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SYNTHESI S OF HI MBACI NE ANALOGS Fi el d of the Invention
This application discloses a novel process for the

w@e@pareasi on of hi nbaci ne anal ogs useful as t hpO52906/001208

receptor antagonists. The invention disclosed herein
is related taq those dlsclosed i N th- di ng pat ent
appl i cati @& : Y. E%Ieh g |

appl i cation serlal nos. 60/643 927; 60/644 464; and,
60/ 644, 428, all four applications having been filed on
the sane date. Background of the Invention Thronmbin is
known to have a variety of activities in different

cell types and thronbin receptors are known to be
present in such cell types as human pl atel ets,
vascul ar snooth nuscle cells, endothelial cells, and
fibroblasts. Thronbin receptor antagonists may be
useful in the treatFeld offtheHinventiorx, i nfl anmatory,
atherosclerotic and fibroproliferative disorders, as
wel | as other disorders in which thronbin

This application discloses a novel process for the preparation of
himbacine analogs useful as thrombin receptor antagonists. The
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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and its receptor play a pathological role. See, for
exanple, U S. 6,063,847, the disclosure of which is

w0 pwenpssat ed by reference. One thronbin receptPCT/US2006/001208

ant agoni st is conpound A, and salts thereof: This

conmpound is an orally bi oa%ai | abl e t hr ombi n recept or

ant agoni st derived from hi nbaci ne. Conpound Amay be

syn®heghredbin teaepipmpaniagonst igisermanA; andsadts ed

fromthe group consisting of alkyl, cycloal kyl, aryl,
thexedf:het eroaryl and R3, R4 and R5 are each

i ndependently selected fromthe group consisting of H,

al kyl, cycl oal kyl, aryl ,Qanyl ah kyl, and heteroaryl;
or, R and R5, together w8 thE tartidrP%tlom to which
they are attached, formtg mﬁ menbered ring having

pers. Processes for the
anal og thrombin

sed in U S pat. no.
N1o. 10/ 412,982, and
dalt of a particular

n U S. application no.

from 0-3 heteroatons as rf #gfe
synthesis of simlar hi Msaci &
receptor antagoni sts are disc
6,063,847, and U.S. applicati
the synthesis of the bisulfat
hi nbaci ne anal og i s discl osed

A

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

from Compound 2A:

Q H R4
o) Rs
R, H | H
OR3
2A

wherein Rz is selected from the group consisting of alkyl, cycloalkyl, aryl,
and heteroaryl and Rs, 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.



10/ 755, 066, the disclosures of which are incorporated
by reference herein. Summary of the Invention The

w@e@sentseappl i cati on provides an i nproved procCRSEUSNG/001208
prepari ng hi nbaci ne anal ogs from conpound 2A. The
i nproved process may allow?for at |east one of easier
purification by crystallization, easier scalability,
andPronpsseeddr @gm@eﬁi%@fdslaﬁlatrﬁ@nd%@m%anél%nmrewém
One aspect of the invention is a process for preparing

recEptpoamtagonisih arediscRisedrits RS. arad. eacﬁ,Q%m%‘bEr@@E U.$.
sel ected fromthe group consisting of alkyl,

applyedtival kgl 10 a4 ¥2,982ndntHaehersyantiiesis af dhKbisidfagelsalitafch
fromthe group consisting of halogen, -CF3, C-C

partldithr hGhbaeink! diyg iadibclSeRgn WiterapiphicRtios el ect ed
fromthe group consisting of H G -C al kyl, phenyl,

5 10NSk 06z Yhe deipdires g wiigh are dhcdgratelasyprafatna:

wherein R2 is as defined above, and R3 is H, alKkyl,

hefg! oal kyl, aryl,

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

O
T
T

NHCO,R,

A\ /2
—Z

l
\\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, -CFs, C1-Cs alkyl, C1-Cs alkoxy, and
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aryl al kyl or heteroaryl; R4 and R5 are each
i ndependently selected fromthe group consisting of H,

wa@bkdogh7eseycl oal kyl , aryl, arylal kyl, and het erp&r/y52006/001208

or, Rand R5, together with the carbon atomto which

they are attached, forma %= to 7-nmenbered ring having

fromO-3 heteroatons as ring nmenbers, to form2B: 2B
-COoFeonkeror Ryt wyces fmmz%etgsoypao@ssstmmwn@lﬁe

rebp 5& as defined above; (b)
tn%%g%%emﬁl %é d Compound 4 :4 wherein R2
(a) trsdmngd Coathbabal/ 8A: and R and R7 are each
i ndependent|y sel ected fromthe group consisting of H,
al kyl, cycloal kyl, aryl, Haryl; (c)

converting Conpound 4 tO R vvherel n R and
R2 are as defined above: °

wherein Ry 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, R+ 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]
Ry H H
07 TOR3
2B
followed by hydrolysis of 2B to yield a compound of formula 3:
Q H H
o}
o]
R H H
0 OH
3

wherein Rz is as defined above;

(b) aminating Compound 3 to yield Compound 4:
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(d) converting Conmpound 5 to Conpound 6 : wherein R

and R2 are as defined above; and (e) reacting Conpound
W@ 26056pmpound 7 : to prepare Conpound 1. | nPGDI®2006/001208

enbodi nents, Conpound 7 is treated with a base, and

t he carbani on product is tRen reacted with Conpound 6.

Preferably, the base is an organonetal lic conpound.

More preferably,the basg ganol i t hi um conpound.

Still nore preferably, y A. I n sone
enbodi nents, R is alk§ 2 enbodi nents, R is
ethyl. In sonme enbodi Is 3-fhioro. In sone

enbodi ments, R2 is aIkyF.O/* me enbodi nent s,
Conpound 7 has the structure 7A: wherein said conpound
7A is prepared by esterifying Conpound 8 : 8 with a

hosphate ester to.yield npo 7A. In so
R e Gar ) SpBE At B etor e shch Bifffrendenty
selateaprospiiat group catstatiag oo B, riifls cydloslksi, adryy, | and
hal ophosphate is diethyl chlorophosphate. In sone
heteroaryl;
(c) converting Compound 4 to Compound 5:
QO H H H
o T
Re | #
0% TOoH

wherein R; and Rz are as defined above;

(d) converting Compound § to Compound 6:

O H H oy
N

wherein Ri and Rz are as defined above; and

(e) reacting Compound 6 with compound 7:

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,



enbodi nents, Conpound 8 is prepared by reacting
3-brono-5-nethyl pyridine with 3-fhiorophenyl boronic
w@eiodorasesome enbodi ments, R2 is nethyl. |n soP@I/US2006/001208
enbodi nents, R3 is selected fromthe group consisting
of hydrogen, alkyl, and a'r§/’r al kyl. In sone
enbodi ments, R3 is arylalkyl. In some enbodinents, R3
theilsasednayl orgamolithitine ebemaveit s Stilt rapre peefealbpithe base
together with the carbon to which they are attached,
is fIvkm a five-nenbered heterocyclic ring. In sone
enbodi nents, the five-nenbered heterocyclic ring
contains three carbon atons and two oxygen atonms. In
SoIma e dinediments, RdisRdkal: elreswhe dmbotdizgwms, R is
enbodi nents, Conpound 2A is reduced with hydrogen in
5  ethyhenpeearnaabedingertehRg igBtAtomat il y@he elbatiments, Rz is
enbodi ments, Conmpound 3 is am nated with an amoni um
alk§! tn kfmlchanBE@&HeRE, Condpdinl 7 W dle strbhaturst7Al n
Some enbodi nents, the ammonium salt is ammoni um

formate. In sonme enbodiment®, the noble netal catalyst

i s pall adi um on carbon. P~ (0Et),

B
b

TA

i

wherein said compound 7A is prepared by esterifying Compound 8:

10 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

15 pyridine with 3-fluorophenylboronic acid.



10

15

20

25

In sonme enbodi nents, Conpound 4 is converted to
Conpound 5 by reacting Conpound 4 with an al kyl
whaloehoissmt e. 1 n sone enbodi nents, the al kyl PCT/US2006/001208
hal of ormate is an al kyl chloroformate. In sone
enbodi ments, the alkyl chtbroformate is ethyl
chloroformate. In sone enbodi nents, Conpound 5 is
corinesareel etrdoc@ém@@@mstiSki}leﬂédctmr@n@ aEGedEnsniy, s is
oxalyl chloride in the presence of DWF, followed by
sele@ddcfrmmmuergrwmcmtﬁtmgmﬁwhsdroeenp@quél, anl awlgllwﬂ;aﬂ@d
by cyclizing Conpound 9 : wherein R2, R3, R4 and R5
somae engisodiedfdrie dRa baeylalkyl.s hneomwbmﬂbn@imma}tSRRs ambergyl.
taken together with the hydrogen to which they are
In 8bihacliebodintsmbsaRt iave- Ry rthker dogether odyic the cadbog. toR3
is arylalkyl. In sone enbodi nents, R3 is benzyl. In

whisHeh SPRRdLREhEd, ohe 4 fiverhénbeARThERASSR i CAINE. 0BRSS
for preparing Conmpound A: A

some embodiments, the five-membered heterocyclic ring contains three

carbon atoms and two oxygen atoms. In some embodiments, Re and R7

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 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 presence of DMF,

followed by reduction.
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sai d process conprising: (a) hydrolyzing Conpound 2B:
2B to yield Conpound 3 :3 ; (b) am nating Conpound 3
wa 00giosdsed Conpound 4 @ 4 ; (c) converting ConpPCmtS2006/a1208
Compound 5 : 5 ; (d) converting Conpound S to Conpound
6 : 6 ; and, (e) convertih@'Con‘pound 6 to Conpound
A:A. I n sonme enbodi nents, Conpound 6 is reacted with
Corfpospmae Zmbodiments,i @OmpPoBRf Ahis Rrenayed diyecyclizing
enbodi nents, Conpound 7A is treated with a base, and
Cotipeucd 9ani on product is then reacted with Conpound

(0]
R4
Rs
0 OR3 9

wherein Ra, R3, R4 and Rs are as defined above. In some embodiments,
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, Rz is benzyl.

In some embodiments, the invention encompasses a process for

preparing Compound A:

Q y

N NHCOE
o
HIA

i e}

4
=z

-

said process comprising:

(a) hydrolyzing Compound 2B:

to yield Compound 3:



6 . In some enbodi nents, the base is an organonetallic
conpound. In sone enbodi nents, the organonetallic

W@ 09p0uised | s an or ganol it hi um conpound. | n SoOMBCT/US2006/001208
enbodi ments, the organolithiumconpound is LDA. In
sonme enbodi nment s, Canound’?A is prepared by
esterifying Cbnpound 8 :8 with a phosphate ester to
yi el d Conpound 7A. In G one eﬁbodinents t he phosphate
ester is a dialkyl hal ' °n some enbodi nments,
t he di al kyl hal ophosph hyl chl or ophosphat e.
In some enbodi nents, t Fication is conducted
in the presence of a b‘se1 34 sone enbodi nents, the
base is a dialkyl |ithiurnnige. In some embodi ments,
the dialkyl lithiumamde is dllggpropyl ['ithium
am de. In sone enbodi nents, i s prepared by
reacting 3- brono-5-nethyl pyrldlne with
3-fl uorophenyl boronic acid. In some enbodi ments, R is
aIkyI In sone enbodinents, R is ethyl. In sone

5 (b) SN g%@*&:anng%mw ﬁadléommﬁﬁawed with a mineral

NH,

10

15

6 ;and,
20 (e) converting Compound 6 to Compound A:
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enbodi nents, Conpound 3 is am nated with an amoni um
salt in the presence of a noble netal catalyst. In
W@ o0ve/0Bshodi nents, the ammoni um salt i s ammoni BET/US2006/001208
formate. In sonme enbodi nents, the noble netal catal yst
i s palladi umon carbon. t#%some enbodi nents, Conpound
4 is converted to Conpound 5 by reacting Conpound 4
with an al kyl hal oformate. I n sone enbodi nents, the
al kyl hal of ormate isyap ahkyl chlorofornate. In sone
enbodi ments, the al ky_Jchlloxoffbr make is ethyl
chlorof ormate. I n s@ ) menits, Conpound 5 is
converted to Conpoung § by ~reactd ng Conpound 5 with
oxal yl chloride in thepregence of DV, followed by
hydrogenation in the presgnce of tertamne. In sone
enbodi nents, Conpound 2B SNprepared by cycli zing
Compound 9 : 9, wherein R3As as defined above. In
sonme enbodi nents, R3 is arlylalkyl. In sone
enbodi nents, R3 is benzyl n sonme enbodi nments,
Conmpound 1 is further reaCted wth an

A.

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

TA
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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organic or inorganic acid to forma pharnmaceutically
acceptable salt. In sone enbodinents, the acid is

wa@edoeotesed f rom t he group consi sting of hydr ochP@r/U82006/001208

sul furic, phosphoric, acetic, citric, oxalic, malonic,
salicylic, malic, fumaricllsuccinic, ascorbic, naleic,
and met hanesul fonic acids. In sone enbodi nents, the
phar maceutical |y acceptalffe salt is the bisulfate
salt. Another aspect of A¥g invention is a novel
compound 3 : 3, mherein|R; is selected fromthe group
consi sting of al kyl, cyclyoal kyl, aryl, and

het er oaryl . Anot her aspemzéﬁ the invention is a novel

conmpound 4 : 4, wherein is selected fromthe group
consi sting of al kyl, cyctoatkyl, aryl, and heteroaryl,
and R and R7 are each independently selected fromthe
group consisting of H al&kyl, cycloalkyl, aryl, and

het er oaryl .

with a phosphate ester to yield Compound 7A. In some
embodiments, the phosphate ester is a dialkyl halophosphate. In some
embodiments, the dialkyl halophosphate is diethyl chlorophosphate. In
some embodiments, the esterification is conducted in the presence of a
base. In some embodiments, the base is a dialkyl lithium amide. In
some embodiments, the dialkyl lithium amide 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 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 5 is converted to

Compound 6 by reacting Compound 5 with oxalyl chloride in the
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Still another aspect of the present invention is a
novel conpound of the following fornmula: 5 wherein Ri
w@anwe®®se4 e each i ndependently sel ected from tPET/JSm0§001208
consi sting of alkyl, cycloal kyl, aryl, and heteroaryl,
and Ri is selected fromtHA&-group consisting of alkyl,
cycl oal kyl, aryl, and heteroaryl. In sone enbodi nents,
prestiecd o/ BMF,dollewed ipyalsypbrogemgtion i fiac gt sawieryf tert-
conpounds: Afurt her understandi ng of the invention wll
ambee. hadsémenhbedifwdrtswWCompoetnal 2Bds gesparqut bynydizinge
i nvention. Detailed Description of the Invention The
Com@bliddiog definitions and terms are used herein or are
ot herwi se known to a skilled artisan. Except where
stated otherwi se, the definitions apply throughout the

speci fication and clains. é?cal names, conmmon nanes
and chem cal structyres used
N
07 "OR,
9,

wherein Rs is as defined above. In some embodiments, Rs3 is arylalkyl. In

some embodiments, R3 is benzyl.

In some embodiments, Compound 1 is further reacted with an
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

salt.

Another aspect of the invention is a novel compound 3:

QA H H
O
o
R2 H H
o] OH
3,

wherein Rs is selected from the group consisting of alkyl, cycloalkyl, aryl,
and heteroaryl.
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I nterchangeably to describe the same structure. These
definitions apply regardl ess of whether a termis used

Wh0060%E64 or in conbination with other terns, PCRUSRNS6/001208

ot herw se indicated. Hence, the definition of "al kyl"

applies to "alkyl" as wetl3as the "al kyl" portions of

"“hydr oxyal kyl ," "hal oal kyl ," "al koxy," etc. Unl ess

ot Herotheeakprsiref the dneehizom hamevelocaaPeBnd

contrary, the point of attachnment for a nultiple term
OBjRect structure is

substituent (two or
identify a single noiety
p @ he nmultiple term
substituent. For exang’e, cycl oal kyl al kyl
substituent attaches T0 3 ‘grgeted structure through
the latter "alkyl" porti®n & the substituent (e.g.,
structure-al kyl cycl oal kyl). The identity of each
vari abl e appearing nore thdk once in a fornula may be
I ndependent|y selected fromthe definitiaon for that
vawhartie Raisl sedected Hermithe erop capelsing IS cxrlegliyl,
shown or otherwi se known to be the contrary, all atons
aryil] dnd tyeteredryln chemical fornul as for coval ent

conpounds possess
and Re and R7 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
O
R»> H H
(o} OH
5

wherein R1 and Rz are each independently selected from the group
consisting of alkyl, cycloalkyl, aryl, and heteroaryl, and
Ri is selected from the group consisting of alkyl, cycloalkyl, aryl,

and heteroaryl.

In some embodiments, the invention encompasses any of the

following compounds:



normal val encies. Thus, hydrogen atons, double bonds,
triple bonds and ring structures need not be expressly

walepsoted i n a general chem cal formul a. Doubl BCHUSZM86/001208

where appropriate, nmay be represented by the presence
of parentheses around an-dfomin a chenical formula.
For exanple, a carbonyl functionality, -CO, may also
WEpresented inea ﬁhe cal formula by -C(O-, or
0 One~Ski | 1ed he AaRlr,W | | be able to
e pr-@en bsence of double (and
dS) in a a2t e y- bonded nol ecul e. For

] beoT epmesent ed by - COOH, - C(O OH,
-CX:C»C}ior CO2H. The term "heteroatom" as used
herein, means a nitrogeny, sulfur or oxygen atom
tiple heteroatons iY_tthe bz roup, may be the sane
] s tTFQRs usedohe e tferm "al kyl " neans

e hato can be straight or

A further understanding of the invention will be had from the

5 following detailed description of the invention.

Detailed Description of the Invention

The following definitions and terms are used herein or are

10 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

15 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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carbon atons in the chain. Preferred al kyl groups
conprise 1 to about 15 carbon atons in the chain. Mre
w@e@beresed al kyl groups conprise 1 to about 6 PEF/D82906/001208
atons in the chain. "Branched" neans that one or nore
| ower al kyl groups such addmethyl, ethyl or propyl,
are attached to a linear alkyl chain. The al kyl can be
suB&lesspedenwiso kaown, stated sybdoveuenbs tp ibe sentrany) the
sel ected fromthe group consisting of halo, aryl,
poiay of a#lakhinertyfanea, mhitihle tgrm subskiyyent Qtwbtdri mpreatdrrrcs,
-NH(al kyl), - NH(cycloal kyl), -N(al kyl)2 (which al kyl s
that aife Renibiaed avadeaitiffi £ Siegknimojietyptdaxgutgect structure is
-(O G alkyl. Non-limting exanples of suitable alkyl
thr8tgHRGel 186t HER etaEhl of tBthyhiltiple peanWubstisaet pybs
utyl, t-butyl, npentyl, heptyl, nonyl, decyl,
exafrhAPIy %%Mélkyﬁalkﬂs‘dl%ﬁﬁi&éﬂw&ttéﬁ%éit&h wgeped BB

kenyl™ neans an ali phatic hydrocarbon group

thr()ﬁ%hachgrlhtt‘éf “Qm@ﬁ%}?r@ioﬁaafttﬁe SRt fP angl §tﬂmau%ea1q><571-

doubl e bonds in thechain and whi ch can

k& ated or unconjugated. Useful alkenyl groups can
conp I'se 2 to about 15 carbon atons in the chain,
preferably

The identity of each variable appearing more than once in a
formula may be independently selected from the definition for that

variable, unless otherwise indicated.

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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2 to about 12 carbon atons in the chain, and nore
preferably 2 to about 6 carbon atons in the chain. The

w@bdenysegr oup can be substituted by one or nOPEI/US2006/001208
substituents independently selected fromthe group
consi sting of halo, alkytt6aryl, cycloal kyl, cyano and
al koxy. Non-limting exanples of suitable al kenyl

carjoxylgsanictiohalty maydrs/ teprpsarped by, -GPOE, eYP)OH, -C(=0)OH
3- et hyl but - enyl and n-pentenyl. Were an al kyl or

or &dghyl chain joins two other variables and is
therefore bivalent, the terns al kyl ene and al kenyl ene,
respectively, are used. "Al koxy" neans an al kyl -O
group in which the alkyl group is as previously
deggiel teesh “Hérefddtonl, Kax yisgd Giepsing ateaonphitregdn talfur or
about 12 carbon atons, preferably 1 to about 6 carbon

oxydk A MorNON1tifld h8@rexdmy RSt s@Hbla@blip bk O¥)\the rsaups
include nmet hoxy, ethoxy and isopropoxy. The al kyl

or @RYdnof the alkoxy is linked to an adjacent noiety
t hrough the ether oxygen.

As used herein, the term "alkyl" means an aliphatic hydrocarbon
group that can be straight or branched and comprises 1 to about 24
carbon atoms in the chain. Preferred alkyl groups comprise 1 to about
15 carbon atoms in the chain. More preferred alkyl groups comprise 1 to
about 6 carbon atoms in the chain. “Branched” means that one or more
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, trifluoromethyl 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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The term "cycl oal kyl" as used herein, nmeans an
unsubstituted or substituted, saturated, stable,
woomsarasnat i ¢, chemncal | y-feasibl e carbocycli cPeT/mg2006/001208
havi ng preferably fromthree to fifteen carbon atons,
nore preferably, fromthrdé-to ei ght carbon atons. The
cycl oal kyl carbonring radical is saturated and may be
cheinsad, whinh esmlpg| eonjhgatedfarserconipgatedn U sefud pikenyl
cycl oal kyl, aromatic, heterocyclic or heteroaromatic
grouipsgsn dinepuye Roal Kydutnty chrbart atephein Hee ghgin, preferably
endocyclic carbon atomthat results in a stable
2 tshbuat URearBorfatomsdncidrebdmio) and merggspiederably 8riofabpat
to six carbons. Exanples of cycloal kyl radicals
6 chAsdudeoray ¢h epe ehylin. Theladketiyllgroupdaopensybstituted by
cycl ohexyl, cycloheptyl, or the like. "A kynyl" means
oné@Br Al driehaidstithydisogricpend ety Beleorael irsimtheagrdugast one
carbon-carbon triple bond and which may be straight or
coft¥i @5 H 8 nal] LOAP A BcIBRM, Falind @IDHikok. adshditniting
atons in thé chain.” Preferred al kynyl groups have

ex%g?%ts o Sttﬂta%g‘? Hikeld] GRERODiRIQAS etierdNEpLIFUR, @bhtenyl,

e preferably about” 2 to about 6 carbon atons in the

3_50aR ugggﬁp%zgnnﬁmnw_at one or nore |ower alkyl

groups su

Where an alkyl or alkenyl chain joins two other variables and is
therefore bivalent, the terms alkylene and alkenylene, respectively, are

used.

"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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met hyl, ethyl or propyl, are attached to a |inear
al kynyl chain. Nonlimting exanples of suitable

wa@bkdgnywsegr oups i ncl ude et hynyl, propynyl, 2- BCE/yszo06/001208

3-net hyl butynyl, n-pentynyl, and decynyl. The al kynyl
group may be substituted B -one or nore substituents
. whi c_h may be the sane or different, each substituent
rinpeadigal isdetendediand sEveke Sasad: dow exrmpleo SERNSEL MG
of al kyl, aryl and cycloal kyl. The term"aryl," as
oneugetivd eyelbalkyhyemomatics Uisseracyckel oo hetaroatpynatigrings. The
aromati c, nono- or bicyclic, chemcally-feasible
cyctalkgicyealile attachalat eny kadongclic cmbonatom the results in
aromatic rings. The aryl noiety will generally have
a stdesbricduied Pasfbiand atobscywilichrimgd have from five to six
avai | abl esubstitutable carbon atons of the aryl noiety

carBBhBg H:phepRedf agcloansilihaijos riduaé catlbpedppntyclobutyl,
Represent ati ve exanpl es include phenyl, tolyl, xylyl,

cyESERY] cyerpikhY loyclodlep@fly 8F enapkehyl , i ndanyl,
i ndenyl’, "or the Iike. If desired, the carbocyclic
noi ety can be substituted with fromone to five,

preferably, one to three, nvoieties, such as nono-

LSQ?%%}HZ%%%? aﬁ}) ﬁg%ig%:}c HydrbéAPoANB LY conPhESitle at
least one carbon-carbon triple bond and which may be straight or
branched and comprising about 2 to about 15 carbon atoms in the chain.
Preferred alkynyl groups have about 2 to about 10 carbon atoms in the
chain; and more preferably about 2 to about 6 carbon atoms in the
chain. Branched means that one or more lower alkyl groups such as
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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am no, nonoal kyl am no, di al kyl am no, or the |iKke.
"HeteroaryF neans a nonocyclic or nulticyclic aromatic
WO powg/0%pes em of about 5 to about 14 ring at onsPCT/US2006/001208
preferably about 5 to about 10 ring atons, in which
one or nore of the atoms-1h-the ring systemis/ are
atons ot her than carbon, for exanple nitrogen, oxygen
substitistalbie cartivbnatomas pbtlyegoil insoiety feinghingsredadcgs possible
het eroaryl groups can be unsubstituted or substituted
poimistdf attqhmeat.t Repfessnizgivet eremuplespnelueieahenylotedyl o
five substituents, nore preferably, one, two or three
xylyB UG Hiehy MpHtbyY tetrabpdtdnaplghypentiahpl, dndedily by the
trifluoronethyl, phenyl, hydroxy, al koxy, phenoxy,

like@ N AR sirBBNER &arbardle mdicty lagnalbe Babsttuteevith Kem one
Typically, a heteroaryl group represents a

to fRBe ey ! 8RS IKH Itl@re_%% el ditien, ahods o -ahraigh at ons,
or a chemcally-feasible bicyclic group of nine or ten

perflg.ﬂgf)’, 1| 88GhodREetBl1, WHER1, By &@kPORIkoapdphand:Rg at

east 'on€ oxygen, sulfur or "nitrogen atominterrupting

ey BB ARYR BEL mE Turter of 0
Representative

“Heteroaryl” means a monocyclic or multicyclic aromatic ring
system of about 5 to about 14 ring atoms, preferably about 5 to about 10
ring atoms, in which one or more of the atoms in the ring system is /are
atoms other than carbon, for example nitrogen, oxygen or sulfur. Mono-
and polycyclic (e.g., bicyclic) heteroaryl groups can be unsubstituted 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, trifluoromethyl, 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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het eroaryl (heteroaromatic) groups are pyridinyl,
pyrimdinyl, pyrazinyl, pyridazinyl, furanyl,

whewsofassanyl , thienyl, benzothi enyl, PCT/US2006/001208
thiazolyl, thiadiazolyl, imndazolyl, pyrazolyl,
triazolyl, isothiazolyl,-B8nzothiazolyl, benzoxazolyl,
oxazolyl, pyrrolyl, isoxazolyl, 1,3,5-triazinyl_ and

thiddiazilyl, inpicagsdyl, Phreazodylntrizaslyds inofaiazelili hepzoshiazolyl,
"heterocycle,” as used herein, nmeans an unsubstituted

bermoxazdigh okate], pyatreyhtiswkazalydat 3 2t ddzioy] angdrintply]
chem cal | y-feasi ble ring, conprised of carbon atons

groaps. one or nore heteroatons in the ring. Heterocyclic
rings may be nonocyclic or polycyclic. Mnocyclic
rings preferably contain fromthree to eight atons in
the ring structure, nore preferably, five to seven

at gk tePQ SHateFdc§clit Rbhed Y3 t“BETer66ySe 3 tisngseafl hémsin,r i ngs
preferably contain fromsix to sixteen atons, nost

meBh €L @REYbsti®Red Or lst)s¥itu @9 BhturBedy,cysdd taratieddor
systens consisting of three rings contain preferably

aro{;ﬁa%@,téﬂe&ﬁi@:@?}f—%@aé‘lﬁl@ﬂﬁg?&brﬁ £98d offehfhdH Bfh8BhH. one or
ourt'een or teen atons. Each heterocyclic ring has
moﬁé thle?ee}%%ltoqgg HShe A OfetdBLRIR QhBEEYMySBe SAHRY clit Be
et’eroat ons
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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may each be independently selected fromthe group
consisting of nitrogen, sulfur and oxygen atons. The
wo eoa®76stal , " "hal o, "hal ogen" and "halide, " BST/USHO6/001208
herein, nmean a chloro, brgono, fluoro or iodo atom
radi cal . Chlorides, bronidds and fluorides are
preferred halides. The foll ow ng abbreviations are
n-Fiety neanalsbyel) bR isiter-Patyli QAF isrrertass Jk8pR%H de;
EtOH is ethanol; Me is nethyl; Et_Ls.eth§l; Bu is
potbasipim ferBibutoxide; MBS brflyhpromosmecinimide: NMR i 1-noptdhyls
acetate; KO -Bu is potassiumtert-butoxide; NBS is
2-pYvrdiidinmse;dOMA 16 Ngy-dimPthiydadetantifig;| n- BuphBraési di none;
DVMA is i -dinmethylacetam de; n- Bu NBr is
tettgiutslauh poabmmribromideo ai- Be; NOH BuetddOd tylsmmonium
t et rabut yl ammoni um hydroxi de, 11-Bu NHSO i s
hyd:@xidd) H-BuaNHB0 18 teycttngeamsmbhaim, hydrdgen wuifaté,sand
equi val ents. General Syntheses The foll ow ng schene
equivl #Sédiabeends.process for preparing Conpound 1 from

Conpound 2B: Step 1. Conpound 2B may be prepared from
compound 2A

General Syntheses

The following scheme illustrates a process for preparing Compound

1 from Compound 2B:
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0 the reacTL? . Acet o
S ~LA

according to the process described in U S. 6,063, 847.
It may be converted to Conpound 3 by reaction with an

w@eiod/ 076360 sol vent. Suitable acids include stredyusmoeen12o8

such as, for exanpl e, hydrochlorlc acid and sulfuric
acid. Hydrochloric acid r €2 preferred. The sol vent may
be any organic solvent that does not interfere with
WS aHpartlcuIarIy pgeferred

O H

i s_c¥miert ed @@ 7
- ¥Oric acid i n\aeetare as
R: soLivént . Step 2: Cbﬁbouna Bis subsequentdy apimat ed,
UPdePRsui t abl e ani mati 6 conditions, to yiebd houhd
4 2BThe ani mation may be ,conduct ed mnth an anj mati ng
agent. According to one aspect of the inventipn, the
ani mating agent is an ammoni um salt, for exanpl$ep3
amoni um formate. The amination is preferably
conducted in a solvent, preferably an al cohol} for
exanple a | ower al kanol. Ethanol is preferred.

Fol |l owi ng the addition of the an1nat|ngoagentH thq4

cgording to¢
Véhtl&&glenpc

reaction mxture& is cenbined with a nobl) OR4
catal yst. Variou ﬁfo%atalystSJar Wf
o) Step 4 0
—-—
H
R H &HO o) OH
Compound 7A
o
B NHCO.R4
Q
R, H I
AN
S
Q
\\Rg
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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sui tabl e, such as palladiumor platinumon various
types of carriers. Mdire than one noble netal may be
wWais@doase4 he catal yst. Apreferred catal yst i s pel/Usaoeon1208
on an activated carbon support. Step 3: The am ne
noi ety of Conpound 4 is fﬁgﬁ converted to the
correspondi ng carbamate 5. The conversjion nmay he
inventioc Gampprnd B i xgnveriadioFAmRoUnd: §yAy reaction with

chloroformate is preferred. It nmay be advantageous to
1N dyddachloticenqié i ticotonieras p@veitesence of a base, such
as a strong aqueous base. Suitable non-limting
exanpl es of appropriate bases include the alkali netal
hydr oxi des. Sodi um hydroxide is preferred. Follow ng
corgikptd:otonfpditel BdaastibsaquGoiip enridatedrayndes sustibde ed
by crystallization.Step 4. The carbamate acid 5 is
am$rd1s6e eentltiort) Ry §idlé Cdmpdined dar Theaheinatidahydg bé .
This may be done with, for exanple, oxalyl chloride in

cotd1&-tRH SFiER 6@ Ahnirdatsid %é\it Kadabid to an®uspsectast thivF
may be enpl oyed. Suitable solvents include organic

inveRk¥ENtRe aﬁrﬁhaﬁ %"ﬁ%ﬁ:ﬁt 4 XER%SuRXH1Y | fof Bkaiplke s

t hen renoved e reaction thUI‘eIS
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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subj ected to reducing conditions. Hydrogenation
conditions are preferred. Suitable hydrogenation
w@omvditisens i ncl ude provi di ng hydrogen gas at BCT/US2006/001208
pressure ranging from50 to 200 psi, for exanple 100
psi. The hydrogenation is2advant ageously conducted in
the presence of a hydrogenation catal yst and a
t eBterafri Mhescafpazazatefapid Sxiargvibseqhientlyicaaverted fo the
catal ysts are known to those of ordinary skill in the
carlaarhatnaldehytade, Thiy meydepdene will, domexahple pxalyl
support. Apreferred hydrogenation catalyst is
chi@add Bfthupessenctiof at sxlvast hoatalydiepmivunts of AIME yae be
functionality on Conpound 6 is subsequently reacted
eml:\llfbfréd lheitpblessvdttsaftRide organid slderdsnfrounchmpleddiF.
foll ows: The reaction above is preferably conducted in
Exc@sS 8k¥BNchadisdis tHeeptdn@r<doBRaWMe réabtibh mixbaseispri or
to reacting it with Conpound 6 . Suitable solvents

sutiSbH S rOndeR CoaRliieAls HyReRoidPLoaYdnalaean.

referred bases include organonetal |ic conpounds,
T
gas at a pressure ranging from 50 to 200 psi, for example 100 psi. 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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hexadi net hyl si | azi de, |ithiumdiisopropyl am de,
n-butyl lithiumand the |ike. Apreferred base is LDA

waewondisng t o one aspect of the invention, thePCT/US2006/001208

preferred phosphate ester is the follow ng conmpound
7A. Conpound 7A may be prépared from Conpound 8 by
treati ngConpound 8 with diethyl chl orophosphat e:
Conpound 8 may be obt & ned by the process described by
Kyoku, Kagehira et al-Pi@r)Preparation of

(hal oaryl) pyridines, X (APl Corporation, Japan). Jpn.
Kokai Tokkyo Koho (|20(4). 13pp.\ QODEN

osphate Res preferreds The reaction is
y donducfed in the presengelof a base, such
g diral kyl'i t hi um ami de, for exanple diisopropyl
;m®n1an1de. Compound 1 may be fpftther reacted with
an organic acid to forma pharnace.~'\glly accept abl e
saPt. Suitable acids include, but are nbt

1

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, lithium 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:
P(O)(OEY),

B
Z

E
7A

Compound 7A may be prepared from Compound 8 by treating
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limted to, for exanple, hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic,

W@ 20060956£, malic, fumaric, succinic, ascorbi CPCIHF®0€001208
and net hane sulfonic acids. In general any acid
capable of formng a pharﬁﬁceutlcally acceptable salt
wi th Conmpound 1 naﬁ be suitable. Specific

CoSpntihdB mtadmtbyly lorppbpapldicon of Conpound 3 2B 3 To
a reactor equi pped with an aoltator t her nonet er and
nitrogen, were added about 1§"s kg of 2B, 68 L of
acetone and 68 L of IN aque»t\NhydrochIorlc acid
solution. The m xture was hL’L-d to a tenperature
bet ween 50 and 600C and agit3gted for about 1 hour
before cooling to roomtenpergture. After the reaction
was j udged conplete, the soﬂSj<n1mas concentr at ed
under reduced pressure to abutt ®2 L and then cool ed
to a tenperature between 0 andl 50C. The cool ed m xture
was agitated for an additional hour. The product 3 was

Coifniplotiede8 may bhedtained kyothedravese deagribeft bEdyoku,
provide an off-white solid (6.9 kg, yield 76%9. m p.

Kagddib£Let al in “Preparation of (haloaryl)pyridines,” (API Corporation,

Japan). Jpn. Kokai Tokkyo Koho (2004). 13pp. CODEN: JKXXAF JP
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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NVR (DMBO) d 12.8 (s, IH), 4.72 (m J = 5.90 Hz, I H),
2.58 (m 2H), 2.40 (m J = 6.03 Hz, 2H), 2.21 (dd, J =
wa2000/076¢684 8 Hz, 3H), 2.05 (m IH), 1.87 (g, J BCBUSD06/001208
Hz, IH, 1.75 (m IH, 1.55 (m IH, 1.35 (q, J = 12.6
Hz, IH), 1.27 (d, J = 5.887Hz, 3H). M5 (ESI) Mt niz
cal cd. 267, found 267. Exanple 2 - Preparation of
Exa@opie dnd Prepagation of Gampeundi®ni um f or mat e was
di ssolved in 9L of water at_ 15- 250C, and then cool ed
o tg 0-40 06—8.9 kg of Conpdyndi 3 Was charged at 0-15
B yn@ﬁg%&g.léi on ' &: et hyl al cohol .
3 z aoled df 10% Pal | adi um
o oo (50% wet ) and 9 L of | wetzex-were charged. The
batehHwas then warned to 18{280¢ dhd agitated for 5
hgdfsouWhi | € mai ntaini ng the tofhpesat ure between 18- 28
OC After the reaction was jugged conplete, 7 IL of
Ber was charged. The batch was filtered and the vvet
cat,%yst cake was t vvashe

¥ St caae R peetn themPReiR aga%%eag
weg%géaéq(blpo rﬁ]la‘cé&g% ﬂgso(f) I2l113t I6%nL olrggego?leu;ﬁ(? g8v¥?gf %[Iﬁl aqueous

hydrochloric acid solution. The mixture was heated to a temperature
between 50 and 60°C and agitated for about 1 hour before cooling to
room temperature. After the reaction was judged complete, the solution
was concentrated under reduced pressure to about 42 L and then cooled
to a temperature between 0 and 5°C. The cooled mixture was agitated for
an additional hour. The product 3 was filtered, washed with cooled water
and dried to provide an off-white solid (6.9 kg, yield 76%). m.p. 251°C.

IH NMR (DMSO) & 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 (q, 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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step without further isolation. The yield is typically
guantiative. mp. 216.4 0C. H NWR (D20+1 drop HO) d

w@2ms/0tasp4 | H), 2.76 (m IH), 2.62 (m IH), 2.48CT/US2006/001208

(dd, J-5.75Hz, IH), 1.94 (m 2H), 1.78 (m 2H), 1.38
(m 2H), 1.20 (m 6H), 1: 2% (m IH, 0.98 (q,J=2.99Hz,
I H). Exanple 3 - Preparation of Conpound 5. 4 5 To a
t hree-necked round bottoned flask equi pped with an
agitatorg tHhermDmster and a nitrogen inlet tube was
added a sy Do GoBROKBSN4 | N Aquedus.@thanol (100
g acti ved 0 i OR\ W centrated to
about 70Q unaer r educed pressurg @ OCto 40Cto
renmove et h)'él/ﬁg)cohol The resul tant dfonmgeneous
m xture was cool ed to 20 OC to 30 C,and its pH was
adj usted td range from12 to 13 vvith 250 m of 25%
S 0di. 41 ghyfcmaxi ctdusofartiade wits dissolaeatiaidli oigwates at 15-
tenperature at 20-30 C. Then 82 m of ethyl

25 la@vdoftnes detas Os il 0vd.y Sdike df CompeubdBcwaswharged at
period of 1 hour while maintaining the batch

0- I5eaEelewEl Byl 419 BdAdidCof 89801 08 eyl atpethol.oTharbatch was
addi tional 30 m nutes.

cooled to 0-5°C. 0.9 kg of 10% Palladium on carbon (50% wet) and 9 L of

water were charged. The batch was then warmed to 18-28°C and
agitated for 5 hours, while maintaining the temperature between 18-28
oC. After the reaction was judged complete, 71L of water 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. 1H 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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After the reaction was judged conplete, the batch was
acidified to pH7 to 8 with 10 ml of concentrated

whyasoodsbori c acid (37% and 750 ml of ethyl aPEr/ESMN6/001208

The pH of the reaction mxture was further adjusted to

pH 2 to 3 with 35% aqueou% hydrochl oric acid sol ution.

The organic |ayer was separated and the aqueous | ayer
Example@t+ Brspadatagaiof CAmporsd Sai of ethyl acetate. The

conbj ned organlc | ayers were washed, twyce wi th water
(200 ?") Qopeynd 5 was i sol at dq4 anNor iC

hept ane e (]aq]NaﬁH)éctllﬂlﬁte, 15
iThe solid was filtered &t 35Q GCto 60 C,
vvashedomthept ane and then dri edol//é\pnow de an

off-white solid (yield 509. mp. 1?7 7C. 1HNMR ( CD3CN)
d 5.314(brs, IH), 4.67 (dt, J 16.1) 5.9 Hz, IH), 4.03

( q ’To %f%%e%%g%nﬁ}@é&o%ﬁgzﬂa@h cﬁ.ué?ed v%tﬂ @n( £%tator
megr;ufng;e;; b o o B et 1,
Compound 4 in aquegpls etﬁ"anol (ESBagr gétn% 1no£8’ﬁ9 ri'ﬁ’l‘)w"i‘ﬁjlel.%lutlon
was concentrated to about 700 ml under reduced pressure at 35°C to
40°C to remove ethyl alcohol. The resultant homogeneous mixture was
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 mli) 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.



+ 1-Pr2 NLi + (EtO 2POCI + LiCl 8 7A To a 10 L

three-necked round bottonmed flask equi pped with an
w@iobares4 thernmonmeter and a nitrogen inlet tuber/Usmgs/001208

added 200Qg of Conpound 8 (1.07 nol, from Synergeti ca,
Phi | adel phia, Pennsylvantdy:- THF (1000 i) was added
to di ssolve Conpound 8 . After the solution was cool ed

197 6°C 80INKR (CDHN)G 58 0(vsDAH) r+-héXdhel THR-1175° R, 1H),
2.2 eq) was added whil e maintaining the batch

4.084gpé el \Uridz,bzHp\8.4 5Qm) C.H)ARL %S —200Q(m] 2H)i Adt’es 1692
agitation at -80 0OC to -50 OC, diethyl chlorophosphate

(m, (1185 1082 —11..22¢a), 188s 1eaEH JvaiS.@2 i, 3| 1i3HY—t1h25 tat, ch
tenperature below -50 C. The m xture was agitated at a

6H), 91081t ure 16r0ns. 18 HACQHR MS S G1# 0 pbealiculdied 340,
mnutes and diluted with n-heptane (1000 nmi). This

5 foullpdas e was warnmed u p to about -35 C and quenched

w t h aqueous ammoni um chl oride (400 g in 1400 nL
water) at a tenperature below -10 OC. This mxture was
agitated at -15 0Cto -10 Cfor about 15 m nutes

Exd Q18 %Y PoYo A8kbAldobodRddfat 0 25 C for about 15

PO(OEt
CHs (OEt)2
B )
Z 4PN+ EOPOCI — = Y + i-PrNH + LiCl
F F
8 TA

To a 10 L three-necked round bottomed flask equipped with an

10 agitator, thermometer and a nitrogen inlet tube, was added 200g of
Compound 8 (1.07 mol, from Synergetica, Philadelphia, Pennsylvania).
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.

15 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

20 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
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m nutes. The aqueous layer was split and extracted
with toluene (400 nL). The conbi ned organic | ayers
Waene/0Bs64 act ed with 2N hydrochloric acid (700Per/ys2006/001208
twi ce. The product-containing hydrochloric acid | ayers
were combi ned and added s3bw y to a mixture of tol uene
(1200 nL) and aqueous potassi um carbonate (300 in
for SRS weinertys &lloweddpp egiiation Xy BD2BEC fppabout 15
aqueous | ayer was extracted with toluene (1200 ni).
mintites.ofThariqueoay dagervwas sphnbindextranied vhdenluene (00
under vacuumto about 600 m and filtered to renove
mL)i MHgacinbised beganio ldyees fidre rextmoned widd2l hydrepllanis
(1000 m ) at about 55 OC. The m xture was cool ed
acicB 70l i) Awdét. 0Che peediast-cartdimiag|gdirbanlohieracid dayeyst o
-10 OC. The resulting slurry was aged at about -10 0OC

werk Qondbified drid b@a&d slovas hed wmitturaloe pdlarae (BROO dil)echd
under vacuumto give a light brown solid (294 g, 85%

A4 5 ISR 0RS g3 ) v G (g
sy ] e Py o g
TheI gpgan?c Qegfeg‘gtwere combined and concentrated under vacuum to
about 600 ml and filtered to remove inorganic salts. To the filtrate was
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 (CDCls) 8 8.73(d,J=1.5
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,
Ji = 8.3 Hz, Jz = 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.
Example 5- Preparation of Compound 6

AN s OH H H
N t
0. \[]/OE 1) oxalyl chloride, DMF g N \n/OEt
7 0 2) Pd/C, H,, 100 psi, lutidine : 0
H 5 :

0% “OH H CHo

o O Iwn
Qu
(=] IIII
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Ji =83 H, J2=23H, IH, 4.09 (m 4H), 3.48
(d, J =22.0 Hz, 2H), 1.27 (t, J = 7.0 Hz, 6H). M

w@ EBbp7dse¢ MrH cal cd. 324, found 324. Exanpl e BET/US2006/001208

Preparation of Conpound 6To a three-neck flask
equi pped wi th an agi tat or32ther nromet er and ni trogen
inert were added the crude product sol ution of
Compound S (contai ning about 31 g. of Conpound 5 in
3000 tlsekutdaknilasindqaippygd ot aD\VEEitaoostherongter pnd
the m xture was agitated for 5 m nutes, oxalyl
nitrobkihe vdr2. &iddd) theasruaiddehdsicbwbintidn beComipouaidd ng
the batch tenperature between 15 and 25C. The reaction
(cotfiaXhiben s Wil af ednfpeunabBin 300 mdusolatibe) ablie
addi ti on and checked by NWR for conpletion of

anHsRB6H5 PMPADLES nill)e Afeacineanimase jwidotttaodmbes enirites,
m xture was concentrated under vacuumto 135 nL while

oxag'ﬁi dH&diak 392 bhei1) GrEReL@iddr Slofly Weler@afitatiingithe Wagch
el ow 30 C. The excess oxalyl chloride was renoved

o LSS O sEHELER ot e paptsat s et o
abc}:l,létg%fé péﬁ? uﬁ'f%r&%g'a&dﬁc@h{n“rl‘ %%ld éﬁ)écﬂga b%f NRiR B comﬁletion of
reaction. After the reaction was judged complete, the mixture was
concentrated under vacuum to 135 mL while maintaining the
temperature of the reaction mixture below 30°C. The excess oxalyl
chloride was removed completely by two cycles of vacuum concentration
at below 50°C with replenishment of toluene (315 mL) each time,
resulting in a final 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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cooled to 15 to 25C, after which THF (160 ni) and
2,6-lutidine (22 n.) were added. The m xture was

wa@eiosatesed f or 16 hours at 20 to 25C under 100 PGI/US2006/001208

hydrogen in the presence of dry 5% Pd/C (9.0 g). After
the reaction was judged tdhplete, the reaction mxture
was filtered through celite to renove catalyst. More
layeFHFitharsradilate aquedns sodiven jehrbgante splusing EReUE ¥4,
and the reaction mxture was again filtered through
whichIvrdsefollGeedi e d Wwashingtvdth vidnge boimee rithapeganiagelution
vacuum at bel ow 25C to 315 niL. MIBE (158 nlL) and 10%
waepiaRunsrael dithmsphkrichtis pd arvodumei af QOLEE. frir)sokeard
added for a thorough extraction at 10 C to renove 2, 6-
repldéeitinte 1PAN8N5phDp Rhasdded dbdtheawncentrasetl byude product
extracting the organiclayer with very dil ute aqueous

sol§Q6h UMhRi e A0a fes@hil $erdtthasbu2ddd tovRidB%aSTHF
foll owed by a washing with dilute brine. The organic

by TRb UL PELURS] CBREEHILAbARIdFRERNG €8l68YmILO withy Ol
( yybo}yn{pfor sol vent repl acenent. | PA@( 3{%1 ?TL) Wgsurre

Bty TSt e tatirlyog won, T
corgcglg]tﬁ%k%g%%%] mbl},l) 1PAPERL AN SAEC AL A o B 46 niBgHUM t o
crystallization. To this mixture n-heptane (68 mL) was added very slowly
while maintaining the batch temperature at 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.
1H NMR (CD3CN) & 9.74 (d, J = 3.08 Hz, 1H), 5.42 (br, 1H), 4.69 (m, 1H),
4.03 (g, 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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repl eni shnent of | PA (315 nlL) before each

concentration. The concentrated (68 nL) | PA sol ution
woermcheased to 50C, to initiate crystallizati oPCT/U82006/001208

this mxture n-heptane (68 nL) was added very slowy

whi | e mai ntaining the ba‘t%‘h'ten‘perature at 50C. The

crystallizing mxture was cooled very slowy over 2.5

hours to 25C. Additional n - hept ane IQSAH nm.) was added

very l§I onI y into the suspension m xtuye g 2}@000 The
m X\ Uy e )2 ‘\ﬂurbhler cggl ﬁ& 10 200Cq a daar tEﬁat

t egpe faﬂ'/ abo » The)yspkithtas Filtered
and,Wps with a sol vent@ mext ure of 5 I PA in

n- hept gpl, and then dri ‘B\togt provide 19.% g of a beige

colored solid of Conpou 6 . (Yield: 6 mp. 169.3
0C. H RVR (CD3CN) d 9.4 {d, J 3.03 Hz, ., 5.42 (br,
IH), 4.69 (m IH, 4.03Yq, J = 7.02 Hz22H), 3.43
(qt, J = 3.80, 7.84 Hz, , 2.67 (m 2 2.50 (dt, J
= 3.00, 8.52 Hz, IH), (d, J = 12.0 Hz,F 2H), 1.82
dt, J = 3.28, 9.75 Hz, égl{ 1.54 (qd, JA= 3.00, 10.5
Hz, IH), 1.27 (d, J = 5.97 Hz, 3H), 1.20 (m 6H), 1.03
0.92 (m 2H). M5 (ESI) mlz (M+1): calcd. 324,

To a three-neck 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% H2S04 (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
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found 324. Exanple 6 - Preparation of Conpound ATo a
t hree-neck flask equi pped with an agitator,

W b@oioiset er and nitrogen inertion was added 7RCT/1S2006/001208
g), THF (30 nL). The m xture was cooled to below -20 C
after which lithiumdiisopRopylanide (2M 20 nL) was

slowy added. The reaction m xture was agitated for an
houaddict remathehpraducsstas filered) andrgrashet! ath FP%%R&WA@-

added 6 (10.0 g) and THF (75 nL) . The m xture was _ .
Thesgroduet! whasrdridrbat 580 6f°tutadennacuwartosprowide an off-white
transferred into the solution Awhile maintaining the

solidl e nfieldatier 2 ghl09%). 20.pC.10Fhe° GriRSGransst postt) .l
bel ow -20 C for an additional hour before quenching
(CDCYg § &% (d9U Hp. Ak ngl)28. 10L(def, JwaBez,.2.FHez,r Ha) {7.0h
m xture was warned to 0 C and the pH was adjusted to
(1H&abf’.6;1 (@, B 8%t @Hz,d.s%%,ms@lzi 81 Ak) LHYR 50 (4 dre
s further warmed to 20 C and then diluted with 100

8.0t B e g e O~ o e, i oS
(dd‘é‘@%\/g%{crg@%@?zé‘# )2?%% @ PL £y, BgewaimEade= 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,
4H), 1.14 (t, J = 7.2 Hz, 3H), 0.98 (m, 1H), 0.84 (m, 1H). MS (EI) m/:

calcd. 492, found 492.

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

H
uiN OEt "
0 T o m
- 0 2 o)
H -:-\Fi H,S0,/acetonitrile . H Z\H
SN (SN S0,
P =
F F

1

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 oC. 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

sulfuric acid solution, the reaction mixture was agitated for 1 hour before
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15

acetate were then replaced with ethanol, and the
Conpound A was precipitated out as a crystalline solid
wo cwaoatskanol Wi th seeding at 35 to 40 C. Aft ePCVUSI00610P1208
to OC, the suspension was stirred for an
addi ti onal hour and then t3¥& product was filtered and
washed with cold ethanol. The product was dried at 50
coolingsth amdempeastinn (heprseiritatsd i was fifesss] ppd
Yield: 12.7 g, (90%. mp. 104.9 C (DSC onset point).
washkd NiiEh (000t B0 L& g8 efehitle Theryet saljd wes dai e@d‘dndgr =
8.2, 2.4 Hz, IH), 7.64 (IH), 7.61 (d, J 8.8 Hz,
vactuBbal foond tempeRatufe ZoHt hdu-ﬂ) gnd a6 80(°€, fog abogit d Z-bours
IH), 7.25 (dt, J 9.0, 2.3 Hz, IH, 7.08 (d, J = 8.0
to plmeded)boxﬁ H8 wWidek sdhd:(yléidlss%) A, 21'HO, °G. SBNMR J =
6 Hz, IH), 4.85 (dd, J = 14.2, 7.2 Hz, IH, 3.95
DMsttsh 9@)4—(3141—13,8—60]{&43 8H) Hz3119, $mO(IdH)I BZBBIZ( AH),) =
12.0, 6.4 Hz, IH), 2.33 (m 2H), 1.76 (m 4H), 1.30
77«&&1 J —1@46 1H2); 737|1)$_|)3J=1-92§Hz Ak, 76Ol U, = 3.4 1782—Iz
I4JI 982f %)884Umll—l) l\/IS(EI)rﬂz
| e r 1\ 0 n
AC|§d giﬁflt ?bllgyu f at e? Z)f goapnpouﬁo};IB %omnpogﬁgﬁTAf?g 9)
6.68738, I=588/e/RY, 1), 3P8Y (nd A HiIL- 34 REELPEIT4.0] P.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.
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The solution was agitated for about 10 m nutes and
then heated to about 50 OC. About 6 nL of 2Msulfuric

wa@edod/oraseacetonitril e was added i nt o t he heat ePCT/US2006/001208

reaction m xture. The solid salt of Conmpound A
precipitated out during tRé-addition of sulfuric acid
in acetonitrile. After addition of sulfuric acid
solution, the reaction @LAIMBe was agitated for 1 hour
bef orecooling to roomtenperature. The precipitated
Whabis dainasdfisd t ered and washed with about 30 nL of
acetonitrile. The wet solid was dried under vacuum at
1. AqaBtésyfoermepadng@orptiond land at 80 OC for about 12
hours to provide about 5 g white solid (yield 85%.
mp. 217.0 0C. 1H NWR (DVMSO 9.04 (s, IH), 8.60 (d, J
=8.1 Hz, IH, 810 (d, J =8.2 Hz, IH), 7.76 (d, J =
10.4, IH), 7.71 (d, J =% H3 Hz, kl—g 7 60 (dd, J =
8. 4, 1.8Hz,||—|),734& 1°% IH), 7.08 (d,

J =8.0 H, IH), 7.02 .69(d, 'J = 15.8 Hz,
IH) 4.82 (m | H), 394:(d*d\ = 14.0, 7.0 Hz, 2H),
3.35 (brs, IH, 2.68 (m | 2.38 (m 2H), 1.80-1.70
(m 4H), 1.27 (d, J = 5.8 MH), 1.21 (m 2H), 1.13
(t, J =7.0 Hz, 3H), 0.95 IH 0.85 (m IH. M
(El') mz calcd. 590, found .

wherein R and Rz are each independently selected from the group
consisting of alkyl, cycloalkyl, aryl, and heteroaryl; and Rs is selected
from the group consisting of halogen, -CF3, C1-Cs alkyl, C1-Ce alkoxy, and
—COORg, wherein Ry is selected from the group consisting of H, Ci1-Cs
alkyl, phenyl, and benzyl,

said process comprising:

(a) reducing a Compound 2A:

O H R4
0 Rs
Ry H H
(o) OR3
2A,

wherein Rz is as defined above, and Rs is H, alkyl, cycloalkyl, aryl,
arylalkyl or heteroaryl; R4 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;
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Wil e the present invention has been described in
conjunction with the specific enbodinents set forth

w@bwee76semny al ternatives, nodifications and vBCT/H$10061601208
thereof will be apparent to those of ordinary skill in
the art. Al such alterna®dves, nodifications, and
variations are intended to fall within the spirit and
scope of the present pnventi & ChNAIMS What is cl ai ned
is: 1. Aprocess fory\piepacingl Coppound 1: wherein Ri
and R2 are each in %m Sé ected fromthe group
consi sting of alkyl erpalKyl, aryl, and heteroaryl;
and Rs is sel ectedgfrentmte group consisting of
hal ogen, -CF3, G -G ab®¥ or,C1- C6 al koxy, and - COOR9,
wherein RO is selected fromthe group consisting of H,
C -C al kyl, phenyl, and ignzyl, said process
conprising: (a) reducing a Conpound 2A: 2A,

followed by hydrolysis of 2B to yield a compound of formula 3:

Q H H
O
O
R; H H
0 OH
3,

wherein Rz is as defined above;

(b) aminating Compound 3 to yield Compound 4:

O H H
NRgRy
o
Ra H
07 SoH
4,

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

(c) converting Compound 4 to Compound 5:



wherein R2 is as defined above, and R3 is H, alKkyl,
cycl oal kyl, aryl, arylalkyl or heteroaryl; R4 and Rs
wWae@eeaskH | ndependent |y sel ected from t he gr oupCT/US2006/001208
consi sting of H, alkyl, cycloal kyl, aryl, arylalkyl,
and heteroaryl; or, R4 ahd”R5, together with the
carbon atomto which they are attached, forma 5- to
whezeimBrisaddRe afnas HElNAd ae¥en 0- 3 het eroat ons as ring
. ; . by hydrolysis of 2B to
(@) gﬁ{g&g{%g%&n%%%lgabgﬁoggﬁﬁnﬁdéﬁgﬁq 3, wherein R2 is as
defi ned above; (b) am nating Conpound 3 to yield
Conpound 4: 4, wherejpn R2 {;s as defined above, and R
and R7 are each i ndependsatly_sgl eeked fromthe group

consisting of H al @ A kyl, aryl, and
T

heteroaryl; (c) conve pound 4 to Conpound 5 :

H
R, H CHO
5
6,
wherein R: and Ry are as defined above; and,
(e) converting Compound 6 to compound 1
o
HoH NHCO;R;
o
R, A M
Z "N
. |
Q
\\Ra
1
10

2. The process of claim 1, further comprising reacting Compound 1 with

an organic or inorganic acid to form a pharmaceutically acceptable salt.

15 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, succinic, ascorbic, maleic, and

methanesulfonic acids.

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

is the bisulfate salt.



S ,wherein R and R2 are as defined above; (d)
converting Conpound 5 to Conpound 6 : 6, wherein Ri

wanwe®®dse4 e as defined above; and, (e) convertPE@mUS2006/001208
Conpound 6 to conpound 1 % The process of claim1,
further conprising reactr B'Con'pound 1 with an organic
or inorganic acid to forma pharmaceutically
acceptable salt. 3. The process of claim2, wherein

5. The paecess of deime dr sdereisht eRPoynsu}b it spRYFEEHEC &6
hydrochl oric, sulfuric, phosphoric, acetic, citric,

bisuiatd salt balreacting said eympeungayitle sulfgrieradd. succi ni c,
ascorbic, maleic, and nethanesul fonic acids. 4. The
process of claim2, wherein the pharmaceutically

5 6. Ahequbaddscoldhim ils wheeelsi Sohfratends@lis réact¥deviph ocess

of claim4, wherein Conpound 1 is converted to its

Cotippulnida¥e salt by reacting said conpound with sulfuric
acid. 6. The process of claim1, wherein Conpound 6 is

reacted with 9

wherein R; and Rg are as defined above, to yield Compound 1.

10
7. The process of claim 6, wherein Compound 7 has the structure 7A:

9
P\(OEt)z
SN
I Z

TA

wherein said compound 7A is prepared by esterifying Compound 8:

CHs
B
b

15 8
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Compound 7 : 7 , wherein R and R are as defined
above, to yield Conpound 1. 7. The process of claim6,

wobk@seraseLonpound 7 has the structure 7A: 7A WPET/E52006/001208

8.

said compound 7A is prepared by esterifying Conpound

8: 8w th a phosphate esteflto yi el d Conpound 7A. 8.
The process of claim7, wherein Cbgpound 8 is prepared
byrithea hiosghatee b iaYietd RPmpRindi7de wit h

3-fl uorophenyl boronic acid. 9. The process of claim1,
wherei n Conpound 4 is converted to Conpound 5 by )

r €he trirngesSorfdaima 74 whierhirafomtopndh8lis Poepaicd. byl peactimg
process of claim1l, wherein Conmpound S is converted to

3-bEampaiinethybpyridant with Edhypoopdesylhotdnioesidid chl ori de

9.

in the presence of DW, followed by reduction. 11. The
process of claim1, wherein Conpound 2A is prepared by
The process of claim 1, wherein Compound 4 is converted to

Compound 5 by reacting Compound 4 with an alkyl haloformate.

10. The process of claim 1, wherein Compound 5 is converted 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:

wherein Rz, Rs, R4 and Rs are as defined above.

12.

A process for preparing Compound A:

QH

\NHCO,Et
o
H:E

jan] T

/4
==



cyclizing Conpound 9 : 9 , wherein R2, R3, R4 and R5

are as defined above. 12. Aprocess for preparing
w@0vpo s A: conpp sing: (a) hydrolyzi ng ConpourdI/BERR002®1208

to yield Conpound 3: 3 ; &b) ani mati ng Conpound 3 to

yield Conpound 4 : 4; (cJ éonverti ng Conpound 4 to

Conmpound 5 :5 ; (d) converting Conpound 5 to Conpound

6 : 6; and, (e) converting Conpou 6 to Conpound A: A

comprising:

(a) hydrolyzing Compound 2B:

to yield Compound 3:

10

15
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13. The process of claim 12, further conprising
reacti ng Conpound A with an organic or inorganic acid
wa 20060765540 phar maceutically acceptabl e salt. I1BCT/Ukm®06/001208
process of claim 13, mherﬁin t he pharmaceutically
acceptable salt is a bisi Pate salt. 15. The process
of claim 12, wherein Conpound 6 is_reacted with
Compound 7A: 7A to yield Conmpound 155 16. The process of
LTS, hA $585PQ s treated with a base
(d)g%@$%?%%é)%§?%§%?on, angﬂgﬁﬁg%ghd 6 is then treated
Wi th the carbanion. 17. The process of claim 16,
wherein said base isgselected fromthe group
consi sting of organol\Ltfj hasfls ajed netal hydride
bases. 18. The procegs 1p, wherein said base

m @5, wherei n Conpound

6; and,
(e) converting Compound 6 to Compound A:

F
A

13. The process of claim 12, further comprising reacting Compound A

with an organic or inorganic acid to form a pharmaceutically acceptable

salt.

14. The process of claim 13, wherein the pharmaceutically acceptable

salt is a bisulfate salt.

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

Compound 7A:
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15

esterifying Conpound 8 : 8 with a phosphate ester to
yi el d Conpound 7A.20. The process of claim 18, wherein

w@0vpoUsd 8 i s prepared by reacting 3-brono- 5- Per/iig1006/001208

pyridine with 3-fluorophenyl boronic acid. 21. The
process of claim 12, mheT@¥h Conpound 4 is converted
to Conpound 5 by reacting Conpound 4 with an al kyl
hal of ormate. 22. The procé%s of claim 12, wherein
Conpound 5 is converted te™gapound 6 by reacting
Compound S with oxalyl c ride in the presence of
DMF, followed by hydrogdéngfion in the presence of
tertam ne. 23. The process of claim 12, wherein
Conpound 2B i s prepared cyclizing Conmpound 9 :

wherein R3 is H 24. Ac nd of any of the follow ng
formul ae: wherein R is selected fromthe group
consi sting of alkyl, cyclgal kyl, aryl, and heteroaryl,

R2 is selected fromthe group consisting of alkyl,

cycl oal kyl yl, and heteroaryl and Re and R are each
to sibidelyemaERne -

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;
[N
P

8

with a phosphate ester to yield Compound 7A.



sel ected fromthe group consisting of H alkyl,
cycl oal kyl, aryl, and heteroaryl. 25. Aconpound
w@edoenteses f rom t he group consisting of: PCT/US2006/001208

-45 -
20. The process of claim 18, wherein Compound 8 is prepared by

reacting 3-bromo-5-methyl pyridine with 3-fluorophenylboronic acid.

21. The process of claim 12, wherein Compound 4 is converted to

5 Compound 5 by reacting Compound 4 with an alkyl haloformate.

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

10 amine.

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

cyclizing Compound 9 :

15 9

wherein R3 is H.

24. A compound of any of the following formulae:

QA H H o O H H
NRgRy
0 o
R2 H H R2 H



WO 2006/076564 PCT/US2006/001208

- 46 -
O H H
H
QHH H N.__OR;
N\n/OR1 5 \n/
o} ! 0
H "eow | H
R, H
CHO and 0% “OoH )

wherein R; is selected from the group consisting of alkyl, cycloalkyl,
aryl, and heteroaryl, Rz is selected from the group consisting of alkyl,
5 cycloalkyl, aryl, and heteroaryl and Re and Ry are each independently
selected from the group consisting of H, alkyl, cycloalkyl, aryl, and

heteroaryl.

25. A compound selected from the group consisting of:

O H H H

10



