PROCESSES AND | NTERVEDI ATES CROSS- REFERENCE 10011 This application is a PCT

of 12/43 d April 27, 2009, which is a continugf.l of
u.S. Serowf’zzﬁ?“ 21548?11/ 506,550, filed August 18, 2006, V\Elklgﬂﬁc‘?lgfoprr%%éprlorlty

under 35 U . S.C. 119(e) top J AN glrﬁﬁ( VEPPATRY, 964, filed August 19,
2005, and 60/810,042, fil eg‘ Jun 5, 283l , eacﬁ olé wlai ch is incorporated
herein in its entirety. FIELD [2] This invention rel ates
to proces i r h ' f tease inhibitors,
in parti C@I‘éﬁr slse‘%pu"r%cea“%‘3 “2%‘2]2“’{ %4% ?)oﬁlg‘i)%@g NDW%[SRBIS | NVENTI ON

[3] Inf ectononumnmepat oﬁlﬂ§ Lrial Nu:sbc(r THGVE.550, dilal Avpopdlsl 2009, Whingnlamsdi cal
problem HCV. is ti 0 St f non-A
non- B hepBtify Gt i ef i SuSRT e Bk e Ta e 3580800l Ty (.
Al berti etndad0/810; Dlékla,thdScaIunHﬂ,szt()Oﬁwaﬂfoﬂ-dﬂﬁatnsﬁncsm&atedherdﬂematscahmggy, 31 (Suppl .
1), pp. 17-24 (1999)). Nearly—m%&g? dual s may be infected in
the United States al one. (M JF]E %Q/EJI\H'C} Epi dem ol ogy of Viral
Hepati ti sjoop t1gs Hadied r@t@ét@%roees@@ﬁinﬂ%é\ﬁt%ﬂﬁles fé&el thdprepdodtion ofplofead3, pp.
437-455 (1994); M J. Alter "Hepatitis C Virus Infection in the United
Stat es, " Mhiblgisein GREGYAr. serine gipsiee INkibilosy 8891 (1999)). [4] Upon first
exposure to HCV, only abouyia@RémouUNmbeatradiNnviNviodual s devel op acute

cl i nical gatl tis while others aﬁggar to resolve the infection

spont aneol®8pl . Infegticn tydpatitgd wusi( ¢ Undes corprsflngdiumap medigplieb!@st abl i shes a
chroni ¢ i ALESE @R f1ahs MY REABLu A mAPERAES nob S nbHBNRARis. Theydlat ur al
Course of Chronic patl M crobi ol ogy Reviews, 14, pp. 201- 204
(1994); Destimatedhoinyn Sdf@b@b@lbm@,@f ﬁ‘élgkbbahr:é‘\ avbertshalr. SNalgfal Hespavetis C " J.
Viral Hep ; - 9 rQl ction can
result i nﬁ%{%élﬁzlugfce%t Hgdﬁaflggyégr?gg%? %? i}p V\lﬁ)l’ésaégl)l n? II\%\% '?‘du? llgfcr%?ratl on, which
often | eaﬁislvtcmalrsrma@ bs infanel 1ditlsaelamed§t¢mﬁtse®nsu®m adtecetrat. h%eﬁpmdliology

hepat ocel | | nona pat | ar

Car ci noma fUV I{}(é 'ér"brlg‘F(Tﬂ" %gﬁg%l g\?\’gme’f%ml ‘Ir;f"l fpi’?%fbl_% %?4 §J Saito et.
al . Hep(a994)1M C Aler UHeﬂanfnecmlmmnfsCtAMromeakneeh Shieh” V. heepbenglyopinent  of
Hepat ocel Proc. Natl. Acad. Sci. USA, 87, pp. 6547-6549
(1990)). dﬁ Igr]t) %&%qﬁpﬁgre are no broadly effective treatnents for the

debi | i t atjoog pULERsekeRuRfo ENVDBAIG abkdy 20%[Pnféargiadingdsald eseldphedte as
protease inhibitors, and in particular serine protease inhibi tors usef ul
P the t reBiGHHPIGH Wl TreRprisHTeE BF SETSSR IR Bt T o

di scl osedytiRgrRENhbWevkR iR RBLIARERRD AFRicRARERMSRA nfGelsit R BRAbaL es for
the preparation of these conpounds, which |ead to racenmi zation of certain

steric ca@gbwr%@ntﬁneé‘lat%éjoué?e@fChf%%&@ﬁiZ’é@é@WP@SfZ’@ZLBFWE% pages

or opar at 1 B o1 Chaen) e Ry S A RO e PP FBEET 4 St

aspect, tﬂemitin's/énpp éhr 4ﬁr(lﬁﬂl9&)e§rqimg@féslye®c aﬁ@btwnt@rmﬁ latf@@srrﬁmﬁmibr oducing a

B:, g%lglalsg ‘IP é%re 1ve IV(/loerse% hg hv%; mYlgmr?x tl&gmh%ftg‘n le\‘(i\é‘ki S pncjresseggrgfdﬁlsasie iaRE oduci ng
such as c1rrh0515 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.

[005] Compounds described as protease inhibitors, and in particular serine protease
inhibitors, useful in the treatment of HCV infections are disclosed in WO 02/18369. Also
disclosed therein in this publication are processes and intermediates for the preparation of

these compounds, which lead to racemization of certain steric carbon centers. See, e.g.,



1In Formula 1, R3 is an acid protecting group which can be renoved under

aci di c, i ydr ogenation conditions. Under acidi it R3 is,
for exanp é?ﬁFV%§?3|; under basic conditions, R3 is, fo%cggg%%ﬁégﬂﬁ%thyl or

ethyl; undgpesvanogenat r@misaRdeldroNSoed K% ebSnonfiQli pRX&TRI i ih0FREWhtionl 007]
Anot her aspect of the invention includes processes and internedi ates for

t he preparcatieghcastpoandsorpound of Fornula 2, which is also useful in
produci ng protease inhibit Or s IM@\F@@T#@H%F;NTIO:H ~R4is H an _
optionally substituted aliphatrc,”am opti y substituted cycloaliphatic,
an opti onall6) Hubrstaspagt, d iaveplion providgs proseades yndinlpsmédiatesefdr prodicknga  or  an
optional |y, | e et er o hﬁ | ; oy Wi is, H an optionally
atbst 1t ut SIS Bkt aQRL LRI 1 v megrlali argi e AR B
substituted aral kyl or an optional |y~substituted heteroaral kyl; and
Wb is an optionally substituted ali®phatic, an optionally substituted
cycl oal i phatic, an optionally subst ted aryl, an optionally substituted
aral kyl, or an optionally substitut €gRpara | k yl ; or W and
Wo together with the atomto which they are attached may forma 3- to 7-
menbered optionally substituted cycloaliphatic ring. [008] The processes
and internedi ates described herein are lal so useful for a process for
preparinga F(prgn%aeﬁ%{%-lsl a@lhalcpdl ptrgtre]cqin%ogr u?)uw qchocfan 'Eg rr.errrnl'lolvg'd §n ep z?cyi\g}c, %lsig,v(\g'r 3

hydrogenation conditions. Under acidic conditions, R is, for example, #-butyl; under basic

conditions, Rs is, for example, methyl or ethyl; under hydrogenation conditions, Rj is, for

example, benzyl.

[007] Another aspect of the invention includes processes and intermediates for the

preparation of a compound of Formula 2, which is also useful in producing protease

inhibitors.

H

R'4 RV5 O

In Formula 2,

Ry is H, an optionally substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted aryl, an optionally substituted aralkyl, or an optionally substituted
heteroaralkyl;

R4 is H, an optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted aralkyl or an optionally substituted heteroaralkyl; and

R's 1s an optionally substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted aryl, an optionally substituted aralkyl, or an optionally substituted
heteroaralkyl; or

R’y and R's together with the atom to which they are attached may form a 3- to 7-
membered optionally substituted cycloaliphatic ring.

[008] The processes and intermediates described herein are also useful for a process for

preparing a protease-inhibiting compound of Formula 3 shown below.



Referring to Formula 3, RI is RM, Pi-, P3-L2-P2-, or P4-L3-P3-L2-P2-;

- i sR6 2-P2 is P4-L3-P3-L2-P2 isOR5 Wis a
-NRx ﬁgz’ggwm%& or -S; Tis -C0)-, -0-C(0)-, -NHEFS@SZOIO%(C(
or SCQ-, Ris H an optionally substi«tuted aliphatic, an optlonally
substituted cycl oaliphati c, optionegiz Qst i/t ut ed het erocycl oal i phatic, an
optional Iy substituted aryl, or an nongl'I'y substituted heteroaryl;
R5 is H an aliphatic, a cycloallBhatlc het er ocycl oal i phatic, an aryl,
or a heteroaryl; each of which, except f JS, is optionally substituted
Wi th one or nore substituents each i nde@endeft |y selected from G oup J,
wherein Group J includes hal o, cycloalhphatic, aryl, heteroaryl, alkoxy,
aroyl, heteroaroyl, acyl, nitro, cyano,” am do, am no, sulfonyl, sulfinyl,
squanyI,Reﬂ%ﬁ@myfbﬁmﬁes t hi our ea, sulfanDyI sul fam de, oxo, carboxy,
car banoyl , cycl oal i oxy het er o allphatlcoxy, aryl oxy,
het er oar yl oxy, aFéVﬁy bxé* Tl a#y%aﬁkg al koxycar bonyl ,
al kyl car bonyl oxy, andk;hydr oxy; R6 is an optionally substituted
aliphatic, an optionajly substituted heteroal kyl, an optionally substituted
het eroaryl, an opttgggggy substituted phenyl; or R5 and R6, together with

Rs"‘—-T ~
Ps-is Re ,
R Rs
N ‘L!?:
A= \r
Pi-Ly-Psis o Rs
R, Ry Tﬁ
N -
R-T——N \\T/
H
0 Rs

Ps-L3-P3-La-Ps is ;
W is a bond, -CO-, -0-CO-, -NR*--NR*-CO-, -O-, or -$-;
T 1s -C(0)-, -0-C(0)-, -NHC(O)-, -C(O)C(O)-, or -SOz-;

R is H, an optionally substituted aliphatic, an optionally substituted cycloaliphatic,
optionally substituted heterocycloaliphatic, an optionally substituted aryl, or an optionally
substituted heteroaryl;

Rs is H, an aliphatic, a cycloaliphatic, a heterocycloaliphatic, an aryl, or a heteroaryl;
each of which, except for H, is optionally substituted with one or more substituents each
independently selected from Group J, wherein Group J includes halo, cycloaliphatic, aryl,
heteroaryl, alkoxy, aroyl, heteroaroyl, acyl, nitro, cyano, amido, amino, sulfonyl, sulfinyl,
sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl,
cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroarylalkoxy, alkoxycarbonyl, alkylcarbonyloxy, and hydroxy;

Rg is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an

optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and Rg, together with

3



the atons to which they are attached, may forma 5- to 7-nenbered,

optional Iy %@%?k%glft ed nonocyclic heterocycl e, or a 6- @ ﬁ&%%@roégsé%?’e i ng

optional Iy su uted bicyclic heterocycle, in which eacC

optional | meqmg% O cﬂremﬁdﬂa Mdgml mbﬂo%%t U5 RIBELE Db My sultiutedS: . OF

Each of R/ and I's independently H, an opti onal |y Substituted ali phat| C,
an opti onmoh«)cysub@ttqrombdom &9 béhkwbere@mp@mqllmrqd?snylteéimm bategeycle,

het er oar YEW ) Qﬂwﬁ% 09?‘# &}ﬁ%ﬁsltfa le:igls BDQM Ondpﬂetgédl&ﬂqmgged fr rf?geéher

with the atomto Gre at form a

cycl oal i pbat-be ooiNRfet er ocycl oal i phatic ring; or R7 and R6, together
with the at onsgt 0 hed 7- rrenbered
optional ly subs‘fﬁ tu é‘(ljndn%no)ém% e"de?‘l&e}"?lgragcdpg?na)ﬁy Sl?tgmu?ed aJ]‘pﬁd%C

opti onal | ypsmbisy dubktitedd rmémmlyy.ll arcopioydlly sﬁbsﬁﬁul&cbhel&e‘n‘ﬁlnbernejﬂ)tlolpﬂllyonal |y
substituted hicyc|ic heter ered o naII

subst it ut & g%ﬁu[’fé@}‘?"é’l ar F““‘{C%C\Rﬂ*ﬁegﬁr 3%&‘%&%%‘%@@%?&3?&% HY g

opti onal | yorQri-ad mfmeme@ddydlbm@a;lncfwwel@aymm@mhﬁcﬁngcbrf rom-0-, -S-, or
-NRx-; or VWhen R5 and together with the atons to WhICh they are
attached form % 4y, ‘Og@fheér\"d‘ht”f*f’e“‘?'?‘ﬁ@ which BRY 16 A e by REOIh SR8 Thay  f or m
an 8- to ﬂf{émﬁﬁ@@@ﬁs@&dmp;ulbgn@tka»hoﬁw%ltld kedtr&d cRi £5.Gb i7emdisedd dphibghisyst em

wherein the bicyclic fused ring systemnmay further fuse with an optionally
subst i t ut @wswﬁ@ﬁwonwhbmﬂ af- BptZrioeabarsd aigad! lyrsybsigrtadhiotelic hgeroriber ed
tricyclic,fusgd s Hr@%b@ﬁé%toﬁmnaﬁ@sdlﬁnl'ﬁiteglbl(ﬁcln:rz%/lefﬁt\i/lﬁ&] QERPHRerocycle or aryfX 1S H,
al i phatic, cycloaliphatic, écyc oal i phatic) al |Fhat| c, aryl, araliphatic,

het er ocych@&@ﬁtphdtm Q@ntd(fhétlé QJ@WI bfa¢rp‘phlat5¢1€9t@d Wha@t,cs PieNEY o®yl, car boxy,

Coyel oal | phat | W)L 0tce b URABSDSHATN are aacheg o rine. B
aryl car bomy the (isg adsteplrfatma;i)hyd{sbmd% ma(/ tﬁmremcfcy@lfbmlempd:rad peticvaltyoonyl ,

((heterocycl oal i hatl al,i hatl rbon arh r

(het er oar %W%F[pt [§“ (531'5% SCdr gsﬁée JHHe W—%&ﬁiéﬁg Eiegafm %5)? mﬁﬁlgﬁdrthep

- (NH- CR4' Rse Wﬁ]ﬂ(}ﬂvbtroﬁ(llﬂ}) s)u-bNIﬂRéd phenyl to forRAani gptibhal @Buldypitut@nid) kylsubst i t ut ed
al i phati c, H (gt 0 alf %/? substituted cycloaliphatic, an optionally

subst i t ut BAMREEEIISES €I % MBRAYSEY an optional Iy substituted aryl, an
optional 'y substis Huragr@s@inkyloupr an optionally substituted heteroaral kyl;
and Each,of R4 and R 5 1is ndepeggentl H an OF |onaII
substituted alffpRalpliphatn cxgpiliphaia (Fyslapmbnicismhatsy avb T4 gk ¢

opti onal | Nei§bBRIdatipHagél (ﬁ&ér@&ﬁfcﬁﬁ{)&uﬁb)‘a tik %ete%rﬂ%f&ﬂﬁ'shMarﬁjut@&mhﬂm ed
aryl, an optionally substituted aral %/ an optionally substituted
¢t

het er oar atuignyl. @hpf&ﬁcbﬁﬁbpwdwcwémlwp terd. %@‘P@ﬁbﬁwa@kwmﬂ@ﬁarmwnd R5'
toget her ﬁ‘yf"ccl?rb%m (%taQHHaEIQ)CWBbW (Bglgr)éc &tllﬂﬁftl@ﬁ%@mylmy forma 3- to

7- menber ed” opt i onal substituted cycloal i phatic ring. [009] In sone
embodi rrent(bﬁter@%@lqahﬁ@és)glllff@ﬂc)p«rré@a/ﬂ i(hgerewiyoubrasl. of Fornul a 3 incl udes the
step of CAL QP&YahﬁMu‘BQar% n@n azabi cycl ooctane of Fornula 6, z-; I COOR

R, is -(NH-CR4'R5'-C(0)-C(0O))-NHR; or -(NH-CR4'R5-CH(OH)-C(0))-NHRy;

R, is H, an optionally substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted heterocycloaliphatic, an optionally substituted aryl, an optionally
substituted aralkyl or an optionally substituted heteroaralkyl; and

Each of R'; and R's is independently H, an optionally substituted aliphatic, an
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaralkyl, or an optionally substituted heteroaralkyl; or R4 and Rs', together with the
atom to which they are attached, may form a 3- to 7-membered optionally substituted

cycloaliphatic ring.



6 wherein Ris a Cl1 5 alkyl, to give a racemc m xture of cis- and

t ransoct penta[clpyrrole 1-carboxylic acids o OOR
7 [0010]qpﬁqégﬁ%g%ﬁbod ments, each of P2, P3 and P4 is ?ngepen ﬁy% @ a

bond, H, a#e9pid Q)'ftﬁ:l ekﬁﬁo&%%&' ﬁtgb%ges@lfdr%b&)tdhﬁ;g cd’?ﬁbogp&s o? 'Fatlnlu\fa $HRRLEL ut ed
aryl, an optionally substituted heteroaryl, an tionally substituted
alkoxy aﬁ%ﬁﬁﬂvéﬁawpyﬂgmbstama@é@y@@kymsgfamvwkl n optionally substituted
ar al koxy, an optionally substituted a Ikylsulfanyl an optionally
substituted nono- or dial kyl am no, ah ionally substituted nono- or

di aryl ami no, or an optionally substit "d nono- or di heteroaryl am no.
[0011] I n sonme enbodi nents, each of and L3 is independently a bond,
-C(0)-, or - S02-. [0012]In sonme enbogifrents, R5 is a d..6 alkyl, C3_10
cycl oal kyl, C3_10 cycl oal kyl -C1_ 12 alkyl CD 10 aryl, C6_10 aryl-G _6

al kyl, C3_10 heterocyclyl, C6_10 hete 1yl-Cl1_6 aIkyI, C5-10 heteroaryl,
or C5 10 heteroaryl - 6 al kyl; each ofg which is optionally substituted
with one to three substltuents each independently selected from G oup J;
and up t o “tRCEER At # phat!kd. eabsorismngiite REcireyd beni-ndependent | y repl aced
by a het e%&@ﬁﬁ%o@[loﬁém@%&g %l@qtcgfﬂ)oiﬁfenbgis oNbmel, B0 or SQ2 in a chem cally

st abl e arrangenent In sone Turther enbodinents, RS is

Z:_:XQ¢COOH

N

\\\\“\
ll’”,[

l
COOR!

7

[0010] In some embodiments, each of P,, P; and Py is independently a bond, H, an optionally
substituted aliphatic, 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 optionally substituted mono- or
dialkylamino, an optionally substituted mono- or diarylamino, or an optionally substituted

mono- or diheteroarylamino.

[0011] In some embodiments, each of L, and L3 is independently a bond, -C(O)-, or -
SO,-.
[0012] In some embodiments, Rs is a Cy ¢ alkyl, Cs.19 cycloalkyl, Cs.yo cycloalkyl-C,.

12 alkyl, Ceyp aryl, Co.p aryl-Cy 4 alkyl, Cs.y heterocyclyl, Cg 1o heterocyclyl-C, 6 alkyl, Cs_jo
heteroaryl, or Cs_p heteroaryl-C, ¢ alkyl; each of which is optionally substituted with one to
three substituents each independently selected from Group J; and up to three aliphatic carbon
atoms in Rs may be independently replaced by a heteroatom or group selected from O, NH,
S, SO, or SO, in a chemically stable arrangement.

[0013] In some further embodiments, Rs is



[0014] In sone enbodinents, R7 is H R7 is a C1_6 alkyl, C3_10 cycl oal kyl,
C3_10 cy lLeli, alkyl, Co 10 aryl, ©6 10 aryl-C a
heterocygkéﬁbh%%%%HheterocyclyI Co6 aIkyI C5- 10 heteroary#ﬂmgﬁﬂégwi%
heteroaryl - C16 alkyl; and R is optlonally subgtituted with one to three

substi tuent’s each depend ly sele Sted from& oup J; 78hd up to three
al i phatic carbon é?gms in Rl y, be nlaced hete tom or group
selected from0O, NH 'S, SO or SQ2 in chenl y stabl e drrangenent.

[ 0015] In sone further enbodi nents, R7 IS [0016] In still some further
enbodi nrents, R7 and R7', together with the atomto which they are attached,
form[0017} n sonme enbodi nents, R i-~a C6_10.aryl, Co aryl-Cl 17

al i phati c, ~10 cycl oa C3_ 1 YCl Qal ke t, C3_10 cycloal kyl-Cl1 12
al i phati c, 0 cycl oal 1_12 aliphatorc, _10 heterocyclyl, C3-10

het er ocycl yo- (3112 al i phat he’ C5- 1%‘@? eroaryl, or C5-10 heteroaryl-Cl-11
al i phatic; each of which is optiona substituted with one to three
substituents each i ndependently sel ected fron1C¥oup J. [0018] In sone
further emfAd] MBRER enfBolithends 0LRIH; IRQ 1§at ¢l dll%@r% chlﬁ\ L ebadbimeRys. Ris

[0020] In yet still sone further embodi nents
1-12 alkyl, Co.10 aryl, Ce.1g aryl-Cy 4 alkyl, Cs.q9 heterocyclyl C() 10 heterocyclyl-C, ¢ alkyl,

Cs.19 heteroaryl, or Cs.jg heteroaryl-C,, alkyl; and R, is optionally substituted with one to
three substituents each independently selected from Group J; and up to three aliphatic carbon
atoms in R; may be replaced by a heteroatom or group selected from O, NH, S, SO, or SO; in
a chemically stable arrangement. |

[0015] In some further embodiments, Ry is
A A e s e
: o e W s
ORISR oS O IE*

[0016] In still some further embodiments, R; and Ry', together with the atom to which they

A’ <> é é,or@.

[0017] In some embodiments, R is a Co.19 aryl, Cg.19 aryl-Cy.j5 aliphatic, Cs.;o cycloalkyl, C;.

are attached, form
10 cycloalkenyl, Cs.1o cycloalkyl-C_2 aliphatic, Cs.1g cycloalkenyl-C,  aliphatic, C3.19

heterocyclyl, Cs.ip heterocyclyl-C)_j; aliphatic, Cs. o heteroaryl, or Cs._jq heteroaryl-C.,

aliphatic; each of which is optionally substituted with one to three substituents each

O,

independently selected from Group J.

[0018] In some further embodiments, R is



and Rois H Cl12 aliphatic, C6_10 aryl, Co-10 aryl-Cl1_12 aliphatic, C3_to
cycl oal k ycl oal kenyl, C3_10 cycloal kyl -G i, alj ' 10

cycl oal kg\!r‘l]%z%gsasﬁi phatic, C310 heterocyclyl, C 310 he g?@%%ll%)?% 1,
aliphatic, C5_10 heteroaryl, or C5_10 heteroayyl-Cl.12 aliphatic. [0021] In
still sone further enbodinents, Ris 00 Ht)==0 N---V\ NOHor [0022]
In yet still sone further enbodi nents,

N
[0019] In still some further embodiments, R is H

[0020] In yet still some further embodiments, R is

2%
R ’
1{ H “‘%L\ Rio H vﬁ‘f.“ a n ""L.h R,O\K
- N\ mY H (M=NH
Ofs\\o Rio 7 Rio 3 Rio /\S-*K
R \
Rio | 0 Ryg ' 10 ' O/\\O R,

Q Rioe, ff Rige O\/O Rigq. /

I \ "
R RO~ Rio~ -5~
KA R SRV G i S N Menp Rio

)‘K K }‘K Rio
g \R \ \
10 Ry o] Ryo

7/ (o] R O
HS S Rige o 1y NS P

R1 10\K N NH R’O\K/S\N R1()*\'(/3\

0 AN Ho (9NH o H o (9wNH

' SWK ' K K
7 \ \ ) \
Rin 0 Rig s Rip

and Ryo is H, Cy.1» aliphatic, Cg.19 aryl, Ce.1g aryl-Cy.12 aliphatic, Cs.1o cycloalkyl, Cs.iq
cycloalkenyl, Cs.ig cycloalkyl-C,.; aliphatic, Cs.y cycloalkenyl-Cy_» aliphatic, Cs.1o
heterocyclyl, Cs.ig heterocyclyl-C, 5 aliphatic, Cs.io heteroaryl, or Cs_j heteroaryl-Cy_,
aliphatic.

[0021] In still some further embodiments, R is

0o 0o w0 o
~o-N O N O AN \(
00 , , @) »or

O NH

ZT

0”7 o
[0022] In yet still some further embodiments, R is

At oot Lt o o

\

H
N —N
D D+ O I oot
\H , \H ; \H , \H , \H ,



OTOM HH N-N)HN----\ It- 0,,1 NNNS ----i\j/ \, O\ HH [0023] I n sonme

further 3910'7?391&8?’ Ris [0024] In some embodi nents, tg%:r )&Q I on
step in the process for preparing conpounds of Formula orm' ng a
2-ani on of the corrpound of Formula 6 in the presence of a corrpl exi ng
agent, and the %t the 2- an| on with car an di oxide to produce a
racem c m_xturge of i hy I ofﬂn\t c] pyrrol e-1-carboxylic
aci ds of Fo! ag? % &}:R/% dﬁ[iy% ag[_

H H

y A 4 y H
o 9 Oy P 9 WAL
((ﬁLz 275 z’sﬁn (T \% X ;z
g;S\N/“\fe-’\ O)\N/I\;e\ O)\N ‘\;‘f\ 0 /’\g‘f o) ,\IJ NS
v v S ’ H H
) ) ?
* \ ) PASANNEAL
O ol 1
0] N\ s O//S\N\ O/ N\ )\N/
H H H 0 \ !
H
Z VASMAN VAN Z
O ~ i /"'g— /——2-— _é_ | /_.g_
O>/S N O)\ N, O}\ N\/ or 0% S~ N\H
H H H

p—s )3 “;Q» D+ O+ Ot
W Ho W

5 N
o)
N~ ~N HN
N~ N:> I%f )\/jﬁf J:jﬁ“ o’ jf‘P’% O)Z\JN]]\;,{
H H y‘{ ,

z NH o*iN/\ /\_ HN .
H H
N ,\d/N N Ch~\
Lo+ o+
or H :

H o H
[0024] In some embodiments, the carboxylation step in the process for preparing compounds

of Formula 3 includes forming a 2-anion of the compound of Formula 6



[0025] In sone further enbodinents, the 2-anion of the conpound of Fornula
6 is pre eating the conpound of Fornmula 6 wt it hium
base in Bﬁé%gFﬁégﬁée of a conpl exi ng agent and an aprot?g§g§#®@@?§%f0026]
In still sone further enmbodi nents, the<base used in preparing the 2-anion
is sec-butyl lithium [0027] In stillz some further enbodi nents, the
conpl exi ng agent used in preparing the - anion is

t et ramet hyl et hyl enedi am ne, tetraeth hyl enedi am ne, tetranethyl-1, 2-
cycl ohexyl di am ne, sparteine, or a 3, ¢@k(C _6

al kyl') -3, 7-di azabi cycl o[ 3. 3. 1] nonane such as, for exanple,
3.7-di(n-propyl)-3,7-diazabicyclo[3.3.ﬁ]nonane. [0028] In still sone
further embmdbﬂﬁﬂtsofi&mmm@@mj@gmim@t&gﬁﬂhuﬁ§méehh@ﬁﬁﬁh&hﬂbhﬁkﬁﬂ@dﬁanhn?,
tetraet hyl et hyl enedi.am.ne, tetramethyl-1, 2-cycl ohex iamne, or 3,7-di(C
-6 al kyl ) PR} QoAHF BYEPGO8 /7gmL Hd’ﬁéﬁé&oiyégfé‘]ta[ﬂ?y plerrcagkaeliG R qsib
enbodi nentrgsmdiie conpl exi ng agent is D-sparteine. [0030] In sone

enbodi ments, the trans-/cis- ratio ipn the racem c m xture of conpounds of
Formula 7 is 1 to 2. [0031] In song ewbodinents, the trans-/cis- ratio in
the racem ¢ m xture of conpounds of Fprmula 7 is 40 to 60. [0032] In stil
some further enbodi ments, the trans:/gkss,fatio in the racemc mxture of

conmpounds of Formula 7 is 1 to 1. [0033 fn still sone further enbodi nents,
the trans-/c is- ratiois 60 to 40. (B¥%34] In still sone further
enbodi nents, the trans-/cis- ratio it 80 to 20. [0035] In still sone

further enbodinents, the trans-/cis- ratiois 90 to 10. [0036] In stil
sone further enbodinents, the trans-lcis- ratio is greater than 98 to 2.

WO 2010/ 1pm38LRGH /R thtPLARRRRG { R ZdnidnbrINRnRbIGS orehndl 68N Spardd1e

process for preparing conpounds of Fornula 3 further includes equilibrating
a trans-/ Y geatipg fegeaipand HaoemHp B UHES sEPneHFhinin beserin the rresopr bR

complexing agent and an aprotic solvent.

[0026] In still some further embodiments, the base used in preparing the 2-anion is sec-butyl
lithium.

[0027] In still some further embodiments, the complexing agent used in preparing the 2-
anion is tetramethylethylenediamine, tetracthylethylenediamine, tetramethyl-1,2-
cyclohexyldiamine, sparteine, or a 3,7-di(C, 4 alkyl)-3,7-diazabicyclo[3.3.1]nonane such as,
for example, 3,7-di(n-propyl)-3,7-diazabicyclo[3.3.1]nonane.

[0028] In still some further embodiments, the complexing agent is
tetramethylethylenediamine, tetraethylethylenediamine, tetramethyl-1,2-cyclohexyldiamine,
or 3,7-di(Cy.6 alkyl)-3,7-diazabicyclo[3.3.1]nonane.

(0029] In still some further embodiments, the complexing agent is D-sparteine.

[0030] In some embodiments, the trans-/cis- ratio in the racemic mixture of compounds of
Formula 71s 1 to 2.

[0031] In some embodiments, the trans-/cis- ratio in the racemic mixture of compounds of
Formula 7 is 40 to 60.

{0032] In still some further embodiments, the trans-/cis- ratio in the racemic mixture of
compounds of Formula 7is 1 to 1.

[0033] In still some further embodiments, the rrans-/cis- ratio is 60 to 40.

{0034] In still some further embodiments, the frans-/cis- ratio is 80 to 20.

[0035] In still some further embodiments, the frans-/cis- ratio is 90 to 10.

[0036] In still some further embodiments, the rrans-/cis- ratio is greater than 98 to 2.
9



7 in the presence of a suitable base to produce a predom nantly trans-cis

racem c q&bqo %22§%nula 8 N'COOH &0OR 8 (rac) mhereinn%ggﬂk5ﬁﬂﬁgéﬁﬁz-

ratio is greater an 80 to 20. [0038] In sone other e I'ment's,

process f ajo3py BRBME ReheF ANRRAALSs, @fc JrkBUbLA éerMFwﬁfsguna%M%%ulgqu' l'ibrating
a trans-/cis- mxture of the conpounds of %ornu a 7 in the presence of a
sui t abl e pader nguggssauidbralingt BdontHantiye ot hasompaindgeldionneadci d of Formul a
8 wherein the trans-/cis- ratio is gkeater than 90 to 10. [0039] In sone

ot her enbodi nents, the process for Ppreparing conpounds of Fornula 3 further
includes equilibrating a trans-/cis i xture of Formula 7 in the presence
of a suitable base to produce a pre tao |y trans-cis racetnic acid of
Forrmul a 8 wherein the trans-/cisrathgxg§ greater than 98 to 2. [0040] In
sone further enbodi nents, the base used in equilibrating the trans-/cis-

m xture of Fornmula 7 is Iithiun1hexaﬁethy|disiIazide, l'ithium

di - i sopr opythapiest®ice 6ffa duiththé bixe 2y @oducba pt@ibman®ilhybpi pemiahidecid pP041] I n
sonme further odi nents, the base is |lithium hexanethyl disilazide. [0042]
In some fUPTHET® enbodi nents, the base is sec-butyl lithiumand the

conpl exi ng agent is 3,7-dipropyl-3, #~diazabicyclo[3.3.11nonane to give a
m xture of racemc = F
trans-/cis-hblkoxycarbonyl-octahydqggyglopenta[c]pyrrole-I-carboxyIic aci ds
of Formula 7, in which the trans-/cisg-"¢@H o0 is greater than 90 to 10.
[0043] In sonme further enbodinments, ddig
trans-N—aIkoxycarbonyloctahydrocyclqﬂggta[c]pyrrole-I-carboxyIic acid is
trans- N-t - but oxycar bonyl oct ahydr ocycl opent a[ c] pyrrol e-| -car boxylic acid.

[ 0044] | nwhasm ot Aels-/aei Rgrher thah8o pracess for preparing conpounds of
For mul a BV%Séther i ncl udes resolving racemc

trans- N-a VAP BOAPF. SEA IR0 &Y ETSps AT e ) FarReunds of Eappydl i ¢ acid to

produce afutth indRies 3Rilibrating a rrans-/cis- mixture of the compounds of Formula 7 in the

trans- N- al koxycar bonyl oct ahydr ocycl opent al cl pyrrol e- 1- car boxylic acid.
presence of a suitable base to produce a predominantly srans-cis racemic acid of Formula 8
wherein the trans-/cis- ratio is greater than 90 to 10.
[0039] In some other embodiments, the process for preparing compounds of Formula 3
further includes equilibrating a trans-/cis- mixture of Formula 7 in the presence of a suitable
base to produce a predominantly rrans-cis racemic acid of Formula 8 wherein the trans-/cis-
ratio is greater than 98 to 2.
[0040] In some further embodiments, the base used in equilibrating the trans-/cis- mixture of
Formula 7 is lithium hexamethyldisilazide, lithium di-isopropylamide, or lithium 2,2,6,6-
tetramethylpiperidide.
[0041] In some further embodiments, the base is lithium hexamethyldisilazide.
[0042] In some further embodiments, the base is sec-butyl lithium and the complexing agent
is 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane to give a mixture of racemic trans-/cis-N-
alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acids of Formula 7, in which the
trans-/cis- ratio is greater than 90 to 10.
[0043] In some further embodiments, the rrans-N-alkoxycarbonyl-
octahydrocyclopenta[c]pyrrole-1-carboxylic acid is trans-N-z-butoxycarbonyl-
octahydrocyclopentalc]pyrrole-1-carboxylic acid.
[0044] In some other embodiments, the process for preparing compounds of Formula 3

further includes resolving racemic trans-N-alkoxycarbonyl-octahydrocyclopentafc]pyrrole-1-

10



[ 0045] In sone further enbodinents, the resolution of a racem c m xture of

conpoundsy) the steps of i) formng a salt with i active
Swp.f})ﬁlo'ﬁ‘lss% ?ETRJ%EM%@H%

base; and I'i") crystallizing the salt forned by step i) t0 provide an

opti cal 1y abl1e usiahd plucEar B3 Sk MRS MG Skaflih, COCR 9 [0046] In sore

further enbodi'nents, e optically active base used in resolving a racemnc
m xt ure obclelpaueidreniac]pRyola! aaibnodichyidbenzene. [0047] In some further

enbodi nen i >t j, ISR

123, a-t Wish DB TR e RERAAS vRASBYDn b mecmic miriie s cOmBMIianc s, ¢ e
process f orclyeepasipipfdoiopovpdsalobitror spuicalyictive bderand fiptrydaszinpeiest eps  of
esterifyi ng, %lt}gedcbarst()er%éy{ol govﬁl id %EFJ; élg[;il\!easa o c’gnqmad:orrpound containing the

R3 group; "and réenovi e p I'ng group to produce a conpound of
Formul a 1, wherein R3 is an optignal ly substituted al kyl or aralkyl.
[0049] In still some further enmbddi Fents, R3 is t-butyl. [0050] In sone

enbodi ments, the process for prg ar Mg co§p@y9ds.of Formula 3 further
i ncludes reacting the am no-esterpfs*Eoomula 1 with RICOOH in the presence
of a coupling reagent to produce g ggppound of Fornula la. la
9
[0046] In some further embodiments, the optically active base used in resolving a racemic
mixture of compounds is (R) a-aminoethylbenzene.
[0047] In some further embodiments, the optically active base is (S) 1,2,3,4-tetrahydro-1-
naphthylamine.
[0048] In some further embodiments, the process for preparing compounds of Formula 3
further includes the steps of esterifying the carboxylic acid of Formula 9 with a compound
containing the Rj3 group; and removing the -COOR' protecting group to produce a compound

of Formula 1,

W

oy

QCOgRg
H
1

wherein Rj is an optionally substituted alkyl or aralkyl.

[0049] In still some further embodiments, Rj is #-butyl.

[0050] In some embodiments, the process for preparing compounds of Formula 3 further
includes reacting the amino-ester of Formula 1 with R{COOH in the presence of a coupling

reagent to produce a compound of Formula 1a.

0 7
R )\N/g\
1
o7 ORg

la
[0051]} In some embodiments, the reaction between the amino-ester of Formula 1 and
R;COOH can be carried out further in the presence of histamine, glycine, or lysine, in

addition to a coupling agent.
11



[ 0051] In sone enbodi nents, the reaction between the am no-ester of Formula

1 and R Qq)]—zl 76 1&? carri ed out further in the presencv\Bgfr/dgbtﬁq);agsgg

glycine, or Tysine, in addition to a coupling agent

2010/ 1268@8@5@&%@;@}&@3@5&@,,{,9@5@] isim- sone further enbodinments, R is P2-.
[0053] In sone further enbodi ments, Rl is P3-L2-P2-. [0054] In sone further

enbodi rren{‘)§)53h:\*|" spae fuptheRepRdimonpR, is xSt 1 n some further embodi ments, R

is RW. [ Q38 1nlsBms AFfme CORQEIABIL R, istP1§., 8, 9G68s for preparing conpounds of
Fornmula 3 further includes the steps of hydrolyzing the ester of a conmpound

of For nmul HOF3; Intsomplﬂutiﬁd@n@dcmnhﬁylSWéVam d and reacting the carboxylic

acid thus 0 in RR is
- ( NH- CR4' F@Q@l@%%‘?ﬁ %ﬂg@lﬂ?@ ‘HQ‘%Q%% QO}”P&&@%S% bl %ﬁéﬁnt to

pr oduce thleludcmp@uqd o@hycﬁolrynmgale&ste{ m&i]npbmcbqfrﬁarrﬁm ﬂheo ptmhiodl ments, .R4
cycl oal 1 prarPoncaged upfeEHap My SR oGk s RS TRbegleEREH SR 1 ut oo
het er oar ylhg Ralgr(mpiwlmzmah Rylss(rbls«t(]mme(dﬂm}a)tk@]) NIR,, antheptespabiy substitut ed
het er oar al k substituted aliphatic, an

optional I §° h Ergit ‘é’cPr%ﬂ”y‘T a‘eeﬁ?\m ﬁé’hgonakas%bsti tuted aral kyl, or an

opt i onal | posTbiatsbihel fiethenai @RS, Ryis,H afﬂdptlonally subRRAuteld 311;lsﬂauara>p@<§}{d|19nal Iy
substituted ali Ehatl c,. an optionally substituted cycl|oaliphatic,

opt i onal | §#°8¢{B% FYqiealinhaticyqn opganablysiibsHirqdyard  ARqpiippi U bt ‘Wet@r%y'an

optional |y, spidaiiiytsubeiehelrfk PasainkplionaQl substituied heRfbarMyd, RS, together with
the atomto which they are attached, forma 3- to 7- rrenbered optionally

substituted cy®d BalipRetdnglly sulgiuEODEBRIq. A spiireal fubHERCdAbbA ment s, R2 is

optionally substituted aralkyl, or an optionally substituted heteroaralkyl; and

Rs'is H, an optionally substituted aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted aryl, an optionally substituted aralkyl, or an optionally substituted
heteroaralkyl; or

R4 and Rs', together with the atom to which they are attached, form a 3- to 7-
membered optionally substituted cycloaliphatic ring.

[0058] In some further embodiments, R, is

0 0 0 0
-4 NH NA §Nfi#kg/k© -E-NHS\y/KN/ *E‘Nllj\fN\N/\COOH
on M : OH : on 1 on " :
F
o O COOH 5\‘/1 ] .
/J\/ -4 NH N 3
-NH N { oy H 4NH EJ\© -NH EA
OH ’ ’ OH : on :
USRS SO NI
4 NH N -4 NH N N ENH N 4 NH N
% OH HL’/é OH HJ\@'E og & or OH H.

[0059] The invention further relates to a process for preparing a compound of Formula 4

12



[ 0059] The invention further relates to a process for preparing a conpound
of Forrrul‘go% /1%8’% 060] In sone enbodi nents, the procesg Rfsz(%fﬁgf%%% ng
conpounds’ of Ebrnu a 4 includes the steps of: i) providing an

N-al koxycar bony1- 3-azabi cycl o[ 3. 3. Q] oct ane;_ ii) formng a 2-anion of
t he N—alkoxycarbonytiﬁ i ] in the presence of a

chel ati ng agent; step ii) with carbon
di oxi de to produce avgr's .
N- al koxycar bonyl - oct ahydrlocycd o

iv) treating the m xture of i Se to produce an
essentially pure trans-
o]

N al koxycar bonyl - oct ahydr ocy pentalclpyrrole-lpcarboxylic acid; v)
formng a salt of the carboxylic acid with an optically active am ne; vi)
crystallizing the salt; vii) esterifying the salt provided in step vi);
viii) rempving the N-al koxycarbonyl group to produce .
(1S, 3aR, 68pL oy PRediRGR - deg PSR RIcBamS PP ELs of Fpyldipgiides t - put y
ester; iXhek@psdi Ng the bicyclic of step viii) with a protected am no acid
of Formula 26,
i) providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane;
ii) forming a 2-anion of the N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane in the
presence of a chelating agent;
iii) treating the anion of step ii) with carbon dioxide to produce a cis-/trans- mixture
of N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acids;
iv) treating the mixture of step iii) with a strong base to produce an essentially pure
trans- N-alkoxycarbonyl-octahydrocyclopenta{c]pyrrole-1-carboxylic acid;
v) forming a salt of the carboxylic acid with an optically active amine;
vi) crystallizing the salt;
vii) esterifying the salt provided in step vi);
viii) removing the N-alkoxycarbonyl group to produce (18,3aR,6aS)-z-butyl-
octahydrocyclopenta[c|pyrrole- | -carboxylate, -butyl ester;

ix) reacting the bicyclic of step viii) with a protected amino acid of Formula 26,

)8

ZNH” “CO,H
26

wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

N ot
Z‘NFX/ Q
O

COztBU

amide-ester of Formula 27,

27
X) removing the protecting group Z from the amide-ester of step ix) to produce the

amino compound of Formula 28;

13



Z-NH CO2H 26 wherein Z is an am ne protecting group, in the presence of a
coupling 0 produce an am de-ester of Formula e 5%

X) remvi‘lél]g%?ﬁ]@tzgsrstét ecting group Z fromthe am de- ester%(é?/l]s%g@gm?%( gto
produce the am no conpound of Formulia 28; H2N-Th( 0 28 Xi) reacting
the am no conpound of Fornula 28 w a ‘cﬁect ed amino acid of Formula 29
Z-HN CO2H 29 in the presence of a cauplyng-reagent to produce a tripeptide
of Fornmul a 30; H:N

0 CO,tBu
28
xi) reacting the amino compound of Formula 28 with a protected amino acid of
Formula 29
Z-HN.__COH
29

in the presence of a coupling reagent to produce a tripeptide of Formula 30;

) ﬁ
Z-HN\_)J\HN NQ...\

O O  CO,tBu

30
xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

0 ﬁ
I, A

O 0 CO,tBu

31
Xili) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in

the presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;

hpm b 4
O

0 CO,tBu

33
xiv) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34;

14



30 Xi1) renmoving the protecting group Zin the tripeptide of Fornula

30 to pr e am no-tripeptide of Fornula 31; 31
reacti ngq?ﬁggg)?ﬁzé%?t ri peptide of Forrmula 31 with pyrazi n(ejT/}]S(Z:(g)rét())(k)ix%/? ic acid

in the presence of a couplin reagent to roduce an am de-tri peptide ester
of Formul a 33; Eﬁ ydrol yzin e of the am de-tripeptide
ester of Forrrula 33to pro mNam etr eaC|d of Fornula 34; 34
Xv) reacting the amdetrlpé‘b eamd'ﬁ’ﬁ 34W|th an

am nohydr oxy- am de of Fornul a 1@3 2N 18 Pn tIQQZ'T!)r esence of a coupling
reagent to produce a hydroxy- tetrlde of Formul a 35; and

34

xv) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of

OH
H
HZN\v/ng\V
~ O
18

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 35; and

LS
St

I” /di ~
N N
H H
OH
35

xvi) oxidizing the hydroxy group of Formula 35 to produce the compound of Formula 4.

Uwrvdw?j Q

4

[0061] In some embodiments, the oxidizing reagent used in step xvi) described above is

Formula 18

sodium hypochlorite, and the oxidation is carried out in the presence of 2,2,6,6-
tetramethylpiperidinyloxy free radical (TEMPO).

[0062] In some other embodiments, the oxidizing reagent used in step xvi) described above is
1,1-dihydro-1,1,1-triacetoxy-1,2-benzoiodooxol-3(1 H)-one.

[0063] In some further embodiments, the process further includes dissolving the compound
of Formula 4 in an organic solvent to obtain its solution, and then adding an acid to the
solution. A suitable organic solvent can be any solvent in which the compound of Formula 4
dissolves, e.g., methylene chloride. The acid can be any acid, inorganic or organic, e.g.,

acetic acid or propionic acid.

15



35 xvi) oxidizing the hydroxy group of Formula 35 to produce the conpound

of For nmul [ 0061] In sone enbodi nents, the oxi di,zi used
in step f@??oggggﬁﬂbed above is sodi um hypochl orite, ang%#ﬁgzﬁﬁﬁggg%on is

carried Of{fowlntshﬁ sBhERRMECnModnedisBihf prdcBls ratRE ¥l RehiimviAKy free
radical (IEMPO . [0062] In sone other enbodi ments, the oxidizing reagent

used in Sg@gig@\;jf)hed@mpqu@éﬂ Fapple4 jasobtain the compound in a solid form. Such a
1, 1- di hyd9;. A1 ] =1, 2- 7 O - - . In sone
further eﬁﬁéﬁfégﬁ @?b%ﬁg&g%%%%éé”?%?%ﬁS?mgﬁéﬁﬁﬁgééﬁ%§§%?&T%§9?§%?bonpound
of For mul acguinhbyamtoniganpaatgo|of grtsotventoFhakaelidi fogn obhith bncompmingd hen addi ng
an acid t 3 lution.. A suitable,. i C n n -any._sol.vent in
ani b ¢ her 25 YRt e, BB SRR L £R B AR P e
aci d can ben @nybdatdeing desdanictoan ogugiandlegnt@ndjthen agetitcitedidn eeidr pr opi oni ¢
aci d. MD‘Z%%0/126881PCT/U82010/032556 [0064] In still sonme further
embodi nent€ " {HRe process further includes concentrating the solution of the
conpound i06FoAMIkR, e inOerdidh aist rdl € 16 APPREYIDS bilrifeing Ohel @nfpotima of Suatiula
concentra%ing process can be, e.g., distillation of the solvent under
reduced pressure (e.g., vacuun) by natural evaporation of the solvent. The
solid formin which the conpound of Fornula\ﬁ is obtained can be, e.g.,

0

crystalline or sem @ allineg a an_be” hi gher purity than that
bef ore being dissolﬁgdf ntqlggﬂgrg nichoIve.t d then concentrated in
N : N
o]

acid condition. N 0
I AN
N
$ :
0

N
H

[0066] In some embodiments, the process includes first dissolving the compound of Formula
4 in an organic solvent to obtain its solution, adding an acid to the solution of the compound
of Formula 4, and then concentrating the solution of the compound of Formula 4 to obtain the
compound in a solid form. Examples of suitabie organic solvents, acids, and solid forms
have been provided above.

[0067] The invention further features compounds of Formula 1a,

Wherein Ry is P>-;

Rs is H, an aliphatic, a cycloaliphatic, a heterocycloaliphatic, an aryl, or a heteroaryl;
each of which, except for H, is optionally substituted with one or more substituents each

16



[ 0065] As such, the invention also relates to a process of purifying the

conpound 4. 4 [0066] In sone enbodi nents, t Lncl udes
first diggéﬁgﬁ%gﬁﬁge conmpound of Forrmula 4 in an organi?%g§§%@§®§¥%§obtain

its solut hfaepenaamy@g]e&w ﬁ&ﬁq@}r&&b}wﬁsi&mgl!}fh%, @Eloﬁl%a@&qgﬁ%@férd&fyl,lzor nul a 4,

and then concentrating the solution of the conpound of Formula 4 to obtain
t he conpoalfexy. aroyl. §eriodroy beenl. Exaspinesaryto.gyiinaptloongh gafind. s6hwent s, aci ds,
and solid e ' (0] 7], ' ' -further

Foat ur es_ LRRFUOEUTRESMARAY] SRAAROUR, oy S Tharilifon) TYRBUIRREME 12T o

P2- i sR6 heterocycR@liplstiehxyauryixy glatrdacyloxy, eytkly way.iholvatandalkexy,

het er ocycl C eteroaryl; each of which, except for

H is opt?@ﬁik%@g%ﬂﬁ%pﬁgﬂgééhﬁfghdgﬁgoﬁ? nore substituents each

Ry is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and R, together with
the atoms to which they are attached, may 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 -NR*-;

R* is H, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycloaliphatic, (heterocycloaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyl,
sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl, ({(cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, (heteroaryl)carbonyl, or
(heteroaraliphatic)carbonyl;

Rg is H or a protecting group; and

Rj is an optionally substituted alkyl.

[0068] In some embodiments, Rs is 7-butyl.

[0069] In some other embodiments, P»- is

A

[0070] In some further embodiments, P»- is

NHZ:t _

[0071] The invention further relates to compounds of Formula 1a show above, in which

R| is P3-L2-P3~;



16 WD 2010/ 126881PCT/ US2010/ 032556 i ndependently sel ected from G oup J
consi st ng %10}/113};&1 cycl oal i phatic, aryl, heteroaryl, ah%??i?é 01@;0?%%6
heteroaroyP acyl, nitro, cyano, am do, am no, sulfonyl Fl nyl’,

sul fanyl, sul foxy, urea, thioukea, swHfanoyl, sulfam de, oxo, carboxy,
carbanDyI, cycl oal i phati coxy, eterocpcloaliphaticoxy, aryl oxy,

het eroaryl oxy, aral kyl oxy, hetkroarylal kos al koxycar bonyl ,

al kyl car bonyl oxy, and ; an optionally substituted

al i phatic, an optionall'y substitutled heteroal kyl, an optionally substituted
heteroaryl, an optionally substituted phenyl; or R5 and Ro, together with
the atons to whilehP:t hey are attacHed, may* forma 5- to 7-nenbered,
optional ly subgt 0 ter C .9
optionally sugxgstlk E rﬁ?{(‘: gﬁ%ééﬂgpglfb Qeq%/m%y%lw%\l)n?c yn afa?'c’h hehfgg?gg/cl e ring
opt i onal | yach@htvaichs:xadpt fm‘dH id @mahal henmma&cb\mﬂseieemmﬁk fubstimmenteagch - S-,  or

- NRx- ; , is H i phati c, I t phat li phati c,
i sEe ] OB S R RS L OB ARG et
het er oar yhlkoatbeX feterdhofiamyh, nitgd) ki/dnﬂydmldﬁ uhfieyhlfonyRkiiphat dutthgar bonyl ,

cycl oal i phati c) car bonyl cl hat c) al i phati c) car hony
ényu car blop ﬁx?(%%m'%%t ft&éﬂﬁ*&?‘ 642@1“1 (Pf%?leé‘”i)“B?,’%%‘%ﬂl"P%hét"r‘ej‘@H?‘H@M|

((heter OCM&&@@]CIQQT??&JE&)@' arf)my Ine RFARIONY hralk( R}, SkRATWIRSboNy !, or
(heteroarallphatlc car bon is Hor a protecting group; and R3 is an

optional | § %WB%YPPTtyuta@@'%FWY'O")[ OuEB 4Ny some enmbodi ments, R3 is t-butyl.
[0069] In SomeR gt QI?Bpt%mHBﬁs!uHﬁméd alﬁ))%atld, &n optmn!{ily‘\%ﬁésututed heteroalkyl, an

optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and Ry, together with

i

the atoms to which they are attached, may 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 -NR*;

R is H, an optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, or an optionally substituted phenyl; or

R7 and 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 aryl, a 6- to 12-membered optionally substituted bicyclic heterocycle,
or a 6- to 12-membered optionally substituted bicyclic aryl, in which each heterocycle or aryl
ring optionally contains an additional heteroatom selected from -O-, -S-, or -NR*-; or

When Rs and R together with the atoms to which they are attached form a ring, Ry
and the ring system formed by Rs and R, may form an 8- to 14-membered optionally
substituted bicyclic fused ring system, wherein the bicyclic fused ring system may further
fuse with an optionally substituted phenyl to form an optionally substituted 10- to 16-
membered tricyclic fused ring system;

R* is H, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycloaliphatic, (heterocycloaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyl,
sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, (heteroaryl)carbonyl, or

(heteroaraliphatic)carbonyl;
18



[0070] In sone further enmbodi ments, P2- is Xss NH2 [0071] The invention

further \gbg\/@%i%é%bcormounds of Fornula | a show above, 'P%réﬁbiﬁlﬂ/lggssés

P3- L2- P2- / 126881PCT/ US2010/ 032556 R7R6 P3-1L2

R5 is H an a|Rﬁ@@f&gqnémgmg%g%blgﬂatIC a heterocycloaliphatic, an aryl,
or a heteroaryl; each whi'ch, except for H, is optionally substituted
with one or nDRéS§ﬁ9@#ﬂﬂh@ﬁ@§“@é@NkWndependentIy sel ected from Goup J
conS|st|ngnﬁﬁlﬂ@hgeeﬁg&hgghgnggjgjlaryl heteroaryl, al koxy, aroyl,

het er oar oyl tro, cyano n¥ 0o, am no, sulfonyl, sul finyl,

sul fanyl, Hﬁﬂ3kbﬁ9meaméahthBdhﬁe&*ISUIfanDyI sul f ami de, oxo, carboxy,
carbannyl cycl oal i phati coxy, heterocycloallph ti coxy, aryl oxy,

heteroaryloxy, ar al kyl oxy, h aryIaI xm, oxycar bonyl ,
al kyl car bonyl oxy, and hydrox a optlonally substi t ut ed
al i phatic, an optionally subs \ an optionally substituted

the atons to which they are attached, orma 5- to 7-nenbered,
optionally substituted nonocyclic heter le, or a 6- to 12-nenbered,
optionally substituted bicyclic heterocycle, in which each heterocycle ring
opt i onal | P0ZéInnapme cmhoduets,iPehalP--het er oat om sel ected from- 0-, -S-, or

R7 is H an optionally substituted aliphatic, an optionally substituted

het er oal kyl , an optionally substituteg he oaryl, or an optionally
substituted phenyl; or R?_ﬁ@ gether with the atons to which
they are attached, may forma 5- red optionally substituted

nonocycli ¢ het erocycl e, ab- to 7-ered optionally substituted

heteroaryl, an optionally substltutedop izﬁ H or R5 and R6, together with

nonocyclic aryl, a 6- to 12-menbergd optionally substituted bicyclic
het erocycle, or a 6- to 12-nenbered ptionally substituted bicyclic aryl,

in which eterocycle or ar ron I on I cont ai n ad i onal
het er oat oﬁ%ﬂig *g’é‘f yympigscors. Ofah%mseBtr‘gV%?&“ are mpo“”dﬁ\ﬂg?%% g'31%’26
t oget her &vhialmctyhamai Qﬁ&aﬁ@ 2B Ghtigrbey- 3a7rcﬂa@bic§ma@ds figsnan3-dnkng, R7 and the

ring systemformed b 5> and R6 may forman 8- to 14-menbered optionally
subst i t ut Q47¢ilepeg ilseecrfdéwvwwa W%ﬁfromféf%mwpﬁrw& PRESPUF IEXPIGOEHST | ng
system maM]aftwngr&fahwaeeycmpma@% QQFello&%dxyhcsmtdfﬁ?H&ﬁﬂa'When}" to forman
optional Iy substituted 10 g nbered tricyclic fused ring system
Rx is H aliphatic, cycloaI|phatlc;/bpycloal|phat|c)aI|phat|c aryl,
aral i phatic, heterocycl oaliphati c, et erocycl oal i phatic)aliphatic,

het eroaryl, carboxy, sulfanyl, sul | fonyl, (aliphatic)carbonyl,
(cycloallphatlc)carbonyl ((cycloalehé%(ﬁfaliphatic)carbonyl

aryl car bonyl , (arallphatlc)carbonyl terocycloal|phat|c)carbonyl
((heterocycloallphatlc)allphatlc)carbomyl (het eroaryl)carbonyl, or

comprising the step of carboxylation of an azabicyclooctane of Formula 6,

wherein R'is C,.5 alkyl.
[0077] In one embodiment, the carboxylation step includes forming a 2-anion of the

compound of Formula 6



(het eroaraliphatic)carbonyl; [0074] In sone enbodi nents, P3-Li-132- is

[ 0075] Al 1 thin. the scope of the present invention a nds of
3,7- d|pr&%@fwgﬁgkg%lazablcyclo[S 3. 1] nonane, and $%Thg%nﬁﬁg£gy

3, 7-di propyl-3, 7-di azabi cycl o[ 3. 3. 1] nogan- 9-one. [0076] In one aspect, the
I nvention i ncl udes a%grocess for preparlnq a_racem c mxture of cis-and

trans- oct™AyBEFAGE PP EIEAPF HoAnd-eaing thegripe WHR cyboRfiokds ful a 7 7N,

COOH CORprobusoimédnsit Ak hd @ 510 Bfoc@BY BOX¥Iopdd QB pdholdN -ARRR) KV £IRQEt ane of
Forrmula 6, COOR 6

Formula 7.

2N

<—;;)“COOH
CQOR'
7
{0078] In another embodiment, the 2-anion is prepared by treating the compound of Formula
6 with a strong lithium base in the presence of a complexing agent and an aprotic solvent.
[0079] In a further embodiment, the base is sec-butyl lithium.
[0080] In a further embodiment, the complexing agent is tetramethylethylenediamine,
tetracthylethylenediamine, tetramethyl-1,2-cyclohexyldiamine, sparteine, or 3,7-dipropyl-3,7-
diazabicyclof3.3.1jnonane.
[0081] In one embodiment, the complexing agent is tetramethylethylenediamine,
tetraethylethylenediamine, tetramethyl-1,2-cyclohexyldiamine, or 3,7-dipropyl-3,7-
diazabicyclo[3.3.1Jnonane.
10082} In one embodiment, the trans-/cis- ratiois 1 to 1.
[0083] In another embodiment, the rrans-/cis- ratio is 60 to 40.
[0084] In another embodiment, the trans-/cis- ratio is 80 to 20.
[0085] In another embodiment, the trans-/cis- ratio is 90 to 10.
[0086] In yet another embodiment, the trans-/cis- ratio is greater than 98 to 2.
[0087] In one embodiment, the complexing agent is D-sparteine.
[0088] In one embodiment, the lithium base is sec-butyl lithium and the complexing agent is
3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane to give a mixture of racemic trans-/cis-N-
alkoxycarbonyl-octahydrocyclopentalc]pyrrole-1-carboxylic acids of Formula 7, in which the

trans-/cis- ratio is greater than 90 to 10.

[0089] In a further embodiment, the frans-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-
I-carboxylic acid is trans-N-t-butoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic
acid.

[0090] In one aspect, the invention includes a process for preparing a compound of Formula

4
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wherein Ris C_5 alkyl. [0077] In one enbodi nent, the carboxylation step
i ncl udes r,m 2-ani on of the conpound of Formula 6
2010/126@&?&@?“%@%610/032556 6 in the presence of a cong eX|%g0§§%n? and
treating the 2-anion with carbon dijoxi de to produce a racem c mxture of

trans-/cis-octahydr opent al£

COOH 600R 7 [0078] | I n |anotther nb di the 2janion is prepared by
treating the conpoun ] stroyig | Ot hi um,base in the
presence of a conpl exing gent aﬁﬂ ay aprytic solv nia/aﬁg79] In a further
enbodi nent, the base is sec i tthi further enbodi nent,
t he coaneX|ng agent is tet thylethylenedianl e, H
tetraet hyl et hyl enedi am ne, tefranethyl-1, 2- cycloﬂexyldlanlne sparteine, or
3, 7-di propyl- 3, 7- di azabicyclo[3.3.11ngnane. [0081] In one enbodi nent, the
conpl exi ng agent is tetranethyl ethyl enedi am ne, tetraethylethyl enedi am ne,
tetranethyl-1, 2- cgclohexyldlarnlne or 3,7-dipropyl-3,7- di azabicycl ol

3. 3. 1] non%ﬁ‘léprlsmgt e steps of

i) providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane;

ii) forming a 2-anion of the N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane in the
presence of a chelating agent;

iii) treating the anion of step ii) with carbon dioxide to produce a cis-/trans- mixture
of N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acids;

iv) treating the mixture of step iii) with a strong base to produce an essentially pure
rrans- N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acid;

v) forming a salt with an optically active amine;

vi) crystallizing the salt;

vii) esterifying the acid provided in step vi);

viii) removing the N-alkoxycarbonyl group to produce (1S,3aR,6aS)-7-butyl-
octahydrocyclopenta[c]pyrrole-1-carboxylate, r-butyl ester;

ix) reacting the bicyclic aminoester of step viii) with a protected amino acid of

T

Z-NH CO,H
26

Formula 26,
wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

st

COztBU

amide-ester of Formula 27,

27
x) removing the protecting group Z from the amide-ester of step ix) to produce the

amino compound of Formula 28;
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[0082] In one enbodinent, the trans-kis- ratiois 1 to 1. [0083] In another
enbodi ne ns-kis- ratiois 60 to 40. [0084] In r di ment,
t he transr\glgiz{){b%r%{s?o is 80 to 20. [0085] In another enbgg?ﬂnésgfl,om %g{?
trans-kis- ratio is 90 to 10. [0086]; In yet another enbodi nent, the
trans-kis- ratio is greater than 98Yo JgDDO87] I n one enbodi nent, the
conpl exi ng agent is D-sparteine.}#g NN one enbodi nent, the lithium base
is sec-butyl lithiumand the conplexigg mt, 1S

3, 7-di propyl-3, 7-di azabi cycl o[ 3. 3. 1] nonane to give a m xture of racemc
trans-/ ci s- Nal koxycar bonyl - oct ahydr ocy2% opent a[ c] pyrrol e-1-carboxylic acids
of Formula 7, |. I t he - Ki [.Oygl o 10.

10089] 1" Ul ISa a8l B EdrRblasl il 7Bk ka hiAD o1 of

koxycar boRyimubc2%hydr ocycl opent a[ c] pyrrol el-carboxylic acid is
trans-N—t-butoxycarbonyI-octahydroqyg&gﬁgppa[c]pyrrole-l-carboxylic aci d.

[ 0090] In one aspect, the invention in¢ udes a process for preparing a

conmpound of Forrmula 4 4 conprising steps of: i) providing an

N al koxycar bonyl- 3-azabi cycl o[ 3.3.0] 0 ne; ii) formng a 2-anion of
t he N al koxycar bonyl- 3-azabi cycl o[ 3. 3.0]octane in the presence of a

chel ati ng agent; iii) treating t anion of step ii) with carbon

di oxi de t @ Rt pAUGE: & Lldph e rBNSnc tH‘tp?GdU&eea @heptide of Formula 30; _

N- al koxycar bonyl - oct ahydr ocyclopent a[ c] pyrrol e- 1- car boxyl i c aci ds;

iv) treating the mxture of step iij) th aﬁsfrong base to produce an
essentially pure trans- 71N N
N—aIkoxycarbonyl-octahydrocyclopéﬁ#ﬁﬁﬁ pyrrol e-1-carboxylic acid; v)
forming a salt with an opticallyiijtive m §&21Byi) crystallizing the salt;

30
xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

N iHN“(rQW

O O  COutBu

31
xiii) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in

the presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;

33
xiv) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34;
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vii) esterifying the acid provided in step vi); viii) renoving the

N- al koxy oup to produce
(1S, 3aR, ggégﬂ?%b %@Ioctahydrocyclopenta[c]pyrrole- I _Cargnmmpg@%xﬁg but yl

ester; i X) reacting the blcycllc aginoest r of step VIII) with a

protected am no aci d of For 2 wherein Z is an am ne
protecting group, in the pr V reagent, to produce an
H

am de-ester of Formula 27; ZN Bu 270 o,H X) renoving the
protecting group Z from the anldeFE%ipr of step |x) to produce the am no
compound of Formula 28; oCO2tBu 2 1) reacting the am no conpound of
Formula 28 with a protected am no aci dypf Fornula 29

xv) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of

Formula 18
AN
H,N N
~~ O W

18

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 35; and

e
0] O 0] 5 u v u

35

xvi) oxidizing the hydroxy group of Formula 35 to produce the compound of Formula 4.

T x t .
i KNQNA
SRS RS

4
[0091] In one embodiment, the oxidizing reagent used in step xvi) is sodium hypochlorite
and the oxidation is carried out in the presence of 2,2,6,6-tetramethylpiperidinyloxy free

radical (TEMPO).

10092] In another embodiment, the oxidizing reagent used in step xvi) is 1,1-dihydro-1,1,1-
triacetoxy-1,2-benzoiodooxol-3(1H)-one.

[0093] In one embodiment, the process further comprises dissolving the compound of
Formula 4 in an organic solvent to obtain a solution of the compound of Formula 4, and then
adding an acid to the solution.

[0094] In a further embodiment, the organic solvent is methylene chloride, and the acid is

acetic acid.
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Z-HN CO2H 29 in the presence of a coupling reagent to produce a tripeptide
of Forrrul‘go?zgl'()/l%gll\llr( 030 0 C2tBu 30 Xii) re%g‘h%goﬁ) $2556
ree

protecting group in the tripeptide of Fornula 30 to producé a

am no-tr ' %95]' &@nQ er%ﬂ{b%%n?’ dhe \Birg{:%ss further _coﬁﬂ)riiﬁ.eg ccgn%@rﬁ;ailiﬂg the r§_§lutic_>n of
ami no-tripeptide of Formula 31 Mth pyrazine-2-carboxylic acid in the
presence Wk campauglol Agrmudtedermbtainthp codprad dna sphiddernt.r | pept i de ester of

Formul a 3?6096] In one aspect, the invention includes a process of purifying the compound of Formula
[/N ] u @ W
\Nkn/N\:)\” N QO
IS AW () A
O Y
o)

i) dissolving the compound of Formula 4 in an organic solvent to obtain a solution of

4, comprising:

the compound of Formula 4,

ii) adding an acid to the solution of the compound of Formula 4, and

iii) concentrating the solution of the compound of Formula 4 to obtain the compound
in a solid form.
[0097] In one embodiment, the organic solvent is methylene chloride, and the acid is acetic
acid.
[0098] In one aspect, the invention includes a process of preparing a compound of Formula 8

N

Q\COOH
COOR'
8 (rac)

comprising carboxylating an azabicyclooctane of Formula 6

COOR!
6
to give a racemic mixture of cis and trans octahydrocyclopentafc]pyrrol-1-carboxylic acids of

Formula 7

<_BAA‘COOH

\
COOR’ ;and

>
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33 Xiv) hydrolyzing the ester of the amde-tripeptide ester of

For mul a t 8 ce an am de-tripeptide acid of Formu ;
XV) reacﬁ?géﬂyﬁg&ggide-tripeptide acid of Formula 34 WA?ET§§MHO%§556

am nohydr gy ke Afns FQ5-mik @ureld tkdnidudB of Rorhliés Pinasepeaenafofa coupl i ng

reagent to produce a hydroxy-tetrapeptide of Fornul a 35; an 35 Xxvi
oxidizing“ﬂﬁbmﬁv&ﬂ629”§$6U%e%¥mF%W%ﬂW&“QS“F@“Hﬁ%@dﬁ§°¥ﬂéa@dﬂﬁﬁﬂh@eof)

Formul @ 4,5 /cis- ratio in the compound of Formula 8 is greater than 80 to 20 and R'is C.s alkyl.
[0099] In one embodiment, the process further comprises equilibrating trans-/cis- mixture of
the compounds of Formula 7 in the presence of a suitable base to produce a predominantly
trans-cis racemic acid of Formula 8 wherein the trans-/cis- ratio is greater than 90 to 10.
[00100] In another embodiment, the process further comprises equilibrating frans-/cis-
mixture of Formula 7 in the presence of a suitable base to produce a predominantly trans-cis
racemic acid of Formula 8 wherein the rrans-/cis- ratio is greater than 98 to 2.

[00101] In one embodiment, the base is lithium hexamethyldisilazide, lithium di-
isopropylamide, or lithium 2,2,6,6-tetramethylpiperidide.

[00102] In a further embodiment, wherein the base is lithium hexamethyldisilazide.
[00103] In one aspect, the invention includes a process of preparing a (15, 25, 3R)
trans-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acid comprising

carboxylating an azabicyclooctane of Formula 6

COOR!
6
to give a racemic mixture of cis and frans octahydrocyclopentafc]pyrrol-1-carboxylic acids of

Formula 7

W

Last

N
COOR'

7
equilibrating a frans-/cis- mixture of the compounds of Formula 7 in the presence of a

suitable base to produce a predominantly trans-cis racemic acid of Formula 8

wherein the trans-/cis- ratio in the compound of Formula 8 is greater than 80 to 20; and
resolving the racemic trans-N-alkoxycarbonyl-octahydrocyclopentalc]pyrrole-1-carboxylic

acid mixture, wherein R' is C,.5 alkyl.
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4 [0091] In one enbodi nent, the oxidizing reagent used in step xvi) is

sodi um h I and the oxidation is carried out in of
2,2,6,6-¥§§%§#g¥h%ﬁpiperidinyloxy free radical (IENPC».PFggggrﬁﬁﬁﬂéﬁother

e”_bOdi nMenfgo1pfe OoxXi IQ'O%L BYbSEAGE he F&%&gtiéﬁoﬁgﬁ&s)ﬂ‘{é s)(epis%f:L 1- _di hydro-1, 1, 1-
triacetoxy-1, 2- benzoi odooxol-3(1H) -one. [0093] In one enbodi nent, the
process furt heb feranpr 4 stqvidi wsplidlgetdagoapbund of Forrmula 4 in an

organi ¢ sol ven abs.ai ' of; >ampound,  of | nd then
addi ng an acidﬁ%%g? 252% ﬁ??gﬁkH%H%g%%'f%n§9§ﬁ$$ﬁg$gg z%ﬁ?%%EP?Féﬁgﬁbrganic
solvent i & nethylene chloride, and the acid is acetic acid. [0095] In

anot her enbodi nent, the process‘Lu{ther conpri ses concentrating the
solution of the conpound of Forrula 4 to obtain the conpound in a solid
form [0096] In one aspect, th&/mnvention includes a process of purifying
the compound of Fornmula 4, conprig{goo” Base +H)" 1) dissolving the conpound
of Fornmula 4 in an organic solvequ%p obtain a solution of the conpound of
Formul a 4, ii) adding an acid to the solution of the conmpound of
Formul a 4, and iii) concentratiffg the solution of the conpound of

Formul a 4,4q,9bt ai n,the. .COMBOEUNG. 1 Np@oR Qb Fadiol Fse ks ?él ibe@fheGHHROdI ment ,
t he organ#c s%lventnfs %%?ﬁ&?eﬁecchP09§gé,ﬂ%Hd ﬁkgfﬁ%- apg(gcgﬁFc‘aCid.
100106] In a further embodiment, the optically active base is (S) 1,2,3,4-tetrahydro-1-
naphthylamine.
[00107] In one aspect, the invention includes a process preparing a compound of

Formula 1 comprising carboxylating an azabicyclooctane of Formula 6

to give a racemic mixture of cis and trans octahydrocyclopenta[c]pyrrol-1-carboxylic acids of

Formula 7

N

- ~

{ M goon

N
COOR’

7
equilibrating a trans-/cis- mixture of the compounds of Formula 7 in the presence of a

suitable base to produce a predominantly trans-cis racemic acid of Formula 8

7N

<;>‘COOH

COOR’
8
wherein the trans-/cis- ratio in the compound of Formula 8 is greater than 80 to 20; forming a
salt with an optically active base; crystallizing the salt formed by the previous step to provide

an optically active salt of Formula 9
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[0098] In one aspect, the invention includes a process of preparing a
conpound 8 COOH 600R 8 (rac) conprising car I

azabi cyg|‘8§§§§’?}§k§(§? Formula 6 z- N) 600R 6 to give a rgggwlsgﬁl&m%ﬁg?e of
cis and trans octahydrocycl opentakcl pyt Tol-1-carboxylic acids of Fornula 7
N COON COOR ; and 7 WO 2010/ 126881 PCT/ US2010/ 032556 equi librating a
trans-/cis- mxture of the conpgun 5 of Formula 7 in the presence of a

sui tabl e base to produce a predonEHd yBaseandl-ci s racemic acid of Formula
8, wherein the trans-/cis- ratiodoart he conpound of Fornmula 8 is greater
than 80 to 20 and R is C1_5 alkyl. [0099] In one enbodinent, the process
further conprises equilibrating trans-fScis- nixture of the conpounds of
Formula 7.jn.the pr e ' 2 r O r ipant |y
trans. of sV QIE YRERERER o P UFILEnARSRphRRUNTR o BT SUATLAFY
greater thawveQ tho CIEHR [pDAd0iD} gEroupmoprhduce e rbodopumdrt Fomhda br ocess furt her
conprises equilibrating trans-Kki S- A~

‘

wherein R'is C.s alkyl and Rj is an optionally substituted alkyl or aralkyl.

[00108] In one embodiment, Rj is -butyl.
[00109] In one aspect, the invention includes a process for preparing a compound of
Formula 4
N ~
>N N~y N 0
o z H o y y
shissnm
0
4

comprising the steps of:

i) providing a compound of Formula 7 which was made by the process described in
claim 30;

ii) forming a salt with an optically active amine;

iii) crystallizing the salt;

iv) esterifying the acid provided in step iii);

v) removing the N-alkoxycarbonyl group to produce (15,3aR,6aS)-z-butyl-
octahydrocyclopenta[clpyrrole-1-carboxylate, #-butyl ester;

vi) reacting the bicyclic aminoester of step v) with a protected amino acid of Formula

X

Z-NH” ~CO,H
26

26,
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m xture of Forrmula 7 in the presence of a suitable base to produce a

predom n I 8 -cis racemc acid of Fornmula 8 wherei -/ cCis-
ratio is%gpééyi¥a@2an_98 to 2. [00101]In one enbodinent?egﬁgi%g@ggﬁg

li thi um hexangt mla@llaﬁfnh@grb@ainglglr&dg! HMhpreseh&QATRBYH AR E@entOb phddubd 4HM
2,2,6,6-tetranet hyl pi peridi de. [0010211'n a further enbodi nent, wherein the
base is | iafdecasieneikEmdeind7di si | azi de. [00103] 1 n one aspect, the invention

i ncludes a process of preparing a (IS, 2S, 3R

trans- N- al koxycar bonyl - oct ahydr oc ent a[.¢]pyrrol e-1-carboxylic acid
Formula 6 600R 6 to give a

racem c m xture of cis and tragi % 'Eropenta[c]pyrrol-1-carboxy|ic
acids of Fornula 7 -; 1V600R||; 7 equilibrating a trans-Kkis-

m xture of the conpounds of Fornula 70in th®.Buesence of a suitable base to
produce a predomnantly trans-cis racepgjc acid of Fornula 8 wherein the
trans-/cis- ratio in the conpound of Fornmula 8 is greater than 80 to 20;
and resol vi ng {iheehaGeNhe protecting group Z from the amide-ester of step vi) to produce the

t rans- N-al koxycar bonyl - oct ah ?rocyclopenta[c]pyrrole-l-carboxylic acid

m xture, ﬂﬁ@PéPWPﬂ”Wéﬁé?”ﬂﬁaé;kyl.

HN" YN

O COutBu

28
viii) reacting the amino compound of Formula 28 with a protected amino acid of
Formula 29
Z-HN\/COzH

@

29

in the presence of a coupling reagent to produce a tripeptide of Formula 30;

30
ix) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

» iﬂ;@ﬁ

O e} CO,tBu

31
x) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in the

presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;
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WO 2010/ 126881PCT/ US2010/ 032556 [ 001041In one enbodi nent, the resol ution
conprlsegNBQSIiPﬁ& of: 1) formng a salt with an opticgkgxm%ﬁbo pase

and ii) crystallrzing the salt forned by step i) to provide an op cally

active salt of Formula 9. (R) s) N (s) [B e + H+ COOR 9 [00105]In a
further enbodinent, the optrcq acﬂlv as (R) u- am noet hyl benzene.
100106]In a further enbodi actlve base is (9
1,2,3,4-tetrahydro-| - naphthyl i ne: [0010 ®ma aspect, the invention
|ncludes a process preparing a co nd of Fornula 1 conprising
car boxyl ati ng an azablcyclooctane Fornula 6 N 600R

33

xi) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34;

)
AR

34

xii) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of

Formula 18

OH |
\/: O
18

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 35; and

“ﬁfﬁ&ﬁ*
IS A
SHREeR S

35

xiii) oxidizing the hydroxy group of Formula 35 to produce the compound of Formula

4.
N 5
SUE Rt
SN N~ N N o
Iz w ] /lﬁg
SiEsns
H H
0
4
[00110] In one aspect, the invention includes a process for preparing a compound of
Formula 4
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6 tohgidve a racemc mxture of cis and trans

oct ahy r%ﬁ%ﬂpﬁ qt[ c]pyrrol -1-carboxylic acids of For j1 bratin
a trans-/ci's- mXxture of the conpounds of Fornula 7 in Z/Uérzoelg@#cséé of a )
suitabl e base to prodq\i_e a predomngntly trans-cis racemc acid of Formula
8 wherein the trans S- r*fti@ i nythe ‘rr%;un of Formula 8 is greater
than 80 to 20; forni salN_wth i’c agtive base; crystallizing

the salt fornmed by theNpr#vious st%p op ally active salt of
stgrifying the carboxylic

Formula 9 7NN = (s) CO® [Base + Hp +
acid of Formula 9 with a cod cont ai R3Hgroup; and renoving the
-COOR protecting group to produce a conpound of "Formula 1

4

comprising the steps of:

i) providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane;

ii) forming a 2-anion of the N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane in the
presence of a chelating agent;

iii) treating the anion of step ii) with carbon dioxide to produce a cis-/trans- mixture
of N-alkoxycarbonyl-octahydrocyc]openta[c]pyrrole-l-carboxylic acids;

iv) treating the mixture of step iii) with a strong base to produce an essentially pure
trans- N»alkoxycarbonyl-octahydrocyclopenta[c]pyrrole—1-carboxylic acid;

v) forming a salt with an optically active amine;

vi) crystallizing the salt;

vii) esterifying the acid provided in step vi);

viii) removing the N-alkoxycarbony! group to produce (18,3aR,6aS)-t-butyl-
octahydrocyclopenta[c]pyrrole-1-carboxylate, r-butyl ester;

ix) reacting the bicyclic aminoester of step viii) with a protected amino acid of

)8

Z-NH”~CO,H
26

Formula 26,

wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

N it
Z-NFI’/ Q
o)

COztBU

amide-ester of Formula 27;

27
x) removing the protecting group Z from the amide-ester of step ix) to produce the

amino compound of Formula 28;

30



1 wherein R is Cl1_5 alkyl and R3 is an optionally substituted al kyl or

ar al kyl . Lone enbodi nent, R3 is t-butyl. [0010 ct, the
inventioﬁkggéﬁ ées a process for preparing a conpound o?ktgﬁﬁﬁﬁgg%g?4
conprising the steps of: i) providing a conpound of Formula 7 which
was nade by the process described ityclakmj30; ii) formng a salt
with an optically active am ne; N Niji) crystallizing the salt;

iv) esterifying the acid provideéiln d,iel) ; v) renoving the

N al koxycar bonyl group to produce

(IS, 3aR, 6aS)-t- butyIoctahydrocyclopentak[pyrrole 1- carboxyl ate, t-butyl

h i i h
ST et am il kel RS Rph GG G BOSGFoLc o at  2
Formula 29
Z-HN._.COH
29

in the presence of a coupling reagent to produce a tripeptide of Formula 30;

Z-HN\4)CLHN NQ7

O O CO,tBu

30
xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

HQN\JJL\HN 77

O O CO,tBu

31
xiii) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in

the presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;

33
xiv) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34;
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26 WD 2010/ 126881PCT/ US2010/ 032556 wherein Z is an am ne protecting group,
|n t he pg&aggﬁ%l&&la coupling reagent, to produce an a”%@%hﬁﬁ&ﬁﬁ)%%ﬁFor”“|a
i FOm the

vii) removing the protecting group

anlde ester of step vi) to prp duce the a no c ound of Formula 28; H2Nir"
CO2t Bu 28 viii) reac 1n‘ t he und of Forrmula 28 with a
protected am no acid of For |n the presence of a
coupling reagent to produce at |de ol a 30;

34

xv) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of
Formula 43
NH2HO
43

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 36; and

Ty f i( .
I
O ° : OH :

36

xvi) oxidizing the hydroxy group of Formula 36 to produce the compound of Formula

4.
N
SN N N N 0
o z H o . N
slianem
0
4
[00111] In one aspect, the invention includes a process for preparing a compound of
Formula 4
[/N I w7 W
\N]\[(N\:-/U\N N 0
o A_ " 0o \ \
Slianem
0
4

comprising the steps of:

i) providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane;
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30 I X) removing the protecting group Z in the tripeptide of Formula

30 to pr e am no-tripeptide of Fornula 31; 3 acting
the am né‘%?.ﬁla’zl&%%sge of Formula 31 with pyrazi ne-2-car b(i;)((j;{us%()lg?é},zégt?n t he

presence of a @%m\]hé‘g”a%ﬁﬂ%mhetb@aﬂ%;@@%@nﬂﬂ _BMidR1d5 bpeRlhdG st er of
Formul a 33; Xi ) hydrolyzing the ‘ester of the am de-tripeptide

ester of P&pge of Bdclangrgsdice an amide-tri peptide acid of Fornula 34;

34 iii) treating the anion of step ii) with carbon dioxide to produce a cis-/trans- mixture

of N-alkoxycarbonyl-octahydrocyclopentalc]pyrrole-1-carboxylic acids;

iv) treating the mixture of step iii) with a strong base to produce an essentially pure
trans- N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acid,;

v) forming a salt with an optically active amine;

vi} crystallizing the salt;

vii) esterifying the acid provided in step vi);

viii) removing the N-alkoxycarbonyl group to produce (18,3aR,6aS)-r-butyl-
octahydrocyclopenta[c]pyrrole-1-carboxylate, -butyl ester;

ix) reacting the bicyclic aminoester of step viii) with a protected amino acid of

Formula 26,

Z-NH"~CO,H
26

wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

BUas

COztBU

amide-ester of Formula 27;

27
x) removing the protecting group Z from the amide-ester of step ix) to produce the

amino compound of Formula 28;

.“ﬁ
oy

HN YN

O CO,tBu

28
xi) reacting the amino compound of Formula 28 with a protected amino acid of
Formula 29
Z-HN._CO,H

9

29

33



Xii) reacting the amde-tripeptide acid of Fornmula 34 with an

am nohydr. - am of Fornmula 18 18 in the presence of | eagent
to produc‘gééoﬂﬁ%gﬁiy-tet rapepti de of Formula 35; and ngﬁfé?ﬁp‘i"&“g%i{;di zing

t he hydr oxym8pRMAcOb FQupkH gdeRnt © pRIIQEULRiptfiRe 6PRRAUMNMPf Fornmula 4. 4
[ 001101l n one aspect, the invention includes a process for preparing a
conpound of Fornula 4 9*7

o)
Z-HN\)'\HN NQ"

O 0 CO,tBu

30
xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

o ST

O 0 CO,tBu

31
xiii) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in

the presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;

33
xiv) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34,

] i \/tr w
N]\gHN\E)kHN OQOZH
@

34
xv) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of

Formula 44

H.N

i /A
N
H

H

4

OH

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 45; and
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4 conprising the steps of: i) providing an

N- al koxy ]% % azabi cycl o[ 3.3.0]octane; ii) form ng p IOB??h % t he
N- al koxycar bony azabi cycl o[ 3. 3. 0loctane in the presence o o ating
agent; iii) treating the anion of st ii) with carbon dioxide to
produce a cis-fi rans- tur ofo E\%

N- al koxycar bonyl -octa d:gQiIC} Ve- 1~ ar boxylic acids;

iv) treating the m xture stepll a sfro b/ﬁto produce an
essentially pure trans- 0

N al koxycar bonyl - oct ahydr ocyd ent a[ c] pft rOIHe | carl'jooxyl ic acid; v)
formng a salt with an opticalty active am ne; crystallizing the salt;
vii) esterifying the acid provi ded in ggep vi); viii) renoving the
N al koxycar bonyl, group to produce

(1S, 3aR, 6a5) - t *BLEHIaEE Qiyuroey eleopehfareiipiio sreduer-Rarpmeyraeld omruBut y|
ester; ix) reagting the bicyclic am noester of step viii) with a protected
am no acid of Formula 26, Z-NH CO2H

E%eb;@A

4

[00112] In one embodiment, the oxidizing reagent used in step xvi) is sodium
hypochlorite and the oxidation is carried out in the presence of 2,2,6,6-
tetramethylpiperidinyloxy free radical (TEMPO).

[00113] In another embodiment, the oxidizing reagent used in step xvi) is 1,1-dihydro-
1,1,1-triacetoxy-1,2-benzoiodooxol-3(1H)-one.

[00114] In one embodiment, the process further comprises dissolving the compound of
Formula 4 in an organic solvent to obtain a solution of the compound of Formula 4, and then

adding an acid to the solution.

[00115] In a further embodiment, the organic solvent is methylene chloride, and the
acid is acetic acid.

[00116] In one embodiment, the process further comprises concentrating the solution
of the compound of Formula 4 to obtain the compound in a solid form.

[00117] In one aspect, the invention includes a compound of Formula 4 made by the

any of the processes described herein.

WS

4
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26 wherein Z is an amne protecting group, in the presence of a coupling

reagent, an am de-ester of Formula 27; Z-NH
renovi ng ‘{Vﬁéeg’?lg egti ng group Z fromthe am de-ester of 95@52‘?1%"3%%‘2 produce

t he anm nofgappound 9hndheu! Be ASention 2 ludes a confpound BREIrnAG 71t A&ledyi RO
conpound of Fornmula 28 with a protected am no acid of Formula 29 Z-HN CO2H

29 in thePiEess EhRBPBME A TSt AT ebgernd 7675 e didEoy cloPsidpPYERiedf  For nul a
30; 30 carboxylic acids of Formula 7 described herein.
N

QCOOH
COOR!
7
[00119] In one aspect, the invention includes a compound of Formula 8 made by the

process of preparing a compound of Formula 8 described herein.

N

Q\COOH
COOR
8
[00120] In one aspect, the invention includes a compound of Formula 9 made by the
process of resolving the racemic trans-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-

carboxylic acid mixture as described herein.

N

(R) ——(S)

N7e COO™ [Base + H|"
COOR

[00121]} In one aspect, the invention includes a compound of Formula 1 made by the
process of preparing a compound of Formula 1 by carboxylating an azabicyclooctane of

Formula 6 as described herein.

DESCRIPTION OF THE INVENTION

L. Definitions
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Xii) renoving the protecting group Z in the tripeptide of Formula 30 to

produce ayhLefh, ]?Elgerfo tripeptide of Fornmula 31; O H2N) berfdN>003%36

Xiii) reacting am no-tripeptide of Fornula 31 w

pyrazi ne- 266335 POAHY binpods 'oﬁimhsr\n&éaﬁorprtr%scfﬁ%@dmner@en%%u@idbmglea%aa@maﬁce produce
an am de-tripeptide ester of Fornula 33 Xi v) hydrol yzing the

ester of teé taPadiedicrliaplepf thydilenenes: CoS VF@F%H&“@BOR o Cﬂﬁﬁﬁﬁﬂfdénéﬁhysws

g B e e

43 Sorrell in Organic Chemistry, University Science Books, Sausalito (1999), and by M.B.
Smith and J. March in Advanced Organic Chemistry, 5™ Ed., John Wiley & Sons, New York
(2001), the entire contents of which are hereby incorporated by reference.
[00123] As described herein, compounds of the invention may optionally be
substituted with one or more substituents, such as are illustrated generally above, or as
exemplified by particular classes, subclasses, and species of the invention.
[00124] As used herein the term “aliphatic” encompasses the terms alkyl, alkenyl, and
alkynyl, each of which is optionally substituted as set forth below.
[00125] As used herein, an “alkyl” group refers to a saturated aliphatic hydrocarbon
group containing 1-8 (e.g., 1-6 or 1-4) carbon atoms. An alkyl group can be straight or
branched. Examples of alkyl groups include, but are not limited to, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl. An alkyl
group can be substituted (i.e., optionally substituted) with one or more substituents selected
from the group J (“Group J”) which consists of halo, cycloaliphatic (e.g., cycloalkyl or
cycloalkenyl), heterocycloaliphatic (e.g., heterocycloalkyl or heterocycloalkenyl), aryl,
heteroaryl, alkoxy, aroyl, heteroaroyl, acyl (e.g., (aliphatic)carbonyl,
(cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl), nitro, cyano, amido (e.g.,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino alkylaminocarbonyl,
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl), amino (e.g., aliphaticamino, cycloaliphaticamino, or
heterocycloaliphaticamino), sulfonyl (e.g., aliphatic-SO»-), sulfinyl, sulfanyl, sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy,
heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy, heteroarylalkoxy,
alkoxycarbonyl, alkylcarbonyloxy, and hydroxy. Without limitation, some examples of
substituted alkyls include carboxyalkyl (such as HOOC-alkyl, alkoxycarbonylalkyl, and
alkylcarbonyloxyalkyl), cyanoalkyl, hydroxyalkyl, alkoxyalkyl, acylalkyl, aralkyl,
(alkoxyaryhalkyl, (sulfonylamino)alkyl (such as (alkyl-SO;-amino)alkyl), aminoalkyl,
amidoalkyl, (cycloaliphatic)alkyl, or haloalkyl.
[00126]) 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
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OH 43 in the presence of a coupling reagent to produce a

ot oup o1 SBPRITERE® G or oduce the conpound of Formula S TASTBOREIT one

aspect, t BRupNEMeh ANyrdupcdahd @@&rﬁgfﬁ) bk ERhed. OExRIPRADY hinGkényt QPP RO

Formula 4 4 conprising the steps
but are not limited to, allyl, isoprenyl, 2- butenyl and 2-hexenyl. An alkenyl group can be
optionally substituted with one or more substituents selected from Group J such as halo,
cycloaliphatic (e.g., cycloalkyl or cycloalkenyl), heterocycloaliphatic (e.g., heterocycloalkyl
or heterocycloalkenyl), aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl (e.g.,
(aliphatic)carbonyl, (cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl), nitro, cyano,
amido (e.g., (cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino alkylaminocarbonyl,
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl), amino (e.g., aliphaticamino, cycloaliphaticamino,
heterocycloaliphaticamino, or aliphaticsulfonylamino), sulfonyl (e.g., alkyl-SO,-,
cycloaliphatic-SO;-, or aryl-SO,-), sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkoxy, alkoxycarbonyl, alkylcarbonyloxy, or hydroxy.
Without limitation, some examples of substituted alkenyls include cyanoalkenyl,
alkoxyalkenyl, acylalkenyl, hydroxyalkenyl, aralkenyl, (alkoxyarylalkenyl,
(sulfonylamino)alkenyl (such as (alkyl-SO;-amino)alkenyl), aminoalkenyl, amidoalkenyl,
(cycloaliphatic)alkenyl, or haloalkenyl.
[00127] As used herein, an “alkynyl” group refers to an aliphatic carbon group that
contains 2-8 (e.g., 2-6 or 2-4) carbon atoms and has at least one triple bond. An alkynyl
group can be straight or branched. Examples of an alkynyl group include, but are not limited
to, propargyl and butynyl. An alkynyl group can be optionally substituted with one or more
substituents selected from Group J such as aroyl, heteroaroyl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, nitro, carboxy, cyano, halo,
hydroxy, sulfo, mercapto, sulfanyl (e.g., aliphaticsulfanyl or cycloaliphaticsulfanyl), sulfinyl
(e.g., aliphaticsulfinyl or cycloaliphaticsulfinyl), sulfonyl (e.g., aliphatic-SO»-,
aliphaticamino-SO;-, or cycloaliphatic-SO,-), amido (e.g., aminocarbonyl,
alkylaminocarbonyl, alkylcarbonylamino, cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, cycloalkylcarbonylamino, arylaminocarbonyl,
arylcarbonylamino, aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(cycloalkylalkyl)carbonylamino, heteroaralkylcarbonylamino, heteroarylcarbonylamino or
heteroarylaminocarbonyl), urea, thiourea, sulfamoyl, sulfamide, alkoxycarbonyl,
alkylcarbonyloxy, cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, acyl (e.g.,

(cycloaliphatic)carbonyl or (heterocycloaliphatic)carbonyl), amino (e.g., aliphaticamino),
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1) providing an N-al koxycar bonyl- 3-azabi cycl o[ 3. 3. 0] octane; WO
2010/126&§6Pgﬂ]%§%910/032556 ii) formng a 2- anb@?ﬂﬂ%&&ﬂ?SS

N al koxycarbony azabi cycl o[ 3. 3. 0] octane in the presence 0 ating

agent; sultoxy,‘ dxlo) cal 5&9'[daﬂﬁnio?ﬁ%@@lbﬁli’bh@ﬁc)&)e@ete’récylé%&lkbhﬁ@d)@@noﬂ| oxide to
produce a cis-/trans- mxture o

N- al koxyc a1 dhydr ocycl opent al ci pyrrol e-1-carboxylic acids;

iv) treat F(ﬁﬁZS]he M X WE@hQEinSEeRmidd” knd¥nilss@s BSih CRGinb&SRN Y10 R oduce an
essentially pure trans-

N- al koxy c &y ke 'aiyere suyel wisansed 4qnsyr potasnsclien pHBRYehes gerupdeioy)
form ng aé@y%m{g uf DR BE LERM) gecgﬁ&* ¥E.c2)- N?§ )wvohef;n%att&hhdaa#nﬁdm? sal t;

vii) esterl he” aci d provi in step enovi ng t he
N- al koxycafdyamyh dxgrdglgp)up@uqu@d@@b N(R )- or -N(R )- C(O) when used mtemally, wherein

1S, 3aR, 638 b but yl
( ar, o°g )amiR )‘frteyJeP%t& YOQJ Oé’x% 1pPeE% I%LlS%‘P B %f:lglde dl}%%@%)é% u%Bﬁ t-buty

ester; ep VIl wth a
pr ot ect edalambmboWrdnobr zﬁb)rlm’uinacﬂﬁ)nyz. (NHeiGORIbaBighavagimedy Z 1S an am ne

g_;nofjg?fg!s?g]ﬁ :5(?#‘&]8{,1 c(ilhng: rr%lsry d(xzneldc()),f(heterocoylélP)afk?lgall; qargedo, drylaml or oduce an

aralkylamido, (cycloalkyl)alkylamido, or cycloalkylamido.

[00129] As used herein, an “amino” group refers to -NR*RY, wherein each of R* and
RY is independently hydrogen, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl,
araliphatic, heterocycloaliphatic, (heterocycloaliphatic)aliphatic, heteroaryl, carboxy,
sulfanyl, sulfinyl, sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl,
((cycloaliphatic)aliphatic)carbonyl, arylcarbonyl, (araliphatic)carbonyl,
(heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic)carbonyl,
(heteroaryl)carbonyl, or (heteroaraliphatic)carbonyl, each of which being defined herein and
being optionally substituted. Examples of amino groups include alkylamino, dialkylamino,
or arylamino. When the term “amino” is not the terminal group (e.g., alkylcarbonylamino), it
is represented by -NR*-. R* has the same meaning as defined above.

[00130] As used herein, an “aryl” group used alone or as part of a larger moiety as in
“aralkyl”, “aralkoxy”, or “aryloxyalkyl” refers to monocyclic (e.g., phenyl); bicyclic (e.g.,
indenyl, naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); and tricyclic (e.g., fluorenyl
tetrahydrofluorenyl, or tetrahydroanthracenyl, anthracenyl) ring systems in which the
monocyclic ring system is aromatic or at least one of the rings in a bicyclic or tricyclic ring
system is aromatic. The bicyclic and tricyclic groups include benzofused 2- to 3-membered
carbocyclic rings. For example, a benzofused group includes phenyl fused with two or more
C4g carbocyclic moieties. An aryl is optionally substituted with one or more substituents
such as aliphatic (e.g., alkyl, alkenyl, or alkynyl); cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic; aryl; heteroaryl; alkoxy;
(cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; heteroaryloxy; (araliphatic)oxy;
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocyclic ring of
a benzofused bicyclic or tricyclic aryl); nitro; carboxy; amido; acyl ( e.g., aliphaticcarbonyl;
(cycloaliphatic)carbonyl; ((cycloaliphatic)aliphatic)carbonyl; (araliphatic)carbonyl;

(heterocycloaliphatic)carbonyl; ((heterocycloaliphatic)aliphatic)carbonyl; or
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27 X) renoving the protecting group Z fromthe am de-ester of step

ix) to prg ggf%ltz%lam no conpound of Formula 28; H2N- Th%FQ%@§M3%§6

Xi) reactin € am no conpound of Fornula 28 with a protected amno acid

of Formul ah&&o%alﬁmd%&&n sumfohme pr ﬂﬁﬁQﬁ“&S@f oﬁaxﬁQHmOvﬂgsuﬂﬂﬁ@g@fﬁ to

produce ad}lgﬂaﬂspit((l))d%r g)]:cloallphatlc S(O) % sulfanyl (e.g., dllphagc S-); cyano; halo; hydroxy;
mercapto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or carbamoyl. Alternatively, an aryl
can be unsubstituted.
[00131] Non-limiting examples of substituted aryls include haloaryl (e.g., mono-, di- (
such as p,m-dihaloaryl), or (trihalo)aryl); (carboxy)aryl (e.g., (alkoxycarbonyl)aryl,
((aralkyl)carbonyloxy)aryl, or (alkoxycarbonyl)aryl); (amido)aryl (e.g., (aminocarbonyl)aryl,
(((alkylamino)alkyl)aminocarbonyl)aryl, (alkylcarbonyl)aminoaryl, (arylaminocarbonyl)aryl,
or ({(heteroaryl)amino)carbonylaryl); aminoaryl (e.g., ((alkylsulfonyl)amino)aryl or
((dialkyl)amino)aryl); (cyanoalkylaryl; (alkoxy)aryl; (sulfamoyl)aryl (e.g.,
(aminosulfonybaryl); (alkylsulfonylaryl; (cyano)aryl; (hydroxyalkylaryl;
((alkoxy)alkylyaryl; (hydroxy)aryl, ((carboxy)alkylaryl; (((dialkyl)amino)alkyl)aryl;
(nitroalkylaryl; (((alkylsulfonyl)amino)alkyl)aryl; ((heterocycloaliphatic)carbonyl)aryl;
((alkylsulfonylalkyl)aryl; (cyanoalkylaryl; (hydroxyalkyl)aryl; (alkylcarbonyl)aryl;
alkylaryl; (trihaloalkyljaryl; p-amino-m-alkoxycarbonylaryl; p-amino-m-cyanoaryl; p-halo-m-
aminoaryl; or (m-(heterocycloaliphatic)-o-(alkyl))aryl.
[00132] As used herein, an “araliphatic” group, such as “aralkyl,” refers to an aliphatic
group (e.g., a C4 alkyl group) that is substituted with an aryl group. “Aliphatic,” “alkyl,”
and “aryl” are defined herein. An example of araliphatic such as an aralkyl group is benzyl.
[00133] As used herein, an “aralkyl” group refers to an alkyl group (e.g., a C;.4 alkyl
group) that is substituted with an aryl group. Both “alkyl” and *“aryl” have been defined
above. Anexample of an aralkyl group is benzyl. An aralkyl is optionally substituted with
one or more substituents such as aliphatic (e.g., substituted or unsubstituted alkyl, alkenyl, or
alkynyl, including carboxyalkyl, hydroxyalkyl, or haloalkyl such as trifluoromethyl),
cycloaliphatic (e.g., substituted or unsubstituted cycloalkyl or cycloalkenyl),
(cycloalkylalkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy,
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy,
aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy, amido (e.g.,
aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, or heteroaralkylcarbonylamino), cyano, halo, hydroxy, acyl,
mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
[00134] As used herein, a “bicyclic ring system” includes 8- to 12- (e.g., 9, 10, or 11)

membered structures that form two rings, wherein the two rings have at least one atom in
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Xii) renoving the protecting group Z in the tripeptide of Formula 30 to

pr oduce %Brzgﬁé@ggggo-tri peptide of Forrmula 31; 31 Péir}ds}(gq)@%fs%‘%]gg t he

am no-tripepti
presence efmmof RUP!J N8mE MAGEMIonS OBRYARUEE sPlerdThel8dd BitReRtipidacesigar of
dr ol ?/ZI ng the ester of the amde-tripeptide

Formul a 33; he _
ol @alinhaiicseEYHE a5ds- anbicxesf nul a 34;

ester of

Forrmula 31 with pyrazi ne-2-carboxylic aci

33 ‘ XIV%«;@h ,
ks s lkyl s bicyr o méémaﬁ

xv) react h/igohdR, am de-tripeptide acid of Formula 34 with an

ar ni nohydr ox%-am de of Formula 44 6H 44 in the presence of a coupling
reagent t P03l

duce 4 Wydhagiy-a eyelagwpicd@rap cretpRibsEs a5eyclotky!” group
and a “cycloalkenyl” group, each of which being optionally substituted as set forth below.
[00136] As used herein, a “cycloalkyl” group refers to a saturated carbocyclic mono-
or bicyclic (fused or bridged) ring of 3-10 (e.g., 5-10) carbon atoms. Examples of cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
norbornyl, cubyl, octahydro-indenyl, decahydro-naphthyl, bicyclo[3.2.1]octyl,
bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl, bicyclo[2.2.2]octyl, adamanty],
azacycloalkyl, or ((aminocarbonyl)cycloalkyl)cycloalkyl. 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 bonds. Examples of cycloalkenyl groups include cyclopentenyl, 1,4-
cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl, hexahydro-indenyl, octahydro-naphthyl,
cyclohexenyl, cyclopentenyl, bicyclo[2.2.2]octenyl, or bicyclo[3.3.1]nonenyl. A cycloalkyl
or cycloalkenyl group can be optionally substituted with one or more substituents selected
from Group J such as aliphatic (e.g., alkyl, alkenyl, or alkynyl), cycloaliphatic,
(cycloaliphatic) aliphatic, heterocycloaliphatic, (heterocycloaliphatic) aliphatic, aryl,
heteroaryl, alkoxy, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryloxy,
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, heteroaroyl, amino, amido (e.g.,
(aliphatic)carbonylamino, (cycloaliphatic)carbonylamino,
((cycloaliphatic)aliphatic)carbonylamino, (aryl)carbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino, ((heterocycloaliphatic)aliphatic)carbonylamino,
(heteroaryl)carbonylamino, or ((heteroaraliphatic)carbonylamino), nitro, carboxy (e.g.,
HOOC-, alkoxycarbonyl, or alkylcarbonyloxy), acyl ((e.g., (cycloaliphatic)carbonyl,
(cycloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl), cyano, halo,
hydroxy, mercapto, sulfonyl (e.g., alkyl-SO;- and aryl-SO,-), sulfinyl ((e.g., alkyl-S(O)-),
sulfanyl (e.g., alkyl-S-), sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
[00137] As used herein, “cyclic moiety” includes cycloaliphatic, heterocycloaliphatic,
aryl, or heteroaryl, each of which has been defined previously.

[00138] As used herein, the term “heterocycloaliphatic” encompasses a
heterocycloalkyl group and a heterocycloalkeny! group, each of which being optionally

substituted as set forth below.
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45 xvi) oxidizing the hydroxy group of Forrmula 45 to produce the conpound

of For nmul 0112]In one enbodi nent, the oxidizin din
step xvifﬁpéog%é?%%1hypochlorite and the oxidation is cgfﬁﬁggﬁ@&gﬂﬁﬁ t he

presence @h0139L, 6, 6As LRl hawRl hyhaRirR8Eiodik Py gy rét8o § 3d0GRimbeBEMRRD-
[00113] I n anot her. enbodi nent, the oxidizing reagent used in step xvi) is
1, 1- di hydrepbicylic (fused of bridge®t(®gy 3- 19 191p5apPLEddux erbigci R uaigl 1M200114] | n

one enbodis&iire, ih MRidAIAE B8H ofe Wi 1HGMQRIMR L $ BSeBhdRQl %I RYOL H&rconpound of
Formula 4 in an organic solvent to obtain a solution of the conmpound of

Formul a 4 comh@aidneheggdi hgampleae] dhetasotyhlealp) aiedronclueapner &yl piparatyr t her
e”bodi mn&etrah%@g%’rﬂ?nit&raﬁ%rgﬁ 1, f@dmglg%’leﬂﬁdﬁm!&@n,l ldﬁdio %ﬁ,hﬁaﬂﬁhﬁ, s
acetic acid. 100I16[I'n one enbodi nment, the process further "conprises
concent r atisongzotitd, woiphelinyh thiomorpholyl, octahydrobenzofuryl, octahydrochromenyl,
octahydrothiochromenyl, octahydroindolyl, octahydropyrindinyl, decahydroquinolinyl,
octahydrobenzo[b]thiopheneyl, 2-oxa-bicyclo[2.2.2]octyl, 1-aza-bicyclo[2.2.2]octyl, 3-aza-
bicyclo[3.2.1]octyl, and 2,6—dioxa-tricyclo[3.3.1.()3‘7]nonyl. A monocyclic heterocycloalkyl
group can be fused with a phenyl moiety such as tetrahydroisoquinoline. A
“heterocycloalkenyl” group, as used herein, refers to a mono- or bicylic (e.g., 5- to 10-
membered mono- or bicyclic) non-aromatic ring structure having one or more double bonds,
and wherein one or more of the ring atoms is a heteroatom (e.g., N, O, or ). Monocyclic and
bicycloheteroaliphatics are numbered according to standard chemical nomenclature.
[00140] A heterocycloalkyl or heterocycloalkenyl group can be optionally substituted
with one or more substituents selected from Group J such as aliphatic (e.g., alkyl, alkenyl, or
alkynyl), cycloaliphatic, (cycloaliphatic)aliphatic, heterocycloaliphatic,
(heterocycloaliphatic)aliphatic, aryl, heteroaryl, alkoxy, (cycloaliphatic)oxy,
(heterocycloaliphatic)oxy, aryloxy, heteroaryloxy, (araliphatic)oxy, (heteroaraliphatic)oxy,
aroyl, heteroaroyl, amino, amido (e.g., (aliphatic)carbonylamino,
(cycloaliphatic)carbonylamino, ((cycloaliphatic) aliphatic)carbonylamino,
(aryl)carbonylamino, (araliphatic)carbonylamino, (heterocycloaliphatic)carbonylamino,
((heterocycloaliphatic) aliphatic)carbonylamino, (heteroaryl)carbonylamino, or
(heteroaraliphatic)carbonylamino), nitro, carboxy (e.g., HOOC-, alkoxycarbonyl, or
alkylcarbonyloxy), acyl ((e.g., (cycloaliphatic)carbonyl, ((cycloaliphatic) aliphatic)carbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or (heteroaraliphatic)carbonyl), nitro, cyano, halo,
hydroxy, mercapto, sulfonyl (e.g., alkylsulfonyl or arylsulfonyl), sulfinyl (e.g., alkylsulfinyl),
sulfanyl (e.g., alkylsulfanyl), sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or
carbamoyl)).
[00141] A “heteroaryl” group, as used herein, refers to a monocyclic, bicyclic, or
tricyclic ring system having 4 to 15 ring atoms wherein one or more of the ring atoms is a
heteroatom (e.g., N, O, S, or combinations thereof) and in which the monocyclic ring system
is aromatic or at least one of the rings in the bicyclic or tricyclic ring systems is aromatic. A

heteroaryl group includes a benzofused ring system having 2 to 3 rings. For example, a
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of the compound of Fornula 4 to obtain the compound in a solid form

[00117] IRy the invention includes a conpound made
by the any oﬁ‘?ﬁe processes descri bed herein. 4 WO Pe&“F%hHngs

2010/ 1268%&:B€;Fl{s&é§gra&;9{n@|aa&5ﬁnicﬂfaaeh&}llmr@@etm@wmemmm nvention includes a

conmpound of Fornula made b{ t he process of preP racem ¢ m xture of

cis- and te&fsye! %P%‘HW?%?EV& elﬁ?%{rasl} Hidpibliseinglo y&éﬁﬁas%cg}rll» wdglivs of

Formula 7 b@%flf 1fubg beh gy B]tlﬂophzh)l/\ll\humd}{nm mlmﬂ) [%@Lﬂnﬂle@@fe aspect, the
u

i nvention includes a conpound Fornmul a 8 nade
heteroaryl are azetidinyl, pyridyl, lH indazolyl, furyl, pyrrolyl thleny] thiazolyl, oxazolyl,

imidazolyl, tetrazolyl, benzofuryl, isoquinolinyl, benzthiazolyl, xanthene, thioxanthene,
phenothiazine, dihydroindole, benzo[ 1,3]dioxole, benzo[b]furyl, benzo[b]thiophenyl,
indazolyl, benzimidazolyl, benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl, phthalazyl,
quinazolyl, quinoxalyl, isoquinolyl, 4H-quinolizyl, benzo-1,2,5-thiadiazolyl, or 1,8-
naphthyridyl.

[00142] Without limitation, monocyclic heteroaryls include furyl, thiophenyl, 2H-
pyrrolyl, pyrrolyl, oxazolyl, thazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 1.3,4-
thiadiazolyl, 2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, pyrimidyl, pyrazolyl, pyrazyl, or
1,3,5-triazyl. Monocyclic heteroaryls are numbered according to standard chemical
nomenclature.

[00143] Without limitation, bicyclic heteroaryls include indolizyl, indolyl, isoindolyl,
3H-indolyl, indolinyl, benzo[b]furyl, benzo[b]thiophenyl, quinolinyl, isoquinolinyl, indolizyl,
isoindolyl, indolyl, benzo[b]furyl, bexo[b]thiophenyl, indazolyl, benzimidazyl, benzthiazolyl,
purinyl, 4H-quinolizyl, quinolyl, isoquinolyl, cinnolyl, phthalazyl, quinazolyl, quinoxalyl,
1,8-naphthyridyl, or pteridyl. Bicyclic heteroaryls are numbered according to standard
chemical nomenclature.

[00144] A heteroaryl is optionally substituted with one or more substituents such as
aliphatic (e.g., alkyl, alkenyl, or alkynyl); cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic; aryl; heteroaryl; alkoxy;
(cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; heteroaryloxy; (araliphatic)oxy;
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocyclic or
heterocyclic ring of a bicyclic or tricyclic heteroaryl); carboxy; amido; acyl (e.g.,
aliphaticcarbonyl; (cycloaliphatic)carbonyl; ({(cycloaliphatic)aliphatic)carbonyl;
(araliphatic)carbonyl; (heterocycloaliphatic)carbonyl;
((heterocycloaliphatic)aliphatic)carbonyl; or (heteroaraliphatic)carbonyl); sulfonyl (e.g.,
aliphaticsulfonyl or aminosulfonyl); sulfinyl (e.g., aliphaticsulfinyl); sulfanyl (e.g.,
aliphaticsulfanyl); nitro; cyano; halo; hydroxy; mercapto; sulfoxy; urea; thiourea; sulfamoyl;
sulfamide; or carbamoyl. Alternatively, a heteroaryl can be unsubstituted.

[00145] Non-limiting examples of substituted heteroaryls include (halo)heteroaryl
(e.g., mono- and di-(halo)heteroaryl); (carboxy)heteroaryl (e.g., (alkoxycarbonyl)heteroaryl);

cyanoheteroaryl; aminoheteroaryl (e.g., ((alkylsulfonyl)amino)heteroaryl
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process of preparing a conpound of Fornula 8 described herein. COOH 600R 8

[00120] I ny, , the invention includes a conpound made
by the procggg 0 ?esoIV|ng the racem c Pe&“F%hHM&%Sg

t r ans- N- ahikixygian hemoheassany dinaytkepant af €] pyinoatenihete@ntydxyl i ¢ aci d
MR 1 L A MW ot e e G Il
process of(RILAA 1HAGnBcHOIOHAE A1, Raérml:ﬁtlaallbyat@&am»m}ratemgylan
azabi cycl ooctane of Fornula 6 as described here 1 DESCRI PTI ON OF THE
| NVENTI ON((alkylcarbonyl)amino)heteroaryl); (cyanoalkyhheteroaryl; (a]koxy)heteroaryl
(sulfamoylheteroaryl (e.g., (aminosulfonyl)heteroaryl); (sulfonylheteroaryl ((e.g.,
(alkylsulfonyhheteroaryl); (hydroxyalkyl)heteroaryl; (alkoxyalkyDheteroaryl;
(hydroxy)heteroaryl; ((carboxy)alkyheteroaryl; (((dialkyl)amino)alkyl)heteroaryl;
(heterocycloaliphatic)heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkyl)heteroaryl;
(((alkylsulfonyl)amino)alkyhheteroaryl; ((alkylsulfonyl)alkyDheteroaryl;
(cyanoalkyDheteroaryl; (acylheteroaryl (e.g., (alkylcarbonyl)heteroaryl); (alkyl)heteroaryl;
and (haloalkylheteroaryl (e.g., trihaloalkylheteroaryl).
[00146] A “heteroaraliphatic” (such as a heteroaralkyl group) as used herein, refers to
an aliphatic group (e.g., a C;.4 alkyl group) that is substituted with a heteroaryl group.
“Aliphatic,” “alkyl,” and “heteroaryl” have been defined above.
[00147] A “heteroaralkyl” group, as used herein, refers to an alkyl group (e.g., a Cy 4
alkyl group) that is substituted with a heteroaryl group. Both “alkyl” and “heteroaryl” have
been defined above. A heteroaralkyl is optionally substituted with one or more substituents
such as alkyl (including carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl),
alkenyl, alkynyl, cycloalkyl, (cycloalkylalkyl, heterocycloalkyl, (heterocycloalkyl)alkyl,
aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl,
alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto,
alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
[00148] As used herein, an “acyl” group refers to a formyl group or R*-C(0)- (such as
alkyl-C(O)-, also referred to as “alkylcarbonyl”) wherein R* and “alky!l” have been defined
previously. Acetyl and pivaloyl are examples of acyl groups.
[00149] As used herein, an “aroyl” or “heteroaroyl” refers to an aryl-C(O)- or a
heteroaryl-C(O)-. The aryl and heteroaryl portion of the aroyl or heteroaroyl is optionally
substituted as previously defined.

[00150] As used herein, an “alkoxy” group refers to an alkyl-O- group wherein “alkyl”

has been defined previously.
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|. Definitions WO 2010/126881PCT/US2010/ 032556 [00122] For purposes of
this i nve\ﬁzblzﬁﬁ,ﬂzggﬁﬁhchem cal elenents are identified i nrﬁ.gﬁg%jﬁ}aggsgm th the

Peri odi c e El enents, CAS version, Handbook o emstry and

Physi cs, ?(ﬁhbuEd Al selt 9&@4 Iy,cagﬁﬂ@pnalgrdwrms% £8rofp hovigamt enehgistry are
descri bed Thomas Sarrell in Chem Uni versity Science Books,
Sausal i tocd§§9§‘ ot b@ol@ B’ “@ﬁﬁetW a‘]‘ﬂﬂi Ry h%P%@ﬁ denosppayiced Rocgmhi ¢

Chemi st Wan;ﬁ{dhc B 7dr§l%ﬁxcv%ét%c§%l(§ﬂ |§d’llc NRWr N1 Kor(RRBMaliphd}R. €ntire contents

of which are hereby i ncorporated by reference. g001231As descri bed herein,
conpounds [¥5%he i nyerred Berciray “@porvnaPiireles ©ub9Pt tt@aRwW PK (@RE -or nore
SubSti t uCRIR0)IPUTRARC R LAniHA Wi Rhed -BRNGL 3} Lo(odOWfen RE i %?&sml i fied by
parti cul ar c asses su c asses, species of the invention. [00124] As
used her eigmuphe term aI i phatic” encorrpasses the terns aI kyI al kenyl and
al kynyl , of bst ed as

[ 00125] As usgd] herels'nus’ed ﬁermgl 1(5] ‘lﬁ)dlgghaay perreser S dgdg dt]c I():l agﬁ‘% g.tl C
hydr ocar b@mhgrbmzpaogeonf?mmsmgemthte(:ehgoalk)mﬂ&hmm thezg)oupaEEpn atons. An al kyl

group can trai ght or, branc| groups i ncl ude, but
are not Mﬁ??‘gd to ‘QWFM}?M"E‘{ HE}ffrcapbor &g%))_‘p fefe%%%o*i butyl, isobutyl,

sec- but yI [00U S5t - butA/sl usumhcf}elnlzyfsulfdsr’ dre@i wtlfers or- Sas}ebhﬁblgﬂe&when Aad al kyl group
can be sub,stit é@ onalbl]I” substituted) with one or nore

subst it ueffr@inally ST ‘"&f % J ("Group J") which consists of halo,
cycl oal i phwisel (e Qs us@ayséraalk;@hlf@ﬁld@y@bwe&eﬁmltae stﬂﬂ@ﬂijﬁd’ ORycdoal i phatic
(e.g., heterocycloal k or het erog(ycl oal kenyl ), het er oar K!(’R‘al koxy,

aroyl . het& Barég! useééfgﬂ“ nely gnd -NRar$( Mi‘c)%@rﬂb@%@t@mﬂ”y wherein

(cycl oal i phak# ﬁgvg@getﬁq;quhed Povd heterocycl oal i phati c) carbonyl), nitro, cyano,
am do (e. ? ’&cycl oal kyl al kyl') car bonyl am no, aryl carbonyl am no, .

ar al kyl cal988%) ami rf usehareib gripeifonamide’ eeap befes llatie ssuctire -S(0),-NR*R " or
(heterocyg|pa LKyl (aToTa\A IR Og(NENRF O YRS RANY R

het er oar aﬁJIJ(yI égbgn%gmﬁﬁg %-f},)/ ﬁgqrg?n&(’)(ggrﬁgny cyc? oal ky@am né?:tgrrn oyny ,

het er ocycibekioy aRi nmdé?r bmiﬁlfme(afrtwvam nocar bonyl or

het er oar y|pkgjocar b n g tiC ti cam no,
or het eroLy?:?égal i pﬁ%ﬂ%%:%ﬁr%gd g)u“(ﬂﬁ)fl ﬁmuﬁlkéfé}}a% > II@%E%US%%@%“ ‘ls}ﬁl finyl,
sul f anyl , Sswhdnosyd interedly, erm@nnRéaas lsagh ﬁ@tmyilabo@ulEﬁ(anpldEQf soiaoyl maluboxy,
carbanDyI ycl pal | oallphatlcoxy, aryl oxy,

het er oar yiﬂ&% tic- r&ifCﬁk)?fI%B&kaﬂ/ )%e‘ir%roa?r% oxy, al koxycar bonyl ,

al kyl car bmoy$91xy, andisby/ b y - suWirt}mOgrbuﬂ fefdrd t@t @, R'sonm sxarphiasiyaind

S koxyear peaT TR ey B B ks s STy oo sy R Ry al kyl

al koxyal kirkdagihalikylo)- aszl«y (cﬁ&éa&@%ﬂ@(uﬁ})mkby&om sudidmaylsamino) al kyl
(such as (al kyl -S02-am no ), am noal kyl , am doal kyl ,
(cycl oal i bqﬁ%w?y(sjﬂal Ripfic-Sgp)- H&F%%?Wyﬁ(o) PoM2BicAs used herein, an "al kenyl

group ref @pged)0 an Aesldsamerrélﬁ doambcsml %&@neﬁemg s@@pi@qmn%s&yt&%gau,y -6 or

2-4) carbon atons and | east one I'e bond. Like an al
2010/ 1268@]@&9@3’2}@2@‘5@3255@“)’ wheremR has been defined above. Exemplary sulfonyl

groups include aliphatic-S(O),-, aryl-S(O),-, ((cycloaliphatic(aliphatic))-S(O),-,
cycloaliphatic-S(O);-, heterocycloaliphatic-S(O),-, heteroaryl-S(O),-,
(cycloaliphatic(amido(aliphatic)))-S(O),- or the like.

{00161] As used herein, a “sulfoxy” group refers to -0-SO-R* or -SO-0-R¥, when
used terminally and -O-S(O)- or -S(0)-O- when used internally, wherein R* has been defined
above.

[00162] As used herein, a “halogen” or “halo” group refers to fluorine, chlorine,

bromine, or iodine.
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group, an al kenyl group can be straight or branched. Exanples of an al kenyl

group in are not limted to, allyl, isoprenyl 7 and
Qv %n 1?%}8 . . Pg%%f%?é]ﬁ}aﬁsw or e

2- hexenyl . enyl group can be optionally substitute ohe or
subst i tUEPD§6:§9| eCtA@dlszf,d’l@ﬂél@aﬁuplkdxﬁhk@hnﬂsgrbaﬂ evhichyis breahipphat by (e. g.

cycl oal kyl or cycl oal kenyl ), het er oc%/&cl ogl hat i ¢ é . het E'r oc%cl oal kyl
or het er oCEIOd% Kisdyfope objngombiation With LEIRYRy e ‘%3ﬁ,°“HéT° FOaro acyl
(e.g., (abl@patic)carbonyl, (cycloali phatl c)car bonyI or

(heterocycl oal i phatic)car bonyl ), hitro, cyano

(cycl oal kgﬂﬂhwyl ) cAvsierheastorig, alkexpe kb LSNP T alirs ‘ﬂé" a‘ér‘aﬂf%‘m eglt tigH-ani no,
(heter ocy? lth%rQi‘%r %nmsadghp@emw%o@g ocycl oal kyl al kyl') car bonyl am no,

het er oaryl'carbon am no, heteroaral kyl carbonyl am no al kyl am nocar bonyl,
cycl oal kyIOQMS"]ocar Worwed hanein.ar G@%‘P@Wéamw whirio¢aPbonyl . aryl ami nocar bony! ,
or hetero m nocar Lphati cam no,

cycl oal i pﬁ’g¥+@am nc’)Aag '{%g?%érr%gydgrlg ﬁl ?F%Eﬂﬁ) ng or aliphatigcsul fonyl am no),
sul fonyl [0816¢7], al l@slu-s&[)llerqm ciynéhmalloalbﬂachlpsdﬁfs to e stayopre §92:N-alkylyl f i nyl |
sul fanyl , f oxy,, ure hiaurea,  sulfa car boxy,
car banoy| Wﬁ!é}% oal i BT cecr)?("f/,d ﬁé‘fné’zrl”&l o) n?%%rﬁaf%ﬂ%g@%gg y(??(‘gf kI

het er oar yj00xg9] ar alAsysakhereihet erdaag@hia(wfgrs tcathksmycmafr PORYCO-NRR” and a

al kyl car bopyl oxy, dro tyal me_ex St
substi tut e‘g%é‘ieﬁeﬁw%m?%%fod Slr&ﬂ?%‘ﬁe Z\{fi #%FR eﬁ ) § Sy écydleallfenyl ,
hydr oxyal kenyRk?Y. car al kenyl , (al koxyar yl)al kenyl (suI fonyI am no) al kenyl

(such as (alkyl-S amno)a ken am noakk 0

(cycloal i pHat %(E)I\ﬂ*qiévﬁfj‘f‘ U%Srmt?f&i“igval‘”l?@ﬁWR FO %?] ,&év%%egagﬁkél}eg%hdvean

"al kynyl " (mmp r efgnsed Rréh Alguphdhd e ben WwiRupudt@t contains 2-8
(e.q. 2-6 or 2-4) carbgn atons and has at |east one triple bond. An

al kynyl gNstUpgN@aR )é’é‘(%th aPght or branched. Exanples of an al kynyl group

i nclude, hygx éF BUEOURKR MR RY wRf I0PRREBEenaRfndutityiy| . An al kynyl group
can be optionally substi'tuted with one or nore substituents sel eqt ed from

Group J sOWHs ar dyluselearan.car apidincalgkuRyelee ye e areiey; (NRONRTR ),

het er ocyc%ggklﬁﬂx%x Ry%‘yﬁj &éé{defﬂ%%&@ryl oxy, aral kyl oxy, nitro, carboxy,
cyano, ydroxy, sulfo, nercapto, sulfanyl (e.g., aliphaticsulfanyl or
cycl oal i pl&8172sul f dmyéneral, sm tbrrmy‘hm(lé g:fers &l th@hla@qn@§0¢ff5ilh3vlltueé?5 ona
cycloallphatl sul fin Lf.onyl

al i phati cH 8] éBQUdégé%b (C:”S% Gaf li)f)ppua[t \g&gﬁll F”g%&?w ?@ g am%lr%d F\Oocar bonyl ,

al kyl am nﬂﬁﬁfebtmawon a@hk;yl car bonyI am no, cycI oal kyI am nocar bonyI

het | | kyl , b I
ar vt car boMITRR not &r BTy I aPBRgT A o Pt By E s B AEbERES! o o

(cycl oal k%/ ap ol 1}1@1&6&5@@@&!bﬁﬂbﬁ&arbhﬁh!@frﬂml&hdwHteanliimmyhtamemﬁached to the
het er oar yl car bonyl am no or het eroaryl am nocar bonyl ), urea, thiourea,
sul f anoyl SAMERPRAREE al koxycar bonyl , al kyl car bonyl oxy, cycl oal i phatic,
het er ocycjgpgdiphat ithe @y HerdiBhIfr Qad Ylht,enﬂﬁw refe tdthe location of a group within
(cycloaliphatic)carbonyl or (heterocycloaliphati é%car bog@galyg b am no (e.g.
al i phat i capuhsvisint. Agpupgl Brvesshepdhy et 01031 858C &l ¢ dhe ubyiisnt Ry hoxy |
car banmoyl r&grylﬁ)an@J tb %@Eét%} %wnen( bﬁ%@ﬁ&&yct%biyﬁh@t h. 6) RX@(0)0ralkyl is an
(het er oaryl ) al koxy. [00128] As used herein, an "am do" enconpasses both

"ani nocartt:?@\ﬂfyvle ofawarbo@agrb@myaeéﬁﬁrmﬁally Theswppeiniesnal whehthe geoup 5 ReendR i n
connect i o e @femical
- N(RX) - C( or -%?%{‘“@Rl %xu‘?&he e\ﬁ%gﬂth%gue@ntu %E{lr%gﬁgq 5%921%3?{“ ey refer to an
am de gr oupncmm mla$lcar@Q>Q/)(€lg( BRIy L-C2)-O-N(r RIKY - O Q- )Wh%?ik%féhowﬂlt}’é%l ly,
wherein | e ude
al kyl am dgk)?l qgl% ‘“y allfl%n(rgfjtéﬁgﬁpw ﬁ%%%mda Oyfl(g]élrrtr)l o) gl"rl 61%!{} tehmw
(het er ocymooz]i phatAsm)sahhed@n, a(haﬂei’ ganpirciud} eamndiog-, t(lh@tl(ét’fb%mcw diwgri do,
(heterocycl oal )al k I m do, m d
(cycl oal kSR R‘%‘ 8‘?“‘83}@ é/flyf% l&‘???tbcoaryt @é&%ﬂfﬂgl GEAPTREIGRS an

"am no" gg&ugem‘%%@veto - NRXRY, wherein each of Rx and RY is independently
hydr ogen, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl,
aral i phatic, heterocycloaliphatic, (heterocycloaliphatic)aliphatic,
het eroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl, (aliphatic)carbonyl,
(cycl oal i phatic)carbonyl, ((cycloaliphgtic)aliphatic)carbonyl,
aryl carbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycl oal i phatic)aliphatic)carbonyl, (heteroaryl)carbonyl, or
(het eroaraliphatic)carbonyl, each of which being defined herein and bei ng
optionally substituted. Exanples of am no groups i ncl ude al kyl am no,
di al kyl am no, or arylam no. Wien the term"am no" is not the term nal group
(e. 9., aI kyI car bonyl am no) it is represent ed by NRX— RX has the sanme

o o o NN A ST A o o



(heteroaraliphatic)carbonyl); sulfonyl (e.g., aliphatic-S02- or

am no- SOZ\?,)) 20?0'75'2{; le (e.g., aliphatic-g( 0) - or cycl oal ﬁ)@li‘ﬁfsbtﬁol%g

sul fanyl (e.qg., | phati c- S—); cyano; hal o; hydroxy; mercapto; Y,
urea; thi@urea; SUW‘S@W&fznﬁW Bﬁﬂ@ed%lcyﬂrc rﬁ-@rslyaémyfefermdzénq&lw veI y, an aryl
can be unsubstituted. [00131] No gq% exanp | es of su s Jut. edS a<;1€ryl S

i ncl ude h@tqgaqugpca@gar@m rmw&—‘:m or, 1cyc[n c ey 113}?“ Hga){sﬁ:gr D higr ermg

(trihal o) g@saedd.; E)(aﬁﬁf&%xﬂl)l@gebf lbicl 8icGring s&ﬁ&r{i@?ﬁ&’l@&f bOW& )I@Hiyﬂlted to

((aral kyl') carbonyl oxy) a or (al koxycar b%ﬁ# gg ?? lI (e.qg.,
(am nocarib@ﬁ‘yﬂlfi%}ﬂy]mbo(f‘(@éll RigY APIR2ndyAT kRiF e F%r non

(al kyl CarlQer.]:X 23@1%9@"beatﬁé%bék?-@]&@@ﬂrlth@w&))cﬁ?yt Z]d@fyl 3-

((heteroaryl )am no)carbon (g‘ ; am noar
al ky! sudzabinydll 3ai lies)drapt 2 dlp)(@dl.‘rlaqusgmﬁdrﬁ nl@?@f‘yg)b”déi‘&%i%atﬁ K9®) aryl ;

(
((
al ko a i includin
gal kymu oﬁ'?l‘)(ag? Fﬁm?xv}ano glrlté(?gwg? O"é‘?@f}g%ﬁ;{ prﬁk“%g dlk)ﬁlo(x;l) gl Eyl yaryl;
(

hydr oxy) artydxyalkyIciardooylkall kayd hadnallyl suc pgi @PR@WY&W%%&%M(?IWW lyl
(ni troal k%//yé? W mg,(oml M;( qkj 9(;;}§|r y@g}.(? @LA&}/&;E )Mdi o Ay eieroany,

((heteroc atlc )a Kyl)ary
(cyanoal kykgyar WLloa(ldymydveyemclyylb;l&yly*y a(yaixtiyhe@fawdmnyx yetigloxyal kyl aryl

el o BT TS SRS Ao LA R paroay L

used her emﬁmo@ﬁbonalr alkylphabﬂyﬂhmlgds @M@oalg)umbcmglaﬁmncal kyl," refers to an
aliphatic gr ubstltuted with an

Kk
aryl groui?yC"”‘)d\FX"Hhﬁ?‘r‘Epo“yla'al“I?yﬁ‘r?kd'éﬂlﬁa &a“ﬁ'éyﬁcé‘”%f&’ "8 herein. An exanpl e

of arali p@@ter&yawmﬁarbaﬁylﬁmblwételgmmluy&u@e)awbnync{naaa,33]As used her ei n,
an "aral k group refers to an al kyl grou %roup) that

i s substi %lﬁlﬁftr%yl\ﬁﬁif WYéHma? Wteﬁ%ﬂbﬂﬁlcaw}‘ﬂammok%angé'ﬁ@ hﬁi}%y i f \Péer

def i ned aQQ Suifafi) gpu?edoirhuﬁfbdaé’uﬁbtlﬁbﬂ/l QI eMRlel Sxoben@mamon ar al kyl i's
optionally substlfute ‘Wi th one or nore substituents such as aliphatic

(e.g., sul99177ﬂ ut ed Aorusghhwutitan t ytrbaticaghRipl refers ke nchgd O'aﬁl“ia&%'whphﬁ?fc| udi ng
car boxyal 113 (el’@(/%r@gl%h,gy Like @i ?l?)df)so@} :hYyny?&%hps@sAtsfrhlghﬂbqﬁbmtcth has

cycloallp bstitu or unsubstituted cycloalky
cycl oal kemysiryctfre WEHoRt. kipkipal ik Y16, Anlerpenhodglinhatid ¢bpin is a straight a phatlc chain

(heter OCY%Lg?'F(@é i Bh K ngléylanrGQﬁgﬁdtlggr&ﬁg .@Ibkigéﬁ/ed dﬁﬂlﬁkl@@ﬂli’fﬁ’h&%hﬁ:

heterocycﬁ oxy, ary oxy, roa ar al kyl oxy, heteroaral kyl oxy,
aroyl, hetecoaroyl, nitro, carboxy, alkoxycarbonyl al kyl car bonyl oxy, am do

(e.qg., rbon | car bon 'n | oal

(2% e REPRL AR NSRS AUAIL ool S SPEDIA AR TR
(het er ocyfl @akhityhd ﬁ@ﬂahﬁ&nWhamrmahpt(alnebmmmymki@ailltwblaalnlsydil)(@azt themg| @i no,
het er oaryl car bonyl am no het e al kyl car.bonyl am no), cyano, hal o,

hydr oxy, A&y cliscuhirg alkyly Rlif‘i"g’ixlaf]‘g%)/”yl 4G9 é "%ur %a, thiourea, sulfanmoyl,
sul f am deypopx#), or m@bb@@%bnor{aﬁﬁitﬁ)éﬂltﬁ&dUEeﬁedlefe&Jhﬁlngeably iith yigd phease i ng
systenf includes 8- to rFoered structures that

form two rﬁuhiﬁ%l“e‘{/\ﬂ’lé‘r“élilﬁmflﬁé( t%quFrHﬁg %Flr&\}]eccé’ﬁp updsq! tsBVRIIBHF4™  wo
2010/ 1268@{%P§2”}&%QB&\4LQ§12\515}60&W {®stfuents? s@h QB BrelilMusGOBWPENerallBi cycl i c

ring systens iInclude bicycloaliphatics (e.g., bicycloal kyl or
bi cycl oal Kenglor as bicepbifieshiot rertésalar plasies- subclapiesypnplseeciss of @e IYRRFB; Vel i ¢

het er oar ylieSsCrlbed herein, the variables R, R, and Rs, as well as other variables, encompass specific
groups, such as alkyl and aryl. Unless otherwise noted, each of the specific groups for the
variables R;, Ra, and R, and other variables contained therein can be optionally substituted
with one or more substituents described herein. Each substituent of a specific group is further
optionally substituted with one to three of halo, cyano, oxo, alkoxy, hydroxy, amino, nitro,
aryl, cycloaliphatic, heterocycloaliphatic, heteroaryl, haloalkyl, and alkyl. For instance, an

alkyl group can be substituted with alkylsulfanyl and the alkylsulfanyl can be optionally

47



[ 00135] As used herein, a cycloaliphatic" group enconpasses a "cycl oal kyl "
group an " | kenyl " group, each of which being opt.

substi tu'?vélg a@y%lé@?forth bel ow. [00136] As used herein, gklr@f%g‘}looéﬁgﬁ " group
refers toudste@tdiwvah etk t@amrb@cmld Cydmo X0, ajkoxlyi Ieydedrycarihasedo.orylbri dged) ring
of 3-10 (e.g 0 s ,of o) I groups incl ude
cycl opr od}i‘ll"d“%@/dl’%b%i/l “‘Ey‘éﬁ?%ﬁmmp? Céﬂgdlk)ﬁ%%cif)gloﬁept yl, adamantyl,
nor bor nyl (¢ &@hb&/ﬂn.cdr%mhmdb Qaif lﬁﬁifgiﬁyhallydelﬁtsahlyﬂr\mmamhd) hmycte of halo, cyano,

bi cycl o(3. 2. 1] octyl, bicycl o[ bIC cI013

bi cycl of Flkoxy, *ly&é‘é‘y’l nitrg; Wl%ﬁ?“‘?%}lo&%ﬁ” ‘W‘&d LaULS aé;bé)éli}% GaF B

((am nocaf By hdjsbe! AahK WHIaW6 laRdk Kioupshan ¢t ‘Qﬁﬂgﬁegﬁ(}ier wgth Oheitoras) s ed
herein, refers to a non-aromatic carbocyclic ring of 3-10 (e.g., 4-8)

car bon at whigh Hgypisgourte or nore doubl e bonds. Exanpl es of cycl oal kenyl
groups '”@bﬁ!ﬁ‘ CYC'n? @M?Wé rem% ‘AibstEMEd, OB R RerPrecBilby thyePhGRbRIY! ,

cycl ooct e hexahy ro-1ndenyl, oct ahydro napht hyl , cycl ohexenyl

cycl opent @mpt refyis ¢cytt1b oe[p@czmg]t@émemaen righicalsi ig 9 &S] SUrUELUrF w&héwfldw%&f’f a

cycl oal ky| e R .REIORIbE ORI Y B BSTHidIAE 86k Midh one or
nor e subs%peflﬁfécﬁ%/s tgg%n% 3’@?3%&&6 “such as Va |phat|(I: (e.g., alkyl,

al kenyl , ianhedekyripyibh of eyaioosdsiaph ataﬂ@leS(th%rmfoéJIﬂIepfh@h@ftv)se andiqskesl Ig,

heterocycl oal i het er o 0 LG € po@fidH of giparyl,
PR T Rl T S e

het er oar y&;ﬂx%en (eur@thiagp biat pasl)uoxyn anfyhtee swanat cphlt aub%t@ms/d wih gyre than

het eroaroyl, am no, l'iph tlc rh

(cycl oal |‘f5ﬁ6§?f’%‘}‘@5?58%ﬁ&9ggrﬁigwos%d(l ‘(C‘i EPFar |epSHaSS?% g({% bggltl%g)thgasfl onyl am no,
(aryl) car aByhaie ey pésadal IAphﬁgl slu@btﬂ&rnb@mghl @niha@yocycloalkyl, can be bound to
(heterocycl oal i phati c) carbon

((het erOCV@F‘BFAFP%}H%&W@)“&V?'%%’(' t8)f%ré[‘r‘b3’|‘f§?lbé‘i¥lch%rm%Sﬁ/é&eg’r%51‘ D &g S(l)]ﬁg?l ani no,

or ((hetegRatbahidanainh Cosakihamyh 8MubQluentichtiGion&Byodix ynveatn are H‘IGXK:
al koxycar bonyl, or al kyl carbonyl oxy)

acyl g( e_.% e d

(cycl oal i gsheitnasipeahaighilt,n e yemglp? pisibrecyr cafTishkt it Uar Beyrds:
(aral i phajgy F@ diar boryl phhReLRBERGY Chaaddl RTakivt) canBaMerein, refers to
((heterocycl oal i phati c) al i phatic)carbonyl, or (heteroarali Phatl c%car bonyl ),
cyano, ha¢cmnpony¢$rtwwe e pubaipidily aligre ren (ubicgted togapgitionsgs allay fordl S02-),
sul finyl abik¥ha &eror shel fme, fur ea,
t hi our ea, Ig Oh C%egt%n ﬁagarc%“b@gk%%gévegglr&g%é 00163(%r] As Oused Oher ei n,

"cyclic nmeetuy;bseas n(sblusbelshercyrclIoad)m@habfrdcmefh%@éi‘db y‘ema@md@ﬁahwca Aryl, or
het er oary ach of which @,]e%?ws@d
her ei n, %‘fé ﬁgf%np%nfiésr%'g ”2: W%F&{%St &41192{%{%5 Wéﬂ?ﬁ? %aﬁéet er ocycl oal kyl
gr oup andoﬁeshelhehidxcby@iceaf xlnelrsgare (grodwpcheaa@ﬂiy mﬁfacwm ohdibensn tpr epieasom arthy

bstitut t forth belo WD 2010/.12 U 00139] As
3ge3 Ihe?eﬁﬂl Sﬁet’%g?”g ‘C‘E r%&l"l?)?ffww%mou"“ ‘ger% (fc;%e %@%‘%&ﬁ%er gd[ rmno-] or

bicylic (&dnsed tRirafRuiidlged) o @ gestedpatitm, ﬂrﬂ-lmpiaelﬂ}edbtmn@d b@aedbn @gecl i C)
saturated ri ng structure,

het er oat ofHr (A€ yea. wRighg ““dsco”tﬁlf“()(?é’ﬁﬂ]eﬁ’é‘t“?”bng&? h%WOS?(BnSﬁE)?gH&f %r

het er ocycl,gahkYhd gﬁ%@ (baB&d mﬁlupgrmg pawexerm@wdazybdy gueracreaﬁkydémﬂ»w anyl ,
tetrahydrofuryl, 4- di oxol anyl 3- di oxol a% oxazol i dyl,

i soxazol F@VFICh%*ﬂ ph@tdenyhemat ’O’r’ﬂfr 6904139|(1968Xt %ﬂ’f{} e paslbis

oct ahydro Xl 1d %%1%@&' ﬁl&gth@f Q%BQ\%?%M bf th@pARAY @'e@ld'gj(ﬂc)@ntlﬁc Tables,

oct ahydr o%‘%}’?(l%ﬁ?nyl © decahydr oqui nol i r?/ octghydr obenzo| bg t hi opheneyl ,

2- oxa- bi c§cigpPRarmaodusietlyArdsleya Nawbyask: P o[ B79). 2} gsed erein, “patient” refers toa

3- azabi cycl or nd 2, 6-dioxa-tricyclo[3.3.1.03 7] nonyl. A
nonocycl i ¢ het ér%z)c(%l{/d?lf l}LT(mlﬂ group can be fused with a phenyl noiety such as
t et r ahydr (00382jui nolUmess omef\»hwtseambytmcm%@nlyteﬂ hegietuse alssmeibp IREEES n

refers to nono-, or b clic
non- ar omat EOPFAG e Fﬂ%’f‘ﬁp’gn?‘igj\l/disgreorgﬁgc gﬁd %ré) s cfr@ﬁ O%(F(g g&al) cri11H \%\/ﬁzrel n)
one or nope s@flct{f\rhefof HRepRL IR dngl S&:Ohﬁglﬁﬁt(l‘m's cfxrne(icngymmb\l’,rw(@?m@r (&B)pnd (E)
Monocycli ¢ and bicycl ohet er oal ati.cs are nu ipg to st andard
cheni cal HAHPENRINGIHETS: fr@dﬁmd'pgﬁﬂgqn&rg@m%gpws gge ee?lg ycl oal kenyl
group can be optionally substituted with one or nore substl tuents sel ected
fromGoup J such as aliphatic (e.g., & kyl, alkenyl, or alkynyl),
cycloaliphatic, (cycloaliphatic)aliphatic, heterocycloaliphatic,
(heterocycl oaliphatic)aliphatic, aryl, heteroaryl, alkoxy,
(cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryloxy,
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, heteroaroyl, amno, am do
(e.g., (aliphatic)carbonylamno, (cycloaliphatic)carbonylam no,

((cycl oaI | phat| c) aI | phat| c) car bonyl am no, (ar yl ) car bonyl am no,

T .



tricyclic ring systemhaving 4 to 15 ring atons wherein one or nore of the
ring ato%ozﬁloﬂ t eroatom (e.g., N, 0, S, or conbinati %/I}SQ ﬁ)?{]s% and in
whi ch t he nmonocyclic ring system is aromatic or at Ieas one 019 i ngs

in the bi gyebiHem@al kéin&ry ad Well i9 dhgnisyisetie Basicsecatetinint geordethetoer oar y| gr oup
i ncl udes a benzofused ring _systemhaving 2 to. exa

2010/ 1268%@&%2@1@%8@%@6%%2‘%8@88“6? Hap"! E%H‘c‘}"ﬁg“é’ge Bfoth“zg‘v?‘ﬂg’Bd Wi t h one

or two 4 e &m%@@gteheﬂﬂfxﬁGM%@@mmﬁd ébnfﬁéhﬁis'o@ﬁ)e(lﬁzegtwn dr@d@hinzyl ,
i ndol yl, isoindolyl, 3Hindol i ndol i ny benzof bffury

benzolb1lt Fheé?m?é @y ihe inygnirst i ‘loné‘ﬂy PE'S%?LH‘W(B‘MS% $pepd, 53%%9@’%"&’9%‘?

het eroaryl,..afg ,aagtd ok corﬁ?/&}ngsy hat diEri AR AleYreseddlaY bae BRSO Y1, thienyl,
t hi azol yl, oxazol yl, 1 m dazo , tetrazolyl, benzofuryl, isoqui nol i nyl ,

benzt hi az GDS@DICdﬂoamtlh@frﬁieltomﬂfl|F@&9W1éf?1§0mm1’@ﬁbhf’(¥l%ﬂ%esedi PR AHGPE,
benzold, 39‘0(#'(1%)%915 g ﬁﬁgf%[zymfog{rygy degﬁpaﬂ[op r‘tm:rrpgpﬁg}[épidckrﬂgﬁl%p!l &’eron by a

benzi m dazoly enzt pury cl nno qui nol yl', qui nazolyl,

pht hal azyl’C- qu‘l (ﬁ&nmﬂyﬂ caqun womﬂhyll the jcopgefi thl@llryflenUQmHSqdi eroriopRds are
ben20125th adlaz t hyr 42] Wthout limtation,
monocycl | ﬂgt F$XS| dﬁ]éﬁ/lglcdde’t Ols or%poh) Xn b](ﬂé{%c‘v Lg% pyrrolyl, pyrrolyl,
oxazol yl , [(Iomsz]ol yI Asl lmadjbezahyEDC p;ylr @zd)inytlhylamsr@pa)mll)@rethylcsiquiian'zctﬁl yI

t hi adi azo r I d
byt azor ot MO L BRSPS it P e PRI T s PRt
standard tham ecidluodar@natiatre.is {nemma]ewmmmmpnsm ﬁlatc[hyl‘ammnm’y(ilhﬁ c

het eroaryls_i ncl ude indoli z i.ndol yl, i 0|ndo ndoI |ndoI|nyI
benzol b] f B4t} spliseRs Py RUn! H%wglsq‘{vl'i"ﬁtaﬁ amt ng(% 15 F?‘W‘I’C\é“? HeS1 i 2yl |

i soi ndol yimd um Y aéluykb@ezr%r@] faslad YEMPoes o2 4- m@@aﬁwipﬁndlﬂﬂia@l yl,

benzi m daz enzt hi azol yl urinyl, 4H quinolizyl ui nol i soqui nol yl ,
ci nnol ylI , %M‘Hal azyls, ”S%P%@EOMMW"%%&PWO“ “1‘C'8drri8 f"l‘fi/rtef%“s??ce

pteridyl. Tﬁt%bﬁﬁhéi%rﬂ%ﬁ% ahdhaRfpnpunbered according to standard chem cal
nonencl at ure eteroaryl I's optionally substituted with one or
more substi Pc@nstsewmddhteameth«ilf?q)hatl c (e.g., alkyl, alkenyl, or alkynyl);
cycloalip (cygl )

(heterocy oa |pha¥ﬁc§?ea‘% lﬁﬂat%ng tﬁéallrny%h%tgpoépgifgggéégh&%yf%&ﬁdt& for

(cycl oali prhaarlrrg)amy]poqmieifé?pumycl eadutipledtin 89heryl. aryl oxy; het eroaryl oxy;
(araliphatic) ﬁx; (heter oar/aJ\ phati c) oxy; ar oyl; heteroarqyl; am no; oxo
(on a non-aro C carbocycl i€ or het eroeycllc ring of a brcyclic or
tricyclic het ak, L carm; am do;/agyl (e.g., allpccarbonyl

(cycl oal i phat i arbonyl cloalip gabi phat i ¢) carkenydoon
(araliphatic)caybonyl; (hetﬁ ? cycl oal i phati c) carbonyl ;

((heterocycl oal i phati c) al i phatic) car bon ; or (heteroarall pﬁatl c) car bonyl);
sul fonyl (e.g.S aliphaticsul%onyl or antnosul fonyl); sul 3 W9 (e.g.,
aliphaticsulfinyl); sulfanyl (e.g., aliphaticsulfanyl); nitro; cyano; halo;
hydroxy; triercaptonsul foxy, urea; thiourea; sulfanoyl; qu/f\am de; or

car banoyl . Alternatl\fely a heteroaryl can_be unsubstltut ed:
[ 00145] Non=timit{n @x\anpl esunf substit ut[e_d)get er oaryhs i nc[@g

(hal o) het er oaryl N COO COOR; N COOR,
COOR COOR' H
9 10 1
Scheme 1
[00186] Referring to Scheme I, 3-azabicyclo[3.3.0]octane of Formula 5 (R. Griot,

Helv. Chim. Acta., 42, 67, (1959) is converted to a suitable alkyl carbamate of Formula 6
wherein R'is, e.g., t-butyl or isobutyl, using known methods. See, e.g., T. W. Greene and P.
G. M. Wuts, Protective Groups in Organic Synthesis, 3" edition, John Wiley and Sons, Inc.

(1999).
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(e.g., nono- and di-(halo)heteroaryl); (carboxy)heteroaryl (e.g.,

(al koxyc o18)Y eroaryl); cyanoheteroaryl; am nohete

((al kyl s onyd/]gzg%lﬁno) heteroaryl WD 2010/ 126881PCT/ usz%%%’%%‘é@%g“
and( (di alb[b(yislyﬁm nob:meb?na)'@hyﬁt)h;e N-atfodptengrpampicy(lel3g.0loctane of Formula
am nocar bonyl het eroaryl , al . kyl carbonyf | am t '

((((al kyf@ ‘éﬁ?rh‘affgi’haf% L %%)%é‘?é? 83‘?19‘?%}6@§“°%Pﬂ%|'3““g agent (for
((het er agfyfilor BT 8)1sAMRABYSIhet eDasitly ). Pippel, et. al., J. Org. Chem., 1998, 63, 2

het er ocycl oal i phati c) car bonyl ) het a :
al kyl cai%%ﬁiy’f Gataghe)hab-dr G5 fi’)”,"" ?%aﬁ%g?)kw%@? & Bayy T Kemick etal.
| koxy) heusr eassoc.( 841t arspsylgrbevermaoylid ( €Gglagher et al., J. Org. Chen.,
m nosul f onyl ) het eroargjlll ) ;désul fonyl ) heteroaryl  ((
gy

| kyl sul F8hyI0) It AoaH gy dreak etk |Ay’h§t”é’fio%ﬂfyﬁ?&43 116(8), 3231-3239.
| koxyal 4yl Nese5Qar %);l ABYHLOBVI OB RO@Ehowh (CSEhbRXY)iablyirydet er oar yl ;
(di al kyl'yam no) al kyl')'het eroaryl; (heterocycloaliphatic)heteroaryl;
z/c| oal | iphabdnt pheteonat g Forriwli 6 rodi Aeyryhbhympbasg (8- ~butyl lithium or sec-
al kyl sul f.onyl ) am no | )b ryl . klinehet e l;
(cyanoalk@fyﬁ%lg%gﬁfvﬁ%é%g%y¥?ﬁéﬁggg@ ;?mgg%%&%h?§#§§?%g%%gﬁmk%hete?ggizl5'
(al Ey: ) h?eezlme,nqﬂhylemmdm(mademah«w)lhkcmqbawqiia@@.egqr,& -dipropyl-3»¥~ ’
trihal oal kyl heterqaryl). [0014 "het. | & PHAELEroti
heteroard& Fm§$ﬂ§§f¥$§dﬁégbaﬁg%@FﬁE%ngggéﬁt%pgﬁ%g ?%ﬁi?%%mgfggﬁh(e.g., a
S:llélka: kyl e.g(r]I @Mﬁglmtemgtethcls, substiofursre dndwlitiathax yetitaee o Subpequgpbiu e 2:mismphat i ¢,
al kyl," and "heteroaryl" have been.defined aboye; 4 y E
group, as“ﬁ?@amﬁéﬁﬁ?%3%?$PéW§”P§m3%“%feﬁ?gﬁ?g&%¥ﬁg?é&?$%&%ﬁzwgﬁ"g{OS;?LE¥|
th gat Ib S Sé&?%fx&ﬁ&z&c&ﬁ chFbxlmaa ﬂe/h@’emahqdrargr/dupati&sﬂﬁ t8 &0, kY lts 6l w Heber oar yl "
ve been defined above. A heteroaral kyl is,optionally substituted with
or nore s@ﬁ@t&l@@ﬁﬂ%)@deﬁBéE%dW@VP“prﬁpﬁﬂf%gpcarboxyglkyI, Lygrgxy21kyl?ne
and hal oajglsyds)Such j@sontd drfdodRicaneibybhple shk eyl mapbdonivhl]y cyicd, oadhly.
(cycl oal kyl') al kyl, heterocycl oal kyl , gheter cycl oal k I%alk I arxl
het er oar yior exankpdscyn ortifel s f SRCinfret B PRI Y@ﬁWﬁﬁWBéﬁfn%P PhsAp, nduce
het er oar y!ls?ﬁ%etrﬁ:rﬁ{)%ﬂ/l%’ to Eﬁftﬁ:%rp%'h@d HaYiIn@ XY enadtiOitric dxeéseroay éftam ni tro,
car boxy, alkoxycarbonyl, al kyl carbonyl oxy, am nocarbonyl,
al kyl car bamyl H¥ moyboeyislioadk g e Bedonil-aiOnn Chem., 1995, 6078148-8154). The

(cycloal kyl al kyfl car BP0 o ALY! YRS A 142 byl £awhadyl am no
(heterocy%wng%nycé?%gﬁgﬁghgng?g?%é?@?@ﬁyc“@?ﬁkﬁ?glE@I)ﬁg}%oﬁylgxino,
het er oar yihe atubornyst amiaie 80 et(e POar ) RY locapberagitrathd s, todyiarbe Preghes °fRy dr oxy,

acyl, mercapto, alkylsulfanyl sul foxy. i - ;
sulfanide?”%&%?d%r§§%%fa%%§ﬂmﬂvgoﬁ%8 %gmﬂ%%%mﬁgggﬁﬁ%ﬁgﬁh@g@iﬁgnélbup refers
Egliyrg;pﬁbﬂg?g?ﬁmannExmﬁggp&u§$umr?a%p@bmyh&CXO)-, also referred to as
erein apd "a ! v ' Vi
Acetyl an %b%Ualo&ﬁ“é?%mﬁﬁggﬁﬂggmb*eé%yﬁBg?%ﬁ%@ﬁq%gg%%gﬁﬁggggz%Bﬁ%%gin, an
a?;?y;;dO%E%E?ggggﬁmgﬁﬁ??ﬁﬁﬁﬁ?ﬁiﬁﬁcamoamwma@ﬁﬂfmeMa&whb@@mo&ﬁ#%ﬂ@@O)-. The
e 0] e gro . i I
substitut@HS%me?é%VBGQﬁ?taéﬂfﬁgaﬁr?@B%gﬁgégnﬁggég éﬁé&ﬁ?ﬁaﬁﬁhgﬁﬁgﬁ;x group
refers toggn alkyl-0- group wherein "alkyl"

(
(
(
(
(
(
(
(
(
(

[00190] The racemic mixture of the compound of Formula 8 may be resolved to
provide a single enantiomer of Formula 9. Known methods of resolving racemic amino acids
may be used and include, but are not limited to, crystallization of an optically active amine
salt, preparing a 2-carboxylate ester with an optically active alcohol followed by
crystallization or chromatographic separation, and preparing an optically active N-
alkoxycarbonyl derivative followed by crystallization or chromatography. In one
embodiment, the (R) a-aminoethylbenzene or (S) [-amino-1,2,3,4-tetrahydronaphthalene salt

of compound of Formula 8 is crystallized to produce the amine salt of Formula 9.
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L\?Zdbﬁen defi ned prgvi ouisl y. WO 2010/ 126881PCT/ US2010/ 032556 [ 00151] As
ere‘;VB20 6 anoyl" group refers to a group havi ure -0-
CO NRXRY or ﬁﬂx%@ 0-Rz wherein Rx and RY have been de?gT} % %@éieégé nd Rz
(rzlgtnelrogaalulmhﬁ} |t c, 'alﬁ%ﬂéef aatdalfitphal bt Formetaeh, obyiokdhy ¢xphetidncof. fretepekr yl , or
ralipha |c As used her. L ROXYS; to’
COOH - GOERYECUS ‘6‘)?45 %1“096{”(5 Ry SpivE “@‘é’%@ igc8% ?Pér%’%éﬁ“g‘fé‘ﬁ’%%%r -0C(0) -

. ggm?.) ghaow@@t b Hsedle @ﬁer&ﬂf Forfugs 1@l Rghoupof hOTTER Asotwegiglt@w eider a
| group rerers to an a hat. ! i
hal ogen. Krown prshiiiedor %XH@PFePﬁﬁhﬁ%Sgkplﬁg,?m%ic RIS %%t:_sgtﬁ%dféﬁ”;h 1-3

L001541 Asexhhﬁﬁ@ m'iﬁan&hylaemamf @am@mfgamppom@we&omouwoff@ﬁmm As used
erein roup refers to -SO03H or - SOBRx vvhe(gokjg uiiaeggll nally or
e"

-S(0) 3- wn@mhsed n@ﬂwﬁwmkgpd"p%l%q:'A&Pm%‘am%‘io@wﬁ““ gr oup
refers oL gk ChohipBuid iRt i) 1ok e Wil s oo @i Iéﬂelnjé 1and

- NRx- S(O)ef sed internally, V\/nerel n Rx, RY, and Rz h
ave been
defi ned aSrbeme If 00157] As used herein, "sul f onani de” grou
structure -S(0)2-NRxRY or J b refers to the
SN ~§é 7§——<
NH,
o /N\)k ko p <
11
13
H H
H HO
07N /§ \é
LT
o)
AN~ OH 16
o)
15
H H O H H o 0]
e SPlas
o Yo \6 H O\\< s}
: 17 la
100193] Referring to Scheme 11, the camphor imine of Formula 12 is prepared by

reaction of glycine t-butyl ester of Formula 11 with (1S)-(-)camphor in the presence of a
Lewis acid such as, for example, boron trifluoride etherate. Michael addition of the amine of
Formula 12 to methyl cyclopentenecarboxylate gives an adduct of Formula 13. The single
isomer of compound 13 shown is obtained by recrystallization of the crude product from a
mixture of isopropanol and water. Removal of the camphor imine with hydroxylamine in the
presence of sodium acetate and subsequent cyclization yields the lactam ester of Formula 14.

Optionally, the reaction mixture may be treated with succinic anhydride to facilitate recovery
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-NRx-S(0) 2-1 e when used termnally;

or -S(0)2-NRx- or -NRx -S(0)2- when

used int erein Rx, RY, and Rz are defined abo used
. %& F#anfﬁg group refers to -S Rx when used ter%?ﬁgkgﬂﬁg§%£§

herein a

when usedoﬂ Aé edsiad br’_‘;édudt\/GEFcﬁhﬂﬂldm Jﬂ&&eb&ﬁphmlﬂémmde afdbxmulaﬂﬁaﬁ’pd: bstanf

sul fanyl include aliphatic-S

rE:Bthe i ke.

- i S- | -
[ 00159] AsOifEERURdAdY spnyeried 5 wrwowwﬁnyﬁ ré‘raé”‘% %fa“roél‘b‘f ‘F&’ymmnmeﬂ‘s ed
termnal | Mnﬁ@@agzﬁﬁ@b;s cy\@erbduﬁxeﬂydnﬂ& qomakddyy behst eilerofxmias Rb@erodef i ned

above. Exenplary sul group

| ud | i phat 0
(cycl oal i @ﬁ éﬁcita@( ofi FOﬁlHaltlllé)\/\)lth agtyéy(lienr%élypéqegd%fn%{gp %SO(S ( c?rane da mgtk'rylsélpzie
heterocyc bl?@ldl%%h&@b}%ﬁ@édrbdnﬂ% &P FdrmSaA)7: Rebvd) BEthk ibkzylok G} As used

her ei n, " group

refers to-S(0)7-Rx

Rx when used ternlnally and

-S(0), - m@n:cu%xrormm@r beatchigvednspieic AUCRIE I9RG LpRseHC st ¢ Beby UpRsh & MExenpl ary

sulfonyl
((cycl oal

?{) geé,?? % ailllhl ‘t:r‘m%la

phat |c

?Qtas%lhpassé Q) énll’adlﬂﬁlyﬂydr%(x%zto (gwe the desired

| oal i phati c- S(0) 2-,

het er ocycbmmllcp)brablncbne&‘;(s&) af Forh]gtaelr7oé_qoy1uo$pt)¢gester of Formula 17 is optionally

(cycloalrp gﬁ'ﬁﬁﬁﬁh99§mah

her ei n, rou refer

nat. Gl

%Chsgoe)éd“ fxala @%algb@m[ﬂ%ml% used

when used

t er ni nal I r,ooamj - 0- S(h@)HVGMOH-fS(tﬁ):)l pﬁavldmhemceussc‘edon th¢ prepaktiop, of \ﬂhep@mﬁﬁ & has

been defl
refers to

[ 00164] As used herein,
as al kyl -

[00195]
Scheme 111

HNT N

cmuNV)L |
e g

<‘...

19

OH

Cbﬂ{N\/L\CN

22

<

[P -

-

OH
CbzNH

L%

24

[00196]

St Fr@ie BRiDs PhEb T

an aIkoxm@ewbgmun1sgﬁmmpnwmhq@hwneaewcmﬁ@ae$eukby

in conbination with another group,
"al koxyal kyl "

OH
H
AR
~

ed her ei n group
S M m"gfﬁfg kqg?%ﬁigé AE u%g her ei n,
‘car boxy," used al one or
refers to a group such as al kyl -0-C(0) -

group refers to an al kyl group such

18

In one aspect, compound 18 can be prepared as outlined in Scheme I11.

CszN\/JL

1

CWHN»)L 0
|

20

OH
CbzHN OH HzN“<:]
B e —

~ 0
23

xr<

<....
y <....

Hn

Nll

In Scheme 111, the methoxymethylamide of Cbz-norvaline of Formula 20 is

prepared by reaction of Cbz-norvaline of Formula 19 with methoxymethylamine in the

presence of a coupling reagent such as, e.g., EDC. Reduction of compound of Formula 20

with a hydride reagent such as, e.g., lithium aluminum hydride or diisobutylaluminum

52



0 al It<)yl r wher ein a:c kyl has been defined above. [00165] As used herein, a
"car bon - - [ "
Ylw %5%6’%2 er to -C(0)-. [00166] As used herei Npc ?‘R}SZ 8325?5 oup

refers to = 7] As used herein, an "am noal kyl" group refrers
struct ur enydR49 atM-tahwilmre be 06 I0AE aud éd "Qierogidas a acrvdirahaaieynd ofgr oup r ef ers

to the structure al k 016 h

to the stiuppiyd ! m&?&raw ﬁm%@"g%‘}% drm(?Orf‘}%r 8?1“1‘?22 #élrg@evtegrb? hp refers
st ruct ur &3 NR% w&rp NRYBZ Fyvirin n&eld] ztrﬁmmhnﬂéthl)byandb suNRXEC@gNRMaSSDHH

- NRx- CS- NRY- when used internally V\/H r q'.n , RY, a % ha1 e been defi ned
above. [OY(YPT'GTAE“\W&:QC‘P?@P&?W”‘%‘ m@fﬁ'&f O3 h@ sugtuptr B%‘P& 6" %%é structure -
N=C( N( RX ouiid o a N2 ) INRX B’\ésen\bﬁeﬂe(‘nn%um KR¥ehavueh een

defi ned a ove 0017

] As used herein, am di no; efers to th
st ruct ur ee-8 CHONRR)aNd RRMCVHWH&'@?CH“WS %frfﬂ”W%é% Cb‘gelggaggﬁiaﬂsetﬂ tl?;lebgve ©
[00172]In ogr%g';%rnﬁllng LR8N @'ﬁ%l Wh%kzﬂ]%lc 'acld@h 8 sBok @) Wihieh Blaserenio 1f Cbz
substituents on a group that i'ncludes two or nore carbon atons ere|n t he

subst i t ueddrisataveef Fbtradhabiby waeittn ad@rtbzdweisisugsipimge. The cyclopropyl am

of Formula 24 is prepared from compound 23 by reaction with cyclopropylamine in the
presence of a coupling reagent such as, e.g., EDC. Removal of the Cbz group to give a
compound of Formula 18 is achieved under known reducing conditions such as, e.g.,
hydrogen in the presence of a palladium catalyst.

[00197] In another embodiment, as illustrated in Scheme IV below, a
cyclopropylamide of Formula 18 is prepared using the Passerini reaction (see, e.g., A.
Doemling et al., Angew. Chem., 2000, 112, 3300-3344).

Scheme 1V

0
HO HN—<]
CbzHN _
H + [>——N+:C' —_—

21 25 _/ 24

CbzNH O

.

[00198] Referring to Scheme 1V, reaction of Cbz-valinal 21 with cyclopropyl
isocyanide of Formula 25 (available from Oakwood Products, Inc., West Columbia, SC
29172, USA) in the presence of trifluoroacetic acid, optionally in the presence of an
asymmetric catalyst provides the cyclopropylamide of Formula 24. See, e.g., Schreiber,
etal., Org. Lett., 2004, 6,4231. The intermediate trifluoroacetate (not shown) is hydrolyzed
during isolation to yield compound 24 directly. Removal of the Cbz protecting group to give

the compound of Formula 18 is achieved under reducing conditions as previously described.
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[00173]In general, the term"gemnal" refers to the placenent of

substitu roup that includes two or nore carbo ein the
substitugﬁp?ogggag tached to the same carbon atom [001?&?&§gﬁPQ$%§g

"term naldpdopnd "Innbheheaibplinest, gre Hydroxrecit oeapeuods ofFoamle A APt hi n a
substituent. A group is termnal, whe Pg | 8084 safanihe end of

t he subsPﬁW@@ﬁ?“ﬁﬁPmiﬁf?wgpsBﬁﬁﬂg%ﬂPgﬁ$E§wggg%'%Pa%ﬁgfcheﬁicéF structure.
Car boxyalgkagb 094 -cBeh of R} Grealpkiatedingreanbyencenbeinfs catichr boxy group used

terminally. A group is internal en the, group i r i n.tihe m ddl e of
a substiﬂ&%ﬁ@lto ablthqygh BT aLssth Ogﬂﬂgﬁw?ﬂ #@Lﬁgagﬁgigqbﬁgg%ggi of the

chem cal st EURtHEGpechtkbhiBIR0SY Féug. 18) ahdptbed(c®)r @heroes Iy IV GG0) - ) and
al kyl car boxyaryl (e.g., aIkyI-C%O)-O-ﬁéyl- or alkyl-0-C(0)-aryl-) are
exanplesugﬁ“e@ﬂMG%yﬂgﬁéeﬁﬁmﬂgéa Fadlral |y, [00175] As used herein, a
"cyclic” G i NC| UGS e riBAR ent, AE @Ml hISchaycV ] dishivegtiayatiem  such as
cycloaI|6 atic, heterocycloaliphatic, aryl, or heteroaryl, each of which
has been pdefidmegrabovied intttrO@ii?G}MPW@%@‘MH‘?P“%“%F‘P'&%@U bi cyclic ring
systent refers to a bicyclic heterocyclicalipahtic ring systemor bicyclic
cycloaliphatic ring systemin which the rings are bridged. Exanpl es of
bridged bicyclic ring systens include, but are not limted to, adamantanyl,
nor bor nanyl, bicyclol3.2.11loctyl, bicyclo[2.2.2]octyl, bicyclo[3.3.11lnonyl,
bi cycl o[ 3. 2. 3Jnonyl , 2-oxabicycl o[ 2. 2. 2] octyl, 1-azabicyclo[2.2.2]octyl, 3-
azabicycl o[ 3.2.1]octyl, and 2,6-dioxa-tricyclo[3.3.1.03 7] nonyl. A bridged
bicyclic ring systemcan be optionally substituted wth one or nore
substituents such as al kyl (including carboxyal kyl, hydroxyal kyl, and

hal oal kyl such as trifluoronethyl), alkenyl, alkynyl, cycloalkyl,
(cycl oal kypal kyl , heterocycl oal kyl , (heterocycl oal kyl)al kyl, aryl,

het eroaryl, al koxy, cycl oal kyl oxy, heterocycl oal kyl oxy, aryl oxy,

het er oaryl oxy, aral kyl oxy, heteroaral kyl oxy, aroyl, heteroaroyl, nitro,

car boxy, al koxycarbonyl, al kyl carbonyl oxy, am nocarbonyl,

al kyl car bonyl am no, cycl oal kyl car bonyl am no,

(cycl oal kyl al kyl ) car bonyl am no, aryl carbonyl am no, aral kyl carbonyl am no,
(het erocycl oal kyl ) car bonyl am no, (heterocycl oal kyl al kyl ) carbonyl am no,

het er oaryl car bonyl am no, heteroaral kyl carbonyl am no, cyano, hal o, hydroxy,
acyl, nercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfanoyl,

sul fam de, oxo, or carbanoyl. [00177] As used herein, an "aliphatic chain"
refers to a branched or straight aliphatic group (e.g., alkyl groups,

al kenyl groups, or al kynyl groups). A straight aliphatic chain has the
structure -(CH2),-, where v is 1-6. A branched aliphatic chainis a
straight aliphatic chain that is substituted with one or nore aliphatic
groups. A branched aliphatic chain has the structure -(CHQVv- where Qis
hydrogen or an aliphatic group; however, Q shall be an aliphatic group in
at | east one instance. The term aliphatic chain includes al kyl chains,

al kenyl chains, and al kynyl chains, where al kyl, al kenyl, and al kynyl are
defi ned above. [00178] The phrase "optionally substituted" is used

i nterchangeably with the phrase "substituted or unsubstituted.” As

descri bed herein, conmpounds of the invention can optionally be substituted
with one or nore substituents, such as are illustrated generally above, or
as exenplified by particular classes, subclasses, and species of the

i nvention. As described herein, the variables R, R2, and R3, as well as

ot her vari abl es, enconpass specific groups, such as alkyl and aryl. Unless
ot herwi se noted, each of the specific groups for the variables R, R2, and
R3, and ot her variables contained therein can be optionally substituted
with one or nore substituents described herein. Each substituent of a
specific group is further optionally substituted with one to three of halo,
cyano, oxo, al koxy, hydroxy, am no, nitro, aryl, cycloaliphatic,

het er ocycl oal i phatic, heteroaryl, haloal kyl, and al kyl. For instance, an

al kyl group can be substituted with al kyl sul fanyl and the al kyl sul fanyl can
be optionally
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substituted wth one to three of hal o, cyano, oxo, al koxy, hydroxy, am no,
nitro, kyI and al kyl. As an additional exa | oal kyl
portion o ‘%b Pkyc galkyl)carbonylanlno can be optronallgegusuéﬁﬁa e% W th
one to thy.gan®% hal o, cyano, al koxy, hydroxy, nitro, haloal kyl, and al kyl.
When two al koxy groups are bound to the sanme atom or adjacent atons, the
two al koxy groups can forma ring together with the aton(s) to which they
are bound. [00179]1n general, the term "substitutedy! whether preceded by
the term "optilgnal | y" or ‘not, refers to the Yepl h%nt of hydrogen
radicals in algiven+stfu tubgumrth“TTErr specrfred substi tuent.
Speci fic substitents ay escri bed above 1n the b itions and below in
t he description of conpBunds and exanpl es there Unl ess ot herwi se
i ndi cat ed, anzﬁptionally substituted group can gave a substituent at each
substitutable position of the group, and when nn\igéhan ne position in any
n fon

given stru e caﬂ be supsicotruted with nnre ?@a ubstituent sel ected
froma speci eq%group, t he substituent- céi

he same—or—H ff erent
at every poSiti o A ring bstituent, such a het er eey¢l oal kyl, can be
bound to anotfler %¥fiy, suchas a cycloal kyl \_tlo form a spiro-bicyclic ring
system e.g., dgoth rings shpare one common atom G8nbi nations of
substituents envisioned by this invention are those conbinations that

result in the fornatro of stable or chemcally @easrble c und
[ 00180] The p g7e or chemgally feasrbl as u ed er refers
not sybs ggﬁejly_aLLehed jé@

t o conmpoungs.
conditions tqQ allow f gﬁhGlr uction, detectior®, af preﬁeraﬁ%V their
recovery, dff]fication and useNfor one or nore of th ur poses di scl osed
herein. In sonme enbodi ments, a stgble conpound or chem cally feasible
conpound i s one fhat is not substantially altered when kept at a
tenperature of 40 C or | ess, in the absence of noisture or other chemcally
reactive conditions, as [ 00181] Asy used herein, an
effective amount is d fjﬁf ‘{EL %ﬁh requiged tb con#eﬁﬁ%ﬁ+mwapeutrc
effect on thetreated pat Hhd | M |célly det rﬁ?ned based on age,
surface area, weight, and c itiof %ﬁe patrent The interrelationship
of dosages for aninmals and ns (based on mlligté&ns per nmeter squared of
body surface) is described by Bgeireich et al., Cancer Chenother. Rep., 50:
219 (1966). Body surface area may be approxi mately determ ned from hei ght
and wei ght of the patrent See, e.g.,~.Scientific Tables, Ceigy
Phar maceuti cal s, dsl e wyyor '§§7 (1970). As used herein, "patient”
refers to a ma IzLHDEngﬂg . 0182] Unl ess ot herw se stated,
structures depictBd Rerein are dl so nea t tlo i udeatft—isonmeric (e.g.
enanti oneri c, dlastePeﬂgfglc and or conformational)) forns of
the structure; for exa , the R and"S configurations for each asynmetric
center, (Z) and (E) doubl e bongk isoners, and (Z) and (E) conformational
i sonmers. Therefore, single stereochenical isonmers as well as enantioneric,
di astereoneric, and geonetric (or C nfornatbon ) m xtures of the present

n

conpounds are within th pg the i ngion. Unl ess otherw se stated,
all tautomeric forns of he ¢nvent i are within the scope
of the invention. Addrtronal i gﬁgd

structures
depicted herein are al so nean that differ only in the
presence of one or nore isoto |1y enriched @tons For exanpl e, conpounds
havi ng the present structures except §or the replacenent of hydrogen by
deuteriumor tritium or the replacenent of a carbon by a 13C or
14C-enriched carbon are within the scope of this invention. Such conpounds
are useful, for exanple, as analytical tools or probes in biological
assays. [00183] As used herein, EDC is

1- ( 3- di neton202hi nopRdpying «BSaehy Ve aplspdiciaigRs ster of Formula 1, wherein Ry is t-

butyl, is reacted with a protected amino acid of Formula 26 (wherein Z is an amine protecting

group and can be removed under acidic, basic or hydrogenating conditions different from
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HOBt is 1-hydroxybenzotriazole, HOSuc is N-hydroxysuccinimde, TI-I1Fis

tetrahydgg Uh e LTA Is trifluoroacetic acid, DCMis di DVAP
is 4- dlneth an1nopyr|d|ne Dl PEA is d||sopropylethylan%ﬁgﬂ{%ﬁﬁhgggg’

di net hyl flﬁéﬁ%@écﬂ@s relfofink Sin RE pfdtddﬁﬁg)@ﬁtﬂi)llm thegrdencamtia GBPlingreagent, to give
benzyl oxycar bonyl , and TENP

th
[ 00184] Asinisbee-¢rs &f Rormilg Nl\/ﬂlhgtl’%?fs‘“$ %ﬁ"%%?ﬁlov (lcif)%rgr?h r?g’{ ﬁ%ﬁ?@é%r esonance,
?EfejhgaﬁgﬁggQ g%ggEQHBahﬁ%ﬁhmﬁaﬁﬂﬂﬁm@gfﬁﬁhmm281 Processes and

5] I n one enbodi nent, the in i 0 oV cess
gnﬂ |ntedﬂﬁﬁﬁétes R@ﬁ“ﬁ?éb@?PW@”&”&@H%BMWHWBWmﬁg?%ﬂ?g gé ghgﬁﬂfabge
chere I. " anmino AC1MN%LG%Q&B%Q%I%%@§7§%@ h@Gpeptide of Formula 30.
[00204] Removing the protecting group Z in the tripeptide of Formula 30 provides a
free amino-tripeptide of Formula 31.

[00205] Reaction of the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic

acid, of Formula 32, in the presence of a coupling reagent yields the amide-tripeptide ester of

Formula 33.

[00206] Hydrolysis of the ester of the amide-tripeptide ester of Formula 33 provides
the amido-tripeptide acid of Formula 34;

[00207] Reacting the amido-tripeptide acid of Formula 34 with the amino-hydroxy
amide of Formula 18 in the presence of a coupling reagent gives the hydroxy-peptide of
Formula 35.

[00208] In the final step, oxidation of the hydroxy group of the compound of Formula

35 provides the compound of Formula 4.

ARSI

4
Oxidation of compound 35 may be achieved with a variety of known oxidizing reagents, such
as, for example: chromic acid in acetone; Dess-Martin periodinane (1,1-dihydro-1,1,1-
triacetoxy-1,2-benzoiodooxol-3(1H)-one); sodium hypochlorite in the presence of TEMPO
and, optionally, an alkali metal halide such as sodium bromide.
[00209] In some embodiments, the configuration of the hydroxy group of 35 is a mixture of
R and S isomers in the ratio of from about 90 to 10 to about 10 to 90, typically in a ratio of
about 60 to 40 to about 40 to 60.
[00210] In another embodiment, the hydroxy group of compound 35 has the R
configuration with an enantiomeric excess of about 90% ce.
[00211] In a further embodiment, the hydroxy group of compound 35 has the S
configuration with an enantiomeric excess of about 90% ee.
[00212] Any of the intermediates obtained as described herein, may be used with or without

isolation from the reaction mixture. The desired protease inhibitor may be derived by
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(s) R" NH3+(-10R(700R N2"""(s)c COO-N _ _3N_ _ 3 COOR e0OOR 9101 Schene |

[ 00186] Ref.ar. Schene |, 3-azabicycl 0[3 3. 0] oct ane (R
Giot, SZBJCQE&?T]%?Acta 42, 67, (1959) is converted tgefe{/{g‘lglp}géﬁgéal kyl

car banat edaichﬁfgruwiﬁsr&)rma%m P,.RP;.LSP,, 6F B h;-}tq»lpzl»ltwﬂnoféfy | SeRIptiYY of ST NQ
known net hods. See, e.g. W & eene and P. Wits, Protective G oups

in O gani MGPAYIHERER a Ry @65/ bs ericdest Hing 'Ihéy"o%ﬁﬁao@MScafbthﬂ‘C €E999) . WO
2010/ 12688161 ée]§?v9l§k91 tﬁégﬁ@&p%%?ddcﬁrh@ Mhﬁ%hﬂﬂg &f cobipiehegNonditions. A

al koxycar bonyl- 3-azabi cycl o[ 3. 3. 0] odane of Fornmula 6 is achieved by first
form ng alPiGhFORliog remgiomin udgs  Avitahls spiverd ethe ampif ita eneeratalipgrangiet (for
formation r j St

crem., 1048 a0 &F GIRMPRRErAEE e Riio SRILFOM. o rRRE e fyge
60(22) 7@@@-aﬂ@@®cm@hamlfﬁgrd@¢mick et al. J. Am Chem Soc 1991,

113(25), nal d

60( 25) , 8?‘471%??&1-9” an D?} ﬁel.isedlw t xso@p Qfp. | the C\?UPI}&"ﬁ]ma@,‘h r%grr ggut in i’g@lﬂ%g’éllG( 8),
3231- 3239 sol¥dme onamaotmorohlxtlheuaH kiythe p&pmmﬁ tiof ankiog, rasuhea cﬁffélﬁmtSOB/bmWn in
Schene 1) .is .prepared b treatrrent a6 with a strong
lithium b&JSi“‘E%ag“O“ '?'xﬁ%et SRR RS %%8@9@%@35%}/% afiﬁlizetdﬁf’ H° F45U9he presence
of a conphexiwigedagedmbetde in thethanBtdbyliel Wylbanedt 3w BRbly between about
tetraet hyl et hyl enedi am ne, tetranethyl-1, 2-cycl ohex%/F: di am ne, or

3, 7- di pr oY IC % ahouetlafabh *@3})&%’{13 pentide seupAine Jeagent aredintagi¢detodlisraixiuge. s ol vent .
SUI t abl e g?l“cﬂtg r?lal%gig [ nF Z?&C gglja ?%lh thee 19%%(} Otf aE)outt}ﬂl ffgé h%/QHt &;(Q,eﬁ)i‘efel‘abl

t et rahydr of ur an, xyethane. bsequent fon-of Fornul a

6 can be bd&t&/aér&d)ow Z(,hOCDtaI’db@m4dP©X|Tﬁ|E€bzis@159ypl@1ll§ artaﬁ@maﬁnmbawrs@hqfs
trans-|cis- 2 carboxyl ic acids of Formula 7 wherein the trans-/cis- ratio

is 30 to FEhARING d5to-pepyiedyEing O- F’Sthll@“or@@“f‘%% PoNtN 10, 95 to 5, or

greater thamyRBida@old. prdr@QHGdiny I SRNE oedREstbpRAKPlamihke TROMROEX bNs@gent  may

be optically active, such as,
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-3-(2-morpholinylethyl)carbodiimide), EDC
(1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride), cyanuric fluoride, cyanuric
chloride, TFFH (tetramethyl fluoroformamidinium hexafluorophosphosphate), DPPA
(diphenylphosphorazidate), BOP (benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate), HBTU (O-benzotriazol-1-yl-N,N N',N'-tetramethyluronium
hexafluorophosphate), TBTU (O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate ), TSTU (O-(N-succinimidy!)-N,N,N',N'-tetramethyluronium
tetrafluoroborate), HATU (N-[(dimethylamino)-1-H-1,2,3-triazolo[4,5,6]-pyridin-1-
ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide), BOP-CI (bis(2-oxo-
3-oxazolidinyl)phosphinic chloride), PyBOP ((1-H-1,2,3-benzotriazol-1-yloxy)-
tris(pyrrolidino)phosphonium tetrafluorophosphate), BrOP
(bromotris(dimethylamino)phosphonium hexafluorophosphate), DEPBT (3-
(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one), or PyBrOP
(bromotris(pyrrolidino)phosphonium hexafluorophosphate). EDC, HOAT, BOP-Cl and
PyBrOP are preferred peptide coupling reagents. The amount of peptide coupling reagent is
in the range of about 1.0 to about 10.0 equivalents. Optional reagents that may be used in the

amide bond-forming reaction include DMAP (4-dimethylaminopyridine) or active ester
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for exanple, an optical isomer of sparteine. An optically active conpl exing

agent car\vbr}gfb(;ﬁ“%?ymmtrl c carboxylation to give a proggff}(USQ@M 0%59”
9 :

enanti oneric excess (e.e.) of from about 10%to about ., Beak
et.al., Jeagehg. su&mermom995ydr®@ber&maz<8%HIPATmhedrpwﬁ%bﬂMqt%mm %{Qh“e is

eqwllbratedto glve tr f ywherei n the
trans-/ ci(BYdrogpycgnigidg b?{@ﬁﬂ%@nﬁgﬁ.@é&r%@ﬁn@%ﬁ%&%% 30§923?%4§?1é€b than 98 to 2,
in the prasRRGeafn g&r@ﬂhﬁo@bi tcbﬁ&&nlosuéc;ua/laleetsbases include, e.g., lithium

h t hyl di si | it hi um di
236, 6 {BUHRheANy I VT, <OURUN B AAGCREE SRBEN NS M he use of

3, 7- di pr opibbx Riclicl, dfRhl RNECREGX3, Ii]meoamlepasv Phé(@ﬁbloem ‘hgPdlLafi-ne
provides the carboxylic acjd of Formula %"‘t%&gﬁd io of

Gi.s
i somers of(=00Xt o/hein G5XPH ‘Sag&“l’g'?aéést‘@?refq‘i‘%"eé CP'Ilp]mgnd obvi at es
the equil ePJuaL' | Blurfh&for CQOIROLIRS ihaGREGuphLiene io01, Fheceapatnsl of

For mul a sol ved to provide a single enantioner of Formula 9.
Known netdﬂg)dﬂlpbzitlcrcesml)vr% -$RcEM.©r alfiMio aci ds may be used and include, but

are not g[I {Blf?dAE n&%%&%%&é&]ﬁg %Q)P%soefs R 1IRRLH sRlkhywaGtthy 8t asa, 'a% salt,

preparin carb e ester w an optically active, al coh foI I owed
by cryst atW.Zatdinok BrCr MR ouzE tPogeciivh Geoupe TP e nie Ay nthgss: p} e

opticall ywalc“ VA QI RLDOAY %rﬂgféd}’t%%é ?ﬁms%&@%@m?)és%rmmkl i zatl on or

chr omat ogr'& ct-am noet hyl benzene or ()
1- am no- lpraue&;r{g-gtr@tpﬁ adfryzdrds)nmp:kie hatlltemb@ab/tObeallﬁl@ﬁp@WUCtb@xyF@FWﬁYa 8 is

crystallized am ne hyl carb .
5010 10655 et ORpO b pusaal Fﬁ)ﬁﬁsgfiﬁ‘ﬁ‘“g{ QI oyl carbamate, 2 9,
obt ai ned fiy I%Klﬁ)ﬁﬂ@t%l&lﬁzﬂfcarbfirﬁite ewﬂmq:nb:e;:wmnleaiqdle@@lsersadfommlﬂﬁ s O mugbar

solutlonls esterified for e di cgrgn J(#Boc20) to
O ve. t ho EShERCarErpgh i OTD HREHS Parar: PHA e T S 0 e

Lh o e e o oot of ot e o ot ovi des the
corrpoundspl@ﬂlcmmfruWé? %7/43[36@1‘@'52%(80‘1%85‘}@4? 68%6%%%@] M/Eglg gt%c pyrrolidinyl
Cormound%mnﬁgrw (%/6’81@%3&/@@@)@59&56 WOmgmnW@xmwéwo sﬁmwwmmmmo may be

prepared as outlined in Scheme || he

me || 001931(52 gL g to Schenme H,
t he canph@¥/5428Dn¥Odi8/ 1767 IV Q 02431 %/, HISeZS%(BW PELY @r? 6) gl'ycine t-butyl
ester of kg H&Hs%zéjwéﬁ" st AShd p) 62TBIRO bk be WoSKERGS. ofOa0kavios aci d

such as, for exa oron'trifluoride etherate. Mchael addition of the

am ne of WﬁWDWBIZWMWE&IUSCW%éM%N\é@QWBWk &{%9%97/@% 4h adduct of
rormul a 130, 0%, BAN0IGS 43 ARE o o0 TROMMGE 1 # 0bobSocBbb A Rl by

recrystal he "crude product froma m xture of isopropanol and
wat er.  Regmyzdo60is 51866, 680 02079234, WO 09/ Ty 89.0XP198BHES. WP PHEe¥éhce of

Lot S AL AL TBRET B AP SRR L
anhydri degfipefdfcaci | i tate recovery
[00216] Although in Scheme V only a single stereoisomer is illustrated for the compound of
Formula 4, the present invention is, however, intended to include all stereoisomers of
Formula 4 which are depicted in Table L All these stereoisomers can be prepared in the same

method by using reagent(s) containing carbon atom(s) of a different steric configuration, e.g.,
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of the desired product of Fornula 14 and the canphor derivative of Formula
15. The I ormula 14 is converted to its benzyl

derivative o?ﬂ%%gﬁﬁta 16 by treatnent with a base such a 9é¥ﬁ%5883¥k56

hydri de, follomed\b benzyl cQIo ormate. Reduction of the Iactantof

Formula 16 wit hydyi de r N ng agent such as, e.g.,

bor ane- di net hy suI‘L pi peridi ng.provides the carbanate ester of Formul a

17. RenovaIHeP‘ L %nyl pr ot ectling group naj/be achi eved under
(s .

Hs such as, e g , hydrogen {i,n the presenge of a palladium

reduci ng condi ti
%f pallaq%ygthydro&ggg 18,101 ¥e Alag desjr ed blcycllc
0 ﬁ%r

catal yst such as}
pyrrolidine ester nmula 17 1sol’ation of the ester of Fornula 17 is
optionally achieved through formation of a salt such as, e.g., an oxalate
salt of Formula la. [00194] The i nvention further provides processes for the
prepar ati on &HN¢pipdtinds SNrHila 2. Onexspeci fic exanpl@iof a conpound
of Formula 2, wherein W is b |sfngQ9ﬁ¥%annd R4 uN | opropyl, is
shown bel ow in mJI a 18. [ 00195] I nz on a\sﬁect compound 18/can be
prepared as outhined bn Schewe- I:l. Schene Pl Qro0 In®chene 111, the
met hoxynet hyl am de of Cbz-norvaline of Fornula 20 is prepared by reaction
of Cbz-norvaline of Fornula 19 with net hoxynethylamne in the presence of a
coupling reagent such as, e.g., EDC. Reduction of conpound of Fornula 20
with a hydride reagent such as, e.g., lithiumalum num hydride or

di i sobutyl al um num hydride at a tenperature between -20C and 10C provi des
a norvalinal conpound of Formula 21. Preparation of the correspondi ng
cyanohydrin of Formula 22 is achieved by reacting conpound of Fornula 21
with an al kali netal cyanide such as, e.g., potassiumcyanide, in the
presence of an alkali nmetal thiosulfite such as, e.g., sodiumthiosulfite.
Hydrol ysis of conpound of Formula 22 in the presence of HCl1 in a suitable
sol vent such as, e.g., dioxane, and at an el evated tenperatures of from
about 50 Cto 110 C leads to the correspondi ng 3-am no- 2- hydr oxyhexanoi c
acid (not shown) which is converted to the Cbz derivative of Fornula 23 by
reaction with Cbz-hydroxysuccini nde. The cycl opropyl am de of Formula 24 is
prepared from conpound 23 by reaction with cycl opropylanne in the presence
of a coupling reagent such as, e.g., EDC. Renoval of the Cbz group to give
a conpound of Fornmula 18 is achi eved under known reduci ng conditions such
as, e.g., hydrogen in the presence of a palladiumcatalyst. [00197]In

anot her enbodi ment, as illustrated in Schenme |V below, a
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cycl opropyl am de of Fornula 18 is prepared using the Passerini reaction

(see e. ing et al., Angew. Chem, 2000, 112 = Schene
qﬁ&ZAJC% 24" 25 pCTRRDi 83556

Table 1

[L,fngté)d& L lw“gtwfﬁg P

0 & H
O H
\ ENIJYM I
() 5 % g N D CEE WA
N%Su ONoHu OuA NORREA RS
O N \l/ H
< NP UYML = o)
CI AR ) S S R RCES WA
H
: G XS
E”:HO“(W J AL T
%SN ¥R {eIREARS
(@] N \]/ H
N, NP [: N QY S
[Njﬁf%ﬁ/ﬁfl\l H 0 A N]\gghl/\gh‘ HN ONA
© © ogﬁ N ° "o
e H
\l/
. . oL M [N:]yn P
DD P N NY(H QA
ngg HA‘[’rNon*ﬁ%uA O
O
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/ 18 [00198] Referring to Schenme 1V, reaction of Cbz-valinal 21 with

cycl opro |de of Fornula 25 (avail abl e fron10a
I nc. we5¥béoﬁ9%%la SC 29172, USA) in the presence of ? ﬁgaghog%ﬁé

aC|d opti naIIy |n t he mr sence of an asygpetrlc cat al ystprovi des the
cycloprop @24 See, e.g. .
2004, 6, K 418 i fluoro " )

yi

, g. Lett.,
r'spohydf ol yzed
during |solatbon t04 Id c directly. Rermbvg of é
protecting grou o] glve und of Fornulﬁ‘lB i s achi gve der
reduci ng condlt S as preV|oust descrlbed 99]In anot her enbodi nent,

t he hydroxy¢a0|d co und f Fornmula 23 be pre ordlng to
met hods d sc [ d |n u. § igzte t hbs 6,0 0 3 nd 6, 639, 094,
each of mh ' ate by reNer s thlre y.

[ 00200] Al t hough prcegsa in schene@ n@ | \V/-aR iNTustrate
the synthesis speC| £ cHcoppdlind (of For mul t h€ processes in
schemes 111 and TV can bg used to produce other co und$ of Fornmula 2.

[ 0020111 n Aot her cem éﬁgiy, S |IIustraEé in S@h |s i nvention
further p R;g%éhvawg-oc sihan bnternedla \/prepﬁg thEPound of

For mul a 4. heme

O N
O H § H

N H H P : A H - H : A
(0] O (0] O//\u I H 0] O 0] O//\”KCFDKU\H

: A N
H

. \1/ H X \J/ H
U*%L“rréj Iy a SR

O H § o H
N o L H N o \%/ H
[N%ENW@ S A [Nj\r%mﬁr@ J{(i A
0 O JN N © O /N N
H § O H 5 H
N N Ny ~L- i
[N N ON £i§;? /JO [NJ\(H ()N;ﬁrgjsgg KJO
H o }\N N/A O H o }\N;\ﬁ/lLN/A
o o H O H § H
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[ 00202] Referring to Schene V, a bicyclic am noester of Forrmula 1, wherein
R3 1S t- \?th}ﬂw/lzks?;lream ed with a protected am no acid gtj }: 0?25%?
(wherein i's an am ne protecting group and can be rem) 5 er aci di c,
basi c or hydrogenating eonditions differeng from eHy d for removi ng
an R3 pr tIHEQCUE é@th presence 31 M g re nt,) to give an
am de- est \e ectl n vied fr m he

am de- est er Eor i e am ne- est ormou a 28.
[ 00203] React i o - ¢onHai ni ng corrpouf Forrul & 2 \M"t h the
protected am no crd 29 |n the presence of a coupling re,aent gi ves a
ou Zin the

tripepti deNof For 0204] Renovi n

trlpeptl ﬁorwﬁﬁ(@gwdes a free mﬁg?tr Er 0(5rrula 31.

[ 00205] Re a Hﬂo tr i de o 31 wr

pyrazi ne- 2- ca@ |cOaC|/;d~ armul a 32, iP pre e fYJa oupling
reagent vyields ani det r'i p@pt f"de ester of F | a 33. 2@6] drolysis
of the ester of the am ge-tripeptide ester of Fornmul a ) OVI des the

am do-tri e@cw\blfo @ la 34; [00 Regct(bn i dg-tripeptide
acid of [ ®0- hydr ox o) Igﬁ
presence o'fJ COUp||-|I n reagent Mi the hydroxy pelpt de 35.

[ 00208] I n the i mal epg’ dXi tﬁon of the hyd groupooth elonpound of
For mul a

H N
Eg%@t(ﬁ 5 a rN/Lgug(gN

S NN
Ny H Ny ~L i
VIR P St
0 O 0 O;/\”/\éﬂm 0 O o
N H N,
PUE S S e ;(m
0 0 //Nu NA 0 0
s I H
Ny O\J/ H
[N/]\r“ Nﬁr“@ 2 A UYH NW? A
© ° JN N o H N
g H O H 0
N L H
[: 3y N "/ﬁj _)o []\Wn N/\n/ H
RO w 5
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35 provides the compound of Formula 4. 4 Oxidation of conpound 35 nmay be
achi eved iety of known oxidizing reagents, su anpl e:
chrom c Q&P&HFﬂ‘§§étone Dess-Martin periodi nane (1, 1- d? y 2&@8&&%&
triacetoxy-1, 2- benzoj odeoxql - 3(1H) - one) ; sgdrunthyp chl by e in the
presence §T @ anhg ongl Iy, an aI nﬁgﬁi aIr as sodi um
brom de. L/ﬁ& '.“nb |@ents t he .Eﬁi th e droxy
group of 3 : Xt gre - i soners i ut 90

to 10 to about to °0,otﬂ$ inaratio bout uo tlo about 40
to 60. [00210] another enbodrnent t he hydro group, of compound 35 has
t

the R coan uratro enantronerrc ess q5 u o cc. [00211] In
a further oHli éﬁgipbdroxy group j\ﬁ oupd 35 h th
configur nti ey c rexcess of cutN90 b c&. H[ 002 2] My of

t he |nterned|®t t@rneﬁ» rrbed her ei®, witt hNor wi t hout
isolation from react@od*nmxtu The desir‘ hidbi for may be

S

derived by WO &8 PCT/U82010/032556 attaching the propriate

RW , P3-L2-® or 8 P2 noi ety. E COﬁploﬁggof mine with such
a norety a9 the cor ey | i @Ctzb
reactive efui aLenﬂ ereo¥ un er tandar i de bbn -f rﬁ upl i ng
conditions. At cal ctron i nclud sui t eHs vant t he
amne in a con ratron rangr g from about O. o] 10Nl preferably about

0.1 to aboyt 4. OM t site carboxyliq_acid, a peptide
coupling 3g§n [ Ozggggihjan anm ne |sgu edgmn ho trL tron the
coupling /zérn th Meact on xture
used in the ppeparation Of— g in aO eft thls
reaction mxturthe reQuiisi tg char boxyI i c aci y be a@d

e

reaction nainta d at tenperature in the range of about 0 C to 100 C
preferabl e mee abo C t o about 40 N Theo Xd pepti de coupling

reagent a n dded xture, whic a|—-c at“agtenperature
in the range Ho ab ut /80 C, phef ra%ﬁ\nkg' abofit 29 Cto
about 40 C Tﬂ se ﬁé -@pmc yja tertiary base, N

triethyl am ne, i so-pr pyleﬂhylanlne N- net h rpholr DEBU, DBN,
Nnethylrnldazole pr fer, trrethylanlne or drrs op yl am ne. The
anount of se sed ge aI y up to ab equiyal er equi val ent
of the a et as out 3 anpl es of
pepti de coupl ngl r eag ts | (drcycl apbo s C
(drrsopropylcarﬁ;pr ntdebf‘ i -Jb- to IuoyIcarbodrr e, BDPO(1Hb ri azol e
di et hyl phosphate -cyclohexy (2- norpholrnyle yl carbodrrntde) EDC

(1-(3- drneNhyIantno -ethyI carbole dkb2h| e), cyanuric

(tetra uorof i Brum
4 enylphosp or zr a e),
i sf antno)phospﬁ nth a ﬁr phate)
zol - 1- yP- NAN, &' /N -t et r arret hyl ni um

hexafluorophosphate)
(O-benzot W oI 1oy tetranethle oni notetf obprate ), TSTU
(0- (N—suc y Nu tranethyl | N ob @te) HATU
(N-1( di et Ry )NNY ,ﬁxl 014, 5“61 i Q ?%t 4
ylnethylenel hylﬁ%t é‘ thhexafluorop hat e hboxﬁ ﬁBCP—Cl

(bi s(2- ox03- oxa |d|nyl)phospﬂrn|c chloride), R
((I-H1,2, 3-benzotriazol -1-yloxy)- tris(pyrrolidino)phosphoni um
tetrafluorophosphate), Br OP (bronotris(di net hyl am no) phosphoni um

hexaf | uor ophosphat e), DEPBT ( 3-

(di et hoxyphosphoryl oxy) -1, 2, 3-benzotri azi n-4(3H)-one), or PyBrOP
(bromotris(pyrrolidino)phosphoni um hexaf | uorophosphate). EDC, HOAT, BOP-C
and PyBrOP are preferred peptide coupling reagents. The anount of peptide
coupling reagent is in the range of about 1.0 to about 10.0 equival ents.
Opt i onal (Hakpempdest hat may be used in the amide bond-forming reaction

i ncl ude DVAP (4-di net hyl am nopyridine) or active ester
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WO 2010/ 126881PCT/ US2010/ 032556 reagents, such as HOBT
(1- hydrox&B%fueltzgéezol e), HOAT (hydroxyazahenzotri azol e E 5@‘“0/03 556

(hydroxysuccinim HONB ( endo- N- hydr oxy- 5- nor bont ene- I'car boxam de) ,
in anounts ran |ﬂg from about 1.0 to about 10.0 equivalents. 1002141

Al ternati v@o ¢ fRAPWInSAE P Ve M AP it el oF (B At erideighd dib rabmsion bof t he R
car boxyl i c @f:euqn Mﬂt&)ﬁ WY C6 M iids arPRyr He TNEL of R

P4- L3- P3- L[2n P2- y 1, vvhesr efn 8&—“ r g a{%gr%upuslnﬁngz?ns%(%n%%aeg?%g%tl ve

t han C0011b4 ?P“ﬁtﬁ@déé) mrtinaghwamqf@lw manﬁlpInecslyofdy—C( =0) X1 groups i ncl ude

groups whe c i phatic or aryl), -SH,
- SR, -SAr,H;e é’é’ r1 3%5%% aéﬁ)cf’ly%rrn[ 913 '%uectl ng groups as used

herein are known in the art (see e.g., T.W Geene & P.GMWtz,
"Protective Goups in Oganic Synthesis,” 3rd Edition, John Wley & Sons,

Inc. (1999), andjthe earlier editiongs of this book. Exampkes of suitable
protecting groups tar_acids,.incl ug%guto Yy, benzyl oxy %I oxy and

r net hoxymet hoxy. anpl es of suit & /frot ecting gro group am nes i ncl ude
9-f 1 uorenyl met hyl{_carbanat e, {-baGtyl %arbamate, benz c'\érba
trifluoroacetam dej and p-tol uenesul fonam de. A nunber of chem cal groups
are known that may be used as the RW, P2-, P3-L2-P2, or

P4-L3- P3-L2-P2portion of the protease inhibitor. Exanples of such groups
are reportgghi th he foll ow ng publications: W 97/43310, US 20020016294, WO
01/ 81325, 08198, WD 01/77113, WD 02/08187, WO 02/08256, WD 02/ 08244,
WO 03/ 006419021810 01/134 Tit8c-ndD A1 HR 230 ppedB 188 thddhdBical W& 2(hd SR Supid)S
20020177725, WD 02/060926. US 20030008828, WD 02/ 48116, 01/ 64678, WO

01/ 07407, W"G8F" 4%%*3@9‘% R A AR s R L My g A %C%ﬂ‘ﬁ%fb\/\g%’?y s

2002001644;21;)6&6@1@(00@85)431 m¥0) RRFGHHEBdhy &S5 Bg, Q18,30 andISh B,.86861380,1) US
6, 608, 027, %%20020032175 95 §8%3080017 0 98] 25496, Ue 5 866, 684 VO
02/ 079234, VD 67& 1155C a5 Bapladadanohysodigad and thoymists 40t 22ased 9nd Wo

02/ 18369, 4athi:Ch AlearbRERENVNEALQHIVBEHBhNale (€F /LENEEMbLA it Qﬁﬁ/lralc%ﬂél'(g(ﬂ | es.
[ 00216] Althogl%h in Schene V only a single stereoisoner is illustrated for

t he conpouRd): dNFGHAD yanadded g the ghaapmizipiganen ohhouws. Heveiere wintiended t o
i ncl ude alhy é\tﬁﬁ@l@hzﬁqw&rs()ﬁ 4(|J_' ar rn‘rgnacoéleM\’fU £hbidl & rﬁ)%ﬁitlﬁg eghd rﬂlelﬁp Wes!- Al

t hese stereoi soners can P pared in t e sane by using reagent(s)
cont ai ni nd“t&éﬁdbbfﬁuﬁtcbmdﬁ Cofitea agil thedredint” vais einfad veidrdthyd atcalidl oiwicee 1@§). |

WO 2010/ 1%@@&9&). The solution was concentrated in vacuo and diethyleneglycol (1.0 L) was added.
In a separate flask potassium hydroxide (160 g) was dissolved in water (190 mL). The
solution was added to the diethyleneglycol mixture, with stirring, then the mixture was
warmed to 85 °C. Hydrazine monohydrate (96 mL) was added over 2 hours, and the resultant
mixture was stirred at 85 °C for another 1 hour. With nitrogen sparging, the mixture was
warmed to 160 °C bath temperature while collecting the distillate in a Dean-Stark trap. The
lower aqueous phase was returned to the reaction flask while the upper product phase
collected. The process was repeated until the product no longer distilled as an azeotrope with
water. The pot temperature varied from 135 to 160 °C during the process. The collected
upper-phase fractions were combined and dissolved in heptane (160 mL). The solution was
washed with water (twice, 120 mL each), and the combined aqueous phases were extracted
with heptane (twice, 100 mL each). The combined organic phases were concentrated to give

the title compound.



WO 2010/ 126881 [11. Exanples 1002171 The follow ng preparative exanpl es
are set forth in order that this invention be nore fully understood. These
exanpl es wpeofooresshe pur pose of illustration only and aPeTASROMO31566
construed as limting the scope of the invention in any way. Preparation 1:
3, 7-di pr opﬁNMRTDMS@zébB@me :3. 23001Ad.Orraness, ZOWH.‘{zthId) £.231002181Fs, a

t hree- nec i mechani stirrer, thernocouple,
condenserﬁ§%f¥ B%g?bg 9? 7 4hﬁdg% Q P?ggéﬂ‘gtﬁﬁéﬁﬁbpg)Oﬁgétéﬁarged

1- propyl- 4-25pizpéH) done (100 g, 0.71 nDI) par af or mal dehyde (50 g, 1.67

nmol ), andgﬁtgyg%alcohol (2.0 L) wwth stirring. Acetic acid (90 nL, 1.56
nol ) was and the m xture was warned to 40C. In a separate flask was

di ssol ved [@oply @t Nt & a[ﬂwspQ&rJ&cW'aﬁd‘(%(?ﬁbﬂ 6'?-111%9%19 adRA% MrdxrurdDi s
sol ution \{/3\?? added to.the above m xture over 7-8 hours. The m xture was

stirred f&F RIPPETaPPFEIREF (00, fddmolgparafgrmaldehydrarl 5@ 801 @Hmpl. aadioihght
t enper at UaRohol (EOITLXh UrtEurMASK T4 Lh%ke&{utpklécpwm ﬁu,%glc%_sn%l L,te(r), and the

Celite(r) was rinsed with ethyl alcohol (twce each The sol ution
was conceHerageauplsing asersieasse Hheétemg@n@glsywure(»@s@amledmgoé@dmud In a

separate fdiardh dPRERS RO MOLPX. @'z?m(;\];ﬁarpetﬂ;?l d%ﬁolgzl 389 ¥&dudapy L er (190 nl).
y

The solution was added to the diethylene Sti'rri ng, then
the m xt uPEodes 7vdopisd Th@n%ur@wawdmqu@t ﬁ(i)?(bhydlrsatoers(a%r tht )ddivash vadded

over 2 hoHﬁ@hedaﬁﬂe Pnh&‘ux%%y C(E(ﬁ&lt to%)&g Eﬁ{‘% V\%Sﬁl%[re ff'lﬁ%a(?lie(gtegégf Qe another 1

hour. Wth nitrogen spargi thé m Xture was war Y&t h
t enper at uweshmwlltbe@@l dlexhi ( m\glct h?@()ﬁh[s&lkhﬂ@ﬁ&eld@nﬁn%&ﬂm&ts&blkcehﬂ'rﬁ&i toThe | ower

phase. col 1oat LB S U BBCu bR R e ot Tt e pFloersbroe Danger
distill edW&S‘ddﬂﬁi ﬁﬁb&iteﬂbpe stWufidn M@b&ﬁyurﬂ-h@drﬂﬂﬁe uempematdresuahl gdrir om 135
to 160 C durli ngxgt he\)g]d% esqs1 6‘} ﬁ | I ect ed upper-phase fractions were
conbi ned SAdCQIEEHE FHChepPa e’“?&%‘b“zr‘ﬁ_e)mo'*ﬂ‘?éd%‘él(%ﬂ‘)l Bk Vigsstddrdshvsd2 wi t h
wat er (t whones, HedOngwe SBaGIW)as c@mﬂuémr cabRanednagR RSy RIARASI el feeXtracted
wi th hept ane étw ce ach). The conbi ned organi c phases were

concent r apPEgr Hab?e\?@df(ﬁg% (t\yl@leé:@H%ﬂgl&e distillate which formed two layers. The

lower layer was returned periodically to the reaction mixture. Heating at 155-165 °C was
continued until the distillation of the upper layer ceased. The upper product layer was diluted
with heptane (480 mL) and washed with water (twice, 240 mL each) The combined aqueous
phases were extracted with heptane (twice, 300 mL each). The combined heptane extracts
were concentrated to provide the title compound as a straw colored liquid.

Preparation 2: (S)-3-amino-N-cyclopropyl-2-hydroxyhexanamide (18)
o o N 0 o
O/“\HN/QOH + A - O/“\HNQE{'
OH OH

H,N N

OH
18

[00220] A 250 mL round bottomed flask equipped with an overhead stirrer, addition funnel,

thermocouple, and nitrogen/hydrogen inlet was purged with nitrogen for several minutes.
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WO 2010/ 126881PCT/ US2010/ 032556 | H NVR (DMSO-d. 500 MHz): 8 2.60 (dd, J =
10.88, 2.04 Hz, 4H), 2.23 (dd, J = 10.88, 4.58 Hz, 4H), 2.12 (t, J = 7.74
Hz, 4H), WO2010/1248884 (m 2H), 1.44 -1.35 (m 6H), 0.85 @CT/UB2610/M3B56 Hz, 6H)
Met hod 2 [ 002191 Under nitro gen at rmsg)here acetic acid (260 p, 4.67
mol ) was H¥dsefestes aninpRydiey #d (0o py1- moauaﬁéﬁrwerfwl@d@mgde@% mol ),

par af or mg) gehyde: b hpfhirq.) @e%oddﬁm r)) theAMdk RI¥Ed 8) e@NAL of OMIO Tk mhiRtuRe
four-neck 12 L flask eqU|ppe a mechanical” stirrer, a thernocouple,
and a condengiited FRETHEE eﬂtdg‘ecﬁf@(‘)ﬁfémm"m&ﬁpblam% (apgoreR(¢p | A mingteshdl hg

sol ution ¢ Ul 158hely £di L) was
added ove@jsg%g?ﬂyoo%%n&gl %%ﬁd‘gjrtéo.ngjﬁﬁe) @g Erce(%tagg&(ﬁnt alhne a?é%(;

1.5 hour swafadded tohiee fadiint orempomas. Thaisiead. of Thedlank )&tmrddowaistocsbmteﬁt&o 22 to
25 'V ando | tered. . The te h cohol
(twice, Ort‘%%“réhyhe Cod%f‘{%é’?g’on%“nedh‘f&l T %Og}é\@zoﬁgé%\%ér ?CF(%JQEABIO %‘out 1.0 L
under vacumjmdllzs)tg bl0as imon 2(©O@olonddg), wbAddal \&&rﬁ)ddmlanémdmyl \eln@ghq;m@lhmgz 60 L)

was added, fo db ol.utj on of potassiumh )end N WAt er
(570 niL). ““i”‘f‘i‘@“r"é*éecrt‘i‘fi‘f?[f’fgit?(t{]'r y’%é%c“l‘?@g?'é[dr “()agnlél' ‘é({[ﬁdhr %d ﬁ?ﬁogéﬂonohydr ate
(279 nlL) masccaddedioawewarhed @ifodm tbidpdratng aad stﬁﬁad@v%i?ghﬁdn{elrwﬁdnfor 1 hour

after the addition was finished then the ted to 155 C while
col l ecti rf@‘xf‘ﬁ"ewd‘? nsierrgd | dATeERrop '?'Fﬁ‘dmt%n]‘ ngé’}{aﬁr%ﬁ OBYer was
returned paEd @ GR) hikodiR idnk}Rrdi @RCThODMF Wi Srer WA Ge @ivith Bhecl 65 V was
continued until the distillation of the upper |ayer ceased. The up

product |RyERs REEIQAT P erLiitt -40e bt Hiseomappd H@A%‘ﬁ‘da%éé”ﬁ'@d”wf’(dhw‘%t er

(twice, 240.nt.ieaabl mm%clgomb@&ﬂbﬁwwﬁc@b@@@%nvt@@(emgmﬁ@smg Wi
hept ane (tw ce, 300 each). The ‘conmbi ned heptane extracts were

concent r By Breﬁipdé lpyige wes %qﬂéﬁ”@dﬁéémﬁdoﬁ’é‘e% Bepay 2o haray (140quk-u.

Prepar at i 18
002201 A B Pl P A et o
addi ti on thynmellize thwmdyc@uph eqluamd The miggendspddeg@h’G for dhowasigpdy ged wi th

or ot oct ec o KRy Al T e o? %96]‘@"%%%‘*3 ﬁr‘%gﬁ%@@%ﬁ‘ﬁ"g@@c. ni i de

(9.0 g, QuOY&nridd oveaugnrm];(acrc eq;n)e a\/tmice: mdtied 1286 gheAd | b$kg patibowade by 105

mL of DMF. The m xtur 2050 r sol.ution was
obt ai ned Y5 ‘{FF%?S ?VV\@B] ﬁ%ﬁ)d?alltééc)“" &1 P%\gkﬂt\’/&L glc\)/glngEans a%d‘ﬁglté (P:

(i ce/ acetipneidratuigy. wihsGEd fot 1Bods @ robm @hdp¥Rityre 2TR: proddr wedfilermdalitded t o
the flask |n one portion. The contents of the flask wer aII wed to stir at

-5-5 C f oitkawpdgd &ith MEBEoRmelny Jhe frgdroduch @4 pvassyarle (@351%¢d to -103

C and cy(giggwt%pyrldgmmg%aoaaqgﬁ 0.085 mol, 2.4 nolar eq. ) was added Vi a
an addition funnel while maintaining a terrperature ranae of 53 C. The

reaction [AP3&1Lr & Ivits Baghi ydracqngtian yessehequmpedwitg an geerhgad gtise. bakat akow y

war ned t thrﬁl‘agautp%nprﬁrﬁ{r&'greﬁ/h§m &t ihfef €5 Q) %@Wﬂ)hﬁwog—gh%rrs@@&ztl inAfudd. Xt ure was
transferred to a [arger round ottomflas and quenched with the addition

of wat er {2pooteatdd aming- bﬁﬁﬁ)@%ﬂﬁié‘? O 0. IThemobrpgd ey disajhet ah@s).ard r act ed
with thr 0 )

et 1 act  ay CUELIS Alnolr SR8 p I RP M) P w3 B Gk B KBRRNE 4oe
NaHCC3 scfbmwadrbyOQO(DiLan)Me@Hd Th¢ madtlllry wagt@tated304) t yntl TeestaBipAvatbz)er was
concentra at nos r egh
Distill at%lsdcr)llv% (a%'gx‘ Pe(?sl%(r)ln u?e?lue %91 HgB%I?lgtntgthl}%gﬁgg]#gg\?ﬁﬁ]%%ﬁms
added t o wigysittalitroge, \telnedpas mtdws;thefw pmsmﬂ with wmrogehhandmrosswrized wed fised d at 85

C for 2 hayr 0 led to ro nper at hel d .f | hour. The
pr oduct v%f Wgﬁci?ﬁ?r% hef eVF‘étnga{ﬂdmd’rSP 5@6 n%badlﬂg ik gHe ﬁﬁ% 30 C to give
a crude pr@siukd (CUDOGBigGhd thdvedsdl Mpgespﬁrzt:di @BOQfsighiethe buldet pilodiiet was
pl aced in a 250 nL round bottom flask, 50 nl of MIBE was t he

thick sl Uprtpespesonysss ags g agihGiind Shpsie Gudroearpe regt then Vﬁrg@?ﬂﬁ% ct was
filtered mgndpdpe "ﬁﬁkf@ss\é\mﬂe@nt\éﬁ Edhtlm%er(@é}em w1t-5h@tr hﬁﬁjd e QIQIH Wal 6.4 Q)
was sanpled for w % assay .2 W% and HPLC A% ( 002 1] A1.0L
Buchi hydroples&ritihGanglysis @q@ﬁlcb@bﬂarmg Watﬁﬂaléb§%hé@dsqﬂ“rbé bal | ast tank,
t her nocoupl e, and nitrogen/ hydrogen inlet was purged with n|trogen for
several mnutes. The protected am no-kgdroxy am de (49.9 g, 0.156 nol,
prepared as descri bed above), and



20% Pd(OH)2 on carbon (2.85 g, 0.002 nol, 50% water by weight) were charged
to the vessel followed by 700 mL of MeOH. The m xture was agitated at 40 C
until thewetarwizesgimat eri al di ssol ved (approxi mat el y 15Pgirast@sp32sihe
vessel and bal l ast tank were purged 2 tinmes to 40 psig with nitrogen,

vent ed t odatiEisepHer i lhepessisvasaewingkd wridire-opesirizehtd "ﬁrpegswh InecbgbmaD psig

wi th hydrgq t her The bal | ast, tank
was final Igggtrég)s?uﬂrgﬁdedn%%g] w}gmtﬁtgf’ aﬁ{a?r)f\%p%ﬁe‘lgvvee‘s“s(fgItO ‘ltmos%llg’e(sgrﬁfgu%e‘?ﬁ"}f o 30
psig via t"lfregfbafﬂﬁaeftlmplankthﬂwgyh‘yldsldgrenaiﬁooHPueasﬂysmmrd@&iluﬁi aatind0 C and 30
psi g hydr ul for 2 hoyrs, The vessel was
vent ed toglgﬁ%ﬁsg e{“?g p(f%}égﬁrp glaﬁ(’%ﬁmm? Bh S)éhﬁ‘lstrﬁé’uéqe ARY eSS WXl ed f or
HPLC anal y#h $ydrogenragd hddal 4(51Cafot umgidlir&inelm()ahm( Th8%ssdliwik Verfedlo5% bot h

di ast er eofyer ed and re-pressurized to 30 psig with

hydr ogen anéf’§ i prefsuzf(f“ghfa\éﬁvgafﬁ’{) %a‘f niggReRaesBace The vessel was vent ed
to at nos pﬁ)@EZZJ mﬁﬁﬁld:l’\els\%lﬁrh]ttﬂdi for o J’ﬂﬁ]l@j51§-f0$@&muggﬂf)fe@t@@arﬁfnwh&bfrows
submtted f HPL GIJnéSI S ég resi dual am no-am limt 5%
both di asf%‘ 8}?8? jrect o hﬂ)éléiwserWQSédAamlqnéﬁﬁr@sWﬁ arpdalliiedh

hydr ogen @mdt hedubnatiridOhCol@highugd dnl Ql@bnd Qo of VIO HVERSQL.MBS Vvent ed
to atnospheric pressure and hel d overnight under a nitrogen atnosphere.
[00222] A §’él 51 R4S ubifist R srarpplie 4angilty sissrefdisolpéwi. dualfilpredbest ed

ani no- hy df eayor arlide a( 4500e Geteetifdcatd Wstrin e@wWW@W@gb gy ?rﬁ{?tgger ). A
portion of the product crystallized out of solution during over ni ght
stir and @HYSOEP diseied at 3oBsRhent PVEOK was ohdwed dpwosimm l/fé)mhethybduct The
slurry wagewarswon n.filtered over a bed
of Celite(r) at 45U)Wé5‘lddéé s d?ﬁﬁweoﬁ %Egﬂ\l@é& éri)tlr]’ flnsle Eenc tHEREBH 259 nl)  and
the filtralwnagidSaimt ﬂfhlléeluomiwatwmsqphacd t»qurrreexsumpthﬁb (HSQQiU)lmas odded

appr oxi Y I tate nd distillation was
cont i nurerggglte Q';iit} %sﬁhgrﬁé%f@@gﬁ? e, °d C()Oleg)tcfréfz"g t?)’&‘f’ f’dé’edf‘gi‘é}ﬁ‘d Y 0Ppits
procedur gn mse/f“emeaatedThwmmlrrmdemoddemz&rteuécléiiothak\)et vixs vaddacheti Qithhe fl ask

at 75 'V nt s e o roomtenperature and ultimtely to
5Cin an%ﬁgrée/&emq‘s aB(?fjrmd “\fﬁé %ru féﬁ é’ﬂesf)‘fYBHKFé?‘gb\faérhE&ef aBthedimidhe wet

cake was wwasdveakdwis ah offepti@nelid 25.2r8-). 1anghord 7B @4 yadid ARith M MPOEhudigdeced
pressureggv% ﬁ% t/T e free am no-am de was isolated as an off-white solid
(21.2 g, i WUpRassay ofi% f‘d‘)’”fmth an HPLC purity of 98.5 A% and a wt/w
assay of Edmplent: N-r-bx@mRy&@rbonyl-3-azabicyclo[3.3. O]octane (6)

N-t - but yl oxyear bonyl- 3-azabi cycl o[ 3. 3. 0] oet ane (6) 5 Method /
[00223] To a 2 L 3-necked roumsl\bottomflasi(b@der nltrogen fitted with a
mechani cal stirrer, a 500 miiaddition funnet and a thernoneter was charged
3-azabi cycl o[ 3. 3. 0] nonane hydrochl ori-de—(10 0. 677 nol), potassium
carbonate (187 g, 1.35 nol), {> utyl nethyl er (220 nL) and water (160
m.), with stirring. The m xture was cool ed tg 14-16 C. In a separate 500 nL
Erl enmeyer flask was charged Boc20 (di-t-but y? Ui car bonat e) (145 g, 0.644
mol ) and t-butyl nmethyl ether (190 niL). The fixture was stirred until

conpl ete di ssolution was obtai ned. The solution was poured into the

addi ti On]‘}ﬁﬁ%’?ﬁ and added to the above WD 2010/ 126881PCT/ USZOlO/ 032556
reaction re, keeping the reaction tenperature below 25 'C. Water (290
n) was H@d23) (1o ac ISSmkx\/k%dWnﬂ%storﬁlﬂl@sktJﬁ@eﬁﬂl%(ggéfl%tt@@@]tﬁra'n{e"c% dpr 10-15

m nut es. After arating the | ower aqueous phase, the organic phase was
washed w50, 3&'& f@ﬁ@@%ﬂ’(‘mﬂ&%ﬁ themprgteravis kihargederratiay e[ 3 G14&nahd . The

or gani ¢ PRRSAIONAS (LONRCEnYT Ab y d (1.3 L)
to give a soluti Oﬁ] ofgct he tlﬁ%@%%aﬁgﬂﬁ%\(l?v% hfltnﬁgt hmﬁg%ﬂg? See,

e.g., R. ¢th§r¢#20 ey 4pd vate i 60aek la with 40rring 7 Tie @ 5@)re was cooled to 14-16 °C. Ina

separate 500 mL Erlenmeyer flask was charged Boc,O (di-z-butyl dicarbonate) (145 g, 0.644
mol) and r-butyl methyl ether (190 mL). The mixture was stirred until complete dissolution

was obtained. The solution was poured into the addition funnel and added to the above
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Met hod 2 [00224] A solution of potassium carbonate (187 g, 1.35 nol) in

wat er (160 nL) was added to a m xture of 3-azabicycl 013. 3. 0loct ane

hydr ochl owode10(126€81g, 0.677 nol) and t- butyI met hyl et hecT(d2@omkls56 and t he
resultant m xture was cooled to 14-16 C. A solution of Boc20 (145 g 0. 644
mol ) in teastiprymixiEeHyering e reactaueRpyrayisdelandat nt per il mia.Wﬁ? Ayt

tenper at yf & s Qpl.QWlid&Sandhe ﬁ\fl)&% WaB i AdbE 1R midhRs TAXEE armfg thd loveed for 1
hour then filtered. The solids were washed with MIBE (50 nlL). The phases
wer e sepafigesplasd tersganigrinbowishrasbedyuidhed dwlfw‘s%@uce NAHZbLt W ce, 145
m. each) NERALARHEHed £dFhyTHoMYAGK WAgUUM  MTBE
(300 m.) tl%ggy \é%g?{f é%ﬁ%tﬁ?%ﬂgﬂjﬁ% c‘%%gec%tﬁraa?e to r)gkrmvg V\B.q[rel’ to | ess

t han 550 apqimh(l'ﬂie t@@imcemlutame)f\nba:sntdwbmlpeldld\/mt hutpTBEhy{1400r.ndoe. ¢, provi de a
sol ution t h ,MIBE. Exanple 2:

rac- 2- (t lﬁ fl%t E{ﬁ (g”'" t%et a%%lrdégwl opent a[ e] pyrrol e-1-carboxylic acid (7)
67 Met hodfle‘thc[d);t)225] The solution from Exanple 1, Method 1, was charged to a

5Re|€;1Ct4|- Eeg&ggé{ l/ghtgué‘ér{é{zgw\émwégéﬁb&g%ﬁ& Call 353m015 lrne\«(/dterawé(? E} ;[vglsodrgidfd’mnel a
Di pr opyli3a didu@zabiagyedyoloB3. 80 bl ienarieochbBde gl,oo@, @87 nmbl) amdusbucylar ged to t he
flask. Data coII_ection V\B.% started on the Re (ﬁ I:)’ﬁl‘{]?% I uent and the

sol uti on "WAY! £8g (e Mb).an9 thegesubant Mixtug Was ¢plp¢ {o 'fﬂf’"oi 6 Min

cycl ohexanglo Was ¢Sb.0M Yoddoes i onditye ctheatdo An) Wh%lddé@whk@ﬁ@m&gnﬁgle reaction
tenperature below -69 C The addition was nonitored with the React|R
i nst r unertmpesnde blevaddt disT Wﬁs”s‘d@t‘?ibﬁ@d“‘éﬁ‘éwd%%‘fé‘e%%dﬂ‘ﬁérn@%“ fierabog cm |

had di sappeasicd WaRAyARE SRS MANGS ndl). ?rﬁéfimgéwer@%%@dtaed iecraase for
t hree consecutive scans (2-mnute interva he solution was agitated for

3 hours a&hasePBshed withdTaq. Natip§d: et & m&o@czmmw%la@ﬁvewwzom/ 032556 of
G2 in nittagen. @S0 Sk, %cmrm@g% OmiN&ad KACE LN OTXLMEE, Kkeeping
t he reaction terrperaturenbel ow - e sparge was stopped after the
absor bancencorat@0OR rappearaa ¢ st then Réaopt. R hsgentenuaiy (28601tedhwith MTHe
m xt ure roed t . ' 0 W% NaHSO4 (1.4 L) was
added. T\Iﬁ%ﬁnﬁn\,\g G éovﬁ%dsﬁgglggaﬁ?gtlg%?%&bﬁﬁ Jfrlsgtél rred for 30 mnutes. The
aqueous rasplea srag 2pabatoagicazhehyoetaby drany dopehteaddpyvasleddcanboxylivatidr  ( 700
The ﬂqueous phase was decanted and the organi c phase concentrated to
prow de fe title conpound. Method 2 [1:10226] A solution of
3, 7-di propyl- 3, 7-di azabi cy(y/ojﬁ 3. 1] nonaneA483 g, 0.87 nol) in MIBE (300
m.) was added to the sol uttons sof N-t-butyl®oxycarbonyl- 3-
azabi cycl o[ 3. 3.0l octane fro anrple—1, d2inaflask fitted with a
mechani cal stirrer, an addition funnel, a e ¢&probe, and a thernoneter
and the m xture was cooled tho -75 to -72 c.VA sol‘ution of sec- butylllthl um
(510 n., 1.6 M was added, Ié@ gBiL Ng the reactLCDz(m tenmperature below -70 'V,
until the absorbance at 1698 cml had di sappeared and t he absorbance at
1654 cm 1 ceased to increase® The solution was stirred for 3 hours at -75
to -72 C. y;ue )reactlon m xture was sparged with 10% CO2 in N2 keeping the
reacti on[v{enperature bel ow -70 C. The sparge was stopped when the
absor ban¢@22sr GeRolappetos Exmnplhe MemodﬂRv&memtgedlma(ﬁBagledwdﬂ)ask fiied m xt ure
was warnmed to 0-5.C and a s added and
the nixt 0P8 WBEIHHrARY g d'ggn %nf’%e‘hﬁ &4 rrprO 36%4“ Ome?e \r,:g%hases wer e
separ at eqbqaaplyltBthlamu&@tIS[Bphaa@mwasl 86 he@ ke thot)ovarakegasiuo ﬁletfhl@k pbhunas | ower
t han 3. Th Qrganl c [égase was shed with V@t el %700 rrLiﬁdt he_% centrat ed
to 300 mEO PV asssted P8 thegRepetfR mzinumentpag e g iR WAt SAOlRIAC cordlemt rat ed to
300 niL t\ﬂtceatmugmhﬂnﬁ(@olmﬂ MG cidihekdnt) RaCOiRA0 UACditd tHetrdiylioacet at e.
Example 3: (S)-1, 2,3, 4-tetrahydronapht hal en- 1- am ni
(1S, 3aR, %@t@z@%&@%ﬁ&%&@fcww g%%lr%?cﬁc|%éﬂféla?rélvm?‘810éed1m€hr boxyl at e

(9a) the ReactIR instrument, and the addition was stopped after the absorbance at 1698 cm’ "had
disappeared and the absorbance at 1654 cm’! ceased to increase for three consecutive scans

(2-minute intervals). The solution was agitated for 3 hours at -75 to -72 °C. A 10% mixture
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Met hod / [00227] Ethyl acetate (2.3 L) was added to the residue of Exanple
2, method 1, and the mxture filtered through a pad of Celite(r).

(S)-1, 2, 3vorwinedsydr o- 1- napht hyl am ne (56.7 g, 69 WO PCT/US2010/032556
2010/126881PCT/U82010/032556 0. 385 nnl% was. added and the sol uti on was
stirred fCOmniggggnsvagicariullysparged imodhgfegqtipp dvYE: keeping g eaiant he sol i ds

were ri nst@nq%%’é%thllg b%fow hoagethd ﬁ)d(g%%s gﬂe?);ged-[lﬁ@r t§9!aﬂsg§)a¥¥%rf8r dnl §eatd 1210 30 'V

under vacuu or 4 hours to gjve the title conpound 51[ 002281 To a_3-necked
RBF fittabe ReacHRapecampePatame )cdhe mityrewas warmadriaAidcCs) and 3 salwion of3 Qeﬂ ux

condenser,, tf bHRE miVaS RVBRG (hR8.25 °C and stirred for 30
(S-1, 2, 3 Iﬁgit{?% (;}c?r% ‘{r%élgﬁéahy Earr1n11mn| un‘% sgt (t 98¢, a8 %tlzrmm)lOr et hyl

acet at e (rﬁlmteﬂﬂhe agnebu? plaso panesipart§d 8ndrhy orgfie phﬁsxmsl@dwé@ WERET to 70-75
‘Vwth Stfc)r. r’[lhggq%:-lo_ﬁ %Hysg(\%ﬁ%raeec ht e o? coﬂha;e (?en ) QUL ov%@@lg ifooled to

-5 to -10"C over eresu urr tere t he solids
were ri ns;edxpmiutdh cold ethyl acetate (180 m) to gl ve the title conpound as
a white sAg d, .Method 2 [002291 The ethyl acetate solution of racemc

N-t - butyl '5’(?} bonyl 3- azabicycl o[ 3. 3. 0loct ane- 2-carboxylic acid from
Exarrpl e aooml hadoRiiomes 3, adilecpyt-0,7adisabidydl6a. 30fnonane (183 g, 0.87 mol) in

(S) - 3,4-tetrahydro-1-napht hy| am n 6. 0.3 nmol) in ethyl acetate
(300 m_) MFRE ( ﬁﬁ%‘ Wééeds'f)h'}ersyli’“f"bf’fe%‘("i’uﬁg‘ﬁ?%‘”%%"ygg 25 C, then filtered,
and the S@!ﬁﬁl@&ld{\@§bﬁﬂtdﬂé frbmeatxhyibleac Rlediog 2 (R0 0adklfjied The apﬁ&ﬂuﬁ&almrdrl ed at

20-30 C under vacuum for 4 hours to geve t he t|tIe conmpound. OOﬁgOCJ A
m xture of addigos fnpelgsRepcdBarehy. adgverpgmelsT y)d thempyre gaseeped o

2- propanak, V@SA\Q@]HIHEIQOft P bByifiehifm ¥iloi hL M) @hadlic8 3@MES OB reaﬂ’lﬁx m xture

was cooled to - C over two hours and sp rred for 3-4 hours. The
i xt ur e vtélgpfffi*tlﬂteé’ﬁl@cy ﬁﬂ&c’tqﬂé' e abrecrnetrat 6P Sam Imdasappeaidgndéct he title

conpound., b%‘@%@% & 14354 grﬁ)' sopcht%qgfér@atsg' %nﬂnb‘ﬁmds stirred for 3 hours at -75 to -72

(1S, 3aR, t but oxycar onyl ) oct ahydr ocycl opent a] c] pyrrol e-1- car boxyl ate
(9b) . NH8+ Thk k@OBHMINULBOR S @g@@@mtBuO% CO; in N7 keeping the reaction temperature

below -70 °C. The sparge was stopped when the absorbance for CO; appears in the ReactlR
spectrum (2339 cm’™"). The mixture was warmed to 0-5 °C and a solution of 30 wt% NaHSO;
(1.4 L) was added and the mixture was warmed to 22-25 °C then stirred 30 minutes. The
phases were separated and the aqueous phase was checked to make sure the pH was lower
than 3. The organic phase was washed with water (700 mL) then concentrated to 300 mL.
Ethyl acetate (1.7 L) was added and the mixture concentrated to 300 mL twice to give a
solution of the title compound in ethyl acetate.

Example 3: (S)-1,2,3,4-tetrahydronaphthalen-1-aminium (1S,3aR,6aS)-2-(¢-
butoxycarbonyl)octahydrocyclopenta[c]pyrrole-1-carboxylate (9a)

A A
N COOH y coo A
COzt'BU COzt'BU
8 9a

Method 1
[00227] Ethyl acetate (2.3 L) was added to the residue of Example 2, method 1, and the

mixture filtered through a pad of Celite®. (S)-1,2,3,4-tetrahydro-1-naphthylamine (56.7 g,
69



89b [00231] To a solution of racemc

N-t - but yl oxycar bonyl - 3-azabi cycl o[ 3. 3. 0] oct ane-2- carboxylic acid (4.66 Q)
in ethyl woebwreef8100 nL) was added (R)- (x rret hyI benzyI ROTNS2§1563255¢)) and
the solution was stirred for 16 hr at 22-2 mxture was filtered and

the sol i ds38kanad) Wasridded apdithe sofurign Wa&éttfaetdém%@%fiﬁ?&s%& thgrmigycat 20-30 C

under vaguy mnfa%ﬂ afid m@%'(';lﬁis taQreGHiné€d @vnﬁ e%?“a@ta@?@fﬂ%ﬂﬂ - The B¥RI¥Rl e Sried at
(1S, 3aR, 6aS)-t-butyl octahydrocycl opent al el pyrrol e- 1- ear boxyl at e,

t but yl est26r30 “Gxatletacuum et Hoers o gifoe 843 compuRd.ur e of the

(S9-1,2 t anpl e 3,
(-1 1%?@23%1; f@!ﬂ&6Q%&R@WH&B%m@ﬂgﬁmﬁé%g{ﬂrg{fw&qam) iteebx@rpl e 3.
H20 (867 rifilx,cobde3get. amdla)nitwezsn Qubbriqfe‘danCﬂ)ﬁrg@fOthnKWult 28, 4dﬁt4hb’dfafu solids were

di ssol ved. T ani c

concentra{‘ta%ldp)ﬁ%m'? @um SalPt@a%?Wn\e\?ﬁyﬁ dte ?@%?Lﬁzﬁlgmﬁddgnﬁ and the

sol uti on mas The ageani:rat edraghiornn0t 7o °z5gtrmmrm@1§ haddxmreom@(stmcxeif@t t&B9 on
process was repeate After the fi naI concentd t-BuOH (158
nL) and di'AEthHY “é{r‘rf’ﬁ‘é‘i)g?rgd‘? Hg ?@VEM urg hesresrﬁﬁ)?) Wer'e"™ flcli 8%“%\msol ution of
Boc20 ( 6%okdsOyver®ridskd Mth)coldretiyl hadtayd (180 b)) tegihethe (82 cdnpdupd waswhitkded. Af t er
stirring for 5 hours at anbient tenperature, [-butyl nethyl ether (158 nli)
and 5% adﬂlé‘bus NaHSO4- H20 (260 mlL) were added and the resultant m xture was
stirred. sfhgopr 9ani c phase was washed with 5% aqueous NaCl (tw ce, 260 niL

each). The organl c phase was concentrated to 320 nL, and tetrahydrofuran
(320 L) (ORI B s nyTrestads WAHIOR ob FaeBIcNE PHYREMHIRCBY el again to 320 nL, and

tetrahydrofyir,an{ $8Rchd- 2‘6@1%0%@1@%% fr%HE{mmwtﬁ&m RGs h@ed2Pa ML once
nore, methane sulfonl c acid nol ) was added and the sol ution

was stirrseldtion ofdfbil - leeﬁiyércatﬂii@ﬂfymme E6HauPS85 ek ip e@rkicseHI%t ure was
added to ﬁlé?:gq'é%ﬂ‘xqﬂgr%%ﬁf?rlrégt'opﬁ'tl%%u&g?% @?ﬁen%%m@%dﬁﬁé §or1§§des-EQ@ aqueous
phase was extracte i sopropyl acetate (32 . The conbi ned organic
phases werith eakddae:mtcr @08 chlp o TB2Erodct waﬂdhquxt)é@ﬁﬁﬂ uad;eetvmuem(fs%hma towas
added. Th‘?ve %‘alpl urtlgl on was concentrated again to 320 nL. The organic
phase wa thp water (320 nL). Isopropyl acetate (320 nL) was added
to the or[qlmop @h&sterea]ﬁmetsbbaSﬁhmﬁ¢Mbom@9@®m}ml petasc dtld)2l>9®dm_ Wdlssopropyl
acetate (320 t he organic b

concent r a3&ge WTV% %_untl ogrmlea? ?1858?ut oxa xlnéx lg&w s (ﬂ 515 (5; r&lr n

i sopr opyliwaeeiratigl {i#48 feri3)4 hass. addedx e wirdileregand dlesp@cbdut:ucbmdev}ﬁr 4(2 hour s.
The m xtyre was stirred for, 2-4 hours, and the slurry was filtered. The
white sol Fde2iets HleSemEPURtt h i sopropyl acetate (100 nl) and dried at 35-40
C under aGHIHR 4:QRY-1 §hdn§1B@ahdrhingurs OrMRRELS) ¥RE-hod 2 [00233] A nixture of
(S)-1,2,3,4-tetrahydro-1-napht hyl anmoni um salt as prepared by the nethod of
Exanpl e ?“‘%ﬁﬁ@ﬂ"@"@@&‘gd'Q’CY@OW[H}BM”‘%1 BIPOXYIae( R et her (726 ni) and
5% NaHSO4- H20 (1. 58/1:\0 913 mol) was stirked until all of the solids had
di ssol ved. The phasaes sere separated and:thg organic prra"se washed with
water (726 nli). ganlc phase-was co ntra o—about 400 mL. [-Butyl
met hyl et her (726 added and the @q seficentyated to 590 nlL. The
addition of t-butyl Heth et her and conc ntra ?on was repeated to give a
final volunme of 350 mbgsd:) met hyl am nopyr i doﬁreu (8.42 g, 68.9 mol) and
t-butyl alcohol (260 nm.) were added, foll owed by addition of a solution of
Boc20 (112 g, 0.52 m§|) in MIBE (88 ni) over §°5 hour. The mixture was

stirred é(mﬁ] hpyg Sol@ton221Bmfe. N»Ab@t?lobdjzdaﬂﬁmylfB SR oslbBB.(bsatefnt € i n Wat er
was added and the m xture stirred for 5 hour. The organic phase wa

washed WC?WOS%C%&(&@? éh‘l“(ﬁ’l“]yd@e(afwle‘emLA&’(‘§ d4?Ed Q%)c%)“eﬁﬁ@ee%%ﬁ? F8t d to
270 L. Lﬁ&ﬁcﬁ'ﬂxg& AR sliRéProfd hef&ﬁﬁz@gdedmm ;z&tmevdzmt%@dmn@mdgat ed to
270 nmL; tthis procedu re was repeated twce nore to give a final volune of
270 nl. Merhamed sithtyl ceati Jhésdldst“)erwvas?dad%{bé{) Qv erdegvauo tier 4liurse

mai nt ai n|n Ly eerrB%(r)%turg of lower than 30 'V and the m xture stirred at
22-25 C 9 iﬂq "PHE mi xture was added to a 30% aqueous sol ution of
pot assi um car bonate (478 m.) while maintaining a tenperature of 22-25 C.
The mixture was filtered, the phases separated and the aqueous phase
extracted with isopropyl acetate (tw ¢é@, 540 nL each). The organi c phase
was concentrated to 270 nli, then tw ce evaporated with isopropyl acetate
(540 M) to give a final volune of 540 ralL. The organi c phase was washed
with water (twice, 540 nL), then tw ce evaporated with isopropyl acetate
(320 m.) to give a final volunme of 320 nL. Additional isopropyl acetate
(429 nL) was added followed by addition of a solution of oxalic acid (40.4
g, 0.448 nol) in tbutylnethyl ether (321 nlL) over 2 hours nmintaining a
terrperature of 22 25 C. The mxture was stlrred for 3 hours at 22- 25 Cthen

-—y £ " - . I A PNIN




Met hod 1 [00234] A 3-L 3-neck round bottoned fl ask equi pped with an
overhead stirrer, condenser, thernocouple, and nitrogen outlet was purged
wi t h ni t revgenidfasssseveral m nutes. In a separate flask, pemuseo0m3z6é d (46. 2
m., 0.867 nol) was diluted with 442 nL of water. The solution was all owed
to cool slightly. Cbz-L-tert-Leucine dicyclohexylamne salt (330.0 g, 0.739
nol ) was charged to the reaction flask. t-Butyl nethyl ether (1620 nli) was
added to the reactor, and the m xture was stirred to suspend the salt. The
acid solution pr epar ed above was added to the react or over about 10

Cemper at uf GBS bF SRR B Bl G hp o (PR o B G o ot or (455

m.) . Agit boiyestewasakitopped, and the |ayers were allowed to settle. The

| ower (aqueous) phase was wi thdrawn to provide 1100 nL col orl ess sol ution
of pH 1. To the organic phase remaining in the flask was charged additi onal
water (200 nL). The m xture was stirred at roomenperature for

approxi mat el y 1hour“\Ag|tat" vas Stopped, and $he layers were allowed to
settle. The | ower % agueous i as W t hdrawnit o provi@d@Oo500nl col orl ess
sol ution of pH 2. orga phage was he atégm;b~ t 35 C, diluted with
DVF (300 nL), and rat d under reduced pjessure to the poi nt at which
distillation slowed significHftly, | eaving a concentrate of about 500 inL.
The concentrate was ‘%?%nsferred wi thout rinsing to a 1-L Schott bottle. The
concentrate, a clear col gyl ess solution, weighed 511.6 g. Based on sol ution
assay anal ysis and the solution weight, the solution contained 187.2 ¢
(0.706 the?-L-tert-Leuci ne. [00235] To a 5-L 4-neck round bottoned
flask eq ition funnel and
e A R R G e S LA
eq.), EDAR@MpiaRdlaAigdg, (80.7678 20bmol). - @Q/l makhent etbq (30Cant) DB % ¥8BS®1-) . The

slurry wag, (53%17% F)Q()QBNEQVJ&AH%:%T f%rﬂ% 17% Is lfll'rtl I]l%ﬂfOf twrﬁgff grssogvag Tb\%s added

Cbz-L-tert-Leucine in
over 47 mrg\uumwascowasmnh@h\&mh wmtennfﬁxzn mi@thﬁhbbr&ehﬁﬁmtﬁgsqm tzimigehﬁtﬂyre at
0-5 C Theq f;’iﬁtl staﬁa e S tlrred for gour a&% 27 m.nutes.
sol ution azabi cyc¢ “%3’ 4! 1f?)s8 CHEhEIXVEFHERYG FERD 9cq°d ML Uteﬂdd‘é@'f er in
i sopr opylcoamntraﬂca [(rélﬁssSWaMr%eal@aﬂwﬁe @preO.AEf@étH&"ﬁin)il dmsenadisled:-Byen (P& m nut es
whi | e keergtn%dt he Eﬁactl on grB%r afure a 1 C The reaction m xture
was war medt ?)r{}'é‘Ppyé‘élHl?t( guit! > |mo q‘ﬁ/‘?qﬁ’ﬁ‘i‘ pherlifen ¢fdipcgd (4.6 0. 339
mol , O. 6(g 0Bl afol)afl +huihhse iadd@er (@yermﬁ Whs QUdRS Af%hﬁlrﬁ@gafé)?s%ur%%ture was
agltat ed Ag“gﬂr 16 hours then isopropyl acet ateﬁé% rrL%J\I was added to the

3

reaction {eBweranre spyw| ‘BH‘hb'fe‘lPﬁfélt5§rﬁ’i'1|’?é‘"Q pqpepps gHJO.-HLO 28 0al), 0. 40
ol ar  eq.werd MAW@LRS thé R3ulBA ﬂ)xu\’i@-%a@gﬁll%q TR Bl%gmg pRcL bvgpwgghéﬁﬁ W’tg 2‘ thin
m nutes, followed by 4- neth ap i ne ) Iar
eq.). ThadreeseNpeh thicst269 @Lmsms ﬂ?’pp@émaph@? w3s 5or1q@ura@d WA2EnL(788 ml) was
added, the e t, tes, Q ettle for
11 m nut esmﬂ%'a%wﬁa(zéedsﬁl\ffzgé&gg (glr)gr'téedgn Qu]cHJhQéaé ﬁ%gﬁégggw[&la Vr\@oé;?( r gtt ed with
i sopr opyld“é@é@%}tdéof(lmi@ﬁﬂntl)) Vemddddde Adtegamcmtphagwmmmomemm«ned I N aq.

HC1 was % hy, ci.d 28. 3 to water
(1435 m ??e%ﬁgeg‘gfr"g%rﬁ@@q%ﬁg 2(7\6/\%@‘ ﬁaééﬂ“?oﬁ%’ 54 “Oé‘o‘g’ar%SHﬂ‘fde%‘ PR t he 1N
hydr ochl ¢ampraawt dor 44 haOvt %haqeaclﬁﬁ@ﬁl%us@wst ddded was3ogr spasedolyodsssol vi ng
K3CO3 (171 eq.) in water 540 nL The organlc
phase wa?( C@%ea mv%\ﬁ)tdﬂd %tﬁred 3*’%\/?‘@’ ‘9. pq’?(%étﬁ eé‘ézchﬁdl‘% PRGN nut es.
The fi namlol @a¢ convenied BEanghibhyes yetd @WeArganioc3 kU hh@Ropropyahing (30862. 1 g,

was sanp and bmtted for solution assay. Based on the sol ution assay
and the V\g‘sd\ﬁf “%‘%g ﬁh c Ygii¢ ?Od‘{{'ontvﬁlécglzfrﬁﬂffﬁt%%gé%? atthal- IBgorzagic plpss20 nol )

of produefs @Esh%@althlﬂalcﬁ(mmguﬂ@prcgﬂ MB@@Q%&?@% 0% M) érofhidd - 37 ppm (5
H s), 7.25-7.33 ppm (1 H . ppm Y417 ppm (1TH d), 3.98
ppm (1 HPhasy a"dsth%?olglorawﬁﬁﬁwztrwd 9192 mle dsopropal gwprte((32HnLinvas @daxsaz 56 ppm
(1 H 1 sechnd@nd o8 , 1 4 ppm (2
H oM. 138 ppm (9@”9%8 d(n%s uum Yvaétoﬁpen%r?t?gﬁopj@ﬁ K‘g(}lmlon ngé(glﬁ dcl " Met hod
2 [ 00236{24A %30 UBmeb lofsop@pblsasqztmtm(%rrbb)nmsad@ao&e@)rganrc swailnen 0(6220 m.) was
added to a suspension of (IS, 2S,5R) 71

3-azabi cycl o[ 3. 3. 0] oct ane- 2-carboxylic, t-butylester, oxalate (80.0 g,) in

i sopropyl acetate (400 nL) while maintaining a tenperature of about 20 C
The m xture was stirred for 0.5 hour, the phases separated and the organic
phase washed with 25% w w aqueous pot assi um carbonate (80 nL) to give a
solution of the free base. In a separate flask, aqueous sulfuric acid (400
m., 0.863 M was added to a suspension of Cbz-tl eucine dicycl ohexyl am ne
salt (118 4g) |n t butyI rrethyl ether (640 nL) while maintaining a

M NN~ I oy e r ~ - 1. ' I



[ 00239] The two sol utions from above were conbi ned and then cooled to 0-5C
HOBt hydrate (1.1 eq.) and EDC (1.1 eq.) were suspended in the m xture and
the m xtuwe 28toyrsssd for 6 hours. The m xture was washedPairtus2evansss¢5 vol . )
and the resulting organic phase treated with L-1ysine (i, e\g..z a[]i(]i

N- et hy| frowrph®hd i strzd def. 4 beurgeudBiesigy gt {11egd-e kre¥iteget iy at ed
ester. The i NeR 3 R 48 45% ROBABSCURIGALBARALS (S éol . ), 1IN
hydr ochl g%f%‘%%?gﬁ?ggérgh) ,etS%%pot a]\é\)dsai um car bonate (5 vol.) and twice with
wat er (5tuvokompaoth) to give a solution of the title compound in isopropyl
acet ate. e 7: (15, 3aR 6aS)-t-butyl

24(S) - 2- @ﬁ‘gﬂs 3-di net hyl but anoy1l) - _

oet ahydr ¢eo2aBope niiafue]oby$)rlal, & HietohydoX yrlaphtbylg@8loniaN20 GO rayeddy tiBu 2728

Met hod / [ 0024 A uchi ,hydro Q j i t hree
times. A"%W%@%%B@‘? ?@ﬁetﬁ?d%ﬂ%‘%.gegm‘"ga1’E@?%ﬁf%‘?ﬁ?’%‘,@%%?%é “tobutyl
24('S) - 2- Mhersoyl DRy ¢ 3R Donyl Adfbh O)s &jrded until all of the solids had dissolved. The

di met hyl but anoypoct ahydr acycl opent af c rrole-1-c oxyl at e repared b
The ot homsenebodt e sers oo Uoskben g et ERE s thipeRle ryPrncd Y
i sopr opy lph#e &tadtehckdBicd9o Ghoud 4OBRLMPBLyWAShghahgeT2a oL e adéaicindithe

| sopropyl acetate (100@ was _added to_.the reactor. A slurr%nof W521(18)%Water
and wet 2084 PHCOHPIRES H"Q%.B"F‘@?”‘Pﬂof’éwld‘w Y GI8F HEE LTS Y has
prepar ed gig.g A% eedritf vbme beant L. BitfleR@hhRbp@RIiWaS 43 asd amolhadr eact or

was pressurized to 30 psig with nitrogen gas and vented_ do at nospheri c
pr essur e.-bThyi sloghel (368 platves ‘tC\ﬂF‘béﬁ’”O‘N‘?g by additigf Ol F“ﬁP%QE’g?‘i@@éh&t% 30 psig

wi th hydrogen and,YERYEd,B0M b8 HBhMSLREK LR WISESHU Rr 5Tbins sy €peat ed
twi ce. The reactor was pressurized to 30 psig with hydrogen and stirred at

anbi ent  tlesppeicatolif® sbdumibitwiate. in Fhier wisaddpdanaehe mixrepiErdler he"arBuchner
funnel w.th a V\h:?‘) z?é%r\]vaﬁtw%sﬁehluﬁt%:Sg(p%gg.{mn{tﬁorﬁo%Wge,9@6ﬁlllye%h) anfpe filter cake

was washed WTh* sopropyl aceta he procedure was repeated tw ce
nor e usi rRgn@hifatgl @rd0 3A0. Bughwloftiae (D). r8LW Soaddddumil dre ik turheonsegiateing Cbz
conmpound. e material fromthe three h ? 0, I api ned and
distilled® gﬂh‘@ﬁ 'ﬁ“&d’ﬂ%c dirp PEy ?“é""{}ﬁ“ﬂf" ml—% o gﬁ%ﬁ%@ﬂ?l#}gﬁt&%yuti on (468. 68
g) was asayed stiiemidtel @7 nlle wae mdednder 015Lhdur N (DIVBG dg a BOQeikz) of 6 3. 96

ppm (1 H d), 3.67 ppm (1 H dd), 3.53 cigd), 3. 19 H s),
2. 66- 2. 78OWHP r‘rli‘a(“f%H,C ’ }heflzté‘fezs.‘zé’?d 6@“’(#@,& i% F'C"f{?'é%el”.“éﬁ”ep‘ﬁ?ﬁp”?ﬁ&ho m,
1361 42 BT 0ot Dam (0 Fh &) Nef hod, 2 [ 00241 The. 54 uti on of
ppm , .M, 0.91 ppm , S 0, e ution o
t he Cbhz cﬁér%%\fgt iWpe MUY f@%ﬁﬁh%w@?ewe%%&‘} and ‘9\%%4”8%‘83§lieﬁx'é?f§%%
Pd( OH) 2/ %I]ﬁgop@%%?/aceﬂa?e @vid), 540 nA. HE) aueBakhioPhAPPAE abidsntraldiao apPALAt US was
pressurized to psi with hydrogen then stirred for 2 hr%fast%)g[%g 20 C.

r

The mi xt uhe thées crarofardetitt soremd v Ahe € B AP st  fitev Fit shed
With i So%ngdm%ipg%%%a%%sﬂc%%tm)ter (82, SHTRILNQREnf tiv deTei RSN 8h BY@PEN at ed

wi th about™4 unes of heptane at 40 C 2 to 3 tines to renove the
i sopr opy lacetetet 30anLiThgive eduht whimesof i yinasddiimpBgonrepybacetatg (49 8ldd and t he

product dried; 4nder, MaSUHELoE] Yfuiibh St Slatit Geif pRPY s MRANIRG 3
butylmethyl ether (321 mL) over 2 hours maintaining a temperature of 22-25 °C. The
mixture was stirred for 3 hours at 22-25 °C then filtered. The filter cake was washed with
isopropyl acetate (100 mL) and the product dried at 35-40 °C under vacuum to give the title
compound as a white solid.

Example 6: (1S,3aR,6aS)-t-butyl 2-((S)-2-(benzyloxycarbonylamino)-3,3-
dimethylbutanoyl)octahydrocyclopenta[c]pyrrole-1-carboxylate (27)
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[00242] A solution of (1S, 3aR, 6aS)-t-butyl
24(S) - 2- am no- 3, 3-di net hyl but anoy1l) -

oct ahydr ovgchopenssa] c] pyrrol e- 1- car boxyl ate i n i sopr opylPCaast@avas3fssom
Exanple 6, Method 3, was added to 20% Pd(OH)2 (2 wt % | oadi ng, 25;'x£1fl;/<)\/\/et) and
the m xture was enat ed at;“_\bar and 20-25 Cfor 2 h 4 The catal yst
was renoved b fied wi th i sopropyl e /ol .). The
olo dér reduced pr.es

filtrate caric CQKO gi ve
a sol uti f the Hitde corrpound Tn ifsopropyl acetat €. B:

(1S, 3aR, 639) - t- butyl 24(S)- 24(S) - 9- (benzyl oxyear&BwyT ani no)°

eyel ohexyl acet anmi®o) - 3, 3- di met hyl but anoyl ) oet ahyldr gcycl opent a[ c] pyrrol e-1 ea
rboxyl ate (30) Met hod | [00243] To a 3 L 3-neck round bottoned fl ask
equi pped with an overhead stirrer, thernocouple, addition funnel, nitrogen
outl et and jce/water bath was charged HOBt 4120 (51.74 g; 0.338 nmol, 1.05
nol ar eq”f thadrcHc) (64.8 g; 0.338 nol, 1.05 nolar eq.) followed by DWF
(197.1 g{00288 & Bl)3-and ragidtbatibaa 1as esalmeﬁedth aﬁheembaairsmyrewa@dcmt ed to 0-5
C, then a solution of the acid29%98 43% 2 utSlmgllar eq.) in
DVE (172 thgrgocoppl. agd pitoggy UG AphRaer ﬁ%ﬁﬁﬁ o 5 erf He 455 ' i'on funnel .

This was é}ﬁ%@éﬂﬂmesﬁnfaqb@wd @B MhINWLERT i) & iadiatchih 4inilt o wiiterg Thie
tenperature at 0-5 C. Once addition was conplete the eactlf)n#gloxture was
agitated S@ltltl@l\st@”PU?d@Q‘?@'Lﬁr‘@hﬂyl't@zsldfetﬁ’tIl‘%‘ﬁ‘“ﬁfllcﬁ'ﬂ@heé e It{H0 % pr opyl
acetate (436 n{a)l)aggs%ar éhtoqm:@aueh Agsk1 04y ﬁl Ghe@fyl a6iérd 189 m0) BR2a0dd owas
charged to an additi o funnel and added W se over | hour nal nt ai ni ng

t he tenpéreataste, ad g Bix@re Sanpired naispesd shej Sﬁdl Ehg i 1 ORPrdrEd AR%Et i on and
addi tional EDCR AdaRdemA 116k 282038uTS Thanal ysi's of
a sanpl e Mo e Y AL L P Il O RSP A rzﬁr T HOBT4120 (2.59 g

0. 0169 modi)tureand sE@@H@lroc(r@temegttur@fommgomlagelw\}a uprtagretilatpdiste ith10. 44 ni)
and cool ed t C A.s0lut {ophe 1dWePMF (10. 44
m.) was 6"(%352453(5“5%3 gadt %S spotpﬁ du[(rﬂ'rsf/‘gg? vt gbowgdil&&%n Tin ISI\/F over
30ni nut e$4quaa1snplasmwﬁ@thaWIea@mm ltléﬁpércaﬂmhes @lut@nsfnﬂ 1Tﬁe the xt ure was

stirred for 1 hour at. O ri intainin
0-5 C. TREHCHTREEHALNg 'g?gdsifwasc %g?'lc{)alﬂd g%ﬁ A tQé@ig@ Xﬁ,&g tHtﬁl on of °
h:jzt gm nﬁévaﬁk@red(dlﬂooﬁﬁteﬂlpe@tu%%r ﬁ]iplr()xnhﬁtgl\yﬂheﬂr QA&n@nmﬂ_\Z]as\BwS’pW @I[!Ihllhed and
added to the reaction m xture 10 mi nutes char

met hyl norlgyses Weieal[orgdda segle- dhﬁ@”%we%é%%&fd%s Yigdhg %a’focvﬁdef)%\(/)glpl‘about 10
m nut es, c%klegs%lﬂhé}goﬁﬂm batchiedn@masat aneand 2d5uGs “Theilneneih DMFm xture
was diluted wth isopropyl acetate (443 nL), follo b ter (585 ). A
sol ut i on (#10 pbk aecbqqnﬁ@reaﬁeéah%ﬁféedeeeﬁi Pgesgyre i‘%th&/a?la'rdt\é\@e@ dr\‘ii‘w lY%ded and
the m Xt yrgijas fkg%g%&&ﬁéﬂe% 500 B ITA¥ Qb cHRIEewsERakREed t he aqueous
| ayer was fextr act twce wth isopropyl acetate (tw ce 235 nL. each The
combi ned vathgatrirsinghas &4- abpé bolde hEeE GANEMIA8. V!¢ GeloUless stetion W P%‘f (585

L t he I ageparated to
gi z/e a l :ggl?:lelgycgé e(%i%%ssé ut i %gﬁ%o%,}@ ?igdﬁ(g@é%%@or? gﬁ%ﬁrﬁ%ﬁl&aﬁ?g e@(pvxm ghi ng
1159. 3 g 181.2%50.409 mobftbailnierrgctén® w w % 30 in i sopropyl acetate. 11-1 NMWR

DVBO- d, 1 7 1H, 5.01
(ot sy (PS5 CRY s o gyt pfm i i Bepfoffpdufeert B M (207
m, 3.68 ﬂﬁeﬂdoccmme Rldﬁﬁ)n(fd.lh-l,el aﬂd)n,ltrcﬂgeﬁﬁﬂel wzea qhatgded WBTIH?@(@B:?@ g(@.é’H? m,

of “Coe actdl 5 st o BPCAENTRR R gRy v, Bt SR IR e, 7T "

suspensi Othe Qfurdzb¥as tédled B39-23°.g) 36108t %hyitiat of ©3acid4f Ghz-Liert- Leucme in

N-methyl rrolldone 221 ile maintaining.a te fure bout 0 C
After th %éﬁgt i4oh O- %EE%IAQLWV\@ QWF%Cfgd’V‘?'QLW ’Tn%nﬁgdr%rea iof m'xtureo C. A
sol uti on il tB& @en%@raﬁﬁ@a@éls o, Rf Bic@pRmeduictaExangl for Fhodvabdad 2) in
i sopropyl acetate (632 nm.) was added to the m xture maintainin

t enper at unisute$. Abputionf 3-azalfiexsto(3-RE)GHAFLICAROLHE Rid¢ e chgdn ’a?gPrBV%Jd to
warmto r t | S WEIR kpiap iRfre@bAS ST UM
car bonat eg%t(%@ﬁqanﬂ\&gtggpggé%h “%ga(?/\cgg Ogggg%lﬁu | e mai n!t)a?nl ng a
tenperature of about 20 C. The mi xture was vigorously stirred for 0.5 hour.
The phases were separated and the orgdhi ¢ phase vigorously stirred with
pot assi um carbonate (105.3 g) in water (316 nL). The organi c phase was
separated and washed with 1IN HC1 (316 nL), and then water (158 nL) to give
a 12. 7% w w solution of the title conpound 30 in isopropyl acetate. Method
3 [00245] To a solution of (1S, 3aR, 6aS)-t-butyl

2((S)-2-am no- 3, 3-di net hyl but anoyl) -

oct ahydr ocycl opent a[ Qpyrrol e-|1 -carboxylate (1 eq) in isopropyl acetate (10
voI) was added NNP (5 voI) foIIowed by EDC (1 15 eq), HCBT hydrate (1.0 eq)

. a ~ - o



Exanpl e 9: (1S, 3aR, 6aS)-tert-butyl
24(S)-24(S) - 2-am no- 2- cycl ohexyl acet am do) - 3, 3-
di et hyl bwoanoyi2ssset ahydr ocycl opent al ¢] pyrrol e- 1-car boxybaituszqmm)zsswm hod

[ 00246] A 60-gallon Hastell oy hydrogenati ng d vvlth a
sol ut i ontegfpetafise @S- be%t Fh%re%@fsnlit%r@g\yaslw Wgcg‘ﬁﬁb §/I 36& g‘f“ o*kg). This

sol ution IhEIHGRE (nees ()W@@W(%o Gl v 8dded olbres mintewr Bhanas t hen
cooled to 5 C and MeOH added. This m xture Wasvﬂg éadctﬂéd into a

cont ai nercaglgh gy @a@qg@pteq\érg lgrhpujg theTbsopwéyldzp?téta (?&g)dalt,)o\?/a ge d
zg((jeq(;) ,[Zg%agtlo%%olu%t)g’1Al§8%t1%rf &QHQQJmH&-Qﬁ@l ANl Nhrgmbhe. 4@9170]@%@0 ile 30 was

e reactor an anketed with hydrogen (30 E’ The reaction was
stirred aJtateEOB(Qgimdsadduiﬁomﬁmcm@mﬂwe VZ“'HB&r*%‘““‘N {dlowedhpretion, a slurry

of activat lx%grrp lneg%d&%lb%gﬁdﬂ' dﬁprgglglpé/ ). %@yékﬁon(rﬁlxﬁlré(g)ls éﬁﬁﬁ)le@ddEd bat ch

and the H% Yure nm nut es. e m xture was | tered over
Cel it e(r uftér. thklgs) Wivar @pamit) @/rds fidded ghe midhre Hrrddhr 200, 21)-Iﬂllﬁlhte%éfr@t“r| dge

filter. The reactor rlnse hISO a ) and the
rinse wadl %%%Pﬁ"ég W\A?imt”ﬁ“ées % |"(§?1g vVrffrx (L)FQXI edTﬁgg g@@oiﬁa&s@l nsed
addi ti onakikaétadivith igopfdpyl seartof7 16 spuapyt oest abmey 2&¢e 6orkigycdand M0H (5. 73

kg). The conbi ned organjCs re reduced un vacuum g 0 L. The
sol ut i on Hidgvag gspagd 83()“‘1?0”3??\(%6 i e g%f'ﬁﬁ%'ggi(’jzéeﬁn}(“lgﬁ “ﬁﬁﬁ{g%%\é s'?lT | ati on
was i nst istdahRPhAd IR wakd tthie bkl i furewelic exd lNChyBﬁ)chJorld'hm@ pribegdag.e was

repeated for a total of 4 hepta s,.abav

reduct i ofsCPasoyisBvEy Preppigd iy Q‘tSiP?‘é“%\gé&é ?béial q ? Par Lm W‘l&%rduct
filtered é?ﬁ@ s hgd o?@aﬁlb pRBPLAD&adhtd weih ) 10 \Jtnedqzmcepddldloﬁ Td. :momg;}) was
dri ed under vacuum at -20 C to constant wej Hgt toh?pg Sééhe title

corrpound mmuteﬂ\ll\?ihe(ﬁDNB?@Aﬂ VeHCﬁd)g‘M%fz»e”OB oygagig spHppn. yjeie 18 Y#), 3.96 (1H,

3.76 u olulldn asa n ol@iohQsda bth werthbd thd 11, :
1 a1 7?&?@%@%5 §rfﬁ%d(iér"s' 1 ﬂ?s %%3534@44'& tﬁ'é?_lh?t o s(laﬂnz %M%S (%QH [ﬂ) . g)e

(9H, s). sNBtnd)rodlezolupOl@Q(m%]me'ﬂﬂé8§@I(Qt5|~‘bﬁ105f0 piof6 Ghthe 50 FYBRAUES anpl e 8,

Met hod 1, 0 At %R ( (3518 pfh (kN @
pressurelﬁﬁ\zigﬂg&%é‘“?eaﬁ%\?S%p Sslgr%% at pm ]vm)gth ﬁgdro en and
the m xt y,e) stiypped] Fod), abewpmi1 kody, 3. 6’Vkﬁe75qamad2¢$tmw\/é§2f2ﬂ4tp@rﬂe(dﬂ e filter

washed with isopropyl ac te and n S o about
65 nL. The' n%%ﬁ?‘éavﬁsm%egégc}rggtp@w {%pfﬁ% gg(lt) a%gp %gﬁﬁﬁ? I(sjél‘éf;v}e?%Fﬁg|dm=35 unti |
anal ysi s g ndi £ag gsm @WHDP0 1. 3@PpropYih (RESIA0T p]ihe(9rH=,$mI tant slurry is diluted

to about 32 then warmed to reflux. WD 2010/126881PCT/ US2010/ 032556 The
sol uti onMﬁé‘"é? oWy cooled to about 5 C, the suspension stirred for 1 hour

then fil 4giAd) ARQufisd éf%mgﬁmcmams@g@)wmerammm@amddaf tohept ane and
t he product dried under vacuumat 30 Cto 9| ve the title conmp @ g gs a

whi t e solshapensditn ¢fa8S.3S[B0 3483bipiiel %%plﬁ)ﬁab‘h GRIOPYEC AW OdESE . a3
2-((9)-2 (ﬁ)] ,S%%,%P@q)%é%@é BWI@%]ﬂ%mé‘g tem%erature of about 20 °C. The

cycl ohexyl’acet i met hyl but anoyHoct ahydr ocycl opent al cl pyrrol e-1-ca
r boxyl at enikwrd \samlup@forﬁédtoat ¢hefphaies Esparysidand thegegapiscphase wagedaiied to 20%

PAd(OH) 2 (2, M % | oadi n YiRgrRat&d @ta 2 bar and
20-25 C f /( %/“hdqﬁleous tedssg%[( %&g&%t QW@Q%D@%& Ebk{l/&\t%olm ltration and vz\l/ashed W th

i sopr opylselam&t: bk, :(qhemlsul)funchael (g0 mén@ 86uald) encibing dela byspelissniof CREYon twi ce

with heptane (8.6 u I ver 1
hour, théf4s dﬁc@g‘”ﬁ érfmezs“[% ulrgsi(g R¥'t erymTe%g’ue?heg?@Qgﬂ% \ﬁﬂleeg%ﬁlgt%gﬁs ?on was
filtered @npbrithe ot akei pe¥hethewhithirdvept sained (8 02 heot. tt)e rélnstssmrapﬂd@déct dried
under vacuumat 30 Cwith a nitr n purge to ve conmpound.
Exanpl e 1be orgame phase wassyd v gy ?Zg@(]gj% 5‘9% pRae %erg %%(‘i/fl\g (pyr azi ne- 2-
ear boxamlﬁaﬂﬁﬁl@%ﬁ%rﬁqkﬁ B3 wdi by th@lb@m)ybl)aaemhyd\ra@egﬁehmpmmmﬁcr] pyrrol e-1
- car boxyl at

reduced pressure at 40 °C to 80 mL to give the free acid as a solution in N-methyl

morpholine. This solution was added to a mixture of EDC+ HCI (50.8 g) HOBt hydrate (40.6
g) in N-methylmorpholine (280 mL) at 0-10 °C. The mixture was stirred for 1 hour at about
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313233 Method / [00249] To a 100nL round bottoned flask was added

pyrazi ne-2-carboxylic acid 32 (1.6070 g, 12.95 mmol) and DMF (4 nlL). The
slurry wasoviwnessiat 20-25 C Meanvvhi I e a sol ution of PCDIUsmmglomseqi)ar ed by
conmbi ning CDl (2 1012g 12.96 mml %d) )8 SD? %:)9.3 m.)
in a 25 AUCE TAS RO Srveahieslpl {26 06‘)‘"‘“%1?&%’ 01‘ iCg Fﬁfﬁl@ﬁ‘ HeVeD

sol ution W@y a@@@be@félf?)w%@b;@ fred@PchoRthdRAL (30 ntihe Thé H)ﬁ)(tl}ire&fds stirred for 6

pyrazi ne-2-carboxylic acid. Stirri ng%vvas continued for 1.5 hours to assure

conpl et e hawstthepedifuisd Yot isdpeonatacgtaies(© W%FP”&W@Q(PH«%N\%Q (‘bqodﬂh tetfiSs a
byproduc Li, $he dhB& @«%} Nk é%dQQé)@r Shic pifhsd & MBIt WaS, Whssol ved in
DVF (1 4%%”1%@?% "“vﬁt“ "Ml l\)/var‘rann § K Seélnthe di ssol ution of
t he rraterdqla’lou% ﬂ'wsswsicﬂdmonﬁﬁ(‘%ﬁélsﬂ@@oﬂéfétet ()‘302@—)25rh€m"11h@ vststived 8 pyr azi ne
sol ution I t £ uRCHR yB1l was
added to P@Z@c |a\?gt?h ed dsetsg %geldé%ggg ?Q&aifﬁﬂ&y%%gﬁngﬁﬁt aﬁl%r#bgg t he

t enper at ucegatat 30 C for about 1 hour. The solution was allowed to cool to
20-25 C then added to a solution of potassiumcarbonate (0.25 g) in water
(100 rnL) at 0 C. The m xture was filtered and washed with water (four
times, S5Qdkoerch). The filter cake was dried under vacuum begi nni ng at

20-25 'V 4hour,s ynti | e cake st.ant

wei ght td &@S@e <t‘g§2%ﬁ%%>|3e“ek6%i%§é"0ff4“ﬁr%ﬁ 68 yIERY Wﬁz“)qagp 19 ppm (1

H o d, 1 =135 énde@ rﬁ@opﬁw ﬁckuké (6d/,ol )]anﬁ a%oﬁltlbﬂbﬁpcﬁasﬁﬁmpzpfﬂoﬁﬁeHOdﬂ),an = 2.4

Hz,15Hz) S Hz) 82290Fg]11g qmpé

4.68 ppm‘*(aierﬁw%l)“:}isa @dft?—%%@ éFhHE)‘Xt“f&V% Tl fo ‘”&l“‘eﬂ dct‘J’SHz) 3 96

ppm (1 H,gelﬁmeh Théo?gdhl%)phds% \&Zlgwﬁﬂ{éﬁ(\xlthl'xbatéml do13. 10.5 Hz, 7.5 Hz), 3.68 ppm

(1 H dd, 4 ppm, 2.68 pm (1 H m, 2.52-2.58 pm(l

H m, 1lfm3§J géazgdﬁchr@ Mychv)eexyimsne %‘“69%5%? Ve Sﬂspeﬁjied i I@PFOBYM%&Sm (2 H,

”)1 1.39 ( ded Q¢ DL2PPMTRY nfiktu@)was0. 91- 0. 97
m (1 H@pr%p)(lgd fuid ac'éépé) %)1’%&33%? &) has Ela e (11,20 m) vas added to a

soI ut i on safredofpr atmnelleirtbtapf!?@%yw@dt%lddd %2 opgadicmhire tvayhadBVisH oY ihnEt59. 28 nl)

in met hyl(fge ]cq&grl de (150 nL) at about 30 C. The m xture was stirred for

0.5 hour hén a sol ution of the am ne 31(50.0 g) in net hyI ene chloride

(150 i) [e0e89kdihedwasolafbms fro80BoveAf¢re copbiBehowrthent deeledit®-ir@ MRABt washed

with water (2 eo hase Xt r.

chlori de% Tdi‘)’?gt)eq%%" of v%%gvs }JW{:I SHSPG?(Y\? % '?‘g;ecagdmc?ur?f H|Fénmrérlel§t8E@rl ene

chI or i de owhdush TWasmixisedvasivaset! I»\ythlwmetrl(mvmemhd &Ewul(ulﬁgargahle phdse tlhm:chod 2).
|e 11: 0

(13) 24( g I4lgpe oL saand Rewgihy orpiipting (NM) (2 &t B R Qi do A E T RR*ESS - 3, 3-

di met hyl Qbﬁ@[&@)ék&loclth@hbﬁﬂtﬁlfbc\y@'t%&ﬁﬁsﬁc{cﬁhﬂ)@%@bﬁss}mﬁaa’rb@?(t}d(ISG'OB.)CHN (34) 3334

Met hod 1 [ 00251] Concentrated HC ?] was

sl owl y adddachierored ool é%nolwéau%f”@wg%(5 ‘P‘iﬁ@%ﬁﬁ hwefdgﬁ?lr%“é 33 (50.0

g) in fordiGe Q%lﬁiuc(nle%e f)compbilin BopropUE&ae t he reaction mixture was

diluted wth 166.5 of ice water. Methylene chloride (100 m.) was added

and the rFeaewleo%a e dBﬁPS)"e’éfltﬂb}(@bzﬂm%ﬁéé‘l"@eﬂ'lyg)és‘é?'\%lthe product. The

phases r extracted with methyl ene

ohl or dﬁE%B%mﬂ@#ﬂ?@%Pﬁéﬁ%‘?%{iﬁﬁ%QSE -

ases were washed with water (75

m.) then concentrated to out - +£3 vol une at , 1-atm Tol uene (100 i)
was added at room tenpera ur nd the honpgene us NS ution was evapor at ed
under vacuum at <56 Cv#NHa 1/ 3 vol ume. TFhe re was cool ed to 20-
o CO,tBu o CO,tBu
27 28

Method 1

[00240] A 1 L Buchi hydrogenator was purged with nitrogen three times. A 307.8 g portion
of a 12.8 wt% solution of (1S,3aR,6aS)-z-butyl 2-((S)-2-(benzyloxycarbonylamino)-3,3-
dimethylbutanoyl)octahydrocyclopenta[c]pyrrole-1-carboxylate (as prepared by the method
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WD 2010/ 126881PCT/ US2010/ 032556 25 "V as a precipitate forned. Heptane (75
m.) was slowy added and the slurry stirred for 10-15 mnutes. The slurry
was filtewedomdessme filter cake was washed w th hept an@eCrTAB20mN3255he
solids were dried under vacuum at 20-25 "V to give conpound 34. 1H NWR

(5(X) MH2f Epneee de)leogd) in iprqpi acsipe, (393D (W30 ngpl) wasicharged toghe (m 12H) |
2.52 (m Meq . (B g 4.57
(d 3 = écl%') T @op??}%ﬁ %4%4_91?()%&;9« gr%dealﬁgtgefleagt%, ,Q t]ryofél()/gea)_‘?crﬁlﬁu:u/cbt 0 Mz,
1H), 8. SZOc/de(oﬁw@r@nK&W gH)ﬂSO@fOW' deddie (J6&mR) vstas perBradzand thirgedgo g (d, J=

Zhe ot nytortn@fiton dacsetl Te redlihe v S RRnDE 0 Al BIRY oy | 002521

10, Met h@dd2¢nmb®wnohenbsplmﬁ-pﬁzsédﬁetﬂemwamp@IMdrtatcedThﬁeac(tMmL) was added

while mai ntainin rature of , < irred for 3
s, T B AR SR S e S SR R TS hour o of
< 10 "C, rdjeatcphaisesTvat L & epapakatizand mtpeg&qtmequﬁagahme;uem mamtb&dtvm th

met hyl ene chl ori (100 The copbi ned we ed with
wat er (10@“?&‘)“”5&@ i @?éawrmg% HRes et g‘?‘éf%?"ég“wl[‘ﬁ“%% f

chl ori de.fiiEhgape oo’ @hLgaNIThe 8XbF @kt SayWRhded &fth wWeppundanitc 880 mnyer se
Dean-Stark trap to azeotrope water. The m xture was concentrated b

di sti | | atihemracsduie WhicRMEABICmETE here &i7Iaand dONP €T ths1 1S SBBIoRS] t hen
concentr aﬂaeesddrm{g ébﬁédniéJoaﬁd %c%at@ta@@ﬂh%&%smy@%géﬁﬁ@ork%e?@&)n{ﬂmed-ﬁh@ m xture
was slovady cool C over about 6 hours. The resultant slurr

filtered, stijed pridet wauced Reessyas 8 d B t Thetreiulfeii eolpd @O4AS.98 ehwss agyay Oat about
45 "C i n @ VRcy g\b,gb\@en to provide the title conpound as a pal e yell ow
powder contal nin out 17 %toluene. Exanple 12:

(1S, 3aR, 6H$MR-(()(V5)O 26 @@(3)44@9 éyasspmmx@m 24 (gt i AleH.21d), 3.53 ppm (1 H,

ear boxam ut.a ) ( am no) - 2
- hydroxﬁﬂi%g g‘x(é%{) 3()? %)I’ gg %Pé[@’f‘“éiﬁ&% l%xi gmhde (35)

34 35 Mahhods-1.74ppRaG8H, Aq)SmB ko gprec i, maures pfpat ©asg 1f3|6a154Q muumned with

an over head |rre condenser, thernmocouple, and nitrogen outlet was

pur ged wi"h?- PP’B&%H Yor several mnutes. The peptide-acid 34 (25.0 g,

0. 049 nolp)ern D HC (10 35 g, 0.054 nol, 1.1 nolar eq.), and HOBt-H20 (8. 27

g, 0.054 nol, 1.1 nola wer e chargfed to the flask followed by 175 niL

of net hyl%‘}?'é”cth‘tSrqPHéon qfhtée Adaiivati Rerd TE Fraepla: Yot terpatatit e for

| hour th@()%ﬁdﬁ@ﬁ LBVRE (807 MoUES 2 hPdr8e S HSREHPARMs Ofh Laxyant de-am ne 18
(11.1 g, 05 5 r.( nol aré)e Ny ?dr gmat hgﬁ%ne ?:hl oé;!)l)bge (75 nmL) while

mai nt ai n.pmgmav@féw&rp@twﬂehmg@w ostmeﬂljﬁb% CHAPPEER "addhe mbyre was

N- et hyl ’?‘P{EH% ?eﬂ%vé ﬁie%ﬁ]lalmst hgflﬂéllbagcolvashg'd gvnmlo p?%c%tat@@ﬁéoq“gg)e%h'en 2
portions. The m xture was YAl 'owed to Warmito room erature and stirred
for 3 ho&prsbm%@ltm@awmecmdma‘gecqwmmw Wumhfeofemmlnq foﬁ00€ 2MaPI0OBsS (8.0 g) in

200 nL of hases were er washed
with wat e%ﬁ%ﬁ ol rgpyg S A eSSty %S/%\qf@ooqe 0 fRLEy “ud?fpés 200 n
each) angrelattuiriad enheNaz(é]Jux(nZﬁ)@waﬂ)e titlo cgmp@ind. 16% by wei ght net hyI ene

chl ori de@?)b‘?ljljoi on of the title conpound 35. Method 2 [00254]

N- net hyl ine (38.19 nlL, 347.3 mmol) was added to a m xture of the
pepti de- aai2d234A édlﬁmu)n(bfgls 8R, GASWM- B/Qtyll2765¥2nﬂiﬁ10)3?ﬂmﬁhﬂb{dzh®§/ﬂ (26.79 g,
87.6 % 173.7 191. 04 Mo

hydr oxyafif @Rseryrigrergsil ?lﬁyrﬁ%ff-ﬁw@ﬁév'%ﬁr%'ﬁ?m@ybwfdt%ﬁolﬁ]%ﬁm@ Oyfieihad 3.

mai nt ai n'vd%ga&ieﬂ&fmﬁ% U, of Wi @d@ng,ﬁ)t’/&%dm tBEI ki ek 1@ Rias Bmog’&l%&&lﬁt@ was
warmed to C and stirred for 5 hours. The m xture was then diluted with

wat er (508 %E?Oa?ﬁd%@ﬁ?rfrow flbe caiplitvae ranqysd by fiirgon pseshedydh separ at ed
and the %B%P%l%c&ﬂ@%@vws I‘m@ﬁwdkmds%m”&é{)@ 10WbE urdeM R AQYLQSe 0di um

bi car bonat e O?I ve a solution of the title conpound in nethyl ene
chl ori de40 @fétcsmmhpumu {he tiols g pound iirpioRrpRl deetate.
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WD 2010/ 126881PCT/ US2010/ 032556 Met hod 3 [ 002551 Peptide acid 34(1,00 eq.),
EDCI (1.10 eq.), HOBt hydrate (1.00 eq.), and hydroxyam ne 18FICl (1.05
eq.) wereweuspenesd in CH2C12 (5 vol.) and the m xture wrag/usoaops2ss® O- 5
"C. NW (2.0 eq) was added over 30-60 m nutes while naintaining the

react i onExemplerfat(@$.3aRerdvi-Bityl 2ri®)- 3-8 2i(bshzioxY@FRonMIRaF fred to 20-25 C
over 30 m F sntalbherF@@gt i on was washed
wi t h wat Q&%Q@gi : § ,ﬁi})klg 3‘?ﬁm%£§1 L%@?{OM) éo%ggueoh@ NaHCO3 (5 vol.) to
provi de earbokylateddlof the title corrpound in CH2C12. Exanple 13:

(1S, 3aR, 6aS)-24(S)-2-((S)-2-cycl ohexyl -2-(pyrazi ne- 2-

car boxam dq) acet ami~do) - | but anoyl)-N-((S)-b(c pyl am no) - 1,
2- di oxohexafn- 3ryY) gct aﬁ?%?gbyn%?(%ent al c] pyrr adre-Hn- g ]) 354
ed C\g %h an

Met hod | [ Q 500 *nL 3-meck round bottoned flask
over head stirger, cegagenser @er mocoupl e, and ni ten outlet Was purged
with nitrogen for séveral minGtes. A net hyl ene chl'qride sol ution of the
hydr oxyam de p@ptide ani de 35g(128.64 g, 16-17wt % 20.6 ¥ and 30 nmol of
35) in methylene chloride was added to the reaction flask, followed by the
addi ti onM#hdl% W w ag. NaBr (13 nL) and 7.5% ww aq. NaHCOB (52 ni). The

sol uti Ongwﬁa?]col% e.gl(é nn_f_%?rogmil Qol%(q\eg?lg &%@pe&r@hﬁg &@:ﬁ?ea&l)stlr%rssm ved in

met hyl en ori was a reaction mxture. In a separate
ErI enney ererfib@sile, a0HidB YonNalOGTrogml autlitomd (@BvaRS bath wasichapedHQBB MY/ m., 2. 51

9, 33.7 44’ %ﬁgﬁg alin tlaHs cﬂa])regﬁlag HYLE 8""J 8 gLief p§ A2 ‘F‘Tca %foTB@ecll\laml

solutlon fon mx e 'Via addition at a rate
that mai ny leedw he, Iz(me;wﬁwz%nhlejnoxm&aeedmshela/ot/as@nolﬁd Kt @b éCmas al | oned

to stir at 53 C for a separa of nic | ayer
was quené*}?édsﬁh“f‘?f‘ﬂfd%fc\}é%@gds gr\%%‘g‘ﬁm‘eigé ﬁe%kﬂldl)ﬁgﬂlff tﬁg\%at er (100
m). ThenngaRbepRbasRl dh@ﬁgedi eaHe afdidon fdﬂirbéneﬁ’ﬁs abis Jdﬁdh@edaunfueysmnmmnd t he
solid triturated with ethy acetate'\éloo rgil ffgif iltered onha Buchne

funnel t & §pbech W@'&tiﬂﬂllné“&d?ﬂﬁmﬁﬁam Phbd O2¢q ??]Wfisém’ﬁeie ”’o@“cd‘ones 95
nol ) V\’a@m?tg]@evddstaglt}té‘!ﬁdt'@Bjd@’ﬂoﬁ@ﬂoﬁbl'ﬂ{d QRSP buthé @Mn@ﬁS%lSBﬁr@WlE&!ﬁﬁ:ﬂW e 12,
Met hod 2, fol a sol ution of sodi um bi carbonat e ‘E%‘T&“P%GO 5

nmol) in (‘Wé)tge&O'%lﬂmwoﬁﬂé)nl%n](Wﬁrﬁé)fﬁF‘ﬁtzﬁf@%& )e”&‘StCB‘”@edStOG“ a n of
sodi um h}ﬁf? ez?cﬂ'l'e&’fh'o SidedRer tbuBmaihdhi n@r& e Pé?ng&%ﬂufcoﬁ omat ) savase added over 2

hours whi mal ntai ning a tenperature of C. The m xture was stirred for
1 hour a‘und@:-a&dmlcom@rﬁ remsiop hedaklitvapdidE Brfrochinside (h3helevistidded: T vashed

W th wat %our QIHH%‘ qat m@&wﬁlwwp% RO 23%19&%&1 fA El%rrgl QPQO@T)'H@ .‘Wit er (500

m.), then pO|IS e mxture was distilled at 38- 42 mm
Hg, to agv@bLlivendf, aabbBDC 1303174 g; Eﬂt@ﬂlmd&:%wrepc(ﬂzﬂmnmmf(% ke foI | owed

|mred|atel g eed. cr n stirred for
15 i nut &2 %‘F%é)BS%Z éSOE?R?Pfdacbe?ta(tgegﬁ(gS{Bbébnﬁfg géégy é\&ﬁg hours while
mai nt ai NipRPadd bengaee atouheslofy FEHHC] aﬂ'mHOIBimnlmi\eF was 30mentedi still ed at
38-42 C, 200-250 mm Hg, to a volu bout, 400 . on hyl
acetate (WHBURLS [W?IEE%@H‘P’SF\?%’FG ‘ngs ‘ﬁ%ﬁ; ml‘htélrer%assnhreffjorsl}hﬁlfrr%bv?:g cool ed
over 1 hewh aH&bdZch%%r@n@ﬂdlx&Iré me@chian @ddCt Thnalxurewas sirrddifer Slarars
tenperature. The mxture was filtere e filter cak s11ed wi th ethyl

t
acetate @t¥oses "ot ?ﬁ_“‘@él@ﬁﬁ“s'éﬂ‘a‘ed?r}f@dlhg‘bér Qﬁéd’ﬂﬂl}ﬁ"v\‘xz‘f% )M88en bl eed
at  45- 55 ,{aph Q4 HVRIEDS thd feh&ioh MTRARNHeA5-88 minuth] hechagkiods- Met hod 3

methylmorpholine (13.01 g; 0.129 mol) was added to the batch over about 10 minutes,
maintaining the batch temperature at 20+5 °C. The reaction mixture was diluted with
isopropyl acetate (443 mL), followed by water (585 mL). A solution of potassium carbonate
(57.8 g) in water (585 mL) was added and the mixture was stirred for 0.5 hour. The layers
were separated the aqueous layer was extracted twice with isopropyl acetate (twice, 235 mL

each). The combined organic phases were washed with 18 % aqueous HCI in water (585
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[ 00258] I EMPO (0.06 eq) was added to the CH2A 2 sol ution of 35 from Exanpl e
12, method 3, and the solution was stirred at 20-25 'V until all TEMPO

di ssol vedWO'l?m(]Zlhimlsol ution was added a solution of NaHECB/US2016/08255§ i n
water (4 vol.). The resulting bip r% gdre was cootlag t.0 0-‘5\“0. VWi | e
mai nt ai nihe [lﬁqﬁ‘é\’f%cé&(%%S 819‘9‘?%‘1‘%{ ]a)t vers viere 5438 KB s ol ut i on
(1.10 eq Qno‘oﬁs%luﬁg%ﬁpreé!&'i 3®mds db%ﬂ'yﬁac%fm: Wdgnifg Kisore; gbiy megcdainiagdi ti onal
one hour’  The |ayers were separated and the organic |ayer was washed at 0-5
C wi th HX@ ¢Bw b0 ip isopragy bacRi®s03 (5 vol . ), and 1-120 (5 vol.). dacial
acetic a d t f ds @1 iom, CH2C12 to
stabili z?%‘w@%‘?}“ﬁég?ﬁ %WH?) g?%ﬂ(%e@%?‘g{sﬁ ?gﬁ %n7 g@(mp%ound! of For mul a
4. [00259)] 4 Fhel tsd),ytd2anHod, mmﬂum)dwsflrkbm)aéﬁﬁlfbnm:ﬁ 6%/@{;12@3 333 was

filtered tra i e 3.1-3.3
vol unes Q&rﬁﬁcﬁgﬁnﬁ i 2R an B ARt 5o BRLEL A3 ERSTCNERR 0f, S 53, 8
sol uti ongwas brought to 38-42 C before Et0OAc (0.80 vol.) was added,

fol | oned by t he addition of Conmpound 4 seed (1.5 wt%relative to 34,

Exanpl e ‘i’Zj" dFhe resulting mxture was stirred for 15 m nutes at 38-42 C

Et OAc ( 8[00okd]) AMasuRddedboNed 2@(5|9Q’)Ql’g$1riNLnie|ﬂ1y$p)4ﬂﬂoi<itidnTe€{lmewa’ﬁBﬂddtﬁhlIOnl ng a

tenperature of 38-42 C. The total urr. educed to
55004, 1 woramsionsy Epsdiah g s HOR s Shat s R AP T e e
added Et QAG whde }ﬁ‘ﬁlntﬁmﬁ&g’ ?fetr%@ramr@elft sounbPd eangi tﬂé @lditiongtht hexibatwel
tenperature at resulting slurry was then cooled to 20-25 C

over 1 heidred fangs Beyrs @le‘dotdto ‘6o fomlutighppihe 3aineti8dAaF & RBEPICHHEe sl urry was
filtered MRSHE oW hi) VEsOAGe d o WicCRixtude M@Inwig@ch) and
dried ung J@aguﬂa%ﬁﬁéﬁjgﬁk%%ﬁ@ogen g eedb)at 845 e5t5 Y ﬁ‘xor 6 tr1]()atljrs [ 00260]
To the drdngdrafiré blsrbouielks’. whiter sgdddition themizugoyapmtiewed LoCHPEI2 '8! a t ot al
volunme of 3.1-3.3 v i 10 GA& give a
hom)gene](;)elljn i nd S%"'égfogg P %E/dglﬁ mgﬁs?aspﬁg“%mon ) ( l.7§)?ltr)1y the addition
of Conpownd n&)s@ﬂdd@eﬂ »ﬂnlwu%mehmgwenmmt@d of gan) € 11’21)e MiTHE Wfésul ting

m xt ure was stlrre S .&a dded
over 3 hSEPLUY SHEGYS ffoh{)?(%u?re esesn&'a?rgg?ﬂ%feﬁ anﬁh% n%d%gcaﬁ\ﬁgéree\)i ST058-42 C
The t ot aktival witpddfssiimeaslonite yl()\ﬁla%)ﬁrhenelr(émlméd Tl@ <8gc9\404pfmsw¢sunes by

Uhi s barBa SRR A ! ehe o Bl SRGTRCR Gy Sgadh L e 1O

resul ti ngyladidH dfYhewak cohipbur@oliedopopRQ@edsie C over 1 hour and sti rred at
20-25 'V for additional one hour. The slurry was filtered and the filter
cake wasM@#sideld with Et OAc (twice, 3 vol. each) and dried under vacuum with
a ni trogegny C%ééeex% ﬁbnﬁ%éﬁd@iﬂe@b&havrz ((g) glamopyBdelﬁ@ﬁM@Qmm@l)nd 4. 1H NMR
(500 MHz, 8 (m 2H), alH) ol 0.,9'1d%t
[obscurethahy@FQCyC'QP@S*[‘(JHX”Q‘,H)‘ CarPOdéat%MGQin'SOPIO%af%‘ﬂtC Ayvoh rasadeedy 1y |
1.40 (m 11 46 ( drath (48 c{fndds)a- 1.60 (m 1H), 1.70
(i ik Nixk%s Jol)féﬁo&éalbf%ﬁc 1154%%931'5% ratk ﬁémn %S*J) b 160 (m 1, L
1H), 2. sgbemsoxﬂﬁ)vonm@eoxbsyclczbﬁ)ylac@neec@@ npg eq)smwe(saspewﬁn Wi 70 (s,

4. 82 d, t A W3n0Q (bs,
11 1) %e QD%b_%il-(?fO hé leeémtuiei&vgsa%‘(sg& \(M?’ pztaZSL}urﬁQ%boﬁ]a'ﬁD(Sl_l) l1) 9 42 (s
1H). Exam)kterelﬁ glychS( BaR, B8] ¢ 2eh) B)d Ragr((B)voD vwary @dd@ﬁ@xﬂjltthll@mﬁrsazf%e 2-
car boxam do acef am do propyl am no) - 1,
2- di oxohé?(a %"15“8‘(5?')5%7‘8%8&3? ()eg)ecvn{g%[%afoqxsm)uﬂl\ka 6f§ ctgr g@%ﬁlkge (4) 4 Step
a: Tr ans-hNireytbapicapy hoB: Mpenaamndearﬁ@zge (5 vplp@RBMiceAvifH watkr Gqui@ped with an
overhead stirred, thernoneter an diti qn funnel was placed under a

ni t r ogen 'agitos Fhatw of fediteramgapdi {Sﬂpr(°@5 A% 2-enoic acid (89.8 g, 787
mol ), E@%m?ile@% (38,93R%3§) Ayl 2HCBL2-(($ 1L 2-afhig-2 82Aolmxplayetamitlo}BAe (890 nl)
t hen cool ed C. The addition funnel %ﬁhar ie)d with NW (99.1 ni,
1.6 nol) %?@NWW'N&FP"&YH%CIPB“W{@]W Brola-1-69r ?'L?r(g mai nt ai ni ng the
tenperature at 0 5 C The mxture was stirred for 30 m nutes then

cycl opropyl am ne (60.0 nL, 866 mmol) was added and the reaction allowed to
warmto 25 5 C over 16 hours. The reaction m xture was washed by addi ng
hydrochloric acid (500 nL, 1.0 N) and_the m xture stirred vigorously for 30
m nutes then allowed to Slt for 30 nmiAlites; the | ayers were separated and
t he washi ng procedure repeated. Sodi um hydroxi de (500 m., 1.0 N) was added
and then the m xture stirred vigorously for 30 mnutes then allowed to sit
for 30 mnutes; the |layers were separated and base wash procedure repeated.
Water (500 nL) was added and then the m xture stirred vigorously for 30

m nutes then allowed to sit for 30 mnutes; the |ayers were separated and
t he wash procedure repeated. The conbi ned organi c phases were concentrated
under reduced pressure to 1/3 or| gl naI voI ume then IPAc (600 m.) was added

T Y | o - . ——y o



Met hod | 3738 [00262] A flask equi pped with an overhead stirrer,
thernmoneter and addition funnel was placed under a nitrogen atnosphere then
charged wwofoteenssstut yl hydrogen peroxide (TBHP; 95 ni, PETAISM1062Z56mDl )
and tetrahydrofuran (THF; 200 mL.). The reaction was cooled to - 20 5 C and
n-butyl lithium(n- BuLl; 235 g 2.5 M 587 mml) was charged to the
addition funnel a V\A keeping the reacti@n t e urfe beI ow -5
5 C. Upon @i t“|on the-reagti on Hadl L 5 'V and
conmpound 37 (19 30 g, |n THF (20 nL) was ‘adde i ntajnd ng the
tenperature at 5 C after |ch t he terrperature‘ml ncr eased 2to 25 5 C
and the reactio tlrred for 12 hours. After this e | PAc (200 inL) and
saturated aqueous sodt@m hydrosul fite (200 nL) were addegy and the reaction
stirred f 60 mn. The layers were separated and the aqueous |ayer

extract ed&ﬂhpﬁ I pac (twce, 75 nL each). The conbi ned organi c phases were

dried ovefossyi %m(ﬁg!ﬁl%ﬁtmstélh\‘@a@%)genaigyeﬁﬁsﬁiwwgbﬂggg@my@t ed ”der reduced

pressure to provide the titlé conpoun 0. 43
(m 2H), ©bmEplids 3OHP.1 kg) Bisqpropybacetar (9 kgSH)FhlSiolBQen Was59ducmy mmd) 12.62 (m

o t hod 2
(1 g? er (2302 S@Q:P%T %@037&8%@%( de“ei%%?e @%(‘he)mé? Kétg% E{E)ﬁé‘%\le"?”r%gg K2 A MBH
THF39 [ oBed] This mixagk waediapoe thta tdmtzanestmd thbaﬂ’dptot m{] dlmetfenheaﬂddaddl tion
f I then char W t samarlum
TS e S B 9 ) 8D AR bR Ry pemie dhe. oxt de
( Ph3As=0; was2@dedyo it r&cmmhc) bla&e@&)\mﬂﬂhydbjgen?emq;p]ht med re(ac(tﬁi)m Bk Medad, at 370 N,

1.3 nmol and THF ( then stirred for 30
mn at 2) 0+§ é‘im}"ﬁ% bzﬁ’ y‘?m E‘i}gﬁ'(?érér éx%:’d‘é)”(pf“@“’rrlg aRpivaiss! Gaer YO-Was t hen
added. THe) m ixépuoe| sdeiatd @ n‘gonvaaﬁhdlau Putiesndahe %ﬁtur@st@red@@ﬂlﬁﬁmﬂgynﬂhég? (2.0

en added. The reaction was stirred for 14

ﬁour s af t‘%‘%‘l%W?ﬁﬂF{eﬁﬁ‘r@Vﬂ%&}“’eaéto ‘iﬁh“ﬁéﬂaf%@é%@dn%‘t&@%w& Etineprtadee

det netichyTHdREG or TS rifh @AGHNABLpRpY | MeiMBS 04 &hh%’emkkl«?&% etate
(i()e{)mm_) a )ér%genéoﬁed lr)]y adCiItI c?;lmﬁgf 10%@“@0 acid sol tﬁlt%on ]?%8 m.). The

organi ¢ pHEd QoA ET dde ardent tps 'éli*sééldfﬂdﬁtﬂ@u@hwcbh|lmeturelllfsﬂ0910balt| oln ofl_ )
solvent atedi@ @5k RAESRWILSHHET It CAIREYDG. 30 38 )ﬁe' Elinp! ©
1H NWR of (Ehe %)ct was essen |a yC |gp'£1t ?‘%rl‘?1 togrtehdtgé e “r'adeni ¢
conpound ag@d 3() L. The solution was cooled to 20-30 °C and heptane added (30.8 kg)

Distillation was instituted again and the mixture reduced to 30 L. This procedure was
repeated for a total of 4 heptane additions (as above) and solvent reductions (as above). The
mixture was cooled to 0-5 °C and the product filtered and washed with heptane (12.6 kg).
The wet solid (14.0 kg) was dried under vacuum at 15-20 °C to constant weight to give the
title compound.

'H NMR (DMSO-d,, 500 MHz): 8 7.97 (1H, d), 4.49 (1H, d), 3.96 (1H, d), 3.76 (1H, m),
3.67 (1H, m), 3.05 (1H, d), 2.70 (1H, m), 2.53 (1H, m), 1.87-1.77 (2H, m), 1.7-1.3 (10H, m),
1.39 (9H, s), 1.2-0.85 (5H, m), 0.96 (9H, s).

Method 2

[00247] The solution of compound 30 from Example 8, Method 1, was added to 50% wet
20 wt% Pd(OH); on carbon (3.16 g) in a pressure reactor. The reactor was pressurized at 30
psi with hydrogen and the mixture stirred for about 1 hour. The catalyst was filtered, the
filter washed with isopropyl acetate and the combined organics distilled to about 65 mL. The
mixture was evaporated with heptane (316 mL) several times until analysis indicates <0.5%

isopropyl acetate. The resultant slurry is diluted to about 320 mL then warmed to reflux.
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Method 3 UHP / TFAA 3738 [00264] To a three-neck 250 niL round bottom

fl ask equi pped with nechanical stirrer and containing conpound 37 (10.0 g,
65. 3 nmolwoant/12ss8a hydr ogen peroxide (UHP) (25.0 g, 4. @caqiSpoto3BskCl 2
(100 m, 10 vol) at 0 C, was added trifluoroacetic anhydride (41.1 g, 27.2
88 L, Jheselytign wastowlpaealswn aheut b UF ehoetspisin sdreciogs how tenghigress i rr ed

for 2 houisy @f&g WQSO% hO8w iR S0 duf8E LR h 5 et g&%&gé&%mukgdrge@mmmw ure,

anot her allquo T'lior oaceti ¢ anhydr’i de .70, 9.0 n, 1.0 eq.) was
added. The3Q éa@tgl\@nhmld@twomsrwdv@domgai nto35 5 Cand stirred for
anot her Uﬁ%é?- The reaction m xture was then again cooled to 0 'V and
quenched ? di ng saturated NaHCO3 (5 vol.) slowy and stirring for 30
ninutes.[WHESDFQ&nbmﬁbmanSﬁaB6$bpamaﬂédCDém@B}hﬁmaq&aousb@ayamnMﬂB

t ted with CH2CL d d d
g_)r(] dr 23 ag 6?’&4@@6&)'?66[%{?%8)& 'g?thréetI&yﬁlmﬁzglo Ir)%c c;/flrocyc oprégta [c p ope F carggxyqatms rie

Ncycl opr eppdopst @é@wmxm@nﬁe 2-MarhbX ank deded38)Y0% aza((m)pa:l ety ehlbiaw oi | . The
crude praoduct was used (% e next st ep %% rt her urlflcatlon Step
37 A0t il By ey Hh o bt doiP S BRENGE e
removed by filtration and washed wnh isopropyl acetate (1 vol.). The solvent was exchanged
by distillation twice with heptane (8.6 vol.) at reflux. The mixture was cooled to 78 °C over 1
hour, then to 22 °C over 2 hours. After 1 hour at 22 °C the suspension was filtered and the

cake washed with heptane (3.2 vol.) and the product dried under vacuum at 30 °C with a

nitrogen purge to give the title compound.

Example 10: (1S,3aR,6aS)-t-butyl 2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-
carboxamido)acetamido)-3,3-dimethylbutanoyl)octahydrocyclopentalc]pyrrole-1-
carboxylate (33)

WAL % oo j\m“NiHj:r o8

COztBU

31 32 33
Method 1
[00249] To a 100mL round bottomed flask was added pyrazine-2-carboxylic acid 32
(1.6070 g, 12.95 mmol) and DMF (4 mL). The slurry was stirred at 20-25 °C. Meanwhile, a
solution of CDI was prepared by combining CDI (2.1012 g, 12.96 mmol, 1 molar eq.) and
DMEF (8.80 g, 9.3 mL) in a 25 mL flask. Mild heating (30 °C) aided in dissolution. The CDI
solution was cooled to 20-25 °C and added to the slurry of pyrazine-2-carboxylic acid.
Stirring was continued for 1.5 hours to assure complete activation of the acid as carbon
dioxide was produced as a byproduct. Meanwhile, the amine 31 (5.0002 g, 10.78 mmol) was
dissolved in DMF (14.15 g, 15 mL) with mild warming to 30 °C aided in the dissolution of
the material. This solution was cooled to 20-25 °C. The activated pyrazine solution was also
cooled to about 15 °C. The solution of compound 31 was added to the activated pyrazine
carboxylic acid while maintaining the temperature at 30 °C for about 1 hour. The solution

was allowed to cool to 20-25 °C then added to a solution of potassium carbonate (0.25 g) in
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MeOH  OH 40 [ 00265] A flask equi pped with an overhead stirrer,
thernoneter and reflux condenser was placed under a nitrogen atnosphere
the27ghar\g|9§tom/12h$8¢onpound 38 (20.0 g, 118 mmml ), sodi umcazisdeoOdssz; 31.0
g, mol ), magnesiyum sul fate (MgSHA4; 14.0 g, 118 nmol) and t hanol
(MeOH;  20@tert0 mEat fn'kt Lireemingee wé%&"éede({%‘defsﬂsgeg “ﬁtjhf‘?ﬂz?terz(f%r‘bﬂplgs'gﬁ cool ed
to 25 S5..0M) and fiick L&E 8ds BREOHAB: B Pas bfiniGed 4t 08-2546 .and hams:al 8mtC was
removed under reduced pressure resulting in a thick oil which was taken up

ijn_ I gAc B 4heuys b hewakanwes aRNTANt watesE OEavedhobils GoMPOURthe or gani ¢ phase was
ried over, i Sul f )i f Ay Ik @r £d ~ t dy upder reduced
pressur e%mlgé%g) %bﬁ%ﬁﬁﬁ%@ﬁ?qgémg (\}m%’?éﬁsldsip%)f%%g% ﬁl/él?%g’oj M@—E d6- DVSO0)
7.87 (s, H),B)76 ppmIT H, dd, JJ= 24 61z0].5 HzK)B,504p0 1 (Hitd, J 3 92 Hz) (822308 HztL &t H) |

o' 63- 0. 540t 14 eyt ol Ty yghngrapbhts /a3 So 1808 o
3- Ami no- N BY& lepr. DAY 323 byt 0Xy bédanan He, 1(3H}), 388 pAmi(5H, @HJ4010.6
ppm, 3.4 ppm), 2.68-2.74 ppm (1 H, m), 2.52-2.58 ppm (1 H, m), 1.70-1.88 ppm (3 H, m),
1.51-1.69 ppm (7 H, m), 1.31-1.44 ppm (2 H, m), 1.39 ppm (9 H, 5), 1.00-1.19 ppm (4 H, m),
0.97 ppm (9 H, s), 0.91-0.97 ppm (1 H, m).
Method 2
[00250] Oxalyl chloride (11.29 mL) was added to a solution of pyrazine-2-carboxylic acid
32 and N-methylmorpholine (59.28 mL.) in methylene chloride (150 mL) at about 30 °C.
The mixture was stirred for 0.5 hour, then a solution of the amine 31 (50.0 g) in methylene
chloride (150 mL) was added at about 30 °C. After 0.5 hour, the mixture was washed with
water (250 mL). The aqueous phase was extracted with methylene chloride (100 mL) to give
a solution of the title compound in methylene chloride which was used directly in the next
step (Example 11, Method 2).
Example 11: (18)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-3,3-
dimethylbutanoyl)octahydrocyclopenta[c]pyrrole-1-carboxylic acid (34)

S & s S L I O
o A O o A 0
@ $

CO,tBu CO,H

33 34
Method 1
[00251] Concentrated HCI (150 g, 0.015 mol, 1.2 molar eq.) was slowly added at 0 °C to a
stirred solution of the pyrazinyl peptide 33 (50.0 g) in formic acid (100. Og). After 3.3 hours,
the reaction mixture was diluted with 166.5 g of ice water. Methylene chloride (100 mL) was
added and the reaction was stirred for 10 minutes to dissolve the product. The phases were
separated and the aqueous layer extracted with methylene chloride (100 mL). The combined
organic phases were washed with water (75 mL) then concentrated to about 1/3 volume at 50
°C, 1 atm. Toluene (100 mL) was added at room temperature and the homogeneous solution

was evaporated under vacuum at <56 °C to about 1/3 volume. The mixture was cooled to 20-
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[ 00266] Compound 40(15.1 g, 71.3 mmol ), Pd/C (1.5 g, 5 % 50% wet) and
MeOH (150 mL.) was charged to a pressure vessel then purged with nitrogen
gas for 5woini0/iBbss1vessel was seal ed, pressurized to 1 Ipamr/vsketl/0sdss6 ogen
gas then rel eased three tinmes. The sane was repeated w th hydrogen gas.
After theSt°Riasd ppstetcdimiivdhyidplares nie weeslowly aded hahgdermitirted fg hydr ogen

T f 25
gt Ca P eSHUIsEn Qlites f&%s?u{r PR fﬂé%‘afahﬁ’ﬂlemtlécﬁﬂ% I&ﬁ}n% @?ﬁ@ﬁ'%ﬂ hbRARE5G LS. O

was nai nt ai ned 4 hours after e reaction mxture was
filtered Tflhrsglu@hvcae trad lmﬂerc\z@NUtrreatBﬂBSéiﬁdo give cmlbamadﬁ‘i r SHWERI (308 Midovi de

;Lg?gnf?rl ié(l\g% ng{%l ?ﬁ \r/végg![l :92 hea §%§E :%‘1)5(1 Q{?’%\lﬂﬁidgﬁdti e

all of t h?e7()s(o1 QHs 4di998.0l wéd HzThIé) mSXt(aurJe: %i;{zt Hén4 GbOided~t901 25 HA5 C and the

white ne r ted sh h ol.d, ACN,a to
brovi do- pib: e P d P50 £ Rertf D60 s G By MR TRl e <
H, 4.20 (=2.53:= 1}3) 222 1d, W) 1. BH42HB, BZISS((IE}s,JlHIﬁ) 2.71-2.65 (m 1 H),
1.51-1.20 (m 4 H, 1.17 (d, J= 6.5 Hz, 1 H, 0.83 (t, J =7.6 Hz, 3 H),
064060‘4‘(h‘(d%H) 0.54-0.49 (m 2 H). Step e:

3- Ami no- Neese| opfeamtilyl@reindhiax yhaxana A Haoxy 6ml330fr<ﬁﬁﬁsdar§[auo,( 42) .
N_IH2 ' DCA NH2 0 Deoxycholic acidO Il O_ITHF@QQOTNE‘/X 41 1002671 To a

t hr ee- nedytetbah?, |“H‘EC‘PQ5%‘80b%ﬁ‘B?ﬁ fanggwrasd iy Wespddsaniibal stirrer and

cont ai ni '?x%uﬁt@n%m{g%qgﬂ]}r t&'*re%ﬁkﬂP“d\l‘mé%Qn‘aFeQP,}é]sn%eé%q@%m%aﬁ&m‘te@%uﬂl (10.0
g, 53.69 0 nL) was charged deoxycholic acid (15.8 g,

40. 27 nmmotater§20pgnkejyvhile mm@talmea@ttmw#w;@mﬁéwfas%q pliasesdveag sepanasdped at ur e of
65 5 Cf dt |
i d&r%%és?lggﬁﬁe AR g%gfnﬂ. d% %59 éfé%m%gﬁé‘%ﬁ SWLHE Was tcﬁ%‘lnﬁ)we 0 Coo

to tenperat et ween 2 over an , n mai nt ai ned
at this nabwpewarteu*r‘eherdawgewfnar(l@(hmaﬂd]dtthenmbow vhielu plsase a'helcpdwuhpl tated

sol i ds \Aenge?ha,(f()l lgﬁ]%g-gd "H\\éco%n gle gglpc Rﬁ%cﬁ%%rcy"#ehh e-lci f_ilér(]im invefse Ijjerl ed

over ni ght 've am°no- cycI opr opyl- roxyhexanam de
deoxycholStak agp @ asedtrtope xﬂ/ﬁt,er dBheaniwturd wassohdedrat&t E)pdlfsullatlon to a minimum

SI-Z)érAI]Nag'- %@ ldl%}?lrﬂ%?/% W1 ll%dgn%)%g(%e Eﬂﬁgﬁ 90%cent d%d%c r(‘ils(g)rlzluf:on%l ! glogpe}lle%c (43). N2

pressure to 250 mL. The mixture was slowly cooled to 20 °C over about 6 hours. The
resultant slurry was filtered, the filter cake washed with toluene (100 mL) then dried at about
45 °C in a vacuum oven to provide the title compound as a pale yellow powder containing
about 17 % toluene.

Example 12: (15,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-
carboxamido)acetamido)-3,3-dimethylbutanoyl)-N-((3S)-1-(cyclopropylamino)-2-
hydroxy-1-oxohexan-3-yl)octahydrocyclopentac]pyrrole-1-carboxamide (35)
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4243 [00268] To a three-neck 250 nmlL round bottom fl ask equi pped with
mechani cal stirrer and containing the mxture of the deoxycholic salt (42)
in 2-propsoabioBassml) was added a 5-6 N HCL sol ution i nPCIaseappb2saé cohol
(66 m., 3 eq.) with stirring The resulting solution was heated at 75 5 C
for an hour and allo ool .+ NZ‘) terrperaturcgﬁ between 22 and 25 C over 1
hour , and s | he ﬁdfal ne his te ra urHe range for an,additional 4
hours. The PRECH Were celle yltration, washed with

2- propanol (12 mL vol . ),O0dri@&gHover ni ght/t oogr ve 7.2 ¢ of the

hydrochl ori c acid @ , 43, as a white solid. K Step g

(1S, 3aR, 6aS)-2-((9S)™ 4( S) - 2- eyel ohexyl - 2- (pyr?ﬁl ne- 2- car boxam do) acet am do)

3, 3-di net hylbut anoyl) - N—428 3S)-1-(cycl opropyl anmlnO) - 2- hydr Oxy- 1- oxohexan- 3
- yl)oet ahydrocycl opent a[ c] pyrrol e- 1- ear boxam de (36) 100269] CH2Cl2 (6
vol) is charged into a vessel yand cool e 0-5 rboxylic acid 34 (1.00
eq), HOBt active (1.10 eq), (Eh.l m e- hydrochloric acid
salt 43 (1.10 eq) are chargedn particul ar order.
NWM (2.0 eq) is added over 30-600gm he reaction
tenperature below 5 C. The reactio H 20-25 C over 30
m nutes and stirred for an additio 12 hours. TheOteaction is washed with
water (5 vol), 1IN HC1L (5 vol), and 5 W % agueous NaHCO3 (5 vol) to yield a
solution of chiral hydroxy-peptide, 36, in CHZC12 | H NVR (500 MHz,
DIVBOdG)Mggwfﬁ (m 2H), 0.58 (m 2H), 0.78 (t, J = 7 2 Hz 3H), O. 80- 1. 83
(m 21H) 3.64 (dd,
J- 1092 %HHZ\ 509@'52316% B‘Eibm@md‘?a% eqm@ @Lﬂ %erheéd é‘g}e( dd, J= 4.0,
EH)S HZ lggnderﬁepfheﬁﬂ&co&madn&ﬂgl@)gér{j@utﬂzt wa u@geﬁ'&mth%ogeﬂf&@e‘(eﬁhl minwesd. 2(32 .
9.1 Hz, Ihrr)pepvdeam{a‘*@éoﬁ 2.089 P}f”kgdil& -H| %3%&09}541“@ lzlllri’ilafi‘w ‘“"g 51 (d, J
5 29 HS)%FDH 038 7 g(dj&f;zr n:lol 1%m‘§>rar%q§1w'e‘l%1ch4rlgﬁd 108hask Bollohed b2 155 KL, 1H),
(1S, 3aR 6h®rh5zdr(e$)nlozme(9)e @Lx@ye wehéwriazmewrramrﬁéteé%ar%b@a@hr%é acet ani do)
3, 3-di met byl buf ano ) 1M9) 1)0%4?11 Pxohgx@N- 3-
y1) oet ahy roéémé uo%gn%{%%sg?#sg§ Of?’éérgfy}glg]? oxan égm g ¢
2010/ 126&8mﬁﬁ1'dtﬂy&2@tﬁ)l/oﬁ&?656nla6vffll©®2ﬁrﬁzimfﬁbe tffmmaiw@bl@l@w@@oputqp@h cont ai ni ng

Col uti ontSHORkAeER By RO RATR % B ok SEPLEr o SRR B s ) is

added t opdrhienstriht wiigure e all@sad  iwagm o xp»hansempmtwteumé stirseddon} belirs. ol'@- 5

VWhile maintaining th eati ..te re,at. Oy ' O/ 0C1

sol uti onre(f‘?L[“TOWé%)‘e‘\cg ‘é a %E@#?oga@%@ﬂ%%@ af]for an a tional 1
hour . Theecleay s fieddd [mgar@t lasieraﬂﬁhddhatngaml% hay @rs N aq idsihaed laL) 0-5 C

wi th an aqueous 5 wt % NaCl sol ution gé\l @‘é 0 gaqueou?qyl wt % 2803and an
aqueous Saf %%@Pe%8%'@“?‘&%*{)3“@%“?3{ aCh GO BLaf Vet %Wff is

added, a&@m&f&ﬁeérﬁ&#ﬂesbmo§9ﬂﬁé ii@cdposmpound 4 in CH2A 2 is carrl ed on to
the next stép. Step i: Double recrystal lization of

(1S, 3aR, 8&8)0d24(S)-2- ((S) - 2-cycl ohexyl- 2- (pyr azi ne- 2-

car boxa c w&bidd@ okrhi&UEd BRrOpPY! ani no) - 1,
2- di ox%@g%ﬂ g\f%gghg rﬁI ﬁpgcjggg%%??g?gﬁ%&rrol e- 1- car boxam de ; [00271)
The or gapéntide ayéﬂﬂk%rﬂgsﬁ@@ “h%o1173chrn§10@xﬁﬁ%lt Bydrafe K%’(ﬂ?@%yﬁd“@ 11%7 3 vol umes
by vacuum di s er at r 20 C. After
di stillat on) Ephclla%ts%qgtﬁ’ ?%In@% %ﬁbgﬁo%n%ﬁwlfyc()ﬂ“g%%nhp%&l%tlﬁg%%h%egevoI ) is added
f ol | owedclyrideheeaditintnuen wafle sremdmung/steaipsra()ﬂe @f(ﬂﬂé)dimdftﬂr tieadglitignoshe el at i ve

to carbox I|c acid 34 charged, in i sul ting
m xture PEMWEP SGrPEHe ?g %f"ﬁd oS tg?r%:g% 2 Tép "ﬁ:’f%ﬁ%é vor! yargs?rl tgdded over 3
hour s t owhidt &S00 un@stinkeid!fer amsammtfamm.ngheapmmpereasepareteafchme 4@&@0 The tot al

volunme of the slurry is t enr ced to 3.9-4.1 vqurres

distill aP‘i“’é?lWé%heé(YY‘%dNé{C'éts%E‘ (-2 WGT JAUpis Sadig bEERn Y (#ﬁ?@ g g1[v8 %his

m xture W& JreentRicBinpSundhe mial the EIRGMR! 94, s e 1at pdrdly 413 7Csoluthva yieﬂadsul ting
slurry is then cooled to 20-25 C over 1 hour and stirred at 20-25 'V for an
additional 1 hour. The slurry is filt&ed. The filter cake is washed with
Et0Ac (2 x 3 vol) and dried under vacuumw th a nitrogen bleed at 45-55 C
for 5 hours. 1002721 The filter cake is cooled to anbient tenperature and
transferred into a flask where it is dissolved in CH2A 2 (3.7 vol). The
solution of conpound 4 in CH2A 2 is filtered and then transferred into the
reactor. The flask is washed CH2O 2 (1.3 vol), the wash is filtered, and
then transferred to the batch. The organic layer is reduced to 3.6-3.8

voI unes by vacuum di str I I atr on at Iess t han or equal to 20 C After

o I 1 . ~ A~ N A N 1 -




Exanpl e 16: (1S, 3aR 6aS) - 2-4. 5) - 24S) - 2- cycl ohexyl- 2- (pyrazi ne- 2-

car boxam do) acet am do) - 3, 3- di et hyl but anoy1) - N4('S) - 1- (cycl opr opyl ami no) - 1, 2
- di oxohexwin-28tybyss¢t ahydr ocyclopent af c] pyrrol e- 1- car box &eiras2(14)032546 St ep a:
Preparation of (2R, 3S)-3-am no-Ncycl opropyl-2-hydroxyhexanam de (44). WO
2010/ 1268&HPEF/ US2010/ 032556 [ 00273] Racem c conpound 24, synthesized using

t he met hng]o%bdd@ 2aReNE0d ¥ ( BRICAYr aphp), HOB b drate [(0(1(5&11) and\as
chromat ographically separated into its (2S, 3S) and é@ﬁ@ % di astereorners
“g

vi a HPLOwdTheap2r 183§Cldil 83 e é/é??éflspﬁﬁdeéd'ﬂrﬁgu%él@‘ﬁf”é X{&ESY i ssol ved in

met hanol cc(o?’e%ﬁoys)oc Fm@hvp@'dﬁgwmdm&ia%nd@o%ﬁ@gmr&rﬁ iRearlgnen’ s catal yst,
2.13 g) was ad he systemwas flushed with nitrogen after which
hydr ogenrwa@nbumﬁdetbhhow@ﬁ flbe reactippupigtureryies wsmad (o Was 9%l ¢&r ed
fol | owed, by, di.3§ étlrle%tfbro%&op@% Cp\éﬁﬁt Thﬁ«:ﬁl&’tlon@%k@%d(@ﬁﬂm&)(s v@s, i ce added

and the mxtureaaln to mnimum vol une. Et acetate was again
added anHCt {‘ﬁe/od;)ohnuti Yo wasocONTEHD T @tvel)) t ravidsut solupign ﬁ{the FEpE@mOUP4.00 nl)
was added@_r‘]g%the resulting slurry was stirred at 0 C for 30 m nutes.
Conpound™ collected by filtration, washed with cold heptane, and

griSc;d %vggmhglhusatlsf}ﬁaﬁlm ([ $)2R (SE)-cPhdhet BOD (iyrizzinGRBO- d6) : 0. 43 (m 2H)
3. 82 (mc P&’}a"“é"lﬁﬁe‘?'r"?fd]%ﬂ)3 d‘g“*%“(‘g"kg‘?')gw‘%@]‘Héyc"gpﬁ?ﬁk%"%’g1 ; (m, % A 6.2

Hz, 1H), dl?)xglﬁfon éﬁyl)ﬁ)anahﬁdﬁmyaopwuwpyndolea-@arﬂm&nhae (4111) | FI NI\/R [ 44] (500

R/Hio E)IVEOd6 47 (m 2H), 0.59 (m 2H), 086(t 71Hz 311),
. 65 11)279( H) :34Hzl,
7.72 (br%dﬁ\&ln— (1\|TI) Step b: o K
(1S 3aR, 635 )024(Sﬂ 2L((§) - 4- cyicl ofexyt-—2 y az; ndt 2 ca box i o)/@etam do)
N N
3,3-d| met hyl b noy1l) - N-(?ZF@*BS) 1-(cycl oprop 1 NO) - 2 hydr@xy 1 oxohexan-

3- yl)octahydrocycl ggent af e] pyrrol e- 1-car boxam de (4§) 4434

Method 1

[00256] A 500 mL 3-neck round bottomed flask equipped with an overhead stirrer,
condenser, thermocouple, and nitrogen outlet was purged with nitrogen for several minutes.
A methylene chloride solution of the hydroxyamide peptide amide 35 (128.64 g, 16-17wt%,
20.6 g and 30 mmol of 35) in methylene chloride was added to the reaction flask, followed by
the addition of 15% w/w aq. NaBr (13 mL) and 7.5% w/w aq. NaHCO3 (52 mL). The
solution was cooled to 5+3 °C in an ice bath. TEMPO (0.7 g) dissolved in methylene
chloride (3 mL) was added to the reaction mixture. In a separate Erlenmeyer flask, 10-13%
NaOC] solution (23.25 mL, titer = 108 mg/mL, 2.51 g, 33.7 mmol, 1.12 molar eq.) was
diluted with water (70 mL). The NaOCI solution was charged to the reaction mixture via
addition funnel at a rate that maintained the temperature below 8 °C. The reaction mixture
was allowed to stir at 53 °C for lhour. The layers were separated and the organic layer was
quenched with 10% (w/w) aq. Na;SOj3 (100 mL) and washed with water (100 mL). The
organic phase was reduced to dryness at reduced pressure and the solid triturated with ethyl
acetate (100 mL) and filtered on a Buchner funnel to give the title compound.

Method 2

[00257] TEMPO (1.09 g, 6.95 mmol) was added to the methylene chloride solution of 35
from Example 12, Method 2, followed by a solution of sodium bicarbonate (21.89 g, 260.5
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45 [00274] Conpound 44 (4.0 g, 7.8 mml) was dissol ved in dichloromethane
(35 nL) and the solution was cooled to 10 C and 1-hydroxybenzotri azol e
hydr at e (WO2610g,268819 mmol ) was charged After stirring Por/BRowiosesses, the
tenperature was further reduced to O

di met hy | amh opwepy/#90 NL) é‘i%‘%é‘&’ﬁb‘édf"i"?ﬁ - iﬁr%éﬂ}*ﬁ?‘iﬁéo?&mn g, 9.0 mol)
was addehd S‘é}ﬁ’o ug\g(z%%g/ 912&18\&%’%4 b@%%@/@ﬁ%é@&i St T Rongwhasmeiantiimued for 1

hour mol ) was added and stirring was continued at
0'Vf ora tBﬁhpmalmcetce‘@ -5 L‘me’l’h@lnmm’@ewmﬁﬂacl fophbgurtah Ovéapmh%thie??af‘ﬁef enper at ur e

and stirred overni ght
aqueous SBYrG 1\4’1 tl ch%%]wnp-li{lge mf%‘ﬁﬁ egl %@g}@%ﬁ(@g@gvgg} W/?Adgﬁcéw%r&lﬁgg WITLQ
$Lgan|c mhﬂﬁe(ﬂmﬁnummedu&weﬁMnﬂ@nésmqub@MﬁaﬁeThqu@@?éﬂs@ﬁﬂkédh@%ntrated

e res! gue RS 15 % b Folid oSl 3 BGAL a;gtﬁylg,@%n{e%mm@;mwﬁ)uawga mes, and

then d cool ed tane was added drop-w se
until t hﬂ]rﬁé@lﬁdt@ﬁbﬁ@l%ﬂ)ﬂs&dkmsmk&eﬁ4 aad chetnhigmrd e srlatdafoa)fl5 adietesi 2 ASHas

accelerated until t
it o6 & TR Potder e B et e gy TR AL G R o 3T " "o
% %‘3 Sla G;!Lh})ﬂﬁgﬂ?mwﬂ thdn dMasled saisaed, a%)- Z\’Iﬂﬂ)irhle Hyold dvolirhé ofNIRU(4H00 Mz,
m
21H) , 0 9B (Agditioppl ethyl @Std(erfr‘)(g'ﬂ ng“dé%d ‘(Vﬁ{6§ll])()ur 2“‘8?5855“ 5'3!;&"”3‘9 318 (m

10. 6, é‘(!)oled%ersl l(cﬁiﬁjt(ﬂb 5"?‘ ahd stthe&anhiZidml;hbl how. a8flhe(sﬁid¢ tedhperaBud , THs. 9 Hz
1H), 3.98 (m 4.20 (d, J = 3.0 Hz,
4 68 (ddlnlmur&w@sﬂtcrgd g_ndfqhe fll]_qq)zdkegv‘gbed(\ﬂlth ﬁj.h)d agetge ceﬂ_%]O mI7 ?‘é) fl%? J_ 9 5

A HZ %ﬁ%g&% uhdq with §nH%§en1m‘éed %;51231 %alto glvegtgfguar%o_mﬂdﬁ 5%@1 9J1§(d

J 15+@Muﬂ &epa

( 3aR, 4(S)-2-((S)-2-cycl ohexyl-2-(pyrazi ne-2-car boxam do) acet d
3- dlﬁgéhgﬁbutanoyl) N-((S)-1-(cycl opropyl am no) -1, 2- dloxohex;n 3_an1 )

ct ahyoesRly CEdRNt(6ahpyny wlded b-thaf HeXasviwtieon 0435 fromfizamale[ldg275]

1s)
- 3,

yl)o

Co nd 4

E rf}[;hlus gy 8% %Uaﬁd\c}@fssoglgaléa/as gtlsrr\(,)\l?%]t %-%Sg# ,Yn(}“{i fl %E%@Jil?gomﬁt hanss ( 14 m), and

1 on |um rom de in water
m.) sdi@ldnavweddded a solution of NaHCO; (1.5 eq.) in water (4 vol.). The resultmg bip a51c

mixture was cooled to 0-5 °C. While maintaining the reaction temperature at 0-5 °C, a 10-13
wt% NaOClI solution (1.10 eq.) was added over 2-3 hours and the mixture stirred for
additional one hour. The layers were separated and the organic layer was washed at 0-5 °C
with H,0 (5 vol.), 1 wt% Na,SOs (5 vol.), and H>0 (5 vol.). Glacial acetic acid (0.12 eq.)

was added to the solution of compound 4 in CH,Cl; to stabilize compound 4.

Example 14: Recrystallization of Compound of Formula 4.

[00259] The solution of Compound 4 from Example 13, Method 3, was filtered through
Celite, and the filtrate solution was reduced to 3.1-3.3 volumes by vacuum distillation at
lower than 20 °C. After distillation, the solution was brought to 38-42 °C before EtOAc
(0.80 vol.) was added, followed by the addition of Compound 4 seed (1.5 wt% relative to 34,
Example 12). The resulting mixture was stirred for 15 minutes at 38-42 °C. EtOAc (8 vol.)
was added over 3 hours to this mixture while maintaining a temperature of 38-42 °C. The
total volume of the slurry was then reduced to 3.9-4.1 volumes by vacuum distillation at 38-
42 °C. To this mixture was added EtOAc (2 vol.) over 30 minutes while maintaining the

batch temperature at 38-42 °C. The resulting slurry was then cooled to 20-25 °C over 1 hour

85



by a solution of sodium bicarbonate (300 ng) in water (4.0 nL). The m xture
was cooled to O 'V, whereupon TEMPO (53 ng, 0,34 nmmol) was added.
Conrer ci avokbwaebsssol uti on cont ai ni ng sodi um hypochl ori PET(B2@ 082556 ur t her
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bri ne. Theo resul ting solution was dried over magnesiumsulfate, filtered,
and t hensSéhivepteouted to dryness. After crystallization from
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batch temperature at 38-42°C. The resulting slurry was then cooled to 20-25 °C over | hour
and stirred at 20-25 °C for additional one hour. The slurry was filtered and the filter cake
was washed with EtOAc (twice, 3 vol. each) and dried under vacuum with a nitrogen bleed at
45-55 °C for 12 hour to give purified Compound 4. 'H NMR (500 MHz, CDCI3) 0.78 (m,
2H), 0.87 (m, 2H), 0.91 (s, 9H), 0.91 (t [obscured], 3H), 0.98 (m, 4H), 1.08 (m, 1H), 1.20 (m,
4H), 1.29 (m, 1H), 1.40 (m, 1H), 1..42 (m, 2H), 1.46 (m, 1H), 1.48 (m, 1H), 1.60 (m, 1H),
1.70 (m, 1H), 1.79 (m, 1H), 1.83 (m, 2H), 1.88 (m, 1H), 1.94 (m, 1H), 2.67 (m, 1H), 2.89 (bs,
1H), 2.96 (bs, 1H), 3.63 (d, 1H), 3.99 (d, 1H), 4.70 (s, 1H), 4.82 (d, 1H), 4.89 (t, IH), 5.65
(bs, 1H), 7.74 (bs, 1H), 8.00 (bs, 1H), 8.06 (bs, 1H), 8.29 (bs, IH), 8.60 (s, 1H), 8.77 (s, I H),
9.42 (s, 1H).

Example 15: (18,3aR,6a5)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-
carboxamido)acetamido)-3,3-dimethylbutanoyl)-N-((S)-l-(cyclopropylamino)-l,2-di0x0-
hexan-3-yl)octahydrocyclopenta[c]pyrrole-1-carboxamide (4)

N -
byt o (VY A%

Step a: Trans-N-cyclopropyl-2-hexenamide (37).
0

0 H-N EDC, HOBt, NMM
P > A
X OH X N

IPAC H

37
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3. The process of claim2, wherein the 2-anion is prepared by treating the
compound of Formula 6 with a strong lithiumbase in the presence of a
conpl exi nyoagenessmd an aprotic solvent. 4. The proceS?CﬂifUSQ()laj()mSBﬁ
wherein the base is sec-butyl lithium The proce im4, wherein
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The process of claim 13, wherein
trans- N @qs«eyxwa@qﬁéwy|r@@9taﬁy}¥ﬂ&96§r%’f)d‘ﬁéﬁ¥dé[dé‘1“8w? Brathe WM acid is
trans- N {[71 ?%@ 3p henudard A dE@ eYsd rernhmb el pie lﬁ@drewhre(sapfabﬂadjdnﬂc aci d.
15. A pr otess tor preparing a conpound of Fornmul a

the wash procedure repeated.” The combined organic phases were concentrated under reduced

pressure to 1/3 original volume then IPAc (600 mL) was added; this was repeated two times

when a white precipitate formed. The slurry was then concentrated under atmospheric

pressure to 2/3 original volume then cooled to 50 +5 °C. N-heptane (890 mL) was slowly

added while the reaction was cooled to -5 + 5 °C and held at this temperature for 4 hours.

The solid was filtered, washed with cold n-heptane (2 x 250 mL) and dried to provide

compound 37 as a fine white solid. '"H NMR (500 MHz, d¢-DMSO) 7.89 (s, 1 H), 6.58 (dt, J

=15.2. 7.0 Hz, 1 H), 5.80 (dt, J = 15.2, 1.3 Hz, 1 H), 2.70-2.65 (m, 1 H), 2.12-2.06 (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).

Step b: N-cyclopropyl-3-propyloxirane-2-carboxamide (38) or (2S,3R)-N-cyclopropyl-3-

propyloxirane-2-carboxamide (39).

Method 1

o TBHP, n-Buli

37 38

[00262] A flask equipped with an overhead stirrer, thermometer and addition funnel was
placed under a nitrogen atmosphere then charged with fert-butyl hydrogen peroxide (TBHP;
95 mL, 5.5 M, 522 mmol) and tetrahydrofuran (THF; 200 mL). The reaction was cooled to -
20 + 5 °C and n-butyl lithium (n-BuLi; 235 mL, 2.5 M, 587 mmol) was charged to the
addition funnel and slowly added, keeping the reaction temperature below -5 + 5 °C. Upon
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4 conprising the steps of: i) providing an
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tEeI N';al kwRyorviaessy 1- 3- azabi cycl o[ 3. 3. 0l octane i n the pPresarse@ 082586

chel ati ng agent; iii) treati h ' | L |

di oxi de QomenatEdiios be f%ﬂ?t&rﬁ'swaswgwéﬁé(’g{% ] chipdfind 37 1¥sbly, £ OON

N-al koxyxﬁ%g%ﬁhlr% Ahy L OLMEL ARG A ChPWRTpRBre At 0 £8POAKMI viiGctabt ds;

iv) treatin e m xture of step iii) with a strong base to produce an
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"H NMR (500 MHz, DMSO-d6): 0.43 (m, 2H), 0.59 (m, 2H), 0.91 (t, J = 7 Hz, 3H), 1.32-

1.59 (m, 4H), 2.62 (m, 1H), 2.96 (m, 1H), 3.10 (d, J = 2 Hz, 1H), 7.99 (br s, 1H).

Method 2 (stereospecific)

/\/\j\ A Sm(0-Pr);, S-(-)-BINOL /\/<(1)/?‘\
= N = N
H

Ph;As=0,TBHP, 4 A MS H
37 THF 39

[00263] A flask equipped with a stir bar, thermometer and addition funnel was placed under
a nitrogen atmosphere then charged with samarium (IIT) isopropoxide (Sm(O-i-Pr);, 430 mg,
1.3 mmol), triphenyl arsine oxide (Ph3As=0; 420 mg, 1.3 mmol), S-(-)1,1’-bi-2-naphthol
((S)-BINOL), 370 mg, 1.3 mmol), 4 A molecular sieves (13 g) and THF (20 mL) then stirred
for 30 min at 25 + 5 °C. Tert-butyl hydroperoxide (2.8 mL, 5.5 M, 16 mmol) was then
added. The mixture stirred for 30 minutes at 25 + 5 °C, and compound 37 (2.0 g, 13 mmol)
in THF (2.0 mL) was then added. The reaction was stirred for 14 hours after which time the
reaction had reached 95% completion as determined by HPLC. The reaction mixture was
diluted with ethyl acetate (100 mL) and quenched by addition of 10% citric acid solution (50
mL). The organic phase was separated and filtered through Celite. Distillation of solvent at
reduced pressure afforded compound 39 as a pale yellow oil. The 'H NMR of the product
was essentially identical to that of the racemic compound 38.

Method 3

H

/\/\)CJ)\NA UHP / TFAA /\/<?)OJ\N/A
H

37 38

[00264] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and
containing compound 37 (10.0 g, 65.3 mmol) and urea hydrogen peroxide (UHP) (25.0 g, 4.0

eq.) in CH.Cl> (100 mL, 10 vol) at 0 °C, was added trifluoroacetic anhydride (41.1 g, 27.2
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wherein Z is an amne protecting group, in the presence of a coupling
reagent, to produce an am de-ester of Formula 27; ...,11 Z-NHN 0CQ2t Bu 27

X) renoviwg 2t2pssot ecting group Z from the anm de-est er POT/USR@P/082656 t O
produce the am no conpound of Forpula 2
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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. The reaction mixture was then again cooled t0 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 CHoCl, (50 mL, 5 vol).
The combined organic layer was dried and evaporated to afford the crude product, N-
cyclopropyl-3-propyloxirane-2-carboxamide (38), as a pale yellow oil. The crude product

was used for the next step without further purification.

Step ¢: 3-Azido-N-cyclopropyl-2-hydroxyhexanamide (40).

o NaNs, MgSO Ns O
0 /\ 3 Mgy /N
/\/Q)J\N /\A’)LN
H OH H
40

MeOH
38

[00265] A flask equipped with an overhead stirrer, thermometer and reflux condenser was
placed under a nitrogen atmosphere then charged with compound 38 (20.0 g, 118 mmol),
sodium azide (NaNs; 31.0 g, 473 mmol), magnesium sulfate (MgSOs; 14.0 g, 118 mmol) and
methanol (MeOH; 200 mL). The mixture was heated to 65 = 5 °C for 2 hours then cooled to
25 + 5 °C and filtered through a pad of Celite 545. The solvent was removed under reduced
pressure resulting in a thick oil which was taken up in IPAc (250 mL) then washed with
water (3 x 250 mL.). The organic phase was dried over sodium sulfate (Na,SOy), filtered and
concentrated under reduced pressure to provide compound 40 as a white solid. 'H NMR (500
MHz, do-DMS0) 7.87 (s, 1 H), 5.97 (d, J = 6.0, 1 H), 4.02 (dt, J = 6.0, 3.8 Hz, 1 H), 2.70-
2.65 (m, 1 H), 1.60-1.20 (m, 4 H), 0.88 (t, J = 7.0 Hz, 3 H), 0.63-0.58 (m, 2 H), 0.51-0.46 (m,
2 H).

Step d: 3-Amino-N-cyclopropyl-2-hydroxyhexanamide (41).

N; O NH, O
H,, Pd/C
A A
OH OH
40 41

[00266] Compound 40 (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
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30 Xi1) renoving the protecting group Z in the tripeptide of Fornula
30 to produce a free amno-tripeptide of Formula 31; 31 Xiii)
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Formul a 34;
of Celite 545 and the solvent removed to provide crude compound 41 (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 compound 41. 'H NMR (500 MHz, d¢-DMSO): 8.05 (brs, 3 H), 4.20 (d, J = 3.2, 1
H), 3.42-3.34 (m, | H), 2.71-2.65 (m, 1 H), 1.51-1.20 (m, 4 H), 1.17 (d, / = 6.5 Hz, 1 H), 0.83
(t, J = 7.6 Hz, 3 H), 0.64-0.60 (m, 2 H), 0.54-0.49 (m, 2 H).

Step e: 3-Amino-N-cyclopropyl-2-hydroxyhexanamide, deoxycholic acid salt (42).

NHZ DCA
NH, O
/A Deoxycholic acid

THF (10 v) /\A‘)L /A
OH

41

[00267] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and
containing the racemic 3-amino-N-cyclopropyl-2-hydroxyhexanamide, 41 (10.0 g, 53.69
mmole), in THF (100 mL) was charged deoxycholic acid (15.8 g, 40.27 mmol, 0.75 eq.). The
reaction mixture was stirred at a temperature of 65 = 5 °C for 2 hours. The resulting
homogeneous mixture was allowed to cool to temperatures between 22 and 25 °C over an
hour, and was then maintained at this temperature range for an additional 4 hours. The
precipitated solids were collected by filtration, washed with THF (10 mL), dried overnight to
give 12.2 g of 3-amino-N-cyclopropyl-2-hydroxyhexanamide deoxycholic acid salt, 42, as a
white solid.

Step f: 3-Amino-N-cyclopropyl-2-hydroxyhexanamide, hydrochloric acid salt (43).

NH2 'DCA NH2 HCI
: A 1. HCI/ IPA : A
/\/'\HL 2. RecrYStaIIizatiorT /VYU\
OH OH
42 43

[00268] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and
containing the mixture of the deoxycholic salt (42) in 2-propanol (62 mL) was addeda 5-6 N
HCl solution in isopropyl alcohol (66 mL, 3 eq.) with stirring. The resulting solution was

heated at 75 + 5 °C for an hour and allowed to cool to temperatures between 22 and 25 °C
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[00269] CH,Cl. (6 vol) is charged into a vessel and cooled to 0-5 °C. Carboxylic acid 34
(1.00 eq), HOBt active (1.10 eq), EDCI (1.10 eq), and amine-hydrochloric acid salt 43 (1.10
eq) are charged (o the same vessel in this particular order. NMM (2.0 eq) is added over 30-60
minutes while maintaining the reaction temperature below 5 °C. The reaction mixture is
warmed to 20-25 °C over 30 minutes and stirred for an additional 12 hours. The reaction is
washed with water (5 vol), IN HCI (5 vol), and 5 wt% aqueous NaHCO; (5 vol) to yield a
solution of chiral hydroxy-peptide, 36, in CHzCl,. '"H NMR (500 MHz, DMSO-d6). 0.47 (m,
2H), 0.58 (m, 2H), 0.78 (t, J = 7.2 Hz, 3H), 0.80-1.83 (m, 21H), 0.94 (s, 9H), 2.58 (m, 1H),
2.65 (m, 1H), 2.70 (m, 1H), 3.64 (dd, J = 3.2, 10.6 Hz, 1H), 3.77 (dd, J = 7.8. 10.2 Hz, 1H),
3.80 (dd, J = 4.0, 5.8 Hz 1H), 4.04 (m, 1H), 4.26 (d, J = 3.0 Hz, 1H), 4.56 (d, J = 9.2 Hz, 1H),
4.69 (dd, J = 6.4,9.0 Hz, 1H), 5.56 (d, J = 5.8 Hz, 1H), 7.58 (d, /= 9.1 Hz, 1H), 7.69 (d, J =
4.6 Hz, 1H), 8.23 (d, J = 9.2 Hz, 1H), 8.51 (d, J = 9.1 Hz, 1H), 8.77 (dd, J = 1.5, 2.4 Hz, 1H),
891 (d,J=25Hz 1H),9.19(d, J = 1.4 Hz, lH).

Step h: (1S,33R,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carb0xamido)acetamido)-
3,3-dimethylbutanoyl)-N-((S)-1-(cyclopropylamino)-1,2-dioxohexan-3-
yhoctahydrocyclopenta[c]pyrrole-1-carboxamide (4)
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18. The process of claim 15, further conprising dissolving the conpound of
Formula 4 in an organic solvent to obtain a solution of the conpound of
Formul a 4woand/R6tesm addi ng an acid to the sol ution. 19CTIse010/082566S Of
claim 18, wherein the organic solvent is nethylene chloride, and the acid

IS acetic acid. 20 The p&?ﬁ:fs of claim 18, further conprising
t

concentrating t oI he >conpound of Fornula 4 to obtain the
conmpound in a s fb roceS§Hof purifying the conpound of
Fornul a 4, conpr SI Qﬁ;&gr, ng t he compound of Fornula 4 in
an organi c sol vent t aln a solutl conpound of Fornul a 4,

I1) adding an acid to g sol ution t he conmpound of Formula 4, and

iii) concentrating the solutjon of the conpound of Formula 4 to obtain the
conmpound in a solid form . The process of claim21, wherein the organic

solvent is nmethylene chloride, and

of preparing a conpouq%N f Fornopl a
b : :

car boxyl ati ng an azablgyd ooﬁL?ﬁQN

0
TOH ¢ NH i
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Is acetic acid. 23. A process
600R 8 (rac) conprising

[00270] The final CH,Cl; solution containing chiral hydroxy-peptide 36 from step g of this
example is added to a solution of NaHCO; (1.5 eq) in water (4 vol) at 20-25 °C. TEMPO
(0.06 eq) is added to the mixture. The resulting biphasic mixture is cooled to 0-5 °C. While
maintaining the reaction temperature at 0-5 °C, a 10-18 wt% NaOCl solution (1.10 eq) is
added over 2-3 hours and stirred for an additional 1 hour. The layers are separated and the
organic layer is washed at 0-5 °C with an aqueous 5 wt% NaCl solution (5 vol), an aqueous 1
wit% Na,S04 and an aqueous 5 wt% NaCl solution (5 vol). Glacial acetic acid (0.12 eq) 1s
added, and the resulting solution of compound 4 in CH;Cl; is carried on to the next step.
Step i: Double recrystallization of (1S,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-
carboxamido)acetamido)-3,3-dimethylbutanoyl)-N-((S)-1-(cyclopropylamino)-1,2-
dioxohexan-3-yl)octahydrocyclopenta[c]pyrrole-1-carboxamide (4).

[00271] The organic layer from step h of this example is reduced to 3.1-3.3 volumes by
vacuum distillation at a temperature less than or equal to 20 °C. After distillation, the
solution is brought to 38-42 °C. EtOAc (0.80 vol) is added followed by the addition of seed
crystals of compound 4 (1.5 wt% relative to carboxylic acid 34 charged in step g of this
example). The resulting mixture is stirred for 15 minutes at 38-42 °C. EtOAc (8 vol) is
added over 3 hours to this mixture while maintaining a temperature of 38-42 °C. The total
volume of the slurry is then reduced to 3.9-4.1 volumes by vacuum distillation at 30-40 °C.
EtOAc (2 vol) is added over 30 minutes to this mixture while maintaining the batch
temperature at 38-42 °C. The resulting slurry is then cooled to 20-25 °C over 1 hour and
stirred at 20-25 °C for an additional 1 hour. The slurry is filtered. The filter cake is washed
with EtOAc (2 x 3 vol) and dried under vacuum with a nitrogen bleed at 45-55 °C for 5

hours.
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to give a racemc mxture of cis and trans

oct ahydr ocycl opent al cl pyrrol -1-carboxylic acids of Forrmula 7 vN COOH 600R. ;
and 7 equwbi2broaisssg a trans-/cis- mxture of the conpoumrds/useolbos2sséa 7 in
the presence of a suitable base to produce a predo ntI an]%rm S

raceni c [8837d] of hepbisignkg 18coafiddp AMRCHHEMPTYHHE ﬁ% rgns%a? OXﬂ“? & ‘conpound of

For mul a 1§1q'd§ss&@&ﬂ%‘?ﬂ{ath% 78t @h@gb @ oRcorSpdud alquH:Clo 1241.ltefEhan(pmeﬂ:eSS of
claim 23, further conprising equilibrati n% trans-/cis- [t (g of the
e

corrpoundsm@ﬂerrﬁbmmjhafe’ﬂctph Thedlaph ssaplicd G1-Uh (éﬁlvt’ab‘f‘%wﬁ%‘s‘éf‘ B8duce a
pr edom nanf &%#eh@@ﬁ; i gﬁ&ﬁaﬁ%%lré:‘mﬁzqﬁﬂr AfrefiREMI3%- 85 WbRRLE By td@uhr ans-/ ci s-

ratio is greate rocess of claim 23, further
c](c)rrprl si digillagon zitlldzss atanngequnhm%/’& §ftehfiil§(t!| fien, e PBYiRTIsroughhoPRe2 presence
of a suita M I i AR g pei d of
For nul a %@I‘A@ V8) raggescr?%&%@ ng?({qoda?{s&goy éetae? g&?ﬁéﬁ% tgh 2726, The
process \on‘% falaivm&nﬁrbomm &iich34 therdod srestépsg ¢fi thlh%ﬁﬂﬂﬁ@xéfhﬁfehylpm NS de,

L SR PRSP L DLV Sl G RN . 27
28. A pr@RieSSaidhinpieepampaiguae f B§4226, T8Rjotal volume of the slurry is then reduced
P A K e T e
minutes to this mixture while maintaining the batch temperature at 38-42 °C. The resulting
slurry is then cooled to 20-25 °C over I hour and stirred at 20-25 °C for an additional 1 hour.
The slurry is filtered. The filter cake is washed with EtOAc (2 x 3.5 vol) and dried under
vacuum with a nitrogen bleed at 45-55 °C for 8 hours. NMR data: see Example 14.
Example 16: (1S,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-
carboxamid0)acetamid0)-3,3-dimethylbutanoyl)-N-((S)-1-(cycl0pr0pylamino)-1,2-di0x0-
hexan-3-yl)octahydrocyclopenta[c]pyrrole-1-carboxamide (4)

Step a: Preparation of (2R,3S)-3-amino-N-cyclopropyl-2-hydroxyhexanamide (44).

gbz OH H gbz OH
HN N HN N

\E/Kg/ \v HPLC sep. : T \V
g g

24 (2R,3S) 24

OH H
Pearlman’s Catalyst, HzN\/'\WN
H,, CH;0H : 5 W

44
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COOR 6 to give a racemc mxture of cis and trans

oct ahydr ocycl opent al ci pyrrol -1-carboxylic acids of Forrmula 7 COOH COOR
7 equili bvatorogi2esstir ans-/ ci s- m xture of the conpounds @®CTRSemI0325%6i n t he
presence of a suitable base to produce a predomnantly trans-cis racemc

acid of FY¥R2AY Ragemrepneood 2400Rthegzadheingitie rpefkod shawg iy gghsmed¥tio in the

Cr an- N A BB B e R N v

m xt ur e, disherceinsrsRia HBLECITIS: @RIY) diapgeomMhel prroraasd 2413561 @ivwas 285oliter ei n t he
opt i cal | 2EPIE T " BaihARRubidroideon bl LA TSBE ODER 1) o1 ep
i) to proddede Tansyopt wal flugha@lovithvigtregentaftef whrdr hpdreged waf Rybbldd-tiilo@ftOfor [ Base +
COR 2 hours. The solution was filtered followed by distillation of solvent. Ethyl acetate (250 mL)
was twice added and the mixture again distilled to minimum volume. Ethyl acetate was again
added and the solution was concentrated to about 100 mL. Heptane (100 mlL.) was added and
the resulting slurry was stirred at 0 °C for 30 minutes. Compound 44 was collected by
filtration, washed with cold heptane, and dried overnight at 40 °C. 'H NMR [(2R,35) 24]
(500 MHz, DMSO-d6): 0.43 (m, 2H), 0.57 (m, 2H), 0.86 (t, J = 7.2 Hz, 3H), 1.12-1.55 (m,
4H), 3.76 (m, 1H), 3.82 (m, 1H), 5.00 (m, 2H), 5.35 (d, /= 6.2 Hz, 1H), 6.58 (brd,J = 6.2
Hz, 1H), 7.23-7.40 (m, 5H), 7.74 (br d, J = 4.8 Hz, 1H). '"H NMR [44] (500 MHz, DMSO-
do): 0.47 (m, 2H), 0.59 (m, 2H), 0.86 (t, J = 7.1 Hz, 3H), 1.10-1.45 (m, 4H), 2.65 (m, 1H),
2.79 (m, 1H), 3.63 (d, J = 3.4 Hz, 1H), 7.72 (br d, J = 3.8 Hz, 1 H).

Step b: (1S,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-
3,3-dimethylbutanoyl)-N-((2R,3S)-1-(cyclopropylamino)-2-hydroxy-1-oxohexan-3-

yhoctahydrocyclopenta[c]pyrrole-1-carboxamide (45)

N
»UBNE
OA . N O’E)/U\H ON

44 34

O
EDC/HOBt N/j\TfN\:)LN r\%\ 0 A
0 O H o o N

HoN

dichloromethane - N
on

45

[00274] Compound 44 (4.0 g, 7.8 mmol) was dissolved in dichloromethane (35 mL) and the
solution was cooled to 10 °C and 1-hydroxybenzotriazole hydrate (1.36 g, 8.9 mmol) was
charged. After stirring for 30 minutes, the temperature was further reduced to 0 °C. N-(3-

dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (1.72 g, 9.0 mmol) was added and
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9 30. The process of claim?29, wherein the optically active base is (R
a- am noet hyl benzene. 31. The process of claim?29, wherein the optically
active bawe 28/128811, 2, 3, 4-tetrahydro-1- napht hyl am nePC321S2040/08236€S S

preparing a conpound of Forrmula 1 conprising carboxylating an
azabi cyclsuoeeane cofinmyt pnl 40§ 6DORouBl Y | g ged-a e bwisddedandserreR ci s and

”ans OC%@Y{E’J@GXM&)@@%P&&L%;&Olrﬁe]m%hp%%l}o%veﬁ% QgenPlo £Ghmul @ 7 COOH

equi rating a trans-/cis- mxture o e conpounds of Formula 7
in the prasntee ofid girgdiovabigbt. b enikorepw sdmesequepridfonishahvitlyaqueans- ci s

racem c as‘gdlum%lcdrbonﬂul(ﬁlu% hydr%%ﬂdn%and brine. The organic phase was dried over
magnesium sulfate, filtered and concentrated. The residue was dissolved in ethyl acetate and
re-concentrated 3 times, and then dissolved in ~4 volumes and cooled to 0 “C. Heptane was
added drop-wise until the solids began to thicken, and then the rate of addition was
accelerated until a total of 50 mL of heptane was added. After stirring 30 minutes at 0 °C, the
product was collected by filtration. After drying at 40 °C overnight, compound 45 was
isolated as white solid. '"H NMR (500 MHz, DMSO-d6) 0.43 (m, 2H), 0.57 (m, 2H), 0.82 (t,
J=72Hz, 3H), 0.8-1.8 (m, 21H), 0.93 (s, 9H), 2.58 (m, 1H), 2.65 (m, 1H), 2.63 (dd, J = 3.2
Hz, 10.6, 1H), 3.73 (dd, J = 7.7, 10.4 Hz, 1H), 3.81 (dd, J = 2.7, 5.9 Hz, IH), 3.98 (m, 1H),
420 (d, J=3.0 Hz, 1H), 4.54 (d, J = 9.3 Hz, 1H), 4.68 (dd, J = 6.4, 9.1 Hz, 1H), 5.50(d, J =
5.8 Hz, 1H), 7.32 (d, J=9.2 Hz, 1H), 7.59 (d, / =4.3 Hz, lH), 8.21 (d, J = 9.2 Hz, 1H), 8.50
(d,J=9.2Hz, 1H),8.76 (dd J = 1.6, 2.3 Hz, 1H), 8.90 (d, J =24 Hz, 1H),9.19(d, /=15
Hz, 1H).

Step ¢: (15,3aR,6aS5)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-
3,3-dimethylbutanoyl)-N-((S)-1-(cyclopropylamino)-1,2-dioxohexan-3-
yl)octahydrocyclopenta[c]pyrrole-1-carboxamide (4)

N 9
L Ot%ﬁx _fed
N7 N\:/U\N N 0 A NaOClI
o A_" 0 NN
SHARa R

Tempo
Oxidation

. )
%O QVW

4

45

[00275] Compound 45 (2.0 g, 2.9 mmol) was dissolved in dichloromethane (14 mL), and to

this solution was added a solution of sodium bromide (144 mg) in water (1.0 mL) followed
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8 wherein the trans-/cis- ratio in the conpound of Fornula 8 is greater
than 80 to 20; formng a salt with an optically active base; crystallizing
t he salt wornmdi2gsit he previ ous step to provide an opti earlus2@os2se6 sal t of
Formula 9 (R))((s) r\C00- [Base +1-1]+ COOR 9 esterifying the carboxylic
aci d of PBpruibaordofwpdihmabicdrpaaniOcugitimvaiend-G hb). Rbegrisup; wasrrgokéhovi ng t he

anoroi n ¢ G KharR SERP AN R RRREL R o bR Bt Do 11 o
ar al kyl . c@Bainihpeoditio bemsshofited3 imh.)3Brthankddnted witR¥aies (3.6 folih whs alB4d A process
for pr ep%}‘oipp\g]iseaov%? %%gﬂ]rge 8 lOFn?imlrthlélé.aTl% mi%tu?eo‘.gysrsiti%iegg.Sth%l?rs%E RS af?cl,cr:

which the organic layer was separated and washed with 10% aqueous sodium sulfite (8 mL)

then brine. The resulting solution was dried over magnesium sulfate, filtered, and then

concentrated to dryness. After crystallization from dichloromethane/ethyl acetate, compound

4 showed spectroscopic properties identical to those reported in Example 14.
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i) providing a conmpound of Fornula 7 which was nmade by the process
described in claim30; ii) formng a salt with an optically active am ne;
ii1i) cryswal2biozizesgit he salt; iv) esterifying the acid proviusea0iosesse ep
iii); v) renoving the N al koxycarbonyl group to produce

(1S, 3aR, 8 itclbutdisoct ahydr ocycl opent aci pyrrol e- 1- car boxyl ate, t-butyl
ester; vi) reacting the bicyclic am noester of step v) with a
protected am no acid of Fornula 26, Z-NH CO2H 26 wherein Z is an ani ne
pr ot ect i ngAgrau, foi prepdnmg presenceixofre af ¢oupd irag-r eagent, to produce an
am de-ester q{ Fornulﬁ‘ZY' , N '
octahydrocyclopentalc]pyrrole-1-carboxylic acids of Formula 7

2N

[;)“COOH
COOR'
7

comprising the step of carboxylation of an azabicyclooctane of Formula 6,

wherein R'is C;.5 alkyl.

2. The process of claim 1, wherein the carboxylation step includes forming a 2-anion of the

compound of Formula 6

in the presence of a complexing agent, and treating the 2-anion with carbon dioxide to
produce a racemic mixture of rrans-/cis-octahydrocyclopenta[c]pyrrole-1-carboxylic acids of
Formula 7.

N

N
COOR'

3. The process of claim 2, wherein the 2-anion is prepared by treating the compound of
Formula 6 with a strong lithium base in the presence of a complexing agent and an aprotic

solvent.
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Z-NH 0CQO2t Bu 27 vii) removing the protecting group Z fromthe

am de-ester of step vi) to produce the am no conpound of Fornula 28; Ti H2N
Th( CO2t BNO2810/126881 viii) reacting the am no conpound ofCEarsaubasz8 w th a
protected amino acid of Fornula 29 Z-HN CO2H 29 in the presence of a
coupling reagent to produce a tripeptide of Fornula 30;

4. The process of claim 3, wherein the base is sec-butyl lithium.

5. The process of claim 4, wherein the complexing agent is tetramethylethylenediamine,
tetraethylethylenediamine, tetramethyl-1,2-cyclohexyldiamine, sparteine, or 3,7-dipropyl-3,7-
diazabicyclo[3.3.1|nonane.

6. The process of claim 2, wherein the complexing agent is tetramethylethylenediamine,
tetracthylethylenediamine, tetramethyl-1,2-cyclohexyldiamine, or 3, 7-dipropyl-3,7-
diazabicyclo[3.3.1]nonane.

7. The process of claim 2, wherein the trans-/cis- ratiois 1 to 1.

8. The process of claim 2, wherein the trans-/cis- ratio is 60 to 40.

9. The process of claim 2, wherein the rrans-/cis- ratio is 80 to 20.

10. The process of claim 2, wherein the trans-/cis- ratio is 90 to 10.

1. The process of claim 2, wherein the trans-/cis- ratio is greater than 98 to 2.

12. The process of claim 2, wherein the complexing agent is D-sparteine.

13. The process of claim 3, wherein the lithium base is sec-butyl lithium and the complexing
agent is 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane to give a mixture of racemic trans-/cis-
N-alkoxycarbonyl—octahydrocycIopenta[c]pyrrole-l-carboxylic acids of Formula 7, in which
the trans-/cis- ratio is greater than 90 to 10.

14. The process of claim 13, wherein the trans-N-alkoxycarbonyl-
octahydrocyclopenta[c]pyrrole-1-carboxylic acid is trans-N-t-butoxycarbonyl-

octahydrocyclopenta[c]pyrrole-1-carboxylic acid.

15. A process for preparing a compound of Formula 4
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30 ix) renmoving the protecting group Zin the tripeptide of Fornula 30 to
produce a free amno-tripeptide of Formula 31; 31 X) reacting the
am no-triywepviodeesssi Fornula 31 with pyrazi ne-2-carboxyl PCTAS2@0i0BSEhe
presence of a coupl [ ng reagent to produce an amide-tripeptide ester of

Formula 33; " ny HN 00 CO2tBu |3 \\ xi ) hydrolyzing the ester of
t he amdetrlpeptlde[es er (p,f rrua3 pro uce an amdetrlpeptlde
acid of Fornula 34;

comprising the steps of:

i) providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane;

ii) forming a 2-anion of the N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane in the
presence of a chelating agent;

iii) treating the anion of step ii) with carbon dioxide to produce a cis-/trans- mixture
of N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acids;

iv) treating the mixture of step iii) with a strong base to produce an essentially pure
trans- N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acid;

v) forming a salt with an optically active amine;

vi) crystallizing the salt;

vii) esterifying the acid provided in step vi);

viii) removing the N-alkoxycarbonyl group to produce (1S.3aR,6aS)-7-butyl-
octahydrocyclopentajclpyrrole-1-carboxylate, -butyl ester;

ix) reacting the bicyclic aminoester of step viii) with a protected amino acid of

X

Z-NH >CO,H
26

Formula 26,
wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

Ddes

COZtBU

amide-ester of Formula 27;

27
x) removing the protecting group Z from the amide-ester of step ix) to produce the

amino compound of Formula 28;
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0 00 CO2H 34 Xil) reacting the am de-tripeptide acid of Fornmula 34
wi th an am nohydroxy-am de of Formula 18 OH H HZNXN 18 in the presence of a
coupl i ng weagenessos produce a hydroxy-tetrapeptide of Fecwusa1ds32sand 35
Xiii) oxidizing the hydroxy group of Forrmula 35 to produce the compound of
Formula 4. 4 35. A process for p ari ng7a conpound of Fornula 4

H NN
O COutBu
28
xi) reacting the amino compound of Formula 28 with a protected amino acid of
Formula 29
Z-HN._COH
@
29

in the presence of a coupling reagent to produce a tripeptide of Formula 30;

o 2

O 0 CO,tBu

30

xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

" \)Okmj;@ﬁ

O o) COqtBu

31
xiii) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in

the presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;

33

xiv) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34,

100



4 conprising the steps of: i) providing an

N- al koxycar bonyl- 3-azabi cycl o[ 3. 3. 0] oct ane; ii) formng a 2-anion of
t he N al kweyosviaessyl- 3- azabi cycl o[ 3. 3. 0] octane i n the pPeTarse@ 082586
chel ati ng agent; iii) treating the anion of step ii) with carbon

di oxi de to produce a cis- /tr@ns- m xt ur

N- al koxycar bonyl - octahydro plentvé%~ rr Tﬁ carboxylic acids;
iv) treating the mxture of strong base to produce an
essentially pure trans-

N—aIkoxycarbonyl-octahydrocyclope [c]pyrrole 1 carboxylic acid; V)
formng a salt with an optically active am ne; vi) crystallizing the
salt; Vii) esterifying the aci¥t provided in step vi); Viii)

removi ng the N-al kox arb u
(1S, 3aR, 6as) -1? Eﬁi‘f&/‘l @8% c;%‘?o%en‘tq ﬁ?’”ﬁ%?‘?éﬁ‘%a I(]:]:';?rogydro yaatme]de £ but yl

ester;  Formula 18X) reactlng the bicyclic am noester of step viii) with a
protected am no acid of Fornmula 26, H 26 wherein Z is an am ne

protecting group, in the presence‘@V)@W oupllng reagent, to produce an
am de-ester of Fornula 27;
~

18

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 35; and

N e ‘iij
[\NLOKN‘JK;{” QN QN A
SRR A RS

35

xvi) oxidizing the hydroxy group of Formula 35 to produce the compound of Formula 4.

N 4 0 ‘i?]
Eﬁr“vﬁr&ﬁg
[i:j o K 1oH

4
16. The process of claim 15, wherein the oxidizing reagent used in step xvi) is sodium
hypochlorite and the oxidation is carried out in the presence of 2,2,6,6-

tetramethylpiperidinyloxy free radical (TEMPO).

17. The process of claim 15, wherein the oxidizing reagent used in step Xvi) is 1,1-dihydro-

1,1,1-triacetoxy-1,2-benzoiodooxol-3(1 H)-one.

18. The process of claim 15, further comprising dissolving the compound of Formula 4 in an
organic solvent to obtain a solution of the compound of Formula 4, and then adding an acid to

the solution.
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Z-NHN 0CQ2t Bu 27 X) removing the protecting group Z fromthe
am de-ester of step ix) to produce the am no conpound of Fornula 28;
0CO2t Bu 280x0)o/nesset i ng t he am no conpound of Fornul a 28Cmiuskoia/opases ect ed
amno acid of Forrmula 29 Z-HN CO2H 29

19. The process of claim 18, wherein the organic solvent is methylene chloride, and the acid

18 acetic acid.

20. The process of claim 18, further comprising concentrating the solution of the compound

of Formula 4 to obtain the compound in a solid form.

21. A process of purifying the compound of Formula 4, comprising:
S »
0 ~ O N N
O vy
O

i) dissolving the compound of Formula 4 in an organic solvent to obtain a solution of
the compound of Formula 4,

ii) adding an acid to the solution of the compound of Formula 4, and

iii) concentrating the solution of the compound of Formula 4 to obtain the compound

in a solid form.

22. The process of claim 21, wherein the organic solvent is methylene chioride, and the acid

1s acetic acid.

23. A process of preparing a compound of Formula 8

N

<;)‘COOH
COOR’
8 (rac)

comprising carboxylating an azabicyclooctane of Formula 6
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in the presence of a coupling reagent to produce a tripeptide of Fornula
30; 30 Xii) renmoving the protecting group Z in the tripeptide of
For mul a Woto1pnressuce a free am no-tri peptide of Fornmul C3AS2@ 04029856 ) HN O
31 Xiii) reacting the am no-tripeptide of Formula 31 with
pyrazi ne-2-carboxylic acid in the ptesence of a coupling reagent to produce
an amide-tripeptide ester of Fornul 8_33; 33 Xiv) hydrolyzing the
ester of the ami de-tripeptide esterzaﬁ Formula 33 to produce an
am de-tripeptide acid of Fornmula 34;N

COOR'

6
to give a racemic mixture of c¢is and rrans octahydrocyclopenta[c|pyrrol-1-carboxylic acids of

Formula 7

v
if

D

N~ “COOH
COOR'  : and
7
equilibrating a trans-/cis- mixture of the compounds of Formula 7 in the presence of a
suitable base to produce a predominantly rrans-cis racemic acid of Formula 8, wherein the

trans-/cis- ratio in the compound of Formula 8 is greater than 80 to 20 and R"is C).s alkyl.

24. The process of claim 23, further comprising equilibrating trans-/cis- mixture of the
compounds of Formula 7 in the presence of a suitable base to produce a predominantly trans-

cis racemic acid of Formula 8 wherein the zrans-/cis- ratio is greater than 90 to 10.
25. The process of claim 23, further comprising equilibrating frans-/cis- mixture of Formula
7 in the presence of a suitable base to produce a predominantly zrans-cis racemic acid of

Formula 8 wherein the trans-/cis- ratio is greater than 98 to 2.

26. The process of claim 25, wherein the base is lithium hexamethyldisilazide, lithium di-

isopropylamide, or lithium 2,2,6,6-tetramethylpiperidide.

27. The process of claim 26, wherein the base is lithium hexamethyldisilazide.

28. A process of preparing a (1S, 2S, 3R) trans-N-alkoxycarbonyl-
octahydrocyclopenta[c]pyrrole-1-carboxylic acid comprising carboxylating an

azabicyclooctane of Formula 6

103



34 Xv) reacting the amde-tripeptide acid of Fornula 34 with an
am nohydr oxy-am de of Formula 43 OH 43 in the presence of a coupling
reagent twopoodizéssia hydroxy-tetrapeptide of Fornul a 36PCaru$2018632696 )
oxi di zing the hydroxy group of Fornula 36 to produce the conpound of
Formula 4. 4 36. A process for prepﬁﬁjng a conmpound of Fornmula 4 4
conprising the steps of: O

N
COOR'
6

to give a racemic mixture of cis and trans octahydrocyclopenta[c]pyrrol-1-carboxylic acids of

Formula 7

N
1;)“COOH

COOR'
7
equilibrating a rrans-/cis- mixture of the compounds of Formula 7 in the presence of a

suitable base to produce a predominantly rrans-cis racemic acid of Formula 8

wherein the trans-/cis- ratio in the compound of Formula 8 is greater than 80 to 20; and
resolving the racemic frans-N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic

acid mixture, wherein R’ is C,_s alkyl.
29. The process of claim 28, wherein the resolution comprises the steps of:

i) forming a salt with an optically active base; and

ii) crystallizing the salt formed by step i) to provide an optically active salt of Formula

COO™ [Base +H]"
COOR!
30. The process of claim 29, wherein the optically active base is (R) a-aminoethylbenzene.

31. The process of claim 29, wherein the optically active base is (S) 1,2,3,4-tetrahydro-1-
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i) providing an N al koxycarbonyl- 3-azabi cycl o[ 3. 3. 0loct ane; i)
formng a 2-anion of the N-al koxycarbonyl-3-azabicyclol3.3.0]octane in the
presence Wb 2a10¢h2e88at i ng agent ; iii) treating the aorars2ab/o03156@ i)
wi th carbon dioxide to produce a cisitrans- m xture of

N- al koxy eagHagmthin@ct ahydr ocycl opent af c] pyrrol e- 1- car boxyl i ¢ aci ds;

iv) treating the mxture of step iii) with a strong base to produce an
essentially pure trans-

N al koxycar bonyl - oct ahydr ocycl opent a[ c] pyrrol e-1-carboxylic acid; v)
form ng assgblocs hhepain LPEIGRUAY o Bk Y18 1@%9ﬁmng@n}b&&mg&l izing the salt;
vii) esterifying the acid provided in step vi); renovi ng the
N- al koxy ezbaappctgiest fomsilpp oduce

(1S, 3aR, 6aS) -t - butyl oct ahydrocycl openta[ c] pyrrol e-1-carboxyl ate, t-butyl
ester; i X) reacting the bicyckicsam noester of step viii) with a
protected am no acid of Fornula 26, /Z-\NH CO2H 26 wherein Z is an am ne
protecting group, in the presence orya coupling reagent, to produce an
am de-ester of Fornula 27; 0 27 COOR'

6
to give a racemic mixture of cis and trans octahydrocyclopentalc]pyrrol-1-carboxylic acids of

Formula 7

<;)“COOH
COOR'
7

W

okt

equilibrating a frans-/cis- mixture of the compounds of Formula 7 in the presence of a

suitable base to produce a predominantly trans-cis racemic acid of Formula 8

N

<:\P“COOH
COOR’
8
wherein the trans-/cis- ratio in the compound of Formula 8 is greater than 80 to 20; forming a
salt with an optically active base; crystallizing the salt formed by the previous step to provide

an optically active salt of Formula 9

N

(R) ——(S)
N@cmfw%er
COOR'
9
esterifying the carboxylic acid of Formula 9 with a compound containing the R3 group; and

removing the -COOR' protecting group to produce a compound of Formula 1
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X) renmoving the protecting group Z fromthe am de-ester of step ix) to
produce the am no conpound of Formula 28; 28 xi) reacting the am no
conpound Wb 2Pwynedsa 28 with a protected ami no acid of Fecwusa1293%s5¢N CO2H
29 in the presence of a coupling reagent to produce a tripeptide of Formula
30; 30 xii) renoving the protecting group Z in the tripeptide of Formula
30 to produce a free amno-tri pepZ_I_ii of Fornmula 31; 31

CO,4R4
{
H

1

wherein R'is C\s alkyl and Rj is an optionally substituted alkyl or aralky!.
33. The process of claim 32, wherein Rj is -butyl.

34. A process for preparing a compound of Formula 4

UYJKJ(WKQ/A

4

comprising the steps of:

i) providing a compound of Formula 7 which was made by the process described in
claim 30;

i) forming a salt with an optically active amine;

iii) crystallizing the salt;

iv) esterifying the acid provided in step iii);

v) removing the N-alkoxycarbonyl group to produce (15,3aR,6aS)-z-butyl-
octahydrocyclopenta[c|pyrrole-1-carboxylate, #-butyl ester;

vi) reacting the bicyclic aminoester of step v) with a protected amino acid of Formula

X

Z-NH"CO,H
26

26,

wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

amide-ester of Formula 27;
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Xiii) reacting the am no-tripeptide of Formula 31 with

pyrazi ne-2-carboxylic acid in the presence of a coupling reagent to produce
an am de-woi2pepi2bsse ester of Fornula 33; 33 Xi v) PRydrsodpn82586 t he
ester of the am de-tripeptide ester of Formula 33 to produce an

am de-tripeptide acid of Formula 34; 34 xw. reacting the am de-tripeptide
acid of Formula 34 with an am nohydr ox 'yéﬁ of Formula 44 in the
presence of a coupling reagent to Jprodyce ya+hydroxy-tetrapeptide of Formula
45; and 45 xvi) oxidi zi ng gh&'hydroxyxgroup of Forrmula 45 to produce the
conpound of Formul a 4. 5 C0,tBu

27

vii) removing the protecting group Z from the amide-ester of step vi) to produce the

t »
O

amino compound of Formula 28;

CO,tBu
28
viii) reacting the amino compound of Formula 28 with a protected amino acid of
Formula 29
Z-HN_COH
@
29

in the presence of a coupling reagent to produce a tripeptide of Formula 30;

Z-HN\:)OKHNﬁ:“/N/QA'v

O 0] CO.tBu

30
ix) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

o iH'j/YQW

[:] O COsBu

31
X) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in the

presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33,
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4 37. The process of claim 34, 35 or 36, wherein the oxidizing reagent
used in step xvi) is sodium hypochlorite and the oxidation is carried out
in the prweennel268812, 2, 6, 6- tetranet hyl pi peri di nyl oxy f peg/usadionaiss¢ TEMPO) .
38. The process of claim34, 35 or 36 wherein the oxidizing reagent used

instep xvi) is 1,1- dihydne-1,1,1- toxy , 2- benzoi odooxol- 3(1H) - one.
39. The process of claim gl 135 19 corrprl sing dissolving the
conmpound of Forrmula 4 in a gncsthn to obtain a solution of the

compound of Fornula 4, and théh addj ng aR act@B% the solution. 40. The
process of claim 39, wherein the gani ¢ solvent is nethylene chloride, and
the acid is acetic acid. 41. The process of claim39, further conprising
concentrating the solution of the codpound of Fornula 4 to obtain the

conpound in a.solid form . 4 d &%Fﬁ&’rlﬁlﬂﬁf@ fdye dnhe process
of claim 15, Qj’ dr§ 2! es{ergfthg\éﬁ%g\n'q qg‘ﬁrfél of Fornula 7 made by the

process @id€etripepidt.acid oF Rormula BOOH COOR

« MMHNK 37
% ,

34

xii) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of

Formula 18
OH G
HZN\/KWN\V
\\/: @]

18

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 35; and

SR
A nol A

35

xiii) oxidizing the hydroxy group of Formula 35 to produce the compound of Formula 4.

Shikann

4

35. A process for preparing a compound of Formula 4
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44. A conpound of Fornula 8 made by the process of claim23. N COOH COOR 8
45. A conpound of Formula 9 nmade by the process of claim28. - (R)i

C N t 7COOWO[2Bage6s81| - 1J+ COOR 9 46 A conpound of For meCa/us2emma2sby t he
process of claim32. V.\ R N2.

E#$K;QA

4

comprising the steps of:

i) providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane;

ii) forming a 2-anion of the N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane in the
presence of a chelating agent;

iii) treating the anion of step ii) with carbon dioxide to produce a cis-/frans- mixture
of N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole- 1 -carboxylic acids;

iv) treating the mixture of step iii) with a strong base to produce an essentially pure
trans- N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acid;

v) forming a salt with an optically active amine;

vi) crystallizing the salt;

vii) esterifying the acid provided in step vi);

viii) removing the N-alkoxycarbonyl group to produce (1S,3aR,6aS)-z-butyl-
octahydrocyclopenta[c]pyrrole-1-carboxylate, t-butyl ester;

ix) reacting the bicyclic aminoester of step viii) with a protected amino acid of

Formula 26,

Z-NH”~CO,H
26

wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

Bdvs

COztBU

amide-ester of Formula 27;

27
x) removing the protecting group Z from the amide-ester of step ix) to produce the

amino compound of Formula 28;
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o0
0]

CO,tBu
28
xi) reacting the amino compound of Formula 28 with a protected amino acid of
Formula 29
Z-HN._COH
9
29

in the presence of a coupling reagent to produce a tripeptide of Formula 30;

30
xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

31
xiii) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in

the presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;

33
xiv) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34;
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34
Xv) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of
Formula 43
NH,"HCI

P

43

in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 36; and

0 O ¢} 5 u r ”

36

xvi) oxidizing the hydroxy group of Formula 36 to produce the compound of Formula

4.
O

4

36. A process for preparing a compound of Formula 4

A
o) O o) &N I g

4

comprising the steps of:
i) providing an N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane:
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i) forming a 2-anion of the N-alkoxycarbonyl-3-azabicyclo[3.3.0]octane in the
presence of a chelating agent;

iii) treating the anion of step ii) with carbon dioxide to produce a cis-/trans- mixture
of N-alkoxycarbonyl-octahydrocyclopentafc]pyrrole-1-carboxylic acids;

iv) treating the mixture of step iii) with a strong base to produce an essentially pure
trans- N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acid;

v) forming a salt with an optically active amine;

vi) crystallizing the salt;

vii) esterifying the acid provided in step vi);

viii) removing the N-alkoxycarbonyl group to produce (15,3aR,6aS)-r-butyl-
octahydrocyclopenta[c]pyrrole-I-carboxylate, i-butyl ester;

ix) reacting the bicyclic aminoester of step viii) with a protected amino acid of

X

Z-NH"CO,H
26

Formula 26,

wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

N YL
0

CO,tBu

amide-ester of Formula 27,

27

x) removing the protecting group Z from the amide-ester of step ix) to produce the

O  COuBu
28

amino compound of Formula 28;

xi) reacting the amino compound of Formula 28 with a protected amino acid of

Formula 29
Z-HN._CO,H

@
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29

in the presence of a coupling reagent to produce a tripeptide of Formula 30;

Z-HN\;/’?kI_"\X(NQ“'w

O O COuBu

30

xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free

amino-tripeptide of Formula 31;

31
xiii) reacting the amino-tripeptide of Formula 31 with pyrazine-2-carboxylic acid in

the presence of a coupling reagent to produce an amide-tripeptide ester of Formula 33;

33

xiv) hydrolyzing the ester of the amide-tripeptide ester of Formula 33 to produce an

amide-tripeptide acid of Formula 34;

_N o
[\N]\N/HN\;)J\H"I(Q)
o) O O CO,H

34

xv) reacting the amide-tripeptide acid of Formula 34 with an aminohydroxy-amide of

ﬁjﬁ A
H.NT 7 N
2 I H

OH

44
113

Formula 44
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in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of Formula 45; and
N
N N N N o
0 : H o y . /N
Q K : H
OH

45

xvi) oxidizing the hydroxy group of Formula 45 to produce the compound of Formuia

4.
D
o} O 0 " I N

4
37. The process of claim 34, 35 or 36, wherein the oxidizing reagent used in step Xvi) is
sodium hypochlorite and the oxidation is carried out in the presence of 2,2,6,6-

tetramethylpiperidinyloxy free radical (TEMPO).

38. The process of claim 34, 35 or 36, wherein the oxidizing reagent used in step xvi) is 1,1-

dihydro-1,1,1-triacetoxy-1,2-benzoiodooxol-3(1H)-one.

39. The process of claim 34, 35 or 36, further comprising dissolving the compound of
Formula 4 in an organic solvent to obtain a solution of the compound of Formula 4, and then

adding an acid to the solution.

40. The process of claim 39, wherein the organic solvent is methylene chloride, and the acid

is acetic acid.

41. The process of claim 39, further comprising concentrating the solution of the compound

of Formula 4 to obtain the compound in a solid form.

42. A compound of Formula 4 made by the process of claim 15, 34, 35 or 36.
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ST
0 O 0 . u i u

4

43. A compound of Formula 7 made by the process of claim 1.

2N

- ~

{ Hcoon
COOR'
7

44. A compound of Formula 8 made by the process of claim 23.

N

QCOOH
COOR'
8
45. A compound of Formula 9 made by the process of claim 28.
R) —(S)
N‘sTCOO™ [Base + H"
COOR'

46. A compound of Formula 1 made by the process of claim 32.

~

Q\COQHS
H
1

W

Ly
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