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PROCESS FOR THE PREPARATI ON OF AN OREXI N RECEPTOR
WOANDAGOMSSST BACKGROUND OF THE | NVENTI ON 5The oOPEXUSRH09/044284

(hypocretins) conprise two neuropeptides produced in

t he hypot hal anus: the orexin A (OX-A) (a 33 amno acid
peptide) and the orexin B (OX-B) (a 28 amno acid
peptide) (Sakurai T. et al., Cell, 1998, 92, 573-585).
Orexins are found to stinulate food consunption in
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disease; gastric diskinesia; gastric ulcers; Froehlich's syndrome; adrenohypophysis disease;
hypophysis disease; adrenohypophysis hypofunction; adrenohypophysis hyperfunction;
hypothalamic hypogonadism; Kallman's syndrome (anosmia, hyposmia); functional or
psychogenic amenorrhea; hypopituitarism; hypothalamic hypothyroidism; hypothalamic- adrenal
dysfunction; idiopathic hyperprolactinemia; hypothalamic disorders of growth hormone
deficiency; idiopathic growth deficiency; dwarfism; gigantism; acromegaly; disturbed biological
-1-



10

15

20

25
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formula I: or a pharmaceutically

acceptabl e salt thereof, which conprises: contacting a
weaope4ssB of the fornula I1: HN 511 with a conpoutskood/044284

the formula I11: 10 to give the compound of the

formula I. In a specific enbodi nent, the

present invention is directed to a process for

preparing a conpound of the fornula I: 15o0r a

pharmaceutically acceptable salt thereof, which

conpr ios e pharmACERRABY 443PERBRGIN US26809/ 044284 1 |

which comprises:
contacting a compound of the formuia II:

Meth\/
HN O .

N
= F
5 1T
with a compound of the formula HI:
Me
OH
O
NZ lN
S
HI

in the presence of a coupling agent,
10 to give the compound of the formula I.
In a specific embodiment, the present invention is directed to a process for

preparing a compound of the formula I:

CHj
CHs

15 or a pharmaceutically acceptable salt thereof,
which comprises:



with a conpound of the fornula I'll: 5 OH 11l in the
presence of |-propyl phosphoni c anhydri de and a weak
w@rmansv3base to give the conpound of the fornRACEU$2009/044284

The present invention is further directed to a process
for preparing a conpound of 10the fornmula I:
or a pharmaceutically acceptable salt thereof, which
conprises: 15 contacting a conpound of the formula V:
Protecting group // o0 o

contacting a compound of the formula I1:

Meﬁ"@\/
HN @] N

N
S
I
with a compound of the formula 1II:
Me
OH
0O
N" lN
. N
I

in the presence of 1-propyl phosphonic anhydride and a weak organic base to give the compound

of the formula 1.
The present invention is further directed to a process for preparing a compound of

10 the formula I:

CHs
CHj
. ~
0 N
N~ g\f = F
N

or a pharmaceutically acceptable salt thereof,
which comprises:
15 contacting a compound of the formula V:



V wth 5-fluro-2-hydroxypyridine of the fornula VI:

5VI in the presence of cesium carbonate to give the
weaope4ssB of the fornula IV: ---- NO ProtectiPQI/USR00UM4284

NIV foll owed by renoval of the protecting group

in the conpound of the fornula IV to give the 10

conpound of the fornmula Il: HN NF Il foll owed by

contacting the conpound of the forrrula Il with a

conmpound of the forrmula I11:

2009/ 143033PCT/ USZU@Q/FjﬁS:/ /@

Protecting // \\
group

\Y%
with 5-fluro-2-hydroxypyridine of the formula VI:

5 VI
in the presence of cesium carbonate to give the compound of the formula IV:

Me;,,,
— 'O\/O X

Protecting |

group N
7

v
followed by removal of the protecting group in the compound of the formula IV to give the

Meth\/
HN 0 e

|
N. .~

10 compound of the formula II:

F

I
followed by contacting the compound of the formula Il with a compound of the formula IIJ:



I1l in the presence of a coupling agent, to give the
conpound of the formula I. 5In an enbodi nent of the
WwWPrmess033 nventi on, the step of contacting a cCRECEHUSANA9/044284
of formula V with a conpound of fornmula VI to give a
conmpound of forrmula IV is conducted in an am de
sol vent. An am de solvent is an organic sol vent
contai ning an am de functionality. In an
enbodi nent of the present invention, the am de sol vent
is selected fromthe grodfe consisting of: fornmani de,
N-rnet hyl foi t ham de, N, Nodi net hyl f or mam de, acet am de,
N- 10 net hyl acetate, N, et hyl acet am de,
N, N, N1, NI -t et r anet hyl urie -pybgolidone, and
Nmret hyl pyt Tol i done. In an enbodi nent of
the present invention, the a ‘de solvent is
N, Ndi et hyl f or mam de onNAH-Tegt Nyl pyrrol i done.
In an alternate enbodi nent,}l the present invention is
directed to a process f 5 preparing a conpound of
the fornmula I: or a pharmaceutically
accept abl e salt thereof, whijgh conprises: 20
) contacting a canphorsul fonate salt of the forrmula VII
in the ppgESeREOY/AAIDBBAEFALIS2009/ 044284

to give the compound of the formula L.

5 In an embodiment of the present invention, the stép of contacting a compound of
formula V with a compound of formula VI to give a compound of formula IV is conducted in an
amide solvent. An amide solvent is an organic solvent containing an amide functionality.

In an embodiment of the present invention, the amide solvent is selected from the
group consisting of: formamide, N-methylformamide, N,N-dimethylformamide, acetamide, N-
10 methylacetate, N,N-dimethylacetamide, N,N,N',N'-tetramethylurea, 2-pyrrolidone, and N-
methylpyrrolidone.
In an embodiment of the present invention, the amide solvent is N,N-
dimethylformamide or N-methylpyrrolidone.
In an alternate embodiment, the present invention is directed to a process for
15  preparing a compound of the formula I:

CH,
CHs

(oo

or a pharmaceutically acceptable salt thereof,
which comprises:
20 contacting a camphorsulfonate salt of the formula VII:



VIl with 2,5-difluropyridine of the formula Via: F F
5Via in the presence of a strong organic base to give

wa wogeopound of the fornmula I1: HN N Il fol | oREHUSR009/044284
contacting the conpound of the fornula Il with a
conpound of the foimula I11: M in the presence of

a coupling agent, to give the conpound of the fornula
I. In an enbodi nent of the present invention, the step
of contacting

H
| Mehn(\j\/
+
Y HaN OH
SO;

VI
with 2,5-difluropyridine of the formula Via:

ITF
P
F N

5 Via
in the presence of a strong organic base to give the compound of the formula 1I:

Mehh@\/
HN O\Q
N
= F

It
followed by contacting the compound of the formula II with a compound of the formula III:

Me
. O

N N

0 S

HI
in the presence of a coupling agent,
to give the compound of the formula L
In an embodiment of the present invention, the step of contacting
15 camphorsulfonate salt of the formula VII with 2,5-difluropyridine of the formula VIa, the strong
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15canmphorsul fonate salt of the formula VII with
2,5-difluropyridine of the formula Via, the strong

wormansv3base i s selected fromthe group consiBCT/HSR00S/044284

sodi um t - but oxi de and sodi um et hoxi de. In an

enbodi nent of the present invention, the strong
organi ¢ base is sodiumt-butoxide. In an
al ternate enbodinent, the present invention is
directed to a process for preparing a conpound of the

organicftasenslsalevted Wioirt the gomprdoseisting ofntsadiimigbutexidg knd sasjm ethoxide.
In an eﬁﬁ@%cﬁﬁ'}%npéf tp@?regé?ﬂ 'fﬂUeﬁftlaﬂ kﬁe st%n%ré&}g Ea]se W stoﬁuﬁid H@ﬁtﬁiﬂde

onate o

the predeplianze erabwbm@n? ﬁ‘%ﬁr@ﬁﬂl&”’b’%@q% dgp%d 5) a process for

preparig@aPOMpsurAfoftthefobammwa Xi: 00 15

Me;,,_ Me

Protectin N
groug o

v

which comprises:
contacting methyl vinyl ketone of the formula XIII:

X1

in the presence of a weak inorganic base to give a compound of the formula XI:

O 0O

OMe

O OMe

XI

followed by biocatalytic transamination to give a compound of the formula X:

Me/,,'

HN



Xl followed by biocatalytic transam nation to give a
conpound of the fornula X WO

WQDYN43030D33PCT/ US2009/ 044284 X fol | owed by r eRUyUS29M9/044284
with a first hydride reduci ng agent of the conmpound of
the formula X to give a conpound of the formula I X
HNOH O 51 X foll owed by reduction with a second hydri de
reduci ng agent of the conpound of the formula I X to
give a conpound of the formula VIII: HN VIII 10
followed by formation of th& camphorsul fonate salt of

followeﬁrb? r@%@ﬂ Qﬁthoaf ﬁltshﬁy(irfa% Ml Rindl debn@ftdhd @(941}%11'11@ Rf R BHNE®a X to

horsul fonate salt of the fornula V
give a compound of the formula IX:

Me;,,'
HN OH

0O

5 IX
followed by reduction with a second hydride reducing agent of the compound of the formula IX
to give a compound of the formula VIII:

Me/,,_

Vil
10 followed by formation of the camphorsulfonate salt of the compound of the formula VIII and
isolation to give a camphorsulfonate salt of the formula VII:

Me/,
Lo

VII
followed by protecting the free amine in the compound of the formula VII with an amino
15  protecting group to give a compound of the formula VI:

MB/,,.
O

Protecting
group

\

303
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VI | foll owed by protecting the free amne in the
conpound of the fornmula VI with an am no 15

WPrmpae0sng group to give a conpound of the foPCIUSROW/044284
Me," Protecting group OH VI WO
2009/ 143033PCT/ US2009/ 044284 fol | owed by contacting
t he conpound of fornmula VI with tosyl chloride in the
presence of a weak organic base to give the conpound
of the formula V. In an alternate enbodi nent, the

followeddnrsutastiog therrermporndipifoxmnulapi \witiotosY aigridsdn thedpressce of a weak

Orgamdjlbe{s§€6 éﬁ&e e td&n?aoﬁﬁ%@?%? %ﬁgﬂ%ﬂ Ir educi ng agent to give
he c %:1 ernate embod1ment e compound of the formula X:

IVIe/,,,

HN OMe

[

O O

X
may be reduced directly with a second hydride reducing agent to give the compound of the

formula VIIi:
Me/,,,
H@ /OH

VII

In an embodiment of the present invention, the step of contacting methyl vinyl
ketone of the formula XIII with dimethyl malonate of the formula XII, the weak inorganic base is
selected from the group consisting of: potassium carbonate, sodium carbonate and sodium
bicarbonate. In an embodiment of the present ini/ention, the weak inorganic base is potassium
carbonate.

In an embodiment of the present invention, the biocatalytic transamination to give
a compound of the formula X is conducted with a fransaminase enzyme. In one embodiment, the
transaminase enzyme is ATA-117 (commercially available from Codexis). In another
embodiment, the transaminase enzyme Vibrio (commercially available from Codexis) may be
used to provide the other enantiomer of the compounds of the formula X. In an embodiment of
the present invention, the biocatalytic transamination with a transaminase enzyme is optionally
conducted under conditions that remove the byproduct from the reaction of the transaminase
enzyme. In an embodiment of the present invention, the biocatalytic transamination with a
transaminase enzyme is optionally conducted in the presence of lactate dehydrogenase and
glucose dehydrogenase to remove the byproduct from the reaction of the transaminase enzyme.

In an embodiment of the present invention, the reduction with a first hydride
reducmg agent of the compound of the formula X to give a compound of the formula IX is
conducted with a borohydride reducing agent, such as calcium borohydride or sodium
borohydride. In an embodiment of the present invention, the reduction of the compound of the
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HN VI11 10l n an enbodi nent of the present invention,
the step of contacting nethyl vinyl ketone of the
wo 200sind3@33Xl 11 with di nethyl nal onate of the foPCmIUSR009/044284

XI'l, the weak inorganic base is selected fromthe

group consisting of: potassium carbonate, sodium
carbonate and sodi um bi carbonate. In an enbodi nent of

the present invention, the weak inorganic base is

pot assi um car bonate. 151 n an enbodi nent of the Bresent

formulg Kyte giviedhe carmpounid of dhedboymile IXdapenalvcied withsoding barehydride in the

presence QTRRAUREh liofiNEinle@amH] S1vént.s conduct ed Wl t h a
t ransam nase (ﬁnz ynme, | n one_enbodi nent,

t r ans #hiheRBodmspRS the Prasert inveniien Wé?%%qnwlg%/%ﬁqc%‘li Bydride
reducm@fagmt@ﬁ%o‘ﬁipouh@ ofithetfthi@iul € D esiive Alcomipbend sfhs &S @11 is

contcTE Vet GOTNRS B B0 R AR

borohydwdgpounds of the fornula X In an enbodi ment of 20the

i 'ﬂx‘i ?’l‘ DGR oﬁtﬁe‘?gx@k&ﬁ S’Eﬁv%hé{%ﬂ ‘fh%;?x%{é%ﬁﬂ%gﬁtﬁe%gmme in the

ransamn na
compmmﬁ!d:efrth@:mulau ol avithra fmaléﬁwéethg gb@}mt@m a ¢qnapaupd of the formula

VI, the raﬁﬁﬁi ﬂ)l‘éfécﬁﬁg éﬂ%@p iy AROADRSEnE POV a UB@]B}O%@B@@ bivRp!

ion, the o cat
t r ans g‘?rgrh g%‘ii ‘#nge PLeSEHE YPvsnticpy dn g’r?z%tﬁri’ec’f cgntacting a compound
of the fOﬁtnﬂ@ WalWith oo duidtidd to give Beomphesehefahe forlnaltd W) the weak organic

ase. and gl se _de nase to renove the
base is B RG SIRRRGAD B MY S RRERE S Lo o
enzy min aip&hhodimesidiolic presint afventien, pn eetip dfvostatiinng compound

of the fBﬁ&uié PRt L g&‘m}%&rﬁi & hd fo?x%mﬁg/{ﬁrtb %ﬁze\r/tﬁéj %@m@gﬁ‘g}{ Jgf-mula I, the

couphngwgeméﬁr@myﬂ Rh‘i’%’h@@ﬁ a%td@éew&aly ahleaﬁi@ ﬁy@mrwéchlonde

reduc Ihggn gfasét}llneﬁMmaﬁregait @ﬂ‘}éml&? i mécgrté;ﬂcﬁf cBhita8@6H 4Bdmpound
rjae n a e

or
of the TPRpAR A1 & EPEPP UL Lo BH UHGD EMhgBe ORIl eg heyfgrmula L the
weak ok@}iZOﬁQé iﬁb%@s’ﬁiﬁ%ﬂeﬂﬁﬂﬂﬁﬁk Odidd§thntioe, Nihaeth§lnorpholise, oh di-aza-

0 of the formula I X is conducted with sodi um
{222]%?}?@?%3&;%% de in the flor esence of calciumchloride in

et handt asenbediment of the present inventigm ie tHsatipmdiron@attinghecompound
of the f@ﬁﬁ“tﬁg ity fulY @&hb&ghd difife fo%H&tHIQQ gWettﬂe @orﬁﬁﬁ.ﬁ’iﬁ%‘f tﬂYedfohgﬁla I, the

reduci ng agent he conpound
reactiogyjs\r@ndueshialistdorgmet! < 1 emostiess. ﬁce;tgn@l@,dmewal toluene,
N,N- dlwemlmaaetaﬁﬁ@ dﬁﬂéiﬁjlﬂﬁnﬁﬁﬁ’déc bﬂﬁtr@@ﬁiﬁ&ﬁxraﬁl%hreﬁﬁ l'ithium

al um aum dride ,or |t£hl um orotgﬁ/ gl?

i Another et odiment, the invention i§ directed {0 a process for preparing a

compound of the formula I which comprises contacting a compound of the formula I with a
compound of the formula XIV in the presence of a reagent that forms a metal amide of the
compound of the formula II.

In an embodiment of the present invention, the reagent used to form the metal
amide of a compound of the formula Il is isopropylmagnesium chloride, butyllithium, or
trimethylaluminum.

In an alternate embodiment, the present invention is directed to a process for

preparing a compound of the formula II:

-117 -



In an enbodi nent of the present invention, the
protecting the free amne in the conpound of the
WO 20043833/I 1 wi th an am no protecting group toPQi/U$2089/044284
conmpound of the forrmula VI, the am no protecting group
is a BOC protecting group or a CBZ protecting group.
10l n an enbodi nent of the present invention, in the
step of contacting a conpound of the formula VI with
tosyl chloride to give a conmpound of the fornmula V,
the weak organic base isMsridine, triethylanine, or
N, N- di i sopr opyl et hyl am ne In an

enbodi ment of the presef vention, in the step of
contacting a conmpound d s fobmula Il with a
conmpound of the fornmul a

the formula |, the 1500up|ing(8

gi ve the conpound of
agent is 1-propyl
phosphoni ¢ anhydri de, & ‘
chl ori de. lin an| enbodi ment of the present

hl ori de or thionyl

invention, in the step ontacting a conpound of the
formula Il with a conpound of the fornmula Il to give

t he conpound of the fornuIaIi, t he weak organi c base
~_is di-isopropyl ethyl am ne, %riethylanine,

which ¢enpstsegl nor phol i ne, or di-aza[ 2. 2. 2] bi cycl o- oct ane.

contactY 2icAB-LHRAFIHERNic 8fia bhdeAbR@RICVIDVENt i on, in the

step of contacting a conpound of the forrmula Il with a
conmpound of the fornula k4gJ to give the conpound of
the formula I, the reactijon is conducted in

hene, acetonitrile,
i met hyl acet am de,

di chl or onet hane, dich
i sopropanol, tol uene,
di met hyl f or mami de, or t @fluran solvent. In
anot her enbodi nent, the iinveniion is directed to a
process for preparing a 45 cdhpound of the fornula I
whi ch conprises contacting a conpound of the fornul a
Il with a conpound of the {grjrula XIV in the presence
. of a reagent that forns a nmetal am de of the conpound

with mgfhanal in theprepence qf a strong acid to giveppethyd Zuingerdimethy] benzeateof the

formulpKaegent invention, the reagent used to formthe neta
am de of a compound of the formula Il is
I sopropyl magnesi um chl orjggde, butyllithium or 30
trinmethylal um num In an alternate
enbodi nent, the present~Mayention is directed to a
process for preparing @ pound of the formula I11:
WO 2009/ 143033PCT/ US2009 428WMe

XVI
followed by contacting the methyl 2-iodo-5-methyl benzoate of the formula XVI with pinacol

borane or pinacolato di-borane in the presence of palladium acetate, tri-O-tolylphosphine and a
weak organic base to give a boronate compound of the formula XV:

-12 -
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20

[1l which conprises: contacting

2-10do-5-rnet hyl benzoic acid of the formula XVil 5 OH
wOI0b/14308H et hanol in the presence of a stronRCEHUS09/G14284

gi ve nethyl 2-iodo-5-nethyl benzoate of the fornula

XVI : 10XVl followed by contacting the nethyl

240do- 5-net hyl benzoate of the fornula XVI with

pi nacol borane or pinacolato di-borane in the presence

of palladium acetate, tri-Otolyl phosphine and a weak

organic base to give a b nat e conpound of the

formul a XV:

OMe

XV
followed by contacting the compound of the boronate formula XV with 2-chloropyrimidine in
the presence of PAC1Ly(dppf)-CH,Cl, and a weak inorganic base to give the compound of the

formula XIV:
Me
s 0]

N N

A

XV
followed by hydrolysis of the methyl ester with an inorganic base to give the compound of the
formula HI.

In an embodiment of the present invention, the step of contacting the step of
contacting a compound of the formula XVI with pinacol borane in the presence of palladium
acetate, tri-O-tolylphosphine and a weak organic base to give a boronate compound of the
formula XV is conducted by adding the palladium reagent to the reaction mixture after the other
reagents have been combined.

In an embodiment of the present invention, the step of contacting the boronate of

formula XV with 2-chloropyrimidine to give the compound of formula XIV is conducted with
PdCl2(dppf)-CH2Clp, PdCl2(PPh3)2, or PACladppb in the presence of NapCO03, K2CO3, or

NaHCO3.

A specific embodiment of an alternate aspect of the present invention is directed
to a process for preparing a compound of the formula I:

-13 -



WD 2009/ 143033PCT/ US2009/ 044284 XV fol | owed by
contacting the conpound of the boronate fornula XV

waRaokv18308h!| or opyri m dine in the presence of PCT/US2009/044284

which

PdC12(dppO CH2C12 and a weak inorgani c base to give

t he compound of the 5 formula XIV: XIV fol |l oned by
hydrol ysis of the nethyl ester with an inorgani c base
to give the conmpound of the forrmula Il1l1. 10ln an

enbodi nent of the present invention, the step of
contacting the st@te of contacting a conpound of the
formula XVI with jpi na€bb borane in the presence of
pal | adi um acet a ri-'©tokyl phosphi ne and a weak
organi c base to onpound of the

al I adi um

present invention, fhe step of contacting the boronate
of formula XV wi -chloropyrimdine to give the
conpound of formula XIV is conducted with
PdC12(dppf) - CH2C12, PdC12(1)Ph3)2, or PdCl2dppb in the
presence of .Na2CO3, K2CQO3, & NaHCOB.

A speoirbhiphagiedicatintc@biable alitlsradd] e aspect of the
oresent invention is directed 20 to a process for

?%%réﬁgf‘ng a compound of the fornula I:
O 0 0
Me)Jv/
K,COs, MeCN OMe
9] 9] 0 OMe
MeOMOMe
O O
Mef,,
OMe Biocatalysis %
HN OMe
O OMe ]/
0 o)
Me;
ta, M ,
NaBH,, CaCl,, = "
HN ]/OMe EtOH HN /OH
0 o) o
I\lie/,,‘
LAH, THF  Me,,
HN OH @
HN OH
5 ~

P IV



or a pharmaceutically acceptable salt thereof, which
conprises: 0 MeK2CO3, MeCN O O 5Me00Me 00 0 Owe
W@209M8033 NaBH4, CaCl2, PCT/US2009/044284

H
MEJ,,. D'(+)'CSA - Me”r_‘/\:l\/
H.NT OH
HQ/OH THF/MTBE 5 2

SOy

BOC,0, TEA, Me,,
Me/, BCM
O\/ \%O\H/N OH

so3 ©

Me,,, TsCl, pyridine, DCM e,
O\H/N . \\+/ (:::l\v/ ’J:::]/

22N ™
o) O |
HO™ N7
MGMO\/
TS
0 N
>
Mef,,
O\/ TEA, DCM 19
o. _N o
x HN o)
T N' ®
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HN-tyOMe EtON O O LAN, THF HN 0 14- WO

2009/ 143033PCT/ US2009/ 044284 The
wape3xonmpound i s discl osed as an ant agoni skCTS2009/044284

orexin receptors in PCT Patent Publication WO

2008/ 147518. The conpounds of the present invention

may contain one or nore asymetric

Me Me
H,SO,
OH MeOH OMe
I O I O
Me
\o
)X.{ OMe
Pd(OAc)z, P(o-Tol)s o’B‘o o
TEA, 2-MeTHF )r%
X I
N™ N
v OMe
PdCLdppf-DCM o
N” N
M Na,COs, 2-MeTHF/H,0 w
Me
; T ® NaOH OH
R e ]
N7 N H,0/2-MeTHF 0

g )
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5 centers and can thus occur as "stereoisoners"”
i ncluding racemates and racem ¢ m xtures, enantioneric
wWOroop/a43033 si ngl e enanti oners, diastereomneric PAHUSROH044284
and i ndividual diastereonmers. Additional asymetric
centers may be present dependi ng upon the nature of
the various substituents on the nol ecule. Each such
asynmetric center will independently produce two
optical isomers and it is intended that all of the
Npossi bl e optical isonmers and di asf®®reoners in 10
nixtures and as pure or partiall oumggie conpounds

e i ncl ude Al cope o ' enty on. The
oeny Mreci PR SBIECPS Lonk:
sonprPE forms of these conpound ds™0 the

' cdf®on-a depi cted as str:igh. lines in th
N,/rornQIas of the iinvention, it ig“ungerstood that bot F

(R andi{ i kons pf tlhe chiral carbon,

nd hence both enantiongrs and ures thereof, are
enbraced within the ForMmulLs~FEor exanple, 15 Formnula I
shows the structure of the coﬁgound with the
desi gnation of specific stereochem stry. Wen the
conpoumngsuljécticbppiRbis MisclRWE R drDitgAlsRbNorexia red¥ptal in PCT

patent iR ion O ARATEO o' of enant i omers. such as the

speci flihe cofipbthdsiof therpreseaf mvembntoaagniin aseo more asymmetric
centers g}u)f tcjiiﬁ 8% oddIE ab @%E&Q&ﬁ&%" gl §%n%ftest Q3&cemic mlxtures
ereoners or their chronato i c 20 separat |
enantioppyicieix Bt sineld casntioneinm dmtqrmn%rrctmwnaw}ddpdwad@l
dlasteréﬁ%gri | gaditioml ‘agylfu%@m@%ﬂ@g% S ﬂ'e&%'t @%&%ﬁdﬁﬁg ru%bﬁ‘ the nature of the

i absol tereo mstr n ned
Vaﬂousﬁﬁﬁ“%“@ﬁ%/"’é ﬁw%fim%@ réqﬂ%f %fry%%/‘faf Frie pHGatiaeadely produce
two optiday $oalekd a8 it Riistendudi thites] ofhheposaib sirichMadmaednd dfastereomers in

R R M TR T
inventiorache presink invessorois nidast T@mpmmdntsd aﬂéyucbveis@epm formd of these

compomt Wik donds ¥ 1@9 2hird QQH) h 1&&?&51 scﬁg \ ﬁfll?s ié%e-rﬁ&mulas of

par at| on Ccan pe carr Q% nown I N
the mvw@naﬁ is w%i@t:qtpoalsth%‘eﬁ:@ﬂt@@ éRD ﬁ@ﬂ Canﬁ%@mné offhetcliral egrbon, and

hence %@H&%ﬂ%eis%a@mgﬂ@&tm&w 'afeaérﬂlbfa&ﬁrvﬂt}ﬁ@ PRl ﬁo@ efample,
astereoneri c Xt ure, foIIo g Hﬁiat'

Fommulg ghWahg AGI T 424 SR STt fis S Sserghemistcy.
When 188 cotifbia {0 9f fi4INAIRGHL & GSHAAIGRAhimbehicoht term "stereoisomer”
include:s: i%ﬁ{ ?né#;{?rgé% ]g{i]d ﬁlrl)ftﬁll%rs ?)ggrtlao |r Icl)%h% ]Su%gﬁ% tﬁgeos&!g%ilrf]ig g g i S0 mixture
referredenstd rocamic caikiuyespur e aci d or base. The di asteronerie

deriv r

der | VSRR S BRIk B oo
separatipfg mewdc@rwbwm%sl}m@waﬂn theeartbnieriste madidicaiiomef the methodology

dlsclos&?ﬁ’&éiﬁt %eﬁ'abﬁﬂﬁtb%tebébcﬁ&ﬁﬁ&?&@%ﬂi&te@mﬁﬁﬂ @dﬁe x-ray crystallography

chiral .5st.ation S are.
of cysine PR G5 CH O LT RP e ST DT JeT e b with 2
reagentQfonenidngrao asyshmaic bentehifainoed abyolstenaldgehtent i1 desired, racemic
m1xturesy ?tge orﬁ%(%l{%gy Rha Vﬁ BE At%dr gotuﬁlgt tﬁ% %{dﬁvz?*%al gﬁﬁrﬁfo l iar% isolated.
The sepauattdme:aarbﬁ carried out by methoﬁg wal) ,ﬁnewnm the aplysuch@s ghegfoupling of a
racemic Kblitlurcf'edg cbﬁl%o&'i 10 Iaﬁl Qﬁi@nﬁ:‘i’ @) &r@%oﬁ’lﬁ&gldng rf@t’nﬁ‘a @a8tereomeric

to’ing d uor., .0ro, bropo an |
mlxmrs.fmkpw , separgtion el uhﬁ lr@hwéaqt djastareonrss Prigndasd rrf@hodsa such as
|dent|fy the group as haV|ng 1 2, 3, 4, 50o0r 6
carbons in a linear or branthed arrangenent, such that
C _gal kyl specifically includes nethyl, ethyl,
n-propyl, iso-propyl, n-butyl, iso-butyl, tettbutyl,
pentyl, and hexyl. A group which is designated as
bei ng i ndependently substituted with substituents may
be i ndependently substituted with nultiple nunbers of
such substltuents The term” pharnaceutlcally

T o I Y I
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20 crystal structure, and may al so be in the form of
hydrates. Salts derived from pharnmaceutically
w@wepsdakd e organi ¢ non-toxi c bases include saP@BUSK09/044284
primary, secondary, and tertiary am nes, substituted
am nes including naturally occurring substituted
am nes, cyclic am nes, and basic ion exchange resins,
such as argi nine, betaine, caffeine, choline,
N, 1\ r - di benzyl et hyl ene-di am ne, di et hyl am ne,
fractior! dﬁyeia]iyha?mﬁ orodr drastograplzy. dl imetduplisgricacirhiaefien the formation of
salts usﬁlfgl @ :&91 e gﬁ% EW@%‘E%%@ Fhe %ﬁ&e%r?né’ljhce@@?ﬁﬁﬁ%s JH% then be

convertgd i %m@@aﬂﬁi%ﬁﬁ (bwleaﬁﬁta@é) th%ddﬁé ch trﬁ%%lh&l Udgrraesanic mixture
of the J¥RIpBHAIS d38 alsh Ib@@é}mte@ dirbdtRayl md}ﬁato@@bma A ds@SiliBHg chiral

statond?y DRy 1T FEMhons R5 ATl RIS (04 b WEATIA - o3 gnifigmer ofa

compolndkay bheltainbd be ﬁﬂms&iebmfé synithesy eshendpticalle pliieGtariisg materials or

reagentgc L ep(%w%?g tﬁ%u%%n %? n?ertﬁ(P rv?e‘il III{OQJR g%’éﬁ{ maceuti cal | y

on-10Xr C aC| |ncIu I ior gani ¢ and
or gani’s aapreg@tedwdhomfékﬂi indheatt hab@t:m ot halo as used herein are

intended@d ZRNEBU ot icBlor®@R@ab Gnd LAGD SehBaHY, ONLE, as & Cf igalkyl is defined to
et hanesul fonj e, fumaric, gl uconj c,  glutamc,

identifithg EEBPGHPAYIRG Jddot Al & OT & Caibens 1 aolmeér oy byanched apramgsment, such
that Cingallkyd spevalivaby umﬂudmtﬂeﬂqé&ﬂhﬂmpmpyhnm«mppm tbuty], iso-butyl, tert-
butyl, H%g&:ﬂlac expslt g{%ﬁﬁéﬁ@ g%lg{ageg 3 %gu%ldrq{]q?gm?q%:g& %Lés%‘tuted with
substltli%atstIhquﬂ)eamdmmdﬂlﬂymubsnmﬁad athemultipleaivttiecs of such substituents.

hydr olgs0 r,_lgr?iu ﬁg@%&éé&?% 1? ta‘EPel &l e?e?fft%%ﬁ PI%Bared from

sul furic RECC A
pharmagencady g@@pﬁah}@tnon*tomg basw@r acids including inorganic or organic bases and

inorgardO0PL43033RCT: é%@ﬁ%@ﬂ'ﬂ%&ﬂor%&&' %ﬁ&s AN &leMluminum, ammonium,

referénces to the ﬁorrpoun S Fornula | are neant to
calciuny CQBPST nfefTif EFTioNe: LR haRagHeT Ry gn (g HNEERpYSs potassium,

sodiumpeme/ ald thetike Cf‘fariﬁaﬂar%xﬁﬁﬁirhﬂgs IrhExd@ @fmmiﬁdﬁmﬁf, chlbiugn,
i.nvent.ion are .ustr eg {nn 1 O&g ovm n S%{:ierrese%%llone

MAgnesy, RALsS] m%@ﬁ??‘? ‘g}mr?ﬁ rraisdn fies ’a‘i g 1Y

crystal ﬁim@nmdmﬂsnzﬁkaim/\he inrth¢ Femasfthydrateas Salts d@‘(\redtﬁanm bleareiapeutically

accepiay’é %4 {; ﬁéﬁ‘% ﬂﬁcﬁ@g&éf fl fah:c]iE s cﬁéﬁr#ﬁ?yf ‘%e&ﬁ{d%ly“ ancffertw Hines,

subsﬁtlggdsgymys mc@dzmaﬂy@}i}z 9q:our18@g;sub§@t|ute§mrym§sx 9ycé1§ egupss and basic ion
exchan@?e%@ls Sich hesbiiht BhdinRatIRNRL SholBeAN NQYbASy IS @) 14L-diamine,

dlethylammen} r(11etthi)am111::)¢t‘ftham)1 2-dimethylaminoethanol, ethanolamine, ethylenediamine,

N-ethyl-morpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,
isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, triethylamine, trimethylamine, fripropylamine, tromethamine,
and the like.

When the compound of the present invention is basic, salts may be prepared from
pharmaceutically acceptable non-toxic acids, including inorganic and organic acids. Such acids
include acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesuifonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, p-
toluenesulfonic acid, and the like. Particular embodiments include the citric, hydrobromic,
hydrochloric, maleic, phosphoric, sulfuric, fumaric, and tartaric acids. It will be understood that,
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car bobenzyl oxy; CDI: carbonyl diim dazole; CSA:

canphor sul fonic acid; DEAD:. diethylazodi carboxyl ate;
wOgBI/14808h| or oet hane; DCM di chl or omet hane; DI IREAXUS2D09/044284

di i sopropyl et hyl am ne; DMF: N, N-di net hyl f onnami de;

DMSO:  di met hyl sul f oxi de; EDC. N-( 3-

di met hyl am nopropyl) - N -et hyl carbodii m de; Et: ethyl;

Et OH, ethanol; Et3N:. triethylamne; GC FID: gas

chr omat ogr aphy-fl ane ioni zati on detector; HOBT:

as usedrhedrinxyfsemmzot toi the edrepdwpds af Borni Gire maght foerlfodnelide the
pharmelcﬁ&twaﬁ GOeBIBlgR@Phy; LG Ms: 1iquid ,

chromat ogr aphy- mass spectronetry; LRVS: | ow resol utjon .

mass SgEeak r@ﬁ%ﬁﬁia/f;or RESPattRg thgicomprurds ofdhisyveniden ans pysfrated in
the folldReg BuhembiNaid Pk L6l BNbbiag ARt ANCard infhde laeartia@ to phdcedures
known[ll\xli{h%gtﬁ%%jrlsagml%ﬁlgﬁ fﬂgﬁe&g (e lg\g%g%a%%é are used herein: 2-
MeTHE B hilethyliped Hyd tifurany A¢:)aceliyt Mroaryhet Yiaaseqy sebid; Bhebeplyl; Boc: tert-
bulyloff%on&?? IH$eHS; diRLR:bubYaicaBsRke; BS PNRRRALRIM AlbundiQUBz:

t enﬁg ature; SOC12: thionyl chloride; T3P.
carbobanztospy Phcspivor Giridagae;iCfA: qumphor subfoniangid; DEARCT) :
| S B I bbb el Bl s v
dilsoprppyehymrncs MR aﬁbgmlaf@amaw%?; Péilgfz‘t @WY#%%W@.%EDC: N-(3-
dimethylamsmpeoyds-ethiykafhodbinige; Gt wetyl P Ib ettfanel; higgN: triethylamine; GC-

f.or .exa

~nodi fied l.e,.. by i i.on, of » _
FID: e P B LE AT T o R e g et
HPLC:riogh parfirtnankce loquid edunkiogrnphpxi.@ads dmuidtiyphatdgoaphy-mass
at Hhen. dr ol ysi 0N WHL& by .
gL ELASE (AN, g L PO ECRERD ke
ether; Ny B picgfinasaide gAeP I ideoR Bl R RO TORRORE Rfdaldpp)-
CH>Cland, 1'-Bas(dphasmtl pisospliyio [ierrot@hé Jadiclilorobaitddivh @) elidhderomethane; Ph:

r ti,on _or .avoid wanted. reactio rodquct .
pheny1¢ ity Pl R6 iy PYAS s PRl FERS R et Sl o
chloridej DIR: 16gropFpRosplibhiy anlndieids] oBa. rerFibess; BsGinpkdshivride; TFA:
triﬂuorlr't(::egj;ﬁ%tsa]tc{%lgtfk{;fg te?%bic}@ﬁ%%{ls ?ﬁ’i’%c%ﬁg%éy&eof&%] ;s)tterééi‘t% (iim%ﬁtion can be
preparc2009/vbH8Q3IFPEHIWS2009/ 044284 EXAMPLE A TsCl,

PYT 1 difd€omPENeO 1Al product may be further modified, for example, by
manipulation of substituents. These manipulations may include, but are not limited to, reduction,
oxidation, alkylation, acylation, and hydrolysis reactions which are commonly known to those
skilled in the art. In some cases the order of carrying out the foregoing reaction schemes and
examples may be varied to facilitate the reaction or to avoid unwanted reaction products. The
following examples are provided so that the invention might be more fully understood. These
examples are illustrative only and should not be construed as limiting the invention in any way.
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Cs2003, NWwP  TFA, DCM Me, HN A-9 Di net hyl

(3- oxobutyl )nal onate (A-1) 5To a visually clean and
wa@20p9100331. round bottom fl ask equi pped w t h anPGEHUS20DUOw4284

funnel, a nitrogen inlet and a thernocouple were added

acetonitrile and potassium carbonate. D nethyl

mal onat e was added and the resulting m xture was

cooled to 17 C (ice/water bath). The methyl vinyl

ket one was added over 3 h with the internal

tenperature not rising EKAMPIAGAC After 18 h, HPLC

showed full conversion. The m xture was transferred to

a 100 L extractor 100chargedOnvith 60 L MIBE and 20 L

wat efl. The | ayers weje separdied and the ai&ieous | ayer

2009/ 14303 S 9/ 8% %Cl
wi th, 20 KfFBEMEFNe conbi ndd or gani WOPAGEF'S were
hedvvl h 20 L water, owag 5 h for the

to setqe The organic |ayer was then filtered t
M Ml\?arbon and Wefch concentrated, flushing wi
€90 L MIBEY® afford 15.1 kg of A—1(80 W% by 1H NMVR,

or A-1: 1H NMR ( MHz, CDC13)-(8-CSA

(o
%P (57BN, 340Nt J= TaR FHE 0 (tv—3=
Hig, 2H) , 2|N15- 6 O —SH—bi rrethl THFMTBE
(3-oxobutyl)mal o ate A-1) _-OH

o] A-3 A-4

BOC,0, TEA, Me,,, .
Me,,, DCM ’ TsCl, pyridine, DCM
O\/ \{/OYN on

A-6
so3 ©
Me;,,' Me CSQCO3, NMP
N
o) A7 O
Me,,
O\[rN O l N HN O I N
o) : N )
A-8 g A-9 N A~ g

imethvl (3-oxobutvlmalonate (A-1

To a visually clean and dry 100 L round bottom flask equipped with an addition

funnel, a nifrogen inlet and a thermocouple were added acetonitrile and potassium carbonate.

Dimethyl malonate was added and the resulting mixture was cooled to 17 °C (ice/water bath).

The methyl vinyl ketone was added over 3 h with the internal temperature not rising above 26 °C.
" After 18 h, HPLC showed full conversion. The mixture was transferred to a 100 L extractor

charged with 60 L. MTBE and 20 L water. The layers were separated and the aqueous layer was
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30

Pot assi um car bonate (5.62 kg), dinethyl malonate (54.8
kg) and acetonitirile (90 kg) were charged to the
WO 2@en43088 vessel and stirred together at 15 ' RCIVESI099/044284

vinyl ketone (28.5 10 kg) was punped into the vesse
over 2 hours at below 25 C. The slurry was stirred at
18-20 C for 2 hours. MIBE (132 kg) was charged to the
vessel to dilute the reaction mixture followed by
water (114 kg). The m xture was stirred for five

back extriactad eatht20an M TRE.| By epsbinedergdniolasers nerewpdied tdthabl water,

.t eous ,l.aver run.off. Nbr.e r . .
oS GEURCHR Y Sl R R BB T L piF R o
carbon b bAAPESRENtEtEH, Aublasg Withe 0l IaVETBE & dftore d5 1 gsepadl d8@ wi% by

and again the aqueous |l ayer 15 run off. The organic

1H NMRa$8ve viels). ot fom -2t dH NiMRe0P ddide.eDEhe S (sufid), 13.40 (t, /= 7.3
nost of the solvent had bee enoved (vol une approx 80
Hz, 1HLY. W ok a7 ig 7@ g 51-2ROX Rt of . Net hyl
(6R) - 6- net hyl - 2- oxopi peri di ne- 3-car boxyl ate (A-2) To
a visually clean 20 L round bottom fl ask was char ged
Dimeth¥1 @5otcbutf)nfidonst®MI1 20 and rotary evaporated to
renove residual acetonitrile and MIBE. The resulting
sol ut Potessiars BHone(5. 62 kg), vimethyl malohase (541DR2 ) anBuepionitirile (90
: i
k) well EEEET, DERTK Abn W SUSHRETI L 139 Qe Bt HiRdne (8.5
kg) waspnpedontoghe gepelpvra? Ppas at belowi2s "Bal TsisheTy waysingg at 18-20 °C
for 2 hddr$! QS BE (222 ﬁ%)g»d%@arg@@@b #he vgsse. difliethp ktaotisn adktusd Howed by
tf) 7.4 Wth OH and %gere}. 450. 9 A‘J['A- éﬁ? transamﬂw}g%,t eparate
water (bl4ke)a LR BENATSHEED LTV IRtULS ngPoeyes vase allowed to sep
and thed@byelsdgen aseoffeMoradded( Aid) as shatgeditoathe esseleieataction

. Wi th 5. L. water. Aft [ - Ul
st Sy s OETRS R b8 A o e
run offf Thabrg2ni layenaitae conqepiratohtnddr reduckd preagreunil a@tohls solvent had

vk o@ﬁn ¢4 hABdNRSTEkS OMED dsQnshil r for 42

beenrehg}b]%g?‘;t eerlggg%iggnt)was conpl ete at” 3§1 héur s. To the

re added 19.4 kg NaC and 6.0 L 5N
1HER)-Ha pieridiner recarbaxyls of acetonitrile was
added ~and..al | St , ] ' o0 A
e Ay bt H o GOIBR 2R R0 v
and rot8§tevhgorbed td rdmovEhesidimbbaititrilé end BIBE. Vitle rdsultimpsblution was 83
wt%. ﬁbf@yk;}q;]l{ey aggglelo@ﬁd bﬁg}gg@;\i@%@rrge{cteétvgit (.:ctw%ghe\{a\lﬁd tsErring was added 45 L

water. g%%ﬁé%g&?ﬁ?ﬁgé tl?u Q0 kOt yaralRRidrikh @ Nagﬁﬁfv\(z% wexe: D-

ting acetonitrile soluti

alanind b48&EAGEREOMTN ¢ SoATs a0 APOP CPRDHRSFhsWidfited t6 F2I0RHh NaOH
patch™of simlar size and batch concentrated to renove
and thelpotS ead EAehliZttrankamiangt, Qe leactaterRehydsegenaiengndd] g glucose

cont ai ned hi | evel s. . '
ceyarfgegh B @y R d o oSO E ARG A Bhmes were
in soluMbig Y foyavabebsp2n sfoundvasaidtainiéileed ndfifal dt hwaped pH

to_provide A-2 as_ an '0|IE£5. 5 kg, 94 wt % 74%]%;(/; Z&g ‘
controlggizing YNMNROK meag indjate) Engrpaciin wisalleyved i sy fopp2 Royrs; the
reactio%?%?fzé%%%ﬂ%msw&% reqetion yessel were added 19,4 kg NaCland 6.0 1

oxopi peri carboxylate (A-2) ]
SN HOWd atjudt SHeOpH ¢) 3.8 20 Ehafragetonitoleavak@ded andedomied fio birdwe 40 min.

headQl b e S e A BEBASRAE o (e o he socone

layer Wis ¥hHASe¥BE: the aqueous layer was re-extracted with acetonitrile, and these

1d

o Ta
20 L
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warnmed to 30 C to dissolve the solids. NAD (130.5 Q)
and PLP (261 g) were added and the pH checked (7.8).
WOMW9/143p33 r ansam nase (2.61 kg), |actate dehydr@ryEscas®044284

(52.2 g), and finally glucose dehydrogenase (130.5 Q)

were added and rinsed into the vessel with 2.5 L

water. After all enzynes were in solution, A-2 (39.2

kg total, 29 kg assay) was added, followed by a final

15water rinse (5 kg). The reaction m xture was stirred

acetonititle Byes wire pombiepH betongtiag pessordttile solptiprywas Blieseq thirogeh Solka-

.he it 5 the f
Fio S4B H0 i B0 By R b e Bleigppmone b
acetom(rillé aduag). Ded esdltihfeil ebhtaksd At Ieva’iﬁdaﬁl&h@dgdr@ow dCP.The oil
reactl on_ was allowed to c}s;ti r for. 44 hours. Sodi

was thq@rﬁl%ﬁp vad 1 YHLIEIP Araad gadarredtodsyally cigap 0 hrszm@t%%ﬂask and

ot t ;

rotavag o B R S ol (g (00 e T char coar S0 s ppPLC on
Chiralpak)s dedta fol A-GwbBME/ (MeHka-IFRok (15 kg) and the m xture

allowed to stir for 10 m nutes. The batch was then

filtered through nore Sol ka-Fl ok (5 kg). The
Methvl $6R ka-nhdtiol-2v@sopivesida - wdrhoxyiate (AiX hl or onet hane (65

kg). The filtrates were returned to the vessel, and

t he | &yaers(5ab Ikg)/veais thargedpard 080 L Tessel llewed bygalodium hydrogen

oo Y 55 (0 U 1 AP X7 1 Sy
warmegips3 G lﬂﬁt()di‘lftSObmhft srdidaq ledd 61 30ay erandi R PR b 6) wes afd and the pH
checke@ (AN LTAAN G rtﬁan%xﬁzﬁaiegg %W’ngﬁ‘ QQota %El‘rﬁfd?@g%nﬁéé (5he easnﬁqlnaﬂy

0 SO |.car nat sol u
glucosg fﬁ%%yg%g?ﬁaﬁ% tf@g g%ﬁféerr: F %t%eﬁn% Y56 %B arak évaler After
all enzyanes Wdre 1;0:@@%:@ AJ iayﬂz kgitotdlf 29 kd hsagovecidded, ay@(rwam a final

water r{s® EF &I TnERe ot nRhHE MeS shAEf TP VBE el 91 bOGe adipgred to ot

7.6 evensd: éyl))uwdlsf bt adddoratt 1 Ol fop dlreafinst @ howrs.i The emuticredas then left
to stir o%gfn @ éfﬁ y%g@g%ﬂrl )wag igﬁﬁl_ Q%])It(lptb@ o %Iq . %’h@ ?@acg@h ?&Das

ean an A tract equl
aliowecwq srﬁlr dnyrddiouse otadign elbloride (ﬂﬂ k) Cﬂ@é ddad tetthe teaetgél yidure and the
pH adj@Xdd to s & b &m&tﬂirﬁot‘m Wchidrdfethshe (206 i’(g) was charged

to the V?aseﬁﬁ)tbﬁ@gny Cobagio g e g%f@?%n%&? o t?*ds’g%% A hinues. The

batch Whﬁ$hen\ﬂ1162@09f011@3@1&8:9€$ﬂ(@82&095/ K44 284 Satkdeftiok wad washed with more

dichlorBREhbRN s S! THAlllals g e FAbEEfh HBLLCOMPE S ers allowed to

separatboil bhlpaiver degapi 1458 kg rimcssff audide agneds payiet ieaerdragied rwily

. r .
dlchlor??ﬁgtrheeu?égs (ggf) tkg)L] Slélll%%@v&gg&'aﬁvﬂglc? r gﬁ? rlSIn %E%&\gviatsﬁonls éaafer discarded.
The organie layge werege¢qrakined. x¢tumed %ﬁleé’letsél/@tﬂi weshed with&Se sodjum

bicarbowhieRokufien €3201) ¢ 26 Blindtes. l@i@@aﬂehﬁv&r@ ARewad @p&ﬁte‘ﬁﬁd%ﬁe organic
5 m xt Lir e was ,cool.e

tyer gt e S 1S 817 S S50 S g e G Sge 1o e veel. The

dichlort@ethhmgsdlitent rpen 828 ke akelypwadstbred.at tdonwaesnpaetire dmtibrequired.
roomtenperature and stirred for 2 h. Wt pH paper

. It was filtered

NET 50! | H=2x12 L EtOH. Each bin

was a%ﬁyb%ﬁlyfcwan%na 626\1403]1‘, e)?tréi&;rkﬁau(t%ﬁa%l&l 1ycon&6011ng coils,

. filtrate was conbined with a second ch of sim]ar )
nitroges inlel, fagge g8 €8H aad heanesoapleotas dhptesd thtasan 16%7 e solution of A-2 in

FtOH [E%“L@Egj mﬁ%‘@g%@gn 2t %‘?@gﬁlzk 4‘1q< leint? El’ﬂoﬁgéjﬁdést o) was

coevapor at e parti y so |ze reci
After transferring the 23 L_aqueous Iayer to the
extractor, the volume was usted with water to 3L6

L. It was extracted with 53 L then 2 x 26.5 L

1- butanol (HPLC assay shows 92 g, 1.9% osses in the
aqueous | ayer). The conbi ned organic |ayers were
washed with 10.5 L brine (HPLC assay shows 419 g, 8.8%
| osses to the wash). The organic | ayer was assayed to
4 21 15 kg (9296recovery, 9696AN) and concentrated to

. " oy
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eridi n-3- nethanol A-4 A visually clean and
dry 100 L 5-neck round-bottom fl ask equi pped with a 25
worembassosnl stirrer, a thernocouple, a nitrogePCT/HSWD9/044284

and a cooling bath was charged with A-3 (2.07 kg, 1.0

eq) and THF (20 L, 10 nL/g). The m xture was cooled to

-25 C The LiAIH4 (2.6Msoln, 22.2 L, 4.0 eq) was

added over a period of 3.5 h, keeping the m xture

between -25 C and +12 C. An inportant gas evol ution

added ipEoriers wies &F e antlistirreg uniibcorpliete dassobpftion wdthf ¢aoding Grom 26 to 22

°C. Socped it B URE R BT i Rl B o aadiion,

the temipSiaf@e ficeaed @ FCCCGatBeoliiid stteided svitgiesh alin.tTHeSeaction mixture
tenperature for a period of 12 h. GCFID and LC M5
was allgwedhiortis dod Witk thg ¢neling setrie kergsthe égnperature below 22 °C. The

i b PG P oS Gsr T SRR ofg 12 L g gver20
min, keepagtthotmpamtue éolokedS 061 lngat harkedoapomdekperpturd/didestirred for 2
. Wer b RS BB i SR8 i
with 2)%3%@ ERS VeRRA b}'r?@hra@as_%&%d“forlégtogl of 3:559 (Neg9d AR). 2Tl fila® was

~then added to the m Xture over _
combined with a second batch of similar size for batch concentration. After most of the ethanol

was evaporated, 8 L. of water were added to coevaporate EtOH and partially solubilize
precipitate. After transferring the 23 L aqueous layer to the extractor, the volume was adjusted
with water to 31.6 L. It was extracted with 53 L then 2 x 26.5 L 1-butanol (HPLC assay shows

92 g, 1.9% losses in the aqueous layer). The combined organic layers were washed with 10.5L
brine (HPLC assay shows 419 g, 8.8% losses to the wash). The organic layer was assayed to 4.21
kg (92% recovery, 96% AY) and concentrated to a minimum volume. It was then azeotroped
with 12 L water, then 120 L isopropanol. The KF was assayed to 0.5% water on a total volume of
~ 40 L. The suspension was filtered over Solka-Floc and rinsed with 2 x 10 L isopropanol. The
filtrate was stirred in the extractor to homogenize it and was assayed to 4.13 kg (94% AY, 1.7:1

dr). The solution was separated in two equal batches. Each batch was concentrated to a minimum

volume and azeotroped with 140 L. THF to yield A-3 as a beige suspension.(94 % vield). 1H
NMR shows 0.6 eq isopropanol. Data for A-3: LRMS (M+H) = 144.

[(6R)-6-methylpiperidin-3-vlimethanol (A-4)

A visually clean and dry 100 L 5-neck round-bottom flask equipped with a
mechanical stirrer, a thermocouple, a nitrogen inlet and a cooling bath was charged with A-3
(2.07 kg, 1.0 eq) and THF (20 L, 10 mL/g). The mixture was cooled to -25 °C. The LiAlH4
(2.6M soln, 22.2 L, 4.0 eq) was added over a period of 3.5 h, keeping the mixture between -25 °C
and +12 °C. An important gas evolution (H?) was observed during the addition of the first 6 L of
LiAIH4. Upon completion of the addition, the mixture was allowed to warm to 20 °C, then

heated using steam to 50 °C. The mixture was aged at this temperature for a period of 12 h. GC-
FID and LC-MS showed >99% conversion to the desired piperidine-alcohol. The mixture was

.93
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a period of 1.5 hrs. Finally, water (6.6 L) was added
over a period of 1 hr. The m xture was 5 cooled to 5 C
w@eagpess 1.5 h. The suspension was filtered, BEIUS2089/044284
cake was rinsed with THF (20 L). 1.54 kg (2.33% wt)
were obtained, therefore the assay yield of A-4 was 82
% (dr = 1.7:1, favoring the trans isoner). Data for
A-4: LRVMS (MrH) = 130. [(31L61)7
- 6- net hyl pi peri di n-3-yl ] met hanol - CSA salt (A-5) 10A
cooled i -265C andohe sracterdwaly quendited usirgribe Kiessarwerk twpr i(Bpded Was

added 0%{ 1o %Crﬁf%ﬁire 3érea?itng fah §fap oﬁarﬁiﬁg M&H@J &d eﬂoﬂ’abﬁﬁ 8ﬁﬁiﬁierature

et and |
was keptbetvieep) -&y) C +-i;fq|g;Cl % 5 ) w%t ﬂ @,dq!ﬁd)gzp lBl'lic-‘ermxture over
a period\@51 .8 Geke Birally Hrateols\d Lp@as( Aded bger algeriofl offl b DPhe(mxiure was

cooled t&%jbsé gllacf ?géegg Sog‘tﬁﬁ sﬂ%%:u\ﬁ%é 8"238 %ﬁtgre%tﬁ%{ thg garﬂ(q w%] ru?s%!i §v1th THF

(20 L). the4 gl(l.33% wt) thee abitaibad; ézevm”sreag@absaﬁym cm:aow@ 82t%édar =1.7:1,

favorin ﬁﬁr&%(fso%ér gg&rﬂo} _4@ L‘{F@ﬁs ﬂ'ﬂQﬁ 0 45 mn. The

Xt ure “was ool'ed to 2 C over
45 m n. The mxture was aed at this tenperature for a
: dteanol-CBAgeldA-Dhe salt was rinsed 2

( 1 x %%é % 18 Lﬁ 8%\&&) IdEI g B}Er%‘cé,]o]f egﬁ{%»% éﬂﬁ% a8ndBrhfical

stirrer, RkHch@BEM ﬁ@ﬁﬁg@h@n}famld& deetih®doibivad bhdngddowivl Av4 (04 kg, 1.0 eq)
4. 46 ka 52% ield) of A-5 as a white solid. The
and THE (48 Ler@sddekdrit W’f‘éﬂe wasadded 2 THFsllioad* gH-/& 12 lgedf (D)-(+)-

CSA (4?%7_51%, m) ?{e{ g\érgﬁgrftl(}p ﬁﬁ@%&l gxg' gﬁlgé@ g@[OWIJChO.u% E%e@ifﬁg Upon

completioh af Jhewdditidhsthe nietird wasTiged (4'5 'ifﬁlnmlL)ZO °Ettheam MTHHGI O1mbje, 30 L)

s ol S5 S % 20 P 1y SS90 S e o

m1xturén.v9§£§eﬁ aﬂhl??eln?ié’ra%ur@f dHodtof136 rﬁYﬁSthéﬁ e, ’ﬂ’&e &2k was rinsed 2 x
M xt ufe was C and stirred over

6 mL/er(@actS i IHEVMT%I/MWE@ Ao (o HL LIS G P dried on the
40. ) with
frit unc%_f QHH:O %\A%n %roa\éqee%fg %gf%? Y gﬁh (1)%(1,;4; 4@@%{%/% bféﬂﬁyof A-Sasa

white sﬁhéﬁ Wh@dza@tbl%&selgdﬂﬁitp of ik shh émessasid mn fﬂ:e(tbasé ganiapls after salt break)
usted to pH 12-14 by the addition of 10 M NaOH (120
W3540rﬁ_d) Land isopropyl acetate (120 nlL) added. The |ayers
were 30 separated and the aqueous | ayer re-extracted
WI t h [ sopr op _I acet at e The organic
pilpethaned Codgidir(@ral to residue. The

oily residue was fl ushed vvlth i sopr.opanql. (3 x_200

to gi veude hat €0 Labend Y61 tepbovandissplvetip THE (A& gily)- 7 Ethanol
(43.1 gYR@s bl 16 IRSQIMURE and twidtﬁmomeh to SOy gnBHaMREY/Gil;s4. 1M in

THF) v?gas\(/aﬁjig ol PA 1216%? g‘%‘t&gw 3 A pr e W@@%‘E‘%Jz% Flo nM?xture was
warmed &ITMN e aﬂdi ﬁt&m&m@m:@ht( ke Seag)lon mliﬂidFe WwadS®ohdd)toAS'C and added 6M

HCL ( ﬁ 1§g?r%%l<%} L3R ﬁ&%%vhﬂé 1@%&% a;@tﬂerﬁfas En*ﬁ%ed at 20 °C for 2

cryst
hours. mo@mmwedpléﬂ 20hapld wé thei rgamlonmétuw wes gdjuried W ylﬂnl %ﬂ 4 by the

additio otEIT 9 INE ENLSIN ﬁlﬁqscg)?ﬁlﬁay‘%ég{éié | MLF&H&@& dThe 159'61@ were

ours befor€ filt The "sol i
separawitaﬁd the AwRgms IAPBEr edtct ) WIEHgomRE 3(3%@\@5)2%1‘@ The organic
layers Wefel @mbined and evaporated to residue. The oily residue was flushed with isopropanol
(3 x 200 mL) to give a water content of <200 pL/mL. The crude oil was then dissolved in THF

(450 mL). Solvent analysis gave no IPAc present, <1% IPA present. A solution of D-(+)-
-4 -
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5 was dried in vacuo at 45 C overnight to give A-5 as
a white solid (39.7 g) in 47%yield, diastereoner
WO 20p/043020: 1 trans:cis (NWVR) tert-butyl PCT/US2009/044284

(2R, 5R) - 5- (hydr oxynet hyl ) - 2- net hyl pi peri di ne-1 - car boxy

late (A-6) A visually clean and dry 140 L extractor

equi pped with glycol cooling coils, 10 nitrogen inlet,

and t hernocoupl e was charged with 40 L of

di chl oronet hane foll owed by A-5 (4.2 kg). To this
camphasud penssio (SAds i JEE (9D ullyes 74ded vas S8 omich Gnihe AHEF solution
of the p?cféﬂgq ?Xﬁtvbﬁfé@()ﬁe%gyrs’t’a?ﬁgedf qlhle?r‘ﬁﬁgzr@%aﬁﬁﬁ?éa e&%O 66 dﬂigrmght The

over exot herrn observe g?g After

shurry ves fibisd, wiIhM TREB0D G-yl BIoRBIE NS Reied e A Sbufer 2 hpurs before
filterind: CMg @ﬁﬁayas(v%csh&f wih h)1 sHeWaUBEqIP) ﬁﬂlﬁ aB@NEIEIDTi00mDY. The solid

was drg FLTASH0 3 £ Loy SRR B CAT o A MRS T8 BT il

maﬁmﬂoawemﬁumeﬁﬂ1&3&&mdﬁ@d&)The organi c | ayer was washed
with half saturated brine (20 L) and the layers were
PPAL S AP, 852 0 h b A% L UG eaEL! Qg Xt ure
m xt U@Evf@%lydﬂéaﬁ@n@\dﬁsf 14’@128@4&0&&9&1111\15;9&1,w1fh éii/ﬁﬂedomgjcoﬂs,

transferred into a 100 L flask for the tosylati
nitrogch énleh PashtbomPcpRPlg s gRersed th-40rf gk icoromcihage foliyediby A-5

(4.2 kgf}l f@a%}és Rﬂ%sfo& \Qas]ada f rfﬁm%né B gt ngrt A @ Y, G0 B rm

sua ean an L Teact or
observezk) tﬁd)li.tpmiﬁ by Bde,@ (%6 tgriddal 0\@‘ Bmeiay 4 °@exdtherogerseivetipt After 30
. and a thernocou s char e crud
minte e B ST RATE DSGFIR TPESNeNSe O RO AEe ) showed
comple@éjédﬁ%ﬁxﬁﬂtl&?of]tﬁe laiart RhAXHATRhY rebcBolTdi€hre V;EQ‘» dﬂ%l't&i wih d
sol ution 5 added pyridi ne

ammongwochloride ét}\é éﬁi%)jf)ndf ibe llacm@dvm sepgcgted, (Tnhe mrg@bmlamswas washed

sgl ved ARY I
with By i Ao ORGSRl Bk B RBECRF 0 o oruce
reacno@ﬁﬁxiﬁfd ihaedtell ar1038: AY( (fﬂ-lQ(th Mrﬁ@mhc&m nﬁ?ﬁﬂﬁel ok daed over
he starting materj al a The rea}ft%go Hl )Lglae was
NaZSOﬁr@%Wé@ diterediagd dramsforred wg p ABY brilagh éprdng ipprlation tegetion.
MIBE (7 nmL/g), NHACLl sat. (20 L) and water (10 L). The
| ayers were separated and the organic | ayer was washed

tert-but$D (M, 5 1)- L] 3H2 04 i@ h i phaiyl euieshyvDvx diGndth vl ) pesdridied-iCCBrbox ylate
(10 L) and half saturated brine (10 L). The crude

(A-7) organic layer was filtered on a pad of silica gel (1 5

k

0o ML ) 7S i v s .
nitrogey ndeihndfa tRermmease med chmgtdieith eimjdmcﬂer@clsloi‘amﬁatbﬂnewahm% of A-6
(final Vp 4e %gsl %}ﬁ\)ls(;eéﬁa L a)ﬂ %{pr/é\;ﬂ]rr:latl?%m(ﬂyé)lgolcc) this c%?dA' éoqation (0 °C) was
added 1£y(r§hr§é (%rp %réx@tﬂam% 0}59&%%6) el dWddh by 2F TR I RirB6hd SUehehl

ear oxy at e (A-
exotherm observed but easily controiled) The reaction mixture was warmed to room

temperature and stirred for 18 h (HPLC showed complete consumption of the starting material).
The reaction mixture was transferred into a 140 L extractor and diluted with MTBE (7 mL/g),
NH4Cl sat. (20 L) and water (10 L). The layers were separated and the organic layer was washed

with CuSO4-5H20 (20 L followed by 10 L), sat NaHCO3 (10 L) and half saturated brine (10 L).

The crude organic layer was filtered on a pad of silica gel (1.5 kg) and the pad was rinsed with

-25 .
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A visually clean and dry 100 L 5-neck round-bottom
flask equi pped with a nmechanical stirrer, a
WaQ bwpmaBoddipl e, a nitrogen inlet and a cool i ng BEE/HS200%5044284
charged with A-7 (3.23 Kg, 1.0 eq) and NWP (65 L, 20
m./g). 5-Fluoro-2-hydroxypyridine (1.19 kg, 1.25 eq)
was added, followed by the addition of the Cs2CO3
(7.37 Kg, 2.7 eq). No exotherm was observed. 10 The
m xture was warnmed to 60C and aged at this t enperat ure

MTBE(HtLh Pueraseny mld 26 An7 mapsucedsero the desstigieom wisnversidon (£88 ke).
Datafoi’?@c@%?? d_u§§40The m xture was cooled to 15 C

s guenched by the addition of water (65
added over | h to control the exot herm(15 Cto 28

8) rrL/g 10%L|C1(2.x 32 L) then2x10 rrL/g NaCI half
saturated solution (2 15 x 32 L). The assay yield of

AI' 2| g W%g%g@%lé&ﬁ ahll %r)MrE%ﬁ, Igfﬁé@l'i rolBSbofokO1ds8 eqdiPpdd with a

mecharicat IS%?’T@‘:‘@eWP@NP@RFJW%@%W}IPWBé’rQOSF% gat y1as cheged yith A-7
(3.23 KRy |0dzlq§1§n({ W) (654, R0shial). \5-Blhean-b@drbx fiysiglneqqubmpeti2s eq) was

added, ‘f@%fc@v&ﬁéﬁr %ﬂﬁ?@&%fﬁ@?gn (2@? Kﬁg*] E(%l %Zt Eﬁ W@é)%‘l ‘Pﬁllswas observed.

The m1MﬁEmwaﬂmaA‘las 696 et tagsimtitisis ednpanawredht @pmmi @Iléﬁﬁeh HPLC

showecﬂ%%% ?"% &B%V%r]{ 9{1 %ﬁe?&ﬁ&eﬁ@?@@f‘f Zﬂi q}qig(hﬁe g) df’?ﬁ"C the reaction
was quetichedl Py fhevedditiop ofivatar 65 L) added aver ¢ h@‘)lc@m!'ﬁ 5h<t:exqﬂaﬁnn (15°Cto
28 °C). fl"e}é \glﬁeeridﬁ){ég% Qinte'v@{é NBSCtEPIRMEVERE tivanl 2264 LPMhsasganic layer
was WS GAIAE AP LB VA A i tﬂe%?’S‘fr&'@ere%%&a&%fﬁawggﬁolum e
x 32 L)Tge a@aﬁyﬂemm ﬁl@ﬁ@lﬁ“ﬁi (ﬁﬁtéle’ﬁIBE 13eh vﬁﬁli 16 kg, f79 % ylfeid Data for
er reduced pressu t

AcE: H%&\EH&? 328 1%?:? to a cool eg stir : ?ngnsol L?Ingnegf °

NaCOH (3 ON 1.1 eq., 28 L) in a 100 L extractor was
5- ﬂuorg% i : ]

of 2 M H@;Lalbfrrdes@g%ﬁ Inﬂm q«auwe@ V@fh azhﬁmq@puplvw&d a&e%&%ai stirrer
was chﬁx%&? {$th WaoRitfoh o Acg@i el k%% e m@QQn LOrRE NaSH wassoheaiestvitched to

aichonggtne A T oo e 19 2 i S B TP s 51,

714 mEl) waﬂs lthen ddtied slqurizoieser yeinutasTBE ck-1€XIC med. ECntdk 550°C). Once

il HAB ST B VS s G RIR 60 80 83104 € o
temperateacwitio war@ataaerf(stan,& TC, 1SRvBNIRH) The regsion was completed within 3.5

h. Con%mgﬁﬁgﬁ?lﬁa {r[u{l%? g&s&%gg%ﬁﬂs?ég%gmedﬂeghié O%J)l]l 142 B&?ié’d fMhring

Ill [ 143033PCT/ US2009/ 04428
solution of NaOH (3.0 N, 1.1 eq., 28 L) in a 100 L extractor was followed by add1t10n of 30 L of

MTBE and the phases were separated. The organic layer was washed with 30 L of 2 N HC] and
again with 10 L of 2 N HCI. The aqueous layers were then cooled (9 °C) and 10 N NaOH was
added until the pH was 13 (T° =21 °C). To this solution was added 25 L of MTBE and the
layers were cut. Finally, the aqueous layer was back-extracted with 10 L of MTBE. Quantitative

HPLC assay revealed 98% vield and >99.7% purity of A-9 used as is a subsequent reaction.
Data for A-9: LRMS (M+H) = 225.1.
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A 3-L, three-necked, round-bottoned fl ask equi pped
Wth a septum nitrogen inlet adapter, nechani cal
WG 200013033 and t her nocoupl e was charged w t h A-BCT/852009/044284

g), 2,5- difluoropyridine (30.0 g), and 870 nL of DWMSO

(110 ppmwater) at roomtenperature (23 C). Sodium

t-butoxide (50.1 g) was added portion wise over 4 mn

keeping the internal tenperature 5 below 29 C. The

resulting reaction mxture was stirred at room

t enperfaddy, ghréenccked, royndrhetiamedriigkgquipped withadepameditrogen inlet
adapter, ﬁ&éhzw&m erdidd M&Wﬁﬁf@ g cﬁa}gp@{svﬁﬁ A8 égﬁ%gi% red

product Agi | ent Ecli

dlﬂuor@,}g{r@mq\@& zgrﬁlafgg mk g E D@A& /o(}_]é)g@g}; mfe& at rpy 1emperature (23 °C).

Sodiurd\&BhtoRidE '(50 e g) %Q@éﬂf@d%ﬂdﬂ{_ﬁﬂf@@ ga'érnﬁnﬁl ke%fﬁig/@h%ﬁ}%r&l temperature
AL 0.B

below iﬁ} E@, ?g? Eesulimg 1‘??&}?1?]5 r{%)&}te w§1sé1rrﬁg Hl rogl%teweta% € écang °C) until
HPLC Anlysi¥Tindicated 18 than 29 E}fﬂlof‘dpyudma)connbamd ttRﬂhe:ieAu“&) prod‘im

(Agile@?;}giy%e%oﬁ‘ 148 KV\B?]_%.& 5&?@%&&! (gxﬁ% MR, PO, /water;

(B) Ace@y@miemésnegeg@ﬂmb dimods ﬁé% m i% e 6(@@1 A, 98%0B; Time 10

min: 5%—)\ 9@%@3%1@%%@!%%1%1@ =D oy Rg: RS tm@éhﬁ@&m'r 3.2
N.sol uti on |,@@IPA was sl ow

min, 2 édidﬂ‘eqremqﬁﬁ% =ot &k Tﬁ‘i‘“rﬁmarﬁr&x'tuﬁféwﬁ@w@iiﬂ@dmﬁ‘@afef (20 vol.,
1740 ng)wha E1@AS (B0 V411, 800 aiL)r chmotg%ﬁﬂﬁlﬁﬁir Wi sEiratdd RwashiBwith water .

(10 vl S8 e tetis b 3o, RS Rtlen e, Y4E 1 59 Kigpion in 1PA)

was slsvig egdeddovig) adcéti@sﬁ@mgl whr 20 Shimsndithie resulimgswizitesslurri\®as stirred at

wom GHRBULERTRTSHOLE, QUM RALEE, WEhe sy 2510

and drigq gader equwpwh\m rtl?ﬁﬂ@nw@mm oug 55P .grcrfé%: 28 é‘ﬂ%‘é@@ﬁﬁﬂ%
and 5 water chilled condenser was charged with MeOH
(50 L). 2-iodo-5-nethyl benzoic acid (5.85 kg, 22.32
nol ) was then added while stirring. Concentrated
sul furic acid (0.595 L, 11.16 nol) was then added
portion-wi se which caused an increase in tenperature
from1l7 Cto 22 C. This m xture was gradual ly brought
to an internal tenperature of 64.6 C and aged
overni ght (-18 h). The next norning the reaction had
reached >98% conversi on by HPLC. The fl ask was cool ed
to 10 16 C by placing in an ice bath and 850 nL of 10
N NaOH (0.98 equiv.) was added slowy (over 10
m nutes) while nonitoring the pH After the addition
the pH was 5-6 (caution: bringing pH over 9 can result
i n saponification during the work-up). The sol ution
was then concentrated to about 16 L and this
suspension was transferred to a 100 L extractor. The
flask was rinsed with 8 L of IPAc and 4 L of water
whi ch were also transferred to the extractor. 32 L of
| PAc were 15 added along with 10 L of 5 w¥% NaHCO3 and
10L of 15 w6 Brine. The layers were cut and the
aqueous | ayers were back-extracted with 20 L of | PAc.
The organic |ayers were then conbi ned -28-

-7 .



WO 2009/ 143033PCT/ US2009/ 044284 and washed with 10 L
of 15 w% Brine. The organic |ayers were collected to
WPeovi€d3B- 1 (6. 055 kg, 21.93 nol, 98 % yi el d)PCHUSBOBIH284
purity. 1H NVR (500 MHz, CDC13, 293K, TM5): 7.84 (1 H,
d, J=8.07 Hz), 7.62 (1 H d, J =2.14 Hz), 6.97 (1 H,
dd, J - 8.08, 2.14 Hz), 3.97-3.86 (3 H m, 2.33 (3 H,
s). 5 Methyl
5-met hyl-2-(4,4,5,5-tetranet hyl-13, 2- di oxabor ol an-2-yD
benzoate (B-2) &AL\@B&@&H on of B-1 (5.9 kg,
21.37 nol) in i PAc was charged in a visually clean 100
L reactor equi pped with a nmechanical stirrerdand
t her nocoup/Me The sol uti on W& sol vent svm(t)«:lhve(g to
2-MeTHF (-35 L). Triep$@lamge (8.94 L, 6431 L) was
added and & sol ut irerr—0 degassed w

Pi nacol (4 SMeOH32 Mg added! sl oW y
(over 15 S) ™Y he stirriyf ol ut i onPaOACE,, P(o-Tol)s
mai nt ai ni n theopur ge. The solutho ﬁ/aq further
degassed f 10"mn and tri-o-to yln% osplkll__l;{]%l\g]

5
kg, 1. 06% 4ol ) was addet fol | oned bygal I"adium QP%;
acetate 120 kg, 0.534 nol).. This caused the

reactio turn bl ack”i dlately a sl ow
exot her m11.5 Ctlo 30 C. At t DO n{) del ayed
exot her 0bO¥teved the reac A $@FUr e

increased to $0 C (miRJdpfbDCMY) . The reagtion
t enper at \B.e was |ne+c-eas—gg—{—e—>77 C\f g@d forH@“ygImﬂrHF

45 mm Q& i s PNDEO, HPMETARBLYSI S of a reaction
al i quot | ed (?grrpf'et e consuzbr{rf)tlkep/% he starting
maier i al |, e Brdat source wasi¢ enoved and an i ce bath

wa$ pl aced under the flask tg c

A 26 y@{gqjmeﬂl [PgMChI # n was added

to 'control "gas tio an exocéher m
C

e nut es) i ch cause 0 ot ed
The supdtfatant was ftrangferred to anll
cfbr which al ready co 4 ed@40 L of wat s

| ack sl yg-gy remaining vvas il t] red SoI ka- Fl oc and
d wwth MIBE (-20 L). Itraevvasloadedlnto
the extractor. The |ayers were cut and assay of the
Ni_C I%yrs revealed B-2 (4.45 kg, 16.11 nol, 75 %
HAERY thylberzoate | and was used as is in the
f ol | ow ﬂguﬂly&:ﬂ)eanlilﬂ(} WMRisk 2G0 phlz withRaisthadOa }ﬁtirr&'ﬂ\iﬂﬁ):nnocouple and

water cﬁiieg céladenSer?)fqgé:?l d (N%th%e?% (ip Z% 257 2 Fﬂ'fﬁ%liyk})?eng%lc(amd (5.85 kg,

22.32 malnwag th2n Hdd@l)whll@i’thgzhg Concentrated squunc acid (0.595 L, 11.16 mol) was
then adg d;ﬁ%:ﬂ)% gng(eowﬁifg %lzf@d gﬁx ?Ac&%@@ RALRpERnE frof 15704(5"1‘6' ﬁn’COfThzs

omt he previ ous react

mixturgyas erﬁéwaélefdvrwghétwarslama} tEpReaFIIEoD o6 Sarndseed qmrpﬁba(ﬂ 8 h).
The neXfhfinthgBE RABH GPhadSthdhe8 08Nt odvdrbish @mm eThel Mk 3hs cooled to

o ture was solvenf swtc 35 L). Thi

16 °C bgbiciis indder B SaLE 1 Bl a0 N RafHYD S petierhsadid Sgwiy (over
10 minktgs) vildleQdomidring(teapldt Adtenthe allfition tAep vand-& @diion: bringing pH
over 9 & er%%h%aﬂo?ﬁ&éﬁ%ﬂ ’dufing t%e'workmp). The solution was then concentrated to
about 16 L. and this suspension was transferred to a 100 L extractor. The flask was rinsed with 8

qﬁé the reacti on over
(o]

L of IPAc and 4 L of water which were also transferred to the extractor. 32 L of IPAc were
added along with 10 L of 5 w% NaHCO3 and 10L of 15 w% Brine. The layers were cut and the

aqueous layers were back-extracted with 20 L of IPAc. The organic layers were then combined
.78 .
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WO 2009/ 143033PCT/ US2009/ 044284 47.5 nol ), To this
stirring suspension was added water (11.67 L)
W@ 200014898311 ¢ 15-24C). The thick slurry was degesBEsR009/044284
with N2 for 40 minutes after which PdCl12(dppf)-CH2C12
adduct (0.518 kg, 0.634 nol) was added whi ch causes
the reaction to becone bl ack. The internal tenperature
was set to 74 C and aged for 16 h. An aliquot was _
taken for HPLC analysis and 5 reveal ed near conplete
and wastedstitipt0 bof 6§ wohBrist aflbé ngabiorayeat weresoligetebioypryvidaBel (6.055

kg, 21. éﬁﬁ\er '99f% \9@:&1)%99!; @%"%E ity 0dH Nmmethm; camﬂg DB3K, OMS): 7.84 (1

were added while mainta
H,d,J st&&”/rhizbgmar{l _Eodnci AdtldHOTROE (K 5, é@ﬂJo*nS\%s ﬁ‘i‘ﬁzéﬁe%’ 386 G H,
m), 23§@§§@jfloc and transferred to a 100 L extractor. The
ask was further rinsed with 4 L of both MIBE and
mater (x2) and then another 4 L of NWBE The Ia ers
Methyl\iemethgli2-(Add.3-leeramgthobl S . 3-dipesaborolar 3 g

;thgeé’}fﬂigt%%ocﬁr@ﬁ (é’gﬁcgrzf;%l 1%’;’%%\7\781% é?d i3V Bly clean 100
L reacta!ﬂ &fu d T DheaRhiks) wefee aﬁ@ﬂ@aﬂ@dmpm dhe rssluamn ks kellvent

26 kg of activated carbon (Dare Ki13- rade ﬁ
SW1tchealdaéd1\/faWHFt(hé5 k- lemtbylmsnesﬁ&%ﬂe&‘*fldmié VWS& ﬁhe solution

was de%éslf L £ ?%QN%O%HB. Eﬁ@'@ @&g 'he 1'{1'0{)%5% %?&fd é@@@lg"@?%}elg mins) to

anal ysi s revea

the s‘urﬂg% s&%&orpﬁml@&aﬁﬂmﬂg 11%8&;@& ArRpgol@fonReas f&ﬁﬁ@;}de‘gmf:d for 10 min
6% overal |, 86%:7r ecovery from

and trl-mm@hos@wa(& ?&5 ka, 3:069 malivrag sieipl] omyaaalle@gm (II) acetate

(0.120 }gg'v@ 334&51;787 il ¢ gigs’ed‘llh%;d%ﬂns% \'(\_%1 bigeShpdeliarsly ’wn% {Bi?w exotherm

from 17.528 16 B0 °G. At ‘ﬂh1S§01hEa ddlagdd; exStthm(\&s oBsdriyed dhdale (eaptidh
nzpi ¢ acid

. di n- 2-yl b ]
tempersBiinFISAGTo B0 A {PiSArS B br WhE UG B PEL A rateg o 77 °C
and agn?dl #6% ShithdasGhed "At]tﬁlg poid] F?PKC BREI9UE BT @Rabiilod zﬂf&ﬁlot revealed

concentrated and sol vent “sw tched to 2- MeTHE
complete d(ﬁlshf)nptﬂ'm of thi stastolgumaterialnwddie éa@ai@@umat\@s I¢R0V ﬂﬂ)aﬂélﬁé ice bath

t hen od'u dro 2@ 0 nmol). .
was pI4CHE SagT0s BRFRRESH dBCETBI Qiehad ey PR gy EhibAke soluton
was adﬁ@d‘{/&? sy &fdonirl %a% SoluliBg afd ¥tdih@mN@sert@Bdintes) hich caused a

tenperature for 1.5 h after which conplete conversion

black presipittedbtovietin by he-mipernatrat yas Gransferaedin apsxiragtenwiygh already
contauwggtloelg \g%fnt rﬁ%%i&{ﬁs?&%%gxﬁnﬁg g ya gﬁiﬁl%g;oﬁ IS, géhlaﬁlé %%?Kiashed with
MTBEWaS0 &0ld€be fibratd@aﬂb&dkﬂ in@ the xttaceori The heyemsxveractioand assay of the
L T i
e ORISR R P SR o

d t t
7491{‘253*763%@ f@dﬂ@ 735631%)/39@(9'}!3 %h. ! gupf sy e4wpingh, gauses

heérmfrom7 to 10 C Ocaused a bei ge
precipitate to form (pH = 1). This precipitate was
b cake WO

‘ PCT ‘ 784" was washed twice with 3
an/ g oA s§1%|t16n waBezr(4 3‘@1@1 15 I3e nedkfomake pasives rasction &as charged in
of cold 1596NWBE/FE tane and 15% PhMe/ Hept an

a vzsuartlimgqamyIOOtL SRRl oVRESITAEL N 7 TocheRica b UBIer ARORTIEmOtotple. The
mixturt R R T B 1 ARG FER LR Midich of 2
chloropﬁrnhﬂhﬂeo(a % kday3.01 mady EudatbeBid 125 & 1G)gintl sbdiugecarbonate (5.04 kg,

powder (2.15 kg, 10.04 nol, 97 %5 yield). HPLC

anal ysis reveal s the pr oduct29%o be 99. 2% purity. Heavy

nmetal analysis reveal ed 264ppm of Pd and 19. 7ppm of

Fe. Data for B-4: 1H NWR (500 MHz, DMSO-d6): 12.65 (s,

1 H,; 8858.82(m 2 H; 7.78 (dd, J = 7.89, 2.34 Hz,

1 H,; 7.49-7.37 (m 3 H); 2.40 (s, 3 H.
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2- 2 2R 51? -5- 5-Fluoro ridin-2- 1
oxyj met hyfl - 2- net hyl pi peri di n-1-y1l)car bonyll -4- 10
woretobAtd30benyl | pyri m di ne (B-54 ThePGUUSR0DDoH4284
of A-9 (1 kg, 4.46 nol) was charged in a visually
clean and dry 50 L flask equi pped with a thernocoupl e
and nechanical stirrer and was solvent switched to DCM
(11.00 L). DIPEA (2 L, 11.45 nol) is added and then
B-4 (1.22 kg, 5.67 nol) was added to this stirring
47.5 malp) Tv itlgm stirFing suspehsion vias mdomﬁdare@l i/ 1Lh (mthewl%bi PA°C). The

thick SIS*VYWZ*E“’% Pty & |2)f{’€ !H?g‘b'&ﬁ eg&’&f@hﬁ?@ﬁﬁﬂﬂﬁg%l& aguet

(0.518 &g% 63%%?1& Qs %&J@%ﬁw Eﬁ;sé@éhb oG RUEH t&bé&om%ka%bﬁﬁt%ai

reacti on becanme yell ow and
temperﬁeieawmhtmu@ °Clandfeged Fartlthe At aliquotgrag mentforﬂ@m@/@n@yszs and

revealef g SomP o BRTOBAT iy Lk e BrlF & 5 e (eppon wes

cooled o RIdEh 1ERIpBERIrE, 4naL It SMRLEA&I 2 Iﬁ of MAB AYivede adiB® while maintaining
reaction vvas aged at this tenperature overnight. After

stirringafgr h0 pirutese aldus sutigiswarofltered ewfplkatFdocg tqaalﬁfe(‘rfd fog 100L
o, 390 {10k b AP S QPSB! SBAINRLSAONGo T e anote

4 1. of MABE. aﬂdz wpss oo @t andithenguams hakets wae badk-ex@fhctedofith 21.5 L of

dded I t.he, f 5 ;
MTBE st e Sp R el e AL dhstna: b 0 Rbas i)
The or%mc-gme?e Foddel SRR Sluabofshdt 26 RETY E&fm%ﬁ%ﬂioﬁ (bgfcoa@s G

the mxture was transfefred into a
grade) e&asraddttd)mddhan'gﬁurwasmtmd [for? h kBhen Thtered cvsk SM@—FIOG The

fiter cfgis e w8 LEPEE MBS HevnaRop ke ikeltedaiaps pom of
Pd and W8 1932 Qph dfi¥NaCdshyaiels 2 DN KA OF B-Df66IN-P&H 868 iRabieyy from

the organics were washed twce with 10 L of brine 15%
DARCU)I)eDaragfan Be3: flthMibfféBOWﬂtarﬁD@at QS?Bé( HRME): 88y, At 418708z, 2 H);
were then treated wt % of Darco_KB (7
797 @ B T5.41 11 1550 150 70 (ol P17 Hadk Hiingad (o oHf Atz 110

f 1.559 kg, 94.5%recovery). To a visually
375 (Sn%_ ngé‘ﬁgggr;}jso L RBF equi pped with a 30 nmechani cal
stirrer, a thernocouple, a reflux condenser and a
as charged the crude WO
P 0697644284 material from above (13-5

S 0' ut 'A? Eblaﬂsh & B- 3SR AR e s BFst¥Pias EllakdeRIrted Vlilﬁiaﬂ? cRan 100 L

Ip.min-line fiTter). The reaction nixture was sol vent

flask ﬂgwgh:ametd ling ﬁlwA@OamﬂtaWé apil ﬁ@lwewwﬁ@hed/@s2 el ed>do. To this
sotutiofyiis B0 @0ty fla Hon i nyRSHIEADILPR B 2 HIFmBBS Afer the
additwh@lﬁ@z%ﬁ@ldﬂﬁt&m‘éﬂ ool e)hd&hd hé& eclarde ahs 45 1 CTIC. hTﬂfBrr@x’LQfe Washaged at

(in | PAc/ hept ane), .stirred overnight (16 5 ré)om i
this tem@%@%fpn h 4ijfz WW%%@H%%W@%OW&W@EW@% geplysis. The
reactlo @Qd Eﬁcﬁﬁﬁﬂs taUS'DEL %%éfc%ge@thé ﬁmﬁsklwﬁb BEEQWEH L of water

ed to 5 stlrr e suspension
and 10\1@&? Mh‘Bﬁi whiak sfe adc&d to meostaamﬁg hixgnrepo theamdkactions €k laiyer were cut,

| PAC/ hept 2 | d hept
and o AR Gl e AL RSO0 e
mtrodlfcla@i’ﬁi@fhﬁ'}béd’t&{{@m L;’mfra{?ghlmn(lhlt]ﬁe @ﬂt@ﬂﬂﬁ&hd’@&iﬁ@émﬂ 0% Pef12 N
0] sol ven S

ry w 5 was
HCI wassasided slgwhstodhe pejimizorewhisd cgages gn @wgmmmm 7 toold) %K. of his

cawese g T Ty S S BOMAR ) s o

required. Wil e the invention has been
described and illustrated wPPh reference to certain
particul ar enbodi ments thereof, those skilled in the
art will appreciate that various adaptations,




10

15

20

25

30

15changes, nodifications, substitutions, deletions, or
addi tions of procedures and protocols my be nmade
waraoboso3xieparting fromthe spirit and scope dPCT/Li£2009/044284

invention. WD 2009/ 143033PCT/ US2009/ 044284 WHAT | S
CLAIMED I'S: 1. A process for preparing a conpound of
the formula I: CH3 013 1 ONFNN 5 or a
pharmaceutically acceptable salt thereof, which
conprises: contacting a conmpound of the fornul a

was washed twice with 3 mL/g of cold water. Then the cake was washed with 3 mL/g of cold

15% MTBE/Heptane and 15% PhMe/Heptane. Finally it was washed with 1.5 mL/g of room
temperature MTBE and twice with room temperature 3 ml/g Heptane. The solid was then dried
under a stream of N7 for 2 days to provide B-4 as a light beige powder (2.15 kg, 10.04 mol, 97 %

yield). HPLC analysis reveals the product to be 99.2% purity. Heavy metal analysis revealed
264ppm of Pd and 19.7ppm of Fe. Data for B-4: 1H NMR (500 MHz, DMSO-dg): 12.65 (s, 1
H); 8.85-8.82 (m, 2 H); 7.78 (dd, J=7.89,2.34 Hz, 1 H); 7.49-7.37 (m, 3 H); 2.40 (s, 3 H).

2-£2-[((2R.5R)-5-{[(5-Fluoropyridin-2-vlyoxvimethyl} -2-methvlpiperidin- 1 -yDcarbonyl ]-4-
methyiphenyl lpyrimidine (B-3)

The solution of A-9 (1 kg, 4.46 mol) was charged in a visually clean and dry 50 L
flask equipped with a thermocouple and mechanical stirrer and was solvent switched to DCM
(11.00 L). DIPEA (2 L, 11.45 mol) is added and then B-4 (1.22 kg, 5.67 mol) was added to this
stirring solution. This solution was cooled with an ice bath (12 °C). To this stirring solution was
added T3P (7.87 L, 13.38 mol) through an addition funne] keeping the reaction temperature <21
°C over 1 h. Once addition was completed, the reaction became yellow and heterogenous. To
facilitate stirring 2 L of DCM were added. The reaction was heated to 44 °C (small exotherm at
42 °C, which caused the temperature to rise to 46.7 °C and maintain that temperature for 30
min). The reaction was aged at this temperature overnight. After 17 h the reaction was not
complete and T3P (1.1 L, 1.870 mol) was added to accelerate conversion. The next day (42 h)
the reaction was deemed complete by HPLC and was cooled in an ice bath to 4 °C. 20 L of
water was added (slowly for the first 1.5 L. then pretty fast) keeping the reaction temperature
under 17 °C. This mixture was stirred at room temperature for 30 min. Then the mixture was
transferred into a 50 L extractor charged with 20 L of MTBE. The flask was rinsed with an
additional 2 L of water and 4 L of MTBE. The layers were cut and the organics are washed with
20 L IN NaOH and then 10 L of IN NaOH. Finally, the organics were washed twice with 10 L
of brine 15%. The organic fractions (quantitative HPLC assay at 1.65 kg) were then treated with
~50 w% of Darco KB (750g) for 1.75 h, filtered on Solka-Floc and rinsed with 10 mL/g of
MTBE (1.559 kg, 94.5% recovery). To a visually clean and dry 50 L RBF equipped with a

mechanical stirrer, a thermocouple, a reflux condenser and a nitrogen inlet was charged the crude

-31-
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15

HN NF 10 with a conpound of the fornula I11: [
in the presence of a coupling agent, 15 to give the
w@200po4psB of the formula I. WO PCT/US2009/044284

2009/ 143033PCT/ US2009/ 044284 2. The

process of Claim wherein the coupling agent is

1- propyl phosphoni ¢ anhydri de, oxalyl chloride or

t hi onyl chloride. 3. The process of

Claim wherein the step of contacting the conpound of
material Frenmbatfose (BHSasoldtioniant all Iselvemmus&ﬂhderafﬁlﬂef@ usorgraul e k-line filter).

The rea&aozg-gggtg?egvgzgsssb vcg;tpp %Jlgihﬁg gﬂn of drafh\%\ﬁgév\é)i{ﬁg%{zvé%ﬁ Eseied to7.5L
(about @ﬁfﬁ?g bBIEH &S Qﬁé QRS Byl R Mmieﬂ't@?f‘y(t %ﬂl sﬂﬂublé)ocooled to room
process for preparlng a conpound of forml a
temperature sIowa and seeded at 45 "C with 18 g of B-5 (in IPAc/heptane) stirred overnight (16
h) at room temperature, then heptane was added (6 mL/g) over 60 min. The reaction mixture
was aged for 1 h before to be cooled to 5 °C and stirred for 30 min. The suspension was then
transferred onto a filter pot and rinsed with IPAC/heptane (2 x 3 mL/g of cold 15% IPAc) and
heptane (5 mL/g). The residual beige solid was dried under a flow of nitrogen for 18 h (the
product was found to be dry with < 0.3 wt% of solvents). 1.2 kg of B-5 was isolated as a light
beige solid (99.4 LCAP, >99.5 % ee, >99.5 % dr, Pd level of 8 ppm and KF of 0.1). Data for B-

5: HRMS m/z (M+H): 421.2067, found; 421.2035, required.

While the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various adaptations,
changes, modifications, substitutions, deletions, or additions of procedures and protocols may be
made without departing from the spirit and scope of the invention.
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or a pharmaceutically acceptable salt thereof, 15
whi ch conprises: contacting a conpound of the formula

WO 2009/1430330v t h a conmpound of the formula 111: REX/US2009/044284
2009/ 143033PCT/ US2009/ 044284 [l in the presence of
| - propyl phosphonic anhydride and a weak organi c base
to give the conpound of the fornmula I. 6.

The process of Caim5 wherein the weak organi c base
is diisopropylethylam ne or tiethylam ne.

WHATES (A AMERSS: for preparing a conpound of the fornula
| : or a pharmaceutically acceptable salt

t her eof , which conprises: contacting a conPound of the
f or mulla Ayprocess for preparing a compound of the formula 1:

GH,4
CHa,
IQ\/O ] N
0 N
N/lN = F
.
5 I

or a pharmaceutically acceptable salt thereof,
which comprises:
contacting a compound of the formula H:

Mehhg\/
HN O 2

N
= F
10 11
with a compound of the formula III:
Me
OH
O
N™ |N
N
IH

in the presence of a coupling agent,
15  to give the compound of the formula I.
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V wth 5-fluro-2-hydroxypyridine of the fornula VI: F

N VI in the presence of cesiumcarbonate to give the
weaope4ssB of the fornula 1'V: Me,,. O Protecti nRCTUSPNI44284

51V foll owed by renpoval of the protecting group in the

conmpound of the forrmula IV to give the conpound of the

formula I'l: Me,”, HNO NF Il 10 foll owed by contacting
t he conpound of the formula Il with a conpound of the
formula I11:

2. The process of Claim! wherein the coupling agent is 1-propyl phosphonic
anhydride, oxalyl chloride or thionyl chloride.

3. The process of Claim1 wherein the step of contacting the compound of the
5 formula II with the compound of the formula III is conducted in the presence of a weak organic

base.

4, The process of Claim 3 wherein the weak organic base is
diisopropylethylamine or triethylamine.
10
5. A process for preparing a compound of the formula I:

CHs
CHj
0 N
N~ lN = F
.

or a pharmaceutically acceptable salt thereof,
15 which comprises:
contacting a compound of the formula II:

Me/h,@\/
HN O S

i
with a compound of the formula UI:
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Ve I1l in the presence of a coupling agent, to give
the conpound of the fornmula I. WO

WQ2D9143030D33PCT/ US2009/ 044284 8. PGIEUS2009/044284
process of Claim7 wherein the am no protecting group
is a BOC protecting group or a CBZ protecting group.
9. The process of Caim7 wherein the coupling agent
is 1-propyl phosphoni c 5anhydri de, oxalyl chloride or

t hi onyl chlori de. 10. The process of
Claim7 wherein the stepM¢$ contacting the conpound of
the formula Il with the conpound of the formula Il is

conducted in the presen
11. The process of C ai

a weak organi c base. 10

i n the weak organic
;Y or triethylamne. 12. A

process for preparing a conpolind of the forrmula I: 15

I
in the presence of 1-propyl phosphonic anhydride and a weak organic base to give the compound

of the formula I.

6. The process of Claim 5 wherein the weak organic base is di-

isopropylethylamine or triethylamine.

7. A process for preparing a compound of the formula I:

CHs
CHs

(oo
' |
" g

or a pharmaceutically acceptable salt thereof,
which comprises:

contacting a compound of the formula V:

Me/,,, OMQ
/O\/O\S

Protecting AN
15 group O

A%
with 5-fluro-2-hydroxypyridine of the formula VI:

-35-



or a phainiaceutically acceptable salt thereof, which
conprises: contacting a canphorsul fonate salt of the

wo 200043833Vl | : with 2,5-difluropyridine in theP@reSmpue4284
of a strong organic base to give the conpound of the
formula I'l: HNNI1J S foll owed by contacting the
conpound of the formula Il wth a conmpound of the
formula Il1: M Il in the presence of a coupling
agent, to give the conpound of the fornula I.
13. The process of Caim1Q er€in the strong organic
base is sodi umt-but oxi deﬁ 14. A process

for preparing a corrpour[l% rt\E formula V:

\%!

in the presence of cesium carbonate to give the compound of the formula IV:

M@/,,l
/O\/O s

Protecting |
group N_ -
F

5 IV
followed by removal of the protecting group in the compound of the formula IV to give the

Meth\/
HN O N

compound of the formula II:

10 followed by contacting the compound of the formula II with a compound of the formula Il

Me

OH

in the presence of a coupling agent,
to give the compound of the formula I.
15
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whi ch conprises: contacting nethyl vinyl ketone of the

formula XII1: WD 2009/ 143033PCT/ US2009/ 044284 Xl | |
waeaokvi4bosaet hyl mal onate of the formula Xl|I: PCTOUS2009/044284
MeOVe 5XII in the presence of a weak inorganic base to

gi ve a conpound of the fornmula XI: 00 X followed by
bi ocatal ytic transam nation to give a conpound of the
formula X 1000

8. The process of Claim 7 wherein the amino protecting group is a BOC

protecting group or a CBZ protecting group.

9. The process of Claim 7 wherein the coupling agent is 1-propyl phosphonic
5 anhydride, oxalyl chloride or thionyl chloride.

10. The process of Claim 7 wherein the step of contacting the compound of the
formula I1 with the compound of the formula III is conducted in the presence of a weak organic
base.

10

11. The process of Claim 10 wherein the weak organic base is

diisopropylethylamine or triethylamine.

12. A process for preparing a compound of the formula I:

CHs
CH,

O\/O\ﬁ
0 N
N "N = F

15 A

I
or a pharmaceutically acceptable salt thereof,
which comprises:

contacting a camphorsulfonate salt of the formula VII:

H
| Me/”'(\)\/
e
Yy HeN OH

Vi
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X followed by reduction with a first hydride reducing

agent of the conpound of the fornmula X to give a
weaope4ssB of the fornula I X2 M, ", HN 0 151 X fR0T/082909/044284

by reduction with a second hydride reduci ng agent of

t he compound of the forrmula I X to give a conpound of

the formula VII1: WO 2009/ 143033PCT/ US2009/ 044284
VIIl followed by formation of the canphorsul fonate
salt of the conpound of the formula VIII and isolation

with 2,5-diftjirveyralisanphopssirco nfs strag drgafic bize té giveuthacopaund of the
Vil foll owed by protecting the free amne in the

formula Il . . .

coimpound of the forrmula VII with an ami no protecting

group to give a clgigpound of the formula VI:

HN 0

| ~
N
= F
II
5  followed by contacting the compound of the formula IT with a compound of the formula III:
Me
OH
O
N™ §N
g
I

in the presence of a coupling agent,
to give the compound of the formula L.

10

13. The process of Claim 10 wherein the strong organic base is sodium

t-butoxide.
14. A process for preparing a compound of the formula V:
Mef," Me
/’ b
Protecting 4»8\::\
15 group O ©
\

which comprises:
contacting methyl vinyl ketone of the formula XIII:
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10

15

VI followed by contacting the conmpound of formula Vi

with tosyl chloride in the presence of a weak organic
wWhae/143033)i ve t he conmpound of the fornula V. 1BABUSIDb®044284

process of Claim 14 wherein the step of contacting

nmet hyl vinyl ketone of the formula Xl wth dinethyl

mal onate of the fornmula Xl1, the weak inorganic base

is selected fromthe group consisting of: potassium

car bonat e, sodi um carbonate and sodi um bi carbonate. In

an enbodi ment of the presen® invention, the weak

i norgani ¢ base i s potassium;carbonate. 20 WO

2009/ 143033PCT/ US2009/ 0 4 16. The

process of Claim 14 wherein the biocatal ytic

transam nation to give a cggpound of the formula Xis

conducted with a transam nase enzyne. 17.
with difkhéhypmeloesis obtheCoahma f8l:wher ei n t he transami nase

enzyne is ATA-117. 5 18. The process of

Claim16 wherein the bioc@talftic transam nation with

a transam nase enzyne is gonducted in the presence of
| act at e dehydr ogenaseMafd gtucos¥elehydr ogenase. 1019.
The process of Caim 14 wherein the first hydride
reduci ng agent is a borohydgjde reduci ng agent.

) 20. The process of Claim 19 wherein _the borohydride

in the presggsl of @ vaepkrinonganie hpse to B ey Graund ef e fepailaml:
bor ohydri de. 15 21. The process of Caim
14 wherein the second $ydride feducing agent is
['ithium al um num bor obydride.

OMe

O OMe

X1
followed by biocatalytic transamination to give a compound of the formula X:
Me/,,'

HN OMe

[

0 O

X
followed by reduction with a first hydride reducing agent of the compound of the formula X to
give a compound of the formula IX:
Me/,,‘
HN OH

o

IX
followed by reduction with a second hydride reducing agent of the compound of the formula IX
to give a compound of the formula VIII:
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22. The process of Caim 14 wherein the am no

protecting group is a BOC 20 protecting group or a CBZ
WEewveeisng group. 23. A process for prepari ngPGI/US2009/044284

conmpound of the formula H: M 11 25 which

conprises: contacting 2-iodo-5-nethyl benzoic acid of

the formula XVI1 WD 2009/ 143033PCT/ US2009/ 044284

XVH wi th methanol in the presence of a strong acid to

gi ve net hyl 2-iodo-5-nethyl benzoate of the fornula

XV : Me,, a
HN _OH

VIII
followed by formation of the camphorsulfonate salt of the compound of the formula VIII and
isolation to give a camphorsulfonate salt of the formula VII:

H

= Me/,,‘

S05

VI
followed by protecting the free amine in the compound of the formula VII with an amino

protecting group to give a compound of the formula VI:

Me/,,‘
h()\,OH

Protecting -

rou
10 group

Vi
followed by contacting the compound of formula V1 with tosyl chloride in the presence of a weak

organic base to give the compound of the formula V.

15 15. The process of Claim 14 wherein the step of contacting methyl vinyl ketone
of the formula XTI with dimethyl malonate of the formula XII, the weak inorganic base is
selected from the group consisting of: potassium carbonate, sodium carbonate and sodium
bicarbonate. In an embodiment of the present invention, the weak inorganic base is potassium
carbonate.

20
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XVI followed by contacting the nmethyl 2-iodo-5-nethyl

benzoate of the formula XVI with pinacol borane in the
wpeweess083 of pal | adi um acetate, tri-Otolyl phoR@EHUSRN09/044284

and a weak organic base to give a boronate conpound of

the fornmula XV XV foll owed by contacting the

conpound of the boronate fornula XV with

2-chloropyrimdine in the presence of

PdC12(dppf)-Ci2Cl2 and a weak inorganic base to give

t he cofpOhprootsstoli €14iow Muivherdin\the bid@atalytic transamination to give a

compohﬁ\%’?élﬂé@%ﬁ%g g {s#?ﬁgm %écpf%e S # ransarﬁﬁx%;e QH’ nor g agly c base

to give the conmpound of the formula Ill1. 5 24. A

proc e%? TRE F&E&@%Tbkgnﬁl FINReHNHE: 8hndiindso et ik IATA-117.
whi ch conpri ses:

18. The process of Claim 16 wherein the biocatalytic transamination with a
transaminase enzyme is conducted in the presence of lactate dehydrogenase and glucose
dehydrogenase.

10 19. The process of Claim 14 wherein the first hydride reducing agent is a
borohydride reducing agent.

20. The process of Claim 19 wherein the borohydride reducing agent is calcium
borohydride or sodium borohydride.
15
21. The process of Claim 14 wherein the second hydride reducing agent is
lithium aluminum borohydride.

22. The process of Claim 14 wherein the amino protecting group is a BOC
20  protecting group or a CBZ protecting group.

23. A process for preparing a compound of the formula III:

Me

OH

I
25  which comprises:

éontacting 2-iodo-5-methylbenzoic acid of the formula XVII

~4] -



10 contacting a conpound of the fornula V: V with
5-fl uro-2-hydroxypridine of the fornmula VI: HON 15VI

WO 2000he0pF esence of cesium carbonate to give tREI/US2009/044284
conpound of the formula IV: Protecting group 1V
foll owed by renoval of the protecting group in the
conpound of the fornmula IV to give the conpound of the
formula IL 25. A process for preparing a conpound of

t he fonuul a
Me
QWOH
i O

XVH
with methanol in the presence of a strong acid to give methy] 2-iodo-5-methyl benzoate of the

formula XVI:
Me
@\WOMG
1 O

XVI
followed by contacting the methyl 2-iodo-5-methyl benzoate of the formula X VI with pinacol
borane in the presence of palladium acetate, tri-O-tolylphosphine and a weak organic base to give

a boronate compound of the formula XV:
Me
©\H/OM8
B o)
j/V\%

XV
followed by contacting the compound of the boronate formula XV with 2-chloropyrimidine in
the presence of PACIy(dppf)-CH,Cl, and a weak inorganic base to give the compound of the
formula XIV:

10
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I1l which conprises: 10 contacting the conpound of the
boronate fornula XV: XV with 2-chloropyrimdine in

wa wIps33ence of PACL2(dppf)-CH2Cl2 and a weakPCT/US2009/044284
i norgani ¢ base to give the conpound of the fornula
XIV: XV foll owed by hydrolysis of the nethyl ester
Wi th an inorganic base to give the conmpound of the
formula I11.

Me

OMe

O
N "N

I

XV
followed by hydrolysis of the methyl ester with an inorganic base to give the compound of the
formula HI.

24. A process for preparing a compound of the formula II:

" K\D\/
HN 0 s

i

N
= F

which comprises:
10 contacting a compound of the formula V:

Me/,,, @/MG
/O\/O\S

Protectin 4N
grou% o \O
A%
with 5-fluro-2-hydroxypyridine of the formula VI:
oy
—
HO N
15 VI

in the presence of cesium carbonate to give the compound of the formula IV:
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WO 2009/143033 PCT/US2009/044284

ME/,,‘
N 0]
Protecting/ | o
group N
= F
v

followed by removal of the protecting group in the compound of the formula IV to give the
compound of the formula II.

25. A process for preparing a compound of the formula III:

Me

OH

0
N TN

N

II
which comprises:
10 contacting the compound of the boronate formula XV:

Me
@WOMG
B O

XV
with 2-chloropyrimidine in the presence of PACly(dppf)-CH,Cl; and a weak inorganic base to
give the compound of the formula XIV:
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WO 2009/143033 PCT/US2009/044284

Me

OMe

X1V
followed by hydrolysis of the methyl ester with an inorganic base to give the compound of the

formula HI.
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