogs can
be nmade by the foll ow ng described racem c route
(Route 1). In efforts to make the discovery
route nore efficient and a scal abl e process, several
nodi fi cati ons have been introduced in Route 1. These
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pharmaceutically acceptable salt thereof conprising
the steps: 15 a) contacting a conmpound of formula V:

10 OH 0O N CH3 V with a DUbKEARY ng reagent in the
The Bt i etioRgrhiAS: A0 PRyl Phockds Bt HFeBaration of ()-3-
(4-(2,4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yI)-N,4-
dimethylbenzamide, or a pharmaceutically acceptable salt thereof comprising the

steps:

15 a) contacting a compound of formula V:

| OH

&

O N CH,
H.C
O.
R1
O

\Y%

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

- compound of Formula IV:



0 NCH3 H3C IV b) contacting a conpound of Fornula IV
with an hydrolase in the presence of a buffer
solution to produce a conpound of Formula XX OH Brn O
N CH3 5 c¢) contacting a conpound of Formula X with
an activating reagent in the presence of at |east one
sol vent and then contactigg the resulting m xture
with methyl am ne to produce a conpound of Formula I X
OH 0 NCH3 H C CcH3 IBF~a d} contacting a
conmpound of Formula | X|wt
2,4-di fl uorobenzyl hal ide i nll0 the presence of a base
and at | east one sol@entN CH :

3
H,C
ON
R1

O

a

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

buffer solution to produce a compound of Formula X:

OH .
07 "N~ “CH,
H,C _ :
’.__OH
o)
X

5 ¢) contacting a compound of Formula X with an activating reagent in the
presence of at least one solvent and then contacting the resulting mixture with

methylamine to produce a compound of Formula IX:

OH
| 07 N” “CH,
H,C
H
N<
CH,
o)

IX ;and

d) contacting a compound of Formula IX with a 2 4-difluorobenzylhalide in

10 the presence of a base and at least one solvent;
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wherein RL is a Cl-05 al kyl or aryl. The present
i nvention al so provides novel internedi ates sel ected

from 5 nethyl
3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyri di n-1(2H) -y1-4
- met hyl benzoat e;
(- Whardig- br ono- 4- hydr oxy- 6- met hyl - 2- oxopyri di n- 1( 2H) -
yl- 4 net hyl benzoi ¢ aci d; and

(- R8s 4% HCoakylotgmit.oxy- 6- met hyl - 2- oxopyrid in-1

2H) -yl -N , 4- di et hyl benzam de. 10 DETAI LED
DESCRI PTI C]\I The conmpound and salts of this

I nTﬁ@tdr@Qarﬁ%Wéiﬁlohrﬁgé??&icﬂéé)ﬁb@ﬁrﬁéhﬂbéia&,ﬁa”@élébtbﬂ from:
avai l able in the art he term "al kyl" neans a

metkyl Ba{Syhronee-4thyaie e 8- oRtivh2Hpapysdinb big H) adtideaethyibenzoate;

(—)—32@%%%(?5-&@9&%){%%{1%@\5{??-&%&?@9?&9ﬁé-gg%gﬁgﬁxylbfe%rzom acid;
andn- butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl,

n- hexyl, nheptyl, n-octyl, and the |iKke. The
()-3t@rhrpms-4 thydheand- raﬁthakéﬁppuncwomaamum-r ing system

At | east one aromatic ring. The aromatic
dlm%ﬁﬂbe}r}%ﬂgjptl onally be fued or otherw se 20 attached

to other aromatic hydrocarbon rings or non-aromatic

for exanple,  phenDETAIERIESCRIPHQN,PS 1 et uee
-t Sﬁné‘%ﬁfg%ﬂﬁeqﬂa’éal d Gﬁg%rveﬁ@o%rpgg Y rParFE fram Hiferials
genemtl;aavauiable ircthedars., for exanple, lithium sodi um and
po{'ﬁe ?erm 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, naphthyi, 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.

The term “Group IIA metal’ is also known as an alkaline earth metal and
includes, for example, calcium, barium, strontium, magnesium.

The term “pharmaceutically-acceptable” is used adjectivally in this
specification to mean that the modified noun is appropriate for use as a
pharmaceutical product or as a part of a pharmaceutical product.

With reference to the use of the words "comprise" or "comprises” or
“comprising” in this patent (ihcluding the claims) those words are used on the
basis and clear understanding that they are to be interpreted inclusively, rather
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25The term"Goup I1A netal” is also known as an

al kaline earth nmetal and includes, for exanple,

cal cium barium strontium magnesi um The term
"pharmaceuti cal | y-acceptable” is used adjectivally in
this specification to nean that the nodified noun is

tharﬁ@ﬁm&élg}ﬁnd fat Ahiigant iRIRAL %f't@%ﬂb {hEo as
a part of a phar eutical product. th reference
intenpeeted én gonstofing Hbisvpatelst, fnoturing the' claims belopr.i ses” or
e ri,sing” in i atent (including.the clajns
¢ nS BB iAo arE dshfioB remarsus abbinidigised héreln:
MHZRAAESAReEH Ng that they are to be interpreted
inclusively, rather than exclusively, and that

Hz ig\hierizeant s i ntend each of those words to be so
! . i.n construing this patent, including the
Jis Qﬁgﬁw @éﬁ%\ﬁnp The follow ng are definitions for
m/z i6anhesito sldrgevksbl ons used herein: Mz is Megahertz.
Hz is Hertz. J is Coupling Constant. mz is mass to

. D .
°C iscgegrges Cal$idS. C is degrees Celsius. g is gram 10 ny
o illigrans. nmole is millinoles. nL is
gls%'%lnﬂliters. pt is mcroliters.
mg is milligrams.

mmole is millimoles.

mL is milliliters.

pl 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.

“TEA” is triethylamine.

“TFA” is trifluoroacetic acid.

“THF" is tetrahydrofuran.

GENERIC SYNTHESIS

This invention is directed to processes for the preparation of (-)-3-(4-(2,4-
difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-N,4-
dimethylbenzamide, or a pharmaceutically acceptable salt thereof.

5
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chromat ography. "DMAC' is N, N-di net hyl acet am de.

"DMAP" i s dinethylam nopyridine. "DVMF" is

di met hyl formam de. "DM " is

1, 3-di et hyl i m dazol i di none. 20 "DMPU' is

1, 3h€'c%?ﬁﬂtﬁ.§h %étb@dﬁﬂﬁé‘ﬁ%@hﬁo@@ﬁﬂ aﬂ%&:‘sﬂh@rnf’é‘ea chiral
yl sul f oxi de. I's enanti omer

rotaticral ssometdine neediod chivkal eolumnadirdmatographBhas bsen

. _heth t er.t.- but et her " NVP;
elimyiaed hy ilizing & SpipShvichazyatiohVdrolvéis aamigrcthi ne.
"TFA" is trifluoroacetic acid. "THF" is
tetrahydrof ur an. 30 GENERI C SYNTHESI S This invention
D ethedebar at i on of

Rt o o Paceton 2 SoMEENYH BT Y somptesh
contthﬂQ aNofpalindedfigherRzaniige a dUm;ﬁmﬁiMﬂf@ﬁ’ﬁu!al R the
acceptabl e salt thereof The conpound descri bed
Presﬁﬁc@lﬁ)éat lepshon® §olvenkn at r opi soner, i.e., a chiral
rotational isomer. The need for chiral copym

chr omat ogr aphy has been elinmnated by utilli zing a
|

sel ecti veHenzyrratl MHRydr ol yS| ppr oach.
Pr epar a n of B:Cégpound of EQ%[ nula Vv hod 1

A procegss [f of the epay at i opasef a conpdupd of
f or muba ciémpri se gnt Bet i ng a conpoun fornul a
VI with a conpound ofOfornula VI1 in the pregehre of

at Ieast one sol vent v o]

wherein R' is a C;-Cg alkyl or aryl; R? is H, halo or a C;-Cg alkyl; and R® is halo
or a C1-Cs alkyl.

Typically a compound of formula Vi is contacted with a compound of
formula VIl in the presence of at least one solvent and a base.

The process is typically carried out at a temperature from about 30°C to
about 300°C. In one embodiment the temperature is from about 45°C to about
150°C. In another embodiment the temperature is from about 60°C to about
100°C. |

The process is typically carried out for a time period from about 4 hours to
about 60 hours. In one embodiment the time period is from about 2 hours to
about 40 hours. In another embodiment the time period is from about 15 hours
to about 25 hours.

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

or ethylene glycol. In another embodiment the solvent is ethylene glycol.
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VIVII 10 wherein RL is a C1-C6 alkyl or aryl; R2 is
H halo or a C1-C6 alkyl; and R3 is halo or a Cl-C6
al kyl . Typically a conmpound of formula VI is
contacted with a conpound of fornmula VII in the
presence of at |east one solvent and a base. The

P SRS SRR S o o d TR e 1 one

embodenéerinbertaserie ai carbomateabimarboHaEE: o aldoxide dffﬁ)Grodzm IA or

anot her enbodi nent the t eraturelsfromabot
1A a6l EXAD0E: PoRsSHITG COtinALs RAiResiim i RRgdObRRam

ti t
bicafiinato! | TBRBSRMTERTIAINS , P nic o rindlRU iy
amirghsuch as hNoNrdiisbpraylethylaming, triethyamine (Jlﬁﬁ’t)fwr
dlment he ti period is from

iy RBBRSIE OMAP)P hioBe dfbdifart B3 haseis fpSah
carb®haf honpol ar sol vent. Exanpl es of useful polar

sol vents include ethylene glycol and

trifluoroethanol. Exanples of usef ul nonpol ar

. | enes and

the solvent is

dl Ahbmeo lpecﬁtmefor tfwl ;ﬁeparatwrpdsfewd;mpbhﬁﬁ of esrimuiewe
ycol, or trifluoroethanol I n anot her enbodi nent

Compﬂ%e%%m@ﬁfﬂng 3 commrqunskefderaria Vi witahgeaReugd gt farmula
vil ! n another enbodi ment the solvent is ethylene glycol.
I n one enbodi nent the base is an i norgani ¢ base or
organi ¢ base. In one enbodi nent the base is @H
carbonat e, bicarbonate or al koxide of a Go I A or
I'1 A et alyy,f or exanpbe, opot assi um car bona

pot assi uth tZRbut fC;odl ungohimar bonate. NT rRone
enbodi t het base |s 0 e)xu'ircpj_e__a_h.m%3

tertt & am ne suct a@/%l\l-dl i@pPropyl et i pe,
trietkwlam'ne (TEA) or dinethyl am nopyri di ne ( Py .

I n one egfodi nent the,pase is potassium car e
Preparation of a Corrpound of Formula V- Meth d 2

wherein R' is a C1-Cg alkyl or aryl; R? is H, halo or a C4-Cg alkyl; and R® is halo
or a C4-Cg alkyl. _

Typically a compound of formula Vli is contacted with a compound of
formula Vil in the presence of at least one solvent and an acid.

The process is typically carried out at a temperature from about 0°C to
about 250°C. In one embodiment the temperature is from about 5°C to about
100°C. In another embodiment the temperature is from about 15°C to about
60°C.

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

about 7 hours.
The solvent is a polar solvent or a nonpolar solvent. Useful examples of

polar solvents include acetic acid, lower alkyl carboxylicic acid and

dimethylformamide. Useful examples of nonpolar solvents include dioxane,

7
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10Anot her process for the preparation of a conpound

of formula V conprises contacting a conpound of

formula VI with a conpound of formula VIII.

wherein R1 is a C1-C6 alkyl or aryl; R2is H halo or

a Cl-C6 alkyl; and R3 is halo 15 or a Cl-C6 al kyl .
tetrahyBrdtatdny n?etﬁﬂ"f@ﬁlﬁlﬁyl‘%thép rd?éth?l othbr SlueRBRgt €d W th

a conmpound of " formula VI he presence of at
dichiczamietitane. sial Mmbpdlmm’fetbe@o!vent Is diofanee, ﬁebabﬁh’ofwan

typicall arri,e ut, at a te rature f.rom apout
methy] B Bl s o] dind aBal CARE Fieh ket BoR e,
dlchferﬁ‘ibﬂ’%Hét oﬁ@rhéth@h@ﬁﬁamew%oné Rnstttifent m@aﬂv&ﬁn&
the tenperature i S from about 15C to about
dioxane, tgtre ngm@r@fmrgnt geeticpcigd af slighle@mathaner Iraomq‘e ﬁmbodlment
the %ﬁ%%’ﬁﬁ%&[%‘%bﬁpou-t 0.01 .hour.to about 10 hours. I n one

e time period is fromabout 0.5 hour to

abm@néehmﬁ&neﬂlﬂh@@ii@waﬁﬁ‘fgﬁir@aaﬁ tlﬁ@nb'thm emtbd:(ﬂldment
is fromabout 1 hour to 25 abou
the grgppisAciq i «'alqwﬁraalkadcnr\ﬁbwb%ﬂut&dr{%\ﬁﬁbalhvl %b%)mc acrd ora
e
sulfééﬁcl,e%%;'ihl rgg a;‘l?ﬁo ﬁéné’ﬁi)ﬂfm IQ{:: IHCBF ﬁeﬁ%%ﬂﬁoﬁ%e&fdﬂ In one
embd'diméri‘t;thé ssulfam;tm::d Issraiatl'iamsalfp:hlesacaf. nonpol ar
sol vents include di oxane, tetrahydrofuran, nethyl
tert-butyl ether, diethyl ether, toluene and

%g%ﬂhercﬁ’ﬁ%h%g@ﬂ!lQ)Igﬁl'?‘\%s%”bOdi nment the solvent is
y u met hyl tert-butyl ether,

di Atpngtesstfoe prepering @ camp@uod dfcﬁwmulal\lw Iconmrisesy:bntactmg
di,chhr
MelcEistpie i SReteae B S reea e e B ST B 3hidsS POF spivent

acet | aC| d or dichloronethane. In one e Qgii nt the

solve & oxa I n somentenbodi e aci d
is an rg ni ¢y aci n anoLheL—enbgdlnent ni c
acid i | ower al oOr @ substituted | oway hk
car boxyld c aC|d or a Osul f oni @%5ci d such as

nesul fo or net hanesul fonic i d.
one%%%SEWBﬁﬁ %E@ﬁlfonlc acid is il

ynﬁébglﬁgjlﬁéjﬁb%eﬁm@ is énﬁ%??&fﬂ%doﬁé ré:ﬁ?)rrfgﬂl ift & Yiterature at
Kang, J; Kim, Y; Park, M; Lee, C.; Kim, W. Synthetic Communications (1984),
14(3), 265-9.

The process is typically carried out at a temperature from about 0°C to
about 100°C. In one embodiment the temperature is from about 5°C to about
50°C. In another embodiment the temperature is from about 20°C to about
25°C.

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

In one embodiment the base is an organic or inorganic base. Examples
of useful inorganic bases include Group [A or lIA carbonates, bicarbonates or
alkoxides, such as potassium carboh—ate, potassium t-butoxide, and sodium

bicarbonate. Examples of useful organic bases include triethylamine (TEA),
8



A process for preparing a conpound of forrmula VIII
conprises contacting Meldrumis acid with diketene in
the presence of a base and at | east one sol vent.

j OO _Osol ventiroo base0 OH 0 15Mel druni s

aci ddi ket eneVi | | The follow ng procedure is

- I e - - e
dimeghPahfiod i (HAAE) CBRY N diRopbyicthAaink Cirfbne
embGdimemntithatbiaseds ptRR4)um tatR)nate 6H=A or TMABr olemrsother
té |cal bé carri %%A‘out at a tenperature from about 0C

em 4BebEse®EEA n one embodi ment the tenperature
is fromabout 5C to about 50C. |In another enbodi nent
the tenperature is fromabout 20C to about 25C.

5 Halogérationocess is typically carried out for a time
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b SPrtRIoT AEERATRD 9 EPTBiPUNg b T o0 e ks foriiiting a

comp8u® 8fforiild O Whith a'Hél@%@fdiiﬁ g reghest nent the tine

period is from about our to about 5 hours.
In one e di ment the base is an organic i norgani c
base. | es of useful inorganic bages~~ycl ude

G oup I.I A car t r bonat
al koxi esN fifch as gag %ggtll i F’i‘bonat s t &si um

t - but and sodi um 3%\)§htcar bonat e. | es of
usef ul 1.6 Qases inc e triethylam 6@1

di net hyl ani bpyti di ne (DMAP), and

N, N-di i sopr opyl et hyl am ne. I n one enbodlvent t he base

I S potassium carbonate, TEA or DMAP. |n another -

whereirbRdiigra @, -Chalkbiesrearyk RFEA.H, hatialopgadiaCi alkyl; and R® i halo
rocess for preparing a conpound of formula IV
or a porlyr@K¥s contacting a conmpound of formula Vwth a

hahnGeliRtd BombBAHEYF formula V is contacted with a halogenating
reagent in the presence of at least one solvent. |

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

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

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

The halogenating reagent can be neat or a solution. In one embodiment

the halogenating reagent is a brominating or a chlorinating reagent. In one

9
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wherein R1 is a C1-C6 alkyl or aryl; R2is H, halo or
a Cl-C6 alkyl; and R3 is halo 10 or a Cl1-C6 al kyl .
Typically a conpound of fornmula V is contacted with a
hal ogenati ng reagent in the presence of at |east one
sol vent . The process is typically carried out
; HdY Lt |
e R O et B e g YPrgb i B 0 Exdlite, pheriP
trietlabammdriurdGabrdmidan mwbrmnbfﬁjﬁmnethyﬂwdaetme,r Mt ure
rom about -10C to abput The process is
bFOW?&HCEH]'”‘JFPPcQNF'Fj@&”BH é’et”Pfr?é“'B%r BPR®om about
dlbr&nétr‘b%'éhyfpﬂo@p@l‘i’&tanéobﬂb%ﬁé chldhdénﬂ SroRashyERBtoih MR-
time period s fromabout 1.5 hour to about 5 hours.
bromacapnelastanadi rabtaros becinimide pmrdlum hypothionite lhiaringe, sulfuryl

h bout . 20,3 hours odi nt, the
chlofid auleic 8t as hibsBBB{R peagRP i e g (nsite-
one 8AfIcRIthERT the, braffiatihgdéd shlofmatiy ReGEhEisat8dibromo-5,5-

contai ning a co-solvent such as water or |ower al kyi

dimedhylbydarioin, bramines PEyBidesehlotide of shipgne. iIn anpther
embgéﬂ%ﬂtﬁpﬁ%&%f@tiﬁél regetd (L%Smﬂ?é Ay gha@%r%ﬁf&da?méﬁ{ fhe

ont al as Wwate ower

brondhting eéagémiﬂ 3Ld1bmiﬁo-6r‘$)-@ﬂhe'¢lylhyﬂbﬁtcﬂml vent is an
acetic acid/water solution. I n another enbodi nent the

sol e helagenatien sy pe canducted in Thepresenge shangid. Inone
I
emb{aﬁ@?{rﬁﬁ@% %ﬁg&??ng 5 aﬂrc :ﬁBIr%ErLr g%dn;iit@ﬁgplégg?ﬂégﬁpéc;ds
includeltetrafhadrobgric eagle hydrdbnommaamd mbydiooklotic tacel, hydrofluoric

acid, by ﬂ}yng%gc‘:u? gpa;plhgﬁhﬁ#l%n%tnlfj?l y eagen%oclilﬁient?he acngngl ©
tetraﬁugyo@bﬁbzym{f 5- di net hyl hydant oi n, Nbronosucci ni m de,
um ,

pyridini rom de, perbrom de, br om ne,
di bronot ri phenyl phosphor ane, brom ne chlori de,

r onph on roam
N AR R RrensrABRAAT rOgh&hsreal ensienssmigture or

exciisiNdly BYdinglBldiantiomes P &l sorRp IR Bf foPMRRPNg 'generally

pentachl oride, or t-butyl hypochlorite. In one
presemgddn RaMemed. bromi nating or chlorinating reagent is

1, 3-di brono-5, 5- dlnethygg%gﬁﬁ50|n brom ne, brom de

chloride or chlorine. In another enbodi nent the

brom nating reagent is brom ne. In another enbodi nent

th%Hlo brom nating reagent gjs OH
- di br ono- 5, 5- di et hy)hhy ant oi n. x’
/'I =
O N” “R2 ha[ogenatlng reagent R2 hydrolase '
RA '
solvent
N
O
v
XZ
X3
activating X1 X1 6 4
d e X X
reagent ;I:Jtﬂ\ betitutod base ;I:itﬂ\ X5
2 substitute 2
solvent . O~ 'N” "R? + benzylhalide ————— 03 N™ R
] R2 solvent R .
amine R4 R
N N,
\Rs 7 RS
8] 0
IX |
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The hal ogenati on may be conducted in the presence of

an acid. In one enbodinent the acid is an organic or

i norgani c acid. Exanples of useful acids include

tetrafl uoroboric acid, hydrobrom c acid, hydrochloric

aci d, hydrofluoric acid, sulfuric acid and phosphoric
whefh &' X2 ONg4 exrbgy XeaFe fn'a%paﬁagnﬂ Hlﬁal or 3 C1-Cs alkyl; R'is

tetrafl doroboric aci cess
a CeCepliylatri ayl; 6 iqubl, énalamblr a@FG@a!klyy Rris |hahnedr arﬁqt(mgr alky!;

and Fsisfar's G daRs BTG Pl et i A apihetid 2. sendiee

nitroden to ¥vhichHeveArd aftbchaddy f&)&ﬁ”a |’ﬁoOP6E§10?iﬁ9I ﬁﬁoﬁtbﬂphoim& L

i ndependently H, halo or I's a
plpeadinyl p(yrrohdlylbll omlpaaanylrmg)wcrcmns©ptl@eaﬂu alybstlttmduvyth 1or

2 grofbs 3 e, eebgndeity ¢ £ Ak, 6714 fofivatiy”hidioxy Cr

C4 alkiyt, m%ydtr@dmy%h(y! hﬁma%gierﬁt tached forma

nmor phol i nyl’, t hi oror phol in 5 pi peridinyl,

py@pmnqqlunﬁwof F@fmplqO\éra@ﬂu I?fyfpar} be grepared asprepiousival | v
desc%‘%% ituted with 1 or 2 groups that are independently

al kyl, Cl1-C4 al koxy, hydroxy, hydroxy Cl- C4

al kyl, Cl1-C4 di hydroxyal kyl, or hal ogen.

Corrpounds of Formula V and IV can be prepared as
Proteass,Rgaslion descri bed. 10 Protease Reaction A

RS BRSPS BAU ey 5 g coacin

comp@'mmbﬁfmmula IV with a hydrolase.

OH OH
1 X!
g T
O-">N"TR2 hydrolase O "N” "R?
R3 oo R3
0, OH
R1
O 0
v X

wherein R is a C4-Cg alky! or aryl, R? is H, halo or a C4-Cs alkyl and R? is halo or
a C4-Cs alkyl. |

Typically a compdund of formula IV is contacted with hydrolase in the
presence of a buffer solution. '

The process is typically carried out at a temperature from about 5°C to
about 80°C. In one embodiment the temperature is from about 10°C to about
60°C. In another embodiment the temperature is from about 20°C to about
40°C. ,

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

to about 60 hours.
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OHOH 1V 15 wherein RLis a G-C6 alkyl or aryl, R2is
H, halo or a C1-C6 alkyl and R3 is halo or a Cl1-C6
al kyl . Typically a conpound of formula IVis
contacted with hydrolase in the presence of a buffer
sol uti on. The process is typically carried out at a

errbo &E(SPS E%@B@r at é&éﬁ?g ?9.%&8{;%%%9%1@&? (g“ﬂglbzo ul{' one

embﬁﬁfmethermi isefrorardimiit Betotaltoloé 11 e ip enatherenisodiment the pH

is f,.g,go t 283 t@iﬁ"?‘? ﬁﬁt éﬁgﬁpmefmwﬁmsglﬂ ﬁ%ﬁpﬁﬂ%ﬁbg%t 5
hoW §nd en@;%%eﬂ.g@.ewe? sglmloang aﬁnhe.gjarﬁ?@%@%oﬁuﬂ&

period is from abo urs to 25 about ours
another amhtddenenhtheobufhmsotd’elentls rfer pxannoﬂe ipotdgsum gihosphate

30 hours to ab ocess i
bufiGh ST 9 S RIa B FCAIPORa PHlTerap BRe T BodRet tpbufer
solufith Wbﬁﬁ’@%té@éiumtﬂ]ﬁ)spﬁatébuﬁ%mﬁ “Byﬁtéalﬂblﬁétmél%nty of
I n anot her enbodi nent the pH is from about to about
the budfer iselutioptia @bout®ddi ment t he pH i s about 9 In one

ff
S oI EboEe At b rne Gk hekthef R SRR ydtblesk
such 8s lip®se expitidase. PRl GrEsembodmsithb eyavdlhes pradudesahe (-)
or an inorganic bicarbonate buffer. I'n one enbodi nent

enantipaney afraeorappund oh FoEMHIaE # 6XeR%S i ANe gﬁb@ﬁlﬁmra
partiBUEH usSRl Wy ilas Y RGN 1hASARLAL o' PEnbRRMY bk

I1on 1S one ‘e
leasB@Peapraniibmetitzenoaiss C Ifsahuthemrenn!socmmm paﬁmmrwm@tﬂsﬂh

as |ipase or protea ne enbodi ment  the
hydrﬂ&aa%@é%@ Q‘E‘@EEEOCfo‘F@ tke)(cie%m'pm%ﬂnaﬂe@%é%und
[ é’ﬂ;ﬂtj
enarﬂfgrnf(% adrélsé d@e )Q/ag?ﬂj ases Ere t|!10 e eﬂ‘ul hydrol a%seare

those Iﬁmt(prpd ecathe b)renanhmraer incatdeastB% r&manhonenccexcess In
anotfg i Pagiie ety LRS! By SR HE (o3 S priteg the ©
enaritionir ih @ fdas? 9% enantiomeric excess. In another embodiment
particularly useful hydrolases are those that produce the (-} enantiomer in at
least 99% enantiomeric excess. In one embodiment the hydrolase is Bacillus sp.
protease solution (Savinase®, Novozyme, Bagsvaérd, Denmark).

In one embodiment the hydrolase produces a compound of Formula X as
a racemic mixture. In another embodiment the hydrolase produces the (+)
enantiomer of a compound of Formula X in excess.

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

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

aliphatic solvent.
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15 enantioneric excess. |In another enbodi nment
particul arly useful hydrol ases are those that produce
the (-) enantioner in at |east 90% enantioneric
excess. I n another enbodi nent particularly useful
hydrol ases are those that produce. the (-) enantioner
| NTRS hidtPBbiliNg YpPRRNdIETR! h§lo§éﬁ§%§-or'éﬂ:b@ﬂﬁ&é@ Bromatic or
enbodi ent particularly useful hydrol ases are those
aliphatiatsolvand gae behehlprobeprane anisele| dioxan@NMERN,N99%
dim e(Ea] tioneric eécestﬁ.l IE one enbodi nent the hydrol ase
gHy Eﬂ“g?’ gb. '"?JGF Yé'dr%x' %l ution (Savi nase(r),
NOYRE YoP&cesBa8 SHALAIR: cAPRBARUK t a temperathié 7619 about 0°C to
enbodi nent the hydrol ase produces a conpound of
abolA0NICa X o embediement the xtmperatling iahatihaboen®end! feealbout
t he hydrol ase produces the (+) enantioner of a
150Co sanriher empegimentihe ferperaiyre isdrom @heubBedsr teabout
140‘?"6 (-) enantioner of a conpound of formula X is
referred. The (+) enantioner of a conmpound of

f oTHa!brode¥s 8 fypicallysiraé g dubrt J @B \Reiod Fin @bbut 30 hours

enantioner can be recycled by thermal isomerization

to ahoyt 208 hca&f%xnirtoneﬂmh@imﬁnbtheytﬁm@ﬁerifgﬂ%fmm aberdrdhours
to el {80 ol G 1 SERAEE BT Meflt SN e pEABN T B il so

hours ¢opbont7®holiymula |V is contacted with a high
boi ling aprotic solvent, hal ogenated or substituted
aromatic or aliphatic solvent. ' The hi gh
Amidichi ng aprotic sol vent, ‘hal ogenated or substituted
— aromatic or aliphatic solvent can be chl orobenzene,
- anh pobesssdoppaaparingMPcompbidnd el fgrhida W& cbomrises reacting a
di net hy] sul f oyi de. The process |.s .typicall rried i
comipaiich o tgrleog Wi e SPPETRY B et TRITEAGE TN Hissgontacting
the rbSulBRG nARRES WitNAn bPSrdpPEREpAfndRPot SeddrdfEr? Bfitte (Pfroduc
to a@%ut 150C. In aﬁgt er eEbodenent t he trgnperat ué}e uee

a comnpofindof fyouda 10C t o about 140C The process is
typi caldky carried out for a tine period fr

hour,s tjo about 200 LS - | enbodi nen
periagsis from aboutgeﬁz%%ﬂgdgg to abbw2e0 hours.

| n anjot hHr embodi ment t bgvéritme period isjfrd

50 gfoums” te2 about —Am-dat™on 0% SN R2A
presesd for preparing a conpound of fagsmula | X

co% ¥<ey reacting a 152 CH¥pound of fgf 1 Wigth an
appro At e aptivating agent, and then cQutagtimg the
resul ting xture with an appropriate pring r R°
secondary am ne to produce 0

X IX

wherein X'is H, halo or a C;-Cs alkyl; R? is H, halo or a C4-Cs alkyl; R® is halo or
a C4-Cg alkyl; and R* is H or a C-Cg alkyl: R® is H, a C4-Cg alkyl or aryl; or R*,
R®, and the nitrogen to which they are attached form a morpholinyl,
thiomorpholinyi, piperidinyl, pyrrolidinyl, or piperazinyl ring which is optionally
substituted with 1 or 2 groups that are independently C,4-C4 alkyl, C4-C4 alkoxy,
hydroxy, hydroxy C1-C4 alkyl, C4-C4 dihydroxyalkyl, or halogen.

In one embodiment the compounds of Formulae X and IX are the (-)
enantiomers.

Typically a compound of formula X is contacted with an activating reagent
13
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XI X wherein X1 is H halo or a C1-C6 alkyl; R2 is H,
halo or a C1-C6 alkyl; R3 is halo or 20 a Cl1-C6
alkyl; and R4 is Hor a C1-C6 alkyl; RS is H a Cl-C6
al kyl or aryl; or R4, R5, and the nitrogen to which
they are attached form a norpholi nyI

in thbrbreggﬁ&hgll At¥hst %?%ﬁ!\l@hwﬁd th@hrt régulgb@ miRlure is

pi perazi nyl ring I'S optlona ysu Ituted with
contacted Rityaowgosinehat are mdependently Cl-A4 al kyl,

0 TR Peserss PRI arsRd pu sk p o o o oec o
aboGOTRPENAR e @B%‘ﬁt&é@&nﬂ%é&ﬂ%& %I?ffong al)P °C, to about

enant | oners. oun

50°C 0 86¢ ethbidireAnthrCiempirafige IRaPHboLit 150 a0 @b@&@ﬁ@ﬂ;‘
of at | east one solvent and then the resultin

m Xbe Pé0¢95‘>5d8) Mm@aibfopameﬁ oyth forra Wime period frore 8skhour

to a%%ttmoﬁééﬁ ¥rl§§% cﬁéﬁ nzm%%?foﬁtlg rfl%gﬂ%g?%f@ glﬁour to

aboltss hows) ab@mbthléiférhbo@hmﬂﬂ tive BE¥G. paribdas éropmrabdunehour to
the tenperature is from about 15C to about 30C.

aboutnkholi§cess is typically carried out for a time

Sﬁ{g‘o@% n%l‘n%% O th- a’ctnU&hH q%‘i’ c%rBoHﬂghan alz%[é)ne

nt the tinme peri o
dicyciblestyiCarbodiiraidel, mh|an§altdi6mndmtmdly1rehbndbepIhmsphqmﬂs| od

ST N
tneﬂﬁfl’érﬁﬁ{b‘ﬂlﬂm b iake y%;ﬁ%ﬁtﬁ%iﬁbcéém&hhdﬂ $Pomine,

t'hi onyl i de or | phosphor us
dlbrmwlphenylpbosmapbobr@mme icbhurigie;, blebroptaigaiantais or N-

enta hlorid hen rie umitri rorride,
bron BRI B o L e MR BP Sh R AC RGN Feadent s
carbémﬁﬁmﬁﬁia”zbliﬂh ity I&@mcstﬁ»muaéomndi@i @hloﬁaedsxalw chloride,
romohydant oi n_or br onbcapr ol actam ' I'n one

phosphoas wgmhlqrm; g&pﬁpa@rwgtnclél@gdmorpbosphorus pentachloride. In

one %!%FJ?))QW& tb%1 %é&JI % ggbﬁﬂ%lﬁlﬁﬁéyllﬁ %bﬁ%%:gﬁﬁbtgodlment the

activating hdaygerdés c@immmrrudamlechl oride or phosphorus

peTnt%eaggllvgrr]tl gea pclnlgr solvent or a nonpolar solvent. Useful examples of
polar solvents include dimethylformamide, acetic acid and lower alkyl carboxylic
acid. Examples of useful nonpolar solvents include dichloroethane,
tetrahydrofuran, dioxané, methyl tert-butyl ether, diethylether and toluene. In
one embodiment the solvent is, for example, dimethylformamide, dichloroethane,
tetrahydrofuran, dioxane, methyl teri-butyl ether, or toluene. In one embodiment
the solvent is dimethylforrhamide, dichloroethane, tetrahydrofuran or dioxane. In
another embodiment the solvent is dichloroethane. In one embodiment the
solvent is dimethylformamide.

In one embodiment the amine is HNR*R® wherein R*is H or a C;-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-C4 alkyl, C1-C4 alkoxy, hydroxy, hydroxy C4-C;4 alkyl, C1-C4
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one enbodi nent the reagent is oxalyl chloride. In
anot her enbodi nent the activating reagent is

car bonyl di i m dazol e. 20The solvent is a polar sol vent
or a nonpol ar solvent. Useful exanples of polar

sol vents include dinethylformam de, acetic acid and

dlhyHR%@élk?l ‘&Y'ha%fﬁe@Pﬁﬁ'dr’[éu@alglbgdlnﬁfgW' 834 Ofn SEEMbodiment R®

nonpol ar solvents 1 nc r oet hane,
is a Ce{Gsaﬂysdr i1 onamishdivnené thmﬂnye ig metth;bam;ne eTymically the
di eth odi nmen

amiréeds bl}'llég 1@]"9 éQ&ﬁﬁf Brlord“ﬁo i e e oG a@'bodlment the

solventGs InfetaahbRBthardh tbehhpdvbelirah \or Whterd ' lﬁ%heﬁ@h%!ﬂlment
tert-butyl ether, 'or toluene. In one enbodi ment the

the salverdnie mathaneleteitahydrafarande, walieeh Iopoe emrasiiment the
A e e O e

amirgoinvettahydrodliramt hyl f or mami de. 1 n one enbodi ment the
am ne is HNRARS wherein R4 is Hor a Cl-C6 al kyl; 30
RsOptonallyarcacigssan ke psed tawprk up thereagtion. da@nehe
embﬁgﬁ‘ﬁ eiﬁe ta?dwshl O%@%ﬁﬁcoﬁ lﬁofgtatn"?c,cpl %@?I a%ﬁes of useful acids
inciuﬂgramltlc (.'hcn:ylcnno acid, rbﬁtlmd%lfuncm@ldwmdﬁne emlm‘dlmeai tlh)e acid
. bstituted wt or rou that are i ndependently
s acglC 3aich FF acks MG O sl A byipe Spbediebibeacd & HC,
aceti@'é&\’d or sdifdrt acll hbr‘]déﬁ%i(&ﬁqbl&ﬂ n%ﬁ’t Jhg%lcﬂﬂ%rHCI h one
nmbodiment R4 1s H In one e Iment RbIs a Cl1-C6
aI kyl. In one enbodi nent, the am ne is nethylam ne.
Typically the amne is conbined with a solvent prior
ition. In one enbodi ment the solvent is

an o? A Protdlss 6 W ahmdrp‘s‘yéj&&fn%ﬁﬁd oF fdi’ﬁhﬁé I cbihprises

her enbodi ment 5 the solvent is nethano
reacting g geyrpangrefifognuladXawith ars@ﬁat@dabanmdhahdaqe
solvent is tetrahydrofuran. In one enbodi nent the
yne is a solution of nethyl amne in
X1 tetrahydrofuran. Optionally an acid can be used, o
k up the reaction. In one enbodi nent the_aci
anligrgani ¢ or inorganic acid. BExggpl es of ud
07 d¢i dB“ 10 i ncl yde adesttitedaci d, citric acid, ald X5
R%_ gy furic acid. | rbeomdhatigrbodi ment _the acid | 9 adkti B

ﬁltrlc acid, HCl, or sul f¥e® acid. IR )
nﬁ(&ttheamdlsHCI acetic acid or su icﬁ

Ben

X2

IX 0

wherein X X2, X3, X*, X® and X® are independently H, halo or a C-Cg alkyl; R
is H, halo or a C4-Cg alkyl; R3 is halo or a C1-Cs alkyl; and R*is H ora C4-Cs
alkyl; R®is H, a C4-Cs alkyl or aryl; or R* R® and the nitrogen to which they are
attached form a morpholinyl, thiomorpholinyl, piperidinyl, pyrrolidinyl, or
piperazinyl ring which is optionally substituted with 1 or 2 groups that are
independently C4-C,4 alkyl, C4-C4 alkoxy, hydroxy, hydroxy C,-C4 alkyl, C1-C4
dihydroxyalkyl, or halogen.

In one embiodiment the compounds of Formulae IX and | are the (-)
enantiomers.

Typically a compound of formula 1X is contacted with a substituted
15
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Benzyl ati on 15A process for the preparation of a

conpound of formula | conprises reacting a conpound

of formula I X with a substituted benzyl halide. IX

wherein Xt X2, X3, X4, X5 and X6 are independently H,

halo or a C1-C6 alkyl; R2 is H halo or a Cl-C6
ben%}ill‘?éﬂlde iR3he préduitedt Absde SRd @k kodst oABdoRENkS H Or a

1-Co 20 alkyl; R5 is H a Cl-Co alkyl or aryl; or

R4 Th&proeess is picaity carded toait awh a démpbestue omt atlrai&dC to

form a norpholinyl, thionorpholinyl, piperidi

’ I
abouh 20050 dniRne empodinentdbe tsmperatyia sifam a@oab%‘zﬁ]m phout

bst | th t in I
100%; B ahothf et igiefl 18 BRI E rdth gl SRS 4 Bbot
75°@l kyl, Cl1-C4 di hydroxyal kyl, or hal ogen. 25l n one

enbi odi nent the conpounds of Fornulae I X and | are

t h&he procassris itypreally. carypil cat for antimemssipddrarh abouillShour

| X. s ,contacted w t,h substituted 15. benzy| hal j de
to atygpt i T Se i Bod mit? e i eckbdis §REF BPOL Bour o
abodth® REWEE I/ ahdtHerRifiBbdithepltid BithePérioatis Fron® BBBLEL WbErs to

from about OC to about 200C. In one enbodi nent the
aboutedpeurst ure is from about 25C to about 100C. In

oo, e FERREhSthe <tBLEARE pEhAARaI R ] T 2T °C

carried out for a time periodgfromabout 0.5 hour to
about 20 hours. In one enbodijrtent the tinme period is

from about 1 hour ta-dboy oxhow . | n oanot her
enbodi ment the tinteri odom about 2 hours to
O

about 4 hours. 10l n one ent gent the substituted
benzyl hal i de is: x2 X8

wherein halo is chloride, bromide or iodide; and X2, X3, X*, X% and X® are
independently H, halo, or a C4-Cs alkyl. In one embodiment the halo-substituted
benzylhalide is, for example, 2 4-difluorobenzylbromide, 2,3-
diflucrobenzylbromide, 2,5-difluorobenzylbromide, 2,4-difluorobenzyichloride,
2,3-difluorobenzylchloride or 2,5—diﬂuor6benzylchIoride. In another embodiment
the halo-substituted benzylchloride is 2,4-difluorobenzylchioride. In another
embodiment the halo substituted benzyl halide is 2,4-diﬂuorobenzylbromide.

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

In one embodiment the solvent is a polar aprotic solvent. In one
embodiment the polar aprotic solvent is, for example, N,N-dimethyiformamide
(N,N-dimethylformamide), N,N-dimethylacetamide (DMAC) or N-
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wherein halo is chloride, brom de or iodide; and X2,
X3, X4, X6 and X6 are independently H, halo, or a
Cl-05 al kyl. In one enbodi ment the hal o-substituted
benzyl halide is, for exanple,

2, 4-di fl uorobenzyl brom de, 2,3- 15

metgv@wgaf uorog«rﬂgmgfdén&g@maézamtb%zodmomsdd%methw

3,4 &6aetrahydr@r2(ﬂH)-mlnhtﬂmonee(DMPU) In another embodiment the

polaﬁgpgﬂgbﬁéf &Zﬁﬁﬁ'ﬁ‘?% éﬁ(@pme ng]t Ié‘%thgpgr% o] n%ntttne
solv@nﬁsfﬂl fetpy ;? @awhgﬁg oride. In another enbodi nent the
hal o substituted benzyl halide is

2, In ong pobodieertthisrmsatidet is purifae by tbivsatinmer priesipitatien

osin B A AR e S B BT Byl ocimert e

solvéﬁtﬁb@mhaﬁol hilnasheinatremod ethyiketsteor 25pobafsl. In one
pot assi um car bonat e pot assi um t - but oxi de, and sodi um

embedmrﬂdhats@ vep isnmethangl, etbane| orcﬁt@ﬁrﬁC@tqias &3 0PAc| ude
embBHin‘?érﬂ%é‘ngégg Eﬁﬁ)etﬁgnoﬁj' met hyl ami nopyri di ne (DVAP);

such as N, N
di i sopropyl et hyl am ne In one enbodinent the base is

pofassi um car bonat e, ot assi um t - but oxj de or
sojﬁh% RY %%FW@HQE’E prtpwggg WM@#'”&WH%% e pEROgigent
the RMHFSHIR LA In one enbodinent. the

solvent 1s a po ar aprotlc solvent. I n one enbodi nent
methyh 8-(Bebrameaphydrexysdimethy -2 oxopyridiaxHghl)-¢)-4-methylbenzoate;

{(-)- S-Rle' di e %ﬂyl I3 {:@megg I(ngp@?yrﬁnﬁ(&Hgy@ med[ﬁz/ibenzmc acid;

and Met hyl pyrrolidinone (NWP),
1, 3-di et hyl i m dazol i di none (DM ), 3-di nethyl-

(-)-343Dreme-4-bye ey ch- mEstﬂl-"B-OBWWﬁIﬂﬂrﬁ%lrf)ny-NM'-’U) I'n
odi nent the polar aprotic solvent is
d'meﬁ%%%r?éﬁﬁgrforrmm de. In another enbodi nent the
S Of e BbmipdUNYSBF this Pventibh thapbe used in eiefopmbsidiaie terived

the product is purified by trituration or
from dnergapic ¥t YreANIGAGHES- aﬁeasﬁﬂwr%ﬂ@ rytiGidat cemapepd, a salt of

e Yy S R SRS TSP o B 450 i

anol
propéﬁlespsminhs ehhapnosd phbndiaam:ttcai h‘fabﬂw inedhfferisg temperatures
nol, ethanol or e acet at e. 1 nlnone epbodi nent

and !Plﬁl’@fc@féﬁsvé)ﬁla esinable,solyp! i @ water or oi some Instances, a salt

of a compound also may be used as an aid in the isolation, purification, and/or

resolution of the compound.

Non-toxic pharmaceutically acceptable salts include, but are not limited to
salts of inorganic acids such as hydrochloric, sulfuric, phosphoric, diphosphoric,
hydrobromic, and nitric or salts of organic acids such as formic, citric, malic,
maleic, fumaric, tartaric, succinic, acetic, lactic, methanesulfonic, p-
foluenesulfonic, 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.

17



10

15

The present invention provides novel internediates.
I n one enbodi nent the conpound is selected from
net hyl
3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyri di n-1(2H) -y1-4
met hyl benzoat e;
(- Atrdplsdmidire @ ¢hitdidomation@l [BBhkers - Ihexe Rvipgdunds c&R)be, for
y1l- 4-met hyl benzoi ¢ acid; 15 and
example, saganatesnehinalnpnriacemic pediasiergomespy tn thepsa sttuations,

2H) -yl -N 4= di | i.de, - Th

the 60k SiatlonieTs o & PIFEY HoVRG % SBRF FHATRE Bor m

asyriimesd yntHesis \ byfreesiution bd & faceimdte8 2 ResoRfibe f the
Dependi ng on the particular conpound, a salt of 20

racemaée%@ﬁﬁ%mﬁpwfﬁé'edd%@wagmévmwe@tl@w reethegssuch as
£ ! ical i .

crvoiizeiGna e Bk F p SSORE 4 ST BNy, ror

exarapld duohiraliHPEeS column; tesnahot kinetid reaidiution; ondeavatizirg the

oi.l. In sonme instances, a salt of a conpound al so may
raceguc udyrewitha 599(9“4'@9 fergqnd &p S?T‘Sﬁteﬁ tqqe@g@r%rﬁeparatmg
the o d S dlogk i G gl cPRikth fand removing
the resolvingnagerd to gesetats tleé origimad aampoand drs esastiorasrically

.hydrochl agri c ul furic, hosphori ¢, diphosphoric,.
envighbh BERomy SRR AovpifcoBFIur cendie HRBAIRGO S Hgined to
incresidethaenbffifinericPurity 6f a @Bhigound®l eic, fumaric,

tartaric, succinic, acetic, lactic, nethanesulfonic,

pt thetlioving dlustration hgdedsatiyt shaveud conipounddF) thatican exist

ic. Simlarl h ' I :
as afliisg R oS wal S M padR RO OREGM R Phisha @ v
illustEARDNER0 BRARE Hadh of Gfdpistme (WYiamdnB) lin &IFistRed Pfojection.
amoni um Those skilled in the art will recognize a
In thigiitlestratione Ry adr Rorambihiecsyna dadivitions asl sof el pthasmla 1,
Rp i PlbtBafltiin o defntion' 35, Ky Te SuBsiyeht ffpin the
. mpolindS “can be, Tor

definitionnpl CONRIERENahe D rephesaitstba subsitate issnzyloxy.
di astereoners. In these situations, the single

enantionmers, i.e., optic Ry active forms, can be
obt ai ned by asymetri n isDor by resol ution of
the racemates. Resolu e 5 racemates can be
acconpl i shed, for exanple, Joy ‘eonventional mnethods
such as crystallizatfon in the presence of a

resol vi ng agent; chronato&?aphy, usi ng, for exanple a
chiral HPLC columm; thermal or kinetic resolution; or

derivati g Rg the racemc mxture with a resokvi ng
rea t erat e di astereoners, sgﬁ:r, i ng e
di a Ml s A7TA chr osategemphy or s > D
crggtal liz ent

[ gv and renoving 10 the reSory
to generate the original conpound in engptidieri &ally
enrichggd form Any of the above procedur can be
repeated or; conbined to increase the enantioneric
purity of conpound. The follow n 3
illustration generically shows a conpound (Z)F}hat
can exibt as atropisoners as well as its two possible
atropi somers (A) and (B). This 15 illustration alsor
8ho & .atropi somers (A) and (B)ﬁﬁ*???¢§tﬁ§?
projectjon. Ih this illﬂs#%é#?@n, R3 and X1 carry the
same d Linitions as set forth for Fornmula I, "is a
suq§¥it ent wwthin the definition of RRB)Rp igla
substitUent within the definition of CONR4R5, and D
represents the substituted benzyl oxy.

18



RR3 ~ Wien enantionerically enriched, one
enantioner is present in greater anounts 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 nole fraction
of When eaahtianericaiyranrahed, oneanansame! ishEsent i greater

(e.9., 5 f 20% . .
amasiiks Has s Siner AP & BALIER TR g oAt dohicdf bPah!
X " i | ' v ‘. R .
cxo B B s e e e
is the rolifattidnect the dRefivasherariemsl B the engntiggies pbxigire (€.9.,

5 an ee of 20% corresponds to a 60:40 ratio of enantiomers).

Detailed Examples

The following examples are merely illustrative.

1 Reference Example 1
Il sysntheses that are described in Reference

Schemes 7 and 8 depict the overa

Example 1.
: Scheme 7

S OH OH
' Br.
AN . | LI 2 OON
0O Ol O~ KzCO3 AcOHfwater
, oL O
F 5 F 4 0
Qo L

-cV\@ 07N NaOH O™y
F CH3CN, H,0
DMF/ K,CO4 O. HCI , OH

=

F

o)
0 Br -~ F
clcococl Brn F |
DMF, THF 0" N CHaNH, O™ N

\@(Cl ' \qr -~
o O
2a

ZT



The racem c process to prepare (+313-brono-4-[(2,4- 5
di fl uor obenzyl ) oxy] - 6- net hyl - 2- oxopyri di n- 1( 2H) - y1] -

, 4- di met hyl benzam de (1) is described as foll ows:

Synt hesi s of net hyl

344- hydr oxy- 6- met hyl - 2- oxopyri di n- 1( 2H) - VO- 4-

net hyl benzoate (5) Using Pyrone 6: OH

4- hydoxy- 6- met hyl pyranone (6) (1.18kg, 9.34 noles),
met hyl - 3-ami no-4- net hyl $eheredte (7) (1.0kg. 6.21
nol es), catalytic K2CO3 (102 gm O0.74 noles) and 2L
of trifluoroethanol were m xed angly heated to 80- 87 C©°

under mtroggp éor 20 22 hours ter the conpl et fj\
o N

eactr m xt §E5"vas c to 65 & and 11
yl+ aceratie Qas addled and heNsoI ut|
50 ed to 5-& product was ecte i@\r
02L et hyl acet ate to give about 5 at ed yi eI d of

met hyI
3- (4- hydr oxy- 6 met hyl - 2- oxoPoyrr d| n- 1(2H) yl) - 4- rrechyI

benzoat e. §Alter natlve

3- (4- hydroxy- 6- rrethyl | di n- 1(2H) - y)-

met hyl @éFe (5) o e ar edyJapi NQ § F
1,

5- (1- hydr oXy-3- oxobub ne) - 2, 2+,ah, rEt hy 12

I oxane- ZIDinqzéé)ane (8 fol | ows: el o
0‘\
o]
3 O 2

F Ob\
01\@‘ Brﬁ "

Br_~
F 0
cIcocoCl Ij\ . N
DMF, THF O™\ CHaNH \©\N

Ci 0

2a © 1

The racemic process to prepare (-}-3-[3-bromo-4-[(2,4-
-5 difluorobenzyl)oxy]-6-methyl-2-oxopyridin-1(2H)-yl]-N,4-dimethylbenzamide (1) is

described as follows:

Svnthesis of methyl 3-(4-hydroxy-6-methyl-2-oxopyridin-1{Z2H)-y]}-4-
methylbenzoate (5) Using Pyrone 6:

OH
OH NH, TFE "]
2 — O" N
| O K,CO
‘s ~ 2 3
0 O.
o}
10 6 7 5

_ 4-hydoxy-6-methylpyranone (6) (1.18kg, 9.34 moles), methyl-3-amino-4-
methyl benzoate (7) (1.0kg. 6.21 moles), catalytic K,CO3 (102 gm, 0.74 moles)

and 2L of trifluoroethanol were mixed and heated to 80-87 °C, under nitrogen for
20
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0 785 A m xture of nethyl 3-am no-4-nethyl benzoate
(7) ( 2.0 g, 12.1 nmmoles) 10 and
5- (1- hydr oxy- 3- oxobut yl i dene) - 2, 2- di net hyl- 1, 3- di oxan
e-4,6-dione (8) (3.8 g, 16.94 mol, 1.4 eqg.) in
di oxane (20 m.) was heated at reflux for 5 mnutes
22 g0, SRR el dmiition] BrectibH! e\t irdSlad E6AEAY, ¥ELLL and
.16 g of nmethanesul fonic acid and heated at reflux
11.3flogthly] seetatewhe added ginddthe eohrtedrogradpbly cooleddd &d-10H@. A -

reaction (cycglization s essentially .conpl Th
prodHEtvas eoikéggawégﬁﬁiﬁth%ﬁﬁaﬁf%@@i% 2Peit Saedroiated
re S SR BoloNy s YRR G 94 Mol benzoste.

2. Alfergaiivalyoyeibyd3-(dhyd roxyp-onkioyl-2-oxepyrid G (2H)-yi)-4-
meth%ednrz%g!tes (ﬁcc!a% be4 blgeplaPreJ Eé.’n%'?-ﬂ —%9d wxyﬂ-oxobutylidene)—z,z-

dimethyl-1,3-dioxane-4,6-dione '(8) as follows:

OH
i} dioxane = |
NH, O OH O reflux o
. )Ujlo ii) MSA ~ N
O _ 9] O/b @WO\
O . . o
7 8 S

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. Ligquid 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

A,oo-
Ou\

+ ———-
O 5 ii) HCI 0 OH O
o)

Meldrum's acid diketene 8

product.

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

procedure described in the 20 literature at Kang, J;
- Kim Y; Park, M Lee, C.;Kim W Synthetic

Communi cations (1984), 14(3), 265-9. In essence

Mel drumi s acid was reacted with di ketene in

svntgéﬁg b?b?%f%\tfi@f@bk&nb- e hPAORE R Mty DE NGy rath-22 K- f1R4.-

O-grve oU70 0
metHyidehzbutl Yy - 3- oxobut yl i dene) - 2, 2- di net hy1- 1, 3- di oxan
e-4,6-dione (8). 25 Synthesis of t hyl
3- (3-'br ono- 4ohydr oxy- 6- net hyl - 2 OXppyTr i di-n-1(2H)-y1) -

4- net hyl be ate (4) 54 A's nsi on of nethyl
3- (4- hydr oxy- @- met hylg: 2- oxopyr i ¢ H- 5
yl)-4- rret‘PlyI enzoat -6 k

.85 notEB) in 6.4L
acetic aci 6L wat acOidmdtec 00l e 15 C. A solution
of 973g br igl 1. 6L acetic ac prepared and
added slowly tollthe reaction via droppi ng funnel.
During the addi®ion of bromine, the mxture becane
honogeneous fgllowed by the fornmatign of a white

preci pitate. After the addition was conpleted, the
mi xt ur éA weispension ofl Mashylahet-hgdroxg-Grmefvid-exopyrigin-1(2H)-

s -+ ThhibRrtas B it i3t Yt B AOgPLA pter anc
cooléd f-15eCd ARssfuaBh it id78gHlomine in TBE stelit Geibwad preshred
to yield 1.85 kg (90% product. 1H NWR (300 MHz,

and @bl dleyhetn Be reactiaryia droppingsiunpel) , Driripg the addition of
oo o ity ol g ol A oo g i
precioitbit. 1AAG the4iddRiorPWad @onplettd, theédmixthte Wa¥8tirréd fitdanother
C, 50.83; H 4.02; N, 4.00. Synthesis of methyl

10 15 mynytes.(Dhemixture wiestsiiisd W%D)ﬁ%-\ﬁ?f@ﬁna@ her prpduct was fijered
and WaSh AR 1 Thafk TBAdWAPB) 8% SoltHcetonitrile (0-5 °C). The solid
was dried to yield 1.85 kg (90%) product. "H NMR (300 MHz, DMSO-ds) 5 1.80
(s, 3H), 2.04 (s, 3H), 3.86 (s, 3H), 6.15 (s, 1H), 7.59 (d, J = 8.1 Hz), 7.73 (s, 1H),
7.98(d, J = 8.1, 1H), 11.6 (bs, 1H). Anal. Cald. for C1sH1sBrNO4: 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)-y)-4-methylbenzoate (3)

F
OH F B O/\©
Br. I~ 7
YU o, WL
0™~N F 07N
+ KCI + KHCO4
oL DMF/ K,CO4 O :
9] O

4 3

20 Methyi 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

22



10

15

20

25

43 20Met hyl

3-(3-brono-4- hydr oxy- 6- nmet hyl- 2- oxopyri di n-1(2H)-y1) -
4- nmet hyl benzoate (4) (1.9kg, 5.4 noles),

N, N- di et hyl f ormam de (4.8L) and powdered K2CO3

(1. 1kg, 8.1 noles) were m xed together and heated to

powczr’%gg 39(’1' lfggs ’f‘mcﬁeéa\g g M@(é&%gébﬂer SR8 to 55 °C

at a rate such that the
unddreﬁm@g@t u? &-difisorvbienizgli ohdatidee(994g6 5@ M&QMaMded ata
addi ti on, the m xture was heated at

f 3
rate peglt that Mpe tamperatiresvas mairtaneddgel Wé(§5§8 i réh@ aglidiion,

e 50 W5 9% 60 M R e
comﬁ@ﬁ-‘f‘&ﬁ’d e FeaklibnWakRIre watecsdied o POt withshe téa@lﬂltlon of

purified by trituration in refl uxi ng met hanol (4L).
19L WhternT ke sotid wes f“dteme@andmshﬁei with il L. wateerlde ergde product

was ighugyfietf oy Firbatioh iR Elfina metb ARG EErME it

cooi@d’%n((zl Bhe %oﬁcﬁﬂltér@)j to ?ﬁ?& 2](92 k@ggo%}—' pﬁocﬁﬁ; 18 NIR (301)) MHz,
CDCE) 59180 (9 3=H)428'| Hs, 3HY) 3. 87 (24343, 5.25is, %D@F%'H(S JH, 6.88

o, S 18 e v 3. 63 & 4%%?31?65? 43\ =g HE 197 7 50 (0.

—48°H2P@H§t'ﬂ P4 (@fm) 8.02(d, J=6 Hz 1H). Anal Cald for
4- di'f'l uor obenzyl oxvé - brono- 6 % oxo:?y
czzmafﬁnm@n@zém,ﬁm B&EN,2.03n Foiada6, §5@21> 8.83; N, 3.14.

Met hyl
3-(4-(2, 4-di fl uorobenzyl oxy) - 3- br ono- 6- nethyl 2- oxopy

Pre brﬁld?rdf(:?- 2 ¥ 1JifldorabEhyy1bRNZPD-arem et idin-
3.1L. 7.8 noles), CH3CN (12L) and

NaOH
1(2H9=‘Vﬁf4ﬂ7@ﬂtbv|bﬁﬂzwcrﬂci&@lt oget her and heated to 60 C,
under 20 nitrogen. Once the mxture becanmefp

honogeneous the Im xture was stirred for_.anladditi onal
hour. The r m m xture was cool ed and t hen
treat ed Bm 8 = concentrat ed HET a xdte such
that they rature wgsyL@ynt ai ned, 25C. After
t he HC1 ad Ntion was cona;i@h %bhe mx ure was
stirred f\o@fother duc s filtered
and washed CH@CNCI dried to 87 kg
(87% adduct. Qgﬁﬁlkl/k (300 MHz, CD30D) 67. %@O%dd J

7.8, 1.6 Hz, 7.82(d, J=1.8 H, 1H), 7.69(q, J
8.1 Hz, 1HB, 7 57 (d, J = 8.1 Hz, 1H),27.09 (dt, J=

2.2, 8.6 H, 1H), 6.7 (s, 1H), 5.4 (s, 2 2.14 (s,

3Hylethyl 514(@;4-50 gluoroben(zyioxy|)_-|)3—bromo- -meth‘y_/?-2-oxopyncg|n—1 (2H)-
yl)-4-methylbenzoate (3) (3.4kg, 7.1 moles), 2.5M NaOH (3.1L. 7.8 moles),
CHsCN (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 hoﬁr. 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 waéhed with 12L CHACN, dried to
give 2.87 kg (87%) adduct. 'H NMR (300 MHz, CD;0OD) § 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, /= 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,
- 23
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3H) (d, J = 2.4 Hz, 1H), 3.94 (s, 3H), 2.15 (s, 3H),
1.91 (s, 3H). ES-HRMS mz 464. 0275 (MtH cal cd for
C211-117 BrF2NO4 requires 464.0304). Anal. Cald. for
C211-116 BrF2N04. C, 54.33; H, 3.47; N, 3.02. Found:
C, 54.40; H, 3.42; N, 3.17 5 Preparation of

3H) gbyrl i nl%’zﬁwj %E%%Pﬁﬁygﬁzg%q?%iITeEgm’%%’?iﬁvz

464. ezra{mgmeaicd FaraC.qblerBsH. b0, reGuibes#84 ©30d). hjshak Caah fgr

CortlroPUSN S Hhsbithohar Ny b Be h s otk Al Hos . 347

m N, N-d| nmet hyl f ormam de and chilled to 5C. Oxal yl
chloride (368 m, 4.22 noles) was added to the
Prepaesticinoof (@)3-@-{2a4-diftuscbberryio - l-Reaxopyridin-
102 ' iged ow 10C a the gas evol uti on was under
= | chloride had been added the
reaction mixture was al | owed tp warmto room F

ten'peFature The reaction onpl eted when the
rﬁ’x\@ becanme 15 hono enébu he reaction m'x%lure

Br edgicicecepar m i trer and set asime.fl F
N

o 4080 et hyI amUm: TAF4L, | es) a@id:NM6L wat
ré added—tothereactor jand chi lted—tobetow 5C
reaction nm xture was n added to the chille H
hydgm ne sol uti on at lsuch that the N
tenperature was mai ntai ned bg) ow 15C. Once the o)
addi'ti on was conpleted the m xture was 20 al | owed to
rmto roomtenperature gnd stirred an additional
inutes. 12.6L water was ed to the m xture and t1he

(4 (3, rgliflusokemaylen S-promaeionathyl-RearopyTiHn- b2btiabt-4-

metq\ggnsec%'g% a‘%@i?ﬁlﬂgk\égége %ﬁ!&sﬁ &gé%t@%h%d %rg TF Eéﬁawgfuran
with Z%D #3 N @Lﬂdln'(?éthﬂllfé’rmﬁmae"gnd él?:ﬂbled fo Q&)( Q)xa}yi chﬁbriblemzaBB ml,
4.22 mq;lesmay agded o tileHyeaCIOIza q wate sgleh iha the tgmqperajul)e was

mam{amed é ktyv j é é zflﬂflqthg ggs qvgmtgiwgg ugaér gc'thgq_D A]f% gj'gé oxalyl
ch[or(cﬁa hg’ﬁbeeﬁ%ﬁed tﬁé'réactfd?f mfi’%ﬂf'éjl\\lzgé E%@Q% td V\%ﬂ@thOFFbQH

, ound: C,
temp@natoae H3Ihe4e5@|orl\was cwmpleted ‘when the mixture became

homogeneous. The reaction mixture was drained into separate container and

set aside. 40% methylamine (4.4L, 50.3 moles) and 2.6L water were added to
the reactor and chilled to below 5°C. The reaction mixture was then added to
the chilled methylamine solution at a rate such that the temperature was
maintained below 15°C. Once the addition was completed the mixture was
allowed to warm to room temperature and stirred an additional 30 minutes.
12.6L water was added to the mixture and the stirring was continued for another
hour. The product was filtered and washed with 10L water to give 1.25 kg
(90%). 'H NMR (300 MHz, DMSO-dg) 6 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, /= 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 (é, 2H), 3.32 (s, 3H), 1.97 (s, 3H), 1.88 (s, 3H). Anal.
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The racem c product

3-(4-(2,4-di fl uorobenzyl oxy) - 3- br onp- 6- net hy1- 2-

oxopyridin-1(2H)-y1l)-N, 4-di net hyl benzani de (1)

produced was then 5 chromat ographed using a chiral

stationary phase such as Chi ral cel QJTm or

[ real | rye JRP

Cald R, PABEINAST M 88 EROH LoeMHso! d, W?Laﬂgeé 307 RiP8H5.
Founds & ,e8408:hd, 4:.69[ blsﬁo?fﬁdl ng

S S e ibaragucta Bhipg ”ﬂ%c%%wwbs RromaBrRelyiS-
oxoﬁg/ﬁer A @‘H ))M—hl 4195% Ib"en%anﬁﬂ@?l’fl’prgdﬁ'&iﬁ #as th@ﬁ
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3- br@mp mqﬂméﬁapmpwmlmﬂ (Z(HBw)L-MﬂJmethylbenzamtde (1)
di fl uor obenzyl oxy) - 3- br ono- 6- net hy1- 2- oxopyri di n- 1( 2H
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Scheme 9 depicts the overall syntheSIS that is described in Example
2.
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Following the development of a process for the racemic 3-(4-(2,4-
15 difluorobenzyloxy)-3-bromo-6-methyi-2-oxopyridin-1(2H)-yl)-N,4-
dimethylbenzamide, a process for the direct preparation of (-)-3-(4-(2,4-
difluorobenzyloxy)-3-br0mo-6-methyi—2—oxopyridin—‘! (2H)-yI)-N,4-
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Step 1 50 54- hydoxy- 6- et hyl pyranone (6) (6.71
kg, 53.2 noles), nethyl-3-am no-4- nethyl benzoate
(7) (4.50kg. 27.2 noles), catalytic K2CO3 (0. 54 kg,
3.91 noles), acetonitrile (6.14 L) and et hyl ene
glycol (6.14 L) were m xed under nitrogen and the
: e
dimeibBzarhidethaiftiee E BYE0ngH AR UIT: BeSirterths Rilows”
Fol l owi ng the reaction the m xture was cool ed to 25C.
A 10 1:1 acetonitrile/water solution (6.14 L each)
Stebubs added to the mixture. The mixture was stirred for
90 minutes and cooled to OC. A product @gs coll eted,
washed with a 1:J,acetonitrile/water sglution (3.4 L
each)gﬁnd dried &H gi ve 60¢@9§blated yleUd of nmet hyl
1) 4+ HQO

rre zoat e 5 St epindiene 500 4} A .
ution of 1, 3- d| q, ono- 5, Sgkiéaret hyl hydarit oiyp (1. 375
kg 46 81 nol es) #n acetonitrile (11.5 L} wgs added to

a solution of net hyI 3- (4 hydr oxy- 6- met$1iy102- 20

oxopyridin-1( ZHIﬂ ) - 4- et hyl benzoate (5) (2 |
9. 4-hydexy-Simetymysanens (@ (64 8kg. 53T21@ﬂ<§%$)umq§hyiv€a§mmo4-

I
e 8Aede 7] B Sof %7 THh018), DEBIHCIOPRL B8 %5 o)
acetonitriio (6 114 Ll)eandagthylexienglyed| Y6 8 4L)) were mieduedieninitesgen and
conpl.etion of the reaction vla, di. S“J[l atio

the ggegenitie was remavegiyayasuusy distiation The HeaRiopas stired for
1 8-2f4 fod ré'}:\t 39‘% .fli’élf()% ﬁéj thedred @bl the ANRIrd W3Ycdded 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 methyi 3-(4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl)-4-
methylbenzoate (5).

Step?2

OH
O° N Hf O N >¥(7
+ Br"N HN
}]/N Br YNH
O O O
5 O
A

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
26
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met hyl

3-(3-brono-4- hydr oxy- 6- nmet hyl- 2- oxopyri di n-1(2H)-y1) -
4- et hyl benzoate (4) 510 (+/-) Met hyl

3- (3- brono- 4- hydr oxy- 6- net hyl - 2- oxopyri di n- 1( 2H) - y1) -
4- met hyl benzoate (4) (1kg, 2.84 noles) was m xed

metrf S3t YoM ATHEr A SIHILR LRORVALA, HEH 3 hicpenzoate
(4) and water (16.4 L)) and warned to 25C. The pH of the

solution was. adjusted to 10 9.1 with 10% NaCOH

solution (about 4.2 L) followed by the addition of
StepafVi nase(r) enzyme (Novozynme, Bagsvaerd, Dennark) and
—"Dwar med to 30C. After stirring for about 40-45 hours,

t@8 pH of the solution was adjusted to 6.0 using 6N

Br: (2.3 L) and stirred for 3fHm nutes. TH¥resulting
préci pi tate was ERgmeinr easit edienant i orir the ester

0" gt hyl (j)%-d?;-_bx_om)-_h,hydr xy{{6- met hyl- 2- oxopyri di n-
5. 1(2H)- y13= 4- ridthyiPBenz 23gm , iNh™~wast CH;OH

| ated by filtration and
aguegus~filtrate was washed
chl ooide. It was then furthe
wth 2.1 L of 6N HClto precipit
optically enriched acid 1
(-) 3-(3-brono-4- hydr oxy- 6- et Hyl- 2-
0 w%wsl(@%bonyd-#r%m@mwrhemmm' fdibLQRHYy1)-4-

(80% of

filtrati . 1.3 k 20 th duct
metiihenanats Ak Jmgoless wasdnxer Wttt JbaEnRstasRAm

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®

shed with watler. The
1 h L Iee
g)I]_Ei ed tO phH 3.6

abe and i sol at@® t he

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 prbduct was obtained after drying.

Step 4
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OHNt cd DMFSN THF/ DVF NJO 10
(-)3-(3-brono-4-hydroxy- 6-nmet hyl - 2- oxopyridin-1(2H) -y
1) - 4- net hyl benzoic acid (10) (1.50 kg, 4.44 noles),
1,1 -carbonyldiimdazole (1.08 kg, 6.66 noles) and
N, N-di met hyl formam de (3 nL) were m xed together at
anct)i ent 5 tenperature. Once the activation reaction
Br deenmed conplete, 2 Mnethyl @@ ne solution in
te rahydrofur@m (5.5 L, 11.1g s) was added at P&
O”iNdte that maijit ai ned t he tenpefathre bel SNdoC. T

N
ture héc me ™ geneous—adt eact i-on—reache
@m oR=" A s\e# tionpgf 1 OCPNOHTHFmFd
sol diti on (15 4 kg) was added t q\hJ)pH 3 or less. NH.
Theolo acidification precipitated tlhe product. The 0

6?oduct was filtered, washed with Rater and vacuum ¢

ﬁbroﬁ%:m’}ﬁirﬁk%tmbﬂly@w@(opyndm -1(2H)-yl)-4-methylbenzoic
br ono- 4- hydr

acid {9V Bka o malbR. 1 brprbanyidimicaraie: (0% ke 566 dedles)
and @r%—cﬁréeﬁ%@ﬁn 611%94 (SRS Swerd MRRYthdether atlamBle® > OH
temprgrdr Onee4hd yudtivatiort reaetibs wad deamyd icdmpldte?22iMy 1) -
metl'gzﬁdrra@g: qﬁxﬁt@{;{ @3%&3@"3/3&&%%@]5 I;g h%,qrgqﬁ@gf \lfvaeag )a’dded at a rate
that el B BHEREA L AP0 & 7InElye begame, o)
hom@@érﬁedﬂ@@tﬁe&@@bﬁen r@aichdueedmmpletion S(AC‘scflumﬁZoﬁbN S.
hydr(-)rtg]hlo;u(:e gmd solutlon (15.4 kg) was added to reach pH 3 or less. The
acidification precipitated the product. The product was filtered, washed with
water and vacuum dried at 60°C overnight to give (-)3-(3-bromo-4-hydroxy-6-
methyl-2-oxopyridin-1(2H)-yl)-N,4-dimethylbenzamide (9) (1.56 kg, 4.44 moles,
97% purity).

Step 5
OH i
e g
n F B F
o7 "N NMP |
+ Br/\©\ + K2CO3 O N + KBr + KHCO3
F
\QH/NH\- H
N\
9 © o

1
3-(3-bromo-4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl)-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-difluorobenzyl 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 filiered and washed with
water. (-)-3-(4-(2,4-difluorobenzyloxy)-3-bromo-6-methyl-2-oxopyridin-1(2H)-yl)-
N,4-dimethylbenzamide (1) (1.36 kg, 95% purity, greater than 99% ee) was
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m xture was diluted with water (12.5 L) over a period

of 30 to 60 mnutes and then stirred for 30 to 60

m nutes. The product was filtered and washed with

wat er .

(-)-3-(4-(2, 4-di fl uorobenzyl oxy) - 3- brono- 6- et hy1- 2-o0
obtaifRyri din-1(2H)-y1) - N, 4-di met hyl benzam de (1) (1.36

g, 95%purity, greater than 99% 631 was 28

obtlae peatuct was theheupifiedu ¢1)-3nés(2, Aaiflyarobenzydoxy)-3-bromo-

o B AR RN AT Bl S8R

Lsiiefed for 1
L I e T U

hourp r'l&nmpftodua'swbs Ifitterextianch washet adthrmbientidroperature methanol

er at o, gl ve -
.0 L F e S dedrituobbenzybonss Bite frmethyia-ryppysidy-
Wid] Aibenamietegi (et Idwwascm 499 pd kg,
1(2%% I?m@g@qét g&)4% puri tw( %!yd aims 1. A pr%c@gg for
t he preparation of
(+3-(4-(2, 4-df fi uorobenzyl oxy) - 3- br ono- 6-
met hyl - 2- oxopyri di n- 1( 2H) - y1) - NA- di net hyl benzami de,
or a pharmaceutically acceptable salt thereof
conprising the steps: a) contacting a conpound of
formula V: 01-1 O NCH3 H3C O, | Vwth a
brom nati ng-reagent in the presence of at |east one
sol vent to produce a conpound of Formula IV:
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OH OCH3 H3C IV b) contacting a conmpound of Formula
1V with an hydrolase in the presence of a buffer
"solution to produce a co und of Forrmula X2 OH c¢)

_ contacting a conpound of rmula X with an activating
reagent in the presence of at |east one solvent and
then contacting the resylting mxture with
met hyl ani ne to produce Q%‘pound of Formula IX: OH
I X;. and d) contacting a conpound of Formula IX
with a 2,4-difluorobenzyl halide in the presence of a

1. Agaeeesssfbr tie preparationef {ot3+&h{2, Maifluerabenzyloxy)-3-bromo-6-

meﬁ1yl-2—oxopyridin-‘i(2H)-yl)-'N,4—dimethy!benzamide, or a pharmaceutically
acceptable salt thereof comprising the steps: '
a) contactirig a compound of formula V:

with a brominating reagent in the presence of at least one solvent to produce
a compound of Formula [V: '

b) contacting a compound of Formula IV with an hydrdlase in the presence of
a buffer solution to produce a compound of Formula X:



Rl is a C1-C6 alkyl or aryl. 2. A process of Claim1l
wherein the preparation of a conmpound of Fornula V:
.32 OH 0"/-1.4CH3 H3C 0,R V conprising contacting a
conpound of fornmula VI: O34 H3 wth a conpound of

formula VII: VIl in the presence of at |east one
sol vent and a base, wherein RL is a Cl-C6 al kyl or

aryl . : OH

' ¢) contacting a compound of Formula X with an activating reagent in the -
,presenc:e' of at least one 5blvent and then contacting the resuiting mixture with
methylamine to producé a compound of Formula IX:

; and
d) contacting a compound of Formula IX with a 2,4-difluorobenzylhalide
_in the presence of a base and at least one solvent;
- wherein
R'is a Cy-Csalkyl or aryl.

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



3. The process of Caim1l wherein

()344-(2, 4-di fluorobenzyl oxy) - 3- br onp- 6-
met hyl - 2- oxopyri di n-1(2H) -y1) - N, 4- di met hyl benzam de
‘is present in enantioner Pe excess of 80% 4. The
process of Claim1 wherein the hal ogenating reagent,
in step a, is 1, 3- dibronp-5, 5-di net hyl hydant oi n.

.33 5. The process of O#faim 1 wherein the solvent, in
step a, Is acetonitrille, acetic acid, or an acet i c
acid containing a cozsohvent such as water, |ower
al kyl al cohols, or di ox4_ e. 6. The process of daiml
wherei n t he hydrol.ase 9 p b, is a Bacillus sp.
protease. 7. The @ ' aim1 wherein the
buffer solutionggan ¢ , 1's a dibasic potassium
phosphat e buffer3so or an inorganic bicarbonate
buffer solution. 8, d| progess-of Claim1l wherein
[ [ er'c, is 1,1-

car bonyl diirni dazole. 9. lIhe process of O ai m 1
wherein the sol vent, |n st@p c, is
di r net hyl f or mami de, hI or oet hane t et r ahydr of ur an,

- di oxane nethyl tertb ether, or toluene. 10. The

, m—,mavlsol vent, in step d, is
- COMPRRE ﬁpyr r%%ﬁme&ﬁ The process of Caiml :

d, is potassium carbonate.
from nethyl
t hyl - 2- oxopyri di n- 1(2H) yl 4

mhereln the base, in s
12. A conpound sel ect e
3- (3- brono- 4- hydr oxy
- nethyl benzoat e;
(-)-3-(3-brono-4- thy1-2-oxopyr|d|n-1(2FD-
y1- 4- met hyl benzoi ©oand 3 _

(-)-3-(3-brono-4-hydroxy- 6- nethyl 2-oxopyridin-1(2H)-
yl -N, 4- di met-hyl benzanvide. '

with a compound of formula Vil:

Vil

in the presence of at least one solvent and a base, wherein R'is a C1-C§ alkyt

oraryl,

3. The'proces's of Claim 1 wherein (-)-3-(4—(2,4-diﬂuorobenzyloxy)—3—bromo—6—
methyi-2~oxopyridin-1(2H)-yl)-N,4-dimethylbenzamide is present in

enantiomeric excess of 80%.

4. The process of Claim 1 wherein the halogenating reagent, in step g, is 1,3~

dibromo-5,5-dimethylhydantoin.
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5. The process of Claim 1 wherein the solvent, in step a, is acetonitrile, acetic
acid, or an acetic acid containing a co-solvent such as water, lower alkyl

- alcohols, or dioxane.

6. The process of Claim 1 wherein the hydrolase, in step b, is a Bacillus sp.

protease.

7. The process of Claim 1 wherein the buffer solution, in step b, is a dibasic
potassium phosphate buffer solution or an inorganic bicarbonate buifer

solution.

8. The process of Claim 1 wherein the adtivatihg reagent, in step ¢, is 1,1"-

carbonyldiimidazole.

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

butyl ether, or toluene.

10. The process of Claim 1 wherein the solveht, instepd,is N-

methylpyrrolidinon&.

11. The process of Claim 1 wherein the base, in step d, is potassium

carbonate.

12. A compound selected from:

methyl 3~(3-bromo-4-hydroxy-6-methyl-2-oxopyridin-1(2H)-yl-4-
methylbenzoate; | ' |
 (-}-3-{3-bromo-4-hydraxy-6-methyl-2-oxopyrigin-1(2H)-yi-4-methylbenzoic
acid; and _' | |
(-)-3-{3-bromo-4-hydroxy-6-methyl-2-oxopyridin-1(2H)-y1-N,4-

dimethyibenzamide.



