WO 2009/143033PCT/US2009/044284 TITLE OF THE INVENTION PROCESS FOR THE
PREPARATION OF AN OREXIN RECEPTOR ANTAGONIST BACKGROUND OF THE INVENTION
The orexin@’WﬁB@f‘éﬂ%) comprise two neuropeptides produced in the hy%%ﬁﬁgﬁﬁqgfé‘f“fﬁ%‘ orexin A
(0X-A) (a 33 amino acid peptide) and the orexin B (OX-B) (a 28 amino acid peptide) (Sakurai T. et al.,
Cell, 1998, 92, 573-585). Orexins are found to stimulate food consumption in rats suggesting a
physiological role for these peptides as mediators in the central feedback mechanism that regulates
feeding behaviour (Sakurai T. et al., Cell, 1998, 92, 10573-585). Orexins regulate states of sleep and
wakefumess openimg petantaligovel therapeutic approaches for narcoleptic or insomniac patients

(Che i : ,,8@ 5 . ﬁ?@% ﬁﬁvﬁﬁw gﬁ@hc' laying a role in
arou;%ke%grbd%e Eaahr{m&?lﬁgﬁagggr%emory iéiar%?@a., rends Neuroscil., 2006{&12%8 10 ?571-577). Two
orexin receptors have been cloned and characterized in mammals. They belong to the super family of
O-protQAMmm&@@ﬁE(mmﬂQ}ét al., Cell, 1998, 92, 573-585): the orexin-1 receptor (OX or
S OB, The physiclbg e B B ougpito be.
as OX-B. The physiological actjoris_In which orexins are presume artici u o be
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neurosis; depressive neurosis; anxiety neurosis; dysthymic disqrder; avigurdisorder, moo
disordM@féﬁ%&iﬁ%ﬁwgﬁl@%ggﬁgﬁfgﬁu i%%%asveig ig)r, %%r?ls%:h?}z{(@ "rﬁ%n a{;grrgéfngig3 )
depresETans tolirdrexide mentide selerefimisapand urkialidresnorepaieemsisibs neHeA S pantifon's
diseasgpnshIiurritaavaamaer eaigiisgalesasCh-ar ANRIRKIat BUI0YA, KR &fiad ERdsabesity;
addieryglecdnd ealloviets Rles OB BRI PR MRRLAClYE U I oRasRaigbetes:
appetlteftasf(’e isorders; emesis, vomiting, nausea; asthma; cancer; Parkinson's disease; Cushing's
syndroffier@iscd ab; brashiieversho %%%P&éé%éﬁrla“,s RybetdPEISRtHBATEERAS I Jeen
tumourtrgedombcinwpcilisladnie siseasds; Tilgnbaiatgne bosvelper family of G-protein coupled
15 receptors (Sakurai T. et al., Cell, 1998, 92, 573-585): the orexin-1 receptor (OX or OX1R) is
selective for OX-A and the orexin-2 receptor (OX2 or OX2R) is capable to bind OX-A as well as
OX-B. The physiological actions in which orexins are presumed to participate are thought to be

expressed via one or both of OX 1 receptor and OX 2 receptor as the two subtypes of orexin

receptors.

20 Orexin receptors are found in the mammalian brain and may have numerous
implications in pathologies such as depression; anxiety; addictions; obsessive compulsive

- disorder; affective neurosis; depressive neurosis; anxiety neurosis; dysthymic disorder; behaviour

disorder; mood disorder; sexual dysfunction; psychosexual dysfunction; sex disorder;
schizophrenia; manic depression; delirium; dementia; severe mental retardation and dyskinesias

25  such as Huntington's disease and Tourette syndrome; eating disorders such as anorexia, bulimia,
cachexia, and obesity; addictive feeding behaviors; binge/purge feeding behaviors;
cardiovascular diseases; diabetes; appetite/taste disorders; emesis, vomiting, nausea; asthma;
cancer;, Parkinson's disease; Cushing's syndrome/disease; basophile adenoma; prolactinoma;
hyperprolactinemia; hypophysis tumour/adenoma; hypothalamic diseases; inflammatory bowel

36 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 amenotrhea; hypopituitarism; hypothalamic hypothyroidism; hypothalamic- adrenal
dysfunction; idiopathic hyperprolactinemia; hypothalamic disorders of growth hormone

35 deficiency; idiopathic growth deficiency; dwarfism; gigantism; acromegaly; disturbed biological

.



30disease; 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 holmone 35deficiency; idiopathic growth
deficiency; dwarfism; gigantism; acromegaly; disturbed biological and circadian rhythms; sleep
disturbances associated with diseases such as neurological disorders, neuropathic pain and restless
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SUMMARY

The present disclosure is directed to processes for preparing a pyridyl piperidine _
compound which is an antagonist of orexin receptors, and which is useful in the treatment or
preventidn of neurological and psychiatric disorders and diseases in which orexin receptors are

involved.



F 1l with a compound of the formula Ill: in the presence of a coupling agent, to give the compound of
the formula I. In a second aspect, there is provided a process for preparing a compound of the -
formula I: CH or a pharmaceutically acceptable salt thereof, which comprises: contacting a

compound of the formula Il: o ,F with a compound of the formula Ill: Me

In a first aspect, there is provided a process for preparing a compound of the formula I;

CHs
- Ciig
O\/O | S
N7 TN ° F g
“~ |

1
or a pharmaceutically acceptable salt thereof,

which comprises.
contacting a compound of the formuda II:

Mex‘,‘_
SN
It
Me

with a compound of the formula IIT:

OH

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



lIl'in the presence of 1-propyl phosphonic anhydride and a weak organic base to give the compound of
the formula I. In a third aspect, there is provided a process for preparing a compound of the foirnula I:
or a pharmaceutically acceptable salt thereof, which comprises: contacting a compound of the formula
V: Me," Protecting group V with 5-fluro-2-hydroxypyridine of the formula VI. F HO

In a second aspect, there is provided a process for preparing a compound of the formula I

CHs
l/\:l\./ '
N o) ! ~
O N '
N7 N ~F g
. |

I
ora pharmaceutically acceptable salt thereof,

which comprises:
contacting a compound of the formula II:

" Qs/
HM o N

\

with a compound of the formula IIL:

Mie

OH

o
N7 "N

N

111
in the presence of 1-propyl phosphonic anhydride and & weak orgamic base tq give the compound

of the formula I,
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VI in the presence of cesium carbonate to give the compound of the formula IV: Protecting group IV
followed by removal of the protecting group in the compound of the formula IV to give the compound of
the formula 1l: N Il followed by contacting the compound of the formula Il with a compound of the
formula lll: in the presence of a coupling agent, to give the compound of the formula I. In a fourth
aspect, there is provided a process for preparing a compound of the formula I:

' In athird aspect, there is provided a process for preparing a compound of the formula I:

CH,
CHa

O N
N7 TN = F

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

ME/"'O\/ /©/Me
/N O\S :

Protectin P
groug o \O

AY
with 3-fluro-2-hydroxypyridine of the formula VL

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

P O\/
N O N

Pro‘{ec’cing/ l
group N. s
F
I3Y
followed by removal of the protecting group in the compound of the formula IV to give the
compound of the formula IL:
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CF-i3 N N or a pharmaceutically acceptable salt thereof, which comprises: contacting a
camphorsulfonaSe salt of the formula VII:  VII with 2.5-difluropyridine in the presence of a strong
organic base to give the compound of the formula II: Me,,, HN N Il followed by contacting the
compound of the formula Il with a compound of the formula Ill: Me

Me/,“
Q\\—/
HN O~

|
N~

F
H
followed by contacting the compound of the formula Il with a compound of the formula III:
Me
OH
O

NZ lN
g

m

in the presence of a ;:oupiing agent,
to give the compound of the formuia L

Tn a fourth aspect, there is provided a process for preparing a compound of the formula L

or a pharmaceutically acceptable salt thereof,

which comprises: _
contacting a camphorsulfonate salt of the formula VI
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[l in the presence of a coupling agent, to give the compound of the formula 1. In a fifth aspect, there is
provided a process for preparing a compound of the formula V: V which comprises: contacting
methyl vinyl ketone of the formula XIII: 0 Me7K".". XTTI with dimetbyl malonate of the formula XII:

Vi

with 2,5-difluropyridine in the presence of a strong organic base to give the compound of the

formula H:
MEM,, O\/
HN O N

N
= F
I
foltowed by contacting the compound of the formuia I with a compound of the formula IIL:
Me
OH
0
N7 EN
S
11

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

In a fifth aspect, there is provided a process for preparing 2 compound of the formula V:

Me,,,l =
@/O\SO

-
Protectin /AN
gmug o \O
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0 0 MeDOM e XIlI n the presence of a weak inorganic base to give a compound of the formula XI: XI
followed by biocatalytic transamination to give a compound of the formula X: M HNOMe X followed by
reduction with a first hydride reducing agent of the compound of the formula X to give a compound of
the formula I1X: HNOH 0 IX followed by reduction with a second hydride reducing agent of the
compound of the formula IX to give a compound of the fmmula VIII: Mel".

. which comprises:
contacting methyl vinyl ketone of the formula XTI

O

Me)J\//’

_ X1
with dimethyl malonate of the formuia XII:

O O

MeoMOMe

X1

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

O OMe

X1

followed by biocat'alytic transamination to give a compound of the formula X:
Me.r,,'

HN OMe

[

X
foliowed by reduction with a first hvdride reducing agent of the compound of the formula X to

give a compound of the formula IX:

Man"(’.

}
HN OH

o

X
followed by reduction with a second hydride reducing agent of the compound of the formula IX
to give a compound of the formula VI

2f



VIII followed by foirnation of the camphorsulfonate salt of the compound of the formula VIII and
isolation to give a camphorsulfonate salt of the formula VII: VIl followed by protecting the free amine in
the compound of the formula VIl with an amino protecting group to give a compound of the formula VI:
M N ProtectingOH group VI followed by contacting the compound of formula VI wi tosyl chloride in the
presence of a weak organic base to give the compound of the formula V. In a sixth aspect, there is

provided a process for preparing a compound of the formula IlI: 11l which-comprises: contacting
2-iodo-5-methylbenzoic acid of the formula XVII Me

Me,’,’_

Vil . |
followed by formation of the camphorsulfonate salt of the compound of the formula VII and
isolation to give a camphorsulfonate salt of the formula VIL:

followed by }Srotecﬁng the free amine in the compound of the formula VII with an amino
protecting group to give a compound of the formuia VL '

Protecting-/
group

Vi _
followed by contacting the compound of formula VI with tosyl chloride in the presence of 2 weak
organic base to give the compound of the formula V.

In 2 sixth aspect, there is provided a process for preparing a compound of the formula [:



XVII with methanol in the presence of a strong acid to give methyl 2-iodo-5-methyl benzoate of the
formula XVI:  XVI followed by contacting the methyl 2-iodo-5-methyl benzoate 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: XV followed by contacting the compound of the
boronate formula XV with 2-chloropyrimidine in the presence of PdC19(dppf)-CH2C12 and a weak
inorganic base to give the compound of the foymula XIV: Me XIV followed by hydrolysis of the methyl
ester with an inorg ¢ base to give the compound of the mula Ill.

which comprises:
éontasting 2-iodo-5-methylbenzoic acid of the formula XVII

e

OH

I O
XV

with methanol in the presence of a strong acid to give methyl 2-iodo-5-methyl benzoate of the
formula XVI:

Me

OMe

|
i O
XV1
followed by contacting the methyl 2-iodo-5-methyl benzoate of the formula XVI with pinacol
borane in the presence of palladium acetate, tri-O-tolylphosphine and a weak organic base to give

2 boronate compound of the formula XV:

Zh



In a seventh aspect, there is provided a process for preparing a compound of the formula Il: Me,, HM 1|
which comprises: contacting a compound of the formula V: Met", . --- Protecting group V with
5-fluro-2-hydroxypyridine of the formula VI: F N VI in the presence of cesium carbonate to give the

compound of the formula IV:

Ve

Olvie

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

formula XIV:
hMe

Ohfie

N "N
N

XIV
followed by hydrolysis of the methyl ester with an inorganic base 10 give the compound of the

formazla L
In a seventh aspect, there is provided a process for preparing a compound of the formula II:

. Mem'Q/
HN . O R

|

N
= F

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

21



Protecting group TV followed by removal of the protecting group in the compound of the formula IV to
give the compound of the formula Il. In an eighth aspect, there is provided a process for preparing a
compound of the formula Ill: 1l which comprises: contacting the compound of the boronate founula
XV: XV with 2-chloropyrimidine in the presence of PdC12(dppf)-CH2C12 and a weak inorganic base

to give the compound of the formula XIV:

MEJ”' Me
P\O\/O\ O
-~ s

Protectin
groug o'? ™

v
with 5-fluro-2-hydroxypyridine of the formula VI

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

ME.’,«“
e

Protecting |
group N

) g

F

_ v
foliowed by removal of the protecting group in the compound of the formula IV to give the
corpound of the formula IL

In an eighth aspect, there is provided a process for preparing a compound of the formula ITT

e

OH

N/NO
N

I
which comprises:
contacting the compound of the boronate formula XV:



X1V followed by hydrolysis of the methyl ester with an inorganic base to give the compound of the
formula Ill. DETAILED DESCRIPTION OF THE INVENTION The present invention is directed to a
process for preparing a compound of the formula I: or a pharmaceutically acceptable salt
thereof, which comprises: contacting a compound of the formula II: Mel" HN N 5 with a compound of
the formula 111

e

with 2-chloropyrimidine in the presence of PACIx{dppf)-CH.Cl; and a weak inorganic base 10
give the compound of the formula XIV:

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

formula HL

DETAILED DESCRIPTION OF THE INVENTION
* The present invention is directed to a process for preparing a compound of the

formula I:
CH
3 CHy
r@_/o ; S
N7 NO N A F
i
. ]
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[l 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:
150r a phaWﬁe%@gﬁﬁﬁiW acceptable sait thereof, which comprises: WO PCT/US2009/044284
2009/143033PCT/US2009/044284 contacting a compound of the formula Me,,, FIN 11 with a
compound of the formula lll:

or a pharmaceutically acceptable salt thereof,

which comprises:
contacting a compound of the formula II:

Mef,,‘

5 1I

with a compound of the formula IIl:
Me
S

L

N

/F
OH

N N ©
N
o

in the presence of a coupling agent,

10 to give the compound of the formula L.
In a specific embodiment, the present invention is directed to a process for

O\/O =

preparing a compound of the formula I:

CH
o

13 | or a pharmaceutically acceptable salt thereof,

which comprises:



S OH Ill'in the presence of 1-propyl phosphonic anhydride and a weak organic base to give the
compound_ of the formula |. The present invention is further directed to a PL for arlng a
compound%?f@?ﬁé%oﬁ%ula K or a pharmaceutically acceptable saIFﬁjggm ? %‘1‘ comprises:
15contacting a compound of the formula V: V with 5-fluro-2-hydroxypyridine of the formula VI: HO 5VI
in the presence of cesium carbonate to give the compound of the formula IV:

contacting a compound of the formula II:

Me%O\/
HIN o SN

N
= F
I
with a compound of the formula III:
Me
OH
O
N7 iN
. NG
1]

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

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

10 the formula I

CH,
CHj
]\Q\/O | =
0 N
N”'{\! = F
‘\‘\

or a pharmaceutically acceptable salt thereof,

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



N..F IV  followed by removal of the protecting group in the compound of the formula IV to give the
10 compound of the formula 1l: HN Il followed by contacting the compound of the for[nula 11 with a
{HULSA008 04408

compound SPRE TR 111: WO 2009/143033PCIMS2009/044284 111 iR

agent,
Me,,, Me
~ P‘O\/O\ S

Protectin
o roup &
Vv
with 5-fluro-2-hydroxypyridine of the formula VI:
S F

i P
HO N
5 VI

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

Me;,,'
e !Q\/O =

FProtecting |
group N_ i

IV

RREESE a coupling

followed by removal of the protecting group in the compound of the formula TV fo give the

10 compound of the formula IT:

Mehu@\/
HN O N

N
S

II

followed by contacting the compound of the formula H with a compound of the formula Il



to give the compound of the formula I. 5In an embodiment of the present invention, the step of
contacting a compound of formula V with a compound of formula VI to give a compound of formula IV
is conductdtItUR/ A3 solvent. An amide solvent is an organic solvent dSrkaiR ?%‘%’(?ﬁide _
functionality. In an embodiment of the present invention, the amide solvent is selected from the
group consisting of: formai-nide, N-methylformamide, N,N-dimethylfonnamide, acetamide, N- 10
methylacetate, N,N-dimethylacetamide, N,N,Nr,N-tetramethylurea, 2-pyrrolidone, and
Nmethylpyrrolidone. In an embodiment of the present invention, the amide solvent is
N,Ndimethy-Iformamide or N-methylpyrrolidon&ie In an alternate embodiment, the present
invention is directed to a process for 15 preparing a compound of the formula I: ora
pharmaceutically acceptable salt thereof, wigich Tomprises: 20 contacting a camphorsulfonate salt of
the formula VII: WO 2009/143033PCT/US2009/044284,iy 1l with 2,5-difluropyridine of the formula Via:

m
in the presence of a coupling agent,
to give the compound of the formula L .
5 In an embodiment of the present invention, the step 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, NN, N' N'-tetramethylurea, 2-pyrrolidbne, 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,
CH,
5 O\,
- N Q ; ™
o N
N/EN Z g
“

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



5VIla in the presence of a strong organic base to give the compound of the formula II: Me," RN Ni Il
followed by contacting the compound of the formula Il with a compound of the formula Ill: Me 10 OH
[l in the pé’&?@é’/b‘? 3(?’oupling agent, to give the compound of the foimulaG RS M iment of the
present invention, the step of contacting

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

o
P
F N

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

Me,,
H‘“Q\/O\@\
N._ = .
II

followed by contacting the compound of the formula IT with a compound of the formula III:

Me
- o]

g
. g
i

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 Vla, the strong

-7



15camphorsulfonate salt of the formula VII with 2,5-difluropyridine of the formula Vla, the strong
organic base is selected from the group consisting of: sodium t-butoxide and sodium etlaoxide. In an
embodime%oof‘}??élf)%%?ent invention, the strong organic base is sodium-t-%ﬁ%%&g{.}gmmz ¥ nan
alternate embodiment, the present invention is directed to a process for preparing a compound of the
formula V: Protecting group which comprises: 0 0 Me contacting methyl vinyl ketone of the formula
XII:

organic base is selected from the group consisting of: sodium t-butoxide and sodium ethoxide.
In an embodiment of the present invention, the strong organic base is sodium t-butoxide.

In an alternate embodiment, the present invention is directed to a process for
preparing a compound of the formula V:

Me,«,,’ o l Me
N SN

Frotectin I7 8

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

HE X1

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

0 0
OMe

15 O OlMe

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

ME/,,

HN



0 10 Xl with dimethyl malonate of the formula XIl: 0 0 MeO OMe

WO 2009/143033 PCT/US2009/044284

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

5 X
followed by reduction with a second hiydride reducing agent of the compound of the formula IX
to give a compound of the formula VIIL:

e, e
HI’OVOH

VI
10 followed by formation of the camphorsulfonate salt of the compound of the formula VIII and
isolation 1o give a camphorsulfonate salt of the formula VIL:

H
| MEWO\/
+
5 HaN OH
SO5

VI
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:

Mﬁf,h
N OH

Protecting <
group

VI



XIl in the presence of a weak inorganic base to give a compound of the formula XI: 15 Xl followed by
biocatalytic transamination to give a compound of the formula X: Me,",
2009/1430%35PE¥/8/$%500/044284 X followed by reduction with a first hyd?ﬁy Pé&??é’l%%ﬁent of the
compound of the formula X to give a compound of the founula TX: 0 5DC followed by reduction with a
second hydride reducing agent of the compound of the formula IX to give a compound of the formula
VIII:

followed by contacting the compound of formula VI with tosyl chloride in the presence of a weak
organic base to give the compound of the formula V.
In an alterpate emrbodiment, the compound of the formula X:

Me/,,l
HN OM
g
o 0
5 X
may be reduced directly with a second hydride reducing agent to give the compound of the

formula VIIL: '
Me:,,, a

HN _-OH

VI
10 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 inirention, the weak inorganic base is potassium
carbonate.

15 In an embodiment of the present invention, the biocatalytic transamination to give
a compound of the formula X is conducted with a transaminase 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

20 the present invention, the biocatalytic transamination with a transaminase enzyme is optionally
conducted under conditions that remove the byproduct from the reaction of the iransaminase
enzyme. In an embodiment of the present invention, the biocatalytic transamination with a
fransaminase enzyme is optionally conducted in the presence of lactate dehydrogenase and
glucose dehydrogenase to remove the byproduct from the reaction of the transaminase enzyme.

25 _ In an embodiment of the present invention, the reduction with a first hydride
reducing 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

10 -



VIII 10 followed by formation of the camphorsulfonate salt of the compound of the formula VIl and
isolation to give a camphorsulfonate salt of the formula VII: VIl followed b rotectln the free
amine in tﬁ’g%a?ﬂ?ﬁ)ﬁqg:‘of the formula VII with an amino 15protecting grouﬁﬁ'ﬁéﬁo% Y 33 f)ound of the
fouuula VI: VI WO 2009/143033PCT/US2009/044284 followed by contacting the compound of formula
VI with tosyl chloride in the presence of a weak organic base to give the compound of the formula V. In
an alternate embodiment, the compound of the formula X: 5X may be reduced directly with a second
hydride reducing agent to give the compound of the formula VIII: VIIi

formula X to give the compound of the formula IX is conducted with sodium borohydride in the

presence of calcium chloride in ethanol solvent.

In an embodiment of the present invention, the reduction with a second hydride

reducing agent of the compound of the formula IX to give a compound of the formula VIII is
5  conducted with a metal hydride reducing agent, such as lithium aluminum hydride or lithium
borohydride.

In an embodiment of the present invention, the protecting the free amine in the
compound of the formula VII with an amino protecting group to give a compound of the formula
V1, the amino protecting group is a BOC protecting group or a CBZ protecting group.

10 * In an embodiment of the present invention, in the step of contacting a compound
of the formula VI with tosyl chloride to give a compound of the formula V, the weak organic
base is pyridine, triethylamine, or N,N-diisopropylethvlamine.

In an embodiment of the present invention, in the step of contacting a compound
of the formula II with a compound of the formula III to give the corapound of the formula ], the

15  coupling agent is I-propyl phosphonic anhydride, oxalyl chloride or thionyl chloride.

In an embodiment of the present invention, in the step of contacting a compound
of the formula I with a compound of the formula Il to give the compound of the formula [, the
weak organic base is di-isopropylethylamine, triethylamine, N-methylmorpholine, or di-aza-
[2.2.2]bicyclo-octane. ,

20 In an embodiment of the present invention, in the step of contacting a compound
of the formula IT with a compound of the formula I1I to give the compound of the formula I, the
reaction is conducted in dichloromethane, dichloroethene, acetonitrile, isopropanol, toluene,

N, N-dimethylacetamide, dimethylformamide, or tetrahydrofuran solvent.

In another embodiment, the invention is directed to a process for preparing a

25  compound of the formula I which comprises contacting a compound of the formula Il with a
compound of the formula XIV in the presence of a reagent that forms a metal amide of the
compound of the formula IL

In an embodiment of the present invention, the reagent used to form the mf:tai
amide of a compound of the formula I is isopropylmagnesium chloride, butyllithium, or

30 trimethylaluminum.

In an alternate embodiment, the present invention is directed fo a process for
preparing a compound of the formula HI:

-11 -



10In an embodiment of the present invention, the step of contacting methyl vinyl ketone of the formula
Xl with dimethyl malonate of the formula Xll, the weak inorganic base is selected from the group
consisting Bo ﬁ P3S4RI carbonate, sodium carbonate and sodium bicarbdhatE B EHRBodiment of
the present invention, the weak inorganic base is potassium carbonate. 15In an embodiment of the
present invention, the biocatalytic transamination to give a compound of the formula X is conducted
with a transaminase 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 belised to provide the other enantiomer of the compounds
of the formula X. In an embodiment of 20the present invention, the biocatalytic transamination with a
transarninase enzyme is optionally conducte ger conditions that remove the byproduct from the
reaction of the transaminase enzyme. In an Embg dimegi9f the present invention, the biocatalytic
transamination with a transaminase enzyme isyoptioifally conducted in the presence of lactate
dehydrogenase and glucose dehydrogenase remgye the byproduct from the reaction of the
transaminase enzyme. 25In an embodimenEof thﬁ present invention, the reduction with a first hydride

reducing agent of the compound of the for o give a compound of the foithula DC is conducted
with a borohydride reducing agent, such as calcium borohydride or sodium borohydride. In an
embodiment of the present invention, the reductiop of the compound of the - 10- WO
2009/143033PCT/US2009/044284 formula X to give the compound of the formula DC is conducted
with sodhigh borghysetide in the presence of calcium chloride in ethanol solvent. Inan
embodimgatip{ihe g sealdmyantinnidhe; redusiamiimaxsgeond hydride reducing agent of the
compound of the formula IX to give a compound of the formula VIl is 5 conducted with a metal hydride
reducing agent, such as lithium aluminum hydggge or lithium borohydride. In an embodiment of
the present invention, the protecting the free amine in the compound of the formula VII with an amino
protecting group to give a compound of the gja VI, the amino protecting group is a BOC protecting
group or a CBZ protecting group. 10In an e entgfthe present invention, in the step of
contacting a compound of the fo.unula VI withtosyl ghloride to give a compound of the formula V, the
w%ak organic base is pyridine, triethylamine, of N,Nliisopropylethylamine.

XVII
with methanol in the presence of a strong acid to give methyl 2-iodo-5-methyl benzoate of the
formula XVI:
Me
f X
S F OMe
1 0
10 XVI

followed by contacting the methyl 2-iodo-5-methyl benzoate of the formula XVI with pinacol
borane or pinacolato di-boraie in the presence of palladium acetate, tri-O-tolylphosphine and a
weak organic base to give a boronate compound of the formula XV:

-12-



In an embodiment of the present invention, in the step of contacting a compound of the formula 1l with
a compound of the formula Il to give the compound of the formula I, the 15coupling agent is 1-propyl
phosphoniggrﬁq%rii@é'%xalyl chloride or thionyl chloride. In an emggaﬂ'ﬁg g%?%#g“present
invention, in the step of contacting a compound of the formula Il with a compound of the formula 1l to
give the compound of the formula I, the weak organic base is di-isopropylethylamine, triethylamine,
N-methylmorpholine, or di-aza[2.2.2]bicyclo-octane. 20In an embodiment of the present invention, in
the step of contacting a compound of the formula Il with a compound of the formula 1l to give the
compound of the formula I, the reaction is conigcted in dichlorornethane, dichloroethene, acetonitrile,
isopropanol, toluene, N,N-dimethylacetamide, dimethylformamide, or tetrahydrofuran solvent. In
another embodiment, the invention is direct§ & process for preparing a 25 compound of the
formula | which comprises contacting a co houpd of thenrrmula 11 with a compound of the formula
XIV in the presence of a reagent that forms a metal §mide of the compound of the formula II. In
an embodiment of the present invention, the rgagentused to form the metal amide of a compound of

the formula Il is isopropylinagnesium chlogﬁgj%}'lithium, or 30trimethylaluminurn. In an

alternate embodiment, the present inventign-} Cted to a process for preparing a compound of the
formula Ill: WO 2009/143033PCT/US2009/0442 ifi

XV
foliowed by contacting the compound of the boronate formula XV with 2-chloropyrimidine in

the presence of PACL(dppf)-CH,Cl, and a weak inorganic base to give the compound of the
5 formula XIV:

followed by hydrolysis of the methyl ester with an inorganic base to give the compound of the
formula II1.

10 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.

15 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
PAC (dppf)-CH2Cly, PAdCl2(PPh3)2, or PACIxdppb in the presence of NapCO3, K2CO3, or
NaHCO3.

A specific embodiment of an alternate aspect of the present invention is directed

20  to aprocess for preparing a compound of the formula It
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which comprises: contacting 2-iodo-5-methylbenzoic acid of the formula XVII 5 OH XVII with
methanol in the presence of a strong acid to give methyl 2-iodo-5-methyl benzoate of the formula XVI:
10X VI folloB3Yy/ Ezﬁiff‘écting the methyl 240do-5-methyl benzoate of the %%H%?Wﬁ‘%ﬁ%ﬁ%inacm
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: WO 2009/143033PCT/US2009/044284

CHa
ey
e
o) N
N lN = F
A

' or a pharmaceutically acceptable salt thereof,
which comprises:

O 0 0
il
MEM OM
K,COs, MeCN ©
o 0 0% “OMe
5 MEOMOM@
0 O
Me,,,
OMe gmioeatalysis ! '
" HN OMe
O OMe ]/
o)
Me;
s, M ,
NaBH,, CaCly, "
HN OMe EtOH
r HN _OH
o O 5

Mef,“
LAH, THE  Me,,
HN OH @
_OH

i HN
0
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XV followed by contacting the compound of the boronate formula XV with 2-chloropyrimidine in the
presence of PdClZ%g f)-CH2C12 and a weak inorganic base to give the compound of the formula
xiv:  xwHshetéd y%ydrolysis of the methyl ester with an inorganic bas})ec?g%ﬁ%o%oé@gfnpound of
the formula Ill. 10In 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. 15In an embodiment of the present inventio '
XV with 2-chloropyrimidine to give the Cf%rﬁg%&% of form
PdC12(dppe-CH2&12, 17(PPh3)2,0r Pt dppb |
NaHCO3. spedific embodi = alterfiate agpect gg
20 to a process for pgtepari ound ot the formula F
salt thereof, which comprises:

N

H BOC,0, TEA, Me,,
| Memv@\/ - Q&/
O _N OH
+ .
o HNT OH \% hit |

505 °
Me.,, O\/Tscl, pyridine, DCM pe,, . -Me
~Jo. N on O\/ H
T YR
I I 7 X
Me’r,, = i Me C*SECO3; NMP
SRS -
! o ®
o
Me/,,_ "o "
|
© O\/O R
b |
O N. .~

o
\

v

\
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Me Biocatalysis HN,rOMe 00 HN 0 LAN, THF HN

WO 2009/143033 PCT/US2009/644284
Me Mea
H,804
/ op MeOH OMe
11 O I 0
fe

- o 0O

TEA, 2-MeTHF )r%

Ci Me

N
OMe v OMe

=

\o
)K—% OMe
Pd{OACc),, P(o-Tol}s B é

PdCldppf-DCM

- N =

Na,CO4, 2-MeTHF/H,O - |
Me
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; N
1
OMe aoH . -OH
e ]

’V’\N H002-MeTHF (2~ ©
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=
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WO 2009/143033PCT/US2009/044284 The subject compound is disclosed as an antagonist
of orexin receptors in PCT Patent Publication WO 2008/147518. The compounds of the present
invention %@@8W%W%e or more asymmetric 5centers and can thus occ%?gg SRt é%) ers"
including racemates and racemic mixtures, enantiomeric mixtures, single enantiomers, diastereomeric
mixtures and individual diastereomers. Additional asymmetric centers may be present depending upon
the nature of the various substituents on the molecule. Each such asymmetric center will
independently produce two optical isomers and it is intended that all of the possible optical isomers
and diaster%@ers in 10 mixtures and as pure or partiallyfarified compounds are included within the
scope of this|invention, The present invention is meant to comggghend all such isomeric forms of these
compoungs” ¥When bonds to %ﬂpc ﬁgé a are dep| straight lifies in the Foimulas of the
invention, ders d that both the (RE gng (8) con ' iral garbon, and hence both
' ' : i 15Formula | shows
S 'flc s@reochemlstry en compounds
on chqutbcent r, the t rm reoisomer" includes Both efantiomers
and mlxtu@enantlomers such as®he s mﬁb 0:5 re referred to as a racemic mixtures. The
independentsyntheses of these diastereomgrs or.their cluomatogaphlc 20separations may be
achieved as known in the art by appropriate modificafion of the methodology disclosed herein. Their
absolute stereochemistry may be determlned by the x-ray crystallography of crystalline products or
crystalline intermedigigsqyt) l@é% B HKINPLZEY:16 RAGRIIARMNIR A EFRE8NH GRRiBIRINharCASYMMetric
center of kn ab olul§} %%n If desired, racemic mixtures of the compounds may be
separ 816”% éfct% 3 %ﬁw rtiomers are isolated. 25The separation can be carried out by
methods well known?lhﬂth@fwméﬁéw%ﬁlﬁ@%t}bm@}ﬁfwﬁéééﬁﬁé%&ﬂﬂ%%ﬁ%%Bﬁﬁﬁ@@fféﬁan

ermantioagsieathy @@ﬁ&}ﬁ@ﬁ@@wﬂ teifpsnisortiasterenmiemcmbares fatoweskhy mparatjon of the
e SEnlaRletRomets:by Sanda AL EhARNEL AR IIARGEP2G000 1120
atograp he

fractiona crys |za ionor ¢ cou |ng reaction Is gften t eformatlon of salts using

an enaHASRIEPRSAS @%Iﬁ@@ﬁ%ﬁ%@mﬁéﬁm BRPFE R ARRSE G PRI B b Hsehtdicto the
pure erantignetsitycleavage eidheded8dothitmbresidusefihesaicemit! midpeadently produce

two optical isomers and it is intended that ali of the possible optical isomers and diastereomers in

10 mixtures and as pure or partially purified compounds are included within the scope of this
invention. The present invention is meant to comprehend all such isomeric forms of these
compounds. When bonds to the chiral carbon are depicted as straight lines in the Formulas of
the invention, it is understood that both the (R) and (S) configurations of the chiral carbon, and
hence both enantiomers and mixtures thereof, are embraced within the Formula. For example,

15 Formula I shows the stracture of the compound with the designation of specific stereochemistry.

| When the compounds of the present invention contain one chiral center, the term "stereoisomer”
includes both enantiomers and mixtures of enantiomers, such as the specific 50:50 mixture
referred to as a racemic mixtures.

The independent syntheses of these diastereomers or their chromatographic

20 separations may be achieved as known in the art by appropriate modification of the methodology
disclosed herein. Their absolute stereochemistry may be determined by the x-ray crystallography
of crystalline products or crystalline intermediates which are derivatized, if necessary, with a
reagent containing an asymmetric center of known absolute configuration. If desired, racemic
mixtures of the compounds may be separated so that the individual enantiomers are isolated.

25  The separation can be carried out by methods well known in the art, such as the coupling of a
racemic mixture of compounds to an enantiomerically pure compound to form a diastereomeric
mixture, followed by separation of the individual diastereomers by standard methods, such as
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of the compounds can also be separated directly by chromatographic methods utilizing chiral
stationary phases, which methods are well known in the art. Alternatively, an enantiomer of a
compound %/Ogé Hbtined by stereoselective synthesis using optically p&% é?ﬁ?ﬁﬂgd%‘%?énals or
reagents of known configuration by methods well known in the art. As appreciated by those of
skill in the art, halogen or halo as used herein are intended to include fluor, chloro, bromo and iodo.
Similarly, C1_86, as in Ci..6allcyl is defined to 10 identify the group as having 1, 2, 3, 4, 5 or 6 carbons
in a linear or branched arrangement, such that Ci_galkyl specifically includes methyl, ethyl, n-propyl,
iSO-prdpsdtindalitylysiadiibatiyh terthntyhapanybhand hexylplgr ocqetivin ¢thofetedig iatedtamding

indepengently, substiiaa it sblitients mayle T?Q%R&é%&%‘?ﬁl%ﬁ%ém{ﬁz‘és THdLiple numbers of
such substltuents he term ' pharma eutically ac %E)é M&]‘I‘ﬁ fers tos re ared from

B a B S LB AR T o0 SRR RS ARG FEOF i BF BFOTE BASE anc
inorganfolsy orgaiadsicm: gmtbmmwm@ndygmbmmsgm@mmmmmmm calcium,

COPPe L ARG SHHAMS: memn@%ﬁg&eﬂmemﬁwu%a%tmmﬂmmhp%smx&ﬁ@wa zinc, and
the like. Particular em o%tmien mc)!udet e mon{H@f camum ma%]esm %%otas& nd sodium
ru

salts. S nla&il%eform may exis i Tore than one 2 ry%té?% tare. a y 21€6e%h the
form ofeeparited koans genlieursiom praeteduie kpaveeptiiiadrganic non-toxic bases include salts
of primary, secondarys apstéertiatybaioascsubistiniad aningsinelidial Ratmalljeetiurng substituted

amines,eyalia aminesiANE PRGN, BeRANGRITRRIDS Sehich:as argipine belpipaiepifeipgnghaline,

N,Ntdibenzylethylene- -diamine, dlethylamlne 2-diethylaminge hanol, 2-dimet ylaminoethanol,

tfandRiHE fesHRRA ARG Do JethyT-ATCHSATIRTS LN ARG fipERERAhed dERaRRBlu i damine,
histidirtbatidraalmispecisophopykindeeniyiive ethithyppopEmitepropybiolintyl pieagihdepiperidine,

polyamiperesing, p%@%@@yip%@%ﬁ t%?&{‘??a@ﬁgﬁ%?é@%?ﬁém aﬁrd'a%‘imé @ﬁbéﬂﬁﬂéﬁ)ﬂf}mme
trometharine, and the like., Whén the com ou%%of the venti ic,. salts may be
prepar@%ﬁ&ﬁ‘?%%‘ﬁ?&@é}ﬁﬁ% ﬁngé( i W%ﬁl@ sn GG ¥ %‘Qﬁ?&iﬁrganlc acids.
Such acids include alstizrinehhenssotiania) lb@nmtﬁkéaﬁqhhbrstﬁf@mcﬁaéwmeem&guﬁomc fumaric,
gigco%a@%@éﬂl%élbﬂ%%% Mi@ﬁm%ﬁ%é?&tﬁéﬂﬂ %@ﬂiﬁg%ﬁgﬁni@ B @»rﬁ@ﬁf&%s and

methanesulfonic, mucic, nitri F&%T a t thenlc has horlc s fimaf sulfurlc tartaric
iREPAF &Y

ptolue RSB B AR AR R R,

icifar mbo ents inel
calcium, copper, ferric, ferrous, hthzum magnesium, manganic saits ma,uganouq, potassium,

sodium, zine, and the like. Particular embodimenis include the ammonium, calchum,
magnesium, potassium, and sodium salts, Salis in the solid form may exist in more than one

20 crystal structure, and may also be in the form of hydrates, Salts derived from pharmaceutically
acceptable organic non-toxic bases include salts of primary, secondary, and tertiary amines,
substituted amines including naturally occurring substituted amines, cyclic amines, and basic ion
exchange resins, such as arginine, betaine, caffeine, choline, N,N'-dibenzylethylene-diamine,
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine,

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

When the compound of the present invention is basic, salts may be prepared from

30 pharmaceutically acceptable non-toxic acids, including inorganic and organic acids. Such acids
include acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromie, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mugcic, nitric, pamoie, pantothenic, phosphorie, succinic, sulfuric, tartaric, p-
toluenesulfonic acid, and the like. Particular embodiments include the citric, hydrobromic,

35  hydrochloric, maleic, phosphoric, sulfuric, fumaric, and tartaric acids. It will be understood that,
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35hydrochloric, maleic, phosphoric, sulfuric, fumaric, and tartaric acids. It will be understood that, - 18 -
WO 2009/143033PCT/US2009/044284 as used herein, references to the ¢ ounds of Formula | are
meant to al%8 Mer e pharmaceutically acceptable salts. Several metﬁ%@%&?ﬁ?&%a%g the
compounds of this invention are illustrated in the following Schemes and Examples. Starting materials -
are made according to procedures 5known in the art or as illustrated herein. The following
abbreviations are used herein: 2- MeTHF: 2-methyltetrahydrofuran; Ac: acetyl; Ar: aryl; AY: assay
yield; Bn: benzyl; Boc: tertbutyloxy carbonyl; Boc20: di-tert-butyldicarbonate; BSA: bovine serum
albumiss G :leachy befarytory 1« OB coanponydisiifdarcle; | GRAncarnphassuifdnde deid; DEAD:
dlethylggm&g& %C gb}glggﬂ@roethane DCM: dichloromethane; DIPEA: 10

dllsopropylethylaml Ifonna ide; DMSQ:; dimethylsulfoxide;
dimethylaminopropy 3BT ATHE T B RS RAHOR ETSRC A AR  FID: gas
chrom&@@@brwﬁmﬁéﬂm&m&m@&, ‘H@m mothdKylsen rodia reterdims dbcn b ehigh
pesformanee liguid m@a@mgﬁﬁ{w}L&dﬂsmqmmﬁ@g&@gmﬁmmmm%wtw LRMS: low

resolutﬁn,m@sa 1:%tr Q&e} %3 1ﬂj1arl'rr}et E met tbu otlr;;amde

adenine mucleo

e R
-Bls(dlmmﬁﬁé%ﬁﬂoﬁgﬁ%geﬂb dic Bﬂﬁlﬁ(lﬁ 8?’8?%5?5% Bhé;“Rﬂ PhMe: toluene;
PLY: pyitiexadzHophospilaterbtrdatiispeliat@es SR tbidfodichldddBERIP: 1-propylphosphonic

oo BRI oDl MR T PR Sl Ty st ofran, The

compoun

esent |nvent|on can e are |n a varlet snions. In some cases
8 f.néilﬁ%%ﬂﬁﬁgsﬂﬁélﬂw?é\é Hé&%@@ﬁs geﬁaﬂ%?%%ﬂf’erﬁ?crﬁ‘i
manipuieeiislaeipomenpsd; Eu@ﬁrﬁmbmﬁﬁw%o%@ﬁmxﬁ@%&éh@wiaﬁ@ﬁﬂ&fu@ﬁﬁaﬁ&ﬂ%% Ca@d

hydrolysis. rg%&%‘&’é&@%ﬁ{f—ﬁ%mﬁwﬁ&%t&mo%ﬂl%@éﬁ%%&%m‘g«aﬁﬁ& the order of
Carrymgﬁgﬂ(tlt%elg&? aﬂ?cae E!:(;)u[]l %nr?}g?ogpa%hy, LC-MS: liquid chromatography-mass
spectrometry; LRMS: low resolition mass spectrometry; Me: methyl; MTBE: methyl tert-butyl
15 ether; NAD: nicotinamide adenine dinucieotide; NMP: N-methylpyrrolidone; PdClo(dppf)-
CH2Clo: [1,1-Bis(diphenylphosphino)ferrocene] dichloropaliadium(Il) dichloromethane; Ph:
phenyl; PhMe: toluene; PLP: pyridoxal-5' phosphate; rt: room temperature; SOCI: thionyl
chloride; T3P: 1-propylphosphonic anhydride; t-Bu: fers-butyl; TsCl: tosyl chloride; TFA:
trifluoracetic acid; THF: fetrabydrofuran. The compounds of the present invention can be
20  prepared in a variety of fashions.

In some cases the final product may be further modified, for example, by
manipulation of substituents. These manipulations may include, but are pot 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

25  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.

-19 -



25 examples may be varied to facilitate the reaction or to avoid unwanted reaction products. The

following examples are

are illustralif® ﬂ?{?éﬁ}a

;)rovided so that the invention might be more fully under,é\;[ood. These examples
Zg%l(\ﬁ@zi

should not be construed as limiting the invention n%)gﬁ/)p

2009/143033PCT/US2009/044284 EXAMPLE A 00 Dimethyl (3-oxobutyl)malonate (A-1) 5To a
visually clean and dry 100 L round bottom flask equipped with an addition funnel, a nitrogen 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 abovVEXRA&NIPBEex 18 h, HPLC showed full conversion. The
mixture was transferred to a 100 L extractor 10 charged with 60 L MTBE and 20 L water. The layers

were separated

andl the aqueous layer Was WO 20
with 20 L M | BE. The bined organiciayers. werglwashed with 20 L

g e

emulsion to séffe. The
concentrated, flushing

/143033PCT/US2009/044284 back extracted
ater, allowing 5 h for the

as tfien filtered fﬁ%@l%&gﬁ@rﬁg carion and batch
5.1 kg of-A-1-(80-wi% ynlH NMR, 89fp.yield). Data

E to affor

for A-1: 113NMR (40®MHz, CDC13) 8 3.69 (£ 6H) Q&0 (1, J= 7.3 5Hz, 113), %50 {7 I= 7.2 Hz, 2H),
MeQ OMe
Me,, {4
NaBH,, CaCly, 7" e Men, DAH-CSA. |
EtOH HN OH ! THFMTBE
< HN OH
o A-3 A-4
H BOC,0, TEA, Me, .
Me,, BOH . Q\/‘i‘ sCl, pyridine, DCM
0O N OH
HoNT OH \%/ j]/
© - O A-B
SOz A5
ME/,,‘ Me CSQCOg, NMP
hid N »
Q AT 0 HO N

Me, ,
i H
\FO\WN 0 ~ HN o N
0 N :

Dimethyl (3-oxobutyl)malonate {A-1
To a visually clean and dry 100 L round botiom flask equipped with an addition
funnel, a nitrogen inlet and a thermocouple were added acetonitrile and potassium carbonate.
Dimethyl malonate was added and the resulting mixture was cooled to 17 °C (icefwater 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

10 charged with 60 L. MTBE and 20 L water. The layers were separated and the aqueous layer was
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Dimethvl (3-oxobutyl)malonate (A-1) Potassium carbonate (5.62 kg), dimethyl malonate (54.8
kg) and acetonitirile kg) were charged to the reaction vessel and stirred together at 15 C. Methyl

90
viny eton . was pumpe into the vessel over 2 hours at belo . ry was
inyl k %’?z’é)%g’iﬂ;‘%_ d into th | h beloff- 28082009 R¢ it

stirred at 18-20 C for 2 hours. MTBE (132 kg) was charged to the vessel to dilute the reaction mixture
followed by water (114 kg). The mixture was stirred for five minutes then the layers were allowed to
separate and the aqueous layer run off. More water (57 kg) was charged to the vessel, the reaction
mixture stirred for another 5 minutes, the layers allowed to separate, and again the aqueous layer
15run et Thergrgdniddayen was BENTantratesinmbarreitibodrpressurasint wits2of tiveasolvent had

been removed (volume approx 80 L) affording 76 kg of A-1 as an ojl, Methyl .

(6r0) TR A BT P A AL o & 1o oI 56 e BERAE sk was
chargedrbokbakg bi6H vilecARht20, Anchintavy th\Hphristed fotoaffoub e didpalfaedi¢hitnitdabgd MTBE.
The resulting solution was 83 wt%. To a visually clean 100 L Buchi jacketed reactor, with overhead
stiring LB 45 DmdOF 185 ) B0 OE AR e i A S o4 § NP O,
7.2 kg@glﬁyj%@@ kg g.yp&?%g;ﬁg_%g)(ﬁp 5 g PLP. The pH was adjusted to 7.4 with NaOH
and then 450 g ATA-117 transaminase, 9 g Lactate Dehydrogenase, and 45 g glucose

25dehydrogenase were added and rinsed into the vessel with 2.5 L water. After all enzymes were in

solutiopy; thenrgtevaped saliiagehAdwas added, followed by a final 2.5 L water, pH control utilizing 5
was initiated.

N Na he reaction was allowed to stir for 42 hours; the reaction was complete at 31
hours. To the reactidviesiseh wetemdd ¢l k4 k giMatlyanciB:tis EN.BEE Yarsthostcthieipld (203.5. 20 L

R A R SR e e
r&OextraEt SRR SRR iRe 5??3%@@%@53’&%@0%%&%&5%7&%@% caéftg)%)érﬁggayers
were ciimbimadsTHE BE (16adgretwnitriablotibe wasslite dibiththuglSotk afssraddiborBibed with a
second,hatch of similensizeand Raldcenssniatadiinramavethothyassinittl,ad walgtarihe

resulting pi] contained, high Ievegj%et%{%eggfﬁs N%(siléh'lélhe egltlawgg $Q§%n d{gg(}glveg Jn 50 L EtOAC
and tré’r%g ?eatil'fgoe\l%f[&ﬁgﬁl%@ TGS DoftbR HASISHRET rthvare {p brévide A-2 as an oil (5.5
kg, 94 migeEAviyib kbr 990ther etatiisin deedgyem pEosve & MikapHRIc. Dathagsinze RS AYH) = 172.
Methyl{8R¥6-Metbydarroxapipesirioac3reanedate hided pressure until most of the solvent had

been removed (volume approx 80 L) affording 76 kg of A-1 as an oil.

Methyl (6R)-6-methvi-2-oxopiperidine-3-carboxylate (A-2)
To a visually clean 20 L round bottom flask was charged 7.15 kg of 64 wt% A-1

20 and rotary evaporated to remove residual acetonitrile and MTBE. The resulting solution was 83

wi%. To a visually clean 100 L Buchi jacketed reactor with overhead stirring was added 45 L
water. Heating to 30 °C was initiated, followed by addition of 852 g NayHPOy, 7.2 kg D-

alanine, 6.48 kg Glucose, 22.5 ¢ NAD, and 45 g PLP. The pH was adjusted to 7.4 with NaOH
and then 450 g ATA-117 transaminase, 9 g Lactate Dehydrogenase, and 45 g glucose

25  dehydrogenase were added and rinsed into the vessel with 2.5 L water. After all enzymes were
in solution, the rotavaped solution of A-1 was added, followed by a final 2.5 L water. pH
contro] utilizing 5 N NaOH was initiated. The reaction was allowed to stir for 42 hours; the
reaction was complete at 31 hours. To the reaction vessel were added 19.4 kg NaCl and 6.0 L.
5N HCI to adjust the pH to0 3.5. 20 L of acetonitrile was added and allowed to stir for 10 min.

30  The agitator was turned off and the reaction mixture allowed to settle for 1 h. The acetonitrile

layer was drunumed off; the aqueous layer was re-extracted with acetonitrile, and these
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Water (516 kg) was charged to a 1000 L vessel followed by disoditun hydrogen 10orthophosphate
(36.3 k), D-alanyir}géms kg) and D-glucose (37.6 kg). The mixture was warmed to 30C to dissolve

the soIids.WS’? %36) and PLP (261 g) were added and the pH checké’éjhfﬁjgf%?’mﬁ%

transaminase (2.61 kg), lactate dehydrogenase (52.2 g), and finally glucose dehydrogenase (130.5 g)
were added and rinsed into the vessel with 2.5 L water. After all enzymes were in solution, A-2 (392 kg
total, 29 kg assay) was added, followed by a final 15water rinse (5 kg). The reaction mixture was
stirred at 30 C with the pH being adjusted to pH 7.6 every 2-3 hours by the addition of 5N NaOH for
the firsto6thoitrde Tyerseaatiorvwambde T lefrtoudting werttghtift 6diotios) vef Glethé thibvughsSatiain

djusted to pH 7.6, Th ti | ' 4 . ' hloride (9 dded
o the 1LOLARA AR LT ey SRR SESRA (05 S CORMIT A Rt s e
DichlorometftaiheRDO4e). Was chanigied 20othaineabbmtfditoslediheisolkanttoi N8 kg landihe mixture
I ir f i x [ t it : h Soll 5

Solka F e e Rk A0 e,

arfd thevtayepedattomerido dedasate oK. fokee PdratinicTiiferioldsHin offdtethecdduebit (ager
re-extrgg{g%%%\%%ti—ui %g@qggg%pg%%&@% I Iigiower organic layer was run off and the aqueous layer

discar e organicTayers were recombined, returned to the vessel and washed with 8%
sodium bicarbonate solution (54 L) for 20 minutes. The layers were allowed to separate and the

organigdayer remaffimbispauseuslaygnwas diseartied@ndythe organic layer returned to the vessel,
The dichloromethane solution of A-2 (19.3 kg assay) was stored at room temperature until required,

30(6R)-3-(Hydroxyni&tign -5t megh ypipdridied2tond (P03) vessel followstathyddedimariy dinyzddO L
o o e e%‘?-?”@?"%@@%egiﬁﬁ%%ﬁmgm S o 8 Lk
charged with an 18,7, wt%, solution of A-2 i itiona 25 al,
O o b A b at phationsl i S0l R 4 L
min arehesiedd UBLil 6dmpléte iissuiiescdih chlingctrsnvolydyzresgSdidraloardindide (2.49 ko)
wasl a;%q*% %%ﬁ@@&@g&d \ 29 M?Q.ﬂ@%ﬁ@ﬁiﬁ@i'@ﬁ& aﬁ@&&oﬁ@hﬁa@%@@@r%@j%r%ﬁ%ﬂ ttﬁli?& CI-_Gas t
evolutl supsided witnin min. e 100 MYX Was a 0\4ve 1-1Qr 4 Wi cooling se
et S E L e R RIS L ey
ddditiowaserringe (Bhe)Hbe sRastion Mk Bt @iBefatiit petad dene adinsedsamed to room
tempeafuresand-stises tor hdadieiopH PENEIApDad ihdifeanidiviessiDweadaptiod. dhwagdilisted over
Solka-F| i i , i t 8% AY). Th
fil?ras-:' %ﬁﬁ%ﬁ%ﬁ%&ﬁ%@éﬁﬁqﬁ%ﬁﬁ%ﬁ%@%@%@@ﬁ%ﬁ%ﬁﬁ (,%f%é%sr?l ost of t)he °
ethandt EOVFEL VR BItE ROFE- oP rliven AP dREie) BB Rddsr-tR tBeaRrCHR SaPHG LfubBRize
precipipiedAftedttapdici iy the 281 itiagwé ShEHEYeCltheldikithetoncthanedRi gy amaadiusted with
T B Snll IS STV S0 20 B0 BhrUBSOLINCYE Sy S S 0%

| u | | WI ]
S el e e e S S L

dichloromethane (65 kg). The filtrates were returned to the vessel, and the layers allowed to

separate. The lower organic layer was run off and the agueous layer re-exiracted with
dichloromethane (200 kg). The lower organic layer was run off and the aqueous layer discarded.
25  The organic layers were recombined, returned fo the vessel and washed with 8% sodium
bicarbonate solution (54 L} for 20 minutes. The layers were allowed fo separate and the organic
layer run off. The aqueous layer was discarded and the organic layer returned to the vessel, The
dichloromethane solution of A-2 (19.3 kg assay) was stored at room temperature until required,

30 (6R)-3-(Hydroxymethyl)-6-methvipiperidin-2-one (A-3)

A visually clean and dry 140 L extractor, equipped with glycol cooling coils,
nitrogen inlet, large gas exit and thermocouple was charged with an 18.7 wi% solution of A-2 in
EtOH [4.6 L/kg] and an additional 71.4 L EtOH [25.4 L/kg]. Calcium chloride (3.65 kg) was
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15 kg (92% recovery, 96% AY) and concentrated to a minimum volume. It was then azeotroped with
12 L water, then 120 L isopropanol. The KY was assayed to 0.5% water on a total volume of -- 40 L.
The suspeWs‘?o%?W&é‘"‘ﬂﬁ%red over Solka-Floc and rinsed with 2 x 10 L isoppﬁﬂﬂ%?f’%fﬂffhte 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 20 volume and
azeotroped with 140 L THE to yield A-3 as a beige suspension.(94 % yield). 1H NMR shows 0.6 eq
isopropanol. Data for A-3: LRMS (M+H) = 144. 6 6h pser'din-3-ano A-4 A visually clean and dry 100 L
5-neckagisddrobiionidiasivenuippedanithi28medhanmigit stidiesoadbeisiocesyllap drpitrdgan dlet and
a cooli ath was charged with, A-3.(2.07 kg, 1.0 2}) and THgfd( L,.10 mL/q). The mixture was
conlect s SIS IS a0 CEl S AT e Sy na Rty G0k A BEF B B Sadh RBmping the
mixtureHeabgerntdl havekd2162ARIMPoy anllgasmeavdhitied (litB)nsdeoins divedaiivngrthanae dition of
the first 6 L of LIA1H4..Upo mpletion of the addition, the mixture was.allow m to 20 C, then
30 heal) P SOSAT R A T R B A AP S SOEPA S e oot BF 12 b GC-Fiy
antl LGriASishewsdh5188% SAtversiovtaticacieditedt: pipghdidiBtaicolfidll TReMhH#TEavas3 VO

2009/143}8\}13PCT/ S2009/04428 oold?1 2{1 C, and the reaction,was quenched using the,Fieser
e T SeeR T T (R P G -y et (e B MELE D Bl

exothehmViemBbarator dippsikephbetinesn sRSEdpdi-2 1B €)s Sif&k Ned® Hok20hwasitheseadded to

the mixtu r j f hrs, Finally,water. (6. a v, rigd.of. 1 hr. The mixture
was ScobbEn e o S B e e s e T
(20 L). cosbikgd 288 %setyvidretcibidision | theref e ttichassayeyicitwf Adenmo829didethandt 1,

favorin ;g J ' r -4 g\?‘t&}): . s
O o et 3 e s R AR B Bl Hang perially shli28 46 ) 6 neck
extractpreeipifpped feittiransfeciraihg Birernumehe lyorsuple catrittogdhe mearavent adiisteéoil was
Chafgear*gmﬁ%)sﬁ@f.% %79 g&gg;@mcﬁlwfﬂ@ b ROmL{Ss 59 NS mixkravee added Tk IF
solution t mL/g, ) of (D)-(+)-
92 g, 1.9% losses in the aqueous layer). The combined organic Ea;yers were washed with 10.5 L
brine (HPLC assay shows 419 g, 8.8% losses to the wash). The organic layer was assayed to 4.21
15 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 assaved 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

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

[(6R)-6-methylpiperidin-3-yl]methanol (A-4)

A visually clean and dry 100 L 5-neck round-bottom flask equipped with a
25  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 LiAIH4
(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 (H2) was observed during the addition of the first 6 L of
LiAlH4. Upon completion of the addition, the mixture was allowed to warm to 20 °C, then

30  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
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CSA (4.37 kg, 0.8 eq) over a period of 1 h. The salt crystallized out without seeding. Upon completion
of the addition, the mixture was aged 45 min at 20C, then MTBE (10 mL/ 30[%%?115 was added over
45 min. ThE Snidaelis aged for 45 min, then cooled to 2 C over 45 min. L (ERTAS aged at
this temperature for a period of 30 min, then filtered. The salt was rinsed 2 x 6 mL/g (2 x 18 L) with
THF/MTBE 1/1, then 1 x 6 mL/g (1 x 18 L) MTBE, and was dried on the fit under a nitrogen
atmosphere for a period of 16 h to provide 4.46 kg (52% yield) of A-5 as a white solid. The
diastereoselectivity of the salt (measured on a free base sample after salt break) 20was 40-50:1.
[(BKER)SdneshephosridihiBeyimelihanak Gioadeal (it tefidecAv@hary. Esty (85.94 gaotal) was
dissol ' (7 Ethap tl j edto 0 C.
LiBH4 azégl r{-}rll-‘lléﬁsl e’}lgrffli%%g)fﬁHF) %&%%%W?%%Mg %%I !%!5{5@%1{ %ﬁﬁg&\%ﬁ? stirred at
RT. MXRSHECRIAE st atttd 28 ahd Sttred oVer %E’:&r#ff‘ ABHAIE Y ?er}%aseéici)}oeueﬁetg% C and
addedaGMrid@ b 24l Finalty camsoversd0) misuddedrdrenhirericidody ArixilennaBistiived at 20 C for 2

o 10 K B o nenarater and the
0 isopropyl ace mL,) added. : ers wer, and the
aqueo(?s{)lgx)/e}_r1 gﬁ%ﬁ&%v‘ﬁ% ‘?ée&é)rxb‘:’%“aege%‘é S PAGHRTE .y}ﬁ?cg%%%ﬁi\g g}%ég vgceﬁr%ggérh jined

and eviaporag thtonasidisenarhe Bitjer&yidud: LEMfuEMedWitn bpropanol (3 x 200 mL) to give a water

content of <200 plimL. The crude oil was then dissolved in TI-IF (450 mL). Solvent analysis gave no
IPAC pregesk stlittRAprese M. Aysphainmol OSi katt 24 -5 WO 2009/143033PCT/U52009/044284

camphorsulfonic acid (54.3 g) in THF (130 m as added oyer 30 minutes to the THE solution of the
piBeridinol. A white £OIE 'téiﬂ‘i%&%l h@%ﬁé’rﬁ%@%@g& %"@pgge‘?’ﬁ‘i%ﬁt??ﬁ%%‘fﬁ?% was diluted
with M3BE(3004hh) angite Aitkbigen e andleddd il Rhatrs hefothiftetiiy 04 e, dolidgyas
washed with 1:1 THF:MT 100 mL) and MTBE (10 The solid Swas dried i t45C
overni&ﬁfitg%ﬁv@&- %’&Iﬁi‘iﬁﬁé 88% §.§9raﬁ%s f%/%@giggt‘gﬁg% ge@?zﬁbi%%ﬁom% s (NMR)
tert-butys 41 12 B 56(Rydiaysmne thatib ¢ tiaylhipedtimestltasdont stehgesdngudliyotlean and dry

140 L extractgr, equipped. with glycol.cooling coils nitro [ an oupl harged
with 4(?‘&”8??8%%8% AR WBH‘E s S(ﬁ.gﬂ]é%. Wt%@nﬁ%%%@%% 5 f},é?%Zmine in
ore postiandded byvaoiéxotheThe ohstuvedkiolmddor By Boo2hh¢2. 66 kgl &oldéd over $5mmn,. 41&
exotherm pbserved). After 30 minutes, the reaction mixture CMS, assay
(after ﬂf%’ﬁ%vﬁ%ﬁa&%ﬁe ésé%rri}lgﬁrr%tps) |%hri:{e}%)fil t%"e“é’f%ﬁ%r?g ma é%r%a ?ﬁ%ﬁ%ﬁ[%n%?n{&ﬁé%as diluted
with 6 mL/g (2 x 18 L) with THF/MTBE 1/1, then 1 x 6 mL/g (1 x 18 L) MTBE, and was dried on the

frit under a nitrogen atmosphere for a period of 16 h to provide 4.46 kg (52% yield) of A-> asa

white solid. The diastereoselectivity of the salt (measured on a free base sample after salt break)

20 was 40-50:1,

[(3R.6R)-6-methylpiperidin-3-ylimethanol-CSA salt (A-5)

Crude A-2 (40 g assay; 55.94 g total) was dissolved in THF (773 mL). Etbanol

(43.1 g) was added to the solution and the solution cooled to 0 °C. LiBH4 (228 m[; 4.1M in

25 THF) was added over 30 minutes at below 5 °C and mixture was stirred at RT. Mixture was
warmed to 20 °C and stirred overnight. The reaction mixture was cooled to 10 °C and added 6M
HCL (240 mL) with care over 30 minutes. The white cloudy mixture was stirred at 20 °C for 2
hours. pH of mixture: pH=1. The pH of the reaction mixture was adjusted to pH 12-14 by the
addition of 10 M NaOH (120 mL) and isopropy! acetate (120 mL) added. The layers were

30 separated and the agueous layer re-extracted with isopropyl acetate (2 x 240 mL). The organic
layers were combined 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-(+)-
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15 ammonium chloride 2 M (40 L) and the layers were separated. The organic layer was washed with
half saturated brine (20 L) and the layers were separated. An HPLC assay of the crude reaction
mixture indlA A 41850 AY (2.81 kg). This crude reaction mixture was ﬁ’ﬁé‘é‘&%&?%ﬁ%& (200
wt%), filtered and transferred into a 100 L flask for the tosylation reaction. 20tert-butyl
(2R.5R)-2-methyl-5-({1(4-methylphenvlisulfonyljoxy}inethyl)pip dine-l-carboxylate (A-7) A visually
clean and dry 100 L reactor equipped with a mechanical stirrer, a nitrogen inlet and a thermocouple
was charged with the crude dichloromethane solution of 6-6 (final volume was adjusted to 10 L,
approximaihoa@ mkigiciliq3his gpid SHIBQBN(eT) wasa38adideet pPridinet¢s & thaDlEX othetivm

Obse%%%ég#rg&%ﬂ.@% D s%l%ig&aﬁxsa 1 S3athern absenad s eagibegapirolied). The
reaction mi

e was warmed to room temperature and stirred fo@%h (F%Jjg ;Ea wed go lete
consufhFBITF tHE G MY ME%%QP%W&?@&%E IR A S A 8P dHifts ?ﬂﬁsL ctor and
dilutediilvithiny] TBE: (oIt vgs MakietiGtisat : (20E): BHBH 416000 jnd id TR (3 00end selfersetid and the

0ganit REINES WRaHSH AT EHBRAPHIDAL ks INNEdoN L0L) o2k tiptGRR(10 L) and half
saturated brlne (10 L). The crude qrgani ziyer was filtered on a pad of silica gel (1.5 kg) and the pad

was rifSSERRPhBI0 687 1 A5% 5P 009/044284 MTBE (10 L). The assay yield of A-7
measured on the resulting solution was 93 % (4.28 kg). Data for A-7: LRMS (M-Boc) = 284,0. tert-butyl
(2R 5Rdrik . Q VI REENAN 1 T} hinethyimperdised rpifierdaib Bybate (A- 5 n A visually

clean and dry 100 L S-negk ép ngk gq{pyf[LgMg \%/ éﬁe‘gﬂﬁ(%fjbﬂff&‘in hggmocouple, a

nitrogen inlet and a cooling bath was charged with A-7 %d Kg, 1.0 eq) and NMP (65 L, 20 mL/qg)
SHF|uondtRgeydidrypditipenceamlgwesbegpdusade ?E@H@?ﬂ/@@lﬁﬁf KilavsbPiva-52Cc03

(7.37 *69.2%5;?% Nosxemaimvas Qhseied A ie MishysMah RS :00Keand aged at this

temperature for a period of 26 h. HPLC showed >99.9% conversion to the desired product. The

mixturebsery edboiedoreir BareQdadtbkamddast eviaremipy the suatherorhvarssdbsAendfled over 1 h

to conigal e EXRIASI 4 B K826 ST e Rinsrding: OsRYIICHS WS TXHALtes) usiRgel TBE (20 mLig,
65 L). The organic layer was washed 2x 10 mL/]g 10% Lia (2 x 32 L), then 2 x 10 mL/g NaC1 half

saturatsaebitierreemoe pfthe sating welaia erpedicr ik owrrdled 8ifvas 2.16 kg, 79%
yjeld. DR a3 nRMS (M4D 15 340 424 erflueiewplrmethrhk eriginid apdiag vAsid

with half saturated brine {20 L) and the layers were separated. An HPLC assay of the crude

reaction mixture indicated a 105 % AY (2.81 kg). This crude reaction mixture was dried over

Na2S04 (200 wi¥h), filtered and transferred into a 100 L flask for the tosylation reaction.

20 fert-butvl (2R.5R)-2-methyl-5-({[{(4-methylphenvl}sulfonylJoxvimethylpiperidine- 1 ~carboxylate
(A-7)

4 visually clean and dry 100 L reactor equipped with a mechanical stirrer, a
nitrogen inlet and a thermocouple was charged with the crude dichloromethane solution of A-6
(final volume was adjusted to 10 L, approximatly 2.2 mL/g). To this cold solution (0 °C) was
25  added pyridine (5.5 L, no exotherm observed) followed by TsCl (in 4 portions over 1 h,
exotherm observed but easily controlled). 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
30 with CuS04-5H20 (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
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A visually clean 50 L flask equipped with a thermocouple and mechanical stirrer 20 was charged with a
solution of A-8 (2.15 kg, 6.63 mol) in MTBE which was solvent switched to dichloromethane (11.40 L).
This mixtut® 9&)48@3 to -2 C with an ice/IPA bath. TFA (5.5 L, 714 moI})Wgy YRER AR slowly
(over 40 minutes, T C =-1.9 0C to 5.5 C, max 5.5 C). Once addition was completed, the reaction was
removed from the ice bath and warmed to room temperature with warm water (start 5.7 C, 50
minutes). The reaction was completed within 3.5 25It Concentration under reduced pressure and
transfer of the resulting oil to a cooled stirring solution of NaOH (3.0 N, 1.1 eq., 28 L) ina 100 L
extracteTBEs( 10l byvethbysadgition] of 301 roéddfiBioaritithesphiagenvten sepdhtéd 4 Plprganic layer

was w. sr‘% Wiﬁhﬁ@%&%ﬁ&igggﬂgain with 10 L of 2 N HCI. The aqueous layers were then
cooleﬁ@ LA \2aOH was added until the pH was 13 (T = 21 C). To this solution was added 25
L of MTBE and the 30 layers were cut. Finally, the aqueous layer was back-extracted with 10 L of

MTBE, Quantijative-HPLCrassay revealed S8H0 YIald 00 99, C0 aiiala-9. Used 546 2a-
subsedqtrerit reaction. Datator A-9:- RN VIFHT = T 5HlOr0-2- (3R.OR -6-meth 1.,
,efding-'diA-9 - 26 - WO 2009/143033PCT/US2009/044284 A 3-L, three-necked,

round-bottomed flask equipped with a_ septum, nitrogen inlet adapter, mechanical, stiffer, and
thermocouple was cheYieallitheansng Ay 69%55'8%56%19%@%5%57%H@%6%30f DMSO (110
ppm Wﬁi@ﬁa’iﬁd&@l_)jﬁﬁ@fp@ﬂi&@m@&@ﬁ Sodigm mmmg&@mgg:)m@dﬂmgp@mh ,w_iﬁe over 4
empoidit 91'-5’?%%&?%@? o e the
LR T SR S R e U DA
H3POdivaterx (B} Weetomitnid. tbin@ AF graldiged aithis BrasYsinsbs BpTiine & Afnht. SHERC95% B; Time
;OSrg fﬁélé%e&?%@%%%gﬂﬁfﬁf&%&tﬁe'ﬂbéﬁéﬂ-p%dﬁg %élﬂr?ﬁx&ﬁ RIds%dcﬁdm&@ E‘S-QURHEF eeacﬁgnrn II_ r; oy
,5-difluoropyridjn = 4.1). The reactio ture was thep.djluted. with, water. Y mL) an
Fionc T SHPPTG R AR VA o LA Bt LIk R e e e L T S
transferfetCo Bhe pineidiasGrortding xue Preresduias MTEAP R (8 Sblilhsassnisdaiatition
funnel gyeR3RHBIMaNEHthe re3olig@hitecsiarty, wias Stixred al redvade e raturaddsdlinidth@ crystals

wgre C}?”J’%: Sd THE, %Qs%? ;}r’i’é‘i’& g’[‘ %ﬁ, g%é’a%hr@&? A TBE layer, was 2.16 kg, 79 % yield. Data for
A-8: HRMS (M+H) = 325.1922 .

5-fluore-2-{[(3R.6R)-6-methylpiperidin-3-ylimethoxy} pyridine (A-9)
A visually clean 50 L flask equipped with a thermocouple and mechanical stirrer

20 was charged with a solution of A-8 (2.15 kg, 6.63 mof) in MTBE which was solvent switched to
dichloromethane (11.40 L). This mixture was cooled to -2 °C with an ice/TPA bath. TFA (3.5 L,
71.4 mol) was then added slowly (over 40 minutes, T °C =-1.9 °C 1o 5.5 °C, max 5.5 °C}. Once
addition was completed, the reaction was removed from the ice bath and warmed to room
temperature with warm water (start 5.7 °C, 50 minutes). The reaction was completed within 3.5

25 h. Concentration under reduced pressure and transfer of the resulting oil to a cooled stirring
solution of NaGH (3.0 N, 1.1 eq., 28 L) in a 100 L extractor was followed by addition of 30 L of
MTRBE and the phases were separated. The organic layer was washed with 30 L of 2 N HCl and
again with 10 L of 2 N HCL. 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

30 layers were cut. Finally, the aqueous layer was back-exiracted with 10 L of MTBE. Quantitative
HPLC assay revealed 98% vield and >99.7% purity of A-Q used as is a subsequent reaction.
Data for A-9: LRMS (M+H) =225.1.

5.fluoro-2-{[(3R.6R)-6-methylpiperidin-3-ylimethoxy }pyridine {A-9)
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15and dried under vacuum with a nitrogen sweep to give 55.0 g of A-9 as white crystals. WO
2009/143033PCT/US2009/044284 EXAMPLE B Methyl 2-iodo-5-methylbenzoate (B-1) A visually
clean 100 E’ﬂa’é’l?%hﬁﬂ?ﬁed with a mechanical stirrer the,.couple and 5 wafer thidd bHd&hser was
charged with MeOH (50 L). 2-iodo-5-methylbenzoic acid (5.85 kg, 22.32 mol) was then added while
stirring. Concentrated sulfuric acid (0.595 L, 11.16 mol) was then added portion-wise which caused an
increase in temperature from 17 C to 22 C. This mixture was gradually brought to an internal
temperature of 64.6 C and aged overnight (-18 h). The next morning the reaction had reached >98%
conversion by HPLCA ThE, fiask-weskedaleshtbil@ohtsd figshlagingradaniite bathuandi@oQemintft 10 N

NaOH é@a%%ﬁ%é\éﬂa?@mﬁﬁ%ﬁi M%%@B&é%@%&@ I&,imq@jgo(@g@t , E,'S': After the addition the

pH was 5- pH.over 9 _can in saponification during the work-up)._The solution

| caution: bringin sul [ J
was thérﬂeai:ﬁ@m%?sﬁeﬁs%meﬂ@aﬁ& HiHY éefﬁé AR S B S8R A5 BPEG ebdractor. The
flask Wasdimsacbuiittidd (6. Povandditdafontate vt civardrenal dedpans theredamthempgsctoe. 32 L of

IPAc weigh 2 addedrglongnith: 10k ndeNatie @ 38ad 10bptdrpM4nBENS:. Dhedygrs were cut
and thgé%ﬂ%fzsou la er%%verag\gcg;gxtrg ted with 2Q L of IPAc, T‘EE og%%m, Iaé{_ers %/ere then
combiréd - 282 RO 08145633 T SIS 2 SHPHEE AR R AFFTELP6 TE Wos Brine. The
organiéAaytsrs eipseotiBicd D hfovitid mm @ b58rkg S 7 1-oBlptole 9Baseyiéhl) Gl HBIRRAhiaeriH NMR
(500 Wﬁ%&@i@ﬂé&ﬁ%91ﬁm(éw§ﬁ7e&4@xhh d. @)ﬁ"/@s@]SWB;ﬁﬁﬁé]éhhiﬂ: K% A19%42B.6r9A€L10, dd, J =
8.08, 2.14 Hz), 3.97:3 . S). /S Me Ak BT e onTo
s metf 4 STt s 3 R Rl s it g2 i ARG 01 0
k0 21 Bmmol-Hipaewadsddeatn a isargdeamioe vesdhsn silnsdeuithiteienidighical stiner
and tharmocalptad i€ sel(tibraas7soivEnt The organic layer was separated, washed with water . '
(10 vol., 870 ml), and transferred to a 2-L round-bottomed flask. HCI (3.9 N solution in IPA)
was slowly added via addition funnel over 30 min and the resulting white slurry was stirred at
room temperature for 1 h. The crystals were collected, washed with EtOAc (3 vol., 2610 mL),
15 and dried under vacuum with a nitrogen sweep to give 55.0 g of A-9 as white crystals,
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switched to 2-MeTHF (-35 L). Triethylamine (8.94 L, 64.1 mol) was added and the solution 10was
degassed with N2. Pinacol borane (4.65 L, 32.1 mol) was added slowly (over 15 mino) to the stirring
solution witYi@ ?‘ﬂ?ﬁﬂfh}i?ﬁﬁg the purge. The solution was further degassed f@FféUﬁﬁ?,‘)% 84
tri-o-tolylphosphine (0.325 kg, 1.069 mol) was added followed by palladium (Il) acetate (0.120 kg,
0.534 mol). This caused the reaction to turn black immediately with a slow exotherm from 11.5 C to
30C. At this point a delayed exotherm was observed and the reaction 15temperature increased to 60C
(over 45 min). The reaction temperature was increased to 77C and aged for another 45 min. At this
point, HPLC analysis of a reaction aliquot rekigadidditidaiplete consumption of the starting material. The
heat source was removed and an ice bath was placed under the flask to cool the reaction over 1.5 h. A
26 w% ammonium chloride solution was added very slowly to control gas!evolution and exotherrn
USed a 20black precipi gfed to form. The sgperngtant was transferred to an
g black slurry remainin s filtered on Solka-Floc
(e was o the extractagr. The layers were cut and
o5 MAUS 1Ky, 16:40 mEIMES eﬁgélnjig(l 9%.purity and was
used as is in the following step. 111 NMR (500 MHz, COC13, 293K, bis .?66& ﬁ s), 7.40(1H,d,J
= 257.49 Hz), 7.32(1 H, d, J= 7.5 Hz), 3.90(3 H, §), 2.37 (BH, ), 14T (I2H3) Methyl
5-methy1-2-pvrimidin-Z-ﬁllbenzoate 03-31 @jsolution of B-2 %38&5‘?"1%.@2 ) from the previous
reaction was charged in
thermocouple. The 30 i
of 2- chloropyrimidine kg, 19.01 mo (eﬂj thermic 19 4 C) aggdgodium carbonate (5.04 kg, -
29 - WO 2009/143033RGHFMS 200804428447 .5 mol), To thig™stiMmiag suspeasian was added water

(11.67 L) (exothermic 15 24C)0The PdCldppi-DCM ’
/B\

N“" "N
o 0 Na,COs3, 2-MeTHF/H,O k\)
H B-2 | Me 53
OH
O
B-4

Me _
Me;,,.
T3P, DIPEA, DCM O\/
N 0
) N

N
U Joe

Methyl 2-iodo-5-methylbenzoate (B-1) |
A visually clean 100 L flask equipped with a mechanical stirrer thermocouple and

5 water chilled condenser was charged with MeOH (50 L), 2-iodo-5-methylbenzoic acid (5.85 kg,
22.32 mol) was then added while stirring. Concentrated sulfuric acid (0.595 L, 11.16 mol) was
then added portion-wise which caused an increase in temperature from 17 °C to 22 °C. This

e

H,O/2-MeTHF

mixture was gradually brought to an internal temperature of 64.6 °C and aged overnight (~18 h}.
The next morning the reaction had reached >98% conversion by HPLC. The flask was cooled fo

10 16 °C by placing in an ice bath and 850 mL of 10 N NaOH (0.98 equiv.) was added slowly {over
10 minutes) while monitoring the pH. After the addition the pH was 5-6 (caution: bringing pH
over 9 can result in saponification during the work-up}. The solutiorn was then concentrated fo
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 which were also transferred to the extractor. 32 L of IPAc were

15  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
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thick slurry was degassed with N2 for 40 minutes after which Pc1C12(dppf)-CH2C12 adduct (0.518 kg,
0.634 mol) was added which causes the reaction to become black. The internal temperature was set
to74 C anWQ&g'd%@i’? h. An aliquot was taken for HPLC analysis and regggféldzrqggp?'@aﬁ%plete
consumption of the starting boronate (>97% cony.). The reaction was cooled to room temperature, and
12 L of water and 24 L of MTBE were added while maintaining stirring for 10 minutes. This solution
was filtered on Solka-Floc and transferred to a 100 L extractor. The flask was further rinsed with 4 L of
both MTBE and water (x2) and then another 4 L of MI-BE. The layers were cut and the aqueous layers

were Q@@mﬁe&@mmmwfa 4 i, LOMEBEhAssgantl thesrgeriaiiivetsishoweddb@HidDESter (2.76
kg, 12,09 i ?@o% C}q%ﬁﬁ%ﬁmwﬁﬁﬁﬁ @t@m@mm@@@aﬁmMgpﬁmmated

carbon (Darco KB %\ﬁss added and the mixture was stirred for 2 h a d t %]gver
okaLFIGh T SRR S A h Ao 35 A8 L L T Tty A A s P
427-493)pprBaf B @ind 882-934 ppm of Fe. Assay was 2.381 kg of B-3 (66% overall, 86% recovery
frgm 15 DARCO). Data for B-3: 1H NMR (500M1-12, CDC13, 293IC, TMS) 8.78 (d, 1 =4.87 Hz, 211);
7.97 ( . Z, L ), J =4.88 Hz, 1 H); 3.75 (s, 3

H); 2. : -3 from the previous
step was charged toﬁasahﬂmliydﬂéah (]SC&)Hgf[éisﬁihmb)gh a?ﬁﬂ vmeﬁh@égedon@éﬁﬁat’éﬂ dpan défent

switch d to 8}2/%%]11 HFL:3 ftlesr LheTaO gnsl I'éd&@;"é{ﬁ‘é%gﬂ%gc %ggg qj}the?qﬁtg@m%é&m% hydroxide (10

N) (2. he reaction turned r at source was setto 72 C.

The mwtmmwfas: agda’ﬁﬂﬁ(ﬁ@hp@&m@hmsﬂ& Sftdr. Whit mebiplesd évhedshsrsalagBbserved by
PLC [ The t f ;
|_ht)h 4 %ggfa@%l%er agn %ﬁlt_% %ﬁ %‘g\l,@@? N PTHSS o2 Rlhda SHiAGas e laskvas rinse

w as ad d to the stirring mixture in the extractor. The layers
were Ciig @Jﬂ@lﬂg&ﬁaﬂﬁ@ﬁuﬁ}@haﬁmmwgﬁhedﬂ\gme’i‘Wﬁlaol@mbmf:vfatBTiBEhefh?@mm [Hyeriwvas then

reintroduced into,the reactor thro n-line filte the N HCIl was
added @ﬁ\m,q&q}ygp t&g’%\#u uses exoﬁféérf{ng%gm %@Hﬁﬁls@%(%g%[s%% a beige
precipitate2®igrm{pHozol). This qmmd)ﬂatemmmtermm lﬁhelbmgmﬂimd&akéhwﬁaw exotherm
2009/14303 P TIUS2009/044284 wa hed tWI with 3 the cake was
washegfﬁm 13 ] / 0%62 "&“ﬁ/ﬁ%’%ﬁepfﬁgne ancﬁ'lga}o Pﬁ#%%%%%ngﬂ%%%?%as washed with
115 nalkéegnpéranre mmmaeméumré(]\ﬂmaﬁrwﬁﬁmmé Wit rearticeneparairacsvir incHepdite 7THE solid was
then dried under 2 stream af N2 ol 261RY340 RiRYIEe.Rid a5 & I9alARinG RAWERNELa ko, 10.04 mol,

97 %
complete consumption of the starting material. The heat source was removed and an ice bath

was placed under the flask to cool the reaction over 1.5 h. A 26 w% ammonium chioride solution

was added very slowly to control gas evolution and exotherm (over 60 minutes) which caused a
20 black precipitated to form. The supernatant was transferred to an extractor which already

contained 40 L of water. The black slurry remaining was filtered on Solka-Floc and washed with

MTBE (~20 L). The filtrate was loaded into the extractor. The layers were cut and assay of the

organic layers revealed B-2 (4.45 kg, 16.11 mol, 75 % yield) in 81.6% purity and was used as is

in the following step. 1H NMR (500 MHz, CDCI3, 293K, TMS): 7.75 (1 H, 5), 740 (1 H, d, T =
25 749Hz), 732 (1 H,d,7="7.56 Hz),3.90 3 H, ). 2.37 3 H, s), 1.41 (12 H, s).

Methyl S-methvi-2-pyrimidin-2-yvibenzoate (B-3)

A solution of B-2 (4.38 kg, 15.84 mol) from the previous reaction was charged in
a visually clean 100 L reactor equipped with a mechanical stirrer and a thermocouple. The
30 mixtare was solvent switched to 2-MeTHF (35 L). This was foliowed by addition of 2~
chloropyrimidine (2.18 kg, 19.01 mol} (endothermic 19 to 14 °C) and sodium carbonate (5.04 kg,

229 .



5 yield). HPLC analysis reveals the product to be 99,2% purity. Heavy metal analysis revealed
264ppm of Pd and 19.7ppin of Fe. Data for B-4: 1H NMR (500 MHz, DMSQO- dé? 12.65 s 1 H);
8.85-8.82 (P ¥124y3 "P% (dd, J = 7.89, 2.34 Hz, 1 H); 7.49-7.37 (m, 3 H) 5% %%““ﬁ’%‘lj‘ %25 Fluoro
ridin-2-meth 1 -2- e h 1-d* 1-yl)carbonv11-4- 10methylphenvflpyrimidine (B-5) 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 bat7(32:G}), Tkothiis stiring soipéiononasd Badisteeral&R (V.87 1L), (ESdBBmal) thradil) afteddition

funne he re ction tem 1 It O et he reaction
becan}gﬂﬁgfg ?5?3gegn‘ggt§ g’ ﬁ%t(?ﬂ%ta{?éng rﬁ%%mﬂf %%%%,c@%v gdgﬁ %g%’heatéctlon was
heateqdos ¢ iz, (§'6@4| @&@W&ﬁ:&h&m&e&ﬂaﬁﬁﬁmweﬂm&msm ﬁﬁe?n@i and maintain
that temperature for 30 min). The reactio S égﬂ]élhls tem erat%{e ég)ﬁgg fter 17 h the
reactidAMRERTE RO E oa‘f’%ﬁg{?fn fof 1% f)qb\%fs c NS Eon. The
next day (428 ):Hae Jeastian swasegeinsd Lo @tlﬁﬂen@)bbtﬁ’hﬁee(nawasmojed*m afnitebatdrto 4 C. 20
L of water was added (slowly for th L then th n tem erature under
7 G R T e P AL A SO e St e A S ARGt imto 2
50 L extragtoriehadgahuvih this @éiMiE&EvéEhﬁiﬂM(M&@ﬂmsEldwm mﬁwﬂdlmnam L of water and
4Lof MTBE. T Wer t and th with 20 L Na andt en 10 L of
IN Na@ﬁrﬁ’-“”i’?&%ﬁa& ‘érﬁ?c RIES % %égeﬁﬁt}%lﬁ?g A li‘%e O{I‘%[E%IC fons
(quantidtiveé MPBE. dbsajagtt %z’eg:)mmr@tﬁtesiqu@:atethymhwﬁﬁeww@éﬂmw@tmng)ﬁ@f 1.75 h,
filtere Floc d rinsed with 10 m BE (1 4. Cover. 0.& Vsually clean
and dw ‘Iq—saé'q e%;%va%cﬁ’ anlc % I(GS? r%(%% %1 03 ?F 7\'@ /T %X

rr r, at ermoc e, a refltix con erand a
nltrogéﬁmWWWM&IHMWWMGMMQWMEM(rﬁatwlﬁlﬂré?m above (B-5

luti Il d fIt d j t lvent
cwitch I8 IOKS A e o e e L B A B e o
muxturéiﬁamkammdxmﬁai@faﬂmﬂﬂbbpfdd&% tdisomitetaperalyris stovdlednd’sé@Yemaod5 C with
o R N G B R . e o

(6 mL/g over e Cfeaction rHixture W h before t6 e coo d t0 5 C and stirred for

395mlnDHml)$FlBﬂ%I@cb‘r Bak mmmgf@@aﬁmmmmmmm&mwﬁm IPAGTHpIAE)(2 X 3
m1../g of cold 15% IPAc) an
7.97(d,J=793Hz, 1H), 7.51(s, 1 H); 7.39(d,J=799Hz 1 H); 719, J=488Hz, 1 H);

3.75 (s, 3 H); 2.44 (s, 3 H).

5-Methvl-2-pvrimidin-2-vibenzoic acid (B-4)

20 A solution of B-3 from the previous step was charged to a visually clean 100 L
flask through an in-line filter, concentrated and solvent switched to 2-MeTHF (~15 L). To this
solution was added water (20 L) and then sodium hydroxide (10 N} (2.60 L, 26.0 mol). After the
addition the reaction turned red and the heat source was set to 72 °C. The mixture was aged at
this temperature for 1.5 h after which complete conversion was observed by HPLC analysis. The

25  reaction was cooled and transferred to a 50 L extractor. The flask was rinsed with 4 L of water
and 10 L of MTBE which was added 0 the stirring mixture in the extractor. The layers were cut,
and the aqueous phase was washed twice with 10 L of MTBE. The aqueous layer was then re-
introduced into the reactor (100 L) through an in-line filter for the acidification. 2.3 L of 12N
HCI was added slowly to the cold mixture which causes an exotherm from 7 to 10 °C. This

30 caused a beige precipitate to form (pH = 1). This precipitate was filtered. The beige filter cake
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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 13-5 was isolated as a light 10be e SO|Id (99.4
LCAP, >9F¢8%UYe%8%, gr, Pd level of 8 ppm and KF of 0.1). Data for BYS %

421.2067, found 421.2035, required. While the invention has been descrlbed and |IIustrated
with reference to certain particular embodiments thereof, those skilled in the art will appreciate that
various adaptations, 15changes, modifications, substitutions, deletions, or additions of procedures and
protocols may be made without departing from the spirit and scope of the invention. WO
2009/343033ed (o200 044284 MNEMATT Wt &EL AHEDel Salde ﬁapr@aﬁsﬁfwﬂthrkpédg@ﬁmhinpound of

b o kR R SSe FRA TS e ool
temperature MTBE and twice with room temperature 3 mL/g Heptane. The solid was then dried
under a stream of N for 2 days to provide B-4 as a light beige powder (2.15 kg, 10.04 mol, 97 %

5  yield). HPLC analysis reveals the product 1o 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.3R)-5-{ [(5-Fluoropyridin-2-yloxyimethyl } -2-methvlpiperidin- 1 -ylcarbonyl]-4-
10 methylpheny!}pyrimidine (B-5)
The solution of A-9 (1 kg, 4.46 mol) was charged in a visually clean and diy 30 LL
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

15 added T3P (7.87 L, 13.38 mol) through an addition funnel 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

20 complete and T3P (1.1 L, 1.870 mol) was added to accelerate conversion. The next day (42 )
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 mixfure was
transferred into a 50 L extractor charged with 20 1. of MTBE. The flask was rinsed with an

25 additional 2 L of water and 4 L of MTBE. The layers were cuf and the organics are washed with
20 L IN NaOH and then 10 L of IN NaCGH. 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

30 mechanical stirrer, a thermocouple, a reflux condenser and a nitrogen inlet was charged the crude
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[ll in the presence of a coupling agent, 15 to give the compound of the formula L WO
2009/143033PCT/US2009/044284 2. The process of Claiml wherein the couplin
1-propyl p%@ﬁﬂ%}@é{%ydride, oxalyl chloride or thionyl chloride. P%?‘Fﬁé“ﬁ?{gé&%é of Claiml
wherein the step of contacting the compound of the 5 formula Il with the compound of the formula Ill 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: or a pharmaceutically acceptable salt thereof, 15which
comprisesrEoHastisiehacagnparladosf dhe dirsolitens used were filtered using a lum in-line filter).

The reaction mixture was solvent switched to IPAc and the final volume was adjusted to 7.5 L

agent is

(about 4 mL/g of IPAc). The reaction mixture was warmed to 75 SC (all soluble), cooled to room
temperature slowly and seeded at 45 °C with 18 g of B-3 (in IPAc/heptane), stirred overnight (16

5 h)at room temperature, then heptane was added (6 mL/g) over 60 min. The reaction mixture
was aged for 1 b before to be cooled to 5 °C and stirred for 30 min. The suspension was then
{ransferred 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 wi% of solvents). 1.2 kg of B-8 was isolated as a light

10 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,
15  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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with a compound of the formula 11l: WO 2009/143033PCT/US2009/044284 Il in the presence of

1-propyl phosphonic anhydride and a weak organic base to give the comp f ulal.
6. The pro%%&%’fq E13i 5 wherein the weak organic base is diisopropyletﬁ% aﬁ?\]%g%%wr%%ylamine.

7. A process for preparing a compound of the formula I: CH3 NO ,0F N N or a pharmaceutically
acceptable salt thereof, which comprises: contacting a compound of the formula V:

WHAT IS CLAIMED IS:

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

CHy
CHs

Q\/Oz\
9] N =

N TN F

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

Me/,,.
HPO\/()@
N
= F

Me

10 JH
with a compound of the formula III:
OH
G
N7
S
I

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

give the compound of the formula IV: Protecting groupF IV followed by removal of the protecting
group in the 3&?686?\%& the formula IV to give the compound of the fornﬁﬁg/ﬁsm@‘{)fﬁﬂ I
10followed by contacting the compound of the formula 1l with a compound ofu a IlI:

2. The process of Claim1 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 compowund of the
5 formula Il with the compound of the formula 11 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.
1o
5. A process for preparing a compound of the formula It

CH,
I Cﬁs

!\O\/O =

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

Mehl'@\/
N N

with a compound of the formula HI:



Me Il in the presence of a coupling agent, to give the compound of the formula . WO
20091143033PCT/US2009/044284 8. The process of Claim 7 Whereln the amlngé)rotecting
group is a@@éo?)%i‘éﬁ%g group or a CBZ protecting group. 8%@43‘? laim 7

wherein the coupling agent is 1-propyl phosphonic 5anhydride, oxalyl chlorlde or thionyl chloride.

10. The process of Claim 7 wherein the step of contacting the compound of the formula Il with the
compound of the formula ITT 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 formiia I: 15 F

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

CH,
CHs
N | O
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N °N & F
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I
or a pharmaceutically acceptable salt thereof,
which comprises:
contacting a compound of the formula V:

MB;,', F | e
N O S
e ™~
Protecting ;_’,’/SQ\
15 group O
v

with 5-fluro-2-hydroxypyridine of the forniula VI

235



or a phauuaceutically acceptable salt thereof; which comprises. contacting a camphorsulfonate salt of
the formula VII: 0 H2N so VII with 2,5-difluropyriin the presence of a stron‘gﬁaglganic base to give the

compound%?ﬁ?g%‘fﬁ?tﬁa Il Me,, MN N II 5 followed by contacting the cof

P8V HEH rmula 1 with

a compound of the formula Ill: Me

10

5

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

Me:,,‘
N O
Proiecﬁng/ | oS
group N -
F
IV

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

" O\/
HN O e

compound of the formula IL:

N
= F
i
followed by contacting the compound of the formula II with a compound of the formula 111
Me
’ RS
o OH
O
N=" {\E

N

JII

in the presence of a _cou.pling agent,
to give the compound of the formula L.
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[l in the presence of a coupling agent, to give the compound of the formula 1. 13. The
process of Claim 10 wherein the strong organic base is sodium t-butoxide, 14. Agprocess for
preparing 3‘79&%’6’6‘%?& the formula V: which comprises: contacting mgfﬁ{/ll{ﬁ%%g BEBRe of the
formula Xlll: WO 2009/143033PCT/US2009/044284 with dimethyl malonate of the formula XII: 0 0

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 [ with the compound of the formula IIf 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:
F
15
I
or a pharmaceutically acceptable salt thereof,
which comprises:
contacting a camphorsulfonate salt of the formula VII:
H
: Me;,,_
. +
0 HoNL - CH

VIL
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MeOMe 5XII in the presence of a weak inorganic base to give a compound of the formula XI: 0 10 XI
followed by biocatalytic transamination to give a compound of the formula X: HN myOMe 0 0 X
followed by R4 %/?%fth a first hydride reducing agent of the compound B?%g%]liﬁfﬁﬁz%to give a
compound of the formula IX: 0 15IX followed by reduction with a second hydride reducing agent of the
compound of the formula IX to give a compound of the formula VIII: -39.-

with 2,5-difluropyridine in the presence of a strong organic base to give the compound of the

formula II:
Meh,' O\/
HN O X

N
= F
I
5 followed by contacting the compound of the formula II with a compound of the formula IT:
Me
l =
P OH
0
N7 ;:?z
N
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:
M&/,,l e
Protecting” S5
15 group 0" "o
Vv

which comprises:
contacting methyl vinyl ketone of the formula XIII:
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0 39- WO 2009/143033PCT/US2009/044284 VIl followed by formation of the camphorsulfonate salt
of the comglound of the formula VIII and isolation to give a camphorsulfonate salt of the formula VII:

VII followe W%ﬁéé?ﬁf‘g the free amine in the compound of the formula VIEWRS AR Ay protecting

group to give a compound of the formula VI: VI followed by contacting the compound of formula VI with
tosyl chloride in the presence of a weak organic base to give the compound of the formula V. 1515.
The process of Claim 14 wherein 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 sodigm bicarbonate. In an embodiment of the present
invention, the weak inorganic base is potassium cgrbonate. 20

um carbopa

X1
with dimethyl malonate of the formula XII:

0 ©
MeOMOMe

5 X1
in the presence of a weak inorganic base to give a compound of the formula XI:

0 O
Wom
| 0”7 “oMe
X1
followed by biocatalyiic transamination to give a compound of the formula X:

Me/,,.
i
H% g/le\ﬂe-‘:
o © |

X
followed by reduction with a first hydride reducing agent of the compound of the formula X to

Me;,,‘
HQVOH
5 -

15 h X
followed by reduction with a second hydride reducing agent of the compound of the formula IX

10

give a compound of the formula IX:

to give a compound of the formula VIIL
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WO 2009/143033PCT/US2009/044284 16. The process of Claim 14 wherein the biocatalytic
transamination to give a compound of the formula X is conducted with a transaminase enzyme.

17. The pr&&%gﬁggﬁgﬁﬁ] 16 wherein the transaminase enzyme is ATA-115CT/US2009/4464284, o process
of Claim 16 wherein the biocatalytic transamination with a transaminase enzyme is conducted in the
presence of lactate dehydrogenase and glucose dehydrogenase. 1019. 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 thejgggon dride reducing agent is lithium aluminum

borohydride. 22. The process of Clfim 14 wherein the amino protecting group is a BOC 20
protecting group or a CBZ protecting group.HKN 3. Aoprocess for preparing a compound of the
formula Ill: 111 25 which comprises: contacting 2-iodo-5-methylbenzoic acid of the formula XVII

Vil

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

H

: Menng\/
N OH
- 5 HoN
505
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:

M&,«},“

Profecting -
group
10
\%!
followed by contacting the compound of formula VI with tosyl chioride 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: potassinm 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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WO 2009/143033PCT/US2009/044284 XVII with methanol in the presence of a strong acid to give

methyl 2-iodo-5-methyl benzoate of the formula XVI: 5 OMe XVI followed by contacting the methyl
2-iodo-5-m‘gfﬁ§f)%?é}n42§ﬁe of the formula XVI with pinacol borane in the prggg%ﬂgzg‘f%%%ﬁfum acetate,

tri-O-tolylphosphine and a weak organic base to give a boronate compound of the formula XV: 10
OMe XV

16. The process of Claim 14 wherein the biocatalytic transamination to give a
compound of the formula X is conducted with a transaminase enzyme.

17. The process of Claim 16 wherein the transaminase enzyme is ATA-~117.

5
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 agentis a
borohydride reducing agent.
20. The process of Claim 19 wherein the borobydride reducing agent is calcium
borohydride or sodium borohydride.
15

21. The process of Claim 14 wherein the second bydride reducing agent is
lithium aluminom borohydride.

_ 22. The process of Claim 14 wherein the amino protecting group 1s a BOC
20  protecting group or a CBZ protecting group.

23. A process for preparing a compound of the formula I1i:

Me

|

=
o OH

0
N/‘N
T

1Tt
25  which comprises:
contacting 2-iodo-5-methylbenzoic acid of the formula XVII
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followed by contacting the compound of the boronate formula XV with 2-chloropyrimidine in the
presence of PdC12(dppf)-Cl-1202 and a weak inorganic base to give the compound of the formula
XIV: WO 20836435 CT/US2009/044284 Me 0 NN XIV followed by hy8FoljERYPH#d ¥ethyl ester
with an inorganic base to give the compound of the formula Ill. 24. A process for preparing a
compound of the formula II. Me," which comprises: 10 contacting a compound of the formula V: V
with 5-fluro-2-hydroxypyridine of the formula VI:

Me
QVGH
| I 0
XVI
with methanol in the presence of a strong acid to give methyl 2-iodo-5-methyl benzoate of the

formula XVI:
e
@W‘/{)Me
I O

XVI
followed by contacting the methyl 2-iodo-5-methyl benzoate of the formula XVI with pinacol
borane in the presence of palladivm acetate, tri-O-tolylphosphine and a weak organic base to give
a boronate compound of the formula XV:

Me
Qﬂ/om&
B O
j};\%

XV
followed by contacting the compound of the boronate formula XV with 2-chloropyrimidine in

10

the presence of PACI(dppf)-CH,Cl, and a weak inorganic base to give the compound of the
formula XIV:

Y 1 -



F HO 15VI in the presence of cesium carbonate to give the compound of the formula 1V: [V followed
by removal of the protecting group in the compound of the formula IV to give the compound of the
formula 11. 9% %‘BFE@@% for preparing a compound of the formula I1l: Me FGHER gff%és 10
contacting the compound of the boronate formula XV: XV

X1V
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 1I:

Me.,,
O\/
HN O~

E
N
- E

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

Prctectmg ,;/ \\
group
v
with 5-fluro-2-hydroxypyridine of the formula VI:
o
P
HO™ N
15 V1

in the presence of cesium carbonate to give the compound of the formula IV:
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with 2-chioropyrimidine in the presence of PdC12(dppo-CH2C12 and a weak inorganic base to give

the compound of the formula XIV: XIV followed by hydrolysis of the meth){)l ester with an inorganic
base to givEHEEHMIFINd of the formula 111 CT/US2009/044284

MEJ,,‘
N O
Pmtectiﬂg/ | A
group N. -

IV
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 formuia Ik

which comprises:
10 coniacting the compound of the boronate formula XV:

Me

Olle

XV
with 2-chloropyrimidine in the presence of PAdCL(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

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

formula HI.
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