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WD 2006/ 076564 PCT/ US2006/ 001208 SYNTHESI S OF
H MBACI NE ANALOGS Field of the Invention 5 This
appl i cation discloses a novel process for the

VWO08/e65@n of hi nbaci ne anal ogs useful as t hrraOuS2006/001208

receptor antagonists. The invention disclosed herein
is related to those dlsclosed |n t he co-oending
pat ent appl SIS A (BOVI
application serial nos. 60/643 927 60/644 464 and,
60/ 644, 428, all four applications 10 havi ng been flled
on the sane date. Background of the Invention Thronbin
is known to have a variety of activities in different
cell 15 types and thronbin receptors are known to be
present in such cell types as hunman platelets,
vascul ar snmooth nuscle cells, endothelial cells, and
fibroblasts. Thronbin receptor antagonists nay be
useful in the treat mmiiPhs thE PP tibn | NfI ammat ory,
atherosclerotic and "Tirbroproliferative disorders, as
wel | as other disorders in which thronbin 20 and its
receptor play a pathological role. See, for exanple,
063 |sclosur
] nco coT it ARl asier Breisrea st 6T G 8 e preparation of
/ US2006/ 001208 . -2 One thronbln receptor ant agoni st
HfoRRRIO&S Uiiednksat Harompia, resrptog ARt REYRISEROE NSEDOERe Mo
H = HNF
invention disclosed herein is related to those disclosed in the co-pending

patent applications corresponding to U.S. provisional application serial
nos. 60/643,927; 60/644,464; and, 60/644,428, all four applications

having been filed on the same date.

Background of the Invention

Thrombin is known to have a variety of activities in different cell
types and thrombin receptors are known to be present in such cell types
as human platelets, vascular smooth muscle cells, endothelial cells, and
fibroblasts. Thrombin receptor antagonists may be useful in the
treatment of thrombotic, inflammatory, atherosclerotic and
fibroproliferative disorders, as well as other disorders in which thrombin
and its receptor play a pathological role. See, for example, U.S.

6,063,847, the disclosure of which is incorporated by reference.
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A This conpound is an orally bioavail able thronbin
receptor 5 antagoni st derived from hi nbaci ne. Conpound
A may be synthesized from Compound 2A: OH Rg ORS
WP 2806497636@0R3 2A wherein R2 is sel ected from tREI/US2006/001208
group consisting of alkyl, %ycloalkyl, aryl, 10 and
heteroaryl and Rs, R4 and Rx are each i ndependently
selected from the group consisting of H,  alkyl,

cycl aiekihromdrin|receptpr Arkggonighip cmrveundriyl andsaltra
and Rs, together wth the carbon atomto which they
themoditached, forma 5- to 7-nenbered ring having from
0-3 heteroatons as ring nenbers. WD 2006/ 076564

PCT/ US2006/ 001208 -3 ProOeggesyf or the synthesis of
simlar hinbacine anal og t ¥ n&HERPY

ant agoni sts are di scl osedoin t. no. 6,063, 847,
and U.S. application no. 04 2, and the
synthesis of the bi sul f atve shix Pof a particul ar

hi nbaci ne analog is disclosed i3 U S. application no.

5 10/ 755, 066, the disclosures ich are

i ncor porated by reference Summary of the

I nvention 10 The present appli I on provides an

i nproved process for preparing |hinbacine anal ogs from
conpound 2A. The inproved proc may allow for at

| east one of easier purificati crystallization,
easier scalability, F

A

This compound is an orally bioavailable thrombin receptor
antagonist derived from himbacine. Compound A may be synthesized

from Compound 2A:

Q H Ry
0 Rs
R, H | H
07 TOR;
2A

wherein R; is selected from the group consisting of alkyl, cycloalkyl, aryl,
and heteroaryl and R3, R4 and Rs are each independently selected from
the group consisting of H, alkyl, cycloalkyl, aryl, arylalkyl, and
heteroaryl; or, R4 and Rs, together with the carbon atom to which they
are attached, form a 5- to 7-membered ring having from 0-3 heteroatoms

as ring members.



and i nproved process yield on the desired enanti oner.
15 One aspect of the invention is a process for
reparing Conpound 1: 0 HNHCO2RI RZ HHO NFla
@a%weﬁ/ww and R2 are each independent!|y sel ectREI/E3$2006/001208
the group consisting of alkyl, cycloal kyl, aryl, and
heteroaryl; and Rs is select®ed 20 fromthe group
consi sting of hal ogen, -CF3, Cl1-C6 alkyl, Cl1-C6 _
al koRyocesses W theosrihesis ol panilashindromEagalog shrombin
-COORS, wherein RO is selected fromthe group
recarsps tinhggmfistd, a1€ di€Blosed kay [U.Sphehyiq. 8063 [8=7z\dAnd U.S.
conprising: (a) reducing a Conpound 2A: 0 HR4 OR5
applitktiofl HdR3 0 /3 12008 @ik ithe BZnitfestsSofield bisdlfaboyslt of a
and R3 is H alkyl, cycloalkyl, aryl, arylalkyl or
PRt 8h RA i bd¥in@BH a3y BRI EsEB6E il @le.g.eggﬁmahyorﬁﬁb.ect ed

from the group consisting of H, alkyl,” cycloal kyl,

5 198)Y55 (6 @ekdisclodlfes SEWRIGRAN incBporlate£B
g ’w@{eh SEloR ey o Wl e IncRipy t?wey9 r8ference
herein.
Summary of the Invention
10 The present application provides an improved process for preparing

himbacine analogs from compound 2A. The improved process may allow
for at least one of easier purification by crystallization, easier scalability,

and improved process yield on the desired enantiomer.

15 One aspect of the invention is a process for preparing Compound

NHCO,R;

N N\ /<
—2Z

|
\\Ra
1
wherein R; and Rz are each independently selected from the group
consisting of alkyl, cycloalkyl, aryl, and heteroaryl; and Rs is selected
20  from the group consisting of halogen, -CF3, C1-Cs alkyl, C1-Cs alkoxy, and
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10 are attached, forma 5- to 7-nenbered ring having
fromO0-3 heteroatons as ring nenbers, to form2B: 0O H
~0 00O RO HHO OR3 2B followed by hydrolysis of

WP 2006/§76844d a conpound of formula 3: 0 H W 0 PCR/&¥2004/001208

H 0 OH 15 3 wherein R2 is as defined above; (b)

am nati ng Conpound 3 to yield Compound 4: WO

2006/ 076564 PCT/ U52006/ 001208 -5 OH HNRGR7 OR2 H
-OQ9R9,4vh guedn &oris Reldactedh froge the gb b ovesisting 01,20 dCR7

i n t] |ected fromthe group
%ﬁs?gg?%lg%g%ﬂ@%@sgﬁ Sal kyl, aryl, and 5

(detdueiigh;Compound 2A:

0 n R,
o Rs
R, H | H
0% “OR,
2A

wherein Rz is as defined above, and Rz is H, alkyl, cycloalkyl, aryl,
arylalkyl or heteroaryl; Rs and Rs are each independently selected from
the group consisting of H, alkyl, cycloalkyl, aryl, arylalkyl, and
heteroaryl; or, Rs and Rs, together with the carbon atom to which they
are attached, form a 5- to 7-membered ring having from 0-3 heteroatoms

as ring members, to form 2B:

o 0]
R, H | H
07 TORs
2B
followed by hydrolysis of 2B to yield a compound of formula 3
QO H H
o}
O
R, H H
0 OH

wherein R2 is as defined above;

(b) aminating Compound 3 to yield Compound 4:



(c) converting Compound 4 to Conmpound 5: O HHHN

"OR TII( O R HHOOHS5 wherein RL and R2 are as

defi ned above; 10 (d) converting Compound 5 to

COrsHESd: 0 HHH NTORiE OO R2 PH 6 wher iGT/UBR006/001208
and R2 are as defined above;_and (e) reacting

Conmpound 6 with conpound 7:° 5() I " (OR1)2 N 15 R6

to prepare Conpound 1. In sone enbodi nents, Conpound 7

is treated with a base, i t He carbani on product is

N YPre g%ﬁbly, the base is
an organonetal |ic conpod le preferably, WO
2006/ 076564 PCTI US2006/ 001208 |-® the base is an

or ganol i t hi um conpound. %ﬁl|f nore preferably, the
base

4

wherein Rz is as defined above, and Rs and R7 are each independently
selected from the group consisting of H, alkyl, cycloalkyl, aryl, and
heteroaryl,

(c) converting Compound 4 to Compound 5:

0 H H

wherein R; and Rz are as defined above;

(d) converting Compound 5 to Compound 6:
Q H H H
N

5 T

0

OR4

R H
2 H 4o

6
wherein R1 and R; are as defined above; and
(e) reacting Compound 6 with compound 7:

0

i
P .
“(ORy)2

to prepare Compound 1. In some embodiments, Compound 7 is treated
with a base, and the carbanion product is then reacted with Compound

6. Preferably, the base is an organometallic compound. More preferably,
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is LDA. In sone enbodinents, R is alkyl. In sone
enbodi nents, R is 5 ethyl. In sone enbodi nents, R8 is
3-fluoro. In sonme enbodiments, R2 is alkyl. In sone
WO806/47e%ds, Conpound 7 has the structure 7A: PCIIUS2006/001208
P~(CEQ2 N F 7A wherein said conmpound 7A is prepared
by esterifying Conpound 8: -6cH3 NF 10 8 with a
phosphate ester to yield Conpound 7A. In sone

thrbask oAt organaithipmospnarends (il morg preterabhly, the base
hal ophosphate. In sone enbodi nents, the dial kyl

ishBDdphosphat e i s di et hyl chlorophosphate. In sone
enbodi ments, Conpound 8 is prepared by reacting
3-bronmo-5-nmethyl 15 pyridine with

3- f | nosGpbemMYhOULte, ReislallD 20Q6AR7/&864diments, R; is
PCT/ US2006/ 001208 -7 In sone enbodi nents, R2 is

et Nth-sofe SRV ISHRAM, N1sS3-fIRBrd S In %@h&céﬁﬁo&ﬁﬁ%w €R2 is

group conS|st|ng of hydrogen, al kyl, ‘and arylalkyl. I'n

ﬁ,g él ments %ﬁ E%i éﬁ??ﬁ%?{ﬁhi%gghn%gg%%ﬁ{%7
and R5, t aken t oget her vvlth tdhe carbon to 5 which they

are attached, forma five- nembghgd het erocyclic ring.
In ~(OEY),

N
s

TA

wherein said compound 7A is prepared by esterifying Compound 8:
CH,
)
Pz

8
with a phosphate ester to yield Compound 7A. In some embodiments,
said phosphate ester is a dialkyl halophosphate. In some embodiments,
the dialkyl halophosphate is diethyl chlorophosphate. In some
embodiments, Compound 8 is prepared by reacting 3-bromo-5-methyl

pyridine with 3-fluorophenylboronic acid.
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sonme enbodi ments, the five-nenbered heterocyclic ring
contains three carbon atons and two oxygen atons. In
sonme enbodi nents, R6 and R7 are each H In sone

VRS HEMts, Conmpound 2A is reduced with hydr od§7/752006/001208

10 the presence of a noble netal catalyst. In sone
enbodi nents, Conpound 3 is dnnated with an anmoni um
salt_in the presence of a noble netal catalyst. In )
sonell EABSAREALENeRtSe RaidaRatiin- st s0g eanhedieants, Rs is
formate. In some 15 enbodi nents, the noble neta
selgctad/ o thogrouniconsisting o hydrogan, $dkel, endatviadkyk, In
Compound 4 is converted to Conpound 5 by reacting
s@mepoubddénents) Rans alrklalkylal laf sammea embodimsabse Rs is benzyl.
enbodi nents, the al kyl haloformate is an al kyl

It Bbateoémbadigents) Ruoived BQ, edeediogetties, withehaldaybon to

chl oroformate is ethyl chloroformate. In sone

wWHIER 4hBR RLS atfaRMRAU P alfiveCRBUAS 64 h%@eﬁeyawhﬂﬁgﬁ InbY

reacti ng Conpound ? m1th oxalyl chloride in the
e TeaRa R hesSbePa T sot: PP & ng chbtpins hree
RRPUI AP S SRS 2B Y Th ' BHIermBEREHRY, ¥, LR,

are each H.

In some embodiments, Compound 2A is reduced with hydrogen in

the presence of a noble metal catalyst.

In some embodiments, Compound 3 is aminated with an
ammonium salt in the presence of a noble metal catalyst. In some
embodiments, the ammonium salt is ammonium formate. In some

embodiments, the noble metal catalyst is palladium on carbon.

In some embodiments, Compound 4 is converted to Compound 5
by reacting Compound 4 with an alkyl haloformate. In some
embodiments, the alkyl haloformate is an alkyl chloroformate. In some

embodiments, the alkyl chloroformate is ethyl chloroformate.

In some embodiments, Compound § is converted to Compound 6
by reacting Compound 5 with oxalyl chloride in the presence of DMF,

followed by reduction.
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wherein R2, R3, R4 and Rs are as defined above. In
sone enbodinents, 5 Ra and Rs, taken together with
t he hydrogen to which they are attached, forma
PO

some enbodi nents, Rs is benzyl. In sonme enbodi nents,
the invention enconpasses a %process for preparing
Compound A* O HHNHCOEt O H=HN 10 F A said

pr ocEs somengmbefimgentsa Comprung 28ni§ mspporrhly ZBclising H
0-) OO0 H=HOO15 2B to yield Conmpound 3: WO
Cragpr e 964 PCT/ US2006/ 001205 -9 O HHO OH_H O

H
o}

R4
Q= R
5
Rz;)
0 OR3

wherein Rz, Rs, R4 and Rs are as defined above. In some embodiments,

9

R4 and Rs, taken together with the hydrogen to which they are attached,
form a five-membered heterocyclic ring. Rs is arylalkyl. In some
embodiments, R3 is benzyl.

In some embodiments, the invention encompasses a process for
preparing Compound A:

Q y

NHCOE
o
HIF

I X

7 N/
=z

said process comprising:

(a) hydrolyzing Compound 2B:

to yield Compound 3:

fi¥fdr ed heterocyclic ring. Rs is aryl al ky#CT/US2006/001208



;5 (b) amnating Conmpound 3 to yield Conpound 4:
HNH OH OOH 4 ; 10 (c) converting Conpound 4
o Compound 5: OHHH O~ If O H=HOOH5; 15
@ 208@97A6&G4t i ng Conpound 5 to Conmpound 6: bEt :pow/GS2006/001208
HCHO 6 ; and, 20 (e) converting Conmpound 6 to
ound A: WD 2006/ 076564 -BCT/ US2006/ 001208 -10 O H

TTow

IQI
T3

5 (b) aminating Compound 3 to yield Compound 4:

10 (c) converting Compound 4 to Compound 5:

15 (d) converting Compound 5 to Compound 6:

20 (e} converting Compound 6 to Compound A:



iNuOEt OIl O HH NF A 5 In some enbodi nents,
Conmpound 6 is reacted with Conpound 7A: 0 It

P,(CEO2 NF 7A to yield Conpound A In sone

W90t tesds, Conpound 7A is treated with a basreT/used06/001208
t he carbani on product is then reacted with Conpound

10 6. In sone enbodi msnts,'lon'e base is an

organonetal | i c conmpound. In sone enbodi ments, the
organonetal | i ¢ conmpound is an organolithium conmpound.

I n sonme enbodi nents, theyorganolithium conmpound is

LDA. In sone enbodi newt k und./A i s prepared by

ég‘gi‘nﬁ% 64

In some embodiments, Compound 6 is reacted with Compound 7A:

o)
1]

P\(OEt)z
~N
N
I

7A
to yield Compound A. In some embodiments, Compound 7A is treated
with a base, and the carbanion product is then reacted with Compound
6. In some embodiments, the base is an organometallic compound. In
some embodiments, the organometallic compound is an organolithium
compound. In some embodiments, the organolithium compound is LDA.
In some embodiments, Compound 7A is prepared by esterifying

Compound 8:
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with a phosphate ester to yield Conmpound 7A. In sone
enbodi nents, the phosphate ester is a dialkyl

hal o sphate. In some 5 enbodi nents, the dialkyl
warefHoe

enbodi nents, the esterificatjon is conducted in the
presence of a base. In sol ] ‘enbodi nents, the base is
a dial kyl lithiumamde. | some enbodlnents, t he

di al kyl lithiumamde is djr’sopropyl lithium am de.

I n sone enbodi nents, Conpotd 8 is prepared by
reacting 3 10 brono- 5- nethyl pyridine with

3-fl uorophenyl boronic acid}f In sone enbodinments, Ri
is alkyl. I'n some enbodi neR{s, RL is ethyl. In sone
enbodi nents, Conpound 2B hydrol yzed with a m nera
acid. In sone enbodi nents¥ Cpnpound 3 is am nated
with an ammoniumsalt in the presence of a noble
netal catalyst. In sonme engodi nents, the 15 ammoni um
salt is ammonium formate. In sone enbodi nents, the

nobl ar n sone
enbo‘gﬁtprer%fz’ﬁbsﬁﬁagpé/o%%r tosyﬁgi ct::gn\}%egrﬁt%'?? 0 ll?cf;ﬁ%rghnd 5 by

SRl il R o
oBPTSHITE Aol R B Gl g,

enbodi ment s, mpound 5 is converted to Conpound 6 by
SQrag SR @dleewéuﬁlae sstgrifigatien iy copdnstadda@ the prasepgs of a

2006/ 076564 PCT/ US2006/ 001208 -12 presence of DM,
bassl.| buedmsyenpadogenis: iton bare ihe dirlkyblithivgt amide. In

am ne. In sone enbodi nents, Conpound 2B is prepared by
s@yeldmbo@imMmdnmdiaﬂkylﬂithiumOalﬁR& is diisopropyl lithium

amide. In some embodiments, Compound 8 is prepared by reacting 3-
bromo-5-methyl pyridine with 3-fluorophenylboronic acid. In some
embodiments, Ri is alkyl. In some embodiments, R; is ethyl. In some
embodiments, Compound 2B is hydrolyzed with a mineral acid. In some
embodiments, Compound 3 is aminated with an ammonium salt in the
presence of a noble metal catalyst. In some embodiments, the
ammonium salt is ammonium formate. In some embodiments, the noble
metal catalyst is palladium on carbon. In some embodiments,
Compound 4 is converted to Compound S by reacting Compound 4 with
an alkyl haloformate. In some embodiments, the alkyl haloformate is an
alkyl chloroformate. In some embodiments, the alkyl chloroformate is
ethyl chloroformate. In some embodiments, Compound 5 is converted to

Compound 6 by reacting Compound 5 with oxalyl chloride in the

Rate is diethyl chlorophosphate I n sd§d/US2006/001208



59, wherein R3 is as defined above. In sone

enbodi nents, R3 is arylalkyl. In sone enbodi nents, Rs

is benzyl. In sone enbodi nents, Conpound 1 is further
Wwoeadtedeut h an 10 organic or inorganic acid t®edmUSI0&/001208
pharmaceutically acceptable salt. In sone

enbodi ments, the acid is selzeted fromthe group

consi sting of hydrochloric, sulfuric, phosphoric,
pessehice of ENIFL 6ollooxed by hydebgemationsial theypiasenceawf itert-
fumaric, succinic, ascorbic, maleic, and

affithdale sbhioBinb odeindats, | Componed @B dprepired Yyh&clizin
pharmaceutically acceptable salt is the bisulfate 1§

cealdourfot her aspect of the invention is a novel
compound 3: OHHO ORZHH OOH3, 20 wherein R2
is selected fromthe group consisting of alkyl,

cycl oal kyl, aryl, andl_heter . WD 2006/ 076564
PCT/ US2006/ 001208 -93 spect of the invention
is a novel conpound # \O ﬁR,R? ORH OO
0”7 "ORy
5 9,
wherein Rz is as defined above. In some embodiments, Rz is arylalkyl. In

some embodiments, R3 is benzyl.

In some embodiments, Compound 1 is further reacted with an
10 organic or inorganic acid to form a pharmaceutically acceptable salt. In
some embodiments, the acid is selected from the group consisting of
hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, salicylic,
malic, fumaric, succinic, ascorbic, maleic, and methanesulfonic acids. In
some embodiments, the pharmaceutically acceptable salt is the bisulfate

15 salt.

Another aspect of the invention is a novel compound 3:

Q H H
(]
(e)
Rz H H
0 OH
3,

20 wherein R; is selected from the group consisting of alkyl, cycloalkyl, aryl,
and heteroaryl.
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4, wherein R2 is selected fromthe group consisting
of al kyl, cycloalkyl, 5 aryl, and heteroaryl, and R6
and R7 are each independently selected fromthe group

VOrg9t7¥9d of H, al kyl, cycloal kyl, aryl, and PCT/US2006/001208

heteroaryl. Still another aspect of the present
invention is a novel conpound-of the follow ng
formmla: OHHHN /OR 11If OR2ZHH 10 OOH 5
wherAnothRir aspdcROf Hrecinvaohionrid epemad composeicedt ed from
the group consisting of alkyl, cycloal kyl, aryl, and
heteroaryl, and R is s@l ecteg fromthe group

consi sting of alkyl, cyé latK) A¥RgiR;, 15 and
heteroaryl. In sonme enbodi the i nvention
enconpasses any of the g compounds: WO

2006/ 076564 PCT/USZOO6B901208* -14- OHHp OHH

wherein R» is selected from the group consisting of alkyl, cycloalkyl,
aryl, and heteroaryl,

and Re and Rz are each independently selected from the group
consisting of H, alkyl, cycloalkyl, aryl, and heteroaryl.
Still another aspect of the present invention is a novel compound of the

following formula:

O H H H
N OR;
o T
0
o} OH
5

wherein R; and Rz are each independently selected from the group
consisting of alkyl, cycloalkyl, aryl, and heteroaryl, and
R; is selected from the group consisting of alkyl, cycloalkyl, aryl,
and heteroaryl.
In some embodiments, the invention encompasses any of the

following compounds:
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OOH OHHOHHNORNOR OrR OIllIl OO OR2

R2 HPCHO and O OH A further understandi ng of the
invention will be had fromthe 5 follow ng detailed
WESHPG/P6F@n of the invention. Detail ed Descri ptRGIHiUS2006/001208
the I nvention The follow ng,definitions and terns are

used herein or are 10 ot herwrse known to a skilled

artisan. Except where stated otherw se, the

O CH
H H

defj niit i oHs apply tbrqyghgut the specification and
cl --@-4 AP na DRRRARANES and chemi cal
st uct $ be hangeably to descri be
t he 2 act ure i nitions apply

eA With 15 otgferoher ns, unless ot herw se
i ndi cated. Hence, the definition of "alkyl" applies
o "alkyl" as well as the "aIkyI portions of
‘qydroxiyal | ayl ," "hal o0& Kyl »al Koxy,, etc. WD
2BQ¢ 5364 PRIS2006/ s CﬂTess ot herwi se
ed llor shown 0 e gontrary, the
at t abhnment fomja | 44 pl e term substituent
Riwe arinore terms that ape~ggnbined to identify a
single noiety) to ﬁngubject structure is- t hrough the
| ast naned termof the nultiple termsubstituent. For
5 exanpl e, a cycloal kyl al kyl substituent attaches to a
targeted structure through the latter "al kyl" portion
of tAdusthestundenstar{ding.of theiuetntian whilk pe-had from the

following detailed description of the invention.

Detailed Description of the Invention

The following definitions and terms are used herein or are
otherwise known to a skilled artisan. Except where stated otherwise, the
definitions apply throughout the specification and claims. Chemical
names, common names and chemical structures may be used
interchangeably to describe the same structure. These definitions apply
regardless of whether a term is used by itself or in combination with
other terms, unless otherwise indicated. Hence, the definition of "alkyl"
applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl,"

"haloalkyl," "alkoxy," etc.
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cycloal kyl). The identity of each variabl e appearing
nmore than once in a 10 fornula may be i ndependently
selected fromthe definition for that variable,

WO RS 7¢0her Wi se | ndi cated. Unl ess stated, shoRGTAIS2006/001208

ot herwi se known to be the contrary, all atons
illustrated in chenical fort¥das for coval ent

compounds possess 15 nornmal val enci es. Thus, hydrogen
at orkinlegs witherwisa dgiovay, ispatedbernstzovan do ierty thtereaottramys the
need not be expressly depicted in a general chem ca

péiot il bétacBoudxh tefol anas ] tipledeemaprirsifineat ¢warey olage terms
represented by the 20 presence of parentheses around

thait sk @Bmbind dClocidefitity 4 8friflé 2noik8) to @X@MMYEEt sBucture is
carbonyl functionality, -CO, may al so be represented

tHraugh thReALE ahnferr Mhpomle ﬁh@)me t8fm" ﬁbé?)men@ Eor

in the art wl be able to determ ne the

Rl T %%%éﬁ?ﬁﬁoﬁq{b ‘gﬁ‘%ﬁpﬁﬁa@?ﬂ%% £ B B0 Yhrl ke
5B ER s RER0 s 068 POHercol RS T ORHGRF ey istpimage-Blko -

nted by - COOH, C(O)()—I, -C(=O OH or -C2H. The
CX&E%ﬁﬁyﬁeteroaton]" as used herein, neans a nitrogen,
sul fur or 5 oxygen atom Miltiple heteroatons in the
same group may be the same or different. As used
herein, the term"al kyl" neans an aliphatic
hy drBraidsortitygpf @aphtvaatabia appearsnhg angyet them dmemiohad
and conprises 1 to about 24 10 carbon atons in the

foehaila.m&y deciidegeat duytly geleviesl fonpiteséefinitionaedthat 15
carbon atoms in the chain. Mre preferred al kyl groups

V&Pl 821dsd Sthedhildlindicgdédon atons in the chain.
"Branched" means that one or nore
Unless stated, shown or otherwise known to be the contrary, all
atoms illustrated in chemical formulas for covalent compounds possess
normal valencies. Thus, hydrogen atoms, double bonds, triple bonds and
ring structures need not be expressly depicted in a general chemical

formula.

Double bonds, where appropriate, may be represented by the
presence of parentheses around an atom in a chemical formula. For
example, a carbonyl functionality, -CO-, may also be represented in a
chemical formula by -C(O)-, or -C(=0)-. One skilled in the art will be able
to determine the presence or absence of double (and triple bonds) in a

covalently-bonded molecule. For instance, it is readily recognized that a
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TOWer al Kyl _groups such as nethyl, ethyl or propyt,

are attached to a I|inear al kyl chain. The al kyl can

be substituted by one or nore 15 substituents

i ndependently selected fromthe group consisting of
WarYe07686¢|  ~ cycl oal kyl, cyano, hydroxy, al koxPCT/US2006/001208

al kyl thi o, am no, -NH(alkyl), - NH(cycloal kyl),

-N(al kyl')2 (which al kyls cdf be the sane or

different), carboxy and -C(O O alkyl. Non-limtin
e BRCHPDSRY A AFREHeSCREG RS- ¢ RO RUOH - CLLOJOH

ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n 20
oan@%HS heptyl, nonyl, decyl, fluoronethyl,
trifluoronmethyl and cyclopropyl nmethyl. "Al kenyl"

means an al i phatic hydrocarbon group (straight or

branched carbon chain) conprising one or nore double

bond$el teridhth s6x 21861, 046 238d T S20O64 HA 18R gen L dulfur or
chai n and whi ch can be conjugated or unconjugat ed.

oxy28h WtoAl KRMMtipl IheHRSafoRls SPIRY 88 e ZrbApaBaythelibie same
carbon atons in the chain, preferably 2 to about 12

tons in the chain, and nore preferably 2 to
m%@%%ﬁﬂng carbon atons in the chain. The al kenyl group

can be substituted by 5 one or nore substituents
i ndependently selected fromthe group consisting of

hal o, al kyl, aryl, cycl kyl , cyano and al koxy.
Non A9 Wred h@relex(%ﬁégl gﬁl@ﬁirfl%m% ag ﬁaﬁmﬂcg%%warbon
i ncl ude ethenyl, propenyl, n-butenyl, .
groupdihigg et be sirighombisachedyand agmprises late abayl 24r
al kenyl chain joins two other variables and is
carbeneftonss i thed elnain. t Peeferwedrallglligybeps cantprasek by laboet
respectively, are wused. "Al koxy" neans an al kyl -O
19 cathpr atoshs dh theBehaliky Meeqtpfersedisalkyl groupy icotirise 1 to
descri bed. Useful al koxy groups can conprise 1 to

aBRAW cddbort athas iatthekchaph eFBfaidnedt thead® et éné€ af Bite
atoms. Non-limting
lower alkyl groups such as methyl, ethyl or propyl, are attached to a
linear alkyl chain. The alkyl can be substituted by one or more
substituents independently selected from the group consisting of halo,
aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -
NH(cycloalkyl), -N(alkyl)z (which alkyls can be the same or different),
carboxy and —C(0)O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-
pentyl, heptyl, nonyl, decyl, fluoromethyl, triffluoromethyl and

cyclopropylmethyl.

"Alkenyl" means an aliphatic hydrocarbon group (straight or

branched carbon chain) comprising one or more double bonds in the
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exanpl es of suitable al koxy groups include nethoxy,
et hoxy and i sopropoxy. The al kyl group of the al koxy
is linked to an adjacent noiety through the ether

W yYefi7656H The term "cycl oal kyl " as used her ei RCTHS2096/001208

an unsubstituted or substngted, saturated, stable,

non-aromatic, chemically-feasible carbocyclic ring
havi ng. preferably fromthree to fifteen carbon atons,

chadp @nsh whastn pasy ber casgateson wneqnjugatesh pgsehtl stkenythe
cycl oal kyl carbon WO 2006/ 076564 PCT/ US2006/ 001208

grouscangcarapiisal2 fosakeutut arcetbemdtomy ibéhe ¢hadh, prsferably
exanpl e, benzofused, with one to two cycl oal kyl,

2 v ebutit ¢ 2 deebenadyals in dre detiay and onate prafergidy 2Tveabout
cycl oal kyl may be attached at any endocyclic carbon

6 ahfior ARim$ &3 Whé $hiath. Thetakégyldrbuptdanebe Budkahi®Rd by
carbocyclic rings have fromfive to six 5 carbons.

orfX&FRIRE sbsEitGeRR e pbAdE£BY SeleBRIAUSBNCIE BRAAPY! .
cycl obutyl, cyclopentyl, cyclohexyl, cyclohéptyl, or

i . | l i t] I

RSB hald, BIEH, ool BpRIE B L TN M g

bond and whi be straigh r 10 bhranched and
IGIeS 2 i abl AT 08 a5t Haadh e Bisris B T utenyL,

chain Preferred al kyn groups have about 2 to about
31%F¢¥ﬂ?ﬂﬁ?@ﬁl FAPEH nX’Lhain; and nore preferably

about 2 to about 6 carbon atons in the chain.

Branched neans that one or nore | ower alkyl groups

such as nethyl, ethyl or propyl, are attached to a

| i néherd &y @fkylodradlirenibehaiB joins twogtherargrialdesfind is

sui tabl e al kynyl groups include ethynyl, propynyl, 2-
tHewé fpny bivaleme tthy lterthy mykylene padtalRyhyleandrabpeytiyély, dte

al kynyl group may be substituted by one or nore

usSddhstituents which may be the same or different, each
substituent being independently selected fromthe

"Alkoxy" means an alkyl-O- group in which the alkyl group is as
previously described. Useful alkoxy groups can comprise 1 to about 12
carbon atoms, preferably 1 to about 6 carbon atoms. Non-limiting
examples of suitable alkoxy groups include methoxy, ethoxy and
isopropoxy. The alkyl group of the alkoxy is linked to an adjacent moiety

through the ether oxygen.

The term “cycloalkyl” as used herein, means an unsubstituted or
substituted, saturated, stable, non-aromatic, chemically-feasible
carbocyclic ring having preferably from three to fifteen carbon atoms,

more preferably, from three to eight carbon atoms. The cycloalkyl carbon
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group consisting of alkyl, aryl and cycloal kyl. 20 The
term"aryl," as used herein, neans a substituted or
unsubstituted, aromatic, nono- or bicyclic,

YRS UP3%4- f easi bl e carbocyclic ring system h®OTAEE2006/001208

fromone to two aromatic ripngs. The aryl noiety wll
generally have from6 to 14'tarbon atons with al
avail abl e WO 2006/ 076564 PCT/ US2006/ 001208 -19 _
riggyedical is spraied snddrardediised elogeppmple cbgnasdnagd, with
i ntended as possible points of attachment.
ore to éweryaidalleylerramphs, hetdrackelishanlydteraagbyliatic ipkyl The
curenyl , napht hyl, tetrahydronaphthyl, indanyl,
cydidelkyl magr bé hetached et arfy eledioayetlc cabisorc atdinaiiat results in
noi ety can be substituted with fromone 5 to five,
aRtghlerabhytureN®réRridd €2:bodPLIRS HRgs HaeTrars MRNo-six
t hrough pentahal o, alkyl, trifluoromethyl, phenyl,

AR YEx bR of BRENV racﬁgélg%clm@%)cnﬁéﬁgggyg @yclobutyl,

di al kyl am no, or the like. "Heteroary

i ti ' r itG..ring 10 system of
c%%@ﬁ%ﬂ@l,téércg%%éﬁ)l, %¥ﬂ1éﬂ?g?rs%%6§{ St er abl y about 5 to
about 10 ring atons, in which one or nore of the

atons in the ring systemis/are atons other than
carb,gg for exanple nitrogen, ygen or sul fur. Mno-

[ 0X
and | Yl meansay aliphadicdpydrpcReRasy 820UR CoRBLsY & ah
be unsubstituted or substituted with a plurality of
leagb onetagehen-capben érinls hondmad whidh/mayPesigaightiant s,
nore preferably, one, two or three substituents (e.qg.,
bramched and wgmprésingladlomt Zatdkgbout i b fchooroabtdthylin the chain.
phenyl, hydroxy, al koxy, phenoxy, am no,

Prafenedkalkany Ngroughiseh oyl atvduol teabbhe 10ideebon Btpdainl the
a heteroaryl group represents a chem cally-feasible

cRYE); i O pRéfetaN§ MoutS) Xo 8bEHEE @BEbén atoms in the
chem cal | y-f éasi bl e bicyclic group of nine or ten

BB LSk, 098k o 5 ATt 2
methyl, ethyl or propyl, are attached to a linear alkynyl chain. Non-
limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-
butynyl, 3-methylbutynyl, n-pentynyl, and decynyl. The alkynyl group
may be substituted by one or more substituents which may be the same

or different, each substituent being independently selected from the

group consisting of alkyl, aryl and cycloalkyl.

The term “aryl,” as used herein, means a substituted or
unsubstituted, aromatic, mono- or bicyclic, chemically-feasible
carbocyclic ring system having from one to two aromatic rings. The aryl

moiety will generally have from 6 to 14 carbon atoms with all available
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nitrogen atominterrupting a carbocyclic ring having a
sufficient nunber of pi (nt) electrons to provide
aromati c character. Representative heteroaryl
Wee2086/0@p@mat i c) groups are pyridinyl, pyrim dimyl/us2006/001208
pyrazinyl, pyridazinyl, furanyl, benzofuranyl,
thi enyl, benzothienyl, thi-d8oyl, WO 2006/ 076564
PCT/ US2006/ 001208 -20 thi adi azolyl, im dazolyl,

sylystétzhlyle, carboazatbits ofl thetdriyhanligty, bdiagdntdridezdady/possible
benzoxazol yl , oxazolyl, pyrrolyl, isoxazolyl,

pdings of hfﬂa@hhmﬁt %ﬁe@@&@da\ﬂve eFBBiHEs irkclhhe pgHRhy, tolyl,

"heterocyclic ring” or "heterocycle," as used herein,

xHERS A HN SRS IUt S 10F droMBShi l,?&% ﬁ{d%h’?fij’or the

uhsat urated o aromati c, chem ca ng,

1@9%%%;;&dofmggag§gcﬁhpqﬁm@gﬁcga%e ﬁg%{tstébe P}B&{%‘ne

i'c rrngs ma nonocycli ¢ or
Monaoc icrin r ef I contain from
RSl EPEh R rriﬂeadnpﬁ?'fﬁesv?% S tipiet ek o
preferablgH five to seven atons, Polycycllc rlng
Ltsifiuegome thloPReRYs hyAEesH Abkgxb aheaory,
fronwslx to sixteen atons, nost preferably, ten to
amm,v@oapeﬂwlammwcyamyéammmg aythedmse. consi sting of
three rings contain preferably fromthirteen to
seventeen atons, nore preferably, fourteen or fifteen
atons. Each heterocyclic ring 15 has at | east one
het ettt frarylnheass athehvtyiticdramedticdie dreheittntiags
may each be independently selected fromthe group
sfsQ@x?rﬂB é"ﬁ é}S‘&nOfS to rébfo'h@ Q%mé 'é'tézﬂ% ﬁPéi‘efBBlﬁ ot &Ry aﬂ_chﬁ 10

hal 8gen” and "hali1de, " as used
g e %37 Hoer% SorBhe gL ORGP afle et
referred halides The fol MAn abbrevi ati ons )
afifs AR PR e TEnR S 8?‘?%%%89@&1 Mono

EtOH is t anol ; methyl; Et is ethyl; Bu is
ajagtmlycyc ic (e.g., b1cyc11c) sf'leteroa.ryl groups can bé’ unsu!El)stltuted or

substituted with a plurality of substituents, preferably, one to five
substituents, more preferably, one, two or three substituents (e.g., mono-
through pentahalo, alkyl, triffluoromethyl, phenyl, hydroxy, alkoxy,
phenoxy, amino, monoalkylamino, dialkylamino, or the like). Typically, a
heteroaryl group represents a chemically-feasible cyclic group of five or
six atoms, or a chemically-feasible bicyclic group of nine or ten atoms, at
least one of which is carbon, and having at least one oxygen, sulfur or
nitrogen atom interrupting a carbocyclic ring having a sufficient number
of pi (n) electrons to provide aromatic character. Representative
heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,

pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl,
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WD 2006/ 076564 PCT/ US2006/ 001208 -21 n-Bu is
normal -butyl, t-Bu is tert-butyl, OAc is acetate;
KO -Bu is potassiumtert-butoxide; NBS is

WP Rowrgelseci ni m de; NWP is 1-nethyl- 2- pyrr ol i @chRRLI06/001208

DVMA is N, N-di nmet hyl acetam de; n- Bu4NBr is

t et rabut yl anmoni um br om de;20r- Bu4NCH i s

t et rabut yl ammoni um 5 hydr oxi de, n-Bu4NHSO4 i s
thiediaadlyl, Viradm@sliyl) Pyrueb1og eAasall ] ad@hiaioty] Babiothidslyl,

equi val ents. General Syntheses 10 The fol | ow ng schene

i 41 ri s g
B S D Rt TSt e el
OHO-HHOOHHOStep 1 O Step 2 NRFiRf O R2
R HPHOORBOMHR OOH4 2B3 Step 3 OHH
OHOHHHN "ORI 04 CHO O OH Compound 7A Step 6 5

expips

The term “heterocyclic ring” or “heterocycle,” as used herein,
means an unsubstituted or substituted, saturated, unsaturated or
aromatic, chemically-feasible ring, comprised of carbon atoms and one or
more heteroatoms in the ring. Heterocyclic rings may be monocyclic or
polycyclic. Monocyclic rings preferably contain from three to eight atoms
in the ring structure, more preferably, five to seven atoms. Polycyclic
ring systems consisting of two rings preferably contain from six to sixteen
atoms, most preferably, ten to twelve atoms. Polycyclic ring systems
consisting of three rings contain preferably from thirteen to seventeen
atoms, more preferably, fourteen or fifteen atoms. Each heterocyclic ring
has at least one heteroatom. Unless otherwise stated, the heteroatoms
may each be independently selected from the group consisting of

nitrogen, sulfur and oxygen atoms.

The terms "Hal," “halo,” “halogen” and “halide,” as used herein,
mean a chloro, bromo, fluoro or iodo atom radical. Chlorides, bromides

and fluorides are preferred halides.

The following abbreviations are defined as follows: LDA is lithium

diisopropylamide; EtOH is ethanol; Me is methyl; Et is ethyl; Bu is butyl;
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t—Step 1~ Compound 2B~
may be prepared from conpound 2A 5 according to the
process described in U S. 6,063,847. It may be
converted to Conmpound 3 by reaction with an acid in a
VR PIsM76566yi t abl e aci ds i ncl ude strong aci ds sBEFU&2006/001208
for exanple, hydrochloric ?ﬁid and sul furic acid.
Hydrochloric acid is preferted. The sol vent may be any
organi ¢ solvent that does not interfere with the.
nERhE nemaldetydntBusisgterobnlils PAgIiaprgtaseKOtHy is
sol vent. According to one aspect of the present WD
PRessLDTY 656 RexIdes 8B 19 A aBnoswkBinimida; NP iChrpethyd-
2B is converted to Conpound 3 by reaction with IN
2-fpydraicihoré;CDRA o NiV-aiisietingaestagotivent BusNSp ig:
Conmpound 3 is subsequently am nated, under suitable 5
teBibtA}IaPime anGint bigide; @- BusNOHORMeeiiMh tflan@®nium
am nation may be conducted with an am nating agent.

hyoRidd, @thmﬁﬁoﬁgaﬂftﬂﬁﬁmohﬁ’ﬁr\?%@%gggm lfeate, and

am nating agent Is an anmohl um sa
[ for e. The amination is preferably

ﬂﬂggguégﬂ%Lgﬁﬂgisolvent, preferably an al cohol, for

exanpl e a | ower al kanol. Ethanol is preferred. 10

Foll owi ng the addition of the am nating agent, the

reaction mxture is conbined with_a noble netal

catal yst. Various nobl e @gneralSyntheses sre suitabl e,

such as pal | adi um or plati numon various types of

carriers.

The following scheme illustrates a process for preparing Compound

1 from Compound 2B:
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More than one noble netal nay be used as the catal yst.

A preferred catalyst is palladiumon an activated

carbon support. 15 Step 3: The am ne noi ety of

WO AMS0ReS6d i s then converted to the correspongdCm@s2006/001208
carbamate 5. The conversion may be conducted with an

al kyl haloformate. Ethyl cR2roformate is preferred.

. It may be advantageous to conduct the reaction in the

Orlesence

base, swoichy as,20 a strong aqueous base.

on-A 1 mtingjyex I 0fO appropri €
oln Ql kgl mef al dessteS0di U MReR;
ed.—F#H_ovm Ag i onof tTheé\r

”6564 PCT/ US2006/ ¢ -24 Step 4: 2Tla
carbgmate acid 5 is subseg}uently converted to the
car banat e al dehyde 6. Thi & nay be done with, fpr
exanpl e, oxalyl chloride in the presence of a 3
solvent. Catal ytic anmounts of DMF may be enplayeg)
Sui tabl e sol vents include organic solvents, fof
exanpl e THF. 5 Excess oxalyl chloride is then Yenoved,
and the reaction mxture is subjected to reducing
condi ti ons. Fwdrqgenathon conditions aref ‘rreq3
Sui t abl e hydrogematj o Q q;]udws i ncl udg™ ‘

hydrogen gas at a ang from
The bé%?ﬁgan

psi, for exanple %

advant ageousl y ,c@ndicited in the presence ofy
hy dr Q@gsizh O] catalyéwoand a tert-am ne such as, for
fisne.  Such catalysts are known to those
of ordingfy skill in 6he art and include, for5
exanpl & noble netals on a support. A preferred

hydr ogenation catal yst is palladiumon activated

Qcar ban. Step St The al dehyde functionality on
g b

R, H

ANa
=z

A

S\

Rg

4

1
Step 1: Compound 2B may be prepared from compound 2A
according to the process described in U.S. 6,063,847. It may be
converted to Compound 3 by reaction with an acid in a solvent. Suitable
acids include strong acids such as, for example, hydrochloric acid and
sulfuric acid. Hydrochloric acid is preferred. The solvent may be any
organic solvent that does not interfere with the reaction. Acetone is a

particularly preferred solvent. According to one aspect of the present
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subsequently reacted with the phosphate ester 7 to
yield Conpound 1, as follows: W 20061076564
PCTYUS2006/ 001208 -25- 0 11 PA(ORt)2 INO H H
WYY 0 OHHHRZ HH NORL Re 0 RVH @HDUS2R$/001208
The reaction above is pref bly conducted in a
sol vent and by treating ound 7 with a base prior
.toreacting it wth Conmpound 6. 5 Suitable solvents |
inveRtigHe CPFRLRsEBEsPRVEEL 0 SomRAYR Pdrbreactipn with
Preferred bases include organonetal lic conpounds,
1N widspelogic agiddn adetenside salvRpt. it hi um conpounds,
['ithium hexadi met hyl sil azi de, sodi um
hexadi met hyl si | azi de, |ithiumdiisopropyl am de,
n-butyl lithiumand the |like. A preferred base is
LDA.Stk9 D¢ Contpagnd @ nartaenachtlpfantinetéd\iend érosuitdbie

preferred phosphate ester is the follow ng conpound
arbthatifOLoRBitldns, Mo yield Compound 4. The amination may be
conducted with an aminating agent. According to one aspect of the
invention, the aminating agent is an ammonium salt, for example
ammonium formate. The amination is preferably conducted in a solvent,
preferably an alcohol, for example a lower alkanol. Ethanol is preferred.
Following the addition of the aminating agent, the reaction mixture is
combined with a noble metal catalyst. Various noble metal catalysts are
suitable, such as palladium or platinum on various types of carriers.

More than one noble metal may be used as the catalyst. A preferred

catalyst is palladium on an activated carbon support.

Step 3: The amine moiety of Compound 4 is then converted to the
corresponding carbamate 5. The conversion may be conducted with an
alkyl haloformate. Ethyl chloroformate is preferred. It may be
advantageous to conduct the reaction in the presence of a base, such as
a strong aqueous base. Suitable non-limiting examples of appropriate
bases include the alkali metal hydroxides. Sodium hydroxide is
preferred. Following completion of the reaction, Compound 5 may be

isolated by crystallization.
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F 7A Conmpound 7A may be prepared from Conpound 8 by

treati ng WO 2006/ 076564 PCT/ US2006/ 001208 -26

Compound 8 with diethyl chl orophosphate: CH3 N F 8

@%WBS‘% may be obtained by the process descrRGFéES2846/001208

Kyoku, Kagehira et al in "Preparation of

(hal oaryl ) pyridines,"” (API"<orporation, 5 Japan).

Jpn._ Kokai Tokkyo Koho (2004). |3pp. CODEN:. JKXXAF JP

200£81er 71 3The cavbawrte acidopip snassIuentlyyerpprtad fo/the

reacted wwth a phosphate ester, such as a dial kyl
carhhmatte spdehiale 60 ThislnlaxCbapionrdvitiz Afor example, oxalyl

Di et hyl chl orophosphate is preferred. The reaction is
cijorflelimlihy presewee bfd sbivehhe CatalgEneenofints 6BBRIF aimghbe

as a dialkylithiumamde, for 10 exanple diisopropyl
ethployednbaitatee sélvenesitlddéByedifc colvehes, foeagheblvVIHF,

an organic acid to forma pharnmaceutically acceptable

Egdsk-oxaty1tANbBdaGs §8eh REMBYE, MM 113¢ Bedt@ion Hiddredst O,

for exanple, hydrochloric, sulfuric, phosphoric,

s@ﬁﬁ%ﬂ??étOQeﬁhk::ﬁl c8f§a‘itio%s. W%?g?ésﬁ g:%lditgongal'é <

.~ 'Succi ntc, ascorbic,

th lfonic acids. | al . i d e of
pRG g St e SRELEps BBl oviRE hyrSeen
BRI BT S H SPIeEURS 96k 90 Zogh90 by for exaiiplE 100 per. The

hydrogenation is advantageously conducted in the presence of a
hydrogenation catalyst and a tert-amine such as, for example, lutidine.
Such catalysts are known to those of ordinary skill in the art and
include, for example, noble metals on a support. A preferred

hydrogenation catalyst is palladium on activated carbon.

Step 5: The aldehyde functionality on Compound 6 is
subsequently reacted with the phosphate ester 7 to yield Compound 1,

as follows:
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Exanple 1 - Preparation of Conpound 3 HHp® OHHO
/\ IN HCl/acetone OOO H=HHFI OOHOOH 2B 3
To a reactor equipped with an agitator, thernoneter

Y2060 56bn, were added about 10.5 kg of 2B, BETUSNG/001208

acetone and 68 L of 1N aqueggs 5 hydrochloric acid
solution. The m xture was héafed to a tenperature
bet ween 50 and 600C and _agitated for about 1 hour
before cooling to roomatenperature. After the
reacti on was judged copphtekg, the solution was
concentrated under re ﬁed pressyre to about 42 L and
then cooled to a terpepature betiwfed 0_ameos. The
cool ed mi xture was agifated f or o:@ di tional hour.
The product 3 was fil ed, washgd/y cool ed water
andi dr led t@ provide n\off-v\,hit% soNd (6.9 kg, yield
5% Y516R 1H RDVBO) 8 12 8 (s, 1H), 4.72
0 Mz, 1258 (m™2H), [2)40 (m J = 6.03
XA 2. 217 (dd, J = 19.0, 12.8 Hz,Y3H), 2.05 (m
V cwb 87 (g, J =8.92 Hz, 1H), 1.7%(m 1H), 1.55
(m 1H), 1.35 (g, J = 12.6 Hz, 15 1KY 1.27 (d, J =
5.8 Hz, 3H). M5 (ESI) M+l miz calcd. 26% found 267.
Exanple 2 - Preparation of Conpound 4: WO 2006/ 076564
PCT/ US2006/ 001208 -28 OHH '~ " ~ O 109N EtOH fiz0
(5/ Ho (511) ) O VD
The reaction above is preferably conducted in a solvent and by

treating Compound 7 with a base prior to reacting it with Compound 6.
Suitable solvents include organic solvents, such as tetrahydrofuran.
Preferred bases include organometallic compounds, examples of which
include alkyl lithium compounds, lithinum hexadimethylsilazide, sodium
hexadimethylsilazide, lithium diisopropyl amide, n-butyl lithium and the

like. A preferred base is LDA.

According to one aspect of the invention, the preferred phosphate

ester is the following compound 7A:

Compound 7A may be prepared from Compound 8 by treating
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HHH O~-OHO~~0OH 3 4 7.4 kg of amoni um formate
was dissolved in 9L of water at 15- 25C, and then
‘g,%ol ed to 0-10C. 8.9 kg of Conpound 3 was charged at

09%B6331 | owed by an addition of 89L of 2B etBGI/US2006/001208

al cohol . The batch was coolgd to 0-5C. 0.9 kg of 10%
Pal | adi um on car bon (50% we and 9 L of water were

char ged, ,The, batch s _then rmed to 18-28C and

SR %sf%&héﬁﬁ&}?‘gﬁo BPHEHt ai ni ng t he
tenperature between 18-28 C. @Hfter the reaction was
judged conplete, 71L of water was charged. 10 The
batch was filtered and the ws tal yst cake was then
washed with 80L of water. The pH of the filtrate was
adjusted to 1-2 with 4N aqueoup hydrochloric acid

sol ution. The solution was useskin the next process
step without further isolati The yield is typically
quantiative. mp. 216.4C 1HXMRF(D20+1 drop HCl) 6
3.15 (m 1H), 2.76 (m 1H), 2.62 (m 15 1H), 2.48

(dd, J-5.75Hz, 1H), 1.94 (m 2H), 1.78 (m 2H), 1.38
Comp@ihd 8 mhag be(ohtafitdd by the proveskiescfib88 by Kyoku,
(g,J=2.99Hz, 1H). WD 2006/ 076564 PCT/ US2006/ 001208
Kagéhiry atpil én SPregarafishalfi(Raloatylggamiitesl” SAH GbdridoPatibdd
,~IJOEt O NH2 CICO2Et ° - aq. NaOH solution 0O H=HH

Jap#h). Opet Kokat @dkk§oKoho (2004). 13pp. CODEN: JKXXAF JP

Q

2004182713 A2 20040702. Compound 8 is subsequently reacted with a
phosphate ester, such as a dialkyl halophosphate, to yield Compound
7A. Diethylchlorophosphate is preferred. The reaction is preferably
conducted in the presence of a base, such as a dialkylithium amide, for
example diisopropyl lithium amide.

Compound 1 may be further reacted with an organic acid to form a
pharmaceutically acceptable salt. Suitable acids include, but are not
limited to, for example, hydrochloric, sulfuric, phosphoric, acetic, citric,
oxalic, malonic, salicylic, malic, fumaric, succinic, ascorbic, maleic, and
methanesulfonic acids. In general, any acid capable of forming a

pharmaceutically acceptable salt with Compound 1 may be suitable.

Specific Synthesis
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To a three-necked round bottoned flask equi pped with
an agitator, thernoneter and a nitrogen inlet tube
was added a solution of 5 Conpound 4 in aqueous
WOA@97686400 g active in 2870 m ). The sol uti orPCTMES2006/001208
concentrated to about 700 ml_under reduced pressure at
35 Cto 40C to renove ethy®7 al cohol. The resul tant
hom)eneous mxture was cool ed to 20 Cto 30C and its

t
from 20 Cto 30 »
pAddH t:i onal 30 ninutes. Afterd thei rtéactlon was | udged

conpfelg, the batch was aci dlflgﬁ’\t\ngH 7to 8 wth
10 mM of concentrated hydrochloric acid (37% and 750

m %% ethyl 15 acetate. The pH3of the reaction mixture
was further adjusted to pH 2 to 3 wth 35% aqueous
hydr'be ki wsectoraequirped witloan agitator, ghsrmonzgter andsitrogen,
separated and the aqueous |ayer was extracted again

wieire hddba atlowdf1@bHsd of 2Be6@tleof ddetoroahidre®l Layfddhaqueous
| ayers were washed twice with water (200 nl).

hGarguHotic mci@sohititrit THe kbl tdwad @A L td atempeyature
crystallization 20 fromethyl acetate and heptane

bEtwddH So(alndl 601»(>5ta&hfdeaglﬂai9@ 04 Ab&ht f@ﬁﬁ'}r be%QreCcé&r%?t o<
The solid was filtered at 50 Cto 60 C, washed

R N e R R S
Wﬁ%OCOJP%ETZrageé '\A%rfg%ég\& pgeo,SSSPE% té b2 bohflt ]4% a.%?ﬁéx (ngcdﬂed
té .'=1§.§rn'__;?¢3fa1gr E‘(]i)ﬁt“{ﬂ%l 0 %.ng(ﬁz E}_% T13e coglegimgéur%pbas agl@éed for

1.25 6H), 0.98 (qt, 7, 3.18 Hz, 2H).
ap@gi@tlwgl hoRT ¢ g]h@wpr@gy@t §4@as @@Eﬁﬁ)d"’@i’@ﬁd with cooled water

and dried to provide an off-white solid (6.9 kg, yield 76%). m.p. 251°C.
1H NMR (DMSO) 8 12.8 (s, 1H), 4.72 (m, J = 5.90 Hz, 1H), 2.58 (m, 2H],
2.40 (m, J = 6.03 Hz, 2H), 2.21 (dd, J = 19.0, 12.8 Hz, 3H), 2.05 (m, 1H),
1.87 (g, J = 8.92 Hz, 1H), 1.75 (m, 1H), 1.55 (m, 1H), 1.35 (q, J = 12.6 Hz,

1H), 1.27 (d, J = 5.88 Hz, 3H). MS (ESI) M+1 m/z calcd. 267, found 267.

Example 2 — Preparation of Compound 4:
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Exanple 4 - Preparation of Conpound 7A CH3 1PQ(CEt) 2
NN + i-Pr2NLi + (EEOQZPOCl + i-Pr2NH + LiCl F1 F 8
7/A_To a 10 L three-necked round bottomed fl ask
Y30 t h an 10 agitator, thernoneter and ZCT/US2006/001208
nitrogen inlet tube, was a%ged 200g of Conpound 8

(1.07 nmol, from Synergeti ¢4, "Phil adel phi a,

Pennsyl vania). THE (1000 nL) was added to dissol ve
Conmpound 8. After the solution was cooled to -80 Cto

-50 C, 2.@ MLDA in hexane/ THF(1175n}, 2.2 eq) was
added whi | aJYraiht aicAT p&/(t]ﬁ:obﬁ{&h t enperptuget bel ow
-50 C. 1? [ about gRpmpdytes oX_agil on at -80
Cto -50 @ Mizefhyl chl orophosphatef(A85;mL, 1.2 eq)

was added whyAe i ntaining the batcho”tenperature

bel ow -50 C, The m xture was agitated at a tenperature

from-80 Cfo - 50 C for about 15 minutes and dil uted

Wi t 7.4 kigepft @mnenor(ib@d ormgte vidd dissolvedria Yasf warercat 1§

to about -35 C and quenched 20 with agueous anmmoni um
2500, @ihiddiheAO6blgd rto A0l 8virkeg lof GiimpotedIEvakWhairged at

below -10 C. This m xture was agitated at -15 Cto -10

0-&5VO 18066 13584 2dEF1 44 80861 80 2B0Sthy AlcdHl. qi?fé]%atéﬁ was

m nutes followed by agitation at 15 cCto 25 C for

cQto 50T BUW Eg-ofﬁ'@)@/o ?%g%@iﬁﬁg;oﬁy%b%s(sﬁ% ;\e&%t]a&% 9.L of

extracted with taluene e conmbin or gani c

wnflf St Ao TRtk AR KRS Bl ol dhd o

e R Ao Tal A 20ded oy Lo 8 e
°C(. 3ggcexg tkllg rgggticm_ anvgtj1elrd)gec{il tcoglptlgtgP'?E%tol%rvsater was charged.
The batch was filtered and the wet catalyst cake was then washed with .
80L of water. The pH of the filtrate was adjusted to 1-2 with 4N aqueous
hydrochloric acid solution. The solution was used in the next process
step without further isolation. The yield is typically quantiative. m.p.
216.4°C. 'H NMR (D20+1 drop HC]) § 3.15 (m, 1H), 2.76 (m, 1H), 2.62 (m,
1H), 2.48 (dd,J-5.75Hz, 1H), 1.94 (m, 2H), 1.78 (m, 2H), 1.38 (m, 2H),

1.20 (m, 6H), 1.18 (m, 1H), 0.98 (q,J=2.99Hz, 1H).
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bel ow 30 C. The aqueous | ayer was extracted with

toluene (1200 nL). The organic |ayers were conbi ned

and concentrated under vacuumto about 600 ml and

WA 2084/¢7@¢5640 renove i norganic salts. To the fil tr@tes2006/001208
was 10 added n-heptane (1000 m) at about 55 C. The

m xture was cooled slow y 4% 40 CC, seeded, and

cooled further slowy to -10 CC. The resulting slurry
Examplg@l- Hrepaation o0COpount $; filtered, washed with

n- heptane, and dried under vacuugto gi

5ol | G, 85% vyield). mph

FCDCL3) CIBogt 73 (d,

7.85 (% 8.0 o w o (%d, J1
= 8.0 fzp ¥ 1. 3 oo~ o .32 (d, J
= 7.8 Hzg?M), 7.24 (m 1H), 7.08(d 8.3 Hz,

J2 = 2.3 Hz, 1H), 4.09 (m 4H), 3.48 (d, 22.0 Hz,
2H), 1.27 (t, J = 7.0 Hz, 6H). MS (GESI) for M+H

cal cd. 324, found, 324. 20 Exa e 5- Preparation of,
mnpggqm&ﬁseq:n Ckediesag %oﬁ%%ﬁh?%sﬁqwmd wishign agitator,
oxalyl chlorjde, DW 2) Pd/C, H2, 100 psi, lutidine O
thergometer andcroitrogen snist Wibe g/ ayidssiea solution of

PCT/ US2006/ 001208 -32 To a three-neck flask equi pped
Cairtgouard 4gn tagusmou st¢tbanohEt0dr g antdve i 26FGemnl)i B¢ selation
added the crude product solution of Conpound 5

whs@ohaeniratedbwaboidi 790 mf ubdepmdicted press3Qbe at 35 °C to
solution) and 5 anhydrous DVF (0.05 nlL).. After the

400G bl FeémoRs edlgylt At6Holl OThS rédultdshom g aduShlidird&vas
(12.2 nmL) was added slowy while nmaintaining the batch
cooled to 20 °C to 30°C and its pH was adjusted to range from 12 to 13
with 250 ml of 25% sodium hydroxide solution while maintaining the
temperature at 20-30°C. Then 82 ml of ethyl chloroformate was slowly
added to the batch over a period of 1 hour while maintaining the batch
temperature from 20 °C to 30 °C and aged for an additional 30 minutes.
After the reaction was judged complete, the batch was acidified to pH 7 to
8 with 10 ml of concentrated hydrochloric acid (37%) and 750 ml of ethyl
acetate. The pH of the reaction mixture was further adjusted to pH 2 to 3
with 35% aqueous hydrochloric acid solution. The organic layer was
separated and the aqueous layer was extracted again with 750 ml of ethyl
acetate. The combined organic layers were washed twice with water (200
ml). Compound 5 was isolated from the organic layer by crystallization
from ethyl acetate and heptane mixture (1:1 mixture, 1500 ml) at about

70°C to 80 °C. The solid was filtered at 50 °C to 60 °C, washed with

heptane and then dried to provide an off-white solid (yield 50%). m.p.
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tenperature between 15 and 25C. The reaction m xture
was agitated for about an hour after the addition and
checked by NWVR for conpletion of reaction. After the
Ve209UM%as j udged conplete, the mixture was PECT/US2006/001208
concentrated under vacuun1g§}135 mL whi | e mai ntai ning
t he terrperature of the re ion m xture bel ow 30C.
The excess oxaly chl oride was renoved conpletely
193 ° @ybeTM%ﬂCDa@UMﬁwS:%hdbm rldl)i 6+07 &dt, det o 15cfc9vi£dz th]
repl eni shnent of toluene (315 nL) each tine,
4.08sal Ui=ng.1 Hza2H)nal4 lvieh uiH),d.568 2070 (Fne2HpacB8Vonl.92
m xture was then 15 cooled to 15 to 25C, after which
(md HEHY, 1682 ) . 4@nigh 2118}, | uB0daNe « 322nly, 3MEre3aeddeds Hhe
m xture was agitated for 16 hours at 20 to 25C under
6H )@ .08i(ghyr=agen, 8Nd Re, QH?SMSC(ES@}fMdflym?%’cB!’éL@a{ec@i 840,
. Af ter the reaction was |udged conpl éte,
n mxture was filtered through cellte to
fbpgﬁgég@catalyst More THE was added to rinse the
hydr ogenat or 20 and catal yst, and the reaction m xture
was again filtered through celite. Conbined filtrates
d under vacu t below 25C to 315
----- 3 =189 ebds sol ution of
agsphorl C aci d (158 n.) were aBld@&tf or a t horough
extYy act i on at 10C to renove 2,6- lutidine. Then
* v exNtracting the organic
-33 layer with very
te soI*UtPFz)é‘ﬁ' talfdut 299,
Wi th dilute brine. The

sai.ch was foll ovved by a washi
ani c solution was concent ed at nospherically to
a“voFume of 90 nL for sol vent et acenent. | PA (315
g ML) was added to the concentrahed crude product 5

sol ution. The remai ning residual solvent was purged to

< 0. Bpadio Fifreq-pycias reynd hodtomsas Hask saninaadowitraser
vacuumto 68 nmL, with replenishnment of IPA (315 nL
agieat@retkgampmgtmmdamitmgeﬁ' frelet tube, was added 200g o

Compound 8 (1.07 mol, from Synergetica, Philadelphia, Pennsylvaniay.
THF (1000 mL) was added to dissolve Compound 8. After the solution
was cooled to -80 °C to -50 °C, 2.0 M LDA in hexane/THF(1175 mL, 2.2
eq) was added while maintaining the batch temperature below -50 °C.
After about 15 minutes of agitation at -80 °C to -50 °C, diethyl
chlorophosphate (185 mL, 1.2 eq) was added while maintaining the batch
temperature below -50 °C. The mixture was agitated at a temperature
from -80°C to - 50 °C for about 15 minutes and diluted with n-heptane
(1000 mL). This mixture was warmed up to about -35 °C and quenched
with aqueous ammonium chloride (400 g in 1400 mL water) at a

temperature below -10 °C. This mixture was agitated at -15°C to -10 °C



concentrated (68 nL) | PA solution was heated to 50C,
toinitiate crystallization. To this m xture
n- hept ane (68 nlL) was added very slowy 10 while
weai2oaedi7enomg t he batch tenperature at 50C. The PCT/US2006/001208
crystallizing mxture was cooled very slowy over 2.5
hours to 25C. Additional n31heptane (34 nL) was added
very slowy into the suspension m xture at 25C. The
fomalkeut &5wamftes tibldowad by exgitatioR0, 120 ta@sd Gifort dtatut 15
tenperature for about 20 hours. The solid was filtered
miandesaThecayuddusllayer sak\sphit afidéxtractedl vAbotbRnen400
n- hept ane, and then dried to provide 19.5 g of a beige

mEQ! Ph&dofMihed %Egﬁgen@ye}d vﬁere(e\ﬁtséaed &APA oM RydARllciie

IH NMR (CD3CN) S 9. 74 (d, 3.03 Hz, 1H), 5.42 (br,
c 1 sl oChlor cigda s
a i'cHg7OCflnﬁ3 t 80e @ué frédgét ég’nta%n % lz}Q:?r '6'%6 ?é’g dq gi'

: We% gfﬁzggedﬁgﬁﬁ'ﬁ%d 3y Yo ptoshyol fiche “5308?“) and
achﬁ]oué I_qjo(%ais%léﬂ a.ggcgg!f% ﬁOéﬁ)m %%) {nég}?v)aﬂ?zﬁ) flt (aK)‘DegEeraQure
alcd. 324 found 324. Exanple 6 - Pre aratlon of

belSHROLH APAG BITE I TENAPCFHBSHSE] Boibaene (RO H

OHHHM,NOCEt NOEt LDA/THF,-20C O HHO& CEt H
Thergapk layqgraywege pombined and concentrated under vacuum to

about 600 ml and filtered to remove inorganic salts. To the filtrate was

10 added n-heptane (1000 ml) at about 55 °C. The mixture was cooled
slowly to 40 °C, seeded, and cooled further slowly to -10 °C. The
resulting slurry was aged at about -10 °C for 1 h, filtered, washed with n-
heptane, and dried under vacuum to give a light brown solid (294 g, 85%
yield). m.p. 52 °C (DSC onset point). 'H NMR (CDCl3) 8 8.73 (d,J = 1.5

15 Hz, 1H), 7.85 (dd, J1 = 8.0 Hz, J2 = 1.5 Hz, 1H), 7.49 (dd, J1 = 8.0 Hz, J2 =
1.3 Hz, 1H), 7.42 (m, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.24 (m, 1H), 7.08 (dt,
Ji1 = 8.3 Hz, Js = 2.3 Hz, 1H), 4.09 (m, 4H), 3.48 (d, J = 22.0 Hz, 2H), 1.27

(t,J = 7.0 Hz, 6H). MS (ESI) for M+H calcd. 324, found 324.
20 Example 5- Preparation of Compound 6
AHH A OH H H
o ‘N\n’OEt 1) oxalyl chloride, DMF _ ‘N\H/OEt
2 0 2) PA/C, H,, 100 psi, lutidine > o)
H: i

H :
oP~oH H b
5 6
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7A A To a three-neck flask equi pped with an agitator,
thernmoneter and 5 nitrogen inertion was added 7A (13.0
\g%)t THE (30 nL). The mi xture was cooled to bel ow -20C
2806/%4A%%¢h 1 i t hi um di i sopropyl am de (2M 20 nPCT/W82606/001208
slowy added. The reaction nmixture was agitated for an
addi tional hour (Solution R) To anot her flask was
added 6 (10.0 g) and THE (75 nlL). The m xture was
stirred for about 30 m nutes and then slowy 10
t r ar®f 2 theae-nack lapk equirpddowith ahagdatn tiheimomgtartand
tenperature below - 20C. The m xture was stirred at
nitesigew in2BCvenr addedidlde tiwdmprdibint sobetion ef Qoemediimndg 5
the reaction by adding 20 nL of water. The reaction
(con¥dinirg aBeutal e df Contiioantl Stike3iHmiasordjdi§ tzed t o
about 7 by addition of 25% H2SO4 (11 nl). The m xture

t t {
S ARBE 07501 o148, B850, Al i

t

o &ﬁtg@ 13 e?@ﬁa%‘*ﬁ%ﬁaﬁﬁ“’if‘o‘*?‘ﬁdﬁéﬁ%%ﬂt ﬁ&%e%ﬁfih

sol ve E and I re the | ace:
e BB emeES p 25 TootAt BierPe&feiatsg,tor

as a crystal K ne sol id from et hanol W|th seeding at 35
aboutrn hger afterdheasslitiog ang drecked P NMHR fan eampledion of

stirred for an additional WO 2006/ 076564 _
repciion ) Stositeonezggion wss juslgedaernplete, theemprtuge saswas

filtered and washed with cold ethanol. The product
caveentirated vatde€rGracubCtoilG8rmLachilenm ainpaiamglehean

off-white solid. Yield: 12.7 g, (90%. mp. 104.9C

te&rﬁ&@a@lﬁ\&e&f o fga)ctmﬂﬂ'ﬂn%re 6@1@@130)%5 §hB%xcdss oxal js_ll? 4
1H), 8.10 (dd, J = 8.2, 2.4 Hz, IH), 7.64 5 (1H),

clzlo de (vgas ge(rgogeé cgﬁrsoléltégylzby E\E§ cgfg‘egéf v guam goé %ﬁr%n%n
a{%élﬁw%0°§ ?h gmleméﬁgéen(qooﬁzcglule’% (gq Lh%&& liméeB (dd,
resultmg ina ﬁngl volume of 68 mL. The reaction mixture was then
cooled to 15 to 25°C, after which THF (160 mL) and 2,6-lutidine (22 mL)
were added. The mixture was agitated for 16 hours at 20 to 25°C under
100 psi hydrogen in the presence of dry 5% Pd/C (9.0 g). After the
reaction was judged complete, the reaction mixture was filtered through
celite to remove catalyst. More THF was added to rinse the hydrogenator
and catalyst, and the reaction mixture was again filtered through celite.
Combined filtrates were concentrated under vacuum at below 25°C to
315 mL. MTBE (158 mL) and 10% aqueous solution of phosphoric acid
(158 mL) were added for a thorough extraction at 10°C to remove 2,6-

lutidine. Then phosphoric acid was removed by extracting the organic
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Hz, iH), 3.95 (dd, J = 14.2, 7.1 Hz, 2H), 3.29 (m

1H), 2.66 (m J = 12.0, 6.4 Hz, 111), 2.33 (m 2H),

1.76 (m 4H), 1.30 (d, J = 5.6 Hz, 3H), 1.19 (m 10
W)2006{07¢364(t . J = 7.2 Hz, 3H), 0.98 (m 1H), O.PRAVHIIN06/001208

1H. M5 (BEl') mz: calcd. 492, found 492. Exanple 7 -
Preparation of an Acid Sal't33('bi sul fate) of Conpound A:
OHHHOHHHO .NOEt NIITCEIl OO H=H

lappswithareay shiuteiaaiaqus sqdinm  Ncaptgmate mofutign {ahout 2%),
Compound 1A (5 g) was dissolved in about 25 nL of

whindt was folidwed byreeweshing withvdibitedirime.e@ht mrgabisusolution
m nutes and then heated to about 50 C. About 6 nL of

wad/csnténiratedaminiosphertetliyniota vélamesi addael fontelvehe
heated reaction m xture. The solid salt of Conpound A

repl@senpritatiea ﬁ:m md) i difaddedl Ritiel édtitedftraretifctuitie preddct
in acetonitrile. After addition of 20 sulfuric acid

sci@tishi ahe Eéi'ﬁai&ﬁﬁ‘%trieﬁﬁum SbIMERt WaS ﬁﬂ%&&t@t 0 s bt ey
bef ore WO 2006/ 076564 PCT/ US2006/ 001208 -36 cool i ng

. g . _
oy L e o e BBl SR BT
The wet sol | ried der .vacuum.at..roo
PP bR 3 RghF RS et BRI PAEART ThE hour s
to provide about 5 g white solid (yield 85%. mp.
coneengrated {68 VR BA ngbpngvas heatedltg) SO, do ipitiatg =
8.1 Hz, 1H), 8.10 (d, J =8.2 Hz, 1H), 7.76 (d, J =
crystadlizatign. Torhig thixture rrh@ptine (68) mLY vE6 dddkd Yery slowly
8.4, 1.8 Hz, 1H), 7.34 (dd, 8.4, 1.8 Hz, 1H), 7.08
while raiat8indngithe btch Teipefaturd b 50°C. The crystallizing
mixture was cooled very slowly over 2.5 hours to 25°C. Additional n-
heptane (34 mL) was added very slowly into the suspension mixture at
25°C. The mixture was further cooled to 20°C, and aged at that
temperature for about 20 hours. The solid was filtered and washed with
a solvent mixture of 25% IPA in n-heptane, and then dried to provide
19.5 g of a beige colored solid of Compound 6. (Yield: 66%) m.p. 169.3°C.
IH NMR (CD3CNj 8 9.74 (d, J = 3.03 Hz, 1HjJ, 5.42 (br, 1H), 4.69 (m, 1Hj,
4.03 (q, J = 7.02 Hz, 2H), 3.43 (qt, J = 3.80, 7.84 Hz, 1H), 2.67 (m, 2H),
2.50 (dt, J = 3.00, 8.52 Hz, 1H), 1.93 (d, J = 12.0 Hz, 2H), 1.82 (dt, J =
3.28, 9.75 Hz, 2H), 1.54 (qd, J = 3.00, 10.5 Hz, 1H), 1.27 (d, J = 5.97 Hz,
3H), 1.20 (m, 6H), 1.03 — 0.92 (m, 2H). MS (ESI) m/z (M*+1): calcd. 324,

found 324.

Example 6 - Preparation of Compound A
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6.69 (d, J = 15.8 Hz, 1H), 4.82 (m 1H), 3.94 (dd, J =
14.0, 7.0 Hz, 2H), 3.35 (brs, 1H, 2.68 (m 1H), 2.38
&n] Zhg, 1.80-1.70 (m 4FD 1 27 (d, J =10 5.8 Hz

20064076564 (i n, 2H), 1.13 (t, J = 7.0 Hz, 3H), @CIBIS2006/001208
(in, 1H, 0.85 (m 1H. M %EI) mz cal cd. 590, found
492. Wil e the present |nvé3 ti on has been described in
conjunction with the specific enbodi ments set forth
above, many alternatives, nDdIflcatIOﬂS Qnd

ey eof will be apparent Bojt

kﬂfor—:&n L DEARNE ool | S e o ball
spi r Pt and scopg(ﬂi the pres Wt i nvention.

preparlng Conpound 1: NHCO Rl 2> H N Ra
wherein®Rt and R are e bh i ndependent | y ~se

the group consisting of & kyl, cycl oal ky
heteroaryl; and R is s cted fromthe oup

consi sting of hal ogen, 3, Cl-C6 al kyl 7 -C6

al koxy, and - COCRS, wherein® RO is selectqd fromthe
group consisting of H C e, al kyl, phenyl, and
benzyl, said process conprising: (a) reducing a

Corrmwdn%e;né’ak flask equipped with an agitator, thermometer and

nitrogen inertion was added 7A (13.0 g}, THF (30 mL). The mixture was
cooled to below -20°C after which lithium diisopropylamide (2M, 20 ml)
was slowly added. The reaction mixture was agitated for an additional
hour (Solution A). To another flask was added 6 (10.0 g) and THF (75
mL). The mixture was stirred for about 30 minutes and then slowly
transferred into the solution A while maintaining the temperature below -
20°C. The mixture was stirred at below -20°C for an additional hour
before quenching the reaction by adding 20 mL of water. The reaction
mixture was warmed to 0°C and the pH was adjusted to about 7 by
addition of 25% H2S0O4 (11 mL). The mixture was further warmed to
20°C and then diluted with 100 mL of ethyl acetate and 70 mL of water.
The two phases that had formed were separated and the aqueous layer
was extracted with 50 mL of ethyl acetate. The solvents THF and ethyl
acetate were then replaced with ethanol, and the Compound A was
precipitated out as a crystalline solid from ethanol with seeding at 35 to

40°C. After cooling to 0°C, the suspension was stirred for an additional



ORI OR, R HHOORS wherein R2 is as defined
above, and R is H, alkyl, cycloalkyl, aryl,
aryl al kyl orheteroaryl; R and R5 are each
Wadepenetent | y sel ected fromthe group consi st- pichais9806/001208
H, al kyl, cycloal kyl, aryl, arylalkyl, and het-
eroaryl; or, R and R5, togéther with the carbon atom
to which they are attached, forma 5- to 7- nenbered
houirrencdhivimihd poodiet3vae fibeoat and vasshedngithesdde eshahal.
form2B; 2B HO0O 00O HHOOR 'IS followed by
Theystodhiy:s i sodriédB at GOy 60 aindlerRavRdndio pfeafdelba Gf-vwhite

HH10 OHH 0 CH
solid. Yield: 12.7 g, (90%). m.p. 104.9°C (DSC onset point). 1H NMR
(CDCls) 6 8.88 (d, J = 2.4 Hz, 1H), 8.10 (dd, J = 8.2, 2.4 Hz, 1H), 7.64
5 (1H), 7.61 (d, J = 8.8 Hz, 1H), 7.55 (m, J = 8.2, 6.2 Hz, 1H), 7.51 (d,J =

8.0 Hz, 1H), 7.25 (dt, J = 9.0, 2.3 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.68
{(dd, J = 15.4, 9.4 Hz, 1H), 6.58 (d, J =9.6 Hz, 1H), 4.85 (dd, J = 14.2, 7.2
Hz, 1H), 3.95 (dd, J = 14.2, 7.1 Hz, 2H), 3.29 (m, 1H), 2.66 (m, J = 12.0,
6.4 Hz, 1H), 2.33 (m, 2H), 1.76 (m, 4H), 1.30 (d, J = 5.6 Hz, 3H), 1.19 (m,

10 4H), 1.14 (t, J = 7.2 Hz, 3H), 0.98 (m, 1H), 0.84 (m, 1H). MS (EI) m/z:

calcd. 492, found 492.

Example 7 — Preparation of an Acid Salt (bisulfate) of Compound A:

o H H H o H H

H
wN OEt uN OEt
O SOy
> 0O 7 (6]
H E\Fl HZSO4/acetonitrile¢ H :\H
Z
F F
1
15 Compound 1A (5 g) was dissolved in about 25 mL of acetonitrile.

The solution was agitated for about 10 minutes and then heated to about
50 °C. About 6 mL of 2M sulfuric acid in acetonitrile was added into the
heated reaction mixture. The solid salt of Compound A precipitated out
during the addition of sulfuric acid in acetonitrile. After addition of

20 sulfuric acid solution, the reaction mixture was agitated for 1 hour before
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wherein R is as defined above; (b) autinating

Compound 3 to yield Compound 4: 4 0 HHNRRn R O

"&' iﬁ{%%el n R is as defined above, and R6 and R7 are

é ‘?P&‘épendently sel ected fromthe group coRSTAISRGH)§/001208

of H, alkyl, cycloalkyl, yl, and heteroaryl; (c)
converting Corrpound 4 to 'Cgﬁ[‘rbound 5 HHNORI OY O

ol o R b, AR A S o B,
Wa]éhléld I;Iml'glh gb]c-::lt 3HO Irle of acetonitrile. The wet solid was dried under
vacuum at room temperature for 1 hour and at 80 °C for about 12 hours
to provide about 5 g white solid (yield 85%). m.p. 217.0 °C. 1H NMR
(DMSO0) 9.04 (s, 1H), 8.60 (d, J = 8.1 Hz, 1H]}, 8.10 (d, J = 8.2 Hz, 1H),
7.76 (d,J =10.4, 1H), 7.71 (d,d = 7.8 Hz, 1H), 7.60 (dd, J = 8.4, 1.8 Hz,
1H), 7.34 (dd, 8.4, 1.8 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H]}, 7.02 (m, 1H),
6.69 (d, J = 15.8 Hz, 1H), 4.82 (m, 1H]j, 3.94 (dd, J = 14.0, 7.0 Hz, 2H]},
3.35 (brs, 1H), 2.68 (m, 1H]), 2.38 (m, 2H), 1.80-1.70 (m, 4H), 1.27 (d,J =
5.8 Hz, 3H), 1.21 (m, 2H), 1.13 (t, J = 7.0 Hz, 3H), 0.95 (m, 1H, 0.85 (m,
1H). MS (EI) m/z calcd. 590, found 492.

While the present invention has been described in conjunction with
the specific embodiments set forth above, many alternatives,
modifications and variations thereof will be apparent to those of ordinary

skill in the art. All such alternatives, modifications, and variations are

intended to fall within the spirit and scope of the present invention.



39 (e) converting Conpound 6 to compound I 0 HH
NHCO RL. 0 Rz HH N Re 2. The process of claim1l,
further conprising reacting Conpound 1 with an
organic or inorganic acid to forma pharmaceutically
acceptable salt. 3. The pfocess of claim 2, wherein
the acid is selected from the group consisting of
hydrochl oric, sul furiccrLpbmsphoric, acetic, citric,
oxalic, malonic, salicylic, malic, fumaric, suc-
cinic, ascorbic, maleic, and nethanesul fonic acids. 4.
The process of claim?2, wherein the pharmaceutically
accept abl e sal t Whatiytdngdisyl fate salt. 5. The process
of claim4, wheteHeesiparAdeCemmvetied to its
bi sulfate salt by reacting said conmpound with sulfuric
acid. 6. The process of claim1l, wherein Conpound 6 is
reacted wi th Conpouny 78 7 B (OR ngRRS 40

A8y

wherein R, and R, are each independently selected from the
group consisting of alkyl, cycloalkyl, aryl, and heteroaryl;
and Ry is selected from the group consisting of halogen,
—CF,, C,-C; alkyl, C,-C; alkoxy, and —COOR, wherein
R, is selected from the group consisting of H, C,-Cg alkyl,
phenyl, and benzyl, said process comprising:

(a) reducing a Compound 2A:
IA
QA H
R4
(0] RS:
g, H H
0 ORy

wherein R, is as defined above, and R, is H, alkyl,
cycloalkyl, aryl, arylalkyl or heteroaryl; R, and R s are
each independently selected from the group consist-
ing of H, alkyl, cycloalkyl, aryl, arylalkyl, and het-
eroaryl; or, R, and R, together with the carbon atom
to which they are attached, form a 5- to 7- memhered
ring having from 0-3 heteroatoms as ring members, to
form 2B;




7. t he process of claim®6, wherein Conpound 7 has the
structure 7A: 7A 0 11 P NF wherein said conpound
7A is prepared by esterifying Com pound 8 OH3 N / F
with a phosphate ester to -yis® & Conmpound 7A. 8.1 lie
pruccssofclaim?7, wherein Conpound 8 is prepared by
reacting 3-brono-5- ek bypy b gliing 2 Rield a componnd of
3-fl uorophenyl - boronyguaci d. 9. The process of claim
1, wherein Conpound 4 is con- verted to Conpound 5 by
reacti ng Conpound 4 with an al kyl hal othrnmate. 10.
The process of claim1, wherein Conpound 5 is con-
vened to Conpound 6 by reacting Conpound 5 with oxXal vyl
chloride in die presence of UPF f'ol | owed by
reduction. 11. The process/0 i
Conpound 2A is prepared B

wherein R, is as defined above;

(b) aminating Compound 3 to yield Compound 4:

wherein R, is as defined above, and R and R, are each
independently selected from the group consisting of
H, alky], cycloalkyl, aryl, and heteroaryl;
(c) converting Compound 4 to Compound 5:

O H H
§ OR,,
; T
0
. H H
0 OH

wherein R, and R, are as defined above;

(d) converting Compound 5 to Compound 6:

% H H u
N OR,.
: T
, sl
} ~
H H
Rz

CHO



R& O0\r -NM RS, OR 41 12, A process for preparing
COnl poundA: A O HH "INHCQEt C H N F conpri sing:
(a) hydrolyzing Conpound 2B: O HHODOO ; HO O
to yield Conpound 3: 3 OHHOHH 0 OH (b)

am nating Conpound 3 to =yi3 & Conpound 4: 4

(e) converting Compound € to compound i

NHCOsR,.

2. The process of claim 1, further comprising reacting
Compound 1 with an organic or inorganic acid to form a
pharmaceutically acceptable salt.

3. The process of claim 2, wherein the acid is selected from
the group consisting of hydrochloric, sulfuric, phosphoric,
acetic, citric, oxalic, malonic, salicylic, malic, fumaric, suc-
cinic, ascorbic, maleic, and methanesulfonic acids.

4. The process of claim 2, wherein the pharmaceutically
acceptable salt is the bisulfate salt.

5. The process of claim 4, wherein Compound 1 converted
to its bisulfate salt by reacting said compound with sulfuric
acid.

6. The process of claim 1, wherein Compound 6 is reacted
with Compound 7:



HHNH2: O H
Conpound 5: O
Compound 5 to
i i
6 to Conpound

OH (c) converting Conpound 4 to
2 (

r. OHHA4 d) converting
6: 6 0OHHg\ /OE4 and, O
H';E HO (e) converting Conpound
OHH . IGEt O11lr O H- HN

7. 7The process of ¢laim 6, wherein Compound 7 has the
structure 7A:

1A

wherein said compound 7A is prepared by esterifying Com-
pound 8:

CH,

with a phosphate ester to yield Compound 7A.

8. The process of'claim 7, wherein Compound 8 is prepared
by reacting 3-bromo-5-methyl pyridine with 3-fluorophenyl-
boronic acid.

9. The process of claim 1, wherein Compound 4 is con-
verted to Compound 5 by reacting Compound 4 with an alkyl
halotormate.

10. The process of claim 1, wherein Compound 5 is con-
verted to Compound 6 by reacting Compound 5 with oxalyl
chloride in the presence of DMF, followed by reduction.

11. The process of claim 1, wherein Compound 2A is
prepared by cyclizing Compound 9:




\ F 13. The process of claim 12, further conprising
reacting Conpound A with an organic or inorganic acid
to forma ph,irnwental |v ucceptahle salt. 14.17te
process ulclaim 13, wherein the pharmaceutically
acceptable salt is a bisol fate salt. 15. The process
of claim 12, wheg 6~1s reacted with
Conmpound 7A: 7A$ ngiggggf%umu ?§Oum21d Compound 1.

- 16. The process of claim 15, mhereln Conpound 7A is
treated with a base tq fq;n1agcarban|on and Compound
6 is then treated. wYh {t be farbanmem:17. The
process of claim 16, v Kai dYbase is sel ected
fromthe group consi si i ngd or gamol i t hi um bases and
nmetal hydride bases. A8.§ Tei prOcess of claim 15,
wherei n said base is £DAE .1@{ The process of claim

15, wherein Conpound 7A is epared by esterifying
Conmpound 8: 8 CH3 N

comprising:
(a) hydrolyzing Compound 2B:

NHa:

H =
o N Obt.




F with a phosphate ester to yield Conpound 7A. 20.
The process of claim 18, wherein Conpound 8 is pre-
pared by reacting 3-bronmo-5-nmethyl pyridine with
3-fluo- rophenyl boronic acid. 21. The process of claim
12, wherein Conpound 4 is cqn- verted to Conpound 5 by
reactlng Conpound 4 with an aIkyI hal of ormate. 22.

The process of claim 12, wherein Cbnpound 5is con-
verted to Conmpound mnth
oxalyl chloride in%? %wule%m.&mgg lpm?“oPIowed by
hydrogenation in the presence of tert-am ne. 23. The
process of claim 12, wherein Conpound 2B is prepared
by cyclizing Conmpound ® 95 O Gt 0 OR3y wherein R3 is

&Mjrﬂ& and,

13. The process of claim 12, further comprising reacting
Compound A with an organic or inorganic acid to form a
pharmacewticallv aceeptable salt.

{4.'The process of claim 13, wherein the phannaceutically
acceptable salt is a bisulfate salt.

15. The process of claim 12, wherein Compound 6 is
reacted with Compound 7A:

TA

to yield Compound 1.



[

16. The process of claim 15, wherein Compound 7A is
treated with a base to form a carbanion, and Compound 6 is
then treated with the carbanion.

17. The process of claim 16, wherein said base is selected
from the group consisting of organolithium bases and metal
hydride bases.

18. The process of claim 15, wherein said base is LDA.

19. The process of claim 15, wherein Compound 7A is
prepared by esterifying Compound 8:

CH;

with a pliosphate ester to yield Compound 7A.

20. The process of claim 18, wherein Compound 8 is pre-
pared by reacting 3-bromo-5-methyl pyridine with 3-fluo-
rophenylboronic acid.

21. The process of claim 12, wherein Compound 4 is con-
verted to Compound 5 by reacting Compound 4 with an alkyl
haloformate.

22. The process of claim 12, wherein Compound 5 is con-
verted w Compound 6 by reacting Compound 5 with oxalyl
chloride in the presence of DMF, followed by hydrogenation
in the presence of tert-amine.

23. The process of claim 12, wherein Compound 2B is
prepared by cyclizing Compound 9:

wherein R, is H.



