WD 2008/ 079216PCT/ US2007/ 025804 PROCESS FOR PREPARI NG

(1R, 2S, 5S) - N-R1S) - 3- AM NO- 1- ( CYCLOBUTYLMETHYL)

-2, 3- DI OXQPROPY14-3-[(2S)-2[[[ (1, 1- DI METHYLETHYL) _
AM NO| CARBIRYPRO7H40S - 3, 3- DI METHYL- 1- OXOBUTYLI PCT/US2007/025804
- 8, 6- DI METHYL- 3- AZABI CYCLOf 3. 1. 01HEXANE- 2- CARBOXAM DE Fi el d of the

I nvention The present invention relates to a process for the
preparation of the conmpounds of Forrmula I which have been shown to

have activity as HCV protea I ent invention
i 25 R R e
conpounds usef ul 355 YL _Q_ 150 E'TH )2

AMINO]-CAREONYL]AMINO]-3,3-DIMETHYL-1-OXOBUTYL]
-6,6-DIMETHYL-3-AZABICYCLO[3.1.0]HEXANE-2-CARBOXAMIDE

Field of the Invention

The 'present invention relates to a process for the preparation of the
compounds of Formuia | which have been shown to have activity as HCV protease
inhibitors. The present invention relates also to a process for the preparation of
intermediate compounds useful in preparing the compounds of Formula .
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Background

Identification of any publication in this section or any section of this application
is not an admission that such publication is prior art to the present invention.

A process for making the compound of Formula I, (1R,28,53)-N-[(15)-3-
amino-1-(cyclobutylmethyl)-2,3-dioxopropyll-3-[(25)-2-[[(1,1-
dimethylethyl)aminojcarbonyl}- amino]-3,3-dimethyl-1-oxobutyi}-6,6-dimethyl-3-
azabicycio[3.1.0]hexane-2-carboxamide is described in U.S. Patent no. 7,012,066
(the '066 patent), Example XXIV, beginning at Column 448 therein. Additional
processes for the preparation of the compounds of Formula | are described in
published U.S. patent application nos. 2005/0249702, published November 10,
2005, and 2005/0059800, published March 17, 2005.
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In accordance with Scheme |, compounds of formula | have been prepared by
coupling the compound of Formula la with the compound of Formula b, preferably,
as illustrated in published U.S. application no. 2005/0059800, by treating an
acetonitrile solution of 2,6 lutidine and the compound of Formula la with an
acetonitrile solution containing the compound of Formula Ib, ethylf(3-
dimethylamino)propyllcarbodiimide hydrochloride salt (EDCI-HCI), and 1-
hydroxybenzotriazole hydrate (HOBt). After the coupling reaction is complete the
reaction mixture provided by Step 1 is worked up by adding methyl-tertiarybuty} ether
(MTBE), adjusting the pH with HCI, extracting with sodium bicarbonate and
concentrating the organic solution. The concentrate is then diluted with acetonitrile
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As illustrated in Scheme |, the compound of Formula | is provided from the
compound of Formula lc using one of two processes. In one process, shown in
Steps 2'a and 2'b, a three step procedure, the free acid is generated from the
compound of Formula lc (by treatment with acid, subsequently removing the L-a-
methylbenxylamine counterion). The free acid form of l¢ is coupled with amine Id’
followed by oxidation of the coupled product.

—n In an alternative process, shown in Scheme | as Step 2, the free acid form of

compound l¢ is coupled with the amine Id to provide the compound of Formula |
directly. Accordingly, with reference to the '066 patent, the coupling process of Step
2 can carried out by treating a DMF/CH.Cl; solution of the free acid form of
compound lc with amine Id’ in the presence of EDCI, HOBt, and N-
methylmorpholine to provide the coupled product. After the coupling reaction is
complete, the reaction mixture is concentrated, treated with aqueous HCI and the
aqueocus layer is extracted with dichloromethane. The dichloromethane extract is
washed in turn with aqueous NaHCQOj3;, aqueous HCI, and brine, dried with MgSQ,,
and dried to a solid under vacuum. The alcohol functional group of the coupled
product is then oxidized to provide the compound of Formula |. Oxidation can be
carried out by treatment with EDCI in mixed toluene/DMSO in the presence of
dichloroacetic acid.

In accordance with the foregoing, the previous processes for the preparation
of the compound of Formula | using Scheme | requires the use of 1-hydroxy
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said process comprising: (i) coupling a tertiaryamine salt of the compound of
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in the presence of at least one coupling reagent and at least one added moiety

bearing a basic nitrogen atom selected from a tertiary amine, a tertiary amide, a

morpholine compound, and mixtures of two or more thereof; and

(ii) when the compound of Formula Id selected in Step (i) is 2 compound of Formula

Id’, oxidizing the compound produced in coupling Step (i) to yield the compound of

Formula I.

In some embodiments it is preferred to use a non-protic, polar organic solvent

in which to carry out the coupling reaction. In some embodiments of the invention it

is preferred to prepare run the coupling reaction with a coupling reagent in a medium

selected from ethyl acetate, N-methyl-2-pyrrolidinone (NMP), dimethyl formamide

(DMF) and mixtures of two or more thereof, more preferably the coupling reaction
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Formula Ic with a salt conpound of Formulae Id or 1d , OOH NH2NH2
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dimethylformamide (DMF) and N-methyl-2-pyrrolidinone (NMP). In some
embodiments it is preferred to use dimethylcylcohexylamine as the counterion in the
tertiary amine salt of the compound of Formula le, thereby providing a compound of

Formula lc’.
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In some embodiments of the invention it is preferred to carry out the reaction
using a peptide coupling reagent comprising at least one moiety selected from
ethyl(3-dimethylaminopropyl)-carbodiimide-HCI (EDCI-HCI), carbonyldiimidazole
(CDI), and 1-chloro-3,5-dimethoxytriazine (DMT-CI), optionally in conjunction with
one or more reagents selected from 1-hydroxybenzotriazole (HOBt),
dimethylaminopyridine (DMAP), and 2-hydroxypyridine.

In some embodiments of the invention it is preferred to carry out the coupling
reaction in the presence of an added tertiary amine, more preferably a tertiary amine
selected from diisopropylethylamine (DIPEA), triethylamine (TEA), 2,6-lutidine, N-
methylmorpholine (NMM} and tetraethylenediamine.

In some embodiments of the invention it is preferred to use a coupling
reagent selected from coupling reagents comprising: (i} HOBt-monohydrate ir;
combination with EDCI-HCI; (ii) water wet HOBt in N-methylpyrrolidinone in
combination with EDCI-HCI; (iii) DMAP in combination with EDCI-HCI; (iv)
carbonyldiimidazole (CDI) in DMF; (v) 1-chloro-3,5-dimethoxy-triazine; (vi) triazine,
for example, but not limited to, 1,3,5 trimethoxy-2,4,6-triazine and 2-hydroxypyridine
in combination with EDCI-HCI. In some embodiments it is preferred to add a tertirary
amine selected from N-methylmorpholine and diisopropylethylamine.
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In sonme enbodinments it is preferred to use a non-protic, polar
organic solvent in which to carry out the coupling reaction. In sone
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et hyl acetate, N-nethyl-2-pyrrolidinone (NWP), dinethyl formannide
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coupling reaction WD 2008/ 079216PCT/ US2007/ 025804 sol vent is
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Formuia la
with a compound of Formula Ib
o
Cl-+NH2 \
o Formula Ib

in the presence of EDCI-HCI and 2,6-lutidine and a non-polar, aprotic solvent
suitable to provide conditions to form the coupled amide-ester product of Formula
Ica, for example, but not limited to, dimethyl formamide (DMF), N-methyl-2-
pyrrolidone (NMP), acetonitrile (ACN) or in a mixed solvent comprising acetonitrile
and MTBE or EtOAC ;
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Formula Ica

(b) working up the reaction product by sequential treatment with aqueous LiOH
followed by HCI and isopropy! acetate to liberate the free acid from the lithium
éarboxylate form of the product; and



In sonme enbodi ments of the invention it is preferred to carry out the
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In some embodiments it is preferred to use a form of the compound of
Formula b that comprises the (1R, 2S, 5S) enantiomer in at least about 90% ee,
more preferably comprises the (1R, 25, 5S8) enantiomer in at least about 95% ee,
more preferably comprises the (1R, 25, 58) enantiomer in at least about 98% ee.,
which ee is retained in the coupling reaction to provide a compound of Formula lc
reflecting the same diastereomeric excess. In some embodiments it is preferred to
use a form of the compound of Formula Ib wherein at least about 80% of the amount
of the compound of Formula Ib comprises a mixture of two enantiomers, the (1R, 2S,
58) enantiomer and the (1S, 2R, 5R) enantiomer, which composition of isomers is
retained in the process of preparing the compound of Formula 1¢. In some
embodiments it is preferred to employ a mixture in which at least about 95% of the
amount of the compound of Formula Ib provided comprises a mixture of the (1S, 2R,
5R) enantiomer and the (1R, 2S, 558} enantiomer in the process for the formation of
the compound of Formula 1¢, more preferably at least about 99% of the amount of
the compound of Formula Ib provided comprises a mixture of the (1R, 2S, 53)
enantiomer and the (1S, 2R, 5R) enantiomer in the process for formation of the
compound of Formula 1c.

Another aspect of the present invention is the provision of the compound of
Formula Ic’.
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In sonme enbodinments it is preferred to use acetonitrile as the
solvent for step "a". In sone enbodinents it is preferred to use

N, N- di net - cl ohexylam ne as the tertiary amne in Step "c' .
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about 90% ee, nore preferably conprises the (1R, 2S, 5S) enantioner
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f or mul ameadns that the alkyl 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 halo, alkyl, aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio,
amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl)2, carboxy and —C(Q)O-alkyl. Non-limiting
examples of suitable alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-
butyl, n-pentyl, heptyl, nonyl, decyt, fluoromethyt, trifluoromethyl and
cyclopropyimethyl .

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon
atoms. Preferred cycloalkyl rings contain about 5 to about 7 ring atoms. The
cycloalkyt can be optionally substituted with one or more "ring system substituents"
which may be the same or different, and are as defined above. Non-limiting
examples of suitable monocyclic cycloalkyls inciude cyclopropyl, cyclopentyl,
cyclohexyl, cyclohepty! and the like. Non-limiting examples of suitable multicyclic
cycloalkyls include 1-decalin, norbornyl, adamantyl and the like.

“Heterocycl” means a cyclic ring system which contains one or more N, S, or
O atoms as a member of the ring structure in combination with up to 10 carbon
atoms.

The following abbreviations are used in the description and examples below:
RT (room temperature); TEA (triethylamine); CDI (carbonyldiimidazole); DIPEA
(diisopropylethylamine); DMAP (N,N-dimethylaminopyridine); DMF (dimethyl-
formamide); DMT-CI (1-chloro-3,5-dimethoxytriazine), EDCI (ethyl[(3-
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preferably about 5 to about 10 carbon atons. Preferred cycl oal kyl
rings contain about 5 to about 7 ring atons. The cycl oal kyl can be
optional ly substituted with one orsﬁgﬂfé’lf‘i Hi ng system substituents"
whi ch may be the sane or different, and are as defined above.
Non-limting exanples of suitable nonocyclic cycloal kyls include
cycl oprop§1eP 1cycl opentyl, cycl ohexyl, cycloheptyl and the I|ike.
Non-limting exanpl gs ofosuitgbhe multicyclic cycloal kyls include
1-decal in, norbor n;Q\ad manyyl and the Like. "Het erocycl "_
S

means a cyclic rin yste Hwﬁf’fg( cont ai ns one or rmre\@,/ S, or O
atoms as a nenber of the ring structure In conbinatiogsith up tp 10
carbon atons. Ia Step Ia
. OCH3
2,6-Lutidine H N
V' e | T A @
N4 EDCI - HC) \”/ \{’
&z CH,CN o) =
o >
>
Ci‘NHz |_ Ica n
o]
Ib
>( \\{*,/
Step Ic L2
Step Ib P i OH-NR,
I. LIOH/CH3CN NR YO N
[lca] "[ . ] 3 !
> HoU Free acid HN'\/CO 0

i-propyl-acetate/

i-propyl-acetate heptanes



The foll owi ng abbreviations are used in the description and exanpl es
bel ow. AT (room tenperature); TEA (triethylamne); CD,
(carbonyl di im dazol e); DI PEA (diisopropyl ethylam ne); DVAP .
(N, N-di met‘ﬁ?l gﬂfﬁ%}b@rl di ne); DVF (di nethyl f ormam de); DR/ §§2007/025804
(1-chl oro-3, 5-di net hoxytriazine), EDCl (ethyl[(3- 10
di met hyl am no) propyl i carbodiimde); EtOAc (ethyl acetate); HOBt
(1-hydroxggangotri azole); |PA (isopropyl alcohol); NW
(N- et hyl norphol i ne); NWP (Nmet hyl -2-pyrrolidinone); Ac (acetyl); Et
(ethyl); THF (tetrahydrofuran); eq (equival®p#(s)); MIBE
(tert-butyl rrethyl et her); Boc (gh- but oxy car bgreyl oH As nenti oned
actiwity as HCV
"t hat

above, the confoungsgof Fornulsa | lpave usef i
pr ot ease i nhi Qi tior/s. TheI nYentyf's -have sur S
conpounds Fprmyl a | n e, poepared- p ac¢cordance wi tih Schenme |1,

bel ow, wher&iAcd he "R' df'oups of the am g‘i‘ns Q¢ are
sel ected fggm aI Kyl , %@;&&M,ﬁ% al kyI cy }Loal kyl an

al kyl cycl oal and S NigpEnbus Mdi cycl 03 noieties of froml to
about 20 cam on at ons. $€9—|I§I\/I§ Il Step 1 W reference to
Schene 11, s%-rprl si ngl f I'n conpari so o previ ous processes, facile,
hi gh yi el d am dati on coupling occurs Step 1 of the process of the

i nventi on, coupllng 2-tertiarybutyl - ureldo 3,3-dinmethyl-butyric acid

(the conpound i, EGERHLE S@ldmd f éd??rhs%@b ﬁ)é%Baﬁs%ﬁHB%P&o‘Us Formul a

(I'b), in an am cSatlon carrledéout
1- hydr oxyprosessesi fagie lhigh(Wigsmidationadiupling dera:!mﬁjép Nof theqrotess.of

Mbr eover [ '

sol vent c*.!’%f@?'%“ ot 2 Rty ARG S S AfTdlac (i efgfd
used in a#f aﬁ tor the mzabieyalo sompwvmnfﬁormma\mm maream»detuqmcartm
startin t

oo pi L oTRlHoR wsind FhydroRybozBEzde (OBY IS frkafud feldolblindieation' D
enpl oyed Miorenver. pyicarying ostiBisequisracetoniiiiei(AGNS vepp mxedwtoivent st
regener at J:cﬂﬁ% Adiy 56&&1@@ %@M?BEWOR@ (e REN ik Qe 5‘% YrbiGRd

to prepare the salt, as i s necessary |n previous processes,
exanpl e, efitare ab@‘dc?’é%@@émub@ﬁyf\ﬂf%lﬂﬂeﬁgi Iﬂhﬁaﬁtésﬂnarﬁ‘lat@ﬂalTﬁt%P i egamgne n

ot od bUELRES SHLPERTRIL i ale Vbl LFRLUOR Bttt

For mul a | that can be employed dlrectly in the subsequent couphng step without ﬁrst
regenerating the free acid and removing the counter ion moiety used to prepare the
salt, as is necessary in previous processes, for example, those processes using L-a-
methylbenzylamine. This results in a more efficient process and better utilization of
later stage intermediate reagents in the multi-step preparation of compounds of
Formula |.

As will be appreciated, the compound of Formula Ib can have four

stereoisomers, the {15, 2R, 5R) stereocisomer (shown in Scheme Ill as compound b-
L), the (1R, 2R, 58) stereoisomer {not shown), the (1S, 28, 5R) stereoisomer {not
shown) and the (1R, 28, 58) stereoisomer (shown in Scheme Il as compound Ib-D).
In some embediments it is preferred to use in Step { the compound of Formula Ib in
a form in which more than 90%, for example more than 98%, of the amount of the
isomers present comprisé a mixture of the (1S, 2R, 5R) stereoisomer and the
(1R, 28, 5S) stereoisomer_', wherein the two enantiomers are present in equal
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As will be appreciated, the conmpound of Fornula Ib can have four
stereoi sonmers, the (1S, 2R 5R) stereoisoner (shown in Schene Il as
conpound | b-L the (1R, 2R, 5S) stereoi soner (not shown

2S, 5R) st%?é@"é’a?%é‘? (not shown) and the (1R, 2S, 55) s?%T’H%%"%%?M
(shown in Schene IIl as conmpound I b-D). In sone enbodinents it is
preferred to use in Step | the conmpound of Formula |b in a formin
whi ch n f % he
Somer o S In?tohe MoGHREN S bR iAo 8 intep FheRatBbud of
and t he RobRul2l inESjorst iarvelticls omersterebisoaiar, mleeﬁmv@SessmidommT(anneIa

Crmboa ik’ & Fregeptioihioh sRaniPmie: PYoasse(prexaRe BIAIEhRapiabayt it

I'b in aéeoEf@fbfhbl‘ﬁ‘hﬂ@a@ﬂ@o&k@s@@eéoﬁﬁre PPéTéraﬁ:W:ét Ieas?t atfout 9899 BB
(Fornula I , I's present in high enantioneri'’c excess, for exanple

gr eat er Erremom@gtems@ E's;e.Priepenaipentage wemlw&atem%t@whma@e

f
P con: Snanfomsf 89h, FR8HAnTGATs pFER bATRHb Gl 8% & Bnftiomér, ®
R- Ienalnt mdlwla)teﬁ by{@lﬁstantm@:hﬁr dgbﬁmha Itlse amognt &F mﬂfmmrﬁer present
cal cul at ractli e | erence | noun
Coet adiviaed b St dBa s ! Sanh SrapiRmal RIaSeNL | USRg R Toim of the
enant | OBy MBI Forkldth thal & §19E1o116r HTRANEH rkaE oRBhdnfdmsiaat

is selected for the desired m xture of enantioners permts control of
t he rel &ermis saptiakofdhe reletive smaunt of tedaemers preseobinghe ¢oppleduroduct
fromth { : The above-nentioned U. S. Patent no.

7,012,0 %%$gﬁﬁh%ﬁ@9nbatent application publication nos. 2005/0249702,
publ i shed Novenber 10, 2005, 2005/0059800 publ i shed March 17, 2005,

2005/ 0059648 hed Ma h 005 al ap di -
appl i cati on &P%ﬁe@ﬁﬂt'ér?eﬂ dg tgat %‘P 8#\” 9&& a'ﬂﬁ%og&%gﬂgwmﬁlat'on
pat ent %Qﬂhd:éifﬁd 98, %osﬂz&vozGQﬂm&ﬁeamJemm 1@82@0@%0@00@%

each of which is incorporated reference herein in their entlrety

descri b@@MQd)M@!@WEe?QQfB 2@8 A§48ubishad Mareh 13 200%algng with a
cont ai n'c'age{@ﬁﬂe%ﬁ'héﬁﬁrgl‘gﬁéﬂf 6n Shd! ROt pricfiy 6P 0B prbRsRG! patent

particula
application Serial No. 60/753,215 filed December 22, 2005, each of which is
incorporated by reference herein in their entirety, describe how to provide the
compound of Formula Ib in a form containing the desired mixture of isomers or

enrichment in one particular isomer.

(S}
2 Q,
serry
%)) '-'!/f \R
8]

(Ib-L}

Step Il of the inventive process, the second coupling step, carries out coupling
of the intermediate quarternary amine salt product produced in Step | of the inventive
process, for example, the compound of Formula le, with, for example, the
compounds of Fomulae Id and Id’, preferably the compound of Formula ld’. The

13



(I'b-L) Step Il of the inventive process, the second coupling
step, carries out coupling of the internediate quarternary am ne salt

product pr n Step | of the inventive process, l e, the
conmpound o‘?gé@ﬁw%{’lc with, for exanple, the conpoundécﬁﬁ&fgg P30

Id and 1d', preferably the conmpound of Forrmula Id . The 13 WD

2008/ 079216PCT/ US2007/ 025804 i nventors have found that t he use of

m xed e M nid Cﬁ{atﬂ’:h%éﬁt&’t é’bs@bhﬂufé%?éogﬁa@ég%tg'\!\‘ﬁi Bﬁn%ﬁ@h\g%&%@e

systemln e coupling s carried e sel ec
terti arandhiM@ assa sbbeobsyat@n in evhichn theheouwgding i$ camedfout hend tlmwiectlam

t hi fe ts th t t t.i

sal T coRbaunbanl Bt 5 e o RbEREh e ol Huf ofibR ERdanti s sppfnd "°
regener atép p&enify 10 presshtiifentioh proeskicto wtlliee th@§al¥‘@§mb@9h‘d dedcilyintthe
pr| or processes mentioned above. Step 2 of the process of the Fresent

| nvent | 6eagtiondather depnoeeding toérgregenrratethedreq agid forgnef pwehuct ehas

1
oLty Sl N 0 ANl 82 MRE s of e
Klr O\r/]I de purmbm aﬂ/egnpu lig tardediout immqq?)msﬁmts? of aﬂeasttddr% altddutflor;ar: moiety t
t hou is.a an eou 0 . an 0 e ese
o onond begljnd B PRHEN aiam AsEr a JPaTRa PERlde SRUPIRG [FROST SRISHER
of fered cBHdﬁéﬁQ opthetnheemwél prodesd wr&t@eea%beﬁtégzﬁ%%@éﬁuct of

practiced individually and int egrat ed into published nmethods. Each of
t hese pF@é@yﬁ lhg steps is discussed next in greater detail. Step I -
First Am dation Coupling Reaction.

Although it is advantageous to use both Steps | and Il of the present process
together, it will be appreciated that some of the advantages offered by each of the
individual steps can be realized when practiced individually and integrated into
published methods. Each of these processing steps is discussed next in greater
detail.

Step 1| — First Amidation Coupling Reaction.

The first step involves coupling the azabicycio compound of Formula (Ib) with
the acid compound of Formula (la). The coupling reaction is carried out in the
presence of one or more 2,6-substituted pyridine compounds, for example, 2,8-
lutidine, and a coupling reagent, for example, the hydrochloride salt of {ethyl[(3-
dimethylamino)propyllcarbodiimide) (Formula la1).

/\/———N-—-—C——N
ho N
| Formula la1

Suitable solvents for carrying out the reaction are polar, aprotic, organic solvents, for
example, acetonitrile and ethyl acetate (EtOAC). Preferably the reaction is carried
out at a temperature of from about 5 °C to about 30°C. In general, the reaction is run
using one equivalent of the compound of formula 1a and an amount of the compound
of Formula Ib which is from about 0.9 equivalents to about 1.1 equivalents in

14



The first step involves coupling the azabicyclo conpound of Fornul a
(I'b) with the acid conmpound of Fornmula (la). The coupling reaction is
carried o i resence of one or nore 2, 6-substitut ridine
conpoundsgk?agm@ﬁgﬁgle, 2,6- lutidine, and a coupling ?@gagﬁﬁ?mpﬁw4
exanpl e, the hydrochloride salt of (ethyl[(3-

di met hyl am no) propylicarbodiimde) (Formula 'al). HCL Forrmula | al

Sui 20! obfHatBhio 183 afRLAY b eRmbdlbd ARl B EmPRRH, |FBEALIA the

or gani c sol'vents, or exanp acetonitrile
( Et QAC) refetisfirewiliiliop arecor macs pyniding base in ao amaurdof fromeatpmt £t 5ieq. tof

from about to about .30C. In al . the re ion. i run, usi,n
e ootk ¢ BREVE 1o te aOufrAhR coniqinGl e tiia B e BlVEfosha
CO”DOUH_(br@forl'_rﬁél‘éJd:cmdlihg%ﬁfs insarf AABUADSIUL 182t 1e0BIbYaiveRrRhSs fehatidasithe
1.1 equivalents in W 2008/ 079216PCT/ 1182007/ 025804 conparison to

t he amp@owt of e eompound obFotmulimia gmulovass| B generalytheieacken wilhiae

Ci : i : _ et
bout  0.1utior folE oo Mo PR cBmbieth Loy SFeTLi R TRAARl A, HpidEly the
of For nuéaction withfileofpdowed by Ldhand considerezbegphpletedwhen $essthan aboati0Zs
f at | 1.05 i val ent | at i to the. t of th d
of For mip 3" 1 SRETE eaifpounc el Eopd fa iemad if e (saclongniufis or 1 our
hours to insure conplete coupling of the starting materials.

Typically the reaction will be followed by LC and consi dered _
conpl et ed whéhouph itis prefaped o emplow£BClasea epuplinoragend impbergastion,

F | e \ . ' . bl
pr et or 1 S OUNG aufnsifial BQ Ukl inctetd 8 Enckorin BHHERNTEDCH IcF,
coupl i ngxaggie pivatoyl bidotidedpropane plosphdiiiOacid anhyddde indmixed EDCI

m xed ( EEECHEINASS € Pietiird 1o PEGRRLE 6HHREBNS B a Strsndrd hugeins d2se
subst i t wueH wiiy be dippeedigied, thiidithet pyridihe baseffoesxahpid, bihalr 208 Aryl-

pyridi ne bases, for exanple, other 2,66 al kylsustituted pyridines
tri et hySugitiird pyidinggvirietan amins. ged &Mwbgaéualﬁﬁgee%mpleveé,"@teadjpf abne

or in ageidiheBr inCaddifor 1 2 BLiNGdine After the coupling reaction has
| t ’ i

run to conpletion, e reaction mxture is worked up by addi ng net hyl
tert-butyl ether to the reaction mxture, and washing the resultant

ol ut1 on: ¢ nafer R RatrEhas B RrEpkpo R hd T fell ARERe
about 1ivdbriedd up Dy addinginetio/l terebutyMetier to did eraction eririur@tarahwashing the
O BT S SIS b L Tahon By g oGS L
anot her tidH Egmidhi@ing thd BFgaMiARRELIo SR ¥Rt is{, ® hB¥EC/8Yf fs %ﬂﬁéﬂﬁ/@‘ium%,

sel ected fromisopropyl acetate and 2-rethyltetrahydrofuran (. ]
t her eby Whitis @dter agneerdrationecontamsipimady acktonirited uthe tgackion mixre is

subsequently treated with a metal hydroxide base in water, followed by HCl or

another suitable acid, for example, H.S0O,, followed by a solvent selected from
isopropyl acetate and 2-methyltetrahydrofuran (Me-THF), thereby liberating the free
acid form of the product of Formula l¢.

After liberation of the free acid form of the compound of Formula Ic, the
reaction mixture is treated with a tertiary amine to precipitate an ammonium salt form
of the compound of Formula lc. As shown in Scheme Il, the tertiary amine interacts
with the free acid functionality of the compound forming a counter ion in the salt. In
some embodiments it is preferred to use a single component solvent, preferably
isopropyl acetate. In some embodiments it is preferred to include an antisolvent
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After liberation of the free acid formof the conmpound of Formula Ic,
the reaction mxture is treated with a tertiary amne to preC| pltate
an anmoni 4p sal{0 form of the conpound of Formula lc. As

Schene 11,% A ary anmne interacts with the free aléq’ﬁuszoomz-sso-t
functionality of the compound formng a counter ion in the salt. In
sone enbodinments it is preferred to use a single conponent solvent,

prefera I

P o et il AARIAPYonBRPY R G e BT RBLSRS sl ] e thrbfy
t he sol aee!tate/hepﬂaneb lmﬁtdseretmiamqirrmnﬂswmxmrdosﬂw reagtio mlxtemawnhehe

| soprop acet at e/ hept anes. 1n these xture of the
Foabt | olPTHRN AT IOS A Esk h Bidraiia oba altioim PL A oripolind o

preci pi Fakrhomr 1d, whisiban berdlieéted tfyomnawﬂa@a dﬁ@a Iﬁw @selrﬁ Stepic NnGyne
be collected by filtration and dried for use in . I'n sone
enbodi nembediments s arelered todisgdd, Nxmmeethwa“dtwplohewcarwneﬁﬂ thaiemianas
the ter G e coupled product. Step Il -
Second khﬁﬁd% &?ﬁ@@gﬁéﬁnqﬁt’h@& li&%h'%gjuw The second step of the
process of the invention for preparing the conpound of Formula | is

to carry out a second coupling reaction between the amoni um sal t
conpound I c provided by the Step | and a salt conpound sel ected from

t he cowq_oge&gﬂwhﬁdd%n@&,é;m [eAdRnnd of Formula 1d . In sone
enbodi nENTS O ernventiton It 1S preferable to utilize the conpound
of Formula 1d' . Accordingly, the second am dation coupl I ng react I on
Is carried o |

sel ect ed sal ?ﬁg%ﬁﬁéﬁ@%fé&?&&h?%ﬂﬁ?%éﬂ%?qgeﬁygﬁﬁélglg‘@e %&‘é\p] 9 €4%p %?Pe

pept i deotBophulad is acgany oahal secendcouping reaatgnnbetvmmtthe rimrgoniubmsalt

or pho PaRPeunaic R ied by Misiste (] 458l cofinobherimiastea folnBen |
the r ea@btn%uhé owbrm@ré |@Lﬁnoaﬂqeacdn¢§mﬁfdaéftﬁcﬂmna id’Orlh bt emﬂ:@dlﬁtérﬂs

about +30C, preferably |ess than about In some enbodi ments

it is ppEiheripkention lhaepr@tet9bleateéttaz%t%cc@rﬁeom obRermuadd; Acsiosdingly,

whi ch )

met hyl @?r%ﬁ di nonea?kk/g§ugm&#{’ ger?%?r gohPt{Eée%&gte otH?tchpeouP/ga\l) ,
and m xFormaladt withothersealested shl coofpousdiaf Mrau[aem indike m&ﬁricag)f at least
reagents for e in It res Il nvention [e'gx [l Jncl uéio,
but _ar e OB PePHE cRPing reBGRRERA e O 1o dPRdT R hoBlaining & tA¥e AfsBoen
both wakgsm Wﬁteceéﬂrdimdi tiridry @hingl &k 3mide, and a morpholine compound and
di et hyl am n %&r opyl carb d| I m de- hydro hl or | de (EDCI - HC1

(we) eteqfhlciﬁr@fg ¥% rﬁaemgstwag@ ﬁéz ¢Rr-a)

car bony MEXIHER
erbodi motTEersfUrg o rBRE BRIV o 86 BnBin KD <2 prRfdbiy s e pbOUCHT

sel ected coupling agent(s) in a solvent select ed from et hyl

In some embodiments it is preferred to use ethyl acetate as the solvent.
Other solvents which may be used include dimethylformamide (DMF), N-
methylpyrrolidinone (NMP), dimethylacetamide, and acetonitrile (ACN), and mixtures
of two or more thereof. Suitable peptide coupling reagents for use in the present
invention process Step Il include, but are not limited to, for example, 1-hydroxy-
benzotriazole (HOBt, both water wet and hydrate), ethyl[(3-
dimethylamino}propyl]carbodiimide-hydrochloride (EDCI-HCI), carbonyldiimidazole
(CDI), 1-chloro-3,5-dimethoxytriazine (DMT-CI), 2-hydroxypyridine, and
combinations of two or more thereof. In some embodiments of the present invention
it is preferred to utilize the selected coupling agent(s) in a solvent selected from ethyl
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WO 2008/ 079216PCT/ 1JS2007/ 025804 acetate, dinethyl fornmam de (DWVF),
N-net hyl - 2- pyrrol i done (NWMP), and conbi nati ons of two or rmre

t her eof . lvU SR enbodi ments of the present invention it Zﬁr ef er
to utilize¥8 3P%Mre noi eties cont ai ni ng a basic nit r%%"'gHS '376%5804
selected fromtriethylam ne, diisopropylethylamne, 2,6, -1utidine,
Nmet hyl nor phol i ne, and tetranet hyl et hyl ene di am ne. I n sone

enbodi n%%lsaté’fdil‘nié?nw ?dﬁrﬂ%rhf&@ (D ())Ugffn%ftr?ﬁ-%gﬂ{ d?dHﬁ& (RME) MEIUBRY Y

reagent Conpr’i si ng ‘one nore C sol’vent sel ected
fromt heofrrldlma:tmnsgaf ¢worhnr mnredhereofl )n smeemmw«yxdnm@f the peedeyit invention
acetate conbi nat i o | ter wet

HOBt in 'téF Ry?fﬁf,’ﬁgg? é'% ﬂ”?\lﬁém?;?? W?'? rﬂewa.-ﬁq %'géalﬁm GHAR t h
EDCI - HClsgietd ﬂrorawhé’tnyrarﬁmybw@;s emﬁra!m.Hé/Fz 8I-juiciFRt fu!

pyrrolidinone (N I N conbination 'w Aol (iv)

car bony mﬁthwiruu@bm (1= @Dﬁ)tetrwn@thy;ethtl@ﬂatctarawe DIVF (v)

1-chl oro- 3, 5-di net hoxytriazine in ethylacetate with DMF, (vi). 1,3,5
trimethoxy-2,4,6-triazine; and (vii) 2- hydroxypyridine in ethyl

acet at e wi t hibbfmeigrbdditientiCof therineentionahisqulefapreidstoi usel s cpumingrreadent

t dd the terti di | et hyl i N- pet h .
o onor RERESNg G of Pofs coting 1Nt Shia ST selaeed Trom the folouag )
e at enbindibASAIPHUBSHoRITRRATH Sl 2L oW IVEGrNMENG amount

of salt conpound For mul used wit'h be from about O.
equi val Gﬁmlrcﬁtioamﬂhﬁmﬁiéé@t (u)ovat@r webiiBtdn @mylaﬁetaﬂawﬂth compound

Squi var Sisthidopitotifidhe i oBiatSh Gith FEEPRICHTE BiaPln ettivigcetgtewith
RV Sk oot vt ol + o it gl br ot e v “‘;bedm““g'r#
salt of Cﬁﬁ%%mm@a%ﬁ%@%d" %“HH@%‘%{@ ﬁm‘ﬁ?&]:ar‘ghﬁf’ :t;’ L E‘Y ary
ani ne prysiterh dthiRcbaid mmmgu;w}h 3 @ﬁme&ﬁb@,rl!za a@nmtaf% (gu) 2-

equi val ents, preferably from about 75 equival ents to about )
equi val SxtXyp¥edine in ethy! agelals with QME%I BEHHGs Irsemel embediments it

Igtr)(rafrﬁln;‘ﬁ %referred & écﬁtgye W g% glrugﬁ%r‘ggwéw%ﬁm%aﬁrw abov grp(sweoclzlond

step (2'ab)a meietphavied anbasncmtmgenratbhe -OH functional gr oup of the
adduct is oxidized to provide the correspondi ng ketone, thus
provi di ng the conpound of Forrmula I. This oxidation can 17 WD

2008/ 079216 P §5#58raPiH0RB8 M the amount of ammonium salt of Formula le to the
amount of salt compound of Formula ld used with be from about 0.76 equivalents of
ammonium salt Ic: 1.0 equivalent of the salt compound of Fomula Id to about 1.0
equivalent ammonium salt lc : 1.1 equivalent salt compound of Fomula Id, preferably
a ratio of 1:1.1 will be employed. In general, the amount of coupling agent used will
be at least about 1.05 equivalents, based on the amount of ammonium salt of
Formula I¢ employed. In general the amount of added tertiary amine provided with
be from about 0.5 equivalents to about 2.5 equivalents, preferably from about 0.75
equivalents to about 2.0 equivalents based on the amount of the compound of
Formula lc present.

in those embodiments in which the salt compound of Formula Id’ was
employed, with reference to Scheme |, above, a second step (2'b) is carried out in
which the —OH functional group of the adduct is oxidized to provide the
corresponding ketone, thus providing the compound of Formula 1. This oxidation can
17



be carried out in accordance with procedures in the above-nentioned
patents and published applications, for exanple, the procedure
descri bed | tent application no. 7,012,066 at cQ
|l i nes 20 ﬁ88£§P%§H@?the procedur e described in copendlnﬁétp 0wmnmm4
application filed Novermber 13, 2006 under attorney docket no.

CD06366L01. The starting materials used |n Step I of the
present I
of the péae(gée:rﬁ [()) r g(&@%‘é&gda%ﬁ&oetewgﬁggg §| n ac aﬁc@e%@%d;ﬁ%gﬁﬁ%ﬂg

descri bgsbblisheshgpplicativas Aooerampl, i ttxeqﬂotpedme td@saﬂlnbcplnﬂUJS lpaxtent

(NN i ARG RGP Nve ) DA ol A5 sR 24 asclibaprpredss gesorived
Into a rﬁ%beﬁd.hws aaamemahgﬁéh ﬁég?ﬂﬁaepis%n@mrla%torﬁéﬁdﬁae%o

corrpouno‘ |' b, and™8 L of acetonitr Bat'ch t enper at ure wag

adj ustetﬁDQﬁfﬁﬁﬁi@UOC 323kg of 2,6-lutidine followed by 123 L of
acetonitrile was charged to R 1, while maintaining tenperature at O
to 1500. 351 kg of EDCI-HCI followed by 123 L of acetonitrile was

charged to berthmartﬁmgtma%a@ usdbinn$te Uroethv@ﬁe%tehf pedess, aHl the s3it C

for 4 h. React| on 3:0 i‘aon was cheﬁ e HPLC t o show | ess than

0. 75% ofCOFRQuags Og;g% Naed i StepsH of Hhe %meeemr RACCESR62m e diopargddn

9. 9% HC ?da%awﬁ# H&eﬁg%s%ﬁéﬁﬁ@? Ivén f the Sboy §tﬁehaéﬁéh nts and
sett an

stlrreda*or 15 m nutes an or a east 30 m nut es
aqueous pubjighedvappligationst o HOLD TANK. 807 kg of 9.9% HClI was char ged

to R 1 ajt 15 to 25C. The batch Wasggtébaggg%or 15 m nutes and settl ed

for 30 m nutes, and the aqueous |a lit to HOLD TANK. 211 kg
of sodi [Erdmpsian boPeberdtion shiet(NaW-difisthcyflovadveamives sait) atogeling tdR- 2,

and t he whol e wag Egl taé eg until all solid dissolved. 1404 L of the

NaHCOBsol uti on i BC t sferred to R1 at 15 to 25C. The

m xture was stirred for 15 mnutes and settled for at | east 30

m nut es. The aqueous | ayer was split to HOLD TANK. 140 kg of sodium
chl ori de was Iglos gemtcer hewag ettamest 31 kanof eorrpoundHig, 318rkg efeccompound

NaHOCB \Bagly 88 4t diUhcldhitict- BatlBehiRRal Y haS Ao 795 18P8 xddtg

11-1 was agi m nutes an or at
The aqued@s6-ludigine faﬂeweﬂlbyuzaoL dOkEetbAN e Warechargad mmiéM oi:hilmmamtalnmg

NaHCCO3/ ,NaCl oI u f to R 1

2008/ 0749THBE @z‘gg’i 258%5%8%@1#?‘&3%?‘&0!’%/58 ten 't-é?F agetopitrilpvas
M nut es gha eﬁﬁfdtbét@e&ﬁrs @t28 WITROMkt0H ®as stifted a8 260! T/RF 4IRS
split ta D TANK. The batch in 11-1 was concentrated to about 1053

L under Reratigmeonwleliprowas chacked Ry 5iFG ireshayn aspdhan 8. 735k 10h Wedeggted
1404 L tn.20
to 30 Cq{m I II%,a YF:BS yrée%lf@e%w d?IByBP :Bd)g%%g—lom ébbéq:égltgnﬁﬁn
13 2 wadbetweers f16°Cdd 250°CL3+®. bathe wﬂso&terem‘sr §5|m|netesaanc2£)ettled 8 o Iéast
t hecke n

conver st D e 48 Fb RLeOTS 1HAT SRR s Holeh AR B0 RS 98746 1 o
R-1. Thevas etidrged \eR-stat 15e6 250C. meawh%asiﬂﬂrécﬁdrhssmfr@ne@and geled
30 m nutes, The a ueous Iaﬁer was split to 11- The organl c layer

was trariQf 3P ruputes, ougjaye wa$ SRiie H@%DJM'&e 11 koof spdiupe
m xture Bf%béﬁét@f@ﬁbv@ﬁ bg%tﬂ 1% \U&t%rg\;%r%ecgﬁ?%e%fé hi"hd dnd thetwHdh %530

m nut es e aqueous yer was trans e organi c ayer
was tr a@itetedelmnlall isoliddisaniked2 93104d. of the. NablG0s sbhltﬂoomecﬂi-ayvaEBO kg

of isopr, 6 %

20 1o BorsterePt ALF: 00 16, She Byivturd lyasisitad 16 T Aifuts dtidiag,

for at ligpatlea6t 30 mitiuess. ma@&mmayéwas spitto HOLD TANKOAD kgdK. 35

kg of Sodlumcmgorldefollo %} of water was char edto 11-2.

The Na.ciSogiimy chigrde yvasicharggd te f Elﬁéﬁliémeql'&lqa in R-2p, Elajfiof the afi(Os/

stirredNgg sbrutlBnHIFES s tranderréd t& FRRITRE Wiokdin' 81 Rhs bef&leddBr 15
minutes and settles for at lest 30 minutes. The aqueous layer was split to HOLD
TANK. The remainder of the NaHCOQO4/ NaCl solution in R-2 was transferred to R-1.

18




(m 5H), 1.17(s, 9H), 1.35(d, J= 8 Hz, 1H), 1.43 (dd, J=5 and 8 Hz,
1H), 1.54-1.58 (m 1H), 1.68-1.78 (m 3H), 2.23 (s, 6H), 2.28 (m
1H), 3.73 ‘édd J=5 and 10 Hz, 1H), 3.96(d, J=10 Hz, 1H), 4. 08(s,
1H). 4. 1504028893236 1) 5.87(d, J= 10 Hz, 1H), 5. 95%%?’9?2“11(162?3'“
Exanple 2 - Preparation of the conpound of Forrmula |x According to
Scheme 11, Step 2 using wet HOBT in NMP with EDCl - HCl Present.

Into a react h d f _ethyvl aceta t,0 re or

ol 1 oned TBovBoed B T s et P B mite A58 58884 Budt 1655 finyegThe
equi val efuepudiayed wasApliedHOLOFANRO Thie WaftcteinRl1 wastaheertided & Bbout
N-net hyl pyrrolidi none was_charged into the reactor. The reactor

cont ent < CHBrLeURGRTAFULE. 150K Al iyr hpTaxicts Menghydrater ollawer byot 495 L
equi val 2 z ' : 421969
of v ot iBteWad cRAREEY EDZ 0 W2 (RIS KB4 &y 26 40 3OO b A1
equi val eotids dissdlvedbTke)litirn yhydroxide solution in R-2 was transferred to R-1. The

(0. 959, WP wastiveg S PR 7 Bl iR icto yEE sl DYHBLC
: : : , L. €

t he reagd sROWMOORE EBnvarBRN $683 IL AT MTBEYSROWES by 404 ebfatatéPwas¢hkided
conplete (<0.5 area % I1c' remaining by LC anal ysis in this case 3h.

The read® 611 EipB1duR waggirred dpedd ainytgs 2a0dselias t)ebahisaét 3@Mminatesr
fol | owe 9 r a1 '

react orq-v\r*/aéga(ﬂ%%el eart %é%@@gk? %14% mﬁgd’? g@'?ﬁ%rgﬁ%\#@esp&ﬁ}*fo -(!'rrE?QO
m nut es TANI®. 40528 luof MEBEwasacharged e R-AnThermixtied wast $tirG@l fok abbut 10
ethyl acetate. This. m xtur stirred_at 20 C for 20 mn then

o1 | oved BCIegiand $nd Kn fed R B0 inutes g dtesiys Bxat el fansletiedto -

t he previ orite eFganly lRyePWaSs trahbfe redel MOLDOITARKI 293 R?%f 9.9% HCtibRAved
with 80 nL DI water and 40 nL 9.9 % aqueous hydrochloric acid. The

mi xt ur e Bekb39kg pligorropylReetale ang B8t ko & 9henHEd waqshargedis Rl #tR0 to
28 m “Utafés’g. \méhrﬁ%%’éﬁ Fiéﬂgafs dhired fBYEHinLR: E’ettl'efég?lﬂétgé‘éﬁt“sd dayer

was treate pot assi um car bonat e sol ution an
sti rred ninutes. The aqueeusrayer esstepihtcaHOLRETAN. 861KgtoffSadign Ghlatides.

{reat od poLY 7he VY dAGEIES shaiElag dBs e et 1 e

at 20 CtfaasfeddediortiesTHdwixtald waedtitrad $¢r 18 niimite2 8t 15 e RESCanidsettied

e B e Fareare veseuh G TN, e

and_ st! ifgfloéd B) 306 oDt idSprapiitatelivel s trlhiemrei®s R-2IVi 4 rfine

plit for 59 m nutes. "The aqueous | ayer was renoved to waste.

Sol ut i oifilt¢f. dihe batch © Bf2 was copapalnaiedde abeuhided Lundar vagumn at Baye 60

IS 92% oEXgiBk§ f kopropyl acetate was charged to to R-2, and the batch was
concentrated to about 1404 L under vacuum at 35 to 60 °C. Water content in the
batch was <0.5% w/w. 1530 kg of isopropyl acetate was charged to R-2. The batch
temperature was adjusted to 43 to 48 °C, and 109 kg of N,N-
dimethylcyclohexylamine (DMCA) was charged to R-2. 4 kg of compound I¢’ seed in
11 L of isopropyl acetate was charged to R-2. The batch was stirred for 5 hat 43 to
48 °C for 1 h. 130 kg of DMCA was charged to R-2 over 2 h at 43 to 48 °C. 153 kg of
isopropy| acetate rinse was charged to R-2. The batch was cooled to 5 to 10 °C over
a period of 3 hours. The batch was filtered in portions with a centrifuge. The wet
cake was washed with cold isopropyl acetate and was dried under vacuum at 25 °C
for 4 h followed by at 45 °C for at least 8 h. 706 kg of Compound l¢’ was obtained

(90% yield). 'H NMR (DMSO-dg), 5 0.80 (s, 3H), 0.91 (s, 9H), 0.99 (s, 3H), 1.02-1.25
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On a simlar batch with 100g starting Ic' the organic |ayer obtained
cont ai ni ng the conmpound of Fornmula | x was then concentrated to

486. 45¢. 16 ?of this material (KF= 5.6 'Yo) was treated with

nm. of et hy‘Iv L¥923%4% and concentrat ed by rotary evaporatf'%T{ ?%9”@@3%1
then treated with 7 nL ethyl acetate (KF= 3.0 %9. 0.75 nL of D water
was added to bring the KF to 3.8% This ethyl acetate solution was

added sl oWhysHY 150 NG, ALEBRAOY &1a 4R 4+9) 148 (&Fﬁ%faﬂa%% A1, 1847%s

bottom fl as ol | oW n ? t he ‘addi tion, the slurr ir
i

QC for 15 (Wi Hib dE8héB (i B2l (én@"'iﬁ\@s%e(ﬂ’ i) 3%(%Jt=h%ﬁn®50rﬁ_2 of
col d hept apgss od e oW d AzSAYY, 4 0898, A5, 84548, J B9ofiZ E}ﬁéé@f B9 M AHLES
then in a roomtenperature vacuum oven for 3 days. rr%erature on
t he vacuutove$e (&3 tHicreased to 70 QC for 1 day The final solid
amount of the conmpound of Fornmula was 31.51 g, 89.6 c'h, yield.

Exanmpl e 3- Preparation of the conpound of Formula Ix Accor di ng to
Schene I, Step 2 usi ng HOBT Monohvdrate with EDCl - HC1 Present.

EDCI - HCI M2 kg Preparatiam bf the compeynd of Formuta by Avcprdimg tet r i azol e

nydr at e( 80. 00 kg, 59@.:5@@19|;!%té@g%§m9%%t;§§ﬁ§§@ﬁgebg%u PRlsent - 13
equi v) of the conpo

charged to a reactor and di ssol ved in DVF (1407 kg) and ethyl acetate
1492 L). Th

(80. 00 ko, 610 et puE AR AL bRl 67 RARLDBpRRIXY T "¢

t he corrpo@ﬂ@hgf(@érfﬁmoﬁ Olfbp 5( BQQWWmmbom&aﬂu;vahrﬂm of ielli \A)1 as a

lid ch
2011 CNeBagyorgo0t RGN ksl 963 SRR o | SRS RRHRo
2C over 1t mmatier.aFe feactor sprteats Vé&reaooled]bwat’@r Additioadig 267 g52Ra f or

Lo 15 C 1 o0 &89 EfuRalbhis) BOL pEiEREb L TR SO A 2 Sp
wer e addedf water WWWQ%WH@M(IQ@:D?@@W@% Fh2&0 Aol VD63 equivalénts)
2008/ 0792&@%%5%&%&5’7& m,»ﬁ@%éfhgaﬁrﬁaz%ggﬁ%ﬁﬁa J-Wdr&c‘?ﬂcfﬂd‘é%k%’&l-

t hen t he aqueous renov eous er
back- ext r H&t)e®- 9% 9. ?ei Rynolat 80 gauivalenisd weye S%@ﬂhdmhamdontgahe cs

were treatstion ﬁ‘ﬁktl‘é}gt qfhe(régéﬁn%l%r@@‘is §f’rr@d’l9 14 ‘@ur‘&ﬁ cBIQ%)tetér E §5

m xture was a Itat m nut es and ueous

removed. a8’ ﬂgaﬁmélﬂlw@fm@gawﬁéhmm@a@aée&mh 0. 45 M K2CB (aq)
(1991.2 L water and 124.00 kg 1(2003). This mixture wa's agitated for
15 m nutes and_t he aqueous | ayer was renoved. The organic |ayer was

treated with OThETeRfFiRItanPeratyle vanneraased 1h2Q *Giand §PanbnakDhwatent ed

f 15
hos 1 ent [HoREd 87 o blCorloRueoay ﬁ%dlrggtgoﬁc?ﬁ@q_%s abliEq OTRE Rideidr "

agi tated F#Fetial 20°mieed3 Anttes e&cﬁJéWd@ 5P'ﬁ)f@'r9%§1ut@rrdv@cﬂqu¢h@$ layer
organic | ﬁﬁﬂerﬁ‘&édtérﬂqt'e%@e%ﬁlhﬁﬂ’%l%f étﬂﬁ%%et@té)m;r Hisdur éJét e‘ﬁeai 20

agitated for 1b mnutes and the aqueous |layer was renove

organi ¢ | %y far 2R4min dhan liawesite gpiitier5 mimttesn the argajc jayerwne rcombmeﬂ L)
was addedwitiqfé ;sraﬂom as:togf]éh& 4. &rﬂe%ﬁb&ea%%%}g@rag%%érﬁégte% with 8ty er

2.5 h. The resu tant s 20 uct was 1 sol ﬁ_cen ri
filtrati ot Rlyelterend 4hmeS-9 “hapiaoys hydshloge peid. ﬁaémxwﬁ:wasrﬁme@@t

c-t for 6pgbdiep mqmagtefsqn i louicd g ARG as a
white solid c&473 55 e ‘};éa 8 S}Sﬁngbpﬁs nﬁqa%)% O@%ggﬁy%r{ués
Conmpound &M (L2 r;q,wasﬁex The orgamc layer was treated wnth 20 mL of 0.45M potassium

carbonate solution and stirred at 20 °C for 21 minutes then allowed to split for 30
minutes. This aqueous Iayer was removed to waste. The organic layer was then
treated with 120 mL of 0.45M potassium carbonate solution and stirred at 20 °C for
31 minutes then allowed to split for 28 minutes with subsequent removal of the
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According to Schene Il, Step 2 Using HOBT with EDCI-HCI Present and
Sel ected Enantioners of the Conpound of Formula Id The

conpound E 1d* (Schene I, Step 2) conpri SI ng
mvbl . ) of ﬁ'ﬂé&{ém%ﬁed (S,S and R R) enantioners and O. ;2%1‘/592(&7;{55804

mvbl .) of the conmbined (R S and S, R) enantiorners (enant ioneric pair
ratio 87/ 13, KRR+SS)/(RS+SR)]) were conbined with 1.0 g of

1- hyd
hcot at o SUHGSLER Sl i Grdeidiayernds Helled bty 32201 B o ana
To the mtdaed labeo RCxfoun B mimstezdted i Ihygrsmefé alsved apsmpjdreﬁmqf rautese

162 f 1- net hyl - 2- l.idi
((:orrpo{;mgJ I%fa %qué"rges( r %’erqg%lr‘&&t.?'olﬁ% ?r}g é)yéf,% %{)ﬂ\chrgpound of

di met hyl%n@qmﬁb}ga,ﬁcﬁy@y@g;g%odl i mde hydrochl oride (EDCI HC,
14.9 mmol ). The tenperature of the reaction m xture was naintai ned

between 0 C and 10C with stirring for 15 mn, then slowy warned to a
terrperaréy%ﬂg:%‘gen 20C and 25C WO 2008/ 079216PCT/ 1JS2007/ 025804 and
mai nt ai t tenperature range with stirring overnight. At the
end of the stirring period 40 nmL of ethyl acetate and 25 nL of 3N of

Lemper at ur o bt 88EvlatRatd b 00T srtng el E%ééraf}%né‘ié‘ﬁ'g%ﬁé‘éﬁgntaanm

organi c tﬁ@&&hp&@ﬁd Wﬁbﬁﬁuiﬁqﬁ Q»%%Sth\éﬁ chsn&bﬁthatea% abbuy. %2 1:5 r@f
of HCl, one a uot of water, three aliquots o 10%

of pot agatendldkFsdnte) was \tv.eatad with 8201k of ethyl agetataiand oonmtated e

or gani c t

o e PRGN RERS Lo PAE Y G ALR BRTKEs %), 075

white puvlzdef D(@a&rgvas added tat bringotheKF ﬁssmr%( FRRrsSﬁhj(I(dﬁtﬁB)sohEmrmég

P t f the .Co d of A di to Sch

gt epr (Zap ﬂé%%bwsgﬂng%ﬁ#ﬁ@\?er 2'?1 tom#OQ‘C heptalgé:so :rn c’:ll rogbndobot?on%3 Wgs
Foltowing the addition, the slurry was stirred at -10 °C for 15 minutes then filtered
and washed with 66 mL then 55 mL of cold heptanes. The white solid was dried on
the filter for 30 minutes then in a room temperature vacuum oven for 3 days. The
temperature on the vacuum oven was increased to 70 °C for 1 day. The final solid
amount of the compound of Formula was 31.51 g, 89.6 % yield.

Example 3 — Preparation of the compound of Formula Ix According to
Scheme I, Step 2 using HOBT Monohydrate with EDCI-HCI Present.

EDCI-HCI (244.00 kg, 1272 mol, 1.27 equiv), 1-hydroxybenzotriazole
hydrate(80.00 kg, 592 mol, 0.59 equiv), and 236.00 kg (1131 mol, 1.13 equiv) of the
compound of Formula 1d’ (Scheme |l, Step 2) were charged to a reactor and
dissolved in DMF (1407 kg) and ethyl acetate (1492 L). The reaction was cooled to
6.2 2C and diisopropylethylamine (80.00 kg, 619 mol, 0.62 equiv) was added
followed by 525.00 kg of the compound of Formula Id’ (94.68 % w/w, 1004 mal, 1.00
equiv) as a solid charge. The reaction mixture was maintained at a temperature of
from 0 °C to 10 C, with stirring, for 30 min then warmed to 20 °C to 25 2C over 1.5
hour and maintained, at a temperature of 20 °C to 25 2C for 3.5h with continued
stirring. The reaction temperature was adjusted to 15 °C to 25 °C and water (2486.5
L) and ethyl acetate (3486.8 L) were added followed by 36% HCI (224.00 kg). This
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Present and Sel ected Enantiomers of the Conpound of Fornula |d'.

The conpound of Formula 1d' (Schenme I, Step 2) conprisi ng 2.5 g (12

mvbl .) of the conbined (S,R and R ' S) enantioners and O. 4

mvbl . ) of WRE"EEMBihed (S, S and R R) enantioners (enant]i' T 50

ratio 10/90, [(RR+SS)/(RS+SR)]) were conmbined with 1.0 g of

1- hydr oxybenzotri azol e hydrate (HOBT, 7.4 nmmol) in 21nTL of et hyl
erature bet ween

2o ne Tl s Hllh el fBr 16 e Bef b R SIS Bl ORBE T Boked, e e
(13. 9 neEgleousdlayer whs batRidxyracdoyity e{hydama@ %ﬁ@é L257\'r@ c’dmmh@d

conpound of Forrmula |Ic follo

di met hypmmﬁﬁpwaffytﬁatsdéwﬂwe@ﬂr&b%%& Rild @nﬁﬁﬁ %dﬁ%f?%‘go t(EbcT hlﬂ@mxture
bot weon 1ge 20l GRS 8id IiFed s Afbies Kifiof&E TR Bltiofiyer

t enper atvas¢hée treatad mmommmsg‘:@@thqm 9962 hadaten anbatt24t @0k K’a\CG)'s)a
h stirrin t.he e rrin

f th 40
e of eThpmistuelres Suad R, 15 MingeS affnS aputuslayetes rBived: The
react i OBrgHnid yer Wak |t|féa'f@d MBINTHW KRS OLERP (2010 E). bﬁﬁummuiéﬁaénd
25C. The layers were separated. The organic [ ayer was washed

S uccessag@atydm 15 griutasiagddhe @qugguﬂaygr wam removed,; Thiecorgrniglayerovas
15 m %gm &k g | gl
Oan onem}g' nL'aa Iﬁ%g%t(gé)f 3 90 ﬁﬁgrﬁmﬂré\%é ?Q{}%@dcf@\o}?@ﬂ%ﬁe‘s“

wat er, organi c
2008/ 078aed mqummayerzﬁagmmseu oibertrgatie ﬂaymd‘cﬂdreatbg lwithcehier e

agai n, C rate to dr h uct of Faqr

bt a1 nell SRS Ly T s Thathre v atales Y B iiutes and 16y sfuggus Ber was

(RR-i - SErhé¥t-SRhe o lae;eﬁwaerméﬁtra@a udde bscﬁﬁmsuséocu‘ ml%@érr@lgen

| x via Internedi ate Prepared From CDI Treatnent of the npound

For nul al} was added; angbifre mixture wag added to -10 °C heptanes (7457 3 L) over 2.5 h.
The resultant solid product was isolated by centrifuge filtration, washed with cold
heptanes, and dried under vacuum at 30 °C for 6h then 70 °C for 15h to give the

compound of Formula Ix as a white solid (473.55 kg, 90.4 %).

Example 4 — Preparation of the Compound of Formula Ix
According to Scheme I, Step 2 Using HOBT with EDCI-HCI
Present and Selected Enantiomers of the Compound of Formula 1d’.

The compound of Formula 1d’ (Scheme Il, Step 2) comprising 2.5 g (12
mMol.) of the combined (S,S and R,R) enantiomers and 0.25 g (1.2 mMol.} of the
combined (R,S and S,R) enantiomers (enantiomeric pair ratio 87/13,
[(RR+SS)/(RS+SR)]) were combined with 1.0 g of 1-hydroxybenzotriazole hydrate
(HOBT, 7.4 mmol) in 21ml of ethyl acetate. This mixture was cooled to a temperature
between 0 °C to 5°C. To the reaction mixture was added 2.1 g of N, N-
diisopropylethylamine (16.2 mmol), 5 ml of 1-methyl-2-pyrrolidinone, and 4.7 g of
the compound of Formula 1¢’ { 8.5 mmol), followed by 2.85g of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI HC!, 14.9 mmol).
The temperature of the reaction mixture was maintained between 0 °C and 10°C with

stirring for 15 min, then siowly warmed to a temperature between 20 °C and 25°C
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CDI  The conpound of Formula | x was produced in coupling reactions
using CO in accordance with the follow ng procedure: 1. Charge 53.2g
1C salt (94.3 wt/w% 50g active) 2. Charge 150 m (3)(}2 DIVF &KF:
0.1%; 3. ¥RAPGA™RIS 16mLDI PEA (0.8 -1.2 eq., KF: 0.049% FGHYSPHAR804
19.2g (1.15 eq.) CDI; 4. Agitate batch at rt for 2-3 hr Note: add
nmore CU to push reaction to conpletion if needed; 5. charge 23.75¢g

(112 ek hlimdihed BBEforhSEmEI A AhGe WS iy Bler ARk Rt e EREGRIY ©
stirring period, 40 mL of ethyl acetate and 25 mL of 3N of HCI| where added to the
reaction mixture while maintaining the temperature between-15 °C and 25 "C. The
layers were separated. The organic layer was washed successively with one aliquot
of 15 ml of 3N of HCI, one aliquot of 15 ml of water, three aliquots of 20 mL of 10%
of potassium carbonate in water, and one 20 mL aliquot of water. The organic layer
was concentrated, added ethyl acetate again, and concentrated to dry. The product
of Formula Ix was obtained as a white powder (3.3 g, in a ratio of 87/13 of

(RR+SS)/(RS+SR).

Example 5 — Preparation of the Compound of Formula 1x
According to Scheme 1l, Step 2 Using HOBT with EDCI-HCI
Present and Selected Enantiomers of the Compound of Formula 1d’.

The compound of Formula 1d’ (Scheme I, Step 2} comprising 2.5 g (12
mMol.) of the combined (S,R and R,S) enantiomers and 0.25 g (1.2 mMol.} of the
combined (S,S and R,R) enantiomers (enantiomeric pair ratio 10/90,
[(RR+SS)/({RS+SR)]) were combined with 1.0 g of 1-hydroxybenzotriazole hydrate
(HOBT, 7.4 mmol) in 21mi of ethyl acetate. This mixture was cooled to a
temperature between 0 °C to 5°C. To the reaction mixture was added 1.8 g of N, N-
diisopropylethylamine (13.9 mmol), 5 ml of 1-methyl-2-pyrrolidinone, and 4.7 g of
the compound of Formula 1¢’ ( 9.5 mmol), followed by 2.35g of 1-(3-
dimethylaminopropyi}-3-ethylcarbodiimide hydrochloride (EDCI HCI, 12.2 mmol).
The temperature of the reaction mixture was maintained between 0 °C and 10°C with
stirring for 15 min, then slowly warmed to a temperature between 20 °C and 25°C
and maintained in that temperature range with stirring overnight. At the end of the
stirring period, 40 mL of ethyl acetate and 25 mL of 3N of HC! where added to the
reaction mixture while maintaining the temperature between 15 °C and 25 ‘C. The
layers were separated. The organic layer was washed successively with one aliquot
of 15 ml of 3N of HCI, one aliquot of 15 ml of water, one aliquot of 20 mL of 10% of
potassium carbonate in water, and one 20 mL aliquot of water. The organic layer
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6. cool batch tol OC and add 350 m (7X) Et0OAc and then 250 m (5X)
water; 7. adjust pH of the aqueous |layer to -0.5 with concentrated
HCl maintaining reaction mxture at 15C -20C and split |ayers: 8.
wash or gant 2?"3@@rﬂﬁ/vith IN HCI 2-3 tines; WO PCT/US2007/025804
2008/ 079216PCT/ US2007/ 025804 9. wash organic layer with two aliquots
of 8-10% aqueous K2CO3 and/or KHCO3 sol ution; 10.wash organic |ayer

80, a0 SR rals BofR il abSRldoain A Bb A el b, SEBFRUL,
purity braEophelain wasbistameatdson whitetpravder {BBUS) dn afratfio bimbed of _
Accor di t Sggiherre |1 Using 2-Hvdroxvpyridine As a Coupling Agent in
the PredReSSHRERBRIHC

Example 6 —~ Preparation of the Compound of Formula Ix via Intermediate Prepared

From CDI Treatment of the Compound of Formula ic'.

( ‘
N \_é_/'\o oL o+ “Ar-
Q
~ CDI
Ic'
HE LM ) H'c\écﬂ‘ HE
\{/ ) QW/N DMF ‘ \A \ S
] o N H
Y gl Y X . 0
[ /y H Il H‘NTH
cr
W’ Ix

The compound of Formula Ix was produced in coupling reactions using CDI in
accordance with the following procedure:
. Charge 53.2g 1C’ salt (94.3 wi/wit%, 50g active)
2. Charge 150 mI {3X) DMF (KF: 0.1%);
3. Charge 11-16mi DIPEA (0.8 -1.2 eq., KF: 0.04%) and then 19.2g (1.15 eq.) CDJ;
4, Agitate batch at rt for 2-3 hr

Note: add more CDt to push reaction to completion if needed;

—t

5. charge 23.75¢ (1.12 eq.) 1d’ at ambient temperature, agitate at ambient
temperature until reaction is completed;

6. cool batch to10°C and add 350 m} (7X) EtOAc and then 250 ml (5X) water;

7. adjust pH of the aqueous layer to ~0.5 with concentrated HCI maintaining
reaction mixture at 15 °C -20 °C and split layers;

8. wash organic fayer with 1N HCI 2-3 times;
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Into a reaction vessel containing 100 nL of a 1:1 m xture of nethyl
t-butyl ether and DMF at roomtenperature were suspended 11.70 g of
EDCI - HCI (‘?#BO nmmol, 1.62 equiv), 11.31 g of the conpound of For

Id" (54.2 posin246, equiv), and 2.64 g of 2- Hydroxypyr?%T/H%m?W‘@*
mmol, 0.74 equiv). Diisopropylethylamne (12.8 nL, 73.5 nmol, 1.95
equiv) was added to the reaction mxture foll owed by a 20. 009 charge

. 00 cqit WaHTRGC BB e ABudfo ) iuRedapie Kk tng Tk REEE

terrperaturgol(lﬂ&C to 22 QC) and nonitored by HPLC for conpletion. At
t he end e stirrj &g& gg 50 nL of methyl t-butyl ether and 50
nL of 2.1 3l QEIRMIC 18P WP SaWals to the reaction mixture. The
aqueous 14a f

t-butyl % 2y R GRS AR hfer) picely SOk s
with 100 mmmmwmmrmdq)xmmm&ras aras Waopurtq) , 100 nL water, 100
nm. 0.45 M K2C33 (aq), 100 nL 0.75 M KHCO3 (aq), and 100 nL vvater. The
organi c |l ayer was concentrated to 136 nL and cooled to 10C. To the
cold, c@Eeempledtad @gmu@n ofiey Compoadded Faﬂﬂulﬂlxm@@rdﬁﬁgwsehemeal
50 mnutes. The re [1ng slurr wasaltatedfor éhe
solids were i : ) e 4 g paAaenty : Pid G
The solids thus obt ai ned were dried under vacuum at 75 QC over ni ght
to give -1 g white solid (loss to filtrate and flask walls 4.59 g) of
the desired pntodursactionvessalicontainagdomi o 1:1 mixture of methyl t-butyl

/ | - i d
o For s ar e o Eiberi R Werd BapEERALH, 28 X EpCRHET IBEHT
Lo O B o i
wer e suo Qar?déﬁ QQT%Hﬁdww%g (%65 WRbIO- 74(fegei\f)eqbnﬁspr09v'¢ v&lramgt he
conpoun(éﬂ_ﬁg lﬁErmlbﬁ‘nﬂn@I 1(@@98w0}7%5 a%id%ﬂ 16 M Yéact;%ﬂ(i'm%tu?@ fcgloweﬁ)){ a

(22.6 mol equiv). Diisopfop hyl am ne (10

1h51 eq@0g0 mbamdhe@ommun@liﬁt O@muiﬂ bet in eolfdoﬂqrmvc&ﬁ b% w0388 g
g7a;9%£\f|mbqq ocg%rnglﬂyﬂdTﬁe%_Fl A8tigH x{lﬁ‘e wdb S éodo@;eqrr{@lﬁtgaggo%r#t%B ature

reac fon mxture was s
at room(1efpdo 221?05) ant9maditdred 2% H@Cdodcampiet:oneehtlu}e ehdof the stirring

and” 100 o 5 - ofmefEoE bbb e pERTRATaE o 25 Realediia Mt ARl Andec

The aquesuse +ee>cﬁ6n YRgtuRRC irheslguastis thyet W&s%dﬂ-eﬂid&l’éd ﬁﬁﬁuaéi@uoiﬁ"@f 50
conbi ned organic |ayers were washed sequentially wth 80 % H

(aq), solxmefhyidbutdethar. d hﬁscqmme@@rway layggs were washgg ﬁﬂgnﬁmqedm
80 nL O o t
with M&H@@s(ﬁﬂq (ggg 1%@ V‘% ﬁch@?ﬂcr ¢ ﬁg\@%‘?”{q(ﬁﬁﬁdq.ﬁg M

rotary evaporation to S|so rzed trom
concent KaC&sdad), 21005l 75 MKHIC@@(ﬁqaz,ohmm @® nilhwatdruihg. orFamic $8/er was

i somer dissol.ved, w n.4-5 hou r C centr t s added
L0151 RoResnugu s sb it aRa Baplei oo FAME oBRY SEhdrttefon BragHiess
M n. Sollayds waseadded 20@ahLf ¢ 8D Helpeariisdver Soanthutde T rébultireridlafry was

i sol at ed bg vacuum filtration. The solids thus obtained were dr]ed at

75 2C | r@gﬁ e R0 HuiButesoand e seliisyvers igelated by H'ff@{’gen@"%%?&ed’ with 3
% Wt/ W ppu e%t%é}\teﬁf ThB&oHe Qinebakand! did uncfeg"i}&ht 07 °C C overnight

Preparati on npound of Fornula IXx ccordin
Usi ng 1tagheTri gmﬂrtemolrd (se tafiteate aedeiiasbmallsr-HQSQ\génf them!es‘nred product

Presenc 2 : Into a reaction vessel containing 100 nL
of a 1:Tkﬁﬁkﬁﬁﬁ; 6Efc{ly"ethyl acetate and DMF at roomtenperature were
suspended 7.56 g of 1,3,5-trimethoxy-2,4,6-triazine (43.1 mmol, 1.13
equiv) and 9.79 g of the conpound of Formula Id" (46.9 mol, 1.23

equiv). N Methyl norpholine (4.7 nmL, 42.7 mmol, 1.12 equiv) was added
to the reaction mxture followed by a 20.01 g charge of the conpound
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hours at roomtenperature (19 Cto 22 gC and nonitored by HPLC for
conpl etion. Wen the reaction was conplete to the reaction m xture
was added thyl acetate and 100 nmL of 1M aqueo ric._
acid. The ‘ggﬁ@g(?gklugyer was back-extracted with 60 ﬁVP§QB7éQZa§"é,
The conbi ned organic | ayers were washed sequentially W|th 100 L 1 M
citric acid (aq) 80 nL lMC|tr|c acid (aq) 85 nL water 80 nL 0.45
M K2CO8 a8 L ()

citric acrd ' '

an 84.7 %yi eI d OUQMDMMMCLMEM |h>the F’v“&ence of EDCl HCI
2008/ 079216PCT/ US2007/ 025804 CLAI M5 1) A process for the provision of
a conpound of Formula I NH2 Fornula |

Into a reaction vessel containing 120 mL of a 1:1 mixture of ethyl acetate and
DMF at room temperature were suspended 9.75 g EDCI-HCI (50.2 mmol, 1.35
equiv), 8.79 g of the compound of Formula Id’ (46.9 mmol, 1.24 equiv), and 2.76 g
DMAP (22.6 mmol, 0.60 equiv). Diisopropylethylamine {10.2 mL, 58.6 mmol, 1.51
equiv) was added to the reaction mixture followed by a 20.03 g charge of the

compound of Formula le’ in solid form ((93.1% w/w), 37.7 mmol, 1.00 equiv). The
reaction mixture was stirred for 17 hours at room temperature {19 °C to 22 2C) and
monitored by HPLC for completion. When the reaction was complete, 50 mL. of ethyl
acetate and 100 mL of 2.5 % aqueous HCI were added to the reaction mixture. The
aqueous layer was back-extracted with 60 mL ethyl acetate. The combined organic
layers were washed sequentially with 80 mL 1 % HCI (aq), 80 mL water, 80 mL 0.45
M K2CO3 (ag), 80 mL 0.75 M KHCO; (aq), 80 mL 0.75 M KHCO; (aq), and 80 mL
water and then concentrated by rotary evaporation to 47.45g. The SS isomer
crystallized from the concentrate and 2.75ml of water was added to the slurry. The
SS isomer dissolved within 4-5 hours. The organic concentrate was added to 171
mL. of 0 2C heptanes over 47.5 min. and stirred at 0°C for 30 min. Solids precipitated
from the mixture and the solid product isolated by vacuum filtration. The solids thus
obtained were dried at 75 °C in a vacuum oven for 18 h to provide 11.2 g (56.9 %
yield, 91.0 % wt/wt purity} of the compound of Formula Ix.

Example 7¢— Preparation of the Compound of Formula Ix

According to Scheme 1l Using 1,3,5-Trimethoxy-2.4,6 Triazine

a Coupling Agent in the Presence of EDCI-HCL.

Into a reaction vessel containing 100 mL. of a 1:1 mixture of ethyl acetate and
DMF at room temperature were suspended 7.56 g of 1,3,5-trimethoxy-2,4,6-triazine
(43.1 mmol, 1.13 equiv) and 9.79 g of the compound of Formula Id’ (46.9 mmoi, 1.23
equiv). N-Methylmorpholine (4.7 mL, 42.7 mmol, 1.12 equiv) was added to the
reaction mixture followed by a 20.01 g charge of the compound of Formula l¢’ in
solid form ((93.9% w/w), 38.0 mmol, 1.00 equiv). The reaction was stirred for 25.5
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said process conprising: (i) coupling a tertiaryam ne salt of the
conpound of Forrmula Ic Formula |c with a conpound sel ected fromthe
salt conpounds of Fornmulae Id and Id" OH

hours at room temperature (19 °C to 22 2C) and monitored by HPLC for completion.
When the reaction was complete to the reaction mixture was added 50 mL. of ethyl
acetate and 100 mL of 1M aqueous citric acid. The aqueous layer was back-
extracted with 60 mL ethyl acetate. The combined organic layers were washed
sequentially with 100 mL 1 M citric acid {aq), 80 mL 1M citric acid (aq), 85 mL water,
80 mL 0.45 M KoCOg (aq), 80 mL 0.75 M KHCO; (aqg), 80 mL water, and 80 mL 1M
citric acid (aqg). HPLC analysis indicated that the solution contained an 84.7 % yield

of the Compound of Formula Ix.
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in the presence of at |east one peptide coupling reagent and at | east
one reagent having a basic nitrogen atomselected froma terti ary
anmine, ate tla)'xoam de, a norpholine conpound and m xtures_of

mor e t her 889 200818¢P2f4 |) when the salt conpound sel ect edll) T/ngg?)'ffo(zw)ml S
a conmpound of Forrmula 1d , oxidizing the conpound |c produced in Step
(i) to yield the corrpound of Formula I. WO

2008/ 07%@5@/ US2007/ 025804 (2) The process of claim1l wherein Step
(i) is carried out in a polar organic solvent selected from

ethyl acetate, acetonitrile, dinethylformam de, dinethylacetam de, and
N-nmet hyl pyrrqlidinin VP xt ur es of 0 re thereof.

()" Tho 157 o AsROGRSE oA PIOUROD of A COAIRPUPA! ESERO | on RN | n  he
compound of Formula Ic is N, N-dinggthyl cycl ohexyl amine. (4) The
process of any of clainms 1 to 3 yherein t&e pepti de coupling reagent
is selected from (i) HOBt-nonofyayatél in Etﬂ}ﬁ acetate w th dinethyl
formam de (DVF) in conbi natl on g¢ii) HOBt-nonohydrate
in ethyl acetate with NIVP Wi h EDCI - HC (i) water
l'i di none (NWP) in

wet HOBt in ethyl aceta}cf’\/mgfh
conmbi nation wth EDCl-H yl acetate with N-nethyl
pyrrolidinone (NWP) in conbination with EDCl - HCFormulg IDMAP i n et hyl

acetate w i on with EDCI-HC (v) carbonyl diimdazol e
(CDI') in %ﬂ?%&égﬁmsﬂﬁ (vi) 1-chloro-3,5-di met hoxy-triazi ne
in ethyl acefiateupiiriga Ed»ﬁaryémnme) sélt of thet scompdureikof Porfhlate i azi ne in
ethyl acetate with DMF—and (viii) 2- hydroxypyridige in an ethyl
acetate/ DMF mixture in|the presence of | -HCI. (83) The process of
claim4 wherein the adglitional noiety Bearing a basijc nitrogen added
in step (i) is selectefd from diisopro' 3 thyla‘}pﬁ' ,
N- et hyl mor phol i ne, tr|ethylam ne, 2(6-1ytidiaeN anc

t et r amet hyl et hyl enedi ang/ 1

3]
- — Formula lc

with a compound selected from the salt compounds of Formulae Id and Id’

T

Q OH
NH, NH;
+NH3 CIr © +NHz; €I ©
Formula Id Formula Id’

in the presence of at least one peptide coupling reagent and at least one
reagent having a basic nitrogen atom selected from a tertiary amine, a
tertiary amide, a morpholine compound and mixtures of two or more
thereof; and

(i) when the salt compound selected in Step (i) is a compound of Formula id’,
oxidizing the compound !¢ produced in Step (i) to yield the compound of
Formula I.
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(6) The process of Claim1l further conprising a process for providing
t he conpound of Fornmula |lc, said process conprising: (a) coupling a
conpound of Fornula |la CO2H HN)11/1/111 Formula la WO _
2008/ 0792 M6BHPUE207/ 025804 with a conpound of For mul P HURR07/025604

(2) The process of claim 1 wherein Step (i) is carried out in a polar organic
solvent selected from ethylacetate, acetonitrile, dimethylformamide,
dimethylacetamide, and N-methylpyrrolidinine (NMP), and mixtures of two or more
thereof. .

(3) The process of claims 1 or 2 wherein the counter ion RgN in the compound of
Formuia le is N,N-dimethylcyclohexylamine.

(4)  The process of any of claims 1 to 3 wherein the peptide coupling reagent is
selected from: (i) HOBt-monchydrate in ethyl acetate with dimethyl formamide (DMF)
in combination with EDCI-HCI; (if) HOBt-monohydrate in ethyl acetate with NMP in
combination with EDCI-HCI (iii) water wet HOBt in ethy! acetate with N-
methylpyrrolidinone (NMP) in combination with EDCI-HCI; (iv) DMAP in ethyl acetate
with N-methyi pyrrolidinone (NMP) in combination with EDCI-HCI; (v) DMAP in ethyl
acetate with DMF in combination with EDCiI-HCI {v) carbonyldiimidazole (CDI) in
ethyl acetate with DMF; (vi) 1-chloro-3,5-dimethoxy-triazine in ethyl acetate with
DMF; (vii} 1,3,5 trimethoxy-2,4,6-triazine in ethyl acetate with DMF; and (viii) 2-
hydroxypyridine in an ethyl acetate/DMF mixture in the presence of EDCI-HCI.

(5)  The process of claim 4 wherein the additional moiety bearing a basic nitrogen
added in step (i) is selected from diisopropylethylamine, N-methylmorpholine,
triethylamine, 2,6-lutidine, and tetramethylethylenediamine.

(6) The process of Claim 1 further comprising a process for providing the
compound of Formula I¢, said process comprising:

{a) coupling a compound of Formula la

0 COzH

”/[kn)”lﬂﬂ#g
Formula la
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OForrmula I'b in the presence of EDCI-HC, 2,6-lutidine, and a sol vent
suitable to provide conditions to forma reaction m xture containing
the coupl ed am fie( Eroduct of Fornmula Ica; Fornula Ica 'ﬂ(b% vxgrki ng
up the r e PUR M ur e produced in step (a) by sequent]i)(:‘;l"U PP
of said reaction mxture with LiOHin water followed by HC in

| sopropyl acetate to |liberate the free acid fromthe acetate form of
t he prOdUCt;mﬁﬂ%cérﬁéaﬁﬁ@ﬁfﬁaﬂnﬁlﬁ%free acid produced in Step (b)
with a tertiary amneé I n Isopropylacetate to precipitate the tertiary
amne salt of Formula Ic. (7) The process of claim®6 wherein the
solvent selected in Step (a) i\s gcetonitrile. (8) The process of
claim6 or 7 wherein the terti\q/z amne used in Step "c" is N, Nd

i met hyl - N-cycl ohexyl am ne, S
o}
C]-+NH2 \
o] Formula tb

in the presence of EDCI-HCI, 2,6-lutidine, and a solvent suitable to provide
conditions to form a reaction mixture containing the coupled amide product of
Formula lea;

&
o]

Formula Ica

(b) working up the reaction mixture produced in step (a} by sequential
treatment of said reaction mixture with LiOH in water followed by HCl in
iscpropyl acetate {o liberate the free acid from the acetate form of the product;

and

(c) treating the free acid produced in Step (b) with a tertiary amine in
isopropylacetate to precipitate the tertiary amine salt of Formula ic.

(7)  The process of claim 6 wherein the solvent selected in Step (a) is acetonitrile.

(8) The process of claim 6 or 7 wherein the tertiary amine used in Step “c” is N,N-
dimethyl-N-cyclohexylamine.
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WO 2008/ 079216PCT/ US2007/ 025804 (9) The process of claim8 wherein the
formof the conmpound of Formula |b that is used in coupling Step (a)
conpri ses aé Ie(a?st about 90% ee of the (S, R S) enantiongr o% For nul a
(I'b-D) (‘Y )209? 5925? ocess of claim9 wherein the conpouﬁﬁT’H 2005t A
| b conprises at |east about 95%ee of the (S, R S) enantioner of
Formula (I b-D). (11) The process of claim9 wherein the conpound of

of FormiPh (1t oE8 5] SERTE MATHREEF of Inet inesud o FERRR IO R
of For mi aséd irccagplingeStepi{a) emmnprisdwoatt le89% et 60% be of heRSHR,S)

enantioner of Forpula (|b-D
Shantiomer oﬂ'#lorm&la (Ib-D}

V

&
Y
“\

]
=
-
rl
-
r

3 (Ib-D)

(10) The process of claim 9 wherein the compound of Formula Ib comprises at
least about 95% ee of the (S,R,S) enantiomer of Formula (1b-D).

(11) The process of claim 9 wherein the compound of Formula |b comprises at
least about 98% ee of the (S,R,S) enantiomer of Formula (Ib-D).

(12) The process of claim 8 wherein the compound of Formula Ib comprises at
least about 99% ee of the (S,R,S) enantiomer of Formula (Ib-D).

(13) The compound of Formula Ic’.

31



(I'b-.D) (13) The conpound of Formula Ic'. formula Ic'

WO 2008/079216 PCT/US2007/025804

Q

~¢
:8
O

[ -l formula I¢’
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