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to a process for the preparation of the conpounds of
Formul a I whi ch hAROGESS FORWREPARING activity as
HCV pr (tR,295$ ) N-it1 SpBsAMING- P{CYOLOBUTYLMETHYL)at es
al so tp @-mmmndm]-iaq(zs) umMETHVLEm)at e

conp ﬂlfo AMINO UALE X BUPY
{ %32 E’ﬁli ¢4 Ag{ RH -2-?%#1%){&5?0

an adm ssi on that su& icatiop is prior art to the
present invention. NEERi ng t he conpound

OfrhECﬁrQEér'fl |hver€t|o1n %!8@655)5 Prdceds %rtﬁe ﬁ@g&ﬁﬁ'ﬂbn of the
- (cycl obutyl net hyl ) - 2, 3- di oxopr opyl ] [

compogundsiofEonyuia hyhichrhaws) beemshgwh to have actwnty as Hév protease

innibi e aeantiRveNiat it asY 1d ahipaess B dle pfénaugtion of
mterrﬁé@ateoéérﬂﬁbuﬁ@s udefdl th Bfefi)a%gethe @t prirRitof. FdrsnRl e

begi nni ng at | um 443 therein. Additional
processes for the pre ation of the compounds of

Formula | are descri in ubbu shed U. S. patent
appl i cati on nos. 2002/93){8/ ulNished Novenber 10,
2005, and 2005/,_p05ﬁ800¢ plibl | She March 17, 2005.In
general, th ©he reParati on of conpounds
of Formula eI/\‘s |O||IIustr9(ed|n heme |:
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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,2S,5S)-N-[(1S)-3-
amino-1-(cyclobutylmethyl)-2,3-dioxopropyl]-3-[(2S)-2-[[[(1,1-
dimethylethyl)amino]carbonyl]- amino]-3,3-dimethyl-1-oxobutyl]-6,6-dimethyl-3-
azabicyclo[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.



SCHEME | In accordance with Schene |, conpounds of

formula | have been prepared by coupling the conpound
w@RooBorIIe a la with the conpound of Formul a | bPCT/US2007/025804

preferably, as illustrated in published U S

appl i cation no. 2005/0059800, by treating an

acetonitrile solution of 2,6 lutidine and the conpound

ofn genenal,2hé proceds fon the prepdration of soinpounds ob Foanolankis

. t ound,of Formula Ib, ethyl[(3-
'"US"GF %ﬁ' @&) propyl ] car bodi i mi de hydrochl ori de sal t

(EDCI-HCl), and 1- hydroxyksrm@agMe azol e hydrate
(HOBt). After the coupling reaction is conpletg the
reacti on ngxtureoprovided by Step 1 is worked by

addi n /Jt\ -t rt| arybutyl ether (MIBE), adjus€ing
t he HQf,,, ractlng wi th sodi um bi car Ferat e
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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 Ib, 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, ethyl[(3-
dimethylamino)propyl]carbodiimide 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-tertiarybutyl ether
(MTBE), adjusting the pH with HCI, extracting with sodium bicarbonate and
concentrating the organic solution. The concentrate is then diluted with acetonitrile



compound Ic is coupled with the amne Id to provide
the conpound of Formula | directly. Accordingly, wth
w0 edogoenee to the ' 066 patent, the coupling prPCEES2007/025804
Step 2 can carried out by treating a DV CH2Cl 2
solution of the free acid formof conpound Ic with
amne Id in the presence of EDCI, HOBt, and
and re¢arceptrated bén treated with\agueous dithioonphydroxidedatiowed by an
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MySO4, and dried to a solid under vacuquHaThe al cohol

functional group of the coupled product §s then

oxi di zed to provide the conmpound o lLa l.

Oxi dation can be carried out by Nt with EDCL in

m xed tol uene/ DMSO i n the presenjce of |di chl oroacetic

acid. In accordance with the forggoi g, the previous

processes for the preparation of corrpound oformula 1f

Formula | using Scheme | requires the use of

1- hydroxybenzotriazole in the first am dation reaction

CAY Rilusteaté 8 an Sernads tied cbRipBind dRFaffulall isopfdvided from the

the internediate conpound of fornula Ic. Since HOBt is _
compeund AffFermnula lg wsingtene: of dwodpragegseser laf one Areeess shown in

a nSpOr t ' [ il i
Steps 2%, 2P@ 28" o 4fteel Heel Bidiadlre g R4 B is et flom the
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mnimze the nunber of_steps in which it is enployed.
methyipeelamineneounirian)at The fieecadid derm @f de fig cpupted; with amine Id’

vent distillation step

f°"°‘”§§@’8&§a@% 5@%@%@%&%9 gopdﬁ‘l%st needed to inprove

reaction efficiency, either of which increases free

aci d degradation. Additionall t he process of Schene

| Ingen |a|$t_gH£attVﬁe°fP6?ﬁ%t$h9Wfbf" SEhem} Beiop Bt Fogi4Gd form of
compbBn®@"18Ys EUpléd 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
aqueous layer is extracted with dichloromethane. The dichloromethane extract is
washed in turn with aqueous NaHCO3;, aqueous HCI, and brine, dried with MgSO,,
and dried to a solid under vacuum. The alcohol functional group of the coupled
product is then oxidized to provide the compound of Formula |I. 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



internmediate Ic in sufficiently pure formthat it can
be used in the subsequent process step, however, the
wa 2@soeRing| benzyl anmi ne counteri on has been fouPdI/U82007/025804
react with the isolation solvent, for exanple,
I sopropyl acetate, to forman N-acetyl -a-
nmet hyl benzyl am ne inpurity. Furthernore, the
benzatriazolet inythecfirsy lasmidation caaction eoupling ke compowndsoof formula la

ete wth the,am nes of Fornulae |.d dldin the ..
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Thus, when the salt internediate is converted to the

use in cemmaericipl scale manuactuea eptails dificatiesiirt hanglingand storage, and
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of Formula | which mnimzes the use of T and whi ch

solveghdiséillation 1stem a8d/aroa raieaTetr swap Step fi$ seeseddtor BRpRoye reaction
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n henme

of Schgmarly ublizédshend TeRNAtioN dfnoanethasatdyldminePs8iend provide the
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at |l east one coupling reagent and at | east one added
methyibeezylamine impurity. Furthermore, the L-a-methylbenzylamine counterion
has been found to compete with the amines of Formulae Id and Id’ in the
subsequent coupling reaction, and to form undesirable byproducts under the reaction
conditions of interest. Thus, when the salt intermediate is converted to the free acid,
the amine must be separated from the free acid prior to carrying out the second

coupling reaction when such processing schemes are employed.

What is needed is a process for providing the compound of Formula | which
minimizes the use of HOBT and which obviates the need to regenerate the free acid
form of intermediate compound Ic to carry out the second coupling step (Step 2)
illustrated in Scheme I.

Summary of the Invention

In one aspect the present invention is a process for the provision of a

compound of Formula |



bearing a basic nitrogen atomselected froma tertiary

amne, atertiary am de, a norpholine conpound, and
worzoosuress of two or nore thereof; and (ii) whePCT/§2007/025804

conpound of Formula Id selected in Step (i) is a

conpound of Forrmula Id, oxidizing the conpound

produced in coupling Step (i) to yield the conpound of

Formula | . In sone ehpoﬁinents it is preferred to use

a non-protic, polar ogganic solgent in which to carry

out the coupling reaq{?@gﬁrnn S neNﬁgbodinents of the

invention it is,prefernNe 0 re“run the coupling

reaction witlh ancowal i Ieagént O n a nmedi um sel ect ed
from et hyl tat\[€ X ne?hyl - 2pyrr ol i di none (NWP),
di met hyl formam d@ ) and mitures of two or nore

thereof, more preferdbly the couplingFo8a8ia bnsol vent
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Formbdlaniet hyl - 2- pyrrol i dinone (NMP). In sonme enbodinments it
is preferreg-to use dinethylcyl cohexyl amne as the
counterion iln the tertiary aYi/nhe salt of tjhe conpound
of Formula ljc, thereby provi gng a conpound of Fornula
Ic'. Formulg lc' In sonme enpedi ment shoff thle i nvention

red to carry o e regehi on jusing a

[ ™10 at| | edst one

it is prefern
pepti de couq
noi ety sel eq |

et hyl (3-di ny epylycocar Bodi i mi de-|HCI
(EDCI - HCl'), |caf bonyl/di i midazol e (CDI), and
1- chl or o- 3, 3-di met hBxytr ine (DMI-Cl), optionally in
conjunction|wi th one or/r%a\e reagents sel gcted from

1- hydr oxybenzotri azol e (HOBt), di methyl amnopyr Fdrmala lc

. d d i di pe. | mbodi ment's of
with § Rl PRRLNg P ROTORE 1 8f [ 1o carry out the
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NH, NH,
*NH3;CI' O *NH3CI' O
Formula Id Formula Id’

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

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



reaction in the presence of an added tertiary am ne,
nore preferably a tertiary am ne selected from
walriosopropyl et hyl am ne (DI PEA), triethyl am ne ¥PAEB$2007/025804
2,6-1utidine, Nmrethyl norpholine (NVM and
tetraet hyl enedi am ne. In sonme enbodi nents of the
invention it is preferred to use a coupling reagent
solventiseathyldcétaterirc combinalionewitfa atsolentiselexted from )

dimeoimABiae (FY AR By oo PoBoIRB RN ot  on
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carbonyl di i mdazole (CDI) in DW
tertnar_y amlrter saltsg:stheu campowyd of Farmula: Ic( therelby providieg & eempound of
exanple, but not limted to, 1,3,5
F°'mFra|a'ﬁst hoxy-2,4,6-triazi ne and 2 hydr oxypyridi ne in
conmbi nationfwith EDCI-HCl \ n sone e dinents it is
preferred t¢ add a tertiragy amine selected from
N- net hyl nor phol i ne and di & propyl\e hyl am ne.In sone
enbodi nents|of the invenfion theygp¥ocess of the

i nvention fdirt er corrprls form ng the
conpound of tHe
treating a ¢o oun

rising: (a)
g la la wth a
conpound of | For nmul I b Szor mula IDb e presence of
EDCl - HCl and 2, 6-1 uti and a non-poj ar, aprotic
sol vent suitable to pro i de condi ti onsl Ferm@aret he
coupl ed am de-ester product of Fornula lea, for
exanple, but not limted to, dinethyl forrram'de(Dl\/F),

NIATES By erﬁbo@n}‘ﬁérﬁ o‘f‘%@u{\)@w on lﬂgﬁfr tloece{rmgé reaction

in a mxe ven nprising aceton ean or
usingt pédtide Eompildgardagent comprlsmg at least one mouety 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 in
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.



(b) working up the reaction product by sequenti al
treatnment with aqueous LiCH foll owed by HCl and

W0 s@poopRyd acetate to liberate the free acid frOnUS1ve7/025804
['ithium carboxylate formof the product; and(c)
treating the free acid wth a tertiary amne in a
sol vent selected fromisopropyl acetate, heptanes,
heptane, and mi xtures of two or nore thereof, to

C t at heter'ar. a e . salt of Far
Cliv&oRinabaditers bt 18 InERLRR 45 pipcios ¥ yfkeriipndlnner
comp‘ﬁ§e§ Aematodeer folMingtheicorAipound of PERNGNe dtHEMethdd cbﬁmpnsnng

preferred to use N N-di rret yl - N-cycl ohexyfam ne as th

tertiary amne in Step "c". In sone enbodinents it is
referr to us for of the conpound of Formula Ib
(a)trt%,}g&g %8&%\@&'@?‘}%@’?‘”&} 28 5S) enantioner in at
| east about 90% ee, nore preferably conprises the (
1R, 2S, 59) enantlomgr in at |east about 95% ee, nore
preferably co rls;a/sk%fe ( AR®' 2S, 5S) enantiomer in
0

at | east aboutl98% eg., whych ee is retained in the
coupling re

de., a-Compound of Formula Ic

reflecting thé safe di astereo ic excess. In sone
enbodi ments it is preferred ta use a Formmulaflat he

npound of Formula I'b wherein at | east about 90% of

W'thacﬁ%mﬁﬁ‘d(]ﬁto §ermKla Bonpound of Fornula I'b conprises a
m xture of two enantioners, the ( 1R 2S, 59)
enantiomer and the ( I S, 2R 5R) enantioner, which
conmposi tion of isomyrg/is retained in the process of
preparing the conpoud of Fornula lc. In some
enbodi nents it is Qpeterred to enploy a mxture in
whi ch at | east abo % of the anount of the conpound
of Formula Ib pro ided conpricses a m xture of the (1S,
2R, 5R) enanti omer , 2S, 5S) enantioner in
the process for tqhéN”Porma ion of the conpound of
Formul a 1c, nore preferaldy at |east BtmonladB% of the

in theargrr%gg}lcé) E)f 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 ;

Z

Formula lca
(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

carboxylate form of the product; and



the conpound of Fornula Ib provided conprises a

m xture of the ( 1R 2S, 5S) enantioner and the ( 1S,
WQRosHRR1€enant i oner in the process for fornatiPCT/U8200T1€25804

compound of Formula 1c. Another aspect of the present

invention is the provision of the conmpound of Fornul a

Ic'.formula Ic'Detail ed Description As used above, and

t hroughout the specification, the foll owi ng terns,

(c) trq%lllggﬁﬁﬁgrtepgq{q \%ﬁ%g g%ﬁ%m%@me IR) @?pﬁ/eﬁg Igcéﬁqo td rom |sopropyl
acetaﬁé IHpRANes, MBI R MG dﬁ%%ﬁ?ﬁﬁr@ﬁe?ééﬁt&é?ergﬁltate the

branched and conprising about 1 to about 20 car
tertianytaminei salt ofd-aymula lcPref erred al kyl groups contain

about 1 to about 12 carbon atons in the chain. Mre

preferred al kyl groups contain about 1 to about 6

C R $6iedmbBdinierits & is bréferreBrtaidecstatBnifile dahe Gdbvetit for step
nmore | ower al kyl groups such as nethyl, ethyl or

a". Ipsepig embodinentadhisdretereed tmese NaNrdimegimdiNrcyclpbgxylamine as

[ . “up having about 1 to about 6 carbon
the tegk%ﬁ?m'ﬁsﬁﬂh?@g#h whi ch may be straight or branched.
The term "substituted al kyI nmeans that the al kyl

group may be substituted one or npore substituents
wil s9magmbediments iig p&PfeHﬁﬂft@rL@%a farraf theampelnd of
| et
FormGl?' Iﬁ%hf‘gﬁrﬁéﬂg@gﬂr&y ﬁcﬁ ) 59% %( o‘éﬁgrnugfé%%hdﬁ%%u? 9089¢ee,
more préferably gbnprisks dhe ¢1RNAS, SSID-Ieabhyd)mer m\k( Ieasi MM}QS% ee,

more pisiapAtl CamaGERabS 4T 25) 5§) SULTOMEr et lrePtghoct 98% ee.
whlcheéé‘bélyretélngg ;?/fh’lrﬂe cbé@ﬂ@u@ég;ngﬁg #W\hd(ta fra%&ﬁu%?%ﬁrye t@ﬁ‘sbbﬁ\ula Ic
reflectingl thg/’samerdipérﬂemmyrlc exce:g&l trasmyn’e 'emiadiments it is preferred to
use a'torm of ?h@%b%p%ﬂa “of Formt Ia \lgVs/%le'rglnre{trfgas?tyasoto%%O% of the amount
of the compound of Formula Ib comprises a mixture of two enantiomers, the (1R, 2S,
5S) 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, 58) 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, 5S)
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’.



conprising about 3 to about 10 carbon atonmns,

preferably about 5 to about 10 carbon atons. Preferred
weyoBoz2key| rings contain about 5 to about 7 rPemUS2007/025804

atons. The cycl oal kyl can be optionally substituted

with one or nore "ring system substituents” which may

be the sane or different, and are as defined above.

Non-limting exanples of 3uftable nondcyclic

cycl oal kyl s|include cycl op&gopyl, cyclgpentyl,

cycl ohexyl, | cycl oheptyl ahmeithe INke. |Non-limting

exanpl es of [ suitabl e mul {icycli conctycl gal kyl s i ncl ude

1-decal in, porponyl, ada andl t hg | i ke.
"Fbterocycl'\7£aﬁ Keycl ile ring dm whi ch contai ns
one or nmore|N/ S, fpr

structure ip conmbimatign with up
The foll ow hg abbrevi atjions are used ijn the

descri ptionland exanpl es bel ow. RT (rodormelager at ure);
TEA (triethylam ne); CDI (carbonyl diim dazol e); DI PEA
(dii sopropyl et hyl am ne); DMAP

(N, N-di net hyl am nopyri di ne); DMF (dinmethyl f or mam de);
DMI-Cl (1-chl oro-3, 5-di met hoxytriazine), EDCI

(et hyl [ (3-di et hyl am no) propyl ] car bodi i m de); EtOAc
(ethyl acetate); HOBt (1-hydroxybenzotriazole); |PA

(i sopropyl al cohol); NWM (N et hyl nmorphol i ne); NWP
(Nmet hyl - 2-pyrrolidinone); Ac (acetyl); Et (ethyl);
THF (tetrahydrofuran); eq (equivalent(s)); MIBE
(tert-butyl nmet hyl ether); Boc (t-butoxy carbonyl). As
nment i oned above, the conpounds of Formula | have
useful activity as HCV protease inhibitors. The

i nventors have surprisingly found that conmpounds of
Formula | can be prepared in accordance with Schene
Il, below, wherein the "R' groups of the am ne used in
Step Ic are selected fromal kyl, substituted al kyl,
cycl oal kyl and al kyl cycl oal kyl, and substituted

cycl oal kyl noieties of from1l to about

gl




20 carbon atons. SCHEME I| Step i Step 2 Wth reference

to Schenme 11, surprisingly, in conparison to previous
whpeowsesres, facile, high yield am dation couplPeyusS2007/025804

occurs in Step 1 of the process of the invention,

coupling 2-tertiarybutyl-ureido-3,3-dinethyl-butyric

acid (the conmpound of Fornmula (la)) to the azabicyclo

conpound of Fornmul a (| Detailed &esoription on carri ed out
wi t hout using 1-hydroxybenzo-triazole (HOBt) to

medi ate the coupling reaction. Moreover, by carrying

0@k RleBabbve anaehRitighout thd ificdtion! ttfe fBIRRRKhG R unless
conprising acetonitrile and BE or Et OAC. Preferably

otherwisK indicatast] shall e undearstoodftofhave thedatiowirgtroeanings: 8X
.St a nat er i

\Y/A | at i .t h ' | ... £ .
sAlHE rigentan Buadsue hHbrARTEaEHE hicHrERY e Btraioht or
branch@bltardddédth Bfisih Ao a8 baht 20U dINOR atdrfs in tHEh&IANPRSTerred
e oyed direc in the subsequent coupling ste
alkyl gfoups wontain aboub ddaabeuit Ag aaleon atams in &@W@ﬁinew&e peeferred
. ) _ | .
alkyl GrdEip§ A ARl TG EEG BR5arben IS W EIT Eh R Braytheldmeans
that opeasransrsiowsr adkyl gloupEsilich &€ haethgiretityl of propylesnel dttached to a
n a nore efficient process and better utilization of

linear| i chaimgkowar aliyknaaas AgiguRhaving abrutr la abautéhcarbon
atom&frﬁmf&faa{i@g/h?{mgm%%gﬁéigﬂgPFgféﬁéh%d! Tgé%e?% '"éu&fig%t&rd alkyl"

appr ecl oun ormul-a” I'b can have
meanstthakibiesaiky rigroup Ineay BS subRitulde) by baeaxr moresulistitwewtsiwhich

may %E}%en%rlglg:pé%?ﬁé{ggp %%u?fs@ih@r@&%?nééﬁégé&degt@ selected from
e OB QRLRARR oIS ARALBN G 4ing; e, sy, sk
amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl), carboxy and —C(O)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 .

"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
cycloalkyl 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 include cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl 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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In sone enbodinents it is preferred to use in Step |
the conpound of Forrmula Ib in a formin which nore

wo ban/o022¥ for exanple nore than 98% of the ap@UN$2001/025804
the isonmers present conprise a mxture of the (1S, 2R
5R) stereoi sonmer and the (1R 2S, 5S) stereoisoner,
wherein the two enantioners are present in

dimethviarairolpieryllcarbodimided bl aiethys acetated; HOBR £1-hydroxyr
bert#fiazbleR!IPA (o Etb% FQIEBH&?ﬂNM ?grn%éﬁn@ﬁﬂin@ﬁgwm(ﬁln

e ster ONEr
methgb2-pytralidinorms); At éagety)s okt (ethyl)thIE (teteahydofuran); eq

(cofiEERT) BT PERLENRERD RN Bo MIoR A BB, o

| edsst mabtiartedxdskive cthe Boarouods of Eormulad havé aseful' activily as HCV

) t. e one
proféRf HAFs ¢ XRe FahRds hate SHbFThaly ot i SiFepundror
Forntdlaah rsafr¥ bae grepSfemaruﬁcom):e vﬂta:cSuHea’liqeekﬂ balow Ubhéreiti the gR”

t he er.ence e .anpunt o ac nant.i r
aroppeethhe e Gee ByS BRI 3t ForSten Fomali Surstiie atey.
cycwaaayt amlkylpvacamu ands suitsstieute @ el 6hlkyIeoie BEROSRF s Afto about

é Ib that is selected for the desired m xture of
2O%m'ﬂ?? s permits control of the relative amunt of
the isomers present in the coupled product fromthe

reacti on. The above-nentioned U S. Patent no.

7,012,066, and U.S. paterftHBM& W cation publication

nos. 2005/0249702, published Novenber 10, 2005,

2005/ 0059800, published March 17, 2005, 2005/ 0059648

Stepol i shed March 17, 2005 along with a copendi ng

appl i catiyon based @spnand clainng the priority of U S

provi si ongl p tent appllcatlon Serial No. 6Q/753,21 5

filed enger R each [of which is ingdrporated]

by referenc hePeln their dntirety, descrfhe how to
provi de the cgpound ofStegdanulia Ib in a for
containing the desired,gixikrg of isomers

OCH3;

enrichment in+one particul argilsqiert H N J
N EDCI - HCI \=/CO
R CH,CN O =
0 T
+ N
c{"gv/ | Ica _

0]
Ib

Step Ic S
Step Ib P OH-NR,

1. LIOH/CH3CN ‘T’

[1 ] NR;
ca S hoy >[Free ac1d]
- HC i-propyl-acetate/
i-propyl-acetate heptanes
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Step Il of the inventive process, the second coupling

step, carries out coupling of the internedi ate
waeeashernary am ne salt product produced in SteEI/USWN7/025804

the inventive process, for exanple, the conpound of

Formula Ic, with, for exanple, the conpounds of

Fomulae Id and Id', preferably the conpound of Formnul a
Step2 . Thei nventors have found that the use of mi xed

ethyl acetate and DMF or ethylacetate and NVP as a

sol\fnt systemin vvhr ch the coup?}tﬁ is carrjed out,

and he selection " a tertiary e as th counter

i 0 n oHes sal ol ofnit he reagént Mn thhi s ecqmd
t rmtg tfhe predent inventio pr es tifize
he saly conmpgund™fi®ctly i he i rat er than
eé’rngto—f—r—-r—s—t—r—egeﬂer-ate he re acidf of
roduet (| Cpeptic@SupiaSgett €qQUI I mht he pri or cesses
At i oned aggggeouseee:p 2 of th process pf the present
HNavent i on |sptcz,asglrer,ted out i presence of at |east
o%\addl tional noiety bearrl>ﬁmz::1 basi c nitrogen atom
and at | east one peptide coupling reagent. Selected
conditions of the inventive process provide reduced

| MOWth tefefentd té Beh@meqlu §urga‘sm5@r mJéém;bansehttB Prsliodd 1S

advant ageous to use h of the present
proﬁ?%és@cﬂ%dﬂﬂm\é@'d qrﬂ'dﬁ}"P’P C‘EMP“QB rﬂcﬁ!érsd\‘.‘ §(§9R haf tmcgss of
thetrrWénﬁQN %?WZQ&&S%@@YN&@& i) E.inrrﬁéiﬁyl' u@{rﬁ‘:‘ {thé E&MPound

an be realizZed when practiced individ
of F%'r\e@r(éa)w thﬁta;apwplpmewqwed wé&grmrﬂacﬂb)om m@atlon carried
out erﬁ%@@@ér sz%bgrgﬁ g%%%%q%d@cﬂo r‘gggitgfegﬁ%‘%;oh gﬁéqarelactron.

Moaoagr |bM\¢9rweg b Sten hip amtorarmm (/&@N) or incanmixeddsobfent
cor&ﬁfsmcﬂ (%t(l)rmnlé/"hﬁcli‘ MTEE BCEDACTRY %bw AENrE“('r's@d i 3n amount

I Ng reaction I1s carrie resenc
of fegm ahtwtéirx tocaboup 8B -\Ywirelative te thestaitidg meatedaip (Slepjg of &uheme

I ufﬂ?&@%l tgrtia?y gr'nine to precipitate a salt form of the compound of Formula (Ic),
that can be employed directly in the subsequent coupling 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 I.

As will be appreciated, the compound of Formula Ib can have four
stereoisomers, the (1S, 2R, 5R) stereoisomer (shown in Scheme [l as compound Ib-
L), the (1R, 2R, 5S) stereoisomer (not shown), the (1S, 2S, 5R) stereoisomer (not
shown) and the (1R, 2S, 5S) stereoisomer (shown in Scheme |ll as compound Ib-D).
In some embodiments 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 comprise 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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lutidine, and a coupling reagent, for exanple, the
hydrochl oride salt of (ethyl[(3-
walesenmei@n no) propyl ] car bodi i m de) (Fornul a 1BA)/US2007/025804

Formul a lal Suitable solvents for carrying out the

reacti on are polar, aprotic, organic solvents, for

exa acetonitrile and ethyl acetate (Et QAC).

amouptss f sﬂzm9 enplodimants tins psefeeredutedlseun step hthe compound of

m ab 5 Cto

Formy @B i RwibB Bk tetedisomer O TR, 28, F5)IBmerdFormuia

Ib-D)} iBSressmaH Higl® EnhAtidikdc |e&cé1§1§| f8NeRampY gl@‘atérhlﬁan about 90%
corrpound of Forrmula |Ib whi i's from about

ee, prgferiably alleast abeldi% ee, m@qmretﬂréhh/@tulmsirﬁmqt 98P ee.

EnanfidReARChag esioh B APRIRRle. S Ponfe BRRIGpicH one

enantﬁtﬂﬁér (g2 R-anantiémer) ik praséritaver théottters (€.gaSeenantidmer),
relative to the amount of the conmpound of Fornmula

calculaié s Ry isoptracting theydiiespnarindhe APUIET RS anamiiomer present
d|V|degf;®EMe glfmﬁ]ﬁ éh%%ﬁﬁp%%r}]tgjﬁ c‘)e%%'éor mﬂ‘ﬁgf'rfea{r;géééﬁtv%déuﬁg%rm of the

compoeandrofForminta Hetitt ioselectdd foe thieidesiced fmxtur@ oﬂeaamdbmers
lnsure con‘gl ete coupl i nraﬂ ?f the starting materia
permits, 5oRER!| Gf the selatiye ampuntiaf the isomgrsRre W“L@&Hpred product
from nehdgssd conpl eted when | ess than about 0.75 % of
e starting conmpound of Formula la remains in the
reactlon m xture. Although it is preferred to enpl oy

b SR RA B S P o 2. o S gt appication
publicRidhtAd) 2b95@2®97o@0busw&ma ﬁo%MBbPXb 26691 2655/0059800,
pr opane phosg@onl c acid anhydride and m xed

publi amtnFy . 2005,i2005/@0%86480puliiskrd Mgreh, B7,12005aleng with a

cope g B HEEh- 8 D G B Blsb Y1015, Migana pten

applicatiofrSetidh Nu.l60/358,21 bUiled! Decentber @2, 2006cea5th o mWitieh is
and NW can al so be_enpl oyed instead of 2,6- lutidine

incorpprated by igference berginin theirggnisety, describe how to provide the
compound of Formula Ib in a form containing the desired mixture of isomers or

enrichment in one particular isomer.

2 O,
ARy \R

0]

(Ib-D) (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 Id’. The
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After the coupling reaction has run to conpletion, the
reaction mxture is worked up by addi ng net hyl

wa eoosotey|l ether to the reaction mxture, andP@EBRINTY025804
the resultant m xture with HCl aqueous sol ution
fol |l oned by sodi um bi carbonate sol ution, then
concentrating the organic layer to 3X (that is, to

inventgss hhave found thatdhe nnsenilmhxeﬂ @iyl acetate lﬂndaEMEr or ethylacetate

and NEGET 4 BNve B vl AlBicBab Rl ind bl apd R petecton

of a téWilPXMiRe B8 s EouMel f&in irf k! SANEBrmYof thé réd dge-?rﬂ% k515 second
sui tabl e acid, for exanple, H2SO , followe

by
step paImitsithe psesentdavention Prosess iy btilizasthe salkeempound directly in the

reactBp TE}BY shaf heeHbro &l eb¥e i dve LRSIt BLAIHIRL 1), o0

was regliesdin e priortgrecésses mentlohed abote! [Btep 2rgfabie d)r@cfess of the
Formula lIc, the reaction mxture is treated with

a
preseng inveakign iscarsied Py dhe pregence:of atieast omesadditional mejety
r

beanﬁ&éﬁ b%%iﬂjr?@gne |t§'?'eéﬁa§: tl'e‘é.s @ﬁ?ﬁ:%pﬂ% gﬁgﬁﬁﬂf@adém. Sfected
condifioms bf tmeahvemme‘ ptdress qummde dedluced impuritiestintthe produdtrof

the salt. In sone enbodinents it is preferred to use a
Formuladg| e conponent sol vent, preferably isopropyl

acetate. In sonme enbodinents it is preferred to

i nclude an antisolventnm xed with the solvent in which

t Aﬁhoegh itas pduantagepss dd siselbodiol Stépﬂ | andhipdfdhe present process

acet at e/ anes. t hese, enmbo
togettigis Ruynl bg et St o) 307, ol e dHanddhs SHTeR iy each of the
individa BeePEat betehksed Whehrpramc‘édoanbaﬁdlmnyc&noa.nwértatéd)m
a conpound of Formula 1c, which can be collected by

of
publishiedimathiagls. frachief these erocessing stepsys Zisqussedmext in greater
deteulerrbodl ments it is preferred to use
N, N-di net hyl - N-cycl ohexyl am ne as the tertiary am ne
for precipitating the coupled product. Step Il -
Second Ami datl gn Coupling Reaction. The second step of
Eirst Amidation ConplingfReaCtien. f or preparing the

conpound

The first step involves coupling the azabicyclo 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, 2,6-
lutidine, and a coupling reagent, for example, the hydrochloride salt of (ethyl{(3-
dimethylamino)propyllcarbodiimide) (Formula la1).

/\/——N—C—N
b N
I Formula la1l

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 la and an amount of the compound
of Formula Ib which is from about 0.9 equivalents to about 1.1 equivalents in
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of Formula | is to carry out a second coupling
reacti on between the ammoni um salt conpound Ic
w@e@siodeds by the Step | and a salt conpound sePEDUSIH0T/025804
fromthe compound of Fornula Id and the conmpound of
Formula 1d". In sonme enbodi nents of the invention it
is preferable to utilize the cogpound of Formula Id'.
Q

compagisen & the amaunt of theoeemaatiad of Hermulala emplayed: ilageneral, the

cact 1 s Yl BT AR s AR BB 5 o0 o

abouP2.8séjlcelative ad the arfoumt of FRPEOMPoOA R IFBEMURARESPRYEd, and
one or nore reagents containing a basic nitrogen atom

one of aNQiErcQUAliNGrageNte i Ak AMuUAL 06 at laash 1iQReequivaleats relative to the

amo LORRGAAE Y BAANRK [ SR inldMhels feaction will be
L)t"u'lgere &‘ég gra% {rﬂe I €4t ﬁSféls Cg’g}ll olﬂ?ﬁr A1

run fdréopehaurgrto méurémmnmib@touﬁlﬁngcofttbeth#ﬁ@teﬁals Typlcally the
referabl | ess tl?ém about 30 C. In sone enbodi-ne
reactiop wij g tellewp by > #58 GaMSjderad ORISR WhEn &ASABAN about 0.75

% of Bl Sp R &7 bau of BolftiaeRns T e Bacton i
di met hyl acet am de, and acetonitrile (ACN), and
C BhP1ER it RS BeriRloy B ehas & SuBInGidHER 1 i reaction,
other%%ﬁﬁ aébﬁﬁ r‘nhg'tfécuééiﬁnstwd ED@%r irh gb&ﬁéntte EDE, for
yd e (HOBt ot h

exanpl xybenzotriazo , wat er wet
examai&jpivgmyachlpndet pmqa@e phosphomc acid anhydride and mixed

(EDC?/IE[@{\BM;E BE%[E 5%’1?%:“ bO?Z% cﬁ@% %E oacshdbos'rtl Lﬂgd pyridine base,
but it ianIFBé Qippréciatedi that 6Mey ipyridietadddViorldxample, other 2,6 alkyl-
- hydr oxypyridi ne, and conbi nations of two or

sustitatest BInga, tHeku) aminaiiarchNYIM cantaisp besamployad élir!ﬁte@ﬂ of 2,6-
Iutldlr{eto} ?\(&;oq{,&{ {oeg Rtidie i ze the selected coupling

ven Ssel ected from et hyl acet at e,
d| rret hyl formam de (DMF), N-nethyl-2-pyrroli done
(NMP) .. and conbi nations of two or npre thereof
6‘:@ r the, GRVRING Keagtion hasgHBde comRigtan. the reactian m'Xth eis

Workﬂ é?&/;ﬁﬁrﬁ rﬁgtg I'Otrénﬁ -5 QheP®S theTlaglibA tixkié 24Md Waishing the
resultant mixture with HCI aqueous solution followed by sodium bicarbonate solution,
then concentrating the organic layer to 3X (that is, to about 1/3 of its initial volume),
which, after concentration, contains primarily acetonitrile. The reaction mixture is
subsequently treated with a metal hydroxide base in water, followed by HCI or
another suitable acid, for example, H.SO4, followed by a solvent selected from
isopropyl acetate and 2-methyltetrahydrofuran (Me-THF), thereby liberating the free

acid form of the product of Formula lc.

After liberation of the free acid form of the compound of Formuia 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 I, 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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sel ected fromtriethylam ne, diisopropylethylam ne,
2,6, -lutidine, Nnethyl norpholine, and
wo ewosanetdhyl et hyl ene di am ne. I n sonme enbodi mePCBUSE007/025804
the invention it is preferred to use a coupling
reagent conprising one or nore coupling agents and a
sol vent sel ected fromthe follow ng conbinations: ﬁi)
mixedHaith the solveot it which theHgrtiagy amine isisaolvrd, tar exgmple, isopropyl

acetafBpabb i s Sichooiems: it hEfne BholRimiktirs aitn the

tertlarx_drﬁlnﬁfﬁluti&l resultsiin tatioredihey sak edrat ef WdompIindosf

net h pyrrolidi none ( in combination with

Formgladc, M(I;nch canbecegllestsd by fuﬁzaj@ﬂoar@ deigy foriyse in Step 2. In some

embofirin@iEs Prereafity d s Nt metnyi-evsighss aine, s e tertiary

amindXdrprésipitatingte ¢oupred peedudt, 4, 6-triazine;, and (vii)
2- hydroxypyridine in ethyl acetate with DMF with

EDCl -HCI . I n sone enbodinents it is preferred to add

the tertiary am ne diisopropyl ethylam ne or N nethyl

nor phol i ne as a noiety having a basic nitrogen atom
Step Il - $ecordbAntidiatioraCoapliig Reactiomunt of anmmoni um salt of

Formula Ic to the amount of salt conpound of Fornul a

Id used vvith be from about 0.76 equival ents of

ré'eh' dé% %Fta eéejr?c%g%b’fé?f@g @':'1?" R m%@t)hnﬁ@mé@ﬁipound

of Formula] |$3tmcaray eot amlconquupljngl redctioonhe teeled, the ammomum salt

compBli & proviadt bind step tant 4 salltampRing SBleQlSd roplthe

compb@ﬁébf FBAHUIaUdOAn@ thE ¥aMmPBLA dPFRGURDID’ N en 8BRIEIEmBbdiments
amoni um salt of Fornula |Ic enployed. In general the

of thedrwemtionot isapigéerable tq utllgzeamiemnm@mdj@ﬁmewaua fAegardingly,
the sdiiarlicyBH LoVPYAA  SacibrYmida Buf BY WA e corgpound of

Formmaucwatmmbsséleaed st édrepeumdiof Fofmukddanithe presearice of at least
one peptide coupling reagent and one or more reagents containing a basic nitrogen

atom selected from a tertiary amine, an amide, and a morpholine compound and
mixtures of two or more thereof. Generally the reaction is carried out at a

temperature of from about -10 °C to about +30°C, preferably less than about 30°C.

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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Formula Ic present. In those enbodi nents in which the
salt conmpound of Fornula Id was enployed, wth

wo edosoenee to Schenme |, above, a second step (RCDYS1087/025804
carried out in which the -CH functional group of the
adduct is oxidized to provide the correspondi ng
ket one, thus providinghthe conpound of Fornul a |

acetatghidimethyi fermamiden(BME s M-neethyl:2-pyrrolidene (MR, andh

com SRR i, RRAST TR ACufLBRBRIRRAR TP et inventir
it is pegered ke dtilize bhéor PdrenhoritiesicontainingPbadic Mtodkrd afim
col um 451 lines 20 to 29, and the procedure

selectegisemisathylarainee diisoryopylsthyamine 2 6. dutidinee M- Noverber

ey B g 000 0,

process, and the salt conpounds of Fonmula Id used in

Step Il of the present process can be prepared in

abispmaraneboglimenis of theutrwentier iris peeferreddawsera eawpling reagent
compwﬁaﬁgﬁg@ﬂ% ﬁgﬂﬁﬁ@‘@%@%?aaﬁg ﬁ'oo ?1? gé%ké&%h‘)ﬁ‘\% following
comb{rdtidngi (eHOBtavoholhydrate mnethgl acdtade witkh OMF oy NMP in

combiaoRgui) ETHSACH ) whles et 05k ¥ efbsstatp ook go7
metnyipfTQREESAEI comBinafieh i ETRTACLI) MAMALTh $3iyidcdatuith
DMF ac B-mvethyl ipyerolidinookd Nidid) inocarntbinatianiwith BRCHHRTH(iMp

t . at 0, t 5 0C. 35 f - HC L | d
carbopyl a2t (DU grsthviaestEie na s i) bohioiGaas dmptioky-
triazin;e‘iin%fhyﬂébétdié Xith BMFvig ti S,BQﬂm%ttt)hc?a@/-Q Q,8&idHind; AndH(vi) 2-

eaction conpl etion was checked HPLC to show | ess
hydroxypyriding §vethtyl agetatewithddMF with EDCI-HCI. In some embodiments it

is preferred to add the tertiary amine diisopropylethylamine or N-methyl morpholine
as a moiety having a basic nitrogen atom.

In general the ratio of the amount of ammonium salt of Formula lc to the
amount of salt compound of Formula Id 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 Ic 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 Ic 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 I. This oxidation can

17



conpound la. 1755L of MIBE followed by 807 kg of 9.9%
HCl was charged to R-1 between 15 0C to 25 0C. The
whaish792as stirred for 15 mnutes and settl ed POF/US1007/025804
| east 30 minutes, and the aqueous |layer was split to
HOLD TANK. 807 kg of 9.9% HClI was charged to R 1 at 15
to 25 0C. The batch was stirred for 15 m nutes and
be casred batlinf accazdamienwitb procedureldn thpiabogeimgmtionsdspatents and

.Spl ] HOLD TANK., 2 11,k f di bi b
publisiid gRRiFAFRS Ot CRagPiGl PReedbi Eeea R U5 Baent
appliéﬁt?fn%t%?%?@%%%@hﬂﬁn WA iinééé bosslagd aﬂb&ﬁ@'d@t@ed&%@i@seribed

HCOe solution in RR2 was transferred to R
in copanding {6S28ppiTativndiled Nayesmbers! 3 20064indesattomney dogckas no.

CDO%L@ ttled for at least 30 m nutes. The aqueous | ayer
Srit to HOLD TANK. 140 kg of sodium chl ori de was

charged to the NaHCg 3 solution in R 2. Half of the
NaHCOa/ NaCl solution in R-2 was transferred to R-1 .
TH&ewgtarting makriaiswsedin Starbofibe presentpioesssirand the salt

compREntis S £ofya )RR i 18 Mirihe pHeSeRtBexSs b Be gBpared in
accorglahyé ivith procBddrespdeddribesiinrargcoftthe @bbverhentitviedcpatents and
R-1 was agitated for 15 m nutes and settled for at

publisheg appliGatiaDSes. The aqueous | ayer was split to HOLD
TANK. The batch in R-1 trated to about 1053
L under vacuum 97 kg owhydroxi de Monohydrat e
Exanipié | evitrephvatiotOdf Ic’ (M, Nvdinee thyityclohexgleamine salf) aceodding to
t he rrg'xiure mg stirred at 20 to 30 OC until all
sol i de& .'-helithiumhydroxide solution in
R-2 was transferred to R1 . The whole was stirred at

20 to 30 OC for 3h. Hydrolysis conpletion was checked
bynteiRLEactors(fbh) wasxhangedB8il d. of xamspounst layiBeg kg of compound

o, 0715 i ol Bsipeili ALl Bud o 5%, 29

of 2,6-Rfidine¥dllowediss1 23 hof agetshirilé Muerc & B R-11whilé maintaining
The organic layer was transferred to D TANK. 1053 L

temperatyieskt Qs 12 nar §8d karfEDCI-HE fallowed bywka3 kof aeetpnitrile was
chargfe‘&rtoac%?Weeﬁ% to 25 °C. The mixture was stirred at 20 to 30 °C for 4 h.
Reaction completion was checked by HPLC to show less than 0.75% of un-reacted
compound la. 1755L of MTBE followed by 807 kg of 9.9% HCI was charged to R-1
between 15 °C to 25 °C. The batch was stirred for 15 minutes and settled for at least
30 minutes, and the aqueous layer was split to HOLD TANK. 807 kg of 9.9% HCI
was charged to R-1 at 15 to 25 °C. The batch was stirred for 15 minutes and settled

for 30 minutes, and the aqueous layer was split to HOLD TANK. 211 kg of sodium
bicarbonate followed by 4001 L of water was charged to R-2, and the whole was
agitated until all solid dissolved. 1404 L of the NaHCOj solution in R-2 was
transferred to R-1 at 15 to 25 °C. The mixture was stirred for 15 minutes and settled
for at least 30 minutes. The aqueous layer was split to HOLD TANK. 140 kg of
sodium chloride was charged to the NaHCOj; solution in R-2. Half of the NaHCO3/
NaCl solution in R-2 was transferred to R-1. The whole in R-1 was agitated for 15
minutes and settles for at lest 30 minutes. The aqueous layer was split to HOLD
TANK. The remainder of the NaHCO3/ NaCl solution in R-2 was transferred to R-1.
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m nutes and settled for at |east 30 m nutes. The
aqueous | ayer was transferred to R~ 1. The organic
wo 20081079286 transferred to HOLD TANK. 293 kg of POI/8320bi25804
foll owed by 1530 kg of isopropyl acetate and 660 kg of
9.9 % HCl was charged to R-1 at 20 to 30 0OC. The
mxture in R-1 was stirred for 30 mnutes and settl ed
The vihole in R-tasts &jitated forets mihates quelsettiéd jaratiest 3pminutes. The

aqueot HVRgES Salt tE HERSE TARKC iR bated indEit i Bofcantiated fo about
1053 B @nd@izabhaﬁﬁf@f kg%f'hﬂnﬁinlhydraﬁeefm%éﬁﬁjr%?'fo%w&a 1404 L

m nut es at OC and settl'ed for at
of watm wasmln@'gedm -2 aed dbe Inayturem sippréd at 20 KOBO (BANNII all

solids iEsalFbd T it Myeiele Bpuifonih 3 wes Fahfated tq -1, The
wholef wla!; %hrre&ibﬁ 20R0c40 PO ot 2h VHﬁdr@g@cse&Sm?te%ntWa@eﬁééked by HPLC

L under vacuumat 35 to 6 ‘g
to shmdpﬂafpszonweto@t d00ad- ehMT&ifallowed iy P40 hdftwatenwastcharged

to R-Befee ARG b SreR B RO it i and s YOE 8t e adanples.

The dqgle@ﬁs il vy $plre6 tRrRe RS0 i&l%?et waBtransiéreed @ HOLD
erature was adjusted to to 48 0C, and 109 kg of

TANK\Il@%tQiW‘E?EIWQW@ﬁdH@ R"Iﬂ\@l)e XU wiagctires lelebOUt 10
mmutés %d%e%@ir&gﬂﬁ%ésg Qtosﬁ%f[btbg 'i;he1 ggygéués %&@W\@Q transferred to R-

tirre
1. Th!é drgahicdadyeéowés t%sfmedt&HOlﬂETk@lleZ%\K‘g\oﬂ\esg% mlgetlowed

by 15§§é&9aq2fé8<¥$rﬁe§| 5@@35@143@ 593%0&%55’2#@8&) 2% ﬁﬁa&e%&ﬁeﬁat 20 to
30 °c]£ ?ha 8 i c}i're iNR-9\Rs &tir&d L&Obo)ﬁuﬁmeg%a se}rg@d 'Rf’rtét

in portions wth a centrifuge
minuteasTlmaheelous tayec wias smmm 6D dANIL 85 kgd)fMuaml @hlorlde

rollowi R, 8 EL5t o e mavbio o Bina g Neel Souflon IR a2 8%
transfétreldd-RIH TRETHRVE N sBhirredtoP 180ninites3i 15 ® 28 °CSand settled
for at 1e|_é)§3 3@dn|r1p(teé 8'I;3 h@zéquus @yﬁgm@@phﬂ@:H@L@ﬂg@d&Tw\qpﬁtch in R-
1 follo]vvelsd/Jr b} 30%§<g of isopropyl acetate rinse was transferred to R-2 via 1 ym inline
filter. The batch in R-2 was concentrated to about 1404 L under vacuum at 35 to 60
°C. 918 kg of isopropyl 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 h at 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 I¢’ was obtained
(90% vyield). "H NMR (DMSO-ds), 5 0.80 (s, 3H), 0.91 (s, 9H), 0.99 (s, 3H), 1.02-1.25
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(m 1H), 1.68-1 .78 (m 3H), 2.23 (s, 6H), 2.28 (m

1H), 3.73 (dd, J =5 and 10 Hz, 1H), 3.96 (d, J = 10
woi2q0809216 4. 08 (s, 1H) 4.15 (d, J = 10 Hz, 1H)PCBUSM07/025804

(d, J =10 Hz 1H), 5.95 (brs, 1H). Exanmple 2 -

Preparation of the conmpound of Formula Ix According to
Schene Il. Step 2 usi wet HOBT in NMP.w th EDCI-HC
mFﬁ"@séﬁt’/’ (s Qitlb1a35r@aéro§ HzadHs HaAYE, 5 Frand §iHz, 1H), 1.54-1.58

(m, 6&'[)%"1 86t ?8 fmt §H5a x ?ﬁgs‘ %Hef?bé Q’MeﬁjHPYB ?@g&&lJ& 8 éﬁ d40 Hz,

ui val ent s)
THRR.9 (d Jﬁaﬂtha; 1Hb|4a08 @01H1) 4. w(detJhyﬂohtZeﬂHi &.&htd, 2= $0 Hz,
lLRyrrolidi none was charged into the reactor.
1”’? 5@;2%&'-9 contents were cooled to 15 OC.
Add|t| onally 3.67 g (27.16 mml, 0.59 equival ents) of
1 hydroxybenzotrl azol e rmnohydrate foll owed by 2.96 g

et hyI [(3 shmmdw | t wrhﬁCNMFﬂvﬁth- dr-ﬂdnhaésen
de (EDCIHCI), (9.98 g, 52.1 mmol, 1.30 equivalents)
were sequentially charged into the reaction m xture.

Th entoeaaﬁaacm wawnarr@em nfit bﬂétﬁ\ﬂa@étatbﬁo Qﬁeuefor Followed by
remal ni n anal ysis),

% |
20 5} G464 Tofion o b0 2D (49 TERRDeT P @I leRts) ok i n iy
adder%@Z@QnLaGFbtﬁﬁ d¥etdié ahb 2088 §N ﬁm@iﬂyﬁ%ﬁ@l@)ﬁoﬁ@vﬁ‘s c?ifarged into

9% aqueous hydrochloric acid react or
the\xa@ctelt hete@astor gongots wereiepoldhier Bs°G. hadditionally 387 g (27.16

I
il £ 406,0000) BTSSR, Iy CRATE 200

of wigter weierghagged. Namethyimarpboing (B.83r@ 2840 mowed0.63 egplvatents)
and; ﬂ]ebsaauéﬂt X"étﬁyﬁ (Smﬁe %ﬂh&)pWEaﬁﬁgﬁllﬁ@%@g%h‘éﬂﬂd% (EDCI-

revi gani ¢ Payer
HCl)a(ygeQ%g Vo & mm@aﬂ 80 eguivalgdts)werbl sequertially chargedrintothe

rea%@tﬂﬂ‘ﬁ%. %@rrgﬁmow:jn&t@r‘éivgas Jﬁ%d@tﬁ%%@uﬁ'ﬁéoﬁ\bieﬁé ?<d0.5

area % Ic’ remaining by LC analysis), in this case 3h.

The reactor temperature was increased to 20 °C and 80 mL of DI water
followed by 40 mL of 9.9% aqueous hydrochloric acid was added. The reactor was
stirred at 20 °C for 13 minutes then allow to split for 90 minutes. The aqueous layer
was removed and treated with 60 mL of ethyl acetate. This mixture was stirred at 20
°C for 20 min then allowed to split for 25 minutes. The organic layer was combined
with the previous organic layer. The combined organic layers were treated with 80
mL DI water and 40 mL 9.9 % aqueous hydrochloric acid. The mixture was stirred at
20 °C for 15 minutes then allowed to split for 28 minutes. The aqueous layer was
removed to waste. The organic layer was treated with 120 mL of 0.45M potassium
carbonate solution and stirred at 20 °C for 21 minutes then allowed to split for 30
minutes. This aqueous layer 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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20 OC for 15 mnutes then allowed to split for 28
m nutes. The aqueous | ayer was renoved to waste. The
woe@anieid ayer was treated with 120 ni of 0. 45RCT/US2007/025804
pot assi um carbonate solution and stirred at 20 OC for
2 1 mnutes then allowed to split for 30 mnutes. This
aqueous | ayer was renoved to waste. The organic | ayer
aquequssiaybeto waste:. e‘ﬂhe\mgariczd}ayel[ ws Deater with 420inolmof DI water and

s B B0R' 8538 bk AR PRI e el Ry oo minutes
The aauaéagwetr wmvéa td Wase esa@tnbﬁwd b? LEof the E{dsmpound of

gianlcla yer was treated with wat er and

Formgla xrie@rganiotayeri®P2% ni nut es then the | ayers were
allowed to split for 59 mnutes. The aqueous | ayer was
renoved to waste. Solution yield by LC of the conpound

ExampleParnula Ix in organic layer is 92% Exanple 2a On a
simTar batch with 10Qg starting Ic' the organic |ayer
obt ai ned contai ni ng the conpound of Formula Ix was

O SEREE Hehe Wiing (o0t Gafiidiic: 1€ ofganid idjer bBjdined cpntaining
the cmmmeoaﬁdrmommwtm @:yncremmeyd &0/ 496145t 4.0N62d 79P of this
hen treated with 7 eth acetate

matergal F5F 5.6 ) BRSAAAES WAth SRt ethil feajateankeopgentrated by
rotary?ev%éorimﬁtoeéé‘YAL ﬁgﬁ{ ﬁé&te?%fg&vcmL |aa%%?§le~°(k?-w y ob’)é) 0.75

I'nge punp over es I'n"arou
mL ofﬂbltWaterMaasaddeRbtd bring the K& tacBiB% oﬁhlsté’thylsacetatye s&ﬂtsuon was

ST B8 b S TTc W et e
FoIIoMﬁbttﬁe Rlditbn/ase iLrgdvas sflﬁéd fatL{@ectier 18MiRLtEs Ben filtered

hén in a roomtengerature vacuum oven for 3 days. The

and washpd withu6@ naln thereS§ arlu ohtolddreptases.ndheavhite sejidngagdried on

the filfef J%ﬁegwmgtﬁgﬁggg%a’rﬁgb{ %r@é%}%@ﬁrg?fag&ngﬁ)pﬁg&g?&@d%s. The

tempdragnaioH thenvaguuhheven Wlindredsedadb Mg «C for AAdapr Thediriab 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 Il, 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 °C 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 mol, 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 °C 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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Schene I1. Step 2 using HOBT Monohvdrate wi th EDCI - HCI
Present. EDCI-HC (244.00 kg, 1272 nol, 1.27 equiv),
wda20vdraexey benzotri azol e hydrat e(80. 00 kg, 592 pol/pSDOBE®R5804
equiv), and 236.00 kg ( 113 1 nol, 1.13 equiv) of the
conpound of Formula 1d' (Schene |1, Step 2) were
charged to a reactor and dissolved in DVMF (1407 kgQ)
mixtuemmlraetagjtatmt@w dﬁen(mﬁesz then thehequesnast lager was rem@lved tThe

2C d  di | 80 19
aqueqisgisVe, iR PARCERimten o il Ay e dsAan LT, The GorbBined
organM@#é“ﬁe%dRﬁn‘tWa@eﬂ a 98@3954Lf5§n3<83¢% HEPE. @@kg) 1Tﬂ@ mixture

eqU| as a solid carge The reaction m xture was
was agitatechfond§ minuies angdheaqueous layves was @maeved 0TI organic layer

was 1t el wift o 25 MTkacios ool BB Lavdie Al R a0

This mixtire W&k agitdedvioe 5 eentitay @l fHd édﬁuétﬂjs iBher wasGehfoved. The
tenperature was adjusted to 15 0C to and wat er

organjolager wag)tregied @ﬂtﬁw 7§d\4tlﬁﬂ60@s‘ae)6(3§>19) Linethis saigtstie was

agltatég f{)toi\g gw ﬁ%teé%;{? A nu%czl?e@% %E%@gbléarﬁe\’@l@gmc layer was

treatetionitty 075 MiKHEDL@4S (188%L). Mausmmwa@agndte@ foh 15 minutes
et hyl acetate (5438 L). The conbi ned organics were

and the agyeeuslayar W@ﬁéﬁ"‘(ol@S‘S Hhq proafic Byesmas reatedoythynter
(1989Té‘ Lgoﬁb?étr‘rlfﬁuWaé‘%\ghé‘fe%goﬁ 15 rﬂﬁiui@é‘&ﬁ&?hé‘ﬁdué@&s |ayer was

l'ayer was rEenove e organic layer was
removeda atke ovgdriic tayes wawmdtmed uheedvauuimati®&90dndvater (19.1

L) waaddedsat e Mg asedOgstid 102 nddtonds (14673 over 25 0
The ré%ﬂ%rnt‘é@ﬁ’d prict Wvadd isBlafed 5 Meﬁh'%e Qlﬁ?ﬁtlohz%hbh with cold

IS mXture was agltated m nut es and
heptangscand drieg eindenvaceuwn\aiB0 %&r&rgmeuncm Ay dor Mto give the

compbli8LEFolinlla A4 2SRk RS0 aAle' T ayer was

renmoved. The organic |layer was treated wth water

(1989.6 L). This m xture was agitated for 15 m nutes
Example 4 + - Psaparation ofae Gampound of Formula Ix

According to Scheme |Il, 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 21mil 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 mi of 1-methyl-2-pyrrolidinone, and 4.7 g of
the compound of Formula 1¢’ ( 9.5 mmol), followed by 2.85g of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI HCI, 14.9 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
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renoved. The organic |ayer was concentrated under
vacuumto 1590 L, water (19.1 L) was added, and the
worRoosire1svas added to -10 C heptanes (7457.3 LRPCDUS2007/025804
2.5 h. The resultant solid product was isol ated by
centrifuge filtration, washed with cold heptanes, and
dri ed under vacuumat 30 C for 6h then 70 9C for 15h
and maintained trhthat tampperadursf rar-‘@ermirttaslimngso\eermght eAt the end of the

stnrnné?g%%ﬁ ébgpL@gpﬁQM{dgcpE‘gM@ H’H_Q f@ Ovphé)re§cgcged2to the

reactighi rARtUrERVhild ﬁ’\'&llﬁ@ﬂmd"@le fBngsaa Iurérbét\ﬁééﬁqtse“t and 25°C. The

Enanti oners th rrpound of Formula 1d
layers:wape)aalar@ﬂecﬂ:oﬁhamgadrc lagerae washestssqsce§suwmltrsong aliquot

of 15 I AN AEHEY B s 35 SIRPL e e AfigloBlotaq my of 10%

of potaBsianfodrbongte FiwatdroaRd %n(eezmﬁﬂ_ SligRiot of Raltér. r'me @rganlc layer
87/ 13, [(RR+SS)/ RS+SR were conmbined with 1.

was CoNnggRira éﬂﬂ@d M@@tatyeﬁgwré gnqceancenteatediio m ?ﬂ"@ product
of Forflaqk é“éfﬂ)@grfe\?@e éé‘% %Owrg gé pgevgégwg Cgﬂf?r?] aT38b & 7P Fof

t efrper at ur e e reaction
(RR+8S¥(BGeSM)s added 2.1 g of N, Ndiisopropylethyl anine

(16.2 mol ), 5 m of 1-nethyl-2-pyrrolidinone, and 4.7

g of the conpound of Formula 1c' ( 9.5 mmol), foll owed

by 2.85g of 1-(3-

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de
Exan(gie@ Fl@epamdloﬂofnbegorﬁ@mcbggéoanuladxof the reaction

m Xt ure was rml @]’lm,% Ebbh [-HCI

ACCO d .
stirring 31
t enper atP%éSeHleérY@S@Ie%@e@ﬁn%ﬁﬂomﬂﬂwé‘@bmguﬁa%f' F’brmula 1d’.
that tenperature range w Stirring overnig
end of the stirring period, 40 ml _ of ethyl acetate

e FPagnLorEh Hluelie, SSEhEmEdndeh ) Db R p g 2

mMoIQ(bf&ﬁd cdmbifed (BR hAYR,S) erantioness ahe 0.25 g1 eMIbIO) of the
| a was washed successively with one ali quot

comblned (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 21ml 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 2.35¢g of 1-(3-
dimethylaminopropyl)-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 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, 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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of 15 mM of 3N of HCl, one aliquot of 15 m of water,
three aliquots of 20 nL of 10% of potassi um carbonate
w0 poogarerq and one 20 nmL al i quot of water. ThePOF/gs2v0T025804
| ayer was concentrated, added ethyl acetate again, and
concentrated to dry. The product of Formula Ix was
obtai ned as a white powder (3.3 g, in aratio of 87/13
was cohcériratesl) adesd Ryl aEJeaath@eﬂn -arfel egracemtiaded td dohd he product

Co und of, Fornul a ccor 0. Sche
of FoRRiiR X asTonlaiTietkRen WeiE pPuden(> & fu e rate ol 10790°8t
(RR+§B§K‘PSQ§‘H)S of the Conpound of Formula 1d'. The
coimpound of Forrmula 1d" (Schene |1, Step 2) conpri si ng

2.5 9 (12 mvbl . ) of the conbi ned (SlR and R S)

10/ 90Fro[n6 mSﬁbéeréﬁﬁR)ﬂwbmh oGﬁﬂ’@f'F@ﬁnNdh: 1.0 g of
1- hydroxybenzotrrazol e hydrate nnDI) in 2
1n1 Of ethyl acetate. This m xture was cooled to a
eratupe between 0 OC to 5°C. To the reaction

Pl

§ added 1.8 g of N, Ndiisopropylethylam ne

, 5 nm ¢of met pyl - Zpgpyrrolidinone, and 4.7
g o;,mﬁ%(_f 1¢""( 9.5 mmol), fol | oved
H/\“/b 2.°35¢ of 1 5‘\

t hyl am nopropyl) 3- et hyI car bodi i m de hydrochl ori de
(E HCl, 12.2 Bl ). The tenperature of the reaction
m ¥kt ure was. mai ntai ned between 0 0C and 10°C with
stirring for 15 mn, then slowy warned to a
tenperature between 20 0C and 25°C and nai ntained in
that tenperature range with stirrixggeoverni ght. At the
end” (g ‘theystirring period, 40 nL et»{1yT° tate and

“of §§70f HCOl where added, to n mxture
Nt ai ni ngDMRe t enper Eb(dr e;\b/it

25
\Pb:hl" I 0C and 25
IC iThe on Y
H \Lr H E‘ HN NH, 0 /:V + ﬁt‘]
4 o H H
cr
Id' 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 wt/wt%, 50g active)
2. Charge 150 ml (3X) DMF (KF: 0.1%);
3. Charge 11-16ml DIPEA (0.8 -1.2 eq., KF: 0.04%) and then 19.2g (1.15 eq.) CDI;
4. Agitate batch at rt for 2-3 hr

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

—

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

6. cool batch to10°C and add 350 ml (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 layer with 1N HCI 2-3 times;
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| ayers were separated. The organic |ayer was washed
successively with one aliquot of 15 m of 3N of HC,
woep@sarizguot of 15 m of water, one aliquot of PRDUS00T25804
10% of potassium carbonate in water, and one 20 niL
al i quot of water. The organic |ayerwas concentrated,
added et hyl acetate again, and concentrated to dry.
9. wagteorganitulayeo vithdwaoLaliguots ak8- 1636 aiguedus & Qyrandior KHCO;
wder (3.8 g, in a ratio of 10/90 of (RR+SS)/(RS+SR).
le 6 - Preparation of the Conmpound of Formula Ix
10. wadHolgain®s b dith X Qraged From CDI Treatment of the
Compound of Forrmula Ic'. Ic' The conmpound of Formula
11. amym@/qrr@dha@eaﬁronnorgam |aY§f,rt¥QIGﬂl|¥)gB 3sisalution vield of the

cESAG Eaithdinal VWit 85 0BhBE FEH Loy 5 charge 150
m (3X) DMF (KF: 0.19%; 3. Charge 11-16m DI PEA (0.8 -

1.2eq,KF 004 andthen1929(1 15eq) CDl ;
@&+ F ation Forpuila-Ix According teyScheme Il

L0s é‘- 5 i 'Hobh 'y Hdt‘ﬁg P.%seﬁ@é‘b@%DCl HCI

agltate at anbl ent tenperature until reaction |s
npl eted; 6. cool batch tpl0°C and add 350 ml (7X)
Eintha eaation ¥asselantaining 1@l of & 1L ayiire Btmethyltbuty

ether BHIIYF AP0BMm tetnpSratut WéreC gggtﬁd%'goo EDCI-HGI(61.0

I'ntai ning reactton mxture a
mmoll| a;&eqwe) 1v|/a’$hgaufglaencompa);md ofi Fdrmiia KLl (53- Zammculest 434 equiv),

and 2%?;"2@%5% 2 né“cg,‘aﬂ g]l o(—E'qsuwf Bllsloog%gﬂeﬁ\ylljamme

(12.8 mL, 73.5 mmol, 1.95 equiv) was added to the reaction mixture followed by a

20.00 g charge of the compound of Formula I¢’ in solid form ((93.1% w/w), 37.6
mmol, 1.00 equiv). The reaction mixture was stirred over night at room temperature
(19 °C to 22 °C) and monitored by HPLC for completion. At the end of the stirring
period, 50 mL of methyl t-butyl ether and 50 mL of 2.5 % aqueous HCI were added
to the reaction mixture. The aqueous layer was back-extracted with 4 aliquots of 50
mL methyl t-butyl ether. The combined organic layers were washed sequentially
with 100 mL 2.5 % HCI (aq), 100 mL 1 % HCI (aq), 100 mL water, 100 mL 0.45 M
K2COs3 (aq), 100 mL 0.75 M KHCO3 (aq), and 100 mL water. The organic layer was
concentrated to 136 mL and cooled to 10 °C. To the cold, concentrated organic
layer was added 200 mL 0 °C heptanes over 50 minutes. The resulting slurry was
agitated for 50 minutes, and the solids were isolated by flitration and washed with 35
mL heptanes. The solids thus obtained were dried under vacuum at 75 °C overnight
to give ~1 g white solid (loss to filtrate and flask walls 4.59 g) of the desired product
(total yield 26.6 %).
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10. wash organic layer with 4X water 11.assay and/or
isolate fromorganic |ayer, typically 80.3% solution
wQ e@Bd7aie t he conpound of Fornula Ix with 98. 9BCHUSH0%025804

purity Exanmple 7a - Preparation of the Conpound of

Formula I'x According to Schenme Il Using

2- Hvdr oxypyridine As a Coupling Agent in the Presence
ExamnleEIbGI Pf«garﬂﬂmohthee@ommmnde:fsﬁdrrrmimhaAncm gmm gtheme Il

t hyl

(61 .0 nnol 1.62”equiv) 11'31 g of the conpound of
For mul a Id" (54.2 mol, 1.44 equiv), and 2.64 g of
2intp @ reagtion vassel qontaigingrb2Q mi., gi4a éqhmp;ture of ethyl acetate and

DMFé’gtﬁSq°;§ft§r,§§%§afaﬂéeﬁ?aé‘sﬂép kD% GERRIME] (93 Mol 35
equuv? faRacaenpsduridéf wmarld’ efe dedrmivl, a 243eqlm) Nnd 2.76 ¢
orm (93.1% ww, 37.6 mmol, OOeU|v

DMAR 22 6i ramqh Q-6Qrequids Balsopr@@ylﬁtaylaml@chﬂ 2 mleo‘iﬁ 6 mmol, 1.51

o] PRSI g oo Al o SRR A0SE i dE g
compffhnd@‘f thmd I¢ ibsbhd fethEe3ad wid) 87 .9fmadb, Poewegeiws The

HCl were added to the reaction mxture. The aqueous 0
feaCt'PayBW%éN%%éﬂkﬂ 3 forabht bauis QtHOQWhtqr@RRﬁa&"Sf(@ Cn@ 22 °C) and

T
oGRS, et chton) MnERI RERBLAR EoReEREorcin
acetafe andi@00(rah)of 219 0% afjueats HCI Wesrerdddedite the K8aEXor enipture. The
nL 0.75 MK . d 10 er.. The . .
aqueqy PEwas A mdracsd i S iy e iaestRle had Eoamtined groanic
layers eF-wathel @%89@hﬁally3\9ﬂﬁ%'0trhﬁt1e% AICY 244)C BbQMErweYtﬁﬁ 80 mL 0.45
added 200 anes over 50 m nuf es. The
M KoCOs (aa), 8 mL &7y M&lfé@a {aq)e80frok. 0575 M KhHICE3, (aa)damchéo mL
sol re i fLi
waterghd fignirgenBaltl 7 roliny RabgpbEn 1837405 "Ehe & Beliter
crystalidimdmt thé Torceriatd 8hd 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 °C 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 7c— Preparation of the Compound of Formula Ix

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

a Coupling Agent in the Presence of EDCI-HCI.

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 mmol, 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 I¢’ in
solid form ((93.9% w/w), 38.0 mmol, 1.00 equiv). The reaction was stirred for 25.5
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to give ~1 g white solid (loss to filtrate and flask
walls 4.59 g) of the desired product (total yield 26.6
wQOReBNzZIpé e 7b- Preparation of the Conpound of PEDUS2DZ025804
I x According to Schene Il Using DVAP As a Coupling
Agent in the Presence of EDCI-HCI. Into a reaction
vessel containing 120 mM _ of a 1: 1 m xture of ethyl
hourszatabatretemnpe BiFed 1 91°Coim 22 8@ rand manitored by liple@ detcompletion.

When iy Ts8elon Wasgoripiats t?“%ﬂ@agﬂﬁﬁﬁ rd Wasadded's6 i OFethy

acetate dRd 9 0BVAL df 4% BqUEBIS c@n@ﬁcﬂq Urive a%ueous layer was back-
Dlsorgglethlamne( 1.51

extragigdiwith 6@ snlagthwdi ac@taﬁexeThemnnbmemoxgamle laysirs wase washed

sequ%r&aﬂy (/ﬁ%h@@?ﬂa’ \%M tcggc %Q%wdqé) FZW&;& écm éé&) %%l rhE water,
80 mL @&15 MR, DX atg)eammms MERHGO; {ag) N8O ML datéoafd 80 mL 1M
nper at ur e 0C to 22 Sczmand nmoni t ored by HPLC f or
citric e@ﬂﬁaqi i bPLGaralysisdndieated hat ihesselutipn soatainzd an 84of % yield
t n O mL of 2.5 % aqueous HCl were
ofthee(gg%go?ﬁa tg%{@‘agﬂ |ilxgn m xture. The aqueous |ayer was
back-extracted with 60 niL ethyl acetate. The conbi ned

organi c |ayers were washed sequentially with 80 nL 1 %
I—f@ﬂ‘ £ Prggemnt inygatign h%%)bﬁﬁ” e&S”WWQ‘&tﬁBCO’H'@WﬁPn with
the spbcffi Mn'égﬁﬁﬁe&t%@et 1&th Hb? @Qﬁﬁ:léég?e it RPpAL
wat er en concentra rotary evaporation to
ilustrdtiveland ndhmBRg. sdamy aiteyrmtadels; medlificadions lamd other variations
concentrate a .75 of. wat er. wag added to th .
theredi iy apareatia Eipserot ardiesry, Skl e artan shih Alematives,
modlfRfa%Hs Qne A RAbh3 aPe WEnd&d &6l fdIowitih tht s&lt%rﬁ seope of the
[) anes over 47.5 mn. and stirred at
presegb r'iveﬁtlpnem pitated fromthe m xture and the soli d
product isolated by vacuumfiltration. The solids thus
obtai ned were dried at 75 3C in a vacuumoven for 18 h
to provide 11.2 g (56.9 %yield, 9 1.0 %w/w purity)
of the conpound of Fornula IXx.
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waeiaaines a Coupl i ng Agent

Exanpl e 7c- Preparation of the Conpound of Fornmula Ix
According to Schene Il Using 1,3,5-Trinethoxy-2,4.6

Into a reaction vessel containing 100 nmL of a 1: 1
m xture of ethyl acetate and DVF at room tenperature
wer e suspended 7.56 g of

CLAIMS3, 5-tri met hoxy-2,4,6-triazine (43.1 nmol, 1.13

1)

equiv) and 9.79 g of the conpound of Fornula Id (46.9
mol , 1.23 equiv). N-Methylnorpholine (4.7 nL, 42.7
rmn;brocésé?orqﬁél ovidRn GTddesmpBuhd®f FealloN m xture
foll owed by a 20.01 charge of the conpound of
Formula Ic' in solid m((93.9% ww, 38.0 mol,
1.00 equiv). The reacgiz s gtirred for 25.5hours at
roomtenperature (19568%)( 2 ) ﬁng nmoni t ored by
HPLC for conpl gt |0|;1I enYt hes'redcti on was conplete to
the reactio @ddeq 50 ml _ of ethyl acetate
and 100 m I-E?h‘\lﬂgaqueod% citriclacid. The aqueous

| ayer was backextQ wth 6 EﬁB cet ate. The
conbi ned organic |ayérs were washed seQUBH® aIIy with

sé@BrdﬂeschquSﬂuénﬁgC acid (aq), 80 ml _ 1Mcitric acid

ter, 80 m _ 0.45 M K203 (aq), 80 ni
o(Weompllqg}mer(haqy)amuae salt ofithe eompoundsof rormuNade t ri c
acid (aq). LC anal ysis indicated that the sol ution
contai ned ap 84.7 %yield of\fhe Conmpound |of Fornul a
Ix. Wiile the present invent§®n has been descri bed
Wi th and injconjunction w fhe spék\ljlc enbodi nent s
set forth above, these ex ar egi®ant |to be

illustrative apd not |imtinRg: y aliterratives,
nmodi fi cati ons \égcmot ey varilati ofis thereofl will be
es

apparent to se offordipnary skill in thg art. Al
such altern difEcations and varigtions are
i ntended to|fall wi®hin e spirit and scqpe of the
present invention. CLAI

_ Formula lc

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

9 OH
NH, NH,
+NHzCIr O +NHz;ClI O
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 Ic produced in Step (i) to yield the compound of

Formula I.
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1) A process for the provision of a conpound of
Formula | said process conprising: (i) coupling a

wo eoosiozyam ne salt of the conpound of For nul aPdTUS2007/025804
Formula Ic with a conpound selected fromthe salt
conmpounds of Fornulae Id and Id" Fornmula Id Fornmul a
Id" in the presence of at |east one peptide coupling
reagent and at | east one reagent having a basic

5 g}‘?o en ato sel cted fr j)ertlar am ne, ?

(2) HPgess Steiaim Tiuhicr Bied GbisyArfiad o ma aclragnic

solvehtA@e|e&temwnté1ﬁylaeét,at@rutdtbmlnlwﬁnéthﬂfcﬁmatmn@@rmound
selected in ep (i) is a conmpound Formul a [d

dimetylagetamigle: Hedd\bﬂiﬁi woyrrch@nm@\ﬂuﬂ),rarsi @yixtures eftwo or more
there ‘el d the conpound of Fornula I.(2) The process of
<I"ai-m 1 wherein Step (i) is carried out in a polar
organi ¢ solvent selected from ethyl acet at e,
i acetonitrile, dinmethylformamde, dinethylacetani de,
(3) adhenrragess obsiaines il rd waerauvthe canaterion Rsldn dhe campound of

Form@fa 1895 R N\ hvictindiiapigess of claim 1 or 2

erern the cou i'n the conpound of Fornul a
lc is N N—d|nethylcyclohexylanlne (4) The process of

any of claing 1 to mhereln epti de coupling
Iﬁg&fpcw %feil’@(:%‘éiaff%%to(q w P@g 'ﬁ%ﬁéﬁ%ﬁ sgeplulng reagent is
se'eczas‘;*gbma 7O o Bnflrste Y sy RERE Gith kil formarmide (DMF)

in corabimatioaxatraEDCAtHEI; I(\WFP-IOBtmhmmairaMn\mhyl deetatenidth NMP in

combiq}ﬂgp@y% wﬂpﬁﬁﬁt wzia er wequogf in ot yl acetate with N-

methylpyrrolidinone (NMP) in combination with EDCI-HCI; (iv) DMAP in ethyl acetate
with N-methyl pyrrolidinone (NMP) in combination with EDCI-HCI; (v) DMAP in ethyl
acetate with DMF in combination with EDCI-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 Ic, said process comprising:

(a) coupling a compound of Formula la

o CO.H

{/
” /lku Jm,,,/ K
Formula la
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(NWMP) in conbination with EDCl-HCl; (iv) DVAP in ethyl
acetate with N-nethyl pyrrolidinone (NWP) in

w@ooesioreté on with EDCI-HCl; (v) DVAP in ethyl BCEUS1087/025804
with DMF in conbination with EDCl -HC (v)
carbonyl diim dazole (CDI) in ethyl acetate w th DWVF;
(vi) 1-chloro-3,5-di methoxy-triazine in ethyl acetate
wwith ansgmpound pf Fopnbla W net hoxy-2, 4, 6-triazine in
ethyl acetate with DMF;, and (viii) 2- hydroxypyridine
in an ethyl acetate/DVMF m xture in the presence of
EDCI -HClI . (5) The pxogkss of claim4 wherein the
addi tional noiety begfing a basic nitrogen added in
step (i) is setectegfZrom diisopropylethyl ani ne,
N- met hyl nor phol i ne/~t#i et hyl anmi ne, 2, 6-1utidine, and
t et ranet hyl et hyl efpedi am ne. 86) The process of Cdaiml
further conprisini\a or providing the
conpound of Fornmgl&Hkc, sgid process conprising: (a)
coupling a conpound of Fgfnmula la Forpgthifulaai th a
conpound of Formula Ib Formula Ib in the presence of
Bbche pesencasof BDGIHE!, 2:6Wutidinglansha selventbuitable to provide
provi.de conditions to forma reaction,m xture .
CEmaifshs e €85t BT (FBRRIT R EiHige amidg product of
Feofibilila Ikga (b) working up the reaction mxture
produced in step (a), by sequential treatnent of said
reaction mxture wt iOHin water followed by HCl in
i sopropyl acetate toskiberate the free acid fromthe

acetate form of the/product; and
o]
T AN

(o]

~
=
8

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 HCI in
isopropyl acetate to 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 lc.

(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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(c) treating the free acid produced in Step (b) with a
tertiary amne in isopropylacetate to precipitate the

w0 eqoBioza2y6 am ne salt of Formula Ic. (7) The prPCEES2007/025804

(9)

claim®6 wherein the solvent selected in Step (a) is
acetonitrile. (8) The process of claim6 or 7 wherein

the tertiary amne used in Step "c" is N Ndinethyl -

NTbe qrobess/obetaine 8(Whereire the focmssef the compourgl ohkormula Ib that

is usegh DTG SthP af CaBRfPes Bt ezt Aol 90k ol (oA "
enanfidifiet & ﬁb@hulﬁr(ﬂf-bgonm of Formula (l1b-D) (10) The

(10)

process of claim9 wherein the conpound of Formula Ib
conprises at |ea bout 95% ee of the (S1R1S)
enantionmer of Forla (Ib-D). ( 1 1) The process of
cl ai m 9 wher ei ngh& conpound of Fornula Ib conprises
at | east about &€ of the (S R1S) enantioner of
Formul a (1 b-D) 4(12 The ocess of claim8 wherein

t he conpound of sonprises at |east about
99% ee of the (SFfR S) ¢hanti 8mer of Fornula (1b-D).
(I'b-D) (13) The conpousad of Fdqtb¥D)a Ic'.formula Ic'

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 (Ib-D).

(11)

The process of claim 9 wherein the compound of Formula Ib 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 1b comprises at

least about 99% ee of the (S,R,S) enantiomer of Formula (Ib-D).

(13)

The compound of Formula l¢’.
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