PROCESSES AND | NTERVEDI ATES FOR PREPARI NG STERI C
COVPOUNDS CROSS- REFERENCE [ 0001] Thi s application
waebk@vmsoehe benefits of U S. Provisional AppliBet/usmo7/006320

Serial No. 60/782,976, filed March 16, 2006, and U.S.
Provi sional Application Serial No. 60/844,771, filed

Sept ember 15, 2006. FIELD OF THE | NVENTI ON [ 0002] This
invention relates to processes and internedi ates for

the preparation of protease inhibitors, in particular,

ser i ne PROGES SIS ANDINPRASRIRDIZATES FOR

(*Hov) 1 PREEARINE STRRICEOMEGINIS o, 1

recogni zed as the causative agent for nost cases of
non-A, non-B hepatitis, wth an estimted human
ser o- preval ence of 3WGROSSRENERBNCH berti et al.
[0001& S’\ﬁﬂg Flgplf)a g{)) g{ayrﬁs/ }sze?‘%tﬁé’)ﬁJ g&r&vrsxoqa@%fp%ln%%{dn S?énal No.
60/782 mksvméuau&cﬁaﬁ P06, ahd Tt Proisidnal A!pp]ﬁ@dioStS&heBNo 60/844,771,
[.MD, Alter et al., "The Epi dem ol ogy of Viral
filed %%‘PP?‘]]SS PA0%-he United Stat es, Gastroenterol. din.
North Am, 23, pp. 437-455 (1994); M J. Ater
"Hepatitis C Virus_Infection in the United States,"” J
Hepat ol ogy, 31., EXELJAQF THE INVENZHOYN1 (1999)].

[0002{] ?ﬂﬂn\gﬂﬁ& fdiarat toeﬁ'rg@&%seaﬁcpin%edﬁ@s)fo@tlﬂe \Wrepa®i@oRfof protease

I'ndi vidual s devel op acute clinical hepatitis
inhibipris] ia particalar, sgomearoteaseriBRiBItOES. t he i nfecti on
spont aneously. In alnost 70% of instances, however,
the virus establishes a chronic infection that may
persi st for de@‘ﬁ@ﬁQEMDAQESZEHE INMENNEMNr al Cour se

000 BRSPS R T ARG B g
HCVastecGgmitzedhs the chieqasve agant @pf mdst cabesaif ddep@a,t ndni-B hepatitis, with an
e e LR i L R B S SRy R o
Hepatifi§ CanmatdpatblogdyBeh (Sdpgptri )] p;adg 2D(1990). Mvaelyefodt milion
indivisdtug}serrslay be infected in the United States alone. [M.J. Alter et al., “The Epidemiology
of Viral Hepatitis in the United States, Gastroenterol. Clin. North Am., 23, pp. 437-455
(1994); M. J. Alter “Hepatitis C Virus Infection in the United States,” J. Hepatology, 31.,
(Suppl. 1), pp. 88-91 (1999)]. h

[0004] Upon first exposure to HCV, only about 20% of infected individuals develop acute

clinical hepatitis while others appear to resolve the infection spontaneously. In almost 70%
of instances, however, the virus establishes a chronic infection that may persist for decades.
[S. Iwarson, “The Natural Course of Chronic Hepatitis,”” FEMS Microbiology Reviews, 14,
pp. 201-204 (1994); D. Lavanchy, “Global Surveillance and Control of Hepatitis C,” J. Viral
Hepatitis, 6, pp. 35-47 (1999)]. Prolonged chronic infection can result in recurrent and
progressively worsening liver inflammation, which ofien leads to more severe disease states
such as cirrhosis and hepatocellular carcinoma. [M.C. Kew, “Hepatitis C and Hepatocellular
Carcinoma”, FEMS Microbiology Reviews, 14, pp. 211-220 (1994); 1. Saito et. al., “Hepatitis
C Virus Infection is Associated with the Development of Hepatocellular Carcinoma,” Proc.
Natl. Acad. Sci. USA, 87, pp. 6547-6549 (1990)]. Unfortunately, there are no broadly
effective treatments for the debilitating progression of chronic HCV.

[0005] Compounds described as protease inhibitors, and in particular serine protease



such as cirrhosis and hepatocel lular carcinoma. [MC

Kew, "Hepatitis C and Hepatocel |l ul ar Carci noma", FENMS
wotaramoed ogy Reviews, 14, pp. 2 11-220 (1994)pC1/1US2007/006320

Saito et. al., "Hepatitis @QVirus Infection is

Associ ated with the Devel opnment of Hepatocel |l ul ar

Carcinoma," Proc. Natl. Acad. Sci. USA, 87,.pp.

6547-6549 (1990)]. Unfortunately, there are no broadly

effective treatnments for the debilitating progression

inhibi@ts, GBEANINGhE r¥atml AP OPHCO HIUNAS afRBi Sd1bfA0n 3B OV T ERDE Also
inhibitors, and in particular serine

disclospdgherginearg prosiestss and intermgdiatgs {954he prepasaiinp of thesggompounds.
There kth&int hORSved! £nlldHk 885idntiBal\ ¥rbAelekdBPthe thbSRation of these
di'scl osed therein are processes and internedi ates for
compaunds.pr epar at i on of these conpounds. There remains
however, a need for econom cal processes for the
preparati on of these conmpounds. SUMVARY OF THE
I NVENTI ON [ 0006]SUMMARYOR TR INYIENEONO0 processes
dnternediates for the preparatj.on of an al phaam ng
tonosbdid RGeS0 arbockTe aPd e RdidPs for (i aRpRRRaR o Sn atphe-
aminoReta-hydrogndciBdfaF@nddd i ned herein and the conpound of
Formul a 1lhas an enanti orrerg\'g;f xcess (ee) of 55% or
greater. [0007J The prqcess cqnprjses the steps of
-oxi di zi ng an unsaturated nde~mr Z%ester to formthe
correspondi ng epoxi de, farnigrg An al pha- hydr oxy,
beta-amno acid with an appropriate am nating reagent
and resol ving the am no- al cohol ani de. [ 0008] The
whereR Bie Q8888 ARY, R'DART ﬁ?ﬁieade‘f?ﬁeé hereRfkidd Sl Bidpbufld beFbAbla 1 has
to the preparation o
an enjnfigmedy excesfi(ed ol E Y POBEYPY | - 2~hydr oxyhexanam de.
[0007* QAP0 I SEMPH QLGRS 8 p SOL i B Sl T RAb R Sated Qm?’éeeéﬂéster to form
or the preparation of a protease iInhibitor of Fornula
the copresponding qpoxitds, faamingheslpha-dydroRy, bete-agung aeid widr & appropriate
-k ] ' features processes
armnagﬁg}%#teié{h#g&? %@22@%%%&1?% %lgéé&g%ggg?'at ion of the
[0008k dihienpeogessesead énterthediaties aregfarfiaany diréct®EMm/Athe BBeparation of

25, 3R, e 587 3 NYENT N ahan T 1 ti ons

[0009] These processes and intermediates are useful for the preparation of a protease

inhibitor of Formula 2, wherein the variables R; and R, are defined herein.

o) v
Rs)\ N%\
¢ Ra
2

[0010] In one aspect, the invention features processes and intermediates used in the

preparation of the serine protease inhibitor of Formula 3.
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[0011] As used herein, the term"enantinoeric excess
(ee) of 55% or greater"” neans that one enantioner is
w@r@san255% or nore than the other in a chem Bat/US2007/006320

substance. The enantioner can be a result of either

the carbon center to which the am no group i s bonded
(shown with an asterisk) in Formula 1 ( ), or the

carbon center to which the hydroxyl group is bonded

(al so shown with an asterisk) in Forrmula 1, or both
carbon centers. For instance, nunbered away fromthe

car bony! o1 P SPPRWIHHRIPTHEARVASIOK2S,

3R, (2R nters.
I.quanﬁﬂﬁ'As used herein, "organi c bases" that my be .
S ss of. thls i nventio l.uge tertiar
10014785 8 BB BEZR | efng o Gecss Lo G 5P P4 AR ERIED eans that one
enantidrned i presehinE5% oerrglre dilﬁtth@’bﬂhlsﬂﬁi’ aoﬂ)én&d m;]lrs&})stﬁnce The enantiomer
triet ni.ne nor and the like
can o EPILp DRI ruiaroan S et R BIoHE 1 Boped{ghown with an
i ke. [0013] As wsgdoherein, the term"aliphatic"
enconpasses akR e/Ryl , and al kynyl . [0014] As
used herein, a alkylﬂ group refers to a saturated
asterigk]) lptﬂ"a:trrmxlmy dr ddar 86n gro l),mrdbcl tabnn ogntér ©® Wiich the Hydgoxyl group

0 ou e tralg
is bor?&edg)qalgszﬁc %ngn %EZ Srisk an %rln%grl glf%o&% clarﬁg ca%tersb Hitor instance,
numtsred away friom the atanbonylrg’ohylthe eblhybuncbcrammel (251 33 (2HBR), (2R, 3R)
yl .. sec tyl, tert-butyl, n-pentyl,
or (Zﬁ %ép‘k‘;}’f‘esegﬁ’a cftbé)flh%?fl%&yl An al kyl group can be .
[0012]pAisaied hyreit)boighhidtbadestithdt neicbediisedh @ psodesd b thythSention
uch .as ccho | Kk aryl ,

inclufl ez af ama?&%%'y’la( AN gglkgﬁmteefp fridiodamines o
d1eth9ﬁs@@¢1§5ﬂ&ﬂlnea&%l§yl§m%ef NLReRyIrhOphbReCitiethe Wkt NarddRoteroaryl

. ato whi ch they are _bound), aroyl, heteroaroyl,
amingy, ﬁ(ﬁ(?é’ﬁ%’@ﬂ?‘l“mlé‘l'q(?!‘%%&?yl oxy. acyl, sulfonyl (such

[0019)S A@Ids&h aetefromd teﬁﬁ S aBi Em&kaasse%%ﬁyl aner(ﬁ%Ja Bynyl.

al ylsulfln 'y, sul fanyl (such as alky ﬁ
lﬂﬂlﬂu peared b %FPE’a an {'plkyhireaup e mwtur@@q qﬁmhaae yésosarbon group

conta?x‘ﬁﬁ Eqn@Yé CYS Hal. K)?’éa?lffé(n athﬂn'ﬁe rz\qpé’lﬁlfloél)ﬁ Lax¥e st?aﬁ%llxt%%’ranched.
het er oary oxy ara oxy, et er oar y1 al kKoxy, )
Examyiley of arx:%lk]d@yup inghuds,; bebase nhtalhroltemsﬁu notlyyl, ehyl propyl, isopropyl,
I Y. i I
buty]%ﬁﬁ@t@%%g% %Lp( ténllf l})fuﬁ)g allrl-ggﬁlyr é#t{ll Qxyci 2- eﬁl}Jﬁyéxﬁj I\g%ﬂy] group can
be op@rpoh]@yabuﬂqsltxo,accbwnjaloamon ojore substltuents such as cycloalkyl, heterocycloalkyl

aryl, ﬁé(t%lo%?h[( Xllko%r @C\lo aéﬂéobxo ”gr'o%{)‘@ gr(l) theasra}fle a?cgrpl L deacenq atoms may form a
ring together with the atom(s) to which they are bound), aroyl, heteroaroyl, alkoxycarbonyl,
alkylcarbonyloxy, acyl, sulfonyl (such és alkylsulfonyl or arylsulfonyl), sulfinyl (such as
alkylsulfinyl), sulfanyl (such as alkylsulfanyl), sulféxy, urea, thiourea, sultfamoyl, sulfamide,
oxo, carbamoyl.cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroarylalkoxy, amino, nitro, carboxy, cyano, oxo, halo, hydroxy, sulfo, mercapto,
alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, aminocarbonyl, alkylcarbonylamino,
cycloalkylcarbonylamino, cycloalkyl-alkylcarbonylamino, arylcarbonylamino,
aralkylcarbonylamino, heterocycloalkyl-carbonylamino, heterocycloalkyl-
alkylcarbonylamino, heteroarylcarbonylamino, or he;teroaralkylcarbonylamino.

[0015] As used herein, an “alkenyl”” group refers to an aliphatic carbon group that contains
. 2-8 (e.g., 2-6 or 2-4) carbon atoms ‘and at least one double bond. Like an alkyl group, an

alkenyl group can be straight or branched. Examples of an alkenyl group include, but are not



aral kyl car bonyl anmi no, heterocycl oal kyl - carbonyl ani no,

het er ocycl oal kyl al kyl car bonyl am no,
whedaoenomey | car bonyl am no, or PCT/US2007/006320

het er oar al kyl car bonyl am no.4 [ 0015] As used herein, an

"al kenyl" group refers to an aliphatic carbon group

that contains 2-8 (e.g., 2-6 or 2-4) carbon atorrB and

at | east one doubl e bond. Like an al kyl group,
limiggddengliyL.gsapegpyb 2rbyienyb apd 2diseny - Mallfewécﬁm%&&ﬁﬁ?@gwaﬁuy

sub@ftudd KYdne 8F ﬁ’Mﬂe duﬁéﬂtﬂgﬁs sublbs éycﬁ)aﬂ@l |h'ef8r6c@dloﬁlkyl aryl
al |yl i sopren butenﬁﬁ§ and 2-

het“j?%‘p alkgyy (wo 3 ?‘25 FUPY R E5 SPE E‘PB’Q"‘ g‘&ﬁ&’“ﬂf‘r mi%f"é“v" aring
tog&thdISHitH e Blosa(HU6 Whah tBé’}CAIQ Bblﬂﬂb,aardfsﬂtmdi)ﬁawjrlpﬂk&y)}carbonyl

siedigbhonyl ey, o oo o S B8 e gL By ron s

alkyldlfinyil)) Gulﬁx@n(sﬁéh ismivsutiany ) eylfaye uba,uhﬂb)lreaaslﬂt}imoyl sulfamide,
oxohet %ﬁ%apfrl O¥ agﬁylg ¥1(F: Al %gc ?4?1](%161)'{% olr'y(icg){rygﬁélcg ogla)fdpi gx¥1 Kyloxy,
hetesudr&]aﬂ@bty,(asrumh nitso, ahxibyk}s wlyinony*@ haluhydaomy, svélﬁcu mr‘a@to
alkﬁglh%l il?%lfk@ﬂwﬁ}lyl §IH ogﬁ%o?}}f ra?%ilcatrﬁngl‘ﬁlhﬁﬁo c§th£1ﬁW3X1]bonylammo,
cyclvatkevt-@l&ybh@anﬂymmfoyaryb;aghomdymlme@rewhwshonxlymmo heterocycloalkyl-
carl?(fng{ahwl(p )fﬁét'er&%lgglﬁﬁlr %@L&Q&X’l %ter&ﬁl[:&bo%rmﬁéy or

. OXO roxy, Mer cap
het%tpmlkglwbaﬁxlamnm kyI sul finyl, am nocar bonyl

[00?(’5]@&% ﬁ%dhﬂ:?eﬂ %H"“Qﬂtyn)qy gtoup! Iré’fbﬁls Q@ixhﬁlﬂihhﬁ{%ﬂ@on group that contains
cycl oal kyl - al kyl car bonyl am no, aryl.carbonyl a

2844 g kI ‘E&r‘@c?ﬁﬁh%ﬁf‘ﬁ‘%f anﬁé*e%?tdwt:?r&afﬁﬂﬂbeaﬁ béﬂ)r;iké’wln%?“l’ can be
strakghk 6F BraycHe0: aEka)ihpl&i Kﬁdnc‘aﬂ{}hsmgtbﬂmrﬁmde, but are not limited to, propargyl

and gy Dk T S5 R eREonafiy hsfituied vwithhone i magry subgfjtuents

such a& kgz:lqallkyl gfetbwbybbﬁlk[yls atyd, }arerc&lrylphmxyo(twa alkoxy groopon the same
con

atOIﬁl 1 agﬁacq fggtol(-ns r | p eg tczﬁ?g-\er KHZ tlreLa a{ B)P & ouml? gﬁeﬁ aBegbound),
arogli hetergimoyl alkbxymadjmegll, alﬁthbbaﬁom, agyl, smllﬂoyyb(b‘uogras ajkylsulfonyl or

aryibﬂl?(!mﬁ' b Sulﬁﬁtl éﬁ;g ﬁg ?l(kéirs{é s dsuhgngl gé’ugggg glﬁlsﬁl@ﬂlyl) sulfoxy, urea,

thxcslmas sulfapgtor swlifanhiderpxoogarbanrayl, sm@galkylgem thstesthloalkyloxy, aryloxy,
het%Xév‘%BQ%r Kty 1BY, %%Féés?ylmw Lmir, ¥itro, BEHEE goéﬂ?a)ﬁhi o) mzs,y

oxy grou on the Ssane atom or_adj acen

hydrey. s@%mrmpwga fanat alkyishifingl aHWBHJ(fQ’}YLt%?‘Wa@PPWl
a1k§19§uor@n§mhs w}dbodk?rc%nyl&eﬂr@f @%ldamya-amy&afb\eﬁﬂaml

yl car bonyl ox , . sul
ary'mbyvﬂ@anenwﬂ%f/cargppwgm%wmcycmﬂfﬁ-ﬁwbowa*ewoas
heté@bdgitldalidyl-alkylchrbosiidhinaidy hetéBhgtatonglakydos ot f anyl ),
h tsul flg‘)% bur)zl t hi ourea, sulfanoyl, sulfam de, oxo,
Mo or: 14 o)A NG %P%al kyl oxy, het erocycl oal kyl oxy,
[008T]y Aexyed herein, an “amino” group refers to -NRXRY wherein each of RX and RY is

independently hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl, aryl, aralkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, heteroaryl, or heteroaralkyl each of which are defined herein and are
optionally substituted. When the term “amino” is not the terminal group (e.g.,
alkylcarbonylamino), it is represented by -NRX-. RX has the same meaning as defined
above.

[0018] As used herein, an “aryl” group used alone or as part of a larger moiety as in



het er oaryl oxy, aral kyl oxy, heteroaryl al koxy, am no,
nitro, carboxy, cyano, oxo, halo, hydroxy, sulfo,
woresocapoes al kyl sul fanyl, al kyl sul finyl, al kyl Bot/Aszgt/006320
am nocar bonyl , al kyl carbonyd am no, cycl oal kyl car bonyl
am no, cycl oal kyl -al kyl car bonyl am no,
aryl car bonyl am no, aral kyl car bonyl am no,
het er ocycl oal kyl - car bonyl am no,
het er ocycl oal kyl - al kyl car bonyl am no,
"aralkydt, dambroxlyt.artiengoxyallad’ refers to phenyl, naphthyl, or a benzofused group

._het.er.oar al kyl car bag mne.  [,0017] . e
havind 3 SLARNG, R PRPRh BB biacy MR i oRdl8 B B wifione or bwo
C4-8 Barbosydlicdagpieties sig. y1, 2y 8y g2inhyadoayphthygly dldaalyk vt fluorenyl. An aryl
. .(cygloal kyl)al kyl, aryl, aral kyl, hetero | pa I
s ont{aéliy Sy rbamth gus demorerubuiety Piotgr AR (g s ipe garboryalicy
hydro&egikyDfandhbalked Sudheds tRedokRidhyl), ailieendd, allgRivi, &yaldalikyl,

substituted. W ' is. not e term.pa

(eyelallialicd: feterogyRppat GbstgiosHs ARARYDRISY, 300 Shstereat ke

loali¥bxy, FefeftR§clbMyRAFEaryRAY, Retefaryl6ky, 284k ABRY Shet Ikyloxy,
cyco?o?%%f ASGUSZ% he?eiﬁfaan “aryf" grod% usegla o;gﬁgfa yory
aroyl dheteraproybfamine Atityer careeat plkezysasbema, allyylearbopylgkk capymocarbonyl,
ot Qs AU Bl 61 B Y i Py
arylcipboryfmdny arplloyl parbanyleniew, fineterpkydloalspedrbénydamings t wo

i Ui ot
el BoFRPRRY LG LA e Eibieahnine, ) nn ary
heteroaraliytcachmlyl amisobsytantd thadal hydtdxyp aeyl omermap, sulfonyl (such as

subst i\t uent ugh a [ kvl (i ncludj car hoxyal kyl
st RS MR Gt Bt SR Gl B ARTKRA, puttony. ures
thiousdak @nlfdmoyd) duyfapide, oxo) aradaklydmoxicycl oal kyl ) al kyl , :
10014| S ESY R K arahB Sr9s Y03 K A8 Mo & d ¢ et group)
that iH QIRHARYE vadl akak-@xgtous Bbaxsalkyrehed %”K"" #@¥¥efined herein. An

ar al kyl oxy, heteroaral kyl oxy, aroy|, . eteroaro¥l,
examp|g qfoan qqpl{cybgroggp%gw’yl. 34\;30%%5)@5%5% group refers to an alkyl group that
is subtititb s MRSy ABbICGRENIO BN <hérbihyPailR U ihadhERin.

cycl oal-kyl car bonyl anmi no, . .
As used fiergl &Yy e riphatich rppparcaapassey b Caydom iy mrenp and a
‘bydggﬁg&Mh%ﬁﬁﬁpnylanino, (het erocycl oal kyl ) car bonyl am no

het er oCycl oal kyl ) al kyl car bonyl am no, '

[002¢ ef8 uped Rereiny b Oeydlaatkyls grown weiera i Rtheatadoenihoeyelingtono- or
bieyHYtRpd BEbfancl R bEa RFCR. TI0FRREE ol IS bycloalicy
groupsiihélade by¢lsprohylasyebreritsl cydoldxyl, ayaloheptyl, adamantyl, norbornyl,
cubyl, octahydro-indenyl, decahydro-naphthyl, bicyclo[3.2.1]Joctyl, bicyclo[2.2.2]octyl,
bicyclo[3.3.1]nonyl, and biéyclo[3.3.2.]decyl, and adamantyl. A “cycloalkenyl” group, as
_used herein, refers to a non-aromatic carbocyclic ring of 3-10 (e.g., 4-8) carbon atoms having
one or more double bond. Examples of cycloalkenyl groups include cyclopentenyl, 1,4-
cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl, hexahydro'—indenyl, octahydro-naphthyl,
bicyclo[2.2.2]octenyl, and bicyclo[3.3.1]nonenyl. A cycloalkyl or cycloalkenyl group can be
optionally substituted with one or more substituents such as alkyl (including carboxyalkyl,
‘hydroxyalkyl, and haloalkyl such as trifluoromethyl), -alkenyl, alkynyl, cycloalkyl,
(cycloalkyDalkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy,
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, heferoaralkyloxy,

aroyl, heteroaroyl, amino, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl,



t hi ourea, sul fanoyl, sulfam de, oxo, or carbanoyl.

[0019] As used herein, an "aral kyl" group refers to an
wabkdylhogedvup (e.g., a C - alkyl group) that i SPCT/US2007/006320

substituted with an aryl gréup. Both "al kyl" and

"aryl" are defined herein. An exanple of an aral kyl

group is benzyl. An "heteroaral kyl" group refers to an

al kyl group that is substituted with a heteroaryl.

Both "al kyl" and "heteroaryl” are defined herein. As
alkyl@swmwexpncy@éoailsxlearbgwlmpm, i(eycleplien]}plievleahpad s@inoa

arylcaAgglEPél g@hﬁ)\é : eﬁll%?l@%ﬂq@ g?jo 10, ﬁ%;rg S*%ﬁ%ﬁ#l%?agﬂ&}y%m{ngo 20]

ers-to a
(hetemayclodkykjalkatchrh@ylylahdnnﬁwtnromyldarmywlainan,f used or

bri d i . b
v SE B 3040 SR SRS e
alkylsuyfon@pexdrylsul foiryl), Gaifinyl (suehi @k @h@’lﬁuwinyl)adarfm}ﬂ Yuch as
alkyl 0 %g% Dql%fo%g{g%{ewggugg ar ?25{1%)(/:1 361&1{194 0xo0, or carbamoyl.

(002101 AY @bed E?er&nzﬂlﬁ%ﬁ‘lll het@f&y&b@ﬁ@aaﬁc:bhﬂ@iﬁrﬁbssesﬁ@ﬁeterocycloalky] group
bi cycl o 2.]decyl, and adamantyl. A "cycl oal kenyl "

and adyetRipey lﬁ@é@lgf?élﬁ’el n, refers to a non-aromatic

[0022} apRACHChdrbin! & nHet@nfoc?cl@ankg/ﬁ’ @oup fesr8s 16 @30 @9 185 RIBbered mono- or
havi ngloone of nore ubl e Exanpl es of

bicylig\(&iss kbr@gedj {egp 55- tch &0@@9@1@;@! mpeant engicyclic) gaturated ring
structﬁygl ngr A C n en «%)re o@fﬁ’é ﬂh% QttoWL ﬁ h%el%ﬁ&%ﬁ g@f lN, O, or S. Examples

exXa oct ahydr o- napht h
ofa lbtmfywoma:lzkﬂ g‘zc]»mmmﬁle pipamidiny] cyiperap®yR tatfaiydeapyranyh

SR S UL OSSR, SR GTObcic-
benzmkglj oc(tah},dh‘mj-dhwgnelm ekahyttoythiochingrd eopy adtidyytdro-amdblyl, octahydro-

pvrindiof et RN R BRg st R L) i BRSE N o B Hor2.2 2100ty
-aza(theyabmz]@wlky&abicyblo[m }1 [Ioctyle‘m@rdiaﬁadloxal koxy,

wieyqidi3eh ASTHGRYL ArapRymiRy bt aal By b e with a phenyl

‘mmefyeslu%h%iéﬂﬁéhwdﬂ)‘iﬂorq{imdlﬁhér ¥ “Mrb@eycauaédwxg&@a J3nskd herein, refers
al kyl car bonyl oxy, am nocar bonyl , al kyl car bony am no,
to a igRg- 6)5|bm1165? geﬁy %H)ﬁ%pmbered mono- or bicyclic) non-aromatic ring structure

havirlg® Rahdosldbab it on@s, RARK RGN e BF Yl @ bP AR UtBRs is a beteroatom,
ar al kyl car bonyl am no, (heterocycl oal kylj car bonyl ani no,

e.., Nh% ef Scychesaiogyelpalkyl orhateronydleatkerty! sroup can be optionally
substnﬁfegr@iﬁi]bf{l&@rr rﬁegayélﬁ%ﬁems helPaLakAl (‘ﬁa/&&cﬁﬁg e&xbmm

mer capt o such

hydrcais'alimk,ydnshhai@hwl Stwh a¥ mfg&mmﬁwl)h alkenyli fd&}’n}(lswlpaﬂg'l
(cyclgzlllkw)élﬁgrfc, h@%wcycﬁ)ﬂhiﬁ @Gch gi§ H%@nﬁﬁ‘udazohdmyl), (heterocycloalkyl)alkyl,

“ aryl, heteroaryl, alkoxy (two alkoxy groups on the same atom or adjacent atoms may form a

ring together with the atom(s) to which they are bound), cycloalkyloxy, heterocycloalkyloxy,
aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, amino, nitro,
carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino,
cycloalkylcarbonylamino, (cycloalkyl)alkylcarbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino;
-theterocycloalkylalkylcarbonylamino, heteroarylcarbonylamino,
heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto, sulfonyl (such as
alkylsulfonyl or arylsulfonyl), sulfinyl (such as alkylsulfinyl), sulfanyl (such as

alkylsulfanyl), sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.



al kyl sul fanyl), sulfoxy, urea, thiourea, sulfanoyl,
sul fam de, oxo, or carbanoyl. [0021] As used herein,
wo b@7tieqons het er ocycl oal i phati c enconpasses a PCT/US2007/006320

het er ocycl oal kyl group and & het erocycl oal kenyl group.

[0022] As used herein, a "heterocycl oal kyl" group

refers to a 3- to 10-nenbered nono- or bicylic (fused

or bridged) (e.g., 5- to 10-nenbered nono- or

bicyclic) saturated ring structure, in which one or = |
[0023}pAe heterqanel”raronp. a5 9ped hegein, rrfers toatmneckcliy, bigycligor gricyclic

ring Sﬁ‘uc@f@ﬁ?‘hyg 4% 18 rnl%ta%lﬂg YileRgh Kﬁé oFBHPof tAE kid@Gitoms is a

- pi peri pi perazinyl, tetrahydropyranyl, L
heteroatoma hypd N f@iroyS ardi whereamgre, orexanrokings afthe bicyclic or tricyclic ring
| s0 i di pyl in { .
souck BRI, Rflrr PR g L AR UERE S hming 210
rings0 Forbyangle, abizptused gtaipyidclodyy phedyhfused with one or two C4-8

decahydr.o- qui nol.i nyl , . oct ahydr o- benzo[ b] & hi opheneyl
heteroS ARy o Atk B4 ERRLGSRERERNT LS BIEHER bt heteroary!
are azetid@iyl pyEiasA, dhisd Zpyktddgl, WienydNihthzdlyh-cXa@digt, iingdeebBi, indolyl,
3.3.1 .03, 7] nony|. A nocgplic het rocyqloalﬁgl 8£OUQ' )
tetraq%x}, Bfglzp[}gglb 1wpwogn§]hngﬁl§qt %q)léq, %agtg\gﬁe, z;Ig'loxant ne, phenothiazine,
dihydr6indaley SPb&RAM SiddBe. A heb@bayPRYptioAkIKkeAWstitudédORAh one or
as_used herein, refers to a nono- or bicylic

S ¢ ! (e.g.. 5-
moresybatiiuenthprshes Ao sinchiding eyEenEomdrs iRl carid doalkyl such as
trifluSionttth 5, SRR, R8I AE YEIARNE (ERUEIRYIRARGS he@Ritycloalkyl,

-wherein one or nore Of thé ring atons 1S a
(heterpstyeloglybatkyb agyl, heteroaryloalkexy, Ayplealkytaaye hefaroey¢loglkyloxy,
t pt | St it ut
eryloRf FABEKSA A, B0 B, B GRRIRn P 0 BHet i b Bl
carboxay bldeypdakydnyl,ralidvl carhan®yky, aamdodrabarsil katkylsarbbnygmino,

(RN r Quet hyl I I Y I .
oyelopy BRI, (o cRai SRl S BidminY i RAORY lamin,
aralk?ketaﬂion'yhhafmd),i (riem;dcypltoan@t)lea&moyﬁmm«yl ) al m . aryl, t

et ey ogr oXY WO (0),4 rou on e sane atom
(etefliy Sl e R R B P e BB tiie: v th ¢ he
heterﬁir@[ﬁ(yﬂic)arﬁcfhwvlhhihlb, iy, Hdlle, Baie), acﬂyﬁieﬁi’&b@ ls@bfynyl (such as
er ocyc a X ar oxy, et erar 0 ,
 alky kg pb Ry e ey lPag Sty gpreh as
alkylSUTFR), BIEIXS), ufad] ihdduitea, BLIERXY FIRERNGAYIde, oxo, or carbamoyl. A

al kyl car bonyl oxy, . am nocar bonyl , al kyl car bonyl am no, )
“heteé%plgg ”k%FPId%’rfﬁ d’ﬁ?‘l Berern, ’refers to an alkyl group (e.g., a C,4 alkyl group) that is

subst{tGbal it k KbteRbdivl &R OBV aRd YGSHRSPYhAE KR defined above.
ar al kyl carbonyl am no, (heterocycl oal kyl ) carbonyl am no,

[0024] As used herein, “cyclic moiety” includes cycloalkyl, heterocycloalkyl, cycloalkenyl,

heterocycloalkenyl, aryl, or heteroaryl, each of which has been defined previously.

{0025] As used herein, an “acyl” group refers to a formyl group or alkyl-C(=0)- where

“alkyl” has been defined previously. Acetyl and pivaloyl are examples of acyl groups.

[0026] As used herein, a “carbamoyl” group refers to a group having the structure -O-CO-

NRxRy or -NRx-CO-0O-Rz wherein Rx and Ry have been defined above and Rz can be alkyl,

aryl, aralkyl, heterocycloalkyl, heteroaryl, or heteroaralkyl.

[0027] As used herein, a “carboxy’” and a “sulfo” group refer to -COOH or -COOR and -

SO;H or--SO3Rx, respectively.

[0028] As used herein, an “alkoxy” group refers to an alkyl-O- group where “alkyl” has been

defined previously.

[0029] As used herein, a “sulfoxy” group refers to -O-SO-Rx or -SO-O-Ry, where Rx has



(het erocycl oal kyl ) al kyl car bonyl am no,
het er oaryl car bonyl am no, het eroaral kyl carbonyl am no,
wa@yanapookal o, hydroxy, acyl, mercapto, sulfonyPC(/E82007/006320

as al kyl sul fonyl or arylsul§onyl), sulfinyl (such as

al kyl sul finyl), sulfanyl (such as al kyl sul fanyl),

sul foxy, urea, thiourea, sulfanoyl, sulfam de, oxo, or

car banoyl . (0023] A "heteroaryl" group, as used herein,

refers to a nonocyclic, bicyclic, or tricyclic ring
bem1¢ﬂhudnmoeehaving 4 to 15 ring at ons wherein one or

h
onso%5 8 S B A RABRSEE SO AR Bl By 30 s

abovdrlcycllc ring structure is aromatic. A heteroaryL

oot R4Bs L 053 RSP SR RS TUERSTMAB D Rl B g

abovd.used with one or tmo C4-8 heterocycllc noi eti es,

. 0. dol | h
I0032§fghé§e'éﬂae§?*'§}|gy midk ég{%ﬁ%%? AR Vthfrﬁwﬁ{m S BeeR dEfined

abovdy ' r ol yI t hi enyl, thiazolyl, oxazol yI i m dazol yl ,
i ndoly etrazolyl benzofuryl |squ|noI|nyI
(0033)chs psﬁcialzqsﬁlw a “halpgans s “hele} exan tsEsieto fwering hlgsing,dromine or
iodindi hydroi ndol e, and benzo[l, 3] di oxole. A heteroaryl is
optional |y substituted Mﬁth one or nore substituents
[0034uAk usesd érkipl a (‘halealinhiatig” exovposiees toyan aliphatiogrpyp sypstituted with

1-3 h%pgell? #&% Khe l&iﬁé"ﬁeﬁﬁ Bf&apégg. i&ﬁ%“s '%%! %muﬂl Lkeny!

[00351 eAe msexyhd:reml, kﬁfisulfa(nmﬂ’égmmycbfml toythg aﬂrkqture -8(@)2;NRRy or -NR, -

er.oar. kox I
S(O)’ng?é’m% %I%‘a y?%{RZ %ér i eo%?y,e e 8P vi oxy,
[0036)r Ak klyécoke)rcml;] etarfmiide’k gtonp yefeay oythe stnadttencodiRay$(0)2-NRyRz

Wherﬁ‘F‘Qg‘f 53213{351%2 Cargﬁﬁ%ﬁﬁhﬁﬁﬁcar bgmu car bonyl am no,

[003 Y Ak @RéKéreRy, BO‘BMbaxlimﬁh@uno group used alone or in connection with another

srouRiaiFR 1 SR MBI BLHP A PN ILy s SRR DB TN For

instafdSereAIRAK SO KM d Ak MIde R IR @FINTD,- and alkyl-NRx-C(O)-.

het er oar yl car bonyl am no, heteroaral kyl carbonyl anmi no,
10038}y Asaisedhhersin, ﬁy‘afe@xgrowyfers Hethe éﬁ?ﬁtur%ml’mﬁ%? NRsiRztpnd 2
“thioflrea® |g¥édpsrléhfr9fﬁ/dlae Qru@hvd N f- @gyNkyR? URE] R¥| arldRE RavdDeen defined
al kyl'sul'finyl), sulfanyl (such as alkyl sul fanyl
aboveul f oxy, urea, thiourea, -sulfanDyI -sul fam de, oxo or

[003&]6‘;['9@%9}’436 “ﬁbt;}{?}gtﬁ? %19%‘(1%%%" &E@Hﬂemﬁ‘ﬁgﬁﬁ? wiel ﬁ’le'ﬂ)’lnase

roup grou p
"substinated | o usuﬂstlmtftﬁ e ei\svdetsm@pdrmr@no@mypog\d@ eﬁ theanqmtlon may

optlongﬁy %e ut%'ﬂgut;@ %t%ro%%ro)f Imorg @M@stﬁ@&@s, gﬁ‘éﬂ &eaﬁie ﬁﬁg\’r’ﬁted generally

above, or as exemplified by particular classes, subclasses, and species of the invention. As

described herein, the variables encompass specific groups, such as alkyl and aryl. Unless
otherwise noted, each of the specific groups for the variables may be optionally substitutéd
with one or more substituents described herein. Each substituent of a specific group is further
optionally substituted with one to three of halo, cyano, alkoxy, hydroxyl, nitro, haloalkyl, and
alkyl. For instance, an alk)./l group may be substituted with alkylsulfanyl and the
alkylsulfanyl may be optionally substituted with one to three of halo, cyano, alkoxy,
hydroxyl, nitro, haloalkyl, and alkyl. As an additional example, the cycloalkyl portion of a
(cycloalkyl)carbonylamino may be optionally substituted with one to three of halo, cyano,

alkoxy, hydroxyl, nitro, haloalkyl, and alkyl.



[0024] As used herein, "cyclic noiety" includes

cycl oal kyl, heterocycl oal kyl, cycl oal kenyl
whedenowygxl oal kenyl, aryl, or heteroaryl, eachrof/ustmoTmne320

has been defined previously? [0025] As used herein, an

"acyl" group refers to a fornyl group or al kyl-C(=0)-

where "al kyl" has been defined previously. Acetyl and

pi val oyl are exanples of acyl groups. [0026] As used

herein, a ."carbano group refers to a group having
[0040] his genmch,ttm e;emxdsagltm ,"ovhetiNRpreede Ry t mu“npm@@ally” or not,

refersatoqu% %ﬁ?eﬁfe § eﬂﬁ Cy thgglg\{l? P %{\ﬂeg{ggpgfgl?e P@th%lgyaldlcal ofa

spemﬁad subst tuehnk y$pec[ﬂlﬂé3ib]mv&snts ae&jdésenbed’lab(n/e in ﬁtdﬂnfyﬂthmdind below

‘su Ifo" fer.to
in thegesipen offogifund G2 GRrioar Rt HElse: AlPeyie TRChed. an
optlonﬂl}KﬁM{h up @fgiave @ sabstidty lat &chGubstiutabry msition of the
"al kyl" has een defi ped reV|ousI 0029 As gsed . ’
groump, apg w,t,len anorg af”o‘?&f’ pog}tmd 28y g}v§nts¥ru % e§p stituted with more
than omRubktithent s‘é’fk%fe% @&n Q%%@ﬁﬁ@d gRfupn it sabaBent(r: elﬂcﬁzr the same
used herein, fonyl* group refers to - S( éé,

or diffgrentedt ¢vrey nv&gwaee%nasﬁv eab e 23 pbgterocxsioglieydy may be bound to
anoth\%ﬁflﬁg p{ EH'C %md Qc'fi Pt 4 §ifd- ﬁlc'yellc %?Eys%rﬁ e.g both rings share

een I ned above.
one chemcrrnatam' ¢ drengf ordipanuskill éf theart wﬂl opgnize., geatbdnatior of

substﬂﬁ%rtg grgﬂslggéd 9}2 g]xgﬂﬁ\élﬁ%%l{p%%ﬁgse%nﬁ§ﬁlogg 'El'?dt Pesuft in the formation

ers to uori n
of stabhd ardhesyicdilyoiensiblegompodnde. [ 0034] As used herei n, a

[004193@'&.? S{).{Jag%gsttébclg ﬁg &Q@Hﬁ%ﬁ%ﬁeaslb o,, %Q Iugéct g%gigl %f%ré%‘ gcr)rﬁpounds that
are nbtadlmahhmlly alcdrediohen nebj gcrtedn:o eoﬁﬁﬁmn[s@@ﬁﬁ@w;ﬁer the@rgroduction,
detecu%{l%nlgi PN%‘?EQH% Itlfael ,\e/ﬁgoveg%(ﬁlﬁ’c%&é;@b EIF% c%)?snterrél}! %Q&% gf E&e purposes
disclbseddefteen il datbadimeats, b 6ABR]cohfpoung dr bRérically &asible compound
is ong tl}qu,s;gt %Sbstgnrtgﬁjly aﬁtgllfe((:"irv“;’hetnoketplt1 gt aS ttein%%}'a%r% of IHR % or legs in the
-absence of moisture or other chemically reactive conditions, for at least a week.

‘[0042] As used herein, the term “bicyclic fused ring system” or “bicyclic ring system” refers
to two rings which share two atoms.. Either.ring may be saturated, pmtiallyuﬁsaturated, or-
aromatic. Each ring also may contain 1 to 3 heteroatoms.

As used herein, the term “fricyclic fused ring system” or “tricyclic ring system” refers to a
bicyclic ring system in which a third ring is fused to the bicyclic ring system such that the
third ring shares at least two atoms with the bicyclic ring system. In some embodiments, all
three rings share at least one common atom. Any of the rings in the tricyclic ring system may
be saturated, partially unsaturated, or aromatic. Each of the rings may include 1 to 3
heteroatoms.

[0043] In some embodiments, aliphatic groups, alkyl groups, aryl groups, heterocyclic
groups, carbocyclic groups, and bicyclic or tricyclic ring systems contain one or more
substituents. The substituents are selected from those that will be stable under the reaction
-conditions of the present process, as would be generally known to those skilled in the art.
Examples of substituents include halogen, -Q,, -OQ, -OH, protected OH (}such as acyloxy),
phenyl (Ph), substituted Ph, -OPh, substituted -OPh, -NO3, -CN, -NHQy, -N(Q1)2,
-NHCOQ, -NHCONHQI; -NQ;CONHQ, -NHCON(Q1)2, -NQ,CON(Q.)Z, -NQ,COQ;,



wherein Rx , RY, and Rz have been defi ned above.

[0037] As used herein, a "carbonyl am no" group used
w@bk@naomwe3 i n connection wth another group refBPCEHUSHOAMG320

am do group such as -C(O-MRx -, -NRx-C(O-, and

-C(O-N(RX)2. For instance an al kyl carbonyl am no

i ncludes al kyl-C(O-NR x - and al kyl-NRx -C(O) -

[0038] As used herein, a "urea" group refers to the

structure -NRXx-CO- NRyRz and a "thiourea" group -refers

NHGQ O NG E0e 00 EOIR -2 KOO KON R, D)@ SN,
_-S(om?t‘ségfl tQ‘?d—s@PNQm[ ngﬁcgl -Nbioﬁﬁﬁvzmqucb ARLIWNHQ,, NN,

subst ed" 1s used inter ngea ’h t’he 'phrasé
=N-OQu FNNH GO, sNN SR, Fﬁﬂ‘ﬁH@%QA\fWﬁhCﬂn@d =H'éN EiS®2Q1,

—NN?S%@%?{] ‘é? e gf(%\n \Dﬁeré % q%%ﬁ %xml Pét%%ﬁ ta:‘lsllpg ic, I%ryl or aralkyl group.

[0044] Asssedbardingeitargah latonabaya heterocgshemegmayfheelj)timylally sub stituted.
suitaBfi ikSisRtes f B ERpeRLAOHERE R BhEDE: SRR aid€osQs, where @;
is an ahpmm@s?]ﬁbﬁxhﬁﬁsﬁwémumnﬁ lgﬁiupas al kyl ?nd aryl .
s otherw se 0 e .specific oups
10043102 FRs SRS R Bt S assures SPriRe Rbreit B A3 B ip ppelude al
stereSdhRnfiéal FOin®s SRS kirbdteRt Se dBRMN bREH JORfiRirtiofAfol each asymmetric
supstituent of a specific group is further optionally

centeg. S Berefareetngl sterensbemisal ispeeroas well 8 enaptipmerigapg diAstereomeric
mlxtL'ﬂ‘}ééj Bpﬁl)élpreééh{ é&np&ﬁxldg’ Q}ekéﬁtthHéi s@Jp@Hf ‘thCFinrVGIlltw ance,

oup substituted w th al kyl sul fanyl

r
lOU‘“ﬂna"h? FFéma? wtgrmarlémnre’h@ﬁerb@ tststaseedhernieal pyrity of aepmpound that

s sl Ol 9 Lo enBholi, o B0SecEihuchy O ehpoua
greateribag 96%3 aAkti/in spdlr othens, &F staar@?}ncmmll bym)ycxiratmmy[bcami 9»99% or
great%ﬁy be optionally substituted with one to three of

al

cyano, al koxy, hydroxyl, nitro, hal oal kyl, and
[0047A R‘jzh te{rﬂﬂ‘ﬂs@]ecilve g@mall&iatlom’hmehwmgtsmsﬁaﬂ off aeshbstantlally pure

r theter tlonally or not,
isomgr &%IP Og elng %Wé’f’ﬂ" o(?? fﬂfg? Syen radicals in a
[004@ Tha tedtn tﬂytnumec Wymhuizhﬁoﬂ’a@leml crftaltizatpRCof d @bstantially pure
stituent. Specific substituents are descri bed ﬁ(;;ilbove

isomgt {762 BV PO BHRNEA BOBETER) IFAmER SoRRRanetang Avyeh cause

isom&PARR0H oA Sheamek toveaiTRsSert RLAERbm eMHETSseRJRREN c‘iﬁstalhzes For
i ndi.cated,. an optionally substituted, gr fdﬁ ave a

examplg, dn fhe f@s¢ obies@lyEg apReTest gpmeripian efghe mort: peluble enantiomer
to th&lfeS3/§b1ulB GsoMe Redlids n ERAANPAROR G? tel 188 doutAD¥softeY §8the

structure may be substituted with nore
equilibrium between the isomers is driven by crystallization toward the less soluble
enantiomer. A specific example of dynamic crystallization may include the epimerization of
an anomeric carbon in a solvent under conditions which selectively crystallizes one
substantially pure enantiomer.
[0049] Unless otherwise stated, structures depicted herein are also meant to include
compounds which differ only in the presence of one or more isotopically enriched atoms.
[0050] Various “protecting groups,” “cappiﬁg groups,” or “amine capping groups” may be
used in the methods of this invention. Examples of amine capping groups or protecting
_groups include, but are not limited to, -Q7, -C(0)Q’, -C(0)0Q’, -S0Q, -80,Q’, -80,Q’, -
SON(Q")s, -C(O)C(0)Q’, ~C{O)C(0)OQ’, -C(0)CH,C(0)Q, ~C(OYN(Q"), (CHa)s.
2NHC(0)Q', -C(=NH)N(Q)z, -C(OIN(0QNQ', -C(=NOQ)Q’, -P(0)(Q")z, and -P(O)(OQ");
wherein Q’ is hydrogen, an optionally substituted aliphatic group, an optionally substituted



t han one substituent selected froma specified group,
the substituent may be either the sane or different at
wer@rsopesi ti on. A ring substituent, such as aPCT/US2007/006320

het er ocycl oal kyl, may be baund to another ring, such

as a cycloal kyl, to forma spiro-bicyclic ring system

e.g., both rings share one comobn atom As one of

ordinary skill in the art will recognize, conbinations

of substituents envisioned by this invention ar.e t hose

aryl gﬁmpbomm bptivhallip atibstitstad heterodyblic foupa Pirefarably, €'dbCe.1paliphatic,

Coa SRR, (ChE BRI RERG ot BiP it VR EnD-Crn

ahpharn%;-eC§ | S OBRMUNASs. (b hatercsy€lyl)oC,. s whiphatid, iC31,b hetadoteyl st (Cs.10
when subjected to conditions to allow for their

heterogrydtifer-12aWPhgfédlact i on, and preferably their recovery,

[0051[’“1&& ﬁéeﬁeﬁeké?ﬁ thé W‘S@wfs%ld?ﬂ%fé?ﬁ td’@bfétjaf:aﬂabﬁa dﬂﬂi@@ﬁ@ér accepting
di scl osed herein. In sone enbodi nents,

an elegtyap paind Espmplesiaf dayis peide inglidee bets élehﬁmil@d 6%§E3rﬁétwrates and
metal 'h%hﬂé’sl aﬁé&?ﬁfe@%d%iﬂéd%Eﬁ%/glﬁom%‘gé@PKI@-alﬁyl)gcl Al(O-alkyl)Cly).

el’a ture of 40 | ess absence
The nmials cam be alunginivey titahim,giicPpiumm aragngsiug, SAPRST GHEC, 1agy tin, boron,

yumbngptégﬁmn&ng§¥mﬂ$£§§§] As used herein, the term

used ring system or blcycllc ring systent
[0052] eEPCS id b-(3-dimethpigsmindpropy3-Besthylcavbodiimids, HOBhisrl-r i ng

ydropgbemprarols HSs bk rmr e T R b LB, ra i
mﬂuchaa@m& acId’] eDCH 8 dithlboyedthanef AP nsmgdm;efmﬁmhlmpmdlne DIPEA
tric icrin rs to, a cl.isC rin

s disgpeemi oS DN Py HGTTanRse dd 4 b FioBieggls o CBZis
benzylbRkafBtilye M NMRHEI plotéheudlBdrmiagnietig rabasme. ALC Bakin layer

two atonms with the bic C|IC rlﬁg?%¥§ q bn gﬁge
chromapgaphen T EMER fis 2.8,0e& Fﬁrﬁ@gthg pylpay Eee fical o nmon

atom Any of the rings in the tricyclic ring system

may be saturated, partially unsaturated, or aromatic.
IIlﬁEaéﬁ@bﬂniﬁ@?ﬂWﬁ@S“ﬁay include 1 to 3 heteroat ons.

(005310843drah tﬁgqﬁv&mﬁ‘%ﬁ?e@ S prbiRb &l dndIhQRHASd Rk ki¥dd in the
droups aryl groups, heterocyclic groups, carbocyclic

Pfepagatmncmf stmsmcimqr@pwdm ricyclic ring systenms contain
[OOS@GSB&EﬁW g?ehl‘i?EEésgéé tdslnteEPFdlgéég’ abddrbeAthSred Sre useful for the

e ose t e stable under the
preparativt ofrm HCYhptotdasminhdfitor o€ Fprrewler?t process, as woul d
be generally known to those Skl|| d in the art.
wherein

Rj3 is RW- or a P4-L3-P3-L2-P2-;

R, is -NH-CR,R';-CH(OH)C(0)-NHRy;

Each W is independently a bond, -NRg, -O- or -S-;

Each of P2, P3 and P4 is independently a bond, H, an optionally substituted aliphatic,
an optionally substituted heteroaliphatic; an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted alkoxy, an optionally substituted
alkylsufanyl, an optionally substituted aralkoxy, an optionally substituted aralkylsulfanyl, an



Exanpl es of substituents include halogen, -Q, -0OQ,
-OH, protected OH (such as acyl oxy), phenyl (Ph),
wandngtiogons ed Ph, - OPh, substituted -OPh, -NO2, PETNS2007/006320

-NHQ , -N(Q) 2, -NHCOQ 1, 12NHCONHQ , - NQLCONHQ ,

-NHCON(Q') 2, -NQ CON(Q ) 2, -NQ COQ 1, - NHCO2QL,

-NQLCO2QL, -CO2QL, -COQL, -CONHQ , -CON(Q™2, -S(O2Q1,

-SONH2, -S(OQ 1, -S2NHQ 1 -S2N(QX2, -NHS(O) 2Q1,

2 = = =NN =NN =

OptlonqslNH@&s)ltu%d o @r%eal yl@;(lynmgl Q%ﬁ?@%@lmbsgggd mono- or diarylamino
or an 99&&9&1@' sluxssétutéatmm—e& dM RO dmind] rgpféovfa@d gl kyl

group. 44] As used herein, “nitrogen atons on a.
heﬁvlande%/rsl abgentiand Pady Hoghay ;ﬁ3| apd P4 are sbgent;i t ut ed.

?Z%&tﬂg(elé)ﬁégé%ﬁg%gﬁt(@% }15&\%?’62{}% B(Eﬁlgda {38 t§% grr]%e srtllﬁ.lc re o{'gfdrmula 3

and P@rinalso bouad sub2tif presed, ad Il’:nhfaw ozs zgfsentp [ 0045] UnI ess

ot herw.se st ated truct n are
o il SR i b ind s M Bnan R Tl P ps flieo P2 L2 s
absens,tdnkiCFBLiE alsoiboaind té N8, hﬁe paéf”sentsoﬁpmhwnnahwéﬁﬁ L or ealc h
a tric center. erefore g ereochem ca
i %’1‘ %{.SL%I\EPPE%n enthta bond re O:\&né"ﬁé%t er eoneric
M BelcH IRG 2ndR'f REndREGE Y Wﬂﬁ.aﬁ{, Suidtiited alip§atiRC &P 6ptionally
the invention. [0046] The term "substanti al % pure

Subst'r?@f?% PSYL1a5 eRfionally ﬁ%‘b%wétﬁﬁi extkypan oRticgplly sehsised determpliphatic or

an ophSnzﬂl’)ﬁﬁB@tﬁtuHEﬁ{Et&Q?{Falﬂﬁ 5tQaBh RTBRGRTBHEShed Whh the atom to which
st er eochemnm cal purit a Conpound s gr eater than

they ayg aftaghed may £rinjg 3 i m%nberweomtoemum sushitetad cpelpalighast ring.
[00 553 %@Hbd(ﬁm%gt@ Mis 9§e%lﬁ5h dr@@ﬂéméﬁ‘ﬁ F cture:
ective crystallization® neans crysta zation of a

substantlally pure isomer fronRa sol vent containing a

m xture of isonmers. [0048] Thefterm "dynam c

crystallization” neansn3{¥ gggtion of a

substantially pure iso ffoma solvent containing a

m xture of isonmers under copditions which cause

i sonerization of the mixture® of isoners to an i somer
wherdthi ch selectively crystallizes. For exanple, in the

case_of resolving enantioners, isonerization of the

mdtach dois indepeasently abrid, Fb -C(- €9t d¥HE(DIpnef0)C(0)- or -
SO,-fesults in crystallization of the |ess soluble isomer

as_the equilibriumbetween the isoners is driven by
crEash & isiindeneadentbiiy en eptiorially subssituted eliphatic, an optionally

substituted heteroaliphatic, an optionally substituted cycloaliphatic, an optionally substituted

heterocyclic, an optionally substituted aralkyl, an optionally substituted heteroaralkyl, an
optionally substituted aryl or an optionally substituted heteroaryl; and

Each Rs aind R is independently H, an optionally substituted aliphatic, an optionally
substituted heteroaliphatic, an optionally substituted heteroaryl, an optionally substituted
phenyl, an optionally substituted aralkyl or an optionally substituted heteroarylalkyl, or

R;s and the adjacent Re taken together with the atoms to which they are attached form
a 5- to 7-membered, optionally substituted monocyclic heterocycle, or a 6- to 12-membered,
optionally substituted bicyclic heterocycle, in which each heterocycle ring optionally contains
an-additional heteroatom selected from -O-, -S- or -NRy4-;.and Each Ry is independently H,
an optionally substituted aliphatic, an optionally substituted heteroaliphatic, an optlonally
substituted heteroaryl, or an optionally substituted phenyl.
[0056] In some embodiments, R, is P3-L2-P2 which is represented by the structure:



enanti omer. A specific exanple of dynamc

crystallization may include the epinerization of an
wa@pranTaodoed car bon in a sol vent under conditi onspe@hius1v07/006320

selectively crystallizes onég substantially pure

enanti omer. [0049] Unl ess otherw se stated, structures

depi cted herein are also neant to include conpounds

which differ only in the presence of one or nore

isotopically enriched atons. [0050] Various

"protecting groups, " "cappifag dfoups,” or "am ne
cappi ng groups" may he use |n ,ﬂhe pet hods of this
i nvention. Exanples d¥T T groups or
protecting -groups inclu £ not limted to,

-Q7, -C(OQ7, -C(O0Q,” OQ7 -302Q7 -SBQ7, -
[0057?% %Q@e&bed%@)tﬂ@ 9Pa4- I-F%(()@g Qﬁ-@mych iS¥ephdsbitel Oy e structure:

—NH) N(Q 7) 2,
&0 N o) a7, C(-Nd?@w

2, and

-P(O (0Q7) 2; wheggi-A-NJ7 i ©optionally
substituted aliphatic dgyoup,?} tlﬁ/
substitutedaryl group, i i®nal I}% s.ubst ituted
heterocyclic group. Preferably, Q7 is 2 ali phati c,
whereis- 1 0 cycloaliphatic, (C3.10 cycl oaI [ phat| c) G-i2

al-i phatic CG-loarI C6-10 ar
alﬁaghahﬁ(tl)depe@mﬂéfﬁ'e}%/@do y cFED: (0)-o-NHC(0)-a -C(0)C(O)- or -
SO,- .heterocyclyl)-C.i2 aliphatic, C5.10 heteroaryl, or
’(C5-10 heteroaryl)-(C.|2 ali: phatl c)-. [0051] As used
hefagh R istihdepeadentlyl ydnsoptisinglly salistingsed aliphstis: 3n enfionally

subst?ute& halk glg%u%%ﬁgghbngg ﬂﬁb%tﬁgdrcf}i@mg?g%at}cg’éﬁ BRliS™1R  substituted

eWI S aCI I N are not .
hetertBEfahe,tdmmmioasllﬁsndostiBttal atabdyll,deoptiohkibx suhstitutethbietaioreadkyl, an

optio%e}{.yi s%ﬁét?l{;gtet le%r 3%1 %Lgxoha@l)o %rli‘%% ulLrH (iﬂ?tgﬁfa i ( g}l ralclc%: Lg

nwmﬁ RsUR, R)ﬁzﬁ’ﬁmg isAhdupendently, Hianmptivoaliy substitged aliphatic, an

num i.um 052], EDCI.. i .
optiopd s BBl RBR by 1y R uihy PR RR brieroar, pptionaly
substituted gﬂb@i)/hﬁélﬁtﬂirfallﬁéﬁbﬂxtutbmtﬂkjl %r an optionally substituted

roxysuccinimde. THF is tetrahydrofuran. TFA is
hete‘?%‘ﬁ’%ﬂ%f‘aacetl c acid.. DCMis dichloronethane. DVAP is

A-peli A¥Rt dRY |aéj§b&ﬂﬂ%rthﬁém ethtREi% itlfe atoms to which they are attached form
di i sopropylet hyl am ne, r mam

a5 tq Gmepyber pefawlhycsusétrtatedmzlch%h%%ﬁoax@e aqrbao?(i'w 12 gmbered,

optlo% bubsRROEOR PR }?él‘éro eih 'vﬁlxéﬁ%ﬁ%&@ocyzl&‘lhg optidrally contains
er chromat ogr ap

an adglt@nal Betqr@tammlmﬁﬁ% fram 1% r§f| %dﬂ Rur;g@degelt Rafs independently H, an
optionally substituted aliphatic, an optionally substituted heteroaliphatic, an optionally

substituted heteroaryl, or an optionally substituted phenyl; '

R; and the adjacent R¢ together with the atoms to which they are attached may. form a
5 to 7 membered, optionally substituted monocyclic heterocycle, 2 5 to 7 membered,

optionally substituted monocycllc aryl, a 6 to 12 membered, optionally substituted blcychc

heterocycle, or a 6 to 12 membered, optionally substituted blecllC aryl, in which each
heterocycle or aryl ring optionally contains an additional heteroatom selected from -O-, -S- or
NRs-; |

Rs and the adjacent R together with the atoms to which they are attached may form a
5 to 7 membered, optionally substituted monocyclic heterocycle, a 5 to 7 membered,
optionally substituted monocyclic heteroaryl, a 6 to 12 membered, optionally substituted
bicyclic heterocycle, or a 6 to 12 membered, optionally substituted bicyclic heteroaryl, in



I1. Processes and Internedi ates [0053] Generally, this
invention relates to processes for and internedi ates
was@d/ 10923 he preparation of steric-specif ¢ coPEDURZI®7/006320

[0054] Specifically, the précesses and internedi ates
descri bed herein are useful for the preparation of an
HCV protease inhibitor of Formula 2. wherein R3 is RW
or a P4-1L3-P3-L2-P2-; R4 is -ISFTHCR R1
[-CHOH)C(O-NHR 2; Each Wis independently a bond,

which ¢dehdeterGeyoby or Iteroiat hingfopR8nalB3ccataingdn additional heteroatom

I ndependent | ond, H, an optionally substituted
Seledﬁ?ig%ﬁ'é%ﬁbféh%% ‘onal | y substituted heteroaliphatic,

arR pidi FO Rdethier suthsthe attngckoavlyich tieey ave bitaohet Inyay forma 5 to 7

substi t.ut het eroaryl, an optijonal bstituied, .
memied pHon BB LR FoboRiF Poteaty1a g panT dRpbeig, optionally
substRbd eRbRokycl st laldioe1d membkREYyoptihalP bilsstidkttd bicyclic heterocycle,

substituted aral kyl sul fanyl, anoptionally substituted

nyl . anop
or a &g ld-membered; CP@HOH&HY ﬁB‘?SUQHC% thya %1131]}’}, 18 vrhi¢h ¢ terocycle or aryl

ring Jﬁﬁﬁall)%orqgﬁﬂﬁ %h 208iRBnAheto ABI QIR FremReL] JSUeANR,-;
no- or di heteroarylam no, provided that when L2 is’
abglesn Raandl Rgtogether withdhe ptomsrig viich they #i5s attached firm ping, Ro

29 ) r . ) y
1 S 00 1 P A s RO i
substjtuted dityclio fused ririgfsys2m, svhetsie the bigydie f2sed gngysystem is optionally

L0} 8 o YD ol BEGARBIl 10-1
16-mpmbemltt1,('jicymt1ilcﬁﬂzed xﬁngd_éays'fesn.gb_seni X _ Eact]. L2 o;] L3 iaf}d i
100sH1CARRRBBIRRAIE Y Piaietp iR e T amEp L S oSthbouid of

Formala Phladwicbelaw. opti onal |y substituted aryl, an
optionally substituted aralkyl, an optionally

substi t ut edNhet er oal i phat~ ra tiopally

substituted h teerl’ a a R 'l together

with the ata iy REY tta y forma 3
titded al i tic
g N N

to 7 menbered aoptigially su
ring.

3

{0059] In one aspect, the invention provides processes and intermediates for producing an a-

hydroxy-B-amino acid derivative of Formula 1, which is useful in producing protease
inhibitors:

NH, O
R4 n-F2
Ry on H
1

wherein R} and R'; are each independently H, optionally substituted aliphatic, optionally
substituted cycloaliphatic, optionally substituted arylaliphatic, optionally substituted
heteroaliphatic or optionally substituted hgteroarylaliphatic aﬁd R; is H, optionally
substituted aliphatic, optionally substituted cycloaliphatic, optionally substituted
arylaliphatic, optienally substituted heteroaliphatic or optionally substituted
heteroarylaliphatic and the amino-alcohol amide of Formula 1 has an enantiomeric excess
(ee) of greater than 55% (for the definition of ee see, e.g., Jerry March, Advanced Organic
Chemistry, John Wiley and Sons, Inc., 1992, p. 125). '



[0055] In sonme enbodiments Ris P2-, whichis
represented by the structure: wherein Each T is

wo paependent |y a bond, H -C(O-, -OC(O-, -N(/0p2007/006320
-0 Q- or - SA-; EachiR is independently H, an
optional Iy substituted aliphatic, an optionally
substituted heteroaliphatic, an optionally substituted
cycl oal i phati c, an optionall y substituted

eroc |onaII stltuted a l,.an )
10064 GRENTR g8 e P BIES fRYACCS S Dol for preparing
a conmdmﬁﬂlofﬂfbﬁﬂularlyés cutlindd d@dhenalll y substi t.ut ed
het eroaryl; and Each R5 and R is independently H, an
Schemek; ona) |y substituted aliphatic, an optionally
stituted heteroaliphatic, an optmqp@ ly substit u}@pl o

he ergaryl ,__an opRiomalll y sukbsth enyl ,c an Ry .
R Rl,Y substpg gl Kyl Olg&n Ppt Ranal y R'?V\/U\Rz
subst it ut ed heteroarylal kyl, or R and®the adjacent R OH
taken jtogether with the atons to \Nhl ch they are
attached forma 5- to 7-nenbered, optionally
Refergiggde Scheme L RradyR' are dsem‘e\nougly kiescnbled,aR’Q is INHR; or -OE wherein

R is P RS o o AR RS OLBL Bhemfl Bt ues it The

unsatumtﬂthtpqmspcmndadsjcamfarmﬂ t}tae&pe,mmmm@agamrlgiddwmneﬁiods, e.g.,
i.S i nd%g1 ent n

°’““a“§{‘ i eyfa%‘f}bg?'? ft 88""5‘1??96%{??“6 B Caf“f@ or peracetic acid
(see, agben iSt il?bﬂd KeLeAoA. iVphasicelloE. Mintaaak. Icvoeﬂ&mg;hw;@dzoos

t I bstit ut ed heny
2297 B3 BL R oS Dhes s b Sl R, st A

Eschdr@ise el tHesisstoNEdiveard1RRe 6] p! 87808 a-hyd ide (al
> Iﬂw ﬁm%ts,ck&“mus S EPREHEN A0S El ! 870508 FopregenPegide also

calledjres R RUTOPF AR & tharpasee 5 G uprossetia geipairdenOKkgne (KHSOs,
potasQQﬂﬂperbkom&(cQ)ﬂ‘fate) & &L @c%gﬁw M o) Such’ a(;( @rgf(%pleo Fert-butyl

2-; Each i s i ndepen H, an option
hydmé’ﬁ’iﬁ%‘t“?et u‘tdé@naqw%atbe epmaﬁe upnasolpmbtymsd bytusmmaeglycldw ester

condé?1§£t%zp§hé Rl tMCBaﬂgsthptC'hQPza]Re*y gbfs%' §(?{5 @@55) D. M. Burness,

cycl oal i phatic, an opfional
Orgafhétseffl@@yle,l¢<d1ecawreémlwuﬁ&l,py64§>0|bst i tuted ar aI kyI an

[00612 p%sstgﬁlt%luét A (f%#ﬂ%{xfst ﬂﬁg%ﬁog a t?c% g ra?il?kiﬁgfg ov%e o¥)tlcally
enrichedteposisiey | (see, e.g., H. Kakei, R Tsuji, T. Ohshima, M Shlbasakl J. Am. Chem.
Soc., 2005, 127, 8962-8963; M. Marigo, J. Franzen, T. B. Poulsen, W. Zhuang, K. A.
Jorgensen, J. Am. Chem. Soc., 2005, 127, 6284-6289; M.Shibisaki, et.al., U.S. Pat. No.
6,833,442 (BINOL Ars complex); R. Kino, K. Daikai, T. Kawanami, H. Furuno, J. Inanag_a,
Org. Biomol. Chem., 2004, 2, 1822-1824; Y. Shi, U.S. Pat. No. 6,348,608 (OXONE, EDTA.,

optically active ketone))

iv

- [0062] The epoxidation step may be conducted on either an ester (R, = -OE) or on an amide
(R’ =-NHR3). When the epoxidation step is performed on an ester, the ester is subsequently
converted to an amide. It is within the scope of the invention that formation of the amide can
be performed at any stage of the process using known methods and protecting groups where
appropriate.

[0063] Reaction of the epoxide ii with a suitable amination reagent (step b) provides the
amino alcohol 3. Suitable amination reagents are those which may be converted to the amino
compound iii. Examples of suitable amination reagents include azide, phthalimide and an

optionally substituted benzyl amine,



Each R5, R, R7 and R8 is independently H, an
optionally substituted aliphatic, an optionally
wanbstipdons ed het eroal i phatic, an optionally subST/UB20®006320
het eroaryl, an optionally d6bstituted phenyl, an
optionally substituted aral kyl or an optionally
substituted heteroarylal kyl, or R5 and the adjacent R
taken together with the atonms to which they are
attached forma 5 to 7 nenbered, optionally )
[0064]s bstep tuthe dnibire of amine Hestmlpefdrmulaiii & resal yeditp provide the
. nbered, opti,o I ubsti t.ut.e j ' : Te
optical SeiyecTr R RaL SPUR T o SPIRUE STl oDt Rl A e i
includa 0@t bxangle, foeinatioabdasslevintaamithblemptiGally acBive organiFacid.

. .and each R7 is indepgndently. H an ti. [ e e ae
Suitablppsically et PreamGERias Bejush b i) DSty i acid, matic acid,
di-isoﬁ@ﬁﬁﬁ&&%?ﬂhﬁﬁ deid Al Qgxlyemsiid acigubstituted heteroaryl,

|

or an optionally substituted S{wenyl; R7 and the
[0065h & ane ambpdimepsi Re Pt fipmpple his ARG to which they are-

[00662&{1} BRLEL IR e tHE @pokilifion SEND BEESkmeANisig Rt Butyl hydroperoxide
ubstituted m)nocyc?lc heterocycle, a 5 to 7 nF ered,
in the ppetseaeat] abasesaeh 15, faExampin ye‘f(lm}l hydgpxidg opbyty! kiguum.

LAl e SHBSddoNtS feltbrmiedl dsindSdtadsamy Cl €,
[00671;?{{%8%&? %ergg&ﬁg{r%g{é rt%%, op‘ﬁt%ﬁglg ?/‘qsrﬁ%s.t ist u%i%_ bsi cyclic
monoperyhlfate,rethylenddimnink tétedaseiicyad endpn gptjonaliypptically active ketone.

tional ly.contalns an { L \r :
r0ossf TiqR8 Brinbacl e o Shdt f om0 BL 8 P BB aon
[0069YVi Ik lont kembatiimant] the whinpoutdef/ Fammalaiv bastre2H(Fa$ ($oronfigumtion.
to 7 menmher.ed, optionall bsti.t ut.ed nr | G: -
0070} oSS IRE e SR ARG S PRIPRRURAL G gty v
reactio®BPE YA Sodheheriiefyllowad By talut@omefiherisdrmediatiecnilel with
substituted big,%éli het er ocycl e, or.a 6 to 12
hydrogepiiethepresspes ShaPilpdiym opi (e F2 5 ¥cl i ¢ heteroaryl , :
(0071} W HinGthef 8mBolRE I ABY 6és8lullon ViR kOB i Ipeffofigedipy farndbgd y salt with
contai ns an, addi tional  heteroatom sel ected from-0O,
an optigillypctivreid; and agysiglizinethe g ePtaiRedsalthe at ons to

[0072§NinClRolRE ¥rBbinddd: 68 8 gtioAly afcqwba%?aid 2id iSeies add.
ptional Iy substituted nonocyclic heterocycle, a 5 to .
(00731 Inemfycthetiembedimsnhithe ortisdy iactiveereapisacifisideoxyspplic geid.
0 |- tik fut ed bicyclic
[0074ﬁe1%'e0rncj?c?eyc e, grr%glz}l ﬁg%%iﬂﬁﬁggé, optionally
[00754 Ulpstniother ethbodimyeiti Rz wrGi-Co alkyl@r €hCexdonkyler ocycl e

[0076? rInae{r%kher embodiment, Rz is cyclopropyl.

[0077] In another embodiment, the amino-hydroxy compounds of formula iii may be
prepared according to methods described in U.S. Patent Nos. 6,020,518, 6,087,530 and
6,639,094, each of which is incorporated herein in its entirety by reference.

[0078] In another embodiment, as illustrated in Scheme II, this invention provides a process

and intermediates for preparing a compound of Formula 3.



ring optionally contains an additional heteroatom
selected from-0O, -S or -NR4-; when Rs and R
wo ogetib®e3 wi th the atons to which they are attpches2007/006320
forma ring, R7 and the ring systemfornmed by R5 and R
may forman 8- to 14- nenbered optionally substituted
bicyclic fused ring system wherein the bicyclic fused
ring systemis optionally further fused with an
optionally substituted phenyl to forman optionally
Schemebkti tuted 10- to 16-nenbered tricyclic fused ring

system [0058 exanpl ¢ of the HCV pr ot ease
[ tors rmal a t pound of For

sho bel oW 19059] | nj ong aspect ,—the—nvent i

zRLOVIEles p;-ee&?ées s amdtHi nhet megi at es fo¥ produting
0> {]ydr Oxy-b-4am no acid desi yaidoweu of. For nmul , W ch CoaBu
i's '

seful in producing protease inhibi 1 wherein
Ri and R i are each independent}

, optionall
substituted,aliphatic, optionall SUbStlt;Jdtjgp /?j
cycl oal i phat |\c,/ optional |y substitut ede-8¥
optionally sﬁl tuted heteroaliphatic or Dpti opal =0,tBu
substi tuted @ roaryl al i phatdi ¢ and R2 |
optionally s ituted aliphatic, optlon
substituted cyel oaliphatic, optionally substit ut
aryl aN hag_i , optionally substituted hetermali

ti I

or y substituted heteroaryl alm,ph\@tJLQ apd_t
ami noNal ceml ami de of Rornula 1 has an ehant M8neri c

exces r the-tefini tpSh of OB
ee se e.g., Jerry March, Advanced O ga Cheni stry,
ohn Iey an 1992, p.,_125).70060]

ns,
odi rrenﬁ thd in e Qrdw d s’a process Qand
arl ng a co d_ofiN I

i

Mok

' B
N . . Y .
|necE|n Sche gheme | i i iv Referrin O
ki and R ’| are as previ ofisl sgpi bed; ?
R‘2|s R20r -CE wherein
viia 7 HN OH lI;I{ vilb OH H
z-HN\}\“/ou _— Z- \=/g\n/ . HN i vi
. NH,—<] : 5V : AV,
20
Tl w b
o g s . N/A
viil
! O L
13 OH

[0079] In Scheme II, the bicyclic aminoester of formula 1a is reacted with a protected amino
acid of Formula 5, wherein Z is an amine protecting group which can be removed under
acidic, basic or hydrogenating conditions different from those used for removing an R,
protecting group, in the presence of a coupling reagent to give an amide-ester of Formula 6.

The protecting group Z is removed from the amide-ester of Formula 6 to give the amine-ester



Ris as previously described and E is Cl-C5 al kyl or
optional l'y substituted benzyl. The unsaturated
wa@eompamnds i i s converted the epoxide ii (step BYT/USINT006320

known net hods, e.g., oxidatiBon with a peracid such as,

for exanple, -chlorperbenzoic acid or peracetic acid

(see, e.g., R S Porto, M L. A A Vasconcellos, E

Ventura, F. Coel ho, Synthesis, 2005, 2297-2306),

hydr ogen peroxi de (see, e.g., Dorothee Felix, C aude
compoMC%@t)Fp&’m@Qd A. Eschennoser, Organic Synt hesi s,

[
[oosol(apg%%é%ﬁf e s Bk ST DI PRHO R 8 i e
presen&; bli z!l X m?n ger%één? %&lfHedB pefstidRT(FormaHE0s, pOt assi um

ate) or an organi c peroxide h f
[0081]eRaanvmg the protemiing SrAyRIZ AP élgeo&ﬁpeet?de/ﬁ’ ? BF%%’S“‘?SR@‘L' free

ammo_(g%omnd leo 120, obt ai ned by using a glycidic ester
ReISat i on see e.g., M Ballester, Chem Revs,
[0082]2R3ad b thé Qﬁﬁl)o-mp[epnm: ofHomewls IOM@WémB?ﬁrmg@ghc ac1d in the

presengcgrblsgfh@fhexgg\{%%geé\ énpox a%%eﬁ[ﬁi&ﬁ&é eét@r mula 11.

e per ornmed to
[0083&&%’6&&9&9 pf ttadstey of rhel avhie- tﬂpepndd@gte( ofBormgulg 11 prpvides the
akel

T Chshima, M Shi basaki, J. Am
amidedppprtidgcid ?%’g‘l?}m“l% 72 8962-8963; M Marigo, J.
[0084&&%&@ th&-anBde-Baptptias acid/of Honanty, 12, with tqunrgmglgfdroygy amide of

Formu;}{x 24|in ﬁqraprgsf)e%p«agf g geup]lglggrgggzeglﬁ 516\/'(%% M A?xsy g%ﬁlﬁe’of Formula 13.

[OOSSF In fhd'nal I'§tepD@k1|f*l§hmn 3f théawarayi growp of Borumda 12 prowdes the
nanaga, Org. Bionol. Chem, 2004, 2, 1822-1824; Y.
comp@hid oflf@mubnd. No. 6, 348, 608 ( OXONE, EDTA, optically

[0086@%09’ & Jﬁ%‘i&@ﬁ%&dé@@@@ﬂam@ﬁ% QR¥ibda ki, shBpbemyedbeith or without
onducted on either an ester (R 2 = -OE or
isolatiani fokem (R 12actionNmRcthire. Wi@rﬂeﬁlﬁ%é RiRre HW‘BFP%‘P%E"‘? erived by

attachg%t gg%)p?ﬂt AP, 85pEor Iizrl%—le4%§ff ty). SA TYURSIREEM A mine with such a

i afi de. W tHin the scope of  the
moietly ivanise caried att ﬁmgmﬁneuconemonﬂmg aharelicapidper RIFH YT ?f%l’j"ale“t

there%'t Brecg%tsfaﬁggrgl Ofld'e lﬂ)\%ﬂ(ﬁ) [f§%GRg of 5615191 g%\‘i@ltﬁﬁg hﬁQ%p@Bﬁcouplmg

ups ere appropriat 0063] Reaction
reacti6h indiedes ra@aktdblelsblmmt, Ithaa:amenablcenemtrﬁapn m@%ﬁ@?ﬂ about 0.01 to

10M, mtﬁgpﬁ% Iglgtl?ft ]S{)Igl:? %het rﬁglgl(seﬁ%l\gﬁgﬁlylfob ac%j IRt 8nd a peri)tlde

_ bé converted
couplif}reagéio

[0087] If an amine is used without isolation, the coupling may be carried out iz situ in the
solvent of the reaction mixture used in the preparation of the amine, or in a different solvent.
To this reaction mixture, the requisite carboxylic acid may be added and the reaction
maintained at a temperature in the range of about 0 to 100 °C, preferably between about 20 to
about 40 °C. The base and peptide coupling reagent are then added to the mixture, which is
maintained at a temperature in the range of from about O to about 60 °C, preferably between
| about 20 to about 40 °C. The base is typically a tertiary amine base, such as triethylamine,
diisopropylethylamine, N-methylmorpholine, DBU, DBN, N-methylimidazole, preferably
triethylamine or diisopropylethylamine. The amount of base used is generally up to about 20
equivalents per equivalent of the amine, preferably at least about 3 equivalents of base.
Examples of peptide coupling reagents include DCC (dicyclohexylcarbodiimide), DIC
(diisopropylcarbodiimide), di-p-toluoylcarbodiimide, BDP (1-benzotriazole
diethylphosphate-1 —cyclohexyl-S-(Z-morpholiny]ethyl)carbodiimide), EDC (1-(3-



compound iii. Exanples of suitable am nation reagents
i ncl ude azi de, phthalimde and an optionally
waabgtivdons ed benzyl ami ne.[0064] In step c, theCTVIS1007/@06320

of am no al cohols of Formull& iii is resolved to

provi de the optically active conpound of Formula iv.

Suitabl e nethods for resolving the mxture iii

i nclude, for exanple, formation of a salt with a

suitable optically active organic acid. Suitable
dlmetbptanuabptypmlelﬁ1eﬂwlﬁu@adllm1@chﬁ30¢hi@mdﬁdecyabunc Hueridatcyanuric
chlorige! HEEH ddbarieBbh HefofnduidRbumnAiliforophamhoshors), DPPA
(d1ph§1@@ﬂ5dsphmmmte(),rmﬁﬂ i(brendotridZoR 1 Qﬂoﬁcmstdiraethyllammwﬂﬁosphonium

e b PO b B SERA SR B fon

hexafliR6sHEPhatE), THIES €OBepbotaigzolf pryl BND | -tebrathi ety luronium
oxi de or_but i thium | n anot her

teﬁafﬂwmrﬁtsat TST Hé%%fva%mnaﬂy{) %7 Bl m@bﬂg‘mnm

tetrafﬁﬁ&aﬁhﬂéwﬂmmr{w feltheth§lanfhoy1-enedi R RE10£5/64 irpl-
acid and an optionally optically active ket one.

yimethyleggENemistylmethanamipaurg dexaflugrephosphae Nep¥igg), B 1?101 CJHS(Z-OXO-
-oxal%aﬁdm g&l}ﬁgﬁﬁgtmguaé} !P9BOP[ &P@?h 'ﬁb&%t&%ﬁql-mﬂ}y

Formil'a 1 v has a r@%
tﬂS(Pmﬁhﬂl@g)rﬁpsmpmlﬁloaqte}ﬂqqmmsl@r@b@dB t, t he ami nat i on
e
Cronlsh G oA AR b RS SERRLLY,
(dieﬂm‘xyph@phnt)émWBdﬁ,ABé)eazotmzw‘t(ﬁHijcher t he
oo ESERFE s TR AT BRInhRLeRAH ] ¥BE, HORT b1
PyBr@®rdre pfﬁ'drrérypélﬂrcm cogpking edagrents.t Thaamopht afglebyidacouplimg reagent is

. acid a Cr al Liz the t talndsalt 007 . .
in tne g B Ao S G {0 R BISHR. AR PaEBR, ngh g Do woed in he
am1dtaﬁgﬁfd€;§1@'rﬁ1ﬂé igcég? I&t\(/délﬁﬁe Dgﬁ%{gggg%ﬁgggﬁgw ?i‘ gﬁnga ester
L
reagefltﬁ;_) qsnﬁ otﬁfazq YJOKyaza erﬁofnarzgle), HOSu
(hydrox ydRQifthide), BO@IHl&desmfgldm 15-nétBoirfen€l2; Ldtal®txaiiddy, in
-C cycloal kyl., [0076] In another enbodinent, R2 is

amoWNT AP BIGFT apeww tq aboyih ¢ P PesaUBARIE ment , t he

[0088] ”l’\r‘l@rrﬁYﬁEl?' Mné:ﬂﬁp %ije& ghideQlith ?ea'ch{/e E@iﬁvzﬁ@ntﬂfﬁﬁék? darboxylic
according fo meth described in U Pat ent Nos.

acid, gugipes BeroPs-Bs- W@%ﬁPaWO)X here -CCOIX
reactive than COOH in the coupling reaction.  Examples of -C(=O)Xl groups include groups
where X'isCL F, OC(=0)R (R = aliphatic or aryl), -SH, -SR, -SAr, or -SeAr.

is a group that is more

Acid and amine protecting groups as used herein are known in the art (see, e.g., T.W. Greene
& P.G.M Wutz, Protective Groups in Organic Synthesis, 3™ Edition, John Wiley & Sons,
Inc. (1999) and the earlier editions of this book).

[0089] A number of chemical groups are known that may be used as the P3-P;- portion of the
protease inhibitor. Examples of such P3;-P»- groups are included in U.S Application No.
60/709,964, which is also incorporated hereto by reference in its entirety.

[0090] Other methods well known in the art may also be used to implement the methods of
this invention and even to make the compounds of this invention. See, e.g., WO 07/022459

A2, which is incorporated herein by reference in its entirety.



6, 639,094, each of which is incorporated herein inits
entirety by reference. [0078] In another enbodi nent,

wa@soowriibeest rated in Schenme |1, this invention pPOWUSES7/606320
process and internedi ates f20r preparing a conpound of
Formul a 3. Schenme Il [0079] In Schene 11, the bicyclic

am noester of fornmula | ais reacted with a protected
amno acid of Formula 5, wherein Z is an am ne
rotecting group which can be renoved under acidic,

II. Exgawplesor hydr ogenating conditions different from t hose

The f¥$&FinkbQx \rd Q)réme gj eEé’&ﬁﬁhleo@rW and Breld?f to be construed as

presence of a couplin agent to give an am de-ester
limiting theorcan¢ af de ifventiondna@oy way. group Z is renoved from

the am de-ester of Fornula 6 to give the

am ne- est erconpound of Fornmula 7. [0080] Reacting the
Exangple 10 3:Brepyloxirahe-Zararbbeylic avid.n t he protected am no

acid 8 in the presence of a coupling reagent gl%ys t he
tri pepm UG OINES] &s&qTARsme«mg%mjg
protectin paHin the tripeptide of OH
provi des the free am no- tHixpegdtoree of Fornul a 10.
0 Reactl he am no-tr.i tlde of For
[0091\[h gﬁ@% FS‘%‘IPH Xephsed st rcl Wﬁ&‘ﬁﬂ@égﬁéé‘%ﬁ’ﬁ“e‘ was
place@ QH@¢r Ditrogas @fﬂﬁo h@ﬂedﬁed $farged WRh tahPefick Bfoie atid(698. g, 611

mmof)vafge (40p0 P a%acF'yrg?&%b%%or!s St iSRRG 224 £, 2.66

mol) & BRnldddBE BbiR-Risk keBfing AdPeh@ichde Q&%ﬂ'la aR29:9§ 19 Once all of
t he am de- trlﬁgﬁélde acid of Fornul a.

the sogipm duearbonstg hathbera asideddrsolitionyf (?XON% Qf}ﬁégeﬁé%mémlbm 4x 107
r
M et@@%ﬁ%@%g%@?&%@h&QHﬂﬁg d;lt?rrelg?m gl%’fy ar?tlggﬁ'a%@)'?ﬁ '1_'(32 @as charged
to th@qddatp)roﬁmﬁdrmqll alded operfifl mamitestesepingpbereaction Emmmtare at 25+5 °C
and tl‘gﬁ %I[I %Q:gfg%f Aﬁg al(?é1 7t5h %eﬁ&%%t%ﬂh&%@% vpf}rgtt%!:r{]%goﬁesd to stir for 16 h, after
which twleatol @)- Hexememche acidaotsi dbmonvid by HPLThealgisisi The mixture was
o S i4t.0or b ching the .
coote | 8DEISE, pepa’ BpHbE Vg B3Il M LbPOD,E0E srfeoepy wih et
acetat}zf(E&(DAanB RE250ithh). S’Uh:élcc&nlﬂiﬂb@bggaﬁ&w}heemérkic&iéer sodlum sulfate
n correspaondi ar boxylic aci ctiv
(e G e or e e S epsie o pide P e sgmpound
(60.4Q; 76Ty pk anRglieanddi.t i ons. A typical coupling
'H NMR (500 MHz, ds-DMSO) §12.88 (br s, 1 H), 3.21 (s, 1 H), , 3.06-3.03 (m, 1 H), 1.58-

1.36 (m, 4 H), 0.91 (t, /= 7.5 Hz, 3 H).

Example 2: N-cyclopropyl-3-propyloxirane-2-carboxamide.

o 0
P . HN IBCF, NMM <A
OH > ‘ N

DMF

[0092] A flask equipped with an overhead stirrer, thermometer and addition funnel was
placed under a nitrogen atmosphere then charged with the acid of Example 1 (20.0 g, 154
mmol), and isopropyl acetate (IPAc; 200 mL) then cooled to 0+5°C. 4-Methylmorpholine
(NMM, 154 mL, 17 mL) was charged to the addition funnel then added maintaining the
temperature at 0+5°C. Once addition was complete the addition funnel washed with IPAc
(10 mL) and then charged with isobutyl chloroformate (IBCF, 137 mmol, 19.5 mL) which
was added keeping the temperature at 0+5 °C. The r;aaction mixture was stirred at 0+5°C for



reaction includes a suitable solvent, the amne in a
concentration ranging fromabout 0.01 to 10OM
w@e@rao@ks y about 0.1 to 1.0M the requisite cpebos3007/006320
acid, a base and a peptide2toupling reagent. [0087] If
an amine is used wi thout isolation, the coupling may
be carried out in situ in the solvent of the reaction
m xture used in the preparation of the amne, or in a
different solvent. To this reaction m xture, the
90 min effer which tuae & exlptips Oﬁcycclompyhmimiﬂéd ramgl, t1Q¢/) in IPAc (80 mL)

s o861 STl B ETPELSH A 00 o v

warméd 2 5:40°0ahd dliewdbtoestia fior rﬁem deaundnbpih‘d)xige (2Hgmiht 1. 0E) was

e G B3 T Sy A BVl
The ofganiy $H8¢ Ak Yhddek ¥sded wiioHC1 243 1taLaAboN). 4Théldambihed organic

phase? S\{Segq 41,55;13 %}P%gglllg%g%l% rﬁé‘;)a :Hl ne ba econgel:'lrf:‘cratedS under reduced

pressﬂe & bWk dEthe Ridllel B ghpoktBY (198, 75%5735 fty biafip€lanol e,
preferablﬁytrlethlamne or__dsopropyl et hyl am ne. The
RSOl 98 (Bo ki [P (h o] Skt b 2.99.5.95 (m, 1 H)

2.67- f@w(kﬁa'leﬁf SR I8, V@h?% 0@, Uhe 7aines H)f Blcar@bs Xmatz H), 0.47-

east 'abolt "3 equi val ents of Base. Exanples of peptid
0.43 (mo?ptl) ng reagents include DCC
(di cycl ohexyl carbodiimde), DI C
(di/ sspropyl carbodiimde), di-p-toluoylcarbodiimde,
Exaniide3( Alvamnocd prapamshton ioﬁththm@phhﬁ@mpyloxwaned-carboxamide-
-cycl 0 xyI 3-(2-no f holinylethyl)carbodiimde), EDCO

i(CB !|d| met hyl am ropyl BEWMOQ@NW| | mM /A
H de) an

TFFH (tetr amet hyI rof or mami dllﬁr‘\@m

[0093? dﬁ%@ﬁ?}ﬁ% ﬁ'ht?l 2 Itla;ofa}é ’theDrE%g‘m(% eaﬁlgo fl}t%??o m:'tel was placed under a
nitrogeyl an?quwhese( tﬂueﬂehhgbammg)%e Iaagpigtﬂmampﬂe_ 1 (5.0 g, 38 mmol), N-(3-

{ t -
dimelfg o RERBI (Y SRRy TR T e EE TG B ot R -

hydro’i%&hz]golal&@[%wdrataz(ﬁloﬁt- $17- g\IABJ rﬁfnoN antl @, Vadiiickhyyli for@ainide (DMF;
tetrafluoro

50 mi BheRRHBE R Do dt JER HERom el a5 FBerFf QHgHNYM (5.9 mL, 54

mmof)&{HiaHh W48 ﬂ%%ﬁ%@ Yo thWAétl()NTﬁl&djrgﬁ{ahMb@mg’lmk tevhpétature at 0+5°C.
23tr|azolo yri din-

4
The mypiige AyASSHEPd il wyrqm e S ApToRY Heing (3 PYpHdspmallevas added
and Ll u&%@ﬂ t‘e}' wiii t%(%:l:‘sxc’@ o&rqt%caw Ct‘l?d&b):lﬂhﬁé RBIA56 mL, 1.0

orlde él-H—I benzotri azo | oxy) -

N) arﬁrlﬁ’@(cpﬁﬂ L) Wrﬁca)i prbapshthen mhﬁ B tpEe St%ﬂcfﬁh@)‘pé‘bhﬁ?@ 30 minutes.

The %Eggts were transferred to separatory funnel, the layers separated then the organic layer
was washed sequentially with HCI (50 mL, 1.0 N), saturated aqueous NaHCO; (2 x 50 mL),
and brine (2 x 50 mL).l The combined organic phases were dried over sodium sulfate
(Na;SOy), filtered then concentrated under reduced pressure to provide title amide (3.2 g,

50%) as an orange oil.

Example 4. Trans-N-cyclopropyl-2-hexenamide. -

. ’ O
/V\i . + HN EDC, HOBt, NMM /\/\/lL /A
X" “OH W> - El -

IPAC

[0094] A flask equipped with an overhead stirred, thermometer and addition funnel was



(bronotri s(di met hyl am no) phosphoni um
hexaf | uor ophosphate), DEPBT ( 3-
wQ dioetibawzy phosphor yl oxy) -1 , 2, 3-benzot ri azi n- 4¢GHUSTINBY06320

PyBr OP (bronotri s(pyrrolidi22ao) phosphoni um

hexaf | uor ophosphate). EDC HOAT, BOP-C and PyBrOP are

preferred peptide coupling reagents. The anmount of

peptide coupling reagent is in the range of about 1.0

to about 10.0 equivalents. Optional reagents that may
placecbendesemmwgqﬂmrr@ﬁpme ﬁmncthfargedwngl derrbaneiparidd89-8 g, 787

oS T RPEBGAFY P 2B 8 A g e

cooled @37y éﬂ&bmitth flmnel wjs chd@sﬂ \@hb NMM/ @S)Cbmﬁ-l rhtﬁm))l) which was

then M}ﬂﬁ?}ﬁfg Itlgﬁéﬁnﬁg.\ g%&gﬁg{gt ert]%n?era ge gt?(h%géa%%%ixturc was

stirre®fiti30ahidtes théDOprépylamigs (606 mL, B6Emiml) waeaddmlmnd the

a1 ALt ST 594 RS S SRR e vy

adding GydecKloricacil GOOURLL NOIN) ahd TRE ﬁ‘uitﬁ?&éﬂﬂﬂﬂ Vi usliPEht 30minutes
Fgg coupl i ng rg;\ctl on. Ex)a les OF-CC=0 X1 E‘?gu S

then alig¥ed de si§ foUHL miptes therlayerse @yere sepaggted eayhﬂ\eRvao%FlerFidure
repeaféll. 8k o un hy@dxide300 TA1.0 R wa@lfed A @hef Pk AMNDOR stirred

protecting groups as used hérein are known in the art
vigorgusbefor30gninutes\thercallawied (@ sit for P wiinutes;he layests were separated and
¢ gni

e SSRAB LA EYERR. AL P e 0 00 Y s

vxgorm;ab}( fqr qoeﬁﬁﬂ}esAhﬁuaﬂmverfo sitfonB 0 alungiresubs layiers Wenswaparated and
the wa rgc% ek:) ?e@)%%? 'L %cfmbme Péfn%éﬁasg@wg e ctogserﬁ{a(?%cﬁgﬁgr reduced

suc s are Inc
pressune 18 dkﬁ)@halt:\aﬂuma thm 1PEQY/ (609 nﬂ6)4wa31\tddreh th$s wssrepeated two times

when o] S CERale HETRbITAAE T HOWRoR FOIRBUaE Uy Amesplssc

presstk%&@l 21 Pori glRhievatiine i m&mdsso&ts °thiN-heptaaa($ gmmam gvas slowly

even to make the conpou ntion
addecgwipile thpepetiQmyasePo pits C.agg.fﬁkdo?tﬁﬁasé?raaerﬁ%% fqf 4pfours. The
solid WAk ERRLE wabhdd WitR Bbldrrﬁhé’ptéﬁe{ (2 EXS0RII) Sind ieicl & pAWidtOthe title
exargﬁl es are for the purpose of illustration only and
amide(82.4g168%) #ca Eppdthitgsalids |inmiting the scope of the

TH NMR &80 NP7 B,-PRISORY. 89%31”115% §8(dt J=15.2,7.0Hz, 1 H), 5.80 (dt, J =
3- Propyl oxi rane-2-carb l1Cc acid

15.2, 1.3 Hz, 1 H), 2.70-2.65 (m, lH), 12-2.06 (m, 2 H), 1.44-1.37 (m, 2 H), 0.88 (t, J= 7.3
Hz, 3 H), 0.64-0.60 (m, 2 H), 0.42-0.38 (m, 2 H).

Example 5: N-cyclopropyl—3—propyloxirane-z—carboxaﬁﬁde.

/\/\/l?\m/A TBHP, n-Buli /\/<?)?\N/A
H

THF

[0095] A flask equipped with an overhead stirrer, thermometer and addition funnel was
placed under a nitrogen atmosphere then charged with zert-butyl hydrogen peroxide (TBHP;
95 mL, 5.5 M, 522 mmol) and tetrahydrofuran (THF; 200 mL). The reaction was cooled to -
205 °C and r-butyl lithium (n-BuLi; 235 mL, 2.5 M, 587 mmol) was charged to the addition
funnel and sléwly added, keeping the reaction temperature below -5+5 °C. Upon completion
of addition the reaction was warmed to 0+5 °C and the amide of Example 4 (19.80 g, 130
mmol) in THF (20 mL) was added maintaining the temperature at 0+5 °C after which the

temperature was increased to 2525 °C and the reaction stirred for 12 hours. After this time



H2O, acetone [0091] A flask equi pped with an overhead
stirrer, thernoneter and addition funnel was pl aced
waoiraeno®2ni t rogen at nosphere -then charged w t PCT/US2007/006320

trans-2- hexenoic acid (69.83g, 6 11 nmol ), water (420

m.) and acetone (420 nL). Sodi um bi carbonate ( NaHCGs,

224 g, 2.66 nol) was then added portion-w se keepi ng

the reaction tenperature at 255 0C. Once all of the

sodi um bi car bonat e had been added, a sol ution of

IPAc (M) lahd (s4@fated adi@BusEedihmi Hydﬂosalﬁtﬁ(Z(m mL) were added and the
et hyl énedi am net etraacetic acid

reactioneiyied 4005 M COTR a.‘/frssvzerE)sewaréteg 755 D ugSps Javer extracted with
IPAc (agféws%ﬂ SRR TRNEbAGiREE ofb4fic (Hises wedealricdempt mmhsulfate
Ion tenperature at 25 C and the &flbetﬁe g d
(Nazsam)dﬁl?tcr@d aﬁﬂ@onmqatqérvmlﬁm%ipéeW§S%‘ﬁ%W e ft 5?‘?‘?"““
(21872ggr ;3 , after which time no (E)-hex-2-enoic acid was
er

ed by HPLC anal ysis. The m xture was cooled to
05 0C, acidified to pH2 with 6 NHO (515 nL, 2.8nol)

'Exam?ﬂee6 egt SN g%g{hr%tpgK oxithe A& E:l;ime 3 x 250 ).

ases were r| ed over sodi um

sul fate (Na f|| entrated
i Mﬁ SRR ok heD) BT meﬁjﬁ VAN
6% as ay Ilowopb Asmmmmw d6- DVBE)

512 88 (br s, 1 H), 1(s;rHEH) : 306303(m 1
, 1.58- 1.36 (m 4 , 0.91 (t, J = 5
[0096]l_5>|)m ﬂp$1ee®1pped w1(th a stir Il;bar, thermom(eter and addltlon funnei)> was placed under a

nitroggq géﬁc&s@ erﬁ{en &ﬁ%ﬁ&%ktﬂ%hﬁl@qgmﬁ 18 P{sBpropokide (S[n@@gzﬂr)ﬁ430 meg,

ped w an over head stirrer, thernone
1.3 maid), &fiﬂiehybarsﬁlamsle (RasAFHRC® gdb? mmeds Sdgdal’ -b1-2-naphth01

et n c [ |
(8- q%ép%% ?%{Bﬂ ?) g’% mvgsl%&}%%%\ég E %{ anﬁ*fﬁ‘%ﬁ é@O L) then stirred
for 30Waln itlpsB 5000 Bg-botyD hGiropeddzidey(R rBomphdi5i MeIQ mwm;l) ]5@4 then added.

e s bR SRS 2583 Sy Bl SPE LR 9B 1 o i

THF 806 hill)QPasWaen e&deal et remloaddastmmdffun e howvaefiedwhidchifime the

PAc (10 nlL) _and t en cha tyl

reactipp had eﬁashﬁﬁb%%" Yo(q efgb%@%@m ch was
added keeping the tenperature at 05 0C. The reaction
m xture was stirred at 05C for90 mn after which tine

Exangple Gt Dt-cyrlopronyl-3r Rropypitanericirboxapide.  10. 7) |n

| PAc (80 nlL) @as added kegge ngrike tenperatur

C. Upon CQQPI tigﬁlof addition the reag;kgg/mggi\
N

H

. [0097] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and

containing (E)-N-cyclopropylhex-2-enamide (10.0 g, 65.3 mmole) and urea hydrogen
peroxide (UHP) (25.0 g, 4.0 eq.) in CH2Cl, (100 mL, 10 vol) at 0 °C, was added
trifluoroacetic anhydride (41.1 g, 27.2 mL, 3.0 eq.). The reaction mixture was heated to 35 =
5 °C and stirred for 2 hours. After cooling the reaction mixture down to room temperature,
another aliquot of trifluoroacetic anhydride (13.7 g, 9.0 mL, 1.0 eq.) was added. The reaction
mixture was heated again to 35 = 5 °C and stirred for another 3 hours.

[0098] The reaction mixture was then again cooled to 0 °C and quenched by adding saturated
NaHCO; (5 vol.) slowly and stirring for 30 minutes. The organic layer was separated, and
the aqueous layer was extracted with CH,Cl, (50 mL, 5 vol). The combined organic layer
was dried and evaporated to afford 10.0 g (90%) of the cr%ld‘e the product, N-cyclopropyl-3-

propyloxirane—z~carboxémide, as a pale yellow oil. The crude product was used for the next



warmed to 255 C and allowed to stir for 18 h. Sodi um
hydroxide (23 1 nL, 1.0 N) was added and the bi phasic
wooozao®2stirred vigorously for 30 mn, then tPeT/U83087/806320
wer e separated. The organi @4phase was then washed with
HO (23 1 n, 1.0 N. The conbi ned organi c phases were
dried over sodiumsulfate (Na SO), filtered and
concentrated under reduced pressure to provide the
title conpound (19.5 g, 75% as an orange oil. 1H NWR
step wWitHdit Bnither garid®On. 7. 97 (bs, 1 H, 3.10 (d, J = 1.9
Hz, 1 H, 2.99-2.95 (m 1 H), 2.67-2.61 (m 1 H5
1.60-1.36 (m 4 H), 0.90 (t, J =7.3 Hz, 3 H,
Exan%l@@ 3-ABidoIN-cdcldproByK2- -hyﬁréﬁyl(eﬁrhnﬂmiﬂe Exanpl e 3:

ternate prepagation of

N-cycl opropyl ©37pro I oX iNaNpeMgsar boxam a'é OOA A
fl ask e«qtn\p‘pgdl/em Wﬁ@r e
addi tion funnel wWds pl aced "0f a nitrogenogt rﬁ')sphere

then charged with the acid of Exanple 1 (5.0
(0099 | flask mve@pedjwlaﬁbtmvarh%é FHEEY |t1)ergwrlmtwwnéarﬁa% FoRfegeer was
placeE%ﬂ{l%f(@% e r&rﬁgl anggreﬁl;%xr %%aé'é%i I—&gﬂ kie e;;ox%de of Examplg 5(20.0¢g, 118
mmob)ns:bdmum\azrﬁerféhahly;l 3 10P e HomgdVEnag@sinm sy fﬁéfh(MEEOedl“t(bg, 118

oS B TR R AT T A0 502 e e

coolettita 2648 @mhdtiﬁiemdwtjprdsm 4 pavhali Gelite 46t THE &1vEntewas removed under

reducgg} grﬁﬁrg\sgﬁg gl{élra? g"lﬂ( mw%lltgq Dad Faf(er\g/\gg (250 Can]then washed

with vaee (3 Rr258/mD)eThe @rgwalrc fphtse Waddféd omrsodlﬁnhaufase (NaySO,), filtered
Hydr ochl ori ¢ acj d | PAC

.0 n 50 we
and cabirei A RE b RS & Bevedle iF oamebaes [1ph 00 asa
whlte'sg))hm nutes. The contents were transferred to
aratory funnel, the |ayers_separated t

' R M G5 IS ONT A ela. LERL s BTN 1 e i OF a4 6.0. 3.8 1z,
1 H),lz GoMes éﬁt Pmt q:@oagg@%s ANGHEE (2= 20 HE,)3 HINGl63-0.58 (m, 2 H),

bri ne %\lé . The conbi ned or ganic phases wer e

0.51-@6den, Gvid})- sodlumsulfate(Na SO ), filtered then
concentrated under reduced pressure to provide title
amde (3.2 g, 50% as an orange oil. Exanple 4.

Exariiplerfs - NAopUIOOIHerWPI‘QPWe&Mdm’ddleXPUMe A fl ask
equi pped Wi t,.m ap overhead stirred, therrmlm.li eb and

addi tion_f ungel (;ﬁlaced edCa njtr ge SpHRy e
t hen char ged thH E) - hex- 2peppi ¢ acid g,N787
OH . " OH
[00100] The azide of Example 7 (15.1 g, 71.3 mmol), Pd/C (1.5 g, 5 wt%, 50% wet) and

MeOH (150 mL) was charged to a pressure vessel then purged with nitrogen gas for 5 min.

The vessel was sealed, pressurized to 1 bar with nitrogen gas then released three times. The
same was repeated with hydrogen gas. After the third purge with hydrogen the vessel was
charged with 3 bar of hydrogen. Agitation was begun and a temperature of 255 °C was
maintained. Reaction was stirred in this manner for 14 hours after which time the reaction
mixture was filtered through a pad of Celite 545 and the solvent removed to provide crude
amino-alcohol (8.48 g) as a yellow solid. To this material was added acetonitrile (ACN; 150
mL) and the reaction heated to reflux at which time all of the solids dissolved. The mixture
was then cooled to 25+5 °C and the white needles formed were collected, washed with cold

ACN and dried to provide purified amino-alcohol (4.87 g)..



mml ), EDCl (158.3 g, 826 nmol), HOBt ( 112.0 g, 826

mmol ) and | PAc (890 nL) then cooled to 05C. The
wadavtivoes f unnel was charged with NVM (99. 1 neCT/LSBI07/006320

nol ) which was then added 28 the reaction m xture

mai ntai ning the tenperature at 05C. The m xture was

stirred for 30 mnutes then cycl opropyl am ne (60.0 ni,

866 vl ) was added and the reaction allowed to warm

to 255 0C over 16 hours. The reaction m xture was

'H NWER (20 WzadeMSﬁvdﬂdbﬁmbom&Pﬁcf*éo(@o@—ra_’z! h H), Nf2-gntft (m, 1 H),
tyre Ir r I n

271-388 G Y W15 At 90, BT g e B hd ) 67 = 7.6 1z, 3 1,
0.64-8 8pdrmg 2dd), &rtd-0.H8 (magH)ng procedure repeat ed. . Sodi um

hydroxi de (500 nL, 1.0 N) was added and then the

m xture stirred vigorously for 30 mnutes then all owed
Exaripledi0t 3-Aimia0-Nicyolopsopyliiehydycxyhexsismitdrppstat @dicaieid salt.

base wash procedure repeated. Water (500 nL) was adde

and then the m xture stirred vigorously for 30 m nute

then allowed to sit for 30 mnutes; the |ayers were Q /A

separated and the wash procedure repeated. The HaN N

* H

nmboned ganlc phasesower e, concentr g nder
d ssiire to ygh CBhEEel (608H

HNf wa{%‘, added; tHMN" &\as r%peat ed twoMeQtes V\,hen a O OH
wh preci pate forne®H The slurry was then o)
concentrated under atnospheric pressure to 2/3 HO

original volume then cooled to 505 0C. N-heptane (890 OH O

Toa P%)g-m‘é‘@ étl(lj‘pérqéﬁy% ngl?&? wél%ﬁ%@at u?&to?( %M%ur S 16?'#@9 0.53 mmo)

in Me@Hi (@ mbpwhs hddaddadtartasis aeid (3P17hmg00.26 mrhel) imiveeI2 (30 pL) and the

mixcg o0l § 0131 e € B 35y Kl g RS e Fpivhich was

colledte@Iwhshed Ivith) methyb fer{Biityl dther 5« 8 ,mIZ) lﬁeirlaned tdProvidedhe title

Comp(é’%g'_"é %h%%%#ig%qust%&miqo?@%?%%@ g au gg:nélg sE!%nplcjof_the chiral
.ammz-aﬁcd‘l’lél hgc_er):hloﬁdé Qalgslﬁgvefdrfhatztha}iﬂe(}oﬂ%o@n@ &rak Bbtatndd)with 62 ee%.

Exanpl e
N-cycl opropyl - S pr opyl oxi rane-| - car boxam de. [0095] A

Exarﬁ%ﬂsﬁ : LA ANV ercn) Wﬁh@rﬁ?&xy‘ﬂekﬁﬁ%dé QesARABIEACid salt.

d addition fun pl ated under a nitrogéen
at nrosphere then charged with tert-bxityl hydrogen
peroxide (TBHP; 95 nL, 5.5 M 522 muol)
@gﬁ% cool ed

t et r ahydr of ur z(GJHF 00 nL). The react
to - Deoxychohc ac'd
THF (10 v) /A

OH
OH

[00101] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and
containing the racemic 3-amino-N-cyclopropyl-2-hydroxyhexanamide (10.0 g, 53.69 mmole)
in THF (100 mL) was charged deoxycholic acid (15.8 g, 40 27 mmole, 0.75 eq.). The
reaction mixture was stirred and heated at 65 £ 5 °C for 2 hours. The resuiting homogeneous
mixture was allowed to cool to temperatures between 22 and 25°C over an hour, and it was
maintained at the same temperature range for 4 hours. The precipitated solids were collected
by filtration, washed with THF (10 mL), dried overnight to give 12.2 g of the deoxycholic
acid salt. of 3-amino-N-cyclopropyl-2-hydroxyhexanamide (41 %, Enatiomeric Ratio(ER)=
3:97) as a white solid.

Example 12: 3-Amino-N-cyclopropyl-2-hydroxyhexanamide, hydrochloric acid salt.



205 0C and n-butyl lithium (n-BuLi; 235 nm, 2.5 M 587
mol ) was charged to the addition funnel and slowy
wadaedpokeepi ng the reaction tenperature bel owweBESHE7/006320
Upon conpl etion of additionéthe reaction was warned to
05 0C and the am de of Exanple 4 (19.80 g, 130 mmol)
in THF (20 nL) was added maintaining the tenperature
at 05 0OC after which the tenperature was increased to
255 0C and the reaction stirred for 12 hours. After
this tinel PAc (200 nL) and saturated aquggufisodi um
hydrosul fi Nd> (@0 nl) were added and thef; reacti
stirred foF GCDm Thie HCh4IBAS wer e _sepgrat t he
aqueou /PQthR‘é'b&Etalh‘%ﬁn twice, I75 BL each).
The conbl ned or gani ¢ phases were dried ové’rH sodi um
sul fate (Na @U), filtered and concentrated under

[001021r %%P@.Sieaoﬁe%&%oanmo&wwtdﬁn fHlask equipgedcwith oashiarioal sgprer and

contammg:ts}ng m'pmgg,yfnﬁg dﬁpﬁmogglspléﬂgtapnegdpmgmle 11 1:‘32 n{)gpanol (62 mL)

was ad { o &N HLI dlh@m Rhi6propyBittehdt (66 M., BHfq. )[\OﬁE slirrivg. The
equi pped with a stir bar, t;ué(fﬁlﬁm ng {fﬁ%te eratures
resultlr@cmbmuomm#almﬂ@d ard$ pPacky ag hsF vehereoR pREre

betweetmgé(aaﬁ%gé%)@e%%gms AR WY hhintdind SRR BaYé thenperature range for 2

hours. G)he(iﬁec(lﬁ’lnatéd; s@;d%ﬁ@ewglle@ec@bn—%ﬁrgt}orr%gvhgng | \ylatlga-propanol (12mL, 1
ht h L) B athide
v), dneﬁlocrvg&}ggtﬁg o g%fé % Ngi‘) C @13{} 1 2-11y%rdﬁ§ﬁb}an

§FEves %% t hen sti rr(gd

hydrocimﬂfm&’dhdmaﬂt @592 EnafiGmeiie iRtatlb(,EBt] ﬁ)ﬂér wiagehitesadid.
m., 5.5 M 16 mml) was then added. The m xture
stlrred for 30 mnutes at 255 0C, the am de of Exanple

Examﬁle(l% Op1@paraticiIof OISLMTﬁﬂ)(B(@ﬂtO(SMMyph@an@yram

carbop S A ch GRS AT P LlatPeriphalp)y e

-3- t@i?ﬂm clopenta[c]pyrrole-1-carboxamide
hexan:gfg Oprop; é—ppropy oxwanel ar boxam de. [0097] To

a three neck 2 @ roqp flask equi pped with
mechani cal stl

(E)-Lr- cycloproﬂ na i de qiafbw@, .3 nrnol e)
and urea hydrogen p |de UHPY 5 9 g, 4 0 eq.) in

CH2d 2 (100 nmL, 10 v at 0 0C, s added

CH,S o
3 >=N>)"\ FOr=,
CH3S . N
H ™,

Step a: Preparation of (compound vii shown below)

[00103] The sultam shown above vi is prepared by known methods such as those described
in Y. Elemes and U. Ragnarsson, J. of Chem. Soc., Perkin 1, 1996, 6, p.537; W.Oppolzer,
et.al., Helv. Chim. Acta., 1994, 25: 2363), by using the corresponding unsubstituted sultam

and propyl iodide.



trifluoroacetic anhydride (41.1 g, 27.2 nL, 3.0 eq.).

The reaction m xture was heated to 35 5 0C and
watiwnew2s or 2 hours. After cooling the reactiPOT/US2007/006320

m xture down to room tenperdture, another aliquot of

trifluoroacetic anhydride (13.7 g, 9.0 nL, 1.0 eq.)

was added. The reaction m xture was heated again to 35

5 0C and stirred for another 3 hours. [0098] The

reaction m xture was then again cooled to 0 0OC and

gquenched by addi ng saturated NaHCO g .) slowy and
stirrin for 30 m nutes. The orqgnl S
separar &€ agqueotrs V& ed WTh
CH2Cl 2 (5 H 5 vol). The con mew organi c | ayer was

dri ed and evaporated to af f ord 10 0 gv{90% of the
crude the product, N-cycl opropyl -

propyl oxi-rane-2-carboxaprde, as a pale yellew oil. The
crude product mas e' t he nextst@ﬂmmegﬂgut
further pupis | e 88—

S- Azi do- N-cyclio
fl ask eqU|pp63 wi thvian overhead stirrer, ftilher noneter
and refl ux condenser was placed under a nitrogen

[0010?£ ?’ g@@ %@r&dﬁﬁ%&&%&%sﬂ@l& 5 h’?agﬁ@t%ét%a?fanm 'iﬂ'eﬁls Zharged

mol ), sodium azide (NaN ; 31.0 g

with yi(b? §S2g,n4§g$1 ean@im and| THF €229vgED The resplting syi%l% Pyols‘h tp-78°C
and ng%hgg? ?5 1&%95! 1 ﬁ%scmral?n 15“?50% tsy ?m\ﬂ?{ﬁ) ﬁeﬁh@@ v*a%yﬁﬁée pump

ours then cool e OCand filtere
over 1 howu(Fheaepdting relltel solutisn & agpd efoxsm venutesard ‘ihéﬁ@\ﬁéhlltlon of

T Y T

allowed lto<waﬁﬁ tcml)a Sroaihetemplg?n:;rz opbeS bowas Tiheineid twe éy candeti ton20 °C and

10 P B & O STERAL B e proe
phase@ areﬁ&%d &ger MpbO] En?dSﬁﬂncéntréltbﬂ N\Vptof (s lI\ZHg of the GNBOpil.

4 Chromgtogra ’yg)nfé% %_of_ﬁlhcazge}d:‘ﬂxgmgémglmz Jlll%aneig%{f‘ﬁ%%wceﬁqby

concéltrlﬁglo% QZ g&(r(dh cul grve72(p33'|§ of 8 V\HDlt;e $01i83 TiHi8 rédrystalliRd from EtOH
ml

(210 gL)ke ngmmasaammwm %B‘(%EWS&BHﬁde [ 00100] The
azi de of Exanple 7 (15.1 g, 71.3 nnol) Pd/C (1.5 g 5

0% wet 150 ar ed .t e
step i Etsaratifn ok S erbimupaer i PR ol 38t campound var
showilidbove)

[00105] Compound vii (15.39 g, 32.1 mmol) is combined with THF (100 mL) and IN HCI

Szylu ydroxyhexanan1de [[(0099] A
h

(50 mL). The resulting emulsion is stirred overnight at the room temperature and then

. concentrated under reduced vacuum to provide a thick oil. The oil is dissolved in THF (100
mL), water (25 mL) and LiOH (3.08 g, 128 mmol) is.added. The resultanf solution is stirred
overnight at the room temperature and then concentrated to remove the THF, resulting a hazy
light yellow emulsion. The emulsion is diluted with water (25 mL) and extracted with
CH,Cl; (3 x 50 mL). The aqueous phase is diluted with THF (200 mL) and then cooled to 0
°C while stirring rapidly and CBZ-C1 (7.6 mL, 54 mmol) is added dropwise over 15 minutes.
Afier 1 hour at 0 °C, the THF is removed in vacuo and the residue is acidified by addition of
50 mL of 1 N HCL. This is extracted with EtOAc (3 x 100 mL) and the organic phase is dried
over Na,SO;, and concentrated to provide an oil. The residue is dissolved in EtOAc (25 mL)
and heptane (150 mL), seeded and stirred overnight at the room temperature. The solids are

collected on a frit, rinsed with heptane (30 mL) and air dried to give compound yiii.



The vessel was seal ed, pressurized to 1 bar with
nitrogen gas then released three tinmes. The sane was
wo e@edt®ds Wi t h hydrogen gas. After the third pPeTES2W0t/M06320
hydrogen the vessel was chasged with 3 bar of
hydrogen. Agitation was begun and a tenperature of 255
0C was mai ntai ned. Reaction was stirred in this manner
for 14 hours after which time the reaction nmixture was
filtered through a pad of Celite 545 and the sol vent
renmoved to provide crude am no-al cohol (8.48 g) as a
yellowsolid. To this material was added acetonitrile
Step cf Resparagion o€ {SuAtbEHS I PRsaTh SRR P saIf pl o
which tinme all of the solids di ssolved. The m xture
was then cooled to 255 @6 g white needles forned
were col l ected, washed withs/epld ACN and dried to
provi de purified am no-al cShol (4.87 g)..1H NWR (500

Mz, d6-DMBO): 8.05 (br s, 3 H, 4.20 (d, J = 3.2, 1
[0010%1) As}héﬁh%e%(t?% tifle Eb@punlis préfarédiby hyddplysis &thd sylrm product
m _

, 1. , J =6.5H, 1 v 0. .= T
of Stepia arg ogpyeryiogpighgesplignt Sragamipo %‘Z?ddf’ X'§ %‘*"E‘%‘Ye gy known
| £e 1% . G. M. Wats, Protective Groups in Organic Synthesis, Wiley-
methog_é "n%-g'NQ%°y%Tegn’r%p?/IMI - hydr oxyhexanai rﬂ de, E-tart aric
Interscienet, Mgt Yorke 1899acenmi ¢ m xture of :
3- am no- N-cycl opr opyl - 2- hydr oxykexanam de (100 N, 9
6383, ml )} i BoMESH ( 1 ni) nwgs_Added L-tartari coasig] ol
(BT My O fhl) in MeOH @20 fE) ame—the mixturé.
cool ed fio=0 5 er 48 h 5 0C a wite
pr eci pitatqe had fornmed whi ch was~col | ect ed, washed
with nethyh tert-butyl ether (2 x 5 nL) then dried to
provide the title conpound. Chiral HPLC anal ysis and
conparison with an authentic sanple of_ the chiral
Step dnPrepazhtion of (Hylkmayh I dmeteoxyimethylampino)gxor Frpeptan--
. égm%gund was obtained with 62 ee% Exanple 11:
ylearBa®Rati no- N- cycl opr opyl - Z- hydr oxyhexanam de,
deoxycholic acid salt. [00101f To a three-neck 250 nL
round bottom flask equipPBl wrtR-Pechanical stirrer
and contai ning the racem c_8*amino-
-cycl opropyl - 2- hydr oxyhexanam de (10.0 g, 53.69 mol e)
in THF (100 nL) was charged deoxycholic acid (15.8 g,

[0010%4 £da #759k SontRinliz £0gbf (SPB (b&rgloxgtarbbiglaméena)gentanoic acid (3.97
stirred and heated at 65 5 O&: f@(, 2, gag%ds The N
mmopds 30mh ¢ Hishnsemethase maintaingd gal "Gy i 39 €81 N o
meth ﬁ{mﬁgaw (?éo REh WesRq 28r RuHaRaEhAkedroaslahnne hydochlbtide (581 mg)
S

I ntalned at the same tenperature range.for 4
and Tbaq. < ETGL (i bt 2loi Th teaction MiiURsds sed pUahight

temperature. The reaction mixture is then diluted in dichloromethane and washed with HCI

om 0 °C to the room

(IN) and brine. The organic layer is dried over MgS0Oy. The crude mixture is purified by
flash chromato‘graphy (ethyl acetate 15-75% in hexanes) to afford the title compound.

Step e: Preparation of (S)-benzyl 1-oxo0-2-pentan-2-ylcarbamate
o
CbzHN
h

[00108] Using procedures described in WO 02/1 8369, the Cbz-protected amino acid of Step
d is converted to the title compound. Specifically, into a flask containing 1.0 eq. of (S)-
benzyl 1—(methoxy(methyl)amind)-l—oxo-2-pentan-2-y1carbamate (810 mg, 2.75 mmol) in 10



.by.filtration, washed with THF (10 nL), dried
overnight to give 12.2 g of the deoxycholic acid salt
w@bkoo3Aeguno- L/ - cycl opr opyl - 2- hydr oxyhexanam dePCHLUS2)7/006320

Enationmeric Rati o(ER)= 3:92% as a white solid. Exanple
12: 3- Ami no- N-cycl opropyl - 2- hydr oxyhexanam de,
hydrochloric acid salt.[00102] To a three-neck 250 nL
round bottom fl ask equi pped with nechanical stirrer
and containing the m xture of the deoxycholic salt

mL ofalry ail-ﬁédxalmaxﬁxdiapﬂ) &C {ih dmice bmm) pseatded §e¥lyrl)7 e of adgdition of

iR BB R BEERYS b She (g o

the re@dtiohTonfifud for adhohAUThardcidl svletbd 8 quendheidat 0 °C by adding 5 mL

e R PR S e B £ ORI ROH r 55 ot
(IN). -Fﬁfe R8RS bk &Ofoy B0 HmuiB! Bek @kﬂr@cﬁécﬁﬁ tibes fulik d‘li@hlo@(ﬁhlethane

washed with 2-propanol (12 m., % dri ed vern\g
The ot'ggngq Rhases a1y cgmbined and washed w1th a solution of HCI (1 N), water and brine.

o S U AR S B T

usedﬁlmthersewtdp Exanpl e 13. Preparation of
(15, 3a/ ?,6aS)-2-((5)-2-((5)-2-cycl ohexyl - 2-(pyrazi ne-2
- car boxam do) acet am do) - 3, 3-di net hyl but anoyl ) -
Step *- P{ep@ratiof of byl Qﬁﬁ)l-myc@pdopyladnmn)}ﬁd)mhoxy-l-oxo-hexan-3-
i g]¥I}octahydrocyclopenta[c]pyrrole | - car boxam de Step
yleargaMpteparati on of (conpound vii shown bel ow) [00103]
. The sul tam shown above vi isQPdrepared by known nethods
such as those descr.i be®aN, mes and U.
Ragnar sson, J. .of Chem So Pe Ki , 1996, 6, p.537;
W Qppol zer, etal., Hel v. ChiIQ Acta., 1994, 25: 2363),
by using the correspondi ng unsubstituted sultam and
(001081 dpydlopropyldeody@nitieds prepsld atmirdingndbdethenresdiomindekow.

" with a magnetic stir bar and N inl parged with
vi (17.32q, 4@ﬂ&xnnol) ang, THF (2%% ﬁE% qaﬁ
vwﬁsmo BAOH.On> jtg c% - BuLi észg
(31 a 1.6 M sol wiongin hexane, 50.3 mmolf i's

added via syringe punp over 1 hour. The resultin %
[001193| Sewifisellyt thesysleprapabispaitrileds peynledwith e aldehyds product of Step

d to %?\gé égg é@g cgvfn r%' %a& ﬁéscﬁbéd ﬂ{}ﬁ ﬂ‘sp{rl 1d élt%lffo?% L&£’>726660t@18) 2769;

m nut es. e mxture 15 arlowed t
Lumma W, .00t Cheool 8dnd@r3f68r e over 8 hours. The mi xt ure
is cooled to -20 C and H O (50 nL) is added. The
reaction is extracted with Et QAc (400 nL) and the
Step ar gm‘pm-atlon of (3S)-3-amino-N-cyclopropyl-2-hydroxyhexanamide-

OH

H2Nmﬁ
H ”'ko v

{00111} Hydrogenolysis of the Cbz compound of Step e is achieved by using a palladium on

carbon catalyst in the presence of hydrogen to give the title compound. Shown in the

following schemes are Steps d, e, f, and g.



phases are dried over MgSO4 and concentrated to

provide 61.3 g of the crude oil. Chromatography on 500
W@ 2@f7/1890k3 ca gel eluting with 2:1 hept ane/ Et OABCT/US2007/006320

foll owed by concentration 60 the rich cut give 20.35 g

of a white solid. This is recrystallized from Et CH

(210 nmL) to give conpound vii as a white crystalline

solid. Step b: Preparation of

(S)-2-(benzyl oxycar bonyl am no) - pent anoi ¢ acid

( conmpou V||ﬁD§h§¥h above) [@0105] Coppounge Vii Q
(Q@H@Q(ﬁ WL i scte g,w\th ZlOO nErHMNg,
I N HCF nL) The Tesultig I sion is stirred SN
over n\Nght at the roon1tenpe>a ure and then >
concentrated under reduced Yacuumto provide a thick
oil. The oil is diggolved in THF (100 ni), nger (25
m.) ang Li b£§‘08 g @28 ol padidyaddegy Th
r . red BvEeQt ght atXth
t%ﬂﬁ%ﬁ@fﬁ?e and 3 noco entrated to reno e”the T
sulting a hazy/light yellow enulsion. T enuIS|on
is diluted with’'water (25 nL) and extracted with CH2C
(3 x 50 nmL). The aqueous phase is diluted with THF

step 5 Hraperatfi AedS SRS -2 by Pt paipsis
carb@:\vz&mdbSa(mtﬁuic&QrS Ndiﬁiatlfbdllilﬁ)tahbyﬂ-tl\’-@(ﬁ@,l (dyﬂop?b'ﬂ;ylhﬁlmo)-z-
remgved . i n v e reS|du is agyflfled

hydra¥yr X oy diqeygippeniifclpyer e feagbexpniiden
Et CAc (3 x 100 and the o] ga phase is dried over
Na2SO and conce tF%t r oyl an09|L The residue
is dissolved in 150 ),
seeded and stirred Ove -|§ht0at he%nd§n1 nper at ur e.

The solids are collected on a frit[,], rinsed with

heptane (30 nmL) and air dried to glve conpound Vi i
[001 1gt &he title pppavngd isgenrsred from the hydroxy-amino amide product of Step g by

cond L A BRI 0B RAe o Bt
EDChgndi{16¥ol. ;@esifmranme aeﬂﬁstcamnprrodgldﬁ af. oS (k3R 6mH-2-((S)-2-(5)-2-
cyclogx%yle! ?équ'QZlgg 2t b&)&%{j{zﬁg& 3a£“ ”0 acid to its Cbz

nown e , W Geen, P
dlmemymbutwayi)oct@hwdm;wlvpet@a[@]msrqlﬂ 1 @agzmayhc Syidt ééﬂgﬁ; in 20'mL of
DME I;se%(%ireg tZr%% ! So&'delg&jerbggﬁ 1rfe {9'§O u:l:?,glg.% 'eq%?lpyd%xybenzotﬁazole hydrate
(411 ing)rmtl H ok yd. BT @58 mg) | A foetd-52n wdsant-sBrring at the room

temperature, 1.0 eq. of (3S)-3-amino-N-cyclopropyl-2-hydroxyhexanamide hydrochloride

(500 mg) is added to the mixture. After another 24 hours, the reaction mixture is diluted into
400 mL of ethyl acetate. The organic phase of the mixture is washed with HCI (1N), water,
saturated sodium bicarbonate solution, brine, and then dried over MgSQO4. The crude product
is purified by chromatography on silica (ethyl acetate 70-100% in Hexanes) to give the tile

compound.

Step i: Preparation of (15,3aR,6a5)-2-((S)-2-((5)-2-cyclohexyl-2-(pyrazine-2-
carboxamido)acetamido)-3,3-dimethylbutanoyl)-/V-(($)-1-(cyclopropylamino)-1,2-dioxo-

hexan-3-yl)octahydrocyclopentajc]pyrrole-1-carboxamide



yl carbamate [00107] To a flask containing | .Qg of
(S)-2-(benzyl oxycar bonyl am no) - pentanoi ¢ acid (3.97
wone)iodors 20 ni of di chl or omet hane mai nt ai ned BECT/OS2087/006320
is added 3.0 eq. of NmethyB#orpholine (700 uL), 1.5
eq. of iV, O dinethyl hydroxyl am ne hydrochl oride (581
mg) and 1.5 eq. of EDCI ( 1.14 g). The reaction
m xture is stirred overnight fromO OCto the room
‘tenperature. The reaction mxture is then diluted in
di chl or onet haneyand mash with HO (IN) and bri ne.
The organic Ia eﬂ\lﬂi’ﬁ) oer "\ 4 The crude
m xture is puriNie \J/UT @q,g y (ethyl
acetate 15-75%in R es) f ahevtitle
conpound. Step e : aratlon ofl ( ~- benzyl

(001131588 il GoTROR 5 BFpaReiae ot e i STOHEL BT SEPGRR a suitable

0x1dlzf‘é’1‘g erg?%&nt gcﬁﬁasd)és&l\ﬁ&ﬁﬁﬁfeh@dnﬁaﬁe bNEEMRO and: seionrigypochlorite.

Specifisafizyih o SackORIRERCAEIOF S AT SRRy 2 ((B2-Tetohtyi-2-
(pyrazgl%ni %%E&%%\ﬁf;@gﬁ{%ﬁﬁo)(@%%lﬁﬁthﬁbt?t@ﬂdmphl)((m’) ﬂ—@fﬁclcﬁfropylammo)-

C(in an ice bath) is. a

2- hydmbcgw- dheRareq- yl)wfctaélyémcuﬁlppmtekcmmqiwn‘fas‘aﬂ’@ﬂvﬂ? FH‘Z poL of
dlCthF(gn%?éﬁllé 85 %H&gttrﬂ%ttgﬁ\géﬁﬂ& 1- ?%%E@Mahh?ﬁéﬁ‘&hﬁieh After 2

e reaction cont ue for an_hour
hours bEétﬁ’hhgﬁS(&@llmﬁ sodivins bigubite KB istadded @ng phexpistreg is stpred for 30

mmutaq Iﬂi‘ee% p%%;le%) grgosfga%FF Iggtrl]l%o?g@fxdc @Waﬁ?gw{h%aﬂeﬁﬁﬁg 'brine and dried

over NHZSOU I €hé Srusleipidudt vas pBhfied hy t:hs)matttbgnpwom sitica detly! acetate 20-

mes with di chl oronet hane. rgan
o0 ) o A RB305, G AR SRR s
chlral\fﬁiﬁ'f néfkhiPhbse. The or gani ¢ phase is then dried over

4 and the vol atj | orates,., T al deh is
[001 lg/lg élaleefgllwsmlgrﬁct%e ﬁlé‘%&’s 'E'Fégact‘gf‘% Bf‘?‘."t}%r‘%%% S%(ﬁg gn of

benzyl
3$°I C(:oro np)Z h X I 8- .
j\w %0901 g}/ng ygr"g t jnfe\y@ % \(klf
redoacc rding“to the schene shomn b 00210] & v/
S fically, the cyclopropyl isonitrile i upled

with the al dehyde product of Step d to give the title

compoundy as descti ed ln J. E Senple et al., Og.
mx,b&i 1., l20 0, H2 18 %mm W, J. Og. Chem,
—198T,

. Example 14: Preparation of (2S,3S)-3—amino-N-cyclopropyl—Z-hydroxyhexanamide
hydrochloride



Step g: Preparation of
(3S) - 3-am no- N-cycl opropyl - 2- hydr oxyhexanam de-

wQ 0@1/Aa9o2ydr ogenol ysi s of the Cbz conpound of PEL/@2087/006320
i s achi eved by using a pal3adi um on carbon catal yst in
the presence of hydrogen to give the title conmpound.
Shown in the foll ow ng schenes are Steps d, e, f, and
g.Step h: Preparation of (I -5, 3a
,6a-9)-2-((-9)-2-((9)-2- cycl ohexyl - 2- (pyr azi ne- 2-

car boxam do) age do) - 3, 3- di net hyl but apoyl ) -i V- (( 3}
/'\?)/Q O?FB'% P M\Z)To i iA /\)\(U\H

Rydr oxy- | - oxoRe - 3-yl ) oct ahydr ocycl opé@f/oa[ c] pyrrol et

| - cgrboxamni de [8 112] The titl e conmpound is prepareg

fromthe hydr oxy-anmi no ami de product of Step g by

condensation with the appropriate acid in the prese S',OD%) 2H,0
of a coupling reagent such as, e.g., EDCl and- HOS% 2-m§thy|fz-b§tene
Speci ficall in a flask containing 1.2 eq. of (15, 3aen-BuOH

,6a )-2-(( é’recjﬁ()«(xugaﬂgn

gycbocb\ex/b&}Z (pyHBZI ne 2- c&r bo@am ﬁo)a et.a do) 3,3
Wﬂld(l ﬁé{ggmn ZOLo is ad@l"éfijZSeq OH
di i Sopr opy! ani '980 uL), 1.
N- hy’dr oxybenzot r86%zol e hydrate (411 @;@cf 1.3 eq. 4ot
EDCI| (&aR§ o). After 15 minutes of stlrrlng at the
room ingsmer ature, 1.0 eq. of

(3S)} Bre@ri no- N-cycl opropyl - 2- hydroxyhexgnar;n de
hydr'ochl ori_de (500 ng) is added to thekegmg d,l,l‘e Aftrﬁ_{zgm

aQaj her 2 h'%ugsmtege reagyigpnom xture is |(izll léted [

4 ofL st a e~_T1é Qu\q?_n&_mu he

m xtlurdi s (wa2h®dsti t h”HO (IOR,HWater EﬁturawNA

sodi%im bi car Be%4&k ¥ersbl ut i on, ine, and 4d¥%en dried gy H

over7 M\gSO . The crude product8is purified by 9

chromat ography on silica (&atamicacetate 70-100% i n Sait

Hexanes) to give the tile conpound. Step i: l
5%

HCI/ IPA

Preparation of (1.S ,3a ,6a PA

S)-2-((-y)-2-((-y)-2-cycl ohexyl -2-(pyrazi ne- 2-
car boxam do) acet am do) - 3, 3- di et hyl but anoyl ) ((5) I
-(cycl opropyl am Bi 0) -1, 2- di oxohexan-
3- yl)octahydrocyclopenta[c]pyrrole I-carboxah1de[00416
] The title conmpovind is prepared by oxidati ¢ N/ZS
product of Step h with a suitable oxidizing fteagent &, H
such as- Dess-Martin periodinane or TEMPO andjsodi um
hypochlorite. Specifically, in a flask cont ai\a=Rg
- of ((5)-2-((5)-2- cyclohexyl
Step k‘pﬁeé'gftﬁoé'- a'isg%gég%gl?‘féc et am do) - 3, 3- di met hyl but an oy
[00115)] - Te & (Bs-riecK 2§€ ndprowmpy battbmd]ask equlpped with mechanical stirrer and

reflux condenser is charged 2-hexyn-1-ol (10 g, 0.1 mole) and THF (100 mL, 10 vol). The
resulting mixture is cooled down to 05 °C and then Red-Al (65% in Toluene, 32 mL, 1.6 eq)

is added slowly under a nitrogen atmosphere between 0 °C and 20 °C. The resulting mixture
is allowed to warm to 25°C and stirred for 5 hours. The reaction mixture is then cooled to -
5+5 °C and HyO (8.2 g, 4 eq) is added dropwise between 0 °C and 15 °C. To the resulting
mixture is charged IPAC (50 mL, 5 vol) and saturated NH4Cl solution (50 mL, 5 vol). After
stirring the mixture for 10 minutes, the white solid formed is filtered out. The organic layer
from the filtrate is separated and the aqueous layer extracted with IPAC (30 mL, 3 vol). The
organic layers are combined and washed with water (30 mL, 3 vol) and dried over MgSO,

and concentrated to afford the product, i.e., compound 2. The crude product is used for the



2- hydr oxy- | - oxohexan- 3-yl ) oct ahydr ocycl opent a[ c] pyrro
e-|1-carboxam de in 40 raL of dichl oronmethane is added
wa@rooraewes enperature 1.06 g of Dess-Martin per PODURENE006320

After 2 hours of stirring, 330 raL of sodiumbisulfite
(IN) is added, and the m xture is stirred for 30
m nutes. The 2 phases are separated, the organic is
washed with water twi ce, brine and dried over Na2SO .
The crude product was purified by chromat ography on

next s&iplwiteuf dirtydr pacificatien. 20- 100% i n Hexanes) to give the
title conpound. The di astereoisone ratio is determ ned

Step &L e ons RO SR ARS8l n St epe g and b

I r . .
[0011 E]?; Efg& @r&%ecﬁ&%ﬁ%%&& pl?%toﬁfﬂgsme%lr %ae;/ihvg)t(}a F]naer%h%fucal stirrer |
Contalhmr%ﬂlekm-l SO, ORedub) im@HeCLA S0 thikiaSewwnl) is@hdrged activated
three neck round botto

| ask
MnOn (80 P8 s e oB st A har ViHGes SorrBiE i B apother
portioh ®f dhEDHES 2 2@) yadded |and i akihglis gohtejued for 7 Hours108e reaction

st T S5 RE, P B B 0 o

100min$gd €61 81 e ShO¥hMe ldf&ﬂ:ﬁ&d@pﬂbﬂhét‘(ﬂ@ N cAhPBSRNSY. eTIREIrWEE Profuct is used

0C and 20 0OC. The resulting mxture is allowed to warm

for m?%eXES@Pé’HH‘%iﬁFrF]FGPPBﬁCW%UW The reaction mixture
is then cooled to - 55 0C and H20O (8.2 g, 4 eq) is

Step RUGREIASPINAEIOG (MR- Hextndidacky To the resulting
m xture is charged | PAC (50 nL, 5 vol) and saturated

[OOIINHZIGIa thedetiidokiS0090L mbyndbotin) fladi égiippsdd with Agchiigcal stirrer and

o g AN LR U6 Sl LTS Dt 9 von, an

2-metBfiBbatead (FNahL), BeroB UBRUSsIfY; %ﬁolﬁﬁbﬂi acddadd Withha ﬁE’My prepared-
The organic |ayers are conbi ned_and

30 , 3 ).
aqueol SHEMTLZT B D 0L O (G5 BJE. drea) i Mater Gt mig Sger0
mmut@sﬂ ArHOREQT @l:ekeli s@réPhitdobMaeRpeRdat for 2 BoursC aHREHRHon

.. The crude product i's used for thenext step w thout
solutl%ﬁStCﬁ@ledﬁa Or € apd yaspddei whzatuaap«a Dlep P ams solution until the

reactidd éd?@xsbe%oﬁﬁé %BrolrIé§§ )Tﬂ@gﬁﬁﬁé is Ilﬁﬁ%@ 6 ?lép1separated and

round bottom fl ask e%@@ ani ca stlr
the aquenys diydr igetraqeadewith A3d3 ygbx é) he orgsinid layers @EIngbined and

conceﬁt Qd m-vah qum )he totat b@ﬁlgﬁe%e@%neg §‘tv%g ’M?Qre{sglz n% soiluan was

e room tenperature ter vigorous S%ﬁ
extracfedrw11h AAMNINaOIhG} yadrx 3 ) and the remaining orgamc layer was dlscarded The
combined aqueous solution was acidified with 6 N HC! until the pH became 1.0. The
solution is extracted with CH>Cl, (3 vol x 5). The combined organic layer are dried over

MgSOq4 and concentrated to get the product (i.e., compound 4).

Step 4. Amidation ((E)-N-cyclopropylhex-2-enamide)

[00118] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and
reflux condenser is charged 2-hexenoic acid-3d (10 g, 0.09 mole), IBCF (13 g, 1.1 eq) in
CH,Cl, (100 mL, 10 vol). The resulting solution is cooled to 0 °C and NMM (13.2 g, 1.5 eq)
was added-slowly by-controlling the temperature-between 0 and 20 °C. Then, the mixture is
allowed to warm to room temperature and stirred for 1 hour. To the resulting solution is
added cyclopropyl amine (5.9 g, 1.2 'eq) and the solution stirred for 2 hours. The reaction
mixture is washed with 1 N NaOH (3 vol x 2), 1N HCI (3 vol x 2), and brine solution (3 vol),

and water (3 vol). The organic layer is dried over MgSO;, and concentrated to afford the



portion O MO ( 16 g, 2 eq) is added and the shaking
is continued for 4 hours. The reaction solution is
wo 2dovao®ds t hr ough a pad of Celite(r). The sol vROT/UBR07/006320
renmoved under vacuo (25 0C3#OOmHg) to give the crude
al dehyde product (i.e., conmpound 3). The crude product
is used for the next step wthout further
purification. Step 3. xidation: NaC Q2
(tr&ns-2~Hexenoi c acid) [00117] To a three-neck 500 nL
crude prodinet abotlt qmibfdrk&ﬁprﬁﬂmﬂtﬁ@&ﬂsm&dﬁwtmmpﬂahe @ veliand eboled to -78°C

with stgnilgng{hé;)xsec&g?a?g S f lf %(l)(c y ra%gdqy%ﬂd;] g )f(;gv%othe prod?xct El e. c%mpound
5y, 2-methyl-2-butene (30 nL, 3 vol). The resulting
) . : .
solutlon is added with. a freshly prepared aqueous
Cl (27.4 3 eq) and NaH2PO4 (62.9 g, J
Step 5wa€1errxt(lzaen rmﬁqcn#eprw rﬁ-ﬁm@goxtmeev?eﬁef qawnm /24 ur e

our 1353 P T BRSO Ol B i i e

contalrﬁﬂ (IEP cNpLSSPhHaDabsi o3 1S (mg,tmosﬁmtel)ané@ayafog& peroxide
becones colorless. The stirring is sto

(252, 4 ¢ BIRIFOH Ghret &1 ke AR ST IRI0mRE Lh vl aggffa%%ﬁed
trifluotoheid ArAGHAge 0.9 g B CYGn (G (5D mLTB S0l HRPBE nhiAN@E SThe

are conbined and concentrated in vacuo until the total

reactiopgnixfire pehestisktozt 05| °C anestirged fpr § hgussolAiterseolipg to 0 °C, the
reactloﬁ)ig g@&{cﬁ% W, L84 g h MRS (Vo m)f, %0 )voﬁ %%\th}ednﬁ%ﬁﬁllﬂg 9 30

nic |ayer waS di scarded. Thé combi ned aqueous
mmute§oImummbyatnsdppare@dwmee wittHetine($ va1) mmawaﬁr (5 vol). The

resultl%ﬁxa%?w]lﬁ.ger 1;- th & SL%tMgﬁoﬁ anf %ﬁa{(/%?t Q%Mda{rep et fford &uwgeggxlde

produdd ifice. comgpmind aﬁt),ewthtctx lgestedtfbetlprrmdu step @iitheuf fugthep pumnfication.
' 4). Step 4. Lmdation ((E)-Ncycl opropyl hex-2-enam de)
[00118] To a: three-neck 250 nlL round bottom fl ask
Step 62 HtideRermidtion (SeLiBRNcIcldpropyl-hpdrdxykddanunide)denser

[0012(#] igg n e feé?f? ﬁno S axczi }?q_tg@‘n &klok %@ug@%ﬁ wﬂgﬂégchamcg:stlrrer and

reflux E:&’idﬂn&d:ﬂt@n&ﬂhblg ltlﬁproScld‘eOSH 6q10 g, @o@ﬁm&ﬂ%&&&d nfhgnesium
g). was .added-sl o ntrolllng th

sulfatel (33 G 2D 50.ih SAETBLAOD i 026 e PdderApli s R zided S 4 e in

one poitid WEKE fQuiiRE Thikfurk OBt RAINB Y525 wtear@rs@m&:w fbf stohAr 'T?he reaction
hour. To the resulting solution is add cyclo

solutiogyif feoled tathg roempewgsragie ant P AG] (@9@% é@qu} ’éd’d\dé‘f and stirred for
10 mird¥e&4 SFhefif 6288 Hltefed through a pad of Celite® to remove insoluble salts and the

resulting clear solution is concentrated to 3 vol. To the resulting solution is added IPAC
(170mlL, 17vol) and the mixture is stirred for 10 minutes. Again, the solution is filtered
through a pad of Celite® to afford the product, the azide-3d (i.e., compound 7) as a solution in
IPAC (about 200 mL) for the next step without further purification.

Step 7. Hydrogenation (Racemic warhead)

[00121] To a 500 mL of autoclave hydrogenation reactor equipped with mechanical stirrer
containing the azide-3d (i.e., compound 7) (200 mL, 0.05 mole) in IPAC obtained in the
previous step in a hydrogenation reactor is charged Pd/C (10% Pd, water 50%, 0.8 g). The
solution is charged with nitrogen (1.0 atm) and released three times and then charged with
hydrogen (3.0 atm) and released three times. The resulting solution is charged with hydrogen
(3 atm) and stirred for 5 hours. After releasing the hydrogen gas, the solution is purged with
nitrogen for 5 minutes. To the resulting solution was added MeOH (30ml, 3 vol) and the



m xture i s washed with 1IN NaCH (3 vol x 2), INHO (3
vol x 2), and brine solution (3 vol), and water (3
W edoy/109Dke organi c | ayer is dried over MgSO anelCT/US2007/006320
concentrated to afford thedfude product as oil. The
crude product is dissolved with heptane (5 vol) and
cooled to -78C with stirring. The precipitated solid
is filtered and dried to give the product (i.e
conmpound 5). Step 5. Epoxidation
reactldd\inwﬁﬂecip heqyd t+dS5@EDTT mxe feabeon faktaeximleedd {w&igh%i pad of

th k 250 d bot t fl ask
Cehtertq #fﬂrggq? ﬁe?recs;ﬁutélnr rprg 2 ]é?qrﬁp ‘t}ygcaosncegtrzﬁmg tﬁe solutlon at

205 ‘(CE)mthl\é SN aRE Wﬁil&?&n?mﬁé" amedé%‘lﬁqs éol(lé'&ecgb %Iflpa@fliﬁl ®hshed

a_hydrogen peroxid % , p-
(IPACg3 vyl)e@!}d finedipgive th e]mg vt 1qoccwmp9ur@t8)ooc i's added
trifluoroacetic anhydride (40.9 g, 3 eq) in CHO (50

m., 5 vol) over 30 minutes. The reaction mxture is
Step 8hdeselittion af3sa10@oaNctysioprapadt2flyrdrex yhenasamidet er

CcoOol.i to 0 0C, the reaction is quenched by adding 6
I\?Ng‘(ﬁ?’i’tfﬂ"’ﬁ 10 vol) slowy and stirring for 30
[001224 ﬁbtaethreekatﬁSQamL counglytsrttons flsdpayudped, witka steeblanicdl Btirrer and

contafiggFe =iy dahier RdedaP Yot by g evt B 8T} ot in

THF (200 a11d 10hs iepiearpetbdguxgdhidic ddid €15.7 goNPs 'eqd @he redetioh mixture is

heatedptar&ftsq’g gr{si[.ﬁtnhr%ldgfer g hg}tgg gtc}gl %gg?;?l%@tgl%g t'Phe resulting homogeneous

mixtufeSvazdddd dbwa e 2802 oQvet 1 Ry, axy Rexa alintred 4EMmd 0
a three necked 250 ni round bottom fl ask g%w p&ed with

tempeﬁ%%dﬁn%eaforéthw e hg prpcHiftedsoligs wers egll tHgopgashed

wdhﬁnﬂgs 13§v%1 él@e&to@vgﬁ si®l €) and anhydrous magnesium

ate me MeOH (100 nL, 10 vol) is
lOﬂlzwd&t@%mlﬁ rdé rewsi tipm flagk eqipped Witk mrshanies stirrer
ischar%%i?th%%%ﬂ l(«%tgﬂxe 1%?%?0&%&%?2#5%%@3&1%5&% 2n9 3. irR%Golution is

ours. eaction ' § to 't he
heated toctPr5 S pandad m@l\hﬂﬁfl seindoy I0IBA (12 ©loB )ecu)ss adtttdcslawiky with

! r
v1g0rot§.1% s{xﬁ’g% d pa% %ﬁlﬁfdn( 'Qﬁfrgd ré{e érlilg\%%lln?é ﬁéﬂapérgfu%j for l hour and
coolediod? 32 G e’§1m¢ tdan@ommeanr@le Imdtintaimed ait ﬂmrsaemttmapeﬂhtre f& 1 hour.

The pT?'l\PltI.aSe% $Q d rreesclil) le tg?? gy(ﬁgﬁlt t:xci%P P:veaah? W%%&I ?Tﬁéﬁﬁé é é%L 3 vol),
dried tdgaie (Z&M-Smmd—mibych)lfm}b}ﬂ@Eﬁﬂrbhﬂmxgharaldé&@dﬁfchlonde

Cel i.t )t ord the product, the azide-3d (i.e.,
(EnanSg‘r?BSS{?& 7 8&?&1 sol ution in | PAC (about 200 ni) for

t he next step wi t hout further purification.



Step 7. Hydrogenation (Racem c warhead) [00121] To a
500 nL of autoclave hydrogenation reactor equi pped
wowa/inmehani cal stirrer containing the azi de-Bdr/(52007/006320

conmpound 7) (200 nL, 0.05 @vle) in |IPAC obtained in

the previous step in a hydrogenation reactor is

charged PoVC (10% Pd, water 50% 0.8 g). The solution

is charged with nitrogen (1.0 atm and rel eased three
times and then charged with hydrogen (3.0 atm and

rel eased three ti me@THHEREMBODIMENE®! ution is

har. d and tlrred for 5 hours.
[0012% ?t iy %%M gl&cger%}é <§ ﬂgl? meé‘@%{{?v&géon gsdegp dgsqribiedig conjunction
with tm@amdmasmmidﬂ mgfb@fftﬂé fo"}egalﬂgl Hesori Ip'tﬁen'iéh%te%f1 it iy hﬂ&trate and not

was ad (30 eact1 on
limit ﬂ?ﬁ §&°B £ the ‘H@%‘itéﬁ’a P ‘F?Y_IJS nqdql@v ﬂé‘eﬁ@?]‘-’mf thiexfollewingslaims. Other
aspectf,i ddvadt@gest BROHDAi feafig aff wgﬁin thé s&{g)e Jf?héa'f'ofl rﬁ%
solution. The product is iIsolated concen e

solution at 205 OC until 3 vol of the solutlon
remains. The solid is collected by filtration, washed
(IPAC, 3 vol), and dried to give the product (i.e
compound 8). Step 8. Resol ution o/ 3-am no-

-cycl opropyl - 2- hydr oxyhexanam de / . Saltformation
[00122] To a three-neck 250 nlL round bottom fl ask
equi pped with nechanical stirrer and containing the
racem c S-am no- -cyclopropyl ~-hydroxyhexanam de (10
g, 0.05 nole) in THF (100 nL, 10 v) is charged
deoxycholic acid (15.7 g 0.75 eq.). The reaction

m xture is heated to 655 0C and stirred for 1 hour at
the tenperature. The resulting honbgeneous m xture was
cool down to 232 C over 1 hour, and it was naintai ned
at the sane tenperature range for 1 hour. The
precipitated solids were collected by filtration,
washed with THF (50 nmi., 5 vol), dried to give a salt..
[00123] To a three-neck 250 nL round bottom fl ask

equi pped wth nechanical stirrer ischarged the salt
(obtained in previous step) and 2-propanol (62 nm., 5
vol). The solution is heated to 755 0OC and 5 to 6 N
HCO solution in IPA (12 nL, 3 eq.) is added slowy

Wi th vigorous stirring. The resulting solution is
stirred at the sane tenperature for 1 hour and cool ed
to 232 0C. The reaction m xture is maintained at the
sanme tenperature for 1 hour



The precipitated solids are collected by filtration,
washed with 2-propanol (36 niL, 3 vol), dried to give
W@ 2&)7360028- ami no- - cycl opr opyl - 2- hydr oxyhexanapt TeS2007/006320

hydrochl ori de (Enationeric3Rati o = 0:100). OTHER
EMBODI MENTS [00124J It is to be understood that while
the invention has been described in conjunction with
the detail ed description thereof, the foregoing
description is intended to illustrate and not limt

waatThbeLagaps 9f the invention, which is defined by the
scope, of the follomﬁqg clalns O her ?ﬁpectf

LA praaeﬁarf?ra@r@ganw aeksefly cariched campopngdint FopRilaskope of
the followng clainms. WHAT IS CLAIMED | S: 1. A process
for preparing an optically enriched conmpound of
Formula 1 1 wherein: the D atons al pha and beta
to the carboxy group arfe nters; R and R i
are each independently g 0 IJ‘onaFIy subst i t ut ed
al i phatic, optionally substituted cycl oaliphati c,
optionally substituted arylaliphatic, optionally

wheresubstltuted het eroal i phatic or optionally substituted
lﬁléteroarylallphatlc Rl is -NHR2 or -CE; R2 is H,

o icarbehl ayorasibipha tand ectaad itlphairbaxy gptlp areadtérgocenters;

b t]tuted | gal I G, ti | ted
By o ReER sk Sndienfiit oy Auertnpd Hianatsh ptionatly
substxtﬁfedcdgfbldaﬂﬁhdtic Spﬁ@ﬁdlltylﬁlﬁﬁlth&ﬁ%ﬁ'ﬂaﬁyﬁdﬂﬂc; otidriatly sabaditited

en CO the steps of : a
heteropl&hﬁtlﬁg)r gpgémuyoﬁ‘“ aﬁ%ﬁ&ﬁ% €ﬁ‘lfg‘g Wil a 1 bl)O )

CRY$$ ATHRZ bP@OERI d salt to give a conpound of greater
t han 55% enanti onmeri c_excess. 2, The process of C aim

- 1R2 iy entipnpily substituted aliphatic, pptionally Fplawautﬁei sy¢slealinhagis,
option¥1¢ 5@ finkied §rygquﬁ§t19| dp¥ionDMy Qbsﬁznﬁé’cpﬁélélolé}ibhatr% ormﬁonally

process of Cl'aim 2, wherein is propyl and
subsn@m hteropnylaliphatic; and

E is C;-C¢ alkyl or benzyl;
comprising the steps of :

a) forming a salt of a compound of Formula 1

b) crystallizing said salt to give a compound of greater than 55% enantiomeric excess.

2.The process of Claim 1, wherein R, is C;-C, alkyl, R'; is H and R'; is -NHR; wherein R; is

Ci-Cs alkyl or C;-Cs cycloalkyl.
3. The process of Claim 2, wherein R is propyl and R; is cyclopropyl.

4. The proéess of Claim 1, further comprising aminating a compound of Formula ii
Ri @
O
R.1)<I/U\ R
_ ii
with an aminating reagent to provide a compound of Formula iii

NH, O
1
R';

OH

R';

iii



4. The process of Caim1, further conprising
am nating a conpound of Formula ii 1i with an
wa@pooiavgorg reagent to provide a conpound of FoOPOTUS2007/006320
OO iii5. The process of Cam4, wherein the animting
reagent is an azide salt and the internedi ate azi do
conpound i s reduced by hydrogenation. 6. The process
of Caim4, further conprising oxidizing an
unsat urated conpound of Formula i RL Oi wherein R 2
is -NHR2 or -OE, wherein Eis Cl-C5 al kyl or
5 Thé)gxtoi onaItJ(;él sugst 'ht ut ed benzyl, with an oxidi zi ng
- NG BRGERC PR OviVaEre 16 dpHmRtinegEagsat i Arpazide saly and tipe
intermpdeessd®torehaint i@,rea%@a%'b{myhhﬁgeﬁ%ﬁ&{_zi ng reagent is
-butyl hydroperoxide. 8. Thé process of Caim®6,
wherein the oxidizing reagent includes a chiral
6. Thé FRQedlof Haind AE i 1a0; Wy
e arzing sagont s arnip bRt sl UEt el Ppround of
Formylappr opoxi de, triphenyl arsine oxide,

S-(-)I,1"-bi-2-naphthol ang 4 nmol ecul ar sieves. 10.
The process of C aim6, W t he oxi di zi ng reagent
I S urea-hydrogen peroxi i ™t h&,presence of

trifluoroacetic anhydride. 11. The process of.C aim 6,
wherein Ris -OE. 12. The prbcess of daim6; wherein

Wwheref® R & -NWHR, or 13E, WiteeinrPRASSCORIKG 8¢ Sitibhally isi®lted benzyl, with
t he conpound_of Fornula 11 to

.conprising, hydrolyzin |
anomé‘iz rgﬁgﬁgit%¥@HbA%$@¥gméftﬁoﬁ@ui% acid to an ani de
compound of Formula ii whgreim R is -NHR2. 14. A

process for preparing a c d of Formula 11
Ry R'

it
7. The process of Claim 6, wherein the oxidizing reagent is ~butyl hydroperoxide.
8. The process of Claim 6, wherein the oxidizing reagent includes a chiral reagent.

9. The process of Claim 8, wherein the oxidizing reagent is a mixture of samarium (III)

isopropoxide, triphenyl arsine oxide, S-(-)1,1-bi-2-naphthol and 4 A molecular sieves.

10. The process of Claim 6, wherein the oxidizing reagent is urea-hydrogen peroxide in the

presence of trifluoroacetic anhydride.

11. The process of Claim 6, wherein R is ~-OE.

12. The process of Claim 6, wherein R', is -NHR;.

13. The process of Claim 11, further comprising hydrolyzing the compound of Formula ii to
give an acid and then converting the acid to an amide compound of Formula ii wherein R% is

-NHR,.

14. A process for preparing a compound of Formula 1



wherein: R and R t are each independently H,
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optionally substituted aliphatic, optionally
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conpound of Formula 1 I n amg,j oneric excess of
greater than 55% corrprk n thH steps of : a)
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"a) oxidation of an unsaturated compound of Formula i

R, O

AN
R' ] R\‘2

to provide a compound of formula ii

b) reacting a compound of Formula ii with an aminating reagent to provide a

compound of Formula iii
NH, O

- Ry
iii
¢) forming a salt of a compound of Formula iii with an optically active organic acid;

d) crystallizing said salt to give a compound of greater than 55% enantiomeric excess.

15. The process of Claim 14, wherein the compound of Formula 1 is (28,3 S)-3-amfno-N—

cyclopropyl-2-hydroxyhexanamide.

16. The process of Claim 14, wherein the organic acid is L-tartaric acid.



20. A conpound which is _
3-azi do- N-cycl oproryl - 2- hydr oxyhexanam de. 21. A
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3-am no- N-cycl opropyl - 2- hydpoxyhexanam de, L-tartaric
acid salt. 22. A conpound which is _
3-am no- N-cycl opropyl - 2- hydr oxyhexanam de, deoxycholic
acid salt.

17. Thé process of Claim 14, wherein the organic acid is deoxychdlic acid.
18. A compound which is N-cyclopropyl-3-propyloxirane-2-carboxamide.
19. A compound which is N-cyclopropyl-3-propyloxirane-2-carboxamide.
20. A compound which is 3-azido-N-cyclopropyl-2-hydroxyhexanamide.

21. A compound which is 3-amino-N-cyclopropyl-2-hydroxyhexanamide, L-tartaric acid

salt.

22. A compound which is 3-amino-N-cyclopropyl-2-hydroxyhexanamide, deoxycholic acid

Salt.



