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[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.,
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In Formula 2,

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

R’y is H, an optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted aralkyl or an optionally substituted heteroaralkyl; and

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

R'; 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

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



0 R 3 Referring to Formula 3, R is RW, P2-,
P3-L2-P2-, or P4-L3-P3-L2-P2-; R5 R3-Nf P2- is R6
W&2orR/026159Ni R8 -N P3-L2-P2 is 0 RS R7 R7' R6PCHNjuUSY06/032481
R-T H P4-L3-P3-L2-P2 is 0 R5 Wks a bond, -CO,
-0 CO, -NRX-,-NRx-co-,Q-0-—%r /S; Tis -O-,
-0C(O-, -NHC(O -, - O 'or -S2-; Ris H an
optionally substitut&haliphtic, an optionally
substituted cycloaliphatic, ionally substituted
het er ocycl oal i phatic, an optponakly substituted aryl,
or an optionally substituted heteroaryl; R5 is H an
al i phatic, a cycloaliphatid a heterocycloaliphatic,

. I a heteroaryl; each of which, except for
Refemﬁgtoﬁlg%gﬁ%a?%nal ly substituted with one or nore

RyDSRIN-LBA B AR, ol MdepBAdepL | y sel ected from Group
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aryl, heter@aryl, al koxy, aroyl, heteroaroyl, acyl,
nitro, cyano,| am do, am no, sulfonyl, sulfinyl,
sul fanyl, s y, urea, thiourea, sulfanoyl,

sul f ag-day” oxa? “car boxy, carbanoyl,
cycl oal i phati coxy, heterocycl oaliphaticoxy, aryl oxy,
heperoarxgoxy, aral kyl oxy, heteroaryl al koxy,
Eisxycaronyl , al kyl car bonyl oxy, and hydroxy; R6 is
an optionally sue§titutqg al i phatic, an optionally
substituted heterdal kyl ,;°an optionally substituted
heteroaryl, an ogtionallly substituted phenyl; or R5
and R6, togethe ith 2907/ 022459
PCT/ US20R: 481 tye ato tg which they are
attached, may ' form a||5- to {-nmenbered, optionally
%u stituted nonocychic hetgrocycle, or a 6- to
T-deabered, -optionally su 3ti tut ed bi cyclic
heterocycle, in which ﬁach het erocycl e ring
optionally contains qn BditiPnaI het er oat om sel ect ed

from- 0-, -S-, or : N\\Tj%g

P4-Ls-P5-L,-P, is ° Rs

W is a bond, -CO-, -0-CO-, -NR*--NR*-CO-, -O-, or -S-;

T is -C(0)-, -0-C(0)-, -NHC(O)-, -C(0)C(0)-~, or -SO,-;

R is H, an optionally substituted aliphatic, an optionally substituted cycloaliphatic,

R-T——N
H

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;

R is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an

optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and R, together with
3
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optionally substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaralkyl, or an optionally substituted heteroaralkyl; or Ry' and Rs', together with the
atom to which they are attached, may form a 3- to 7-membered optionally substituted

cycloaliphatic ring.



IN N COOR 6 wherein R is a Cl-5 alkyl, to give a
racem c m xture of cis- and trans-
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substituted aral koxy, optional ly substituted
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di al kyl am no, an optional I}y substituted nono- or
di aryl am no, or an opti onajcbgRsubstltut ed nono- or
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heteroaryl -Cl_6 al kyl ;= cadh of which is optionally
substituted with one ta ts“hree substituents each

i ndependently sel ected m G oup J; and up to three
al i phatic carbon ato R5 may be i ndependent |y
repl aced by a heteroat or p selected fromO0, NH,

S, SO or S, in a cherfically stable arrangenent.
[0013] In sonme further &¥98dinents, R5 is 5 WD
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[0014] In sone enbodi nents,” Ws H R7 is a Cl-6 al kyl,
C3-10, cycl oal kyl, C3-10 cycl oal kyl - C1-12 al kyl, C6-10
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I//

ed mono- or diarylamino, or an optlonally substituted
mono- or diheteroarylamino.

[0011] Insome embodiments, each of L, and L is independently a bond, -C(0)-, or -SO,-.
[0012] Insome embodiments, Rsis a Cj.6 alkyl, Cs.1o cycloalkyl, Cs.1o cycloalkyl-Cy.1y
alkyl, Cs.19 aryl, Ce.19 aryl-Ci¢ alkyl, Cs.19 heterocyclyl, Ce.19 heterocyclyl-C. alkyl, Cs_q0
heteroaryl, or Cs.1o heteroaryl-Cj_¢ 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



a chemcally stable arrangenent. [0015] In sone
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al i phatic, C3-10 heterocyclyl, C3_10
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e i ndepende ed XromGoup J. N\ N
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2007/ 022459 PCT/ US2006/ 032481 O [0019] In still sone
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o 18 By e R 5 s B S g
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three substituents each independently selected from Group T; and up to three aliphatic carbon

1

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
! 1

RS
.o . oo o0

[0016] In still some further embodiments, R7 and R7', together with the atom to which they

e R LY Y& 5%
% 8.5 0.0

are attached, form

{0017} In some embodiments, R is a Cg-10 aryl, Ce-10 aryl-Cy.12 aliphatic, Cs-10 cycloalkyl, Cs-
10 cycloalkenyl, Cs.10 cycloalkyl-Cr.12 aliphatic, Cs-10 cycloalkenyl-Ci.12 aliphatic, Cs.10
heterocyelyl, Cs.10 heterocyclyl-Cs.12 aliphatic, Cs.10 heteroaryl, or Cs.10 heteroaryl-Ci.12
aliphatic; each of which is optionally substituted with one to three substituents each

o,

independently selected from Group J.

[0018] In some further embodiments, Ris
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aliphatic, C3_10 cycloal kyl, C3.1 cycl oal kenyl ,
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and Ry is H, Cy.1, aliphatic, Cg.19 aryl, Cs.19 aryl-Cj.y, aliphatic, Cs.10 cycloalkyl, Cs.1g
cycloalkenyl, Cs.19 cycloalkyl-Cj., aliphatic, Cs.jg cycloalkenyl-C;.15 aliphatic, Cs.19
heterocyclyl, Cs.19 heterocyclyl-Cy.15 aliphatic, Cs.1g heteroaryl, or Cs.jg heteroaryl-C.1»
aliphatic.

[0021] In still some further embodiments, R is

H 4
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[0023] In some further embodiments, R is
)/j\__ 0\, SN HNTN\ \ \ N
)% ~% % s & T Mg \_5
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[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



C NNNCIL NN:11 HNHor CI NH[0024] In sone
enbodi nents, the carboxylation step in the process for
wonrepan24sg conpounds of Fornula 3 includes foroTmg2@6/032481
2-ani on of the conpound of~fornula 6 8 WO 2007/ 022459
PCT/ US2006/ 032481 N COOK 76 in the presence of a
conpl exi ng agent, and then {reating the 2-anion wth
carbon dioxide to produc racemc rr} xt Iure oL .
trans-1cis-octahydrocycl ogeptal c] pyrrol e-1-carboxylic
acids of fornmula 7 N CCEB?R%tH COOR 7 [0025] In
some further enbodi ments, €¢he 2-anion of the corrpgun?
i bSinPt r ' ; und,.of.
i the eserll OPL Byl SnD B B8 e LI O AR fiide 0
producgfa racengio mpukiexd oiyramye pis-cetatly droc pomintf cpohvRM-carb®82i8 lacids of

f 1I By still sone further embodinents, the base used in
Ormuﬁr eparing the 2-anion is sec-butyl [lithium [0027] In
still sone further enbodigents, the conplexing agent

used in preparing the 2- &nion is _
tetranet hyl et hyl enedi a , tetraethyl ethyl enedi am ne,
tetramethyl -1,2- cyclo dbeni ne, sparteine, or a
3,7-di (C1_6 al kyl)-3, 7- (ﬁﬁ@bicyclo[B.B.l]nonane such
as, for exanple,
3, 7-di (n-propyl) -3, 7-di azabi cycl o[ 3. 3. 1] nonane. [0028]
In still sonme further enbodi nents, the conpl exing
agent is tetranethyl ethyl enedi am ne,

0025] tiekome timtee tRpOERRHIsANE PCanion of the '

[ ]tetrang?ﬂbl-1?2-cyclohexyldi5%1ﬁe?Onﬁﬁu%gQ;ﬁgPFgﬂfgnmered

by treatipg (heycompour effannelp 61 willBa Sraielithiwmebask G0 #@]présenad dfld

embadiyent s, the conpl exi ng agent is
compngpgre#{lenﬁgafhaf ”é%‘f Irlltt'soma enbodi ments, the
[0026] tln st shs furthat émabddimbhng, the 6eKE edTinirdpBing(the OBRRUNESec-buty]
... of formula 7 is 1 to 2. [0031] In sonme enbodi nents,
lithiumy' o ¢ rans-/cis- ratio in the racenic nixture of

[0027] 3R SR SIS fifether dRSBHnEntE the cé&gplte%ng%gent used in preparing the 2-

anion is tetramethylethylenediamine, tetraethylethylenediamine, tetramethyl-1,2-

=

cyclohexyldiamine, sparteine, or a 3,7Fdi(C1-6 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.¢ 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 7 is 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 7 is 1 to 1.

[0033] In still some further embodiments, the trans-/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 trc;zs-/cis- ratio is greater than 98 to 2.



[0032] In still sone further enbodi ments, the
trans/cis- ratio in the racem c m xture of conpounds

wohod7onmsba 7 is 1 to 1. [0033] In still some POTUS006/032481
[0037]elnizo hic Rt $m bblgn dnfs2 AR/ b &s tali ofEL 0034
nstill sonme further eﬁn‘oog? ﬁ)g%)%%’ahtﬁ%ggﬁguﬁéggfgémﬁa1;

I, Sonme,

further inelpdes; egqugiprating 2gransy/oip3siixtine ofithd ¢ongmueds of fohatla 7
enbodi nents, the trans//i\s- ratio is 90 to 10. [0036]
In still sonme further enbadi nents, the trc-is/cis-
ratio is Qreater than 98to 2. 9 WD 2007/ 022459

PCT/ US2006/ 032481 [ 00 RosgE oi ner enbodi nent s,
the process for prepari compounds of Fornula 3
further includes equilibf¥%ng a trans/cis- mixture of
t he conpounds of forrmula77 COOH N COOR 7 in the

: of ui t abl e. base to produce a predoni nantl

in the fp SERET i talg e QrORGE = Prosfamtinantly ey aceDOReid

formulg Bac) wherein the trans/cis- ratio is greater than 80
to 20. [0038] In sone other enbodi ments, the process
for preparing conpoundg/ﬁﬁ Formula 3 further includes
equilibrating a trans/cis: mixture of the conpounds of
formula 7 in the presénceg_of a suitable base to
produce a predoninant|y NTaf80Bis racenic acid of
formula 8 wherein the togoors/cis- ratio is greater

than 90 to 10. [0039] I aot her enbodi nents, the
process for preparing cgé%gﬂﬁds of Forrmula 3 further

wherein thelreoescigiib idgraitbin@a@ s fAPe/ ci s- nixture of formula
in the presence of a suitable base to produce a

[0038] gff WP RerRmYodiments. the processdad rreparing compbundsdfFoBmula 3
furth i . . LS ratio i reater th 98 to0. 2.
s PR S AYS hB P SRr SuP e
presencegfiaIsuitabde basg t¢ heducenpredommatilk bnec®hacdE B RF foriSila 8
um hexanet hyl di sj |l azi de, [1thium

.lithi
wherein fhe Pfl‘ggﬁ/ Sy rmscEeatethan ik 2, 2, 6, 6-
003 ‘ ' i.di further
(0039 e b bR 1 pr O R R S ol Rb i o ol
further inglypg equilityetine 4 trobhéis- erkime offotsulatyie thasi8sdnSe of a suitable

base to gr%%ug :J}b ¥r|88{}1:ngr%|n£;{/n H%gggz% P‘%ﬁ%ﬁgg%ig )é)l‘é ?o%@?r?afe]g %@g@c}; e gione-/cis-
ratio is grefilexthdh ©8@$ 2r acem ¢ trans/cis-N

al koxycar bonyl - oct ahydr ocycl opent a[ c] pyrrol e- 1- car boxy
[0040] In somerfighersmbodiments thi basa uydd in lequitirating the frans-/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 trans-N-alkoxycarbonyl-
octahydrocyclopenta[c]pyrrole-1-carboxylic acid is trans-N-t-butoxycarbonyl-
octahydrocyclopenta[c]pyrrole-1-carboxylic acid.
[0044] In some other embodiments, the process for preparing compounds of Formula 3

further includes resolving racemic trans-N—alkoxycarbonyl—octahydrocyclopenta[c]pyrrole-1-
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trans/cis- ratio is greater than 90 to 10. [0043] In
sone further enbodi nents, the trans-Nal koxycarbonyl -
woeb@hessecycl opent af c] pyrrol e- 1- car boxyl i ¢ acpdTius2006/032481
carboxyliaAGidMb brdautHXYERRROSY) frans—N-aikox carbonyl- .
oct ahydr ocycl opental c] pyrrol e-1- Carboxyli ¢ aci d.
°°tahy[dm‘}121}>l’?fﬁaé]ﬂ¥§mlﬂ~h@arbemdijrcﬁctrhnts, t he process for

[0045]%1%%%:fﬁtghe?%éﬁg)%ﬁggesnts?ftheﬁgsro W ota rgggngig ixturs qu cfjo%fpounds

includes the steps aff iy fotyndg ey with e aﬁﬁfdiﬂg%%egtpﬁgg@gg% isf:a%azgrl'l he

It for g%%%&07/022459 PCT/ US2006/

sall IO AP, toyprovidg anpgticaliy)active salt of fafrkda Pe ar bony! -
oct ahydr ocycl opentalc]p ol e-1-carboxylic acid.
[0045] In sone further enbddi nents, the resol ution of
a racem c mxture of aoppdaends includes the steps of
i) forming a salt with&n qticakl¥Hgctive base; and
ii) crystallizing the sHi® $¥Pmed by step i) to
provide an optically actC@ersalt of fornmula 9. /N (:
(S R'" NH3+ RUNs) COO COOR 9 [0046] In sone further
embodi ments, the optically ac?ive base used in

[0046] TR S&hY FlteheR efnBGEHehits, %é&%a ?]chgg s?: Eﬁ%ﬁi@irrgso(h@lg a racemic

. a-am noet hyl benzene.
mixture gbesgineandsis (Rhe-aophoatlflbenzend.i ve base is ()

- -] - hyl ani ne.
1004711 S il BBt wRaPRralbiactvg biseps Gy tornyro-

naphthglafipeunds of Fornmula 3 further includes the steps of
esterifying the caboxylic acid of fornula 9 with a

[0048] dp pesmesfiirther embedinienty, thh praRessgoopyeparicanemMiNer Rdigula 3

= r [ .group t r oduc conmpound  of
further chdes 1R PR S Pt B e of 9 Withiaicpmpound
containingthé Ry gteeg; aldeghmoneanal dgOR’ |
P f riher e(ﬁrrltf)bodi rrents,nggs i's t-b%l%%?ﬁg%%%dgg]%i)}n&dgg%&mpound
° Omé‘#% di nents, the process for preparing conpounds of

Forrmula 3 further incl ud},s\r eacting the am no-ester
of Formula 1 with RLOOOH: i n:the presence of a coupling

reagent to produce a con’Z@T of Formula la. R
N” TCO:Rq
H
1

wherein R; is an optionally substituted alkyl or aralkyl.
[0049] In still some further embodiments, R; 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 w
L
57 “ORg
1

a
[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. 1



O OR3 |a [0051] In sonme enbodi ments, the reaction
bet ween the am no-ester of Fornmula 1 and RICOOH can
woeowanzdsed out further in the presence of hi spamiuse006/032481

[0052]ginysomRefurtedr ehibdhientd, R, i@pldi tion to a coupling agent.
11 WD 2007/ 022459 PCi/ USZ 6/ 032481 [0052] In sone

[0053]; lnsppe furthas saibadiments, Ri iy R—PaP,-. [0053] In some further
0054180 TR 3 2= 0 In sone further
[ ] ‘Sl ntezem%[)dnr?en RL%]géLi%‘é?% [ 0055] In sone
[0055]f1nr5bimerﬁnﬁrdned1ibn&1maﬁs R, isBWRW . [0056] In sone
nbodlnenta t he process for preparing conpounds of

100361 S smbofipeptio enrﬁmﬁwmngp@psomﬁs Ry Hewtyla 8 figrther
includdshiBe §§1§se<5f 19t ddy Rued: 8 2 & I{)?U.ﬂ? qa Rgl,gt\é ng‘flﬁ‘b%

car Oxy ic acid an reaCt|n
carboxglig agichend Wa(:tinghc ompoxylit amhﬂhas; Bbta@ed t“hm aFQ) n€JoRH® containing

the R, g{%%é,e\hr@e 26}5 @EL @iﬁ%@@kﬁ)ﬁ@ ggltggpfﬁiggncte r(])(’ef a

couplirpOoRenth ﬁ&d&@&ﬁ% }fbunh%@@@mﬁlg some further

enbodi nent s, an optiona Iy substi tuted
[0057] Ip somafyrther gtpbq)d;m@msym ESlH),SElnI aptiveadlycspbbtiratet pliphdtie, ogidnally

i 8 0 B, a0 SRS S s

an optiopdliysnbitityted alaiidyl, it a8 Gpheiizen g%?Bﬁit{fﬂéJi het@{bardll%lle an
atl C an optiona

al | substltuted al i y
%b‘é?’f £ Bengl ylsub%lﬁute%hp}@ﬁal Wpélabdiyl sumtadtedraegﬂkz;d
| k d R5'
optlona‘Pl'y sABstRAREH %ﬁ{yj} %r%ﬂ%éﬁlér%a'ﬂ&%gbg t%?] g‘?[r a ;B-{&] onal | 'ys

an optionally sub

&bsﬁ anbptibreily Isuizsltutmbthaluﬂlatlc an dpﬁbnaryeﬁubmﬁtéb héibailpdic,
or an

n. stl ut ed aral kyl ,
an opt ety spBtie L 3l oG vubibitgad kol oron opAonclluRBityted
heteroatiggi frer wWith the atomto which they are attached,
forma 3- to 7- menbered optionally substituted
By @nd R\, frigathiecwith tlag, atpp06 sihidhnthspae aftactedeform a 3- to 7-

R s 0 NHOHHt NHOHH I +NH N~
membefAHRRY Host e bl finkaleyBe oo +H O F O L \H N O

[0058] hb ddmeNfdrther embodiments, R, is

LA 5% 5% h
-§-NH5\O;“\§ o OH §J\© ’ o OH g/’_g-NH OH EACOOH:
R G gl
SEYRETRLY
. i)k . NP LI b\/‘k
s OH g%/’éNH OH HJ\@\I’ENH OH B o OH i OO

[0059] The invention further relates to a process for preparing a compound of Formula 4
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+tNHOHH\ I " OHHOHHOOOO + NHOHHNY +NH
NJ'"" OHHNHN- -NHNOHHor O H [0059] The

wonveve2ean further relates to a process for prepgamusn®ea324s1
compound of For mul a 4 1 MD 2007/ 022459

PCT/USZO 481 OOHOH 14

[ 0060] | \e (bo |nents oc s for preparing
compounds '® stéeps of: i)
provi di ng an axycarbo yl - -a bi ¢ycl g . 3. 0]

octane; ii) fornr a 2-ani ongof N N
N- al koxycar bonyl - azabl cyclo [3 3. ®] octane in the
presence of a chelating agent; iii) treating the anion

of step ii) with carbon di oxi de to produce a
cis/trans- m xture of

[0060]“1'11%5@%%@9&&%4» ‘tl?e%r@é@ég ?&%&;aﬁﬂ ﬁ#ﬁ&r@éﬂff @bﬁuul% 4 includes

-carboxylic acids; 1v) ting Xture o
ﬂwswp$9§ with a strong base to produce an essentially pure

B35 B COERRTRN 5 B api a el v of e

cid) foeilgiac -a@bsl ofdhe IN- ﬂko@fﬂa&b’iﬁbﬂ Y—a@é’&é%@‘o[?@ 0]§ctane\’ih)the
crystallizing the salt; vii) esterifyingt

presengg %f/‘% ghedpting agemp vi); viii) renoving the
I(\i-fg%r%%@égg%@?%{ L yIIQ i_ﬁ)whﬁ R34 dftkide to produce a cis-/trans- mixture
of N-abiok péwybmyt-p clabyrro¢ e opkpi o pyreole-1 aartasylit adigs; t - but yl

es er;.rx react the bjcyclic of step vrrr) with a
bk dhe et SR Whb kalreneise SopRetestpsstally pure

rans: ’S‘?ﬁ&‘i’%ﬁé’?ﬁﬁ?ﬁ)}ﬁm%lBﬁﬁﬁﬁgwﬂgl‘*‘? ool &t
anifaenisg nealt of the earpokgic2atid 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)-t-butyl-
octahydrocyclopenta[c]pyrrole-1-carboxylate, -butyl ester;

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

T

Z-NH™ “CO,H
26
wherein Z is an amine protecting group, in the presence of a coupling reagent, to produce an

amide-ester of formula 27;

Z-NH
0 CO4R;
27
x) removing the protecting group Z from the amide-ester of step ix) to produce the

amino compound of formula 28;

13



Z-N HO CO2R1 27 x) renoving the protecting group Z
fromthe am de-ester of step ix) to produce the am no
woanpmango of fornula 28; 13 WO 2007/ 022459 PCT/US2006/032481
PCT/ US2006/ 032481 N H2N O CO2t Bu 28 xi) reacting the
am no conpound of for 2 a protected am no
acid of formula 29 Z-HX H 29 in the presence
of a coupling reagentNo prodice a tripeptide of
formula 30; O Z-HNL N O BBu O 30 xii)
renmovi ng the protecting group Zin the tripeptide of
Formula 30 to produceafr amnotrlpeptlde of
29y reudtiho3he
oot T ng L hainoleoun Bt e laB FAPH et agfph obid of
formu%ﬁ?am ne-2-carboxylic acid in the presence of a
coupling reagent to pllr\g| ce am de-tripeptide ester
of fornmula 33; O CNH 6 CQ2t Bu

29

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

N

CO,tBu

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;

@Y bR Fot

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



33 xiv) hydrolyzing the ester of the am de-tripeptide
ester of fornmula 33 to produce an am de-tripeptide

waceba/mtssbor nul a 34; 14 WO 2007/ 022459 PCT/US2006/032481
PCT/ US2006/ 032481 N CNHNN Y 0_ 0 CO2H 0 34 xv) _
reacting the Nde-tripepli dexg f la 34 with

an am nohydr xy-l m de of | for HZN\/ N,V 0

18 in the pr : ) ent to produce a
hydroxy-tetrapeptilde of2fornula 35; ayd CHNN OO0 ON
NOHHOH 35 xvi§ o ing th® hydi&%Y group of

formula 35 to produce conpound of Formula 4. N O
HNN GNHNO OO0 OMHH O 4 [0061] In sone _
enbodi nents, the oxidizing,reagent used in step xvi)
descri bed above is sodiun%ﬁypochlorite, and the

awsi) dlaitcting) theindaé-rigRpri@dlicid Bf $dRRuR RERAE n AhirdhdBxPamide of

formula 18

OH H
HoN g N.
\/E 6]
18

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

RES e

o}
35

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

Sl

4

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

Ite

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(1H)-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

15



t et ramet hyl pi peri di nyl oxy free radi cal (TEMPO) . [0062]
I n sone ot her enbodi nents, the oxidizing reagent used
wonostepsavi ) descri bed above is PCTnmzmmmsmml
dissolves,le.gli, BedfyRend .chiokidb ! TAE §Li@%Y5
ne.. [0063] In sone furtﬁer e%%§%P%£%928g%ﬂé8lm%&g§
acetic fgjfOR BFODIHES arids di ssol ving the corrpound of For mul a 4

i Vi t0 obt ai n sol and then
[00647 ] 1 dsﬁﬂ sgfél%%glttﬁe&%ﬁlb ? sS g}eLH_rP%ﬁ,ﬁs mnlc %cqﬂcslgfﬁtl@g the
solutlogajf\thzom;mmnb of Boynilo U V& Obtainth¥BbBPoldaG GRERP . Fuch a

mul a 4 2007/ 022459 PCT/ US2006/ 032481
Conce”&‘iaé‘% IPlfPéPgss Cén e, ¢-gretiiilaion of el undee reslvicet] ptassubf(e g.
vacuurB) 'y A&l C‘Hggﬁ?%ﬁ 888‘% %ﬂ@ﬁl}el Sog’lgﬁ% ﬁgt; B3 compound of

opi oni c
Fomu&ﬁz;mbtmmdsqantbhee [uY3 ag/etsﬂlnfe F EéiﬁfcrYsmﬂhﬂBj esd c(:jan bfe of hlghelr purity
of Formu

ntrat sol ution of t he conpoun
than thﬁpg gfe 86163’1 L)’eg OHP 30 REEaRte selest and them pencepigtiediin acid
conditieancentrati ng process can be, e.g., distillation of
the sol vent under reduced pressure (e.qg. vacuun) by
[0065] n%ﬁ wchy the vaxsoiien dlemrebitestthe rotoseof puriihimeshd éaineuhiof Pormula
4. whi ch ht he compound of Formula 4 is obtained can be,
e.g., crystalline or semcrystalline, and can be of
' purity than that before bei ng di ssolved into
an i ¢ sol vent, and > in acid

condi ti d. [0065] As su( , al so rel ates
to a L%;'~ the of Formula 4.

I cHNHNN 1' r © 0 - 0 ¢ I n me
enbodi nent@, s process incl ugh [ j sol)& t he
conmpound of F@ a 4inan g ventNto obtain

its solution, ladding an acid fo t M of the
conpound of Fo mul a 4, and then conceﬁ%entratlng t he
solution of the conmpound of Formula 4 to obtain the
conmpound in a solid form Rgxanples of sutiable organic
solvents, acids, and solid forins have been provided

bove. 7] Th i nvention further features conpounds
[0066] grr ﬁt‘[gg%dqmgnts,,\i Ripracerncludes 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 concencentrating the solution of the compound of Formula 4 to obtain

the compound in a solid form. Examples of sutiable organic solvents, acids, and solid forms

have been provided above.

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

Wherein R; is Pa-;
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Werein RLis P2-; RS R8-NR6 P2- is 16 WO
2007/ 022459 PCT/ US2006/ 032481 R5 is H, an aliphatic,
we 0ymhoabi phatic, a heterocycloaliphatic, an acylus2me/032481

aRbhter@aliphaticed Ql{‘cl}?églgmﬁ& R, he‘cae?f&égefoaﬁ@{atlc ?srpr{, 954 gteroaryl;

Q tlonally subst i one
each of &@W P¥rgeiente it prlosdl}embemtufedom}@mm ndore QuisstisienfiGach

i ph het er oal al koxy
1ndepeﬁﬁelﬁﬁil s%ﬁcﬁe)ﬂ?%ogr?g}y upaJt co)l;lT‘ﬂsfal Ii),g ?tl',l'&tlo é:;,’%l éﬁl&oarylahqxtﬁr@aryl
alkoxys atofyn rhyteroasmgilj acyy, |n1trcS kA Yhido, §ﬁiﬁﬁ00§Mfoﬂ§r[ %alﬁnyl sulfanyl,

t hi ourea, sulf armyl sul fam de, oxo, carbox

sulfoxx,d}rf)aaﬁ%glprea @y@p@ayb gﬂ@gql@@)@yo carboxy, carbamoyl cycloahphatlcoxy,
heteroé"ﬁlcf‘a'l@ﬁéffcbf?y?‘lakﬁgﬁt 'h‘éf%f%’afr%@&x%} a?gifg)rlg%gthggoar %l@ﬁ( Xy,

ar al kyl oxy, ’het erdary
alkOXYaﬁrlbyn)daalb}dngﬁbomﬂoxyaladd hydtoyxy; R6 is an optionally
sfg(‘bst tut.edual |}§) (? w}n .optionally substituted
183 8PRsrally si S“&H? dirhatic, ag apsional %Ihstﬁeteém@@rqaukylm
optlonzﬂBI sﬁmﬁtﬂh{e}d heteRsky1t 4 §15{1091Q ¥ﬁbst19ﬁed§?} ﬁglﬁ ba cgﬁ? 6?%%t}§r with

the atons to |ch are
the atog;.s t@ whichitheshare @ﬁach@@,tmmjnﬁinlnw SubFtmembeadd, dmﬁﬁalléﬁdubﬁtltuted

monocgags a?%X&c Ies Br %y A 6]@ Wg@é?rgg;&qn@nal?}f W%Wh Iu?q#%%@hc heterocycle,

in whidbedaeh betgrcgcle king o@ﬁ@ﬁaﬂ@%bhﬁilrﬁ %Htaaﬂft‘i%nﬁrhe?egdﬂ& %}(@@&ted lt:iom -
0 Shet gat om sel ected from - - I's H,
~ >afli pHati c, cycl oal i phati c, (cycl oal i phatic)aliphatic,

1 h t
3¢5 1, BN RIS ORGP AIRN . g
heterooszgloﬁhpmhp, (haﬂefdcyg/lbahplﬁtib)ﬁﬁplidtm Redro By lehb& AT AR, sulfinyl,
sulfom{l C(% g %g;ﬁt I Ci‘y [y
R Bcl PRy L 2lon Brkitilpenb gy cloalishatioaliplatip)carbonyl,
1 | t b I,
it LS AR MR o
((heterqcb(g]pgl,iw@ﬂy]ajlpmmmybqnyb ((hetérbatybtadomyl] @hati c) carbonyl ;
Getero BB ot ed alkyl . [0068] 10 sone

mﬂlm@mwﬁ%g@ﬂ ah@tyl . [0069] In some ot her
enmbodi nent s is O 0j NH [0070] In sone fir

Bhésrané?ﬁ'é’@éﬂlkb‘mbétltu@ﬂ-alkyé NH2 [0071] The invention
[0068] Iiri‘ﬂé%laf%ﬁﬂoedlﬁéﬁzi RO GQpounds of Formula la show above,

[0069] In some other embodiments, P,- is
I f
H e

A
(o

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

g 3

[0071] The invention further relates to compounds of Formula 1a show above, in which
'R1 1s P3-L2-P2—;
17



Rl is P3-L2-P2-; 17 WD 2007/ 022459 PCT/ US2006/ 032481
R7 R N R8 -NP3-L2-P2- is 0O RS R5is H an

wealoqivatdse, a cycl oal i phatic, a heterocycl oal i poaise006/032481
an aryl, or a hetegoaryl;r, each of which, except for
H, is optionally substitujed with one or nore
substituents each | i ndependentdy sel ected from G oup J
consi sting of 0, iphatic, aryl, heteroaryl,
al koxy, afdyl jheterodroyl, nitro, cyano, am do,
am no, sulfonyl, sulfinyl, sdlfanyl, sulfoxy, urea,
thiigupegy sul famoyl, seul fam 0X0, carboxy,
car banoyl , cycl oal i phati coxy, ’
Hext ie b ey eliplaaticphetl adiphiatican ety cloglgfagarad 1 or a heteroaryl;

| kyl oxy, teroaryl al koxy, al koxycarbonyl,
each ogfv vht%cs%tr@fhﬁxv ’opaﬂ%al}%,sggg@t’ed math; aien e Pehstituents each
indepesddasiyistletted frakd QR iRPIF AN i, LW e
lnepehete?]osalkyl, an@H§%3$€ﬁ§?P§R¥H%2?F%%?%gﬁﬁé%éﬁgaﬁvﬁ?mgk
alkoxyopyle ReteTopraylitssyl nutoe dyapoemyido, aninRSsufuyRéulfiagy edine],

- : ich th hed f
o, O ST WLt Py S Caphiol ey Tor'e
heterodyeloelipieicosy, apilox, BeteirylexyTRINE/SE,; th\%daﬂﬂé‘ﬂ{bX

in whic

IkoxvSl stit t?d bi cyclic heterocyclé€, eac
alKOXYERe ‘é‘}yé% e bonyEPxyp aRciedroXy; cont ai ns an addi ti onal
t; . ~ Q-, =S . or. -NRx-: R7 | s H,
A S o e, e b
optionadiylsubstituire Hetheee,cal dptionalsnsubetutednlhy; §M@§£ﬂdlt 08 *’d%e‘f..%%r with

heternaryl , or an optionally substituted phenyl; "or
the ato%}%h" {CL¥%§£%%$3%¥ YA B ¥ neambesed, phégnadlyesubstituted

monocypdlicaettestyceyr £ Q812 RembQed - onal J.

, ,substitueéd npnocyglicmﬁetgiégggﬂggﬂﬁggﬁﬂ%g %&ﬁh%@%?@&wﬂ&

in whichga¢hobgierogycleting optianabyl comtains yr biditienal hetefoabom 6lected from -
-{mxbered optionally substituted bicyclic

O-. -S- = ‘ :
’ S’#%t@?bdycle, or a 6- to 12-nenbered optionally

BulsHj dribpridbnbllye yibkiitedl Aiphatid) aﬂﬁgﬁ&aﬁg ggbsjﬁ%}tgé ﬁé:tgr%laliyl an
. r aryl ring optionally contains an Itiona ?
optionaljsubiteshaiepant. o8 an ptionay substytcdpherdRor, or \hen

. ith. the.atons to ich th are
0 P o 5y Bk i e ot 7
membetyyl dRBomaily sbstivard banot@licGreterétysh; %mﬁ-gﬁnﬁ@féd%@ﬁbmy
bStit‘ugel%bSt it utled bjcyclic fused ring system wherein the
su Jppqcycl 2 iyl Sypsmbaredwptipoallyhabstithied diayclibheterocycle,
6- ' ' o_f.orman optional |
ora - 0L Rabl Y STl MR APk L0 8 SRYLRAS b or
ring optegnypetly gpntixs tis additiardal pétatdatom syledia@pfrbphar i S, or -NR*.; or
Wc?{oal i I;&ggt [ %al . hﬁnti c, aryl, araliphatic, _
&8 R 80 Re Jqee fsnpvith the #etns (EYRSBeY PRatichedforphating Ry
and the Heg eystan Yénne@?)gf@{%&yld W dyaivih. %UH g‘-}ﬂ ngagirs‘]ei(;ﬂ]l c{p%rc])}{elllly

. (aliphatic)carbonyl, (cycloa iagha car
substituted bjeycha fusph ang eysdniphlzreio toabibpaiel 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¥isH, 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



arg carbonyl, (araliphatic)carbonyl,
WO 2007(92348¢ ocycl oal i phat i c) car bonyl | PCT/US2006/032481

((heterocycl oal i phatic)aliphatic)carbonyl,
het er oar arbonyl . .or (heteroaraliphatic)carbonyl;
38‘5%@013%%%%%@11 US2006/ 032481 R8 is Hor a
Rriobeehiisia Jgrsabmi;mtadlﬁilk& is an optionally substituted

1
al kyl.” [0072] In sone enbodinents, R3 is t-butyl.
[0072] Thgoms pmbadivesyes. BabohHEnt s, P3-L2-P2- is HO ON yAN

= L4] nbodi ments, P3-L2-P2- is O
[0073] Ilﬁlfﬁkne%ﬂ{bg)g%émﬁégg%t in the scope of the present

i nvention are the conpounds of 3, ~dipropyl -3, 7-

di azabi cycl o[ 3. 3. jnonaney an

3, 7-di propyl -3, 7- zabjayc Sy onan- 9- one.

DESCRI PTI ON OF THE™ NTI L finitions [0076] For

purposes of this inventiof) mc em cal elenents are

identified in accordance w he Peri odi c Tabl e of

t he El ements, CAS version, ook of Chem stry and

Physics, 75th Ed. Additionally, general principles of
[0074)] Ibrsgawi embeldinénss, By-larke- $escri bed by Thomas Sorrell in

Organic Chem stry, University $ci ence Books, Sausalito

(1999), and by MB. Smth a . March in Advanced
Organic Chem stry, fsi John  Wley & Sons, New

York (2001), the en e” coménss of which are hereby
i ncorporated by referenge. [0077] As described herein,

conpounds of the inve m may optionally be
substituted with one's pre substituents, such as

are illustrated general |y above, or as exenplified by
[0075] ARotwickth dic @bpssbbe prisbiiaestion agrte spepouwds of 3,7 +propyl-3,7-

) .invention. [0078] . use erein.th rrm"al i;phatic”

dinzabie iRy dd s e el APy S aRHg oL S oo
each of which is optionally substituted as set forth
bel ow. [0079] As used herein, an "al kyl"™ group refers
to a saturated aliphatic hydrocarbon group containing

can be St fai gL PREHRABr ™! k! oroup
1. Definitions

[0076] For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,
75" Bd. Additionally, general principles of organic chemistry are described by Thomas
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. ,

[0077) 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.

[0078) As used herein the term “aliphatic” encompasses the terms alkyl, alkenyl, and
alkynyl, each of which is optionally substituted as set forth below.

[0079] 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 atkyl group can be straight or branched.
Examples of alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl,
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Exanpl es of al kyl groups include, but are not limted
to, nmethyl, ethyl, propyl, isopropyl, 19 WD
waQ7/a22459 PCT/ US2006/ 032481 be substi t ut edp{T/Us2006/032481

be subﬁﬂhieﬂ ified. ) ?fptl%ﬁﬁ%t Subbi@ebl) Wlﬁnl?)ng '3? m%e %@%@Hg §él€étgf fé‘{)gl the

el ected fromthe group J

group M“CHS'PRJJ ”) melpﬁaﬁ i lmlg, @ygﬂoahphﬁtlb é&ag. chlcmlkyl or cycloalkenyl)

o R ) B e

aroyl, Inatrearogl, vityl (akk (Bﬁphatlc?éaﬁbbnyl W@&ﬁbﬂ@h@ﬁé)caﬁ@ﬂ}l'l &e g.
cycl oal | phatic) carbony

)C rbonyl ,
<heter°§°me‘9@fp36 Fabprdhate pranchamido) (e gm(@YoéoalW@lhEDm""@@mmo
arylcaxﬁ@n;gamm()cé&ﬁf ﬁlallﬁéhﬁa 1{1%&?%%?%9’ asﬂnﬁ:ﬁgbonylammo

| car bonyl m no, ara

(heterO(:yi@odkﬁel}(yl)waIE)mmbhlmgtbmyidaﬁbonylammo

e A D ot n

heterodgtlogik Iﬂlﬁﬁ@c@f%‘ﬁ Y lary1&d b ea
hetergcycl oa q%paﬁ] nocar bongl?é{l ary 1'gﬁ{car arbypyl),oa]mmo

(e.g., ah@lla@prggmy; el hz;tbgmynq, or hﬂemoycléailp@atlcammo) sulfonyl (e.g.,
atj cam no,

ahphat)%e% fsﬁl‘f’ﬁ% 162}1]151/% (?Flfy!n gsea @tﬂu[r%wlfa(néoyé sulfamide, oxo,
carboxﬁ,ldaﬂiaﬁtolyl; c{ﬁ&laaliphaﬁéﬂxfyl HMEroc?&leWﬂleox%uér?gﬁi hetérGatyloxy,

urea, sul fanpyl, sul fam de, "oxo

aralkylga% SRy lalkgey, @HqOPimbcmy@@}kylmbcmymc amblhydm@t | Wathyyt

| h
it B A B B S TR B
alkoxy¢a|rlmrwhiﬂk}dmndsadi{yécaebmmﬂmlk9f) @éhﬁilk&luhﬁﬁoﬁﬂréﬂy}llSalkoxyalkyl

aestak g SIS GRS, R e povsind ok aminoaliyh,
ammoaﬂéy@raﬁﬁﬁ&y‘lkyl (Ey@lbél ag ?H%(’y %kb %ﬂ?gﬁz: am ﬁggllaﬁlkglyl (such

oxyary

ara
[0080] As %?ﬂ{ ¢1n,|‘;;';02‘-a£fnn:ylkl2’)gbllqyﬂe}feﬁs toaanl agq:lfhhﬂm/ J:aélé%’ffgﬂﬁﬁ kHey gontams 2-
atic)a or use
8 (e.2. RH/GHRH LR W“Y atJeast,ong Bl Likean hyltareup, an
alkenyl cgmsd@man Oe QttpightAtbraRRAL R E)?angpleﬁoi(@l ;ﬂkﬁgg‘? %1% ﬁﬁlkc%lcﬂé) but are not

arbon atons and at | east one do
hmltedgq @yyl BPpEpyL arbuteayk end B-hgxenyp Aamlkmyksgrbap gahibd)cSpuonally

substituBldARED &5 ?r%@lggggﬁﬁlt@efngslaﬁgw eﬁefg)éb pg{)]l?guf SUQE B8 %lﬁywcijo&ﬁghatlc

are not

(g, cyzmanoyényéycloameam deydrogfcabpRalt 0%, Hter el
heteroc¥qlf tltﬁt ed with one o‘%r rmrg sub(g%tue &gége{)kg%:?re

EYHuPYh belgraard salkenss arayys dictsaparppiasdyd (e ge. g

(ahphatféyé‘a%b"i‘ﬂyhéc%yg%(l: gﬂ@ Z‘%IIE%%Y ok (he %rgg}gzgﬂllph% 13y) Bjfxo} cyano,
amido (q:}gt, éq'yghnalkly allqu)t(l:avbpny}amgd l,ar}l’liéstrbc?]r@?dr@l‘;hb, ar%l&ylc?l(b@nﬁammo

on cycl oal j phatic)carbon or
(heterochRlon RV @Iﬁ%@ﬁ%@@%ﬁ?@éﬁ% fkﬂ)ﬁﬁltb%y im0, ani do
heteroaI@R:aﬂ)onylﬁﬁﬂ&J AdeloskAkH &’z{rﬁ&f}é i ﬂfyleﬂf?mocarbonyl

ryl car bonyl am no, ar al bon

cycloalk(ym@qaqg@lg@yb élbmcydaalkghmlmnarhmnyl arylaminocarbonyl, or

heteroar%ﬁﬁér o%f@fﬁ%ﬁl l kyﬁ%’%ah a‘fyér%ypléaéWB@Hiﬂ am no
heterocyeldayiplaticaa Gy B@ﬂiﬁhaﬁcsﬁ%hﬁ%h%b 2MBLARE RO MJB’o

terocycl oal k % am nocar bonyl, “aryl ani'nééa

cycloali r»)PIr gm 2% m}ﬁyyl) sulfmy]n sulfce(ygm;ea,athloptmt sLﬂﬁtﬁ‘idSVQ

t t
sulfam1cféy8icﬁ gitu’lbg %Lr S;Z:u-n]o DO b%%?a“ahpg ﬁc?oéqyﬁe%?rgQ}éc?oehfﬂﬁgéq%?(goaggloxy,
heteroargaly)xy caazilk}dbﬁ;t I}@teﬁghiialko@, aBox¥cadbbiryl, all@ﬂ'éafrb&bylloxy, or hydroxy.

? sul foxly urea, thiourea, sulf
Without 1m1tat10 some examples of substituted alkenyls include cyanoalkenyl

\
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sul fam de, oxo, carboxy, carbanoyl, cycloaliphaticoxy,
het erocycl oal i phati coxy, aryloxy, heteroaryl oxy,
weanadkgbeay, het eroaral koxy, al koxycarbonyl, PCT/US2006/032481

alkoxﬁt'll&yl!yp aéﬁ@mﬂl}q X}der&{yahééﬂfrloﬁélkeflzi’ gﬂg ?Jﬁg'!lkgﬁ&l' on,

exanpl es of substitufed a

(sulfore«,sglaﬁwbqlléwi (sumam@w%mmlm@m BRI 4Bikdoalkenyl,

|, hyd | kenyl | kenyl
(CYCIO%a%%ﬁ@ ﬂ%ﬁ?%/af ]&a%a}f%enﬁ?gﬁl f onzl 21%)(%3) ale%nyl aE gucﬁngs
[0081 Ak kl;dd 1508 2 ‘atkyay K emyilp rcf@ﬁorﬂ?pdlfé)ﬁﬁ‘ﬁ'é carl%ﬁ %@éﬁ $E0¥ntains 2-

( al.ip atl c)aI kenyl, or hal oal kenyl
8 (egu% % et Femsand sy pt legst oo toinde bm@d tzesn alkya‘fllgmlm ¢am be

0
S’ffalglg gf 91%201%{(10 % a?%% ﬁggﬁ]gl?c'yﬁycl é?upo%lé Bﬁllt 8rebr{9ﬁ [}mltﬁﬁ )co propargyl
and bugri. nﬁh agfymybgmalm cdebe qttroaal%ﬁub@ﬁtukb”d&ﬂﬁlh@ﬁe orftni 8RB ituents

selecte If,f{)ogxg jﬂ é’r‘f& rouoglhlyg’?elrc%g&éi q(lgépwaczgq nofgyllggyr‘;n L: Lo
hetero@&ldaﬂﬁ@éﬁy%/ ?.\g*ln’?g hété‘xtoﬁﬂll&é Bral o e%rﬁg)gg gziq eRis,

sel ected such as ar

hydroxy, palfa, mesgapta gul[fquybﬁeyg ali}éa‘ecrsulfml o2 b}@bzﬂip?iatl@ﬁbfh@bl){ sulfinyl

R LR R T It A
ahphataiatrmlimSOgnﬁ ot é}i‘ﬁl‘()éﬂlpﬁa[tlccg©l VQHl@@ﬁ:t Ca?tﬂﬂnt)@ﬂ% , suI finyl

1 ré al i hatlcsulflny or cyc 1iphaticsulfinyl)
alkyla WF@h?‘PYI(%kﬁglcar enylania; @wmmylammbcqjh@tml,cam no- S02-

hetero@%lo%@ﬁl{i‘ihbw ﬂg&c?&%fﬂ&(?; C?@Pgﬁﬁﬁ%ﬁﬂ%a%% (gn%/?n vt

m nocar
arylcarbymtlmaiﬂoyhlalhym&ﬁ)nmaﬁmho, (heterocycloalkyl)carbonylamino,

| k yl
(cycloaﬁlg}églggﬁ%{a e %%1}}94 ?%%21 gﬂ:?]‘bgﬁy]ﬁ@é@, Betsydarylcarbonylamino or
heteroeﬁ{z1 o %ﬁfcﬁﬂﬁﬂ&@ rﬂr@ep thigfh l@(l}f&lﬂ[) O hATHY '%koxycarbonyl,

er ocycl 04l kyl') car bon
alkylca(l@ncrqua[ %y{l@lhﬂomt)cchﬂbmnydlaahphauc aryl, heteroaryl, acyl (e.g.,

(exeloatBh S Bort o B BRI i Batoonn oo, (o S atwtigamning),
sulfoxys uké, iRy, i@, q&mwiphatlé%%)y gl?l 2 Q%P%{)/a[‘?fﬂﬂatlc)oxy, or

cycl ‘oal i p atic, het er ocycl oal’i
(hetefoﬁéfi)é%wyl acyl (e.g., (cycloaliphatic)carbonyl or

I oal ,t b |
o (s ) gt g 8
carbor(ydgmilnoal ThésattértsOwien ﬁd&@taﬁfn@ QY &l QahnbRIRALVED gﬁr?fher c():],lg refer

usedX her ei n,

aIéﬁeteroary ) al ko 'Q&b
to an Leh ap, &I@{ aré"eaqr b&6Y)-NRine, Wh@al’sb@tﬁ}'mmmmﬂd they
refer tom%ﬁﬁdé &lo suéﬂ"a%n?géfﬁtﬂ@*)o QF 9 ] nﬂﬁ{”()) Q?éﬁg i E%]Lllg%(ﬁ] ernglly, wherein

@ ot her~gr 0 "an

X and RN((jmi(%l]ef@(edbbeRW dtaxanfm@) ofNOTRX) group@ﬁféldr?%%ﬂ{y‘l%(ﬁlgg) '0%4(&%§
n e r 0 a e I ou SucC as
alkylca%Pnﬂm&) ‘i eRbaRgl o eriThabphidenin | R and
(heterod?%ﬂkﬁl) amfief (}ﬁfé%é?ﬁ')eﬁiﬂdof{ﬁx;@/ﬁgﬂ g?%loglﬁ(ygﬁkgﬁng&oo ldgﬁamﬁl%l ude

'am do (such ony 0 or

aralkylaamgw(gmlmj}ggi)aj@ﬁgmi»do ¢hetchratigyamhidal i phat i c)an do,

[0083] %\ egf;fgegél ,: Kyd m,,do%m; g%rg%oo?\ﬁ%}% rwh%eln each of R and RY is
1ndependélﬁlykly§}d@6%e€l0al NE, |c§@1bl§]¥ﬁﬁaﬁl: W&cﬁ&l&;ﬂaﬁ@ﬁl aphatlc ar}l] araliphatic,

cl oal k used he
heteroc Qﬁhl@hatéf @%erpwdmlc)mam Meteawinyloéarbxya malfaRyl, isslfinyl,

sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, (heteroaryl)carbonyl, or
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i ndependent |y hydrogen, aliphatic, cycloaliphatic,
(cycloaliphatic)aliphatic, aryl, araliphatic,
woeb@voazasel oal i phatic, (heterocycloaliphatic) abcw}rlmtooe/pszml

(neterdaedi et )ydrooral daex ¥t whilth hamyl I f
hat)l c)%lggbonyl W(cyc g’gﬁegﬁg‘% Iﬁ%:rg%lar %Hllg o%ﬂXﬁally

substlrétt@ey %ix%tgp CE’ ﬁg@mglpégrqnmsamql@quﬂ@mmo dlaﬁiyj!drmabhﬂmyj'lamlno
When &1@ liétn %ﬁhb’egs g%n[ %‘rt . @Cg)é) ﬁg}}ytlelln%)ng)a rltblg ?e%)lresented

((het erocycl oa
by -NR heR&haathel s)amanﬁnmyig as@éﬁnélﬂab‘é% 2007/ 022459
PCT/ 006/ 03248 ~net er.oar ai i pnanc) car bonyl, each of
[0084]v<ﬁT %s,qugﬁlgqeﬁg aaeftqytegpﬂw&d@lm@r@é PR otiplargmamcblyty asin

aralkyfi’l’J b‘ﬁia'll&daktye Chr « E?&‘?&Ella I qfe £ g %el i C%%ﬁ),tbﬁ%yc lig (58

kyl am no, dial kyl a or ary
1ndenyl alﬁplﬁbalemé ﬂqtrah}{dh@laphﬂlm miahgdlmiimeﬁﬁ),mnd tncychc (e g., ﬂuorenyl

| | a t t ed
tetrahy olfl)ﬁ gﬂg %&%P%.}Bhrégené’ s p%p%g ‘ylgg sy:ggg&]n w@ch,i:}@d
monocmfc&iﬂg system ' igaydmatidrd? ldpleh'ﬁ%ge aF ﬁf&%r%% &I?& bﬁ%ﬁc &f trifyclic ring

|.ar ger rmletg as in "aral
system: 1%1%);1@;19 allke bicyelis @dgrlt:xphnmqy alhqlude( l&ngofusq:amﬂ}rw B)membered

ht h
carboc éi;é?fa ;S/Clr?érﬁ% :a%% c%ﬁl.]Sgﬂ up lﬁglélﬁ?%/ Bhen%sqdrwlélyqu @r more

Ca.3 cabecyrlic nfidiesdase iy aryI 1@&)[3&451)&@12?2%%%&@@ Wr1‘[|hncgk So)r/ énto(re?rséubstltuents

h t
such a B (s rAURGCY DY o Rk} spelmmliBhaticofuebeligmtialiphatic
heteroch €1@8lipHARE; @Etefd&?clﬁhlﬂ%ﬁh&)@h@] Q/rgz e(f)(gaf}él;/ '@ﬁ(}g, Ig ? . L ng g

systen1|s ar oma

(cycloahp]@a,tuﬁteiybéiwtam@mhﬂhﬁhaticﬁnx& ?I’@Itb:g[ Hﬁero@@ﬂ&@f Yaghlhﬁhatw)ox?f
enzor use roup I ncluaes

(hetero?lratfl ]grbat\%}:c?(ﬁ ?r%alr% temgfcgf? a@zén@, cg@r(Bg@W@ﬁTaéowiceqar@yclmmg of

a benzofliséll bicycRPbi @i&?&licyaﬁlybfﬁfrb A et W%MHOOE& ?ﬁ: . Elﬁmglgﬁ%ﬂmyl

substituents such as aliphati

(cycloabphaélp)@ymy} (@y@lpdajhaph)ahpha,ﬁc)carbonyl (araliphatic)carbonyl;
hat | oal i phat
e e

‘ (heteroahlkp}mjac)cal(b@MﬂP Qﬁlfbﬂﬁf(é lgC hﬁﬁﬂiﬁtm SO,- or amino-SO,- sulﬁnyl (e.g.,
hati c aryl oxy; heteroarylo

i % gﬁéer ocycl L
aliphati )- 'Oﬁﬁm p@l}p},})@gc S((@}-[ S1SB @“afyl éﬁ g paﬂgthaugt-ﬁxy pyzmoohdllo, hydroxy;
mercaplo€hf ogg?r £ th 30 >ﬁboy 1N Poxia cHr) cP 1 t;:%% 1veclgf|a% aryl

ring a benzo Use
canbetmsulvsdlrutahr boxy; am do; acyl (e g., aliphaticcar bonyl

hat i | ;
[0085] 151?%( g,lg}l 0g ?ﬁ%g:ll %;C;:fggl %ﬂ%pq’i gl)yésaipg,]@ﬁey haloaryl (e.g., mono-, di- ( such as
p.m- dlhﬁléiu@l)' &h@ﬁl'la%ﬁ?flﬁ ?Mi)csxggar%l (e - , (alkoxycarbonyl)aryl,

het erocycl odl i"phat 1

((aralky eartb@@rl@v@ylam@rrfqdh@mcmﬁanylmo |(a|mg:caf)hzfyn§d 4., @inocarbonyl)aryl,
(((alkyle{ﬁ!?l%p)%ﬁl{%'?f Bhit %(9 IQ LZ&%Q@OS)@M{I@M quy]@mlnocarbonyl)aryl
or (((heﬁfdaB}h)ﬁiﬂlﬁO)SﬁI@bnyIWryl?)’a‘iﬁlﬁ@dr&p(@%t (Ea‘ll%ﬁ%f&l%ﬁﬁﬁrfnzﬂiap to:

atic

((inlkygnFioleyyDiCramoatiarhoni: e(a?llcosybafy&r(wllfam%d)afﬂr(b ge: or

minosRATARH (RS EEIRBNT Rl Voo

(alkoxsSalbyirs e droynsL (@EINIPANIDOAAfMoom AR Dalfl (

tr’i hal

(mtroalkérbgrryl},@(%lq}swfo@él)a@m %&yiagw,d&dwng/yc)@hphatlc)carbonyl)ary_l

((alkyls&fogrmél)wﬂparﬁﬁ 5@%&1&{%&?{ ghcvdfc%o;:arﬁéqyi) ;Lly(cﬂ(rypc%r%lng' !

alkylaryk (ﬁmbhyllthﬂyh)pahﬂqyio)fﬁmmsi@irb@fy}’dr}ﬁ@ydmmo-m cgagrom]-yl p-halo -m-

ar bonyl ) noaryl aryl am nocar bonyl
ammoa:{ﬂ eéeéPWC)‘ ‘ﬁ)cézﬁ’r(lé )yl ): aminoaryl (e.g.

((aI kyl sul fonyl ) am no) aryl or
22



di al kyl )am no)aryl); (cyanoal kyl)aryl; (alkoxy)aryl:
wo 200%644?%noy| yaryl (e.g., (am nosul fonyl)ar y?‘meSy()OG/O%RI
(al kyl sul fonyl)aryl; (cyano) aryI (hydr oxyal kyl )aryl ;

e’ Ie< 2
[0086] .{;% g%?gfé{%? a]h %ﬂ)a?gﬂi (g?%% a@ 1%1%{ rllo r%fers );co an ah?hatlc group
(e.g.aCn ﬁlkﬂ%r daypl) Yleut yd SUbe@t@RﬂWﬂBaﬂ ﬁEhgfb?llam‘me}a‘ﬁlkW ‘}‘EWW and

o B 1 P SLSSHRERE A o e

[0087] AB M&Hd%i/éﬁ Ks)A' )aﬁ'll%’l glodb kytkRas bR audy) gioyh {e.g b ky L, a1iyh group)

(trihal oal’kyl)aryl ; pamno m al %carbony aryl ;

that is s@samtmmthanyafhgml Both fedkd” apd :;‘my GHVG beengie ined above. An

example(z?}‘%a%mf %X C CI L O%xtfnlda%%l&gfllg %Fﬁ%@l}r%ﬁ?ﬁh&%ﬁ one or more

substituéts s@;ﬂﬁislaﬁfil@dticc(e g9 E@mmtéwﬁm@abstﬁzﬂtaﬂ kKly], alkreﬁ]‘/lemsalkmyl
an aliphatic

1ncludmglﬂ§ghqu@}{<ﬂdhm(grpﬁyaélfylacpv}alqjm,ll@é 5uéh %tyléﬂgpp@thyw qugg,a:hp&lahc
(e.g., sugg’tgr';ted f Xﬁsub?tﬁt ﬁ:ﬁ ggblgﬁlﬂgﬁ{c?b{&alﬂy e ] éallkyl

hati c rou
heteroc:{'c@@ﬂl?;]l @stemdlohﬂnybalhyl, aryl, }mteabdsxyl alhgxmquc}oeﬂ@t@iyt 0 an

heteroc SyeyIo T GBI 0h Hotsroag T grOBO - BeH e ey P g
heteroaro?‘[ Yﬁtro R&wexP %ﬁ{bxg@irb&%@ eﬁf@ﬂyﬁbotﬁ%xﬁ AR @. gOfanﬁﬂocarbonyl

group enz An ar al opt i onal
alkylca@umdammmt e&ablwlkﬁcarh@mmnmer @yclgail&mlaiky@@ Qn:slammOas

e B S S DU
(heterod%ﬂfaﬂé&%hﬁ)éhrboﬁ?laﬁﬂxh@ akteydardtabo@arhiniof buor onet hyl )

cycl oal i phat.ic . Substituted or unsupsti

heteroagg: I@alpqzylwmno)eymn@ahaéeﬂwdyoxye gy ra%zmgxp)aémwﬁanﬂ sulfoxy,

r I het e kyl)al kyl, aryl,
e, 51 SEKASE i AOBLELENRLRBI
[0088] Astuesdiinyeihoatiystobik ymgaygtémR ynchldes 8r waldrl(agy 9, 10, or 11

aral kyl oxy, heteroaral k aro eter
membergrhspryctuges F%E@m %rf%&%ﬁc twp R‘?B%g‘"f fﬂ e atom in
commofi‘g% g02 G in cBRMIRG aB%@H& ring @&s‘@fﬁﬁ%f@t@@ ﬁic?@ﬂoﬁ?ﬁbhatlcs (e.g.,

oal k car bonyl am
b1cyclo¢1kylodrdn¢}ic1daﬁdekyll),)hlwcwmdr%hph@t}cs bicyélisearilonaridanieyedic
ar al kyl car bonyl am no, (heterocycloal kyl) carbonyl am no,
t erocycl oal kyl al kyl ) car bonyl am no,

[0089] RQSEDRIYih CATyeIoMliFRAHR grodp encompasses a cycloalkyl group and a
het er oar al kyl car bonyl amno), cyano, halo, égthb
C OW

“cycloatiepyl” et apphol véhidhybaing ﬂﬁmaﬂy suhstigied as sgf
[0090] E—\%Hgﬁ 1 msé”‘cf g)gir’ﬂgl’ dg%léﬁ fegérg %o Qﬁﬁraie%rca%c?am&o- or

FrE ng sys
bicyclid (I‘ﬁ@ded@eﬁrl&gedb 6ind 2f 3{1®.(g.g,, 5910) J:@x;boﬁ fatcids) Exmmb@rcé‘atycloalkyl

structures that foarmtwo_ r
groups ipglpde syclPpaBY L, a‘féolawm%opee%iﬂfdmg@ﬂa Cycg%&l"\gfﬁéd?fﬂgmﬂ
norbom&? {{]6 ?tﬁﬁ Giddenyll H&aﬁy&%%ghﬂhglp %%9@10[3 2.1]octyl,

hati cs

bicyclof3. l%dctya‘u,l teyeld[3.3. inoyt| bépetadd 33 ]dp¢15é1 blg}s(:lo[@ﬂc%/]gtﬁyh adamantyl,

sl A S MR BRI 00 8ol a e

herein, ré?é’z% |t@§h5ﬂaron%i@%@rb%@ﬁclﬁ ringCHfS- PR{eE NYLBY cabSRoms @@ﬁng one
bei ng opti onal substituted as set forth

or morekxbdubiﬂ bonpao@@]mpiss @rfscéfﬁlqa eylrgroups ipslefoeyokgpentcgylo did-
evtondEHE R o RaHOE LRGP S el Y .

cyclohe%%@ﬂscyc@iﬁﬂ%hﬁsbﬁﬁlclﬁm DRkkexll, or bicyclof3.3.1]nonenyl. A cycloalky!

or cycloalkenyl group can be optionally substituted with one or more substituents selected

heteroa
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groups include cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, adamantyl, norbornyl, cubyl,
wocb@hgesse- i ndenyl , decahydr o- napht hyl , PCT/US2006/032481

from Groay ¢ kadhasali hﬁﬁzt(}é lg,, ali®A, %Yl&Jn f r gl§§+%9 thI loaliphatic,

nonyl, blcyc o

| 35 | o[ 3, 3. }1
(cyclo Hﬁ%@cﬁh@ hsticy ef@tqszvcloduﬁm'am@amprocmaaimm@y dkiphaticQryl,

heteroirgr @g?&g&ﬁéﬁ ;)hﬁ‘éfcﬁt))? ggé{ff)gg%ﬁozﬁ@:hgtgﬁoxx, SFdpxy, pgterparyloxy,
(arahphajm)@(y; (nttﬁteroarahpl’muemm oyl R&tedbrodt, Lhih& - aﬂudo f.8)

one or nore doubl e bonds.

avi
(allph@a%ﬂ%oaifaaﬂﬁn% %XCBK%R}&?HWC’C@PW anippcl ude cycl o p ent enyl ,

1ok
(oSt ttbe GHFLONSEL S, UGORBE SRl
(heterogy@p@ipmatl@)ngmbpnﬁamyml. h&edcPdlogliphatit)alighatic)carbonylamino,

ot i B N e b Srbbieminen v opoptac.

HOOCS Lk
Pdlfdﬂdsyg%&ggl? os%?é%ﬂ&f?%@n%éwg ua%9p((ésg ﬁc ﬁ’a‘hPh‘e‘t’h‘) Jgerhonyl,

(cycloa(h@hgtlc) aliphagic)caghavgh ﬁarahld]catla)cm;hwyﬂ) (hetnqmd:}&aiaihphﬁicb@rbonyl
het t
(e AL R S B gL SSRIELSLBISLE, o,

hydroxg) kencgpto( mﬂﬁ)hyladelgqfaﬂiylismxé(nd ar 1 SOz ) sulﬁnyl ((e. )% allVl S(0)-),

16 Ehet erl P{@I oal | phati c) oxy f/ het eroar
sutlany, gﬁ‘%t?gﬁ Py Ry ‘F??eﬂé?‘@ﬁ%aﬂl @‘hél’lb g)lnide, aroydr, carbamoyl.

[0091] bglttﬁsgﬁgflﬁ%ﬂ), gaﬁgg% t?;]n}ngﬁldgsecﬁldahphahc heterocycloaliphatic, aryl, or
heteroa(xiywlcb@tf it has ):)eta‘r dedimyd pravivasly.
al i phatic hat arbonylanlno
[0092] 5“% %?Fé g%{F%HV tyfd ﬁ“&’ fg%%wc ilﬁhaétcl EncampasHssiachetarecycloalkyl
roup anl @RIDEMEIRHch o
group ((herepee 5 ?{)%atrf )g!fé{ | pha%}?([%lﬁg 1ona]llg substltuted as set forth
below. (het er oar yl ) car bonyl ani no, or

[0093] %\(s%%éfﬁe% 2 RAGh! fga@g g@g%fgp)tgpgyiéglp@g%g% or

bicylic doydd dr(teidged) (é (3% (5|- a2l (-Rlablfel GREHR B)’ bicyclic) saturated ring
(cycloaliphatic) aliphatic)carbonyl,

Stmcmealpﬂhlﬁha@q @)re%ﬁe@é el rmg(ai@nersca:lmroabmo(h@ IN,)CQGS onyl ,

combmét&cght%tédr?égg IC ?12 Aa 1?% é:/f hady gﬁ%{p 1Hg]1¥166 plpﬁvgwlop(lperazyl
tetrahydrepyrwgﬂptetrshydmﬁnyyl K,&d@bxola&'yk)lu' &anyd nﬁ3-@‘id§ola§912 ‘okazolidyl,

sul fany

BN NTE T ICTT(a R  Cr
octahyd?éthfo@lﬁ‘oﬁfenyp Sahftlro Q{Sjlgf‘ TRk dro{a}%?rﬁd}%ylA@ecgﬁydgoqumﬁmyl

cyclic noiéty" |nc s cy ol
octahydﬁ&egmiélthllophﬁtneph atdxa; b1@c§d[2 2m]octyie1ewaf ]y,blo[;pmtbcgn 3-aza-

bieyelolfgy H8p0 T e 28 diPen@ess B | Bndion Rgﬁg@ﬁ@%&f&wm

grou cahﬂlieem@@d’ﬁ!iﬁ@' thyl n€l k
P u each gfyﬁ%lcﬁ EFﬁgggg?Qghﬁf$§%' gﬁ% gUted as

113 O
heterocgg{oaﬁquylﬁ groyw, avnsefl GoeB), refsrsus edndver i bicykic (e. g 5- to 10-

memberecrl] ﬁfo?lf) o&yt?ib?cq F}Qm %1% ﬁg rlglgfsﬁp g@?}m?(éé)%g orrreng)_re gl@uble bonds,

and wheiﬁn nsaabﬁmeﬁb mﬁ@rmﬁﬁ tolisGY & hbtedoakih Eér RO | bIn% Monacyclic and
stru i n which one or nore of e i h ¥

bicycloheteres %(p atics grengnberpd aqgording ’mstarxdgrrknhemnwb nemehxﬂatemf ).
[0094] Eﬁ@t@fuc%éloﬂicgﬁo%%ie%%%%%{k% | 1:% lgg%aﬁfe | Lﬁjy substituted with one

or more Bldtstlaie;attrsefeureyi fsoni Ghoupi Joxioh agMiphatie ¢, Q' élﬁylaﬁ?lyclemyl or alkynyl),
loal )iol anyl oxazol i dyl i soxazol i dyl
cycloa la%mf fme&V? Agfiph atl@ﬁ%l&ﬁmtirpcyca@ﬂlahajm QOtnaidphatlc)ahphatw

oct ahydr ochr onenyl ,
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oct ahydr ot hi ochronmenyl, octahydroi ndol yl
oct ahydr opyri ndi nyl , decahydr oqui nol i nyl,

woceb@Ehgessebenzol b] t hi opheneyl , PCT/US2006/032481
aryl, hémgbagylbigkgﬁ}‘ ‘Qé}%l(%hgilﬁfd)éﬂy’, (&téé@c@aﬁﬁﬁé’tﬁ:@&}z a%flcg&t yl,
z [ y

heterogry@p)@r, @k@%ml@yzgy,dpge@axphp@tm])mnyﬂoyl Aeteorocylcdmigio, amido

(e.g., @D%S}%% 4 uc 0 (¢ cﬁﬁp@zﬁg&c aﬁ?ﬁgg\ﬁ n ﬁ)aﬁghatlcg

ahphan@emomdmnimatdxﬁmakborgraauﬁo (mhmﬂ)dmcﬁwamlﬁ@f ers to
cylic - menbered nono- or

(heter?ﬂyek?élloliﬂ@}lc}%woaﬂémq é&ﬁteﬁg:ygkoalm@taup)aalmatmgarbmylmmno
(heterdBy15calagniR® Qﬁiﬁhetel%QHh %E:Zﬁafboﬁ?lﬁ]m(?%o)n%&r%ss?grbct)}py (e.g.,

rlng atons 1 s a neteroat

HOOGybal @Wearb@nﬁln dr alhylcmbmﬁexser al (Al nsodiphs tm[#gdggérﬁqi

(cycl%agplg “g&@ﬁ%ﬁf’%ﬁ’ ?f gaé?lgfhaggl)egrggp afe;’pe?%:grr@gghpl@mc}y@rbonyl
((hetefap;tdl@am@hém)aﬂmiw)wb@&yl%ﬂ(Hetefb%ralfgh f@%a‘?}z&*@sﬂt}q a}n% halo,

sel ected from G oup J such as al
hydroxy, Rerrppto, slicaiyk (e Jlkylswfanyben drplsalforyl), sulfinyl (e.g., alkylsulfinyl),

sulfanil 4G B RN S TEERE Pl el abioshegulsBpeostass
carbaan;‘z]l)b US2006/ 032481 aryl, heteroaryl, alkoxy,

ycl oal i hatl C) oxy (het erocycl oal i phati c) oxy,
[0095]d§yhe5§r§>ar YU h& o8P Wq:%l;gem( wfers to‘m@pn@)y@hy, blcychc or tricyclic ring

system(ﬂ&@fx&répt%rlgl rir&r@éﬂpg l}@é%’ I C?H S morl I a%eﬁrﬁlrgo%oms & hotéroatom (e.g.,

carbony

N, O, 9( @ychmbilna@dsrmtthe:rwﬂaah@nwvhwh i@ mofae g@lﬁ@ﬁﬁg PRadnk Baromatic or at
aryl)carbonyl am no,

at. I
least o?e ?fgﬁ? | g% mgg%&c %rgﬁ?w ¢ ring systems is aromatlc A heteroaryl group
1nclude(srﬂt€lieﬁ£&ﬁ¥e@l| 2al dyplaat Hal‘;/%s‘galv ?@‘%ﬁ%m%&) g>r<abrr(1)%le,| aal?ﬁnzoﬁlsed group

het er ocycl oaI i phat ic)c
mclude(s 1iV2ve Wit anbehMOa‘mq’fbmembered heterocycloahphatm moieties (e.g.,

1ndol1z§'f1 ?r}d%fy‘f a{g@ﬁfﬁhﬁ ghﬁ%‘é@%’g rl%i/ﬂl]f??f B%I%Z gﬂﬁ;}‘gf}g h@%g,r[ﬁ?]ﬁgqg@enyl

qumohﬁszlybr i cuiblinyl okl pRL o he@Id ]
cycl oal i hgg)::c al i Shgtl 8) car bo%@ﬂe azetidinyl, pyridyl, 1H

mdazol@/éﬁény 1 pprere é)tb’&ﬂb]@ﬂy¢201}quamlwbWid@adﬂb’b Haﬂrazolsdahsdm@wyl

1soqu1n%ﬁﬂﬁé§%n§%% %a’% Hﬁ} éfﬁg al InP W{hl% glhyﬂlégng)dole

benzo[ h§liaxoye, bamro@la]lﬁtrgzl bslmof[m]ﬂﬁbpﬁeﬁylgmda@dlw b&%&m&xélypf

| sul f

n sulfin al sulfin
benzthlg{ﬁfqdamyq %mgolyl g]np@] ﬁlﬂufr@ﬁéyf),cmgqﬁlf Qh@lalaa}/le;mnazolyl

qu1noxz§18] E&H&ﬁﬁolyﬁ elﬁthﬂfegﬁﬁgér{h%yl %?%‘ngdfgm%%%glﬂé}f& qﬁﬁ%}@'t o
[0096] 1ﬂmubh1ymailm, ntmmyyﬁhcdl,etemasarﬂs lirgaedel Ry | tﬁﬁ)ph&YﬁtZHf?ﬁrrolyl

ons wherei n one or_ nor

pyrroly L ;%\ﬁ%z% lgﬁlé oqlél5 ﬁg%gﬁog}(ra;ﬁlxlelsgxazolm isgthiagolypyl, 3f ,4-thiadiazolyl,
2H-pyr&Si-Airb@A Sy g1, 9 tiaAM behﬂnéfﬂ' gy;}ai(ﬁfl ?ﬁﬁ?}?%’% fgg 5-tr1Qz%ll

(%éten1|s aromafi ¢ or at "l east
Monocydhie hgterqpeyl sgregrumhermlcmdmg tngtaaglmde:hamlcal aooéRldige. A

[0097) At ORG i, Bl RS e e o A Sl
indolyl, Imddlimgil?%ellmﬂﬂﬂ]@uxgh?a)@ﬁiz ]tt}hoﬂféﬁyf() ﬁuﬁ%ﬁnﬁ {SQ%L? 5@&? %@oqmyl

terocycl oal |

o Fﬁ Elﬁ}?tlc nol et’i es
isoindolyf, dedlalyl; bgnzejhy lybexoﬁlp]IhlmhgnylL ;ndami}all, bcryzhmldazyl benzthlazolyl

purinyl, F@géﬁ%ﬁ% }}Ii'ncbqn}olﬂg[}ﬁglglgl)lggﬁ rE]QF &,%/ lh}tﬁéallagprg %agélyg qulnoxalyl

1,8- naphhgmcﬂ}dJ antteridyy.r Bébyklic Aéterohfyikode nithberkd ra}iéordlﬂ Qtla%{
r azo

hi en th| azol yl', oxazolyl, imdazolyl
Chemlcaﬁ) 6%/‘&? i soqui nol i nyl , benzt hi azol yi, xant hene

thloxanthene phenothiazine, dihydroindole,
25



benzo[ 1, 3] di oxol e, benzo[b]fu yl, benzo[b]thi ophenyl,
i ndazol yl, benzi m dazolyl, benzthiazolyl, puryl,
woizoorahkydsy qui nol yl, qui nazol yl, ci nnolyl, pht hataapke06/032481

[0098]qulhBaZcQt|ryl|1s optibﬁhnjbmﬂisﬁfuted WitRl Hhé"&l Mbre sﬂb‘étﬁﬂéﬂ?@g é%lg phatic
enzo-1, 2, 5-thiadiazolyl, or 1,8-naphthyrid L{ gljl
(e-g.» alivlrpdkanyl. |0Frid]tkat1§’1br?}’01ﬁ@¥\@‘@9)lel chclnd:mu@)ayplmtmnm ude
I lyl,
heterocfyld[déi Pheftﬁl (He! d&?‘c oaﬁﬁia@% a'hg%%é% ryfl) S%E(%%%V& af635°>" Y

(cycloalmbamn)axygl(héteroﬁ.yd%qaﬁhphh]m@dx}@ég}wpky het%i’&agylbﬂﬁ)(grraglzﬂéatl)c/: 0Xy;

ridazyl rim
otro BRI NG e ot et o

het nOEheds @ t g%&ﬂ qﬁgg; hagure.
) emd?gow] th E%S%lw f}?nrl%%l?g%{é [ cgic IC ﬁé er o’ar(&?g
aliphatjcgasbgid; (qyd]@tﬂil}zlyttlp)canbdnjdy((pydlsa:hplhd@d)ylhphaﬁb}caﬂb@ﬁ?ﬂ y|

(arahpljlarﬂgﬁca %ry?y (ﬁ)?%nzo ?Cl?glpfl%/ﬂﬁ’) R I[ |b]z§/|hI oplhg(r)]?/:’ldol yl,
((heterd @dhﬂahbhati@ﬁh@ﬁﬁtl}])é%dﬂyl &? ?M&@Lﬁﬂ?%{&%&%&af ﬂﬁofogx Y (:e g.,

enzi m dazyl, benzthi azol
ahphat{galidﬁmyy pr arn@@aufqnml)wulﬁmﬂ ool gliphaphsultuhydy shilfanyl (e.g.,

B L R e S I T A -

sulfamide; maarhmo@l Ahembiwdly l’a‘lﬁﬁﬂ'ﬂ&{rﬁ\l dabi®e uASubMAQD 7/ 022459
0099 USZOOG/ 032481 [0098 A heteroaryl 1s optionally
[0099] pgshmiting caamplen obsrbséteddieteranupls indluderfbslodettroasl (e.g.,

mono- &hd cﬂlt@ﬁlo%ete(r@ Cr?l) (Cc?/llglé%g)[h hﬁ?}mcf% Bpi ?e[l a)gyc%xb%ngfl')heteroaryl)

cycl oal i phati

C}’anohﬁi@ﬂ@ndquinohﬂeqohafﬂ (eg., ((mlkybnmmjaﬁﬁhd)h&aidaﬁ})l al i phati c;
| oal i phati c) oxy;

ond (O F B SR T rondy g mioerbpietngbivess,
((alkylda%o@bl)ﬁhﬁio?lfe}é}&&yl («&ﬁéﬁfaﬁﬁﬁcgblkgg%in%}%é&ylg{g?%

het er oar oy am ho; 0xo CI iC
(((heter@?ryl)h@!@@é‘?@ﬂ)bﬁﬁm&g’ldﬁhqabcyxymdlnphatw)cetrbd)rg&)hbteﬁoaryl or

((alkylﬁf&oﬁk@?ﬁ ?B %gwnh%rﬁpﬁtﬁg%ryé @g%gé}{yreroaryl

(sulfamoylgh&émaﬂyﬂ w@t Qaﬁa)uadsunb@%&)e@@grmmlfony F)ﬁletero yL(( eb%’nyl _

at |

hati ¢) carbon etero oa
(alkylstﬁ%ﬂébg I ))@éhy Wﬂlkd) Daeteronnt; ébl@aya:ﬁg yheteroaryl

e T R U S e

(heterocazlclophaltlatxcﬁwtdroalyll ICychailf)l@dilehe(eﬁoaﬂy]’ (mtroal%yl%heteroaryl
i CS ; ro ydr oxy;
(allyl] #"g‘%{ﬁ m"i@&lﬁﬂgéﬁﬁmwleé(alkb’lwéam}aﬁlksé)hefeawy

(cyanoagéﬁéﬁéig}%ﬁyélu%E%flﬁlﬁ%}g%?l/%e&,é(%il&k%ﬂﬂp&&h%&ém%r}};g g%ﬁ@ﬁea?aryl
and (haleglkzbheteroery] feg.etribatoplkyltieterbargd. ( hal o) het eroaryl
[00100](1§ e teroan%ilgﬁ%t a’ggvg a(;‘(gl]qﬁ 3ara%}(3§1rg?gtr1p as used herein, refers to an

(car (00’4

aliphatid @ﬂolﬁp (e/ ganlonn }ﬂkM" Q‘bﬁf)f’tﬁﬁﬁ’ik bubstie¥ A IR L HRM ¥ 1 'group.

w noheteroaryl (e g..,
Ahpha*(l% [y 510 rhyteywln da;tmbe@ndaﬁmd above.

[00101] alg dﬁét’glloﬁiaﬁg}) oe?shetcf é?%%lrgr S;%é:rs 0 an ﬁl%?rlhg%gpr e.g., a Ci-4 alkyl

group) tha(taﬁ ﬁ;ﬂsﬁﬁtdﬁl&ﬂﬂ'ﬁ ) ﬁéﬂaﬂ)@} NERHOBh “alkyl” and “heteroaryl” have been
(((a | )am noiﬂ al kyl ) am nocar bonyl’) het eroaryii

defined él(o(Vﬁe Sepgratly srgpélgngwb;tﬁgteé Wiy grle, or more substituents such
as alkyl {i E é&ﬁﬁﬁ?%ﬁ%@)&gﬁﬁl% jatk e,ra%ghgf hﬁ( suc%rag tflﬂuoromethyl),

car bo
alkenyl, @H{Waylloajfdi(ydlkﬁ;e¢cg?diloalkyl)alkflah&@ﬁ&}&l@élﬁj’floQ{eYér@cycloalkyl)alkyl
arvl het% ﬁr&@%ﬁ') het er oary
¥, DEWTOA) ofF ()aﬂﬁil@%h?@#%yclegbylp&nmlh&éxetmwloxy,

((e.g.
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(al kyl sul fonyl ) heteroaryl); (hydroxyal kyl) heteroaryl;
(al koxyal kyl ) heteroaryl; (hydroxy)heteroaryl;
wOQesmamesy) al kyl ) het er oaryl ; PCT/US2006/032481

aralkylofk§ Cheddris i Jl3Hax30rdb K lrﬂ:tkfb%ﬁﬁ/‘i C}ﬁ{r?( | carboxy, alkoxycarbonyl,

et erocycl oal i phatic) het eroar

alkylcz(rgw lersy, @wciaﬂaonﬁh @H{ﬁlﬁﬁgﬂonylgmlmcr, oxrtlialkylnabenyamito,

(cyclo&lf(&]lﬁil(%p P 15;99[}4; P‘)%%b%lpg]?ag)ég elta?alkﬁcey Lonylamlno
(hetero(cgylaakhyl)ka;bc)ﬂ)emmoa@hyieroc@al@mlkmﬂiﬁ)rc%bmm&ﬁmg

h ai& I ) het er oaryl ); (al kyl)heteroaryl; and \
eterO%rpq gm( fn)l éigyeg&reg}ky gt @nylammph%ﬂaa@,lh@w rherdmaaoyl Jyuercapto,
alkylsmﬂ%p@lllfo%y, (RhohRatal LIRAIE sultHE, &3 ﬁar erogral kyl

roup) as used herei h, [0 an’ Foup
[001028 eAsgused@e@n 4n&hgwt? ggxup ugfprsttd atfoﬂnﬁylgbﬂlﬁidrmﬁ-e@)ﬂﬂ(éd&h Qs

u
ol YR B it Pl At ) tncrmibls s g S6EDT have been defined
t ge@ar aldkaialo@r: refers to an

preku%ﬁyl ?ou lﬁ éoﬂ a@é’&aanﬁ)zes;bl%%%@ l?‘doup) that iIs
[00103¢ u‘kﬁs\@ﬁeg @@@w \nnt hroarl”hce ‘laetgma;dyl Yrefarpto Bodril-CED Kyt 3 haeebaryl-
CO)~ DR BB erer DY BTt b O Rt ronbis Sbtonaly substuted as
previoxsbbd;d:ﬂﬂedent s such as al kyl (including carboxyal kyl,

ydr ox and hal oal kyl such as trlfluoronethyl)

| kyl
[00104E|£kseq]s§¥ %erg}rk 9ﬁyplkogg, areun Wrs tq ayak e kgroyp Mibgtein “alkyl” has
been dg}ﬁfegrpwgd Bal kyl, (heterocycl oal kyl)al kyl, aryl,
het eroaryl, alkoxy cycl oal kyl oxy,
[00105h tsarsod hetenmb Kydrbaryoyla pydupxyfersetagirods Ndving/the 28ude -0-CO-

N TR e T ——
aliphati| ngga?%)ﬁé}ﬂy heter&%l)ﬁ&lgﬁ% frﬁére%(z}f%l %Q&%%aﬂ%e}f

al kyl onyl am no ’kylcar

[00106} éms%hwymaa Kearher” kgmp raferai, Cﬂ@ﬂlpmmmﬂ-@m(om -OC(O)R®

when u?i{%{s@%@@lg?@gﬁﬁ@{%rgépg%w a%q%) when used as an internal group.
[00107] Astusedhareinpat Kalba'iiphﬁ}{ﬂlc)”cg%w&@m dPali é%@ @%ﬂg substltuted with

| carbonYl am no, heteroaral Kyl car bonyl

1-3 halegeng Fop ingtaggss thqa@i)m halyalkybivchudes the gadupyICFul f anyl

| f e suI fam de 0x0, or
otosE U et RO St AT S0 LS one,
[00109} Ak esal Ihelela i bsuhﬁpf’ genpUpety toRSOSI(I@} S(§ é%ﬁused tennmally or
S(0) al k\F/1 %ﬁ%@ so referred to as "al kyl carbonyl ”
3 é’ls r’éﬂ "al kyl" have been defined previ ousl y.
00110 YA a
[ ]Agx@w&d mangi esgllliﬁﬂndea o ‘g?ﬂéfgi’ér %;‘t}lé)gtg;ﬁ%ﬁ SR R?
when uqeéft@mgnally and AR/ -SCENR ‘e whan hieddsinoaially; webiShr R, B and R?
have bedth YL ng heteroaryl portion of the aroyl or
ef} yY is optionally substituted as previously
[00111]dAE useRiherdifl Oal“@sﬁlfoﬁénfd@egrohﬁ &R0 Bl stﬁ}:‘{@?{-\S(ﬂ TREPRY or

refers to an alkyl - group vvher ein been
-NR* SRk iR ethen useil @ﬁmlllﬁaH)’[ Q0508 >-MR -LmeNRﬁ(eSGO)a when used internally,

¢ 2 fers to a group having the
wheremslff,‘#g?g}r?&’ek 81%6%%% -NRX- CO- O- RZ wherein Rx and

[00112]RYs heedehebsien “@lﬁfanpprgr@gpl\é@er@ﬂﬁts@" GABn B&ed t@hﬁlﬁﬁg} érﬁi
aryl, araliphatig, heterocycloaliphatic, hetero
when usgd HH%‘?]éubaW}%ﬂr‘FlB Rathas been defined above. Examples of sulfanyl 1nclude

aliphatic-S-, cycloaliphatic-S-, aryl-S-, or the like.

[00113] As used herein a “sulfinyl” group refers to -S(0)-R* when used terminally and -
S(O)- when used internally, wherein R has been defined above. Exemplary sulfinyl groups
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[ 00106] As used herein, a "carboxy" group refers to
-000H, -COORX, -OC(OH, -0OC(ORX when used as a
woeanimmadsogroup; or -OC(O - or -C(O O when usedTas2@6/032481
include BLigHatalS(0)-0ui-S(OROEYbanphatSGHpRRH -8(0
"hal gal i phat Fh?’ (rgu%gre 1@?1321 t(% % ?3 {1 %yCloalle S(0)-

heterogypiealiphattca®( Qi hﬁ’f’? erqargl- $\@)0g>®the Ber i nst ance, the term

[001 lzﬂaAQ ﬁée@ﬂerd;ﬁ‘cal lég ? ylh é%?gft% ISzO OIQ)@ g%gl]l PWl g@;ﬁ'ﬂy and -
S(0),-uetesah dsed mtemaley mfaﬁmk"@a@u@n&eﬁﬁé&aﬁﬁe ?(groups

1nc1ud%Mél§rihfgj: %gggzigag]ﬂn )%, &cr:ycg)al1§bqttfc?§¢hvpggtr;c)g1ssgﬁghl ,%glreglsph:am-
S(0),-t ﬁlﬁer%lé\?‘dl'&éh h@tw-ﬁ@_ 5 V\ﬁ a%\ég’é 2= n’t &%Qtl%@é?ﬁ@?ﬂlp%%m)))

S(0)2-Ry thedlilet. Rz have been defi ned above [00111] As used
p,refers to the structure

100115} & 530 Bt 3 S eyl e -GS s s SCEPUR b ed

il it ORI erL) rb h hg  go

above.ysed herein a "sul fanyl"™ group refers to -S-Rx when
nal ly, wherein

[00116;)(&% gﬁgn{hal l lﬁg%n aogo%}éw g%pilﬁggfglgﬂts uoripg, émgrlne bromine, or

iodine.i ncl ude aliphatic-S-, cycloallphatlc S, aryI or
he |i As used herein a sulflnyl group

it ke [ 00113
[00117] fysppsed fgreins iy alikexgaeheny caoure whickdb EyccammissedSyClarboxy,”
used alﬁﬁke& ﬁ’l%gﬁilbirﬁ&ﬁﬁ R a%ﬁPth\é'p glroﬁ#) oSS o%?gr&%ae %ﬂ‘glef I@B@fﬁ-ébC(O)—.

above. Exenplary sulflny
[00118P@w uss? be6in) 32 48 koxyaiiol’ igd@llﬁkdﬂélbaé b€al® Qro?%)such as alkyl-O-

C I|p atic(aliphatic)
alkyl-, 3"?7%168’6\ l%llﬁaéﬁ’eg ‘!le ?‘@cycl oal i phati c- S(O) -
00119 es];sej@@ B fg]eq 14] As used herein,
[ h ﬁu%ﬁ?ﬁﬁgﬁﬂ% r%%ll%ﬁgk ([6?(2)1}?)(] when used

[001201 éﬁfsrﬁsﬁéh@‘?mam“@xog(g@c)@reMEm =3ed internally, wherein
n denlned Qve. sulfon oups
[00121 A ugdeﬁer np?i%t arn&mg%l yb gro%er?%@dgléstructure( alkyl-

00122 tdhd t h
[ IS %ﬂxg ﬁgiéﬁggof:;?g?égkﬁ %?]%@)r)efeﬁhg)tﬁe strdchk @%bbﬁﬁ@ | C-

[00123}, Asawehh heppingg (yrpa” grovy edferalto ‘;ihatruci(.lzfml\ﬂﬂi e NRXRIZ and 3 -
“thlouré(”%ﬁuopx%fergggbgtg %) Y erer sﬂ#k%%wd}&n e@p%@,lly\ﬂﬂ%w -

CO-NRised term naIIy and -0-S(Q- or -S(0-0O when used
hﬂ}s/ \é\{n in RX has heen deflped above.
C{SSIS?‘HS]’V Uss: é’élteﬂ’ép& yihergin'By 3 Ro gensl R ohaverhgbn defmediabove.
00124 |
00124F 8 T ey L e Rie? B Oy BB LR vy
or which is enconpassed by "carboxy," wused alone or in

_NRX*- Cgol(%lxm;t@ em g%lé]ro P, refner;%;w% aagroup such

[00125] ﬁ; l&@étMﬁJréiM' angfaﬁﬁ@inbegl%ﬁ rfBrs38 1) Stk LLINESREPRY),

[00126] In general, the term “vicinal” refers to the placement of substituents on a group that

wherein and R have been defined above.

includes two or more carbon atoms, wherein the substituents are attached to adjacent carbon
atoms.

[00127] In general, the term “geminal® refers to the placement of substituents on a group that
includes two or more carbon atoms, wherein the substituents are attached to the same carbon

atom.
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al kyl -, wherein al kyl has been defined above. [00119]
As used herein, a "carbonyl" group refer to -C(O-.
wpQ0rAAdY4s54s used herein, an "oxo" group referspCo/usB006/032481

[00128]00H2 b} m ASteBREII LR “TatedAl 1y S5k . :
: t]o the str let ur ,ei]( RX) ZI\E al ﬁ% - .&Qﬁ%ﬁéﬁtg@?ﬁgéﬁfp%%ln a
substitygnte iAngroyp itprmninal whdrthe gmwp is plesen at ihe ehé oS the sabstitgent not

il s L A By L B
examp o dedratisalk i ie upRYREsent i
s e et S5
the miflE o & STeptbierEioTARn h SrecoRstiient Rvun e hiREEshoiibe blssmical
f . H , n H d n
structudef ANSEaARRY e o, Lil@(g}lg@)-és ot ﬁﬁ?@g@)-&fﬁaﬂlﬁ? M Ojil)ygrey&) fe-g.,

ucture

grou refer§ to'th
alkyl- (ﬂ%égb @(y[fh‘\@@lomzkﬂﬂ%s Y}(Owaadd ?liare SRantpdet q?‘éal_lngsa shepBusalihRadily.
Vv L As. ysed herein, an "an di no" grou
(00123 RY a3y s 7 Besy o Ry 0l tited s Fngyster,
such aaytldAMphaice h&%ﬁfé?l@iliﬁhﬁﬁ‘c,%bﬁ}/ &r heEeQPér%p ]eac!htnofqgﬁa{ Rlsbeen
pl'aténent o

the term"vicina refers to the
defined ghpvei t uents on a group that includes two or nore

o rei.n the substityents are. atfached to
10013 ARARERE o MELH R s S5 1eeih rifemar APIEHE t or m

heterocyghedlipahtic tigf efstent or Bibrolielcae0AMIHatiO ting WRsdh i @)BIV% tR8riflos are
brid ‘?Lg’l‘] t. hat ié{jzd udes two or nore carbon atons, wherein
ridgeq' EXATHRIE 9hkiicleed bigyelicanimastsanstiocifks botare noblibind to,

s 3 OB S8, T SRR LA T 08201 T

rs "termn

bicycla[$2 dinamyl, & oxabigyclof. M2 jdeiy, naza&mslou.mﬁsctyl,ﬁsd.gr ?uphi s
e end of the

.1 i | ) t at t
saabict G T el S 0 KBy IBETIEA eomhe Arisizcicy s ming
system @B Bt 6ptiorlly WabsdhRed Gith A ¥AIKW subktitﬁgit; g;ggag){%ﬁ{y; kilﬁéﬂluding

is an exanpl e of a carboxy group use mn

carbox ypllylphydsoxyiailetrear halvetkyt fushgs trifudrsmpthedeslkeriy, allkyel,

] upstituent to at the end of the
L W ORI "
alkoxy sdycloalkyloy, Rétkot EasEpYx . Arloxy, Bb#yda )g) ;

alkyl -O-C(0O-) and al .kyl}éarygo)%’/ar yl af}g.& J ’aﬁ)dkﬁ{)xy,
heteroagglkgloxargyl.chetargaroylonitial karboxy, @ikokycartydny), alkyteaehomyiaixgs
: bof @l r . US I rnally. .[00129] As used
L e S T
(cycloathylallcglivaitony langne mﬂ@mbonﬁamiho@&amykLu%hj(laﬂl%{d, c,
(hete he’ gh(oipéclboal i phatic, aryl, or heteroar %@ each of
SLeTOGi BH ST ogRYANINGe thetraorainslieylalkdirpgamyamins.ed her ei n,
heteroadylca?bd | KeYrbd iy ] I Fesio Qo G¥G! 1S
fwyet er éf:;’wgl?i Foal pa%rt 13‘@"??’88%3{/“2 ér‘#’ %‘ro’ éei?l&/lgfd?%xy’ adyL, méreapto,
alkylsulggril, salfoxharéag thivurep, sylftmeoylj sulfahiidd) okborlchit@mogl. €
bri dged. Exanpl es, of bridged bicyclic ring systens
[00131] " As pg%@i,er%lﬂ,t arrrg‘ lﬁgplp.ﬁgltc q%p%gg%tgrsttg ,a)()ranched or s%raig%lt aliphatic group
(e.g., alkyl groups, alkenyl groups, or alkynyl groups). A straight aliphatic chain has the
structure -(CHa)y~, where v is 1-6. A branched aliphatic chain is a straight aliphatic chain that
is substituted with one or more aliphatic groups. A branched aliphatic chain has the structure
-(CHQ),- where Q is hydrogen or an aliphatic group; however, Q shall be an aliphatic group
in at least one instance. The term aliphatic chain includes alkyl chains, alkenyl chains, and
alkynyl chains, where alkyl, alkenyl, and alkynyl are defined above.
[00132] The phrase “optionally substituted” is used interchangeably with the phrase

“substituted or unsubstituted.” As described herein, compounds of the invention can
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adamant anyl , norbornanyl, bicyclo [3.2. 1] octyl,
bicyclo [2.2.2] octyl, bicyclo[3.3.1]nonyl,
woi2eyrako{s8. 2. 3] nonyl, 2-oxabicycl o[ 2. 2. 2] oct yl pCT/US2006/032481
optiondHeBeadubsieted Wit ord &Qﬁbfx’e 13’3’[ tRARD
and 2, 6-di oxa-tricyclo °3 1 03’ ﬁ%%?%e% %ggt%?é%lerally
above, iy ag exqueplifiedpy neytaquian stwbo}asse@,rmﬂlspecsmshﬁtthé mtvem:hon As

upst i ents i ncl udi ng
descr1‘t5(’:é"éllr @) y‘%ﬂ’{{;’/ﬁr{%ﬁé{sbxy 51{1{% t@eélv‘%lft &3 EPcozapass specific
groupst suchlas elyiraddary). Uﬂlleksecﬁk(érwm’&ﬂ@aéiﬂ{ bach oF¥itd QR groups for the

| het |
TS EL P T
with 01@6\’&'11@&%%Mﬂ>s@1>ﬁ}{entshfets g%{e%l %Q@ Wibstith ?rﬁ ?% gem%cr gope is further

het er oaryl oxy, ar a yl oxy, er oara
optiondl bt sbgtitnisy Iwitinorterto threapflmtsy,, cya:hdg @xy,@akd)@nﬁﬂ/droxy, amino, nitro,

aryl, cﬁ ﬁlggﬁfgygg%;%gﬁwlﬁg}lﬁ %t%rroao yLaloglllqglylar?daertllkg}cf)ln%o?ggs?a%ce an
alkyl gfcm)bc‘da@ ak kibsakdeyd Waa @h@n&i FRI91 3Rd 1R Mk ARRAYY AP W tionatly

ar al E%I car bonyl am no,
substltletﬁ% SEP & ﬁygq:q@iﬁ })a&(appj:mqy baariatkoxy, hydroxy, amino, nitro, aryl,

T e
(cycloaﬂﬁé)mrbohﬂhﬁunmc/aﬂlrb@@ptloﬁﬂw sub§hfed F%lﬁh oneacb |ﬂ¥ﬂe§ 140 yclyano

t hj ourea, sul fanoyl, fam de, 0x0,
alkoxyggpﬁfgﬂéwtro [‘3@19?[ g_y_li, and alf¥le (:Wh@“r tyymalk@xy graupspehaboand to the same
hat
atom oﬁé’tg%dgnt a{tgﬂ.‘ng lthe E\Q(& Qﬂl&gfgfbﬁgéjca eren;?%{r%qggfgél R %‘F RIARE) to

Wthhfgﬁbaq@@)Jund\ stral ght aI [ phatl c chain has the structure
A br anched al i phati c chain

100133] $rbSle hEEhy i RyPe saiber pigedediby b on poterally” or not,
refers tytHetteSlAGenRINt Gpﬁﬁir@éénqlaaf‘célg 94 gﬁ?g str&(t%ﬁpﬁg Fadical 081

al |ghat| c chain has the struc
specifiqdgubstiuesie ﬁp@nﬁcawlml’rupntaareo:legctr[hmﬂ abboaeMmbe defRitibial dnddelow

e BTSSR
optlonaﬂy dubsaibikydytou gh@m e AMUB§tRut k¥ Lach ALE&RYhbIe @89 ?1'1 Ky iy Igroup,

are defined above. [00132] The phrase "opti
and whey) pyets tb@ﬂ e Pesitiqpsiadny given stractgreabh pe \wltshmthiawpxh mase than

t titut S her ei n,
one sub(s:%tr%%gt uslre] ?ro% %Eﬁc\i}fgeﬁlt gl}fnsubésgu%c %ﬂ a@gsame or
dlfferenpefrdvuszmm@sm&ﬁg swmmng |si16h he Mééycmﬂl@ﬂ d%&ﬂb@ HB0& to
b ﬁsubstlt etsf such as are illustrated
anot eré’élﬁeﬁ'“éi 2§ 2 cXelgkyL & togm aspiathiyclie dnpyysiems ¢.gubeth nngs share
one conﬁh@1§ 88 @dﬁ?ﬁh@@(ﬁﬁ?ﬁ g\%&qtu%ﬁg %h@l%ﬁ%d bgﬁll%ﬁ\ég%gdnoagg those

descri bed herein var i abl es

COmblnmnB thes resulian thedfpimdilonsf sebearehasicalbe edabible copifRuASs.
ss otherw se noted, each

00134153 sibla & CE‘F’GE}%QY fighibfenoas isa hefsimo SIS 10 Fomp s that
are not ﬁ%staﬂtﬁullycdlﬁé%d Widnl BJeefd @@%rﬂﬁﬁkﬁfg th BRS G} tﬁ@p P%%luct%ﬂn

op tlonall)é substituted wth one or nore su
detectiopcand preferabletheir mecogawhpwdhstwm wadusofor@ane pemiofd 6f tHé ptmposes

t nal | tituted with ane to thr
dlsclosehgﬁ %g{ Ig%grfaen bo %entélawgagfp Iua%;r chemieaily ﬁqpqlblé compound
is one that igInot m{aﬁﬂblﬂ)pﬂwré@whélﬁﬁegﬁ Mféh@@fa'ﬁﬁ@ RFUE °C or les%f in the

b Eteroaryl hal oal kyl , nﬁ/ For instance
absence g msﬂgﬁ@wﬂ@aﬁhmc@mﬁw&m@ lvms; fiarl dt ydastid eeky| and

b b, d h
e R e

therapewtiieffoct oni the ecatad ph‘aent hatl ﬁk’iﬂy]bi)éhldy é&%ﬁh&y Baseé\gn %Ee surface

a(illdl tional exan%% t he oal kyl portion of
area, weight, and condition of the patient. The interrelationship of dosages for animals and

30



(cycl oal kyl') car bonyl am no can be optionally
substituted with one to three of hal o, cyano, al koxy,
woydirarysoni tro, hal oal kyl, and al kyl. Wien tweCcausoooy/032481
pumargf(Oa8 od e 1ReHNepdrndiesq8 AR of BbAMREacak 9;& ?i%e@mﬁfﬁi%ireich et

the two al kxoy grougs can forma ring together
al., Cappgr Glesathey. Rep., Wh2eh (1966y Body Hufmel arch 08H3R]approximately
, , L tut " whether .preceded, by
deternfifFtEGh ot S AUCAGE bHHE Sqe, P2y SoRprfiRIEHES Geidy
PharmeeguitiealevadslepfNéw Fopig&37 r(mjo?._alqs ubdll RerfihVeatisht YGbidli6 a
H&,t'h t‘?e radi cal of a specitied substituent. Specific
mammal, jslidifgafiumane gescri bed above in the definitions
00136 "Unlby i P and .
00130l AHErpAR Skt R o he RAIRENRE B GPrg nctude al
isomergie; rraintjorseriys thiasteteethegicpand geametriv@r %ﬁbﬁﬁdtioh\?ﬁ)"fonﬁ& of the
en

ubst i t.utabl e_position of the group, . and
srucn 510 SRS 1 1 8af S RaRfigustiiny fo P Asevieiia centen obend ()
doublesiddd idomér € dndM2 M andQES cd T8 atioRsl SRSk tTH@l@for%es!ir%‘f% ed
froma_ specified group, the substituent can be her
stereoghgilicgh ameEs asavellf asrcomticmerisy diayterpomicticomd glomett® (or
[ h_as het er ocycl oal kyl , can he bound
conto YRS LR G0 e S ELERLRL SRS 16 o i ion.

Unlessspherovisoistayec], al¢ tautdigerfeyBHAEDT Be GompOMdR of tHAfveBhSre within
onmmon .at om_. Conbi nati ons of Substituents

one . N
the SCOgR 9f ﬁﬁedﬁ\@a’u% Lefigionsire wnlesyotheraviserrtated, stoetbies aepioted herein

I ' oy . st abl e or chem cal
oeeals} B3 e Bl End AR bR i BiSeRE cERE b ot
isotopieHyrnciahé¢dyatérmasF i exathphs compeludie heving theafresest §tfictures except
for the $9 ‘Pu%déﬂih%t a%e_not_substantlallg altered when
; i‘g’? SICBLPL Y dRgSADY (dSWSTivg of titins arthe Feplacemericnfatcathon by a
C- efidie Fthid |
or 8 ca®Bf aR Wisih "i‘l?éoéréo%é]gf thisd'ifiéehtRLY Speh copr{lﬁopugg% are

purification, and use ne or nore of
useful, dorsexpmpledahanabitieal toalssopmbesthodblvgivhbassaysst abl e

i cally feasihl ' h
001375 XRBIR Gy ERETS 52 B3 B B gBodinio 101 s 1
hydroxy/lesmetiiatsle.EHOSud3 NoehPdrok PR einiide "EUF ?sbé&glﬁ{%:éﬁnan, TEA is
11 or

. noi stur.e or other chem cally reactive con ons,
trifluorggcefie acif, RCKis Idichl gomeBinad Ma®ds Heatimithylaarinefyfridiie, DEPEA is
s i s daki . anount uired to confer .
disopr G ab it A B S D P U e B Sufigti S and oz i

benzylaxyparbaylyardeFEVIRONe d, @6 edr-attiadsipeddhfBee  area,
00138rﬁ%3$t and %gﬁgbiion of the patient. The
[ sdbhereing FENMR stenditon geoson wiclepn nagheticasonages, wal TLC
stands 3Pk %gﬂggoﬁgggﬁggow 032481 nunmans (based on
mlligranms per er squared of body surface) is
described by Freireich et al., Cancer Chenother.
966). Body surface area may be

Rep. , ., 219 .
II'Pmcﬁf)%lng?%ﬁtf"gf'ffh‘g%%t ernined from hei ght and wei ght of
00139] liforfeadnAimeniBe ifreti VRRE b bl fedahl l ;
[ ]tPhar maceuti cal s, AI?V= dg?%rill%%klg\?vg %(%#‘%?SS%%‘;?%E%@XSA@I preparing
a compedpf iyl as putlinehin'Soheeds to a nanmal, i ncl udi ng
a human. [00136] Unl ess otherw se stated, structures
depi cted herein are also neant to include all
isomeric (e.g., enantioneric, diastereoneric, and
geonetric (or conformational)) forns of the
structure; for exanple, the R and S configurations for
each asymretric center, (Z) and (E) double bond
isoners, and (Z) and (E) conformational isoners.
Therefore, single
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stereochem cal isonmers as well as enantioneric,
WO 2@7asi4ey eoneri c, and geonetric (or confor mapCDOSI0)6/032481
m xtures of the present conpounds are within the scope

/o\ut he inventieq. Unless otherw se stated, ah
ta

toneric fornms of the conpounds of the i nventii on are

s the s€ope of the jnuention. Additjonall\y,
(uagllscg otherﬂ st at ed, 1(1 s depi ct ed >RérEaoH

e al so neant |nclude gpounds that diff nly
?ﬁ t he presenc%éé# one or nDre i sotopically gé??ched
& ons. For exalpl e, conpoudds having the pres&ftd
structures except for the replacenent of hydrogen by
deut e un1or tritium or the_replacenment of a carbqn
by az G or 14CGenriched carbon are within the séope

of(RanerH| Such gonpgunds are _useful, f/or
exa i\y anal ytical tools otes in bi ol ogi COOR,
assay9.®[ 00137] As used herei gDC i's
1- (3- & hyl am nopr opyl ) - 3- e car bodi i m de, H(%t 'S
1- hydgoxybenzotri azol e, HOSuqO 1
N- hydr oxysucci nim de, THE is tetrahydrofuran, TFA is
trifluoroacetic acid, DS#ensedi chl oronet hane, DVAP is
4- di met hyl am nopyridine, D PEA is
di i sopropyl et hyl am ne, DMF is dinethyl formam de, TFA

[()014()]I ﬁeftefr (%( U%'cﬁ 3 'faz@tﬁ%%llgw Oﬁ@éné ®f formula 5 (R. Griot, Helv.

ycar bo ny I
Chim. AZth, 42 67} @DsAetinvepederi siitableaty] chibemae]of Aernydel wherein R’

her 1H NWR stands f
5.0 FEuGh R vt B iR S5 OB 6.

{ FhOeas S Seduish, IsteWiRdaad 86ns, Inc. (1999).
Wuts, ang%&% ﬁﬁgﬁgﬁ%@regﬁb%lgd?rrent the inventi on Sjr ovi dgisgwau@fG s

[00141]pCaﬂJesyla‘amd of e é@—mﬁmxacaéborfyd;a yebigsdlpiRe? -Olgceaep

achieve é%?%u U@%@l as %t L.ine I%%h%riﬁe ? e?h:!: %@%{z‘%%ﬁﬁﬁ“
formati&PF s im T Ani&AO R ee, é'_Jg 6DZn181 ar lapﬁ)el f{tR}l B’ ONHIEHe@CA0RS, 63, 2;
Dona1d|JCg?gE3@gg etgaé% é?c%q &hers.. gg% ,@g(zg) S H 02 3003: v T EIE R et al,
sam G ISl A I LU 5 o .
1995, 69{ish,281l48- &5k yandcsdy Beak et aif, Jf@mnahan 6Sosh P84, 1R(8), 3231-3239.
The 2-anion of the alkyl carbamate of formula 6 (not shown in Scheme I is prepared by
treatment of compound of formula 6 with a strong lithium base (e.g., t~-butyl lithium or sec-
butyl lithium) in the presence of a complexing agent (e.g., tetramethylethylenediamine,
tetraethylethylenediamine, tetramethyl-1,2-cyclohexyldiamine, or 3,7-dipropyl-3,7-
diazabicyclo[3.3.1]nonane) in a suitable aprotic solvent. Suitable aprotic solvents include,
e.g., -butylmethyl ether, tetrahydrofuran, and dimethoxyethane. Subsequently, the 2-anion
of formula 6 can be treated with carbon dioxide to give a racemic mixture of trans-/cis-2-
carboxylic acids of formula 7 wherein the trans-/cis- ratio is 30 to 70, 40 to 60, 50 to 50, 60
to 40, 80 to 20, 90 to 10, 95 to 5, or greater than 98 to 2.

[00142] In some embodiments, the complexing agent may be optically active, such as, for
example, an optical isomer of sparteine. An optically active complexing agent can induce
asymetric carboxylation to give a product having an enantiomeric excess (e.e.) of from about
10% to about 95% (see, e.g., Beak et.al., J. Org. Chem., 1995, 60, 8148-8154). The trans-

Jcis- mixture is equilibrated to give a predominantly rans acid of formula 8 wherein the
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Is, e.g., t-butyl or isobutyl, using known nethods.
See, e.g., T. W Geene and P. G M Wits, Protective
wanowrpr245m Organi ¢ Synthesis, 3rd edition, JohrCWusey6/032481
trans-RRd r8808,801t620, $ALRHM) 95 td @Q)]’%Hateg%%ﬁ@@’tlo@t P ]@?)?esgllf'c% ofa

N- al kox carbonyl 3- azablcyc 0 octane o
suitablg bage. Sy Sié@ble\hasesiyclnds; stg. ,fhﬂmmnrig:xamaﬂla}&mhzxdé lithiupidlia 6
che n ent (for formation
1sopro%}';1a1¥1 @; ?tﬁ.gl%?g %g)fG fgme gygp giﬁ% J. Pippel, et.
[0014aq| In, andth@‘ gnbémmﬁnt, tHbQﬂS of $3-digko 1@1741 & BicyGat3. agheh
| % %h oL S %O %2) idra gbicyct g gﬁ& ane as the
compl&ingipinine,ryiday the copoaiie iibd ogaela N frapg: 3(:@5;@0 of

1somerg ég g@ ﬁ)g 12)(58 gg [95 a&%éateﬁ% %e%; éctl d og‘élta% ie eqyﬁ{ﬁmon

step. Chem Soc 1994 116(8), 3231 3239 The 2-ani on of

| K t sh in Sch
oo AL R 2 s o, o S,
single mahﬁomeﬁéﬂ i@ﬂﬁulla@t mrpxﬁgtﬁocﬁseofgresol'\tmgrﬁcﬂmé &L{?}o%&]a‘é’ may be

sec- butyl lithium) in the presence conpl exi n
used argblgﬁ]p ¢ é)u@ are q%ilﬁg@éﬁ%;ph@tdiﬁyztaenﬂ df ambptecally active amine salt,

preparlhgarf&&w)}f?attggéégrn&gl} %ﬁgé}w]&y g?ﬂvrqéalcogpl followed by crystallization or

chrom®ogtaptiip sepaydtiod, eﬁtdlﬁb@&mlglaﬁ)b@h@c{lfy a3titd NOARMS A ﬁ n derlvatwe
follow(-fgﬁl&t abl e aprotic_solvent. Suitable aprotic ‘solve

eryasal 12%“(51 or chrpatggraphhyin 0@@ mbodimesnt, éh@/(ﬁ)af-u r an
e%}ﬁqb hans: t he 2-ani.on
amino for rr%llb gﬁ%&gﬁ?t@e trézﬁz%g%%e\?m&y ﬁ c%r%l ﬂﬁalme&ﬁ&gc?%pw&f
formula § dseerivsaliized tmrmodxicettheammb shlsoRfori@a@laloXyl i ¢ aci ds of

e traps-leis- ratio is 30 to 70,
[00145i1 gxhlengreg 6c1dv5\4§%f %r(mulq & obtpingshby extragtiomof, foy elcgmpg5an
aqueouk @ocﬁquﬁs&ﬂ'a%aa‘oﬁItlohr@Qst&% etdQVlal f&lﬂ&% d{] z‘-glgth .dj Cfug})onate

enbodi nents, the conpl exi ng adgent
(Boc,0) ¢q giye thesagtein offormfubr 10. demplabof thn -@ﬁOR: pfotdacﬁﬁ@%&o@funder

n ti tlve onpl exi ng agent can
o A B R B B i SR s o, o
examplb amegrrﬁthy@ BBt bﬁ@ﬁﬁhﬁr&ﬁﬁﬁ%o@ﬁe@ﬂ% cepxp(a{ugd?g%ﬂﬁula 1.

10% t o about 95% (s e.g., Beak et.a
[00146 fpesgother sohodigaent, g(qu;@hg 3y lidimyleompansds df(fiosmum NKapr e

exempl f%ﬁﬁ)u?wgh%‘a&ﬁﬁsfg %I%t Ib\égcy%\}%r el?ﬁ(;r[\fnf A ag(;%%outflgends 1naSCchgmg {iI.

Schemd¢IIT/ US2006/ 032481 trans-leis- ratio is 80 to 20, 90
to 10, 95 to 5, or greater than 98 to 2, in the
presence of a suitable base. Suitable bases include,
e.g., lithium hexanethyl disilazide, |ithiumdi-

i sopropyl am de, or [ithium
2,2,6,6-tetranet hyl pi peridi ne. [00143] In another
enbodi nent, the use of

3, 7-di propyl -3, 7-di azabi cycl o[ 3. 3. 1] nonane as the
conpl exi ng di am ne provi des the carboxylic acid of
formula 8 with a trans-/cis- ratio of isonmers of 90
to 10, 95 to 5, or greater than 98 to 2 directly and
obvi ates the equilibration step. [00144] The racemc
m xture of the conmpound of formula 8 nmay be resol ved
to provide a single enantioner of fornmula 9. Known
nmet hods of resolving racem c am no acids may be used
and include, but are not linmted to, crystallization
of an optically active amne salt, preparing a
2-carboxylate ester with an optically active al coho
foll owed by crystallization or
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chr omat ogr aphi ¢ separati on, and [ [

( . preparing an opticall
WO 2607103489 N- al kpxycar bonyl derivative foll O\A/eplcb/;szoogmzin
crystallization or chromatography. In one enmbodi nment
the (R) a- ami noethyl benzene or (9) ,
1-am no-1, 2, 3, 4-tet ¥ahydr onapht hal ene sal angound

:>Lg;ﬁtig%?ula 8 is cr algiﬁﬁg pr oduce, ;

pars 2{0%ﬁﬁF& 9./ reeaci d ofiptie s LQ%-

11ornu a 9, obt ¢d by extraction of, for éxanple
anllaqueous sodlun1b!suﬂ ate solution is es I ed
with, for exanple, di-t-butyl-dicarbonate ( C}3to
give the ester of fornula 10. noval of the -COOR
protecting group under kno gitions, for exanple

?Ethane S nic acid in an Osol vent such as
or exa H- but yl met hyl9etyer or tetrahygrofura’n,

provides e
anot her Enbldi

nt, bicyclicypyrrolidinyl conpound
Formula 3 (as iﬁplifi ed by undsy17 sggvm s o
bel ow)+ may bggprepared as outl i in Schenme I1.

Scheme || g33 WD 2007/ 022459 PCTMgS2006/ 032481 OOH H O

ounds of formkla P~ 00146] In
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K@ 17 la

[00147] Referring to Scheme II, the camphor imine of formula 12 is prepared by reaction of
glycine t-butyl ester of formula 11 with (18)-(-)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
of the desired product of formula 14 and the camphor derivative of formula 15. The lactam
of formula 14 is converted to its benzyloxycarbonyl derivative of formula 16 by treatment
with a base such as, e.g., sodium hydride, followed by benzylchloroformate. Reduction of
the lactam of formula 16 with a hydride reducing agent such as, €.g., borane-dimethylsulfide-
piperidine provides the carbamate ester of formula 17. Removal of the benzyloxycarbonyl
protecting group may be achieved under reducing conditions such as, €.g., hydrogen in the

presence of a palladium catalyst such as, e.g., palladium hydroxide, to give the desired
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17 la [00147] Referring to Scheme II, the canphor
imne of formula 12 is prepared by reaction of
wglyaimessh - butyl ester of forrmula 11 with PCT/US2006/032481
bicyclicESrolicdine *BBAOF fobAulan®. MERSRRSE ¢ e s eh
) a% for exanple, boron trifluori g”%¥ﬁ§?%?g@fkfgﬁ§§9ndb'
achievgdirpygrfognationeofadalisues ast ognahaxdlatetsalt ofifdrhipla 1a.

.ate gi ves .an, adduct .of fornula 13,
ooy RO BRSO SR e P o g o
Formutee r §n¢ specificatiamipledf & dvenpoutd 6f PEAAIED, WAQEWR st Y Eis 5-

of .1 soprapanol and water. Renoval of the canphor
propyl; ?ﬂdn%“ WCYﬁOWHY]@WhQWrbéIQWﬂntfﬁEn‘ﬁﬁégence of sodi um

acetate and subsequent cyclization yields the |actam
ester of formula 14. Optionally, the reaction m xture
may be treated with succi ®Hc anhydride to facilitate
recavery of the desjed roddct of formula 14 and the
canphor derivative of fgrnuf@a 1 The | actam of
formula 14 is conveLLEgjto bts benzyl oxycar bonyl
derivative of fornmula“16 by treatnent wth a base
such as, e.g., sodium hydrigle, followed by
benzyl chl orof ormat e. Reduction of the |actam of

[001459] dp gD aspeet, epmpoundhiScan de prepeteci asgutipedtin Sclemeasl,
e.g., borane-dinethyl sul flde- piperidine provides the
carbamate ester of fornula 17. Renoval of the

Schemb&Hzy| oxycar bonyl protecting group may be achi eved
under reducing conditions such as, e.g., hydrogen in
the pr senceHgPI%\palIadiun1cata|yst such as, e.g.,
pg%bﬁdi m hydr ¢xi de, to i velt he desired 34 WO 0
205 ez>em0 PCT/ US2006F84gh \ AReyclic pyrrol Fee L
ester “of formula 17. IsoLgEioq of the ester of forpula
17 is optgi onally achieve t?éough formation of a }glt
such as, e.g., an oxal ate sa of forrmula la. [00148]
The invention burther provides proggsses for the
preparattﬁﬂnQiJgonpounds of chamyula OHCheIQNeGKJic
—exanpt e of a TonpBund—ef—Fer mul a 2, erein R4 ig H,
R5is n- p&dp&&, and R4 is cyclopropyl, is shown
below in fornmul'a 18. OH HZN N O 23 [00149] In one
aspect, conpound 18 can be prepared as outlined in
Schene 11 loH %phe [l OHN OO @bz OH CbzHN J
O--'Cb - N H 19 20 ﬂNVéAWQ:E‘—e@HI\U CbzHN
OH H2N- <= -

~ 0 ~ (0]

24 18

[00150] In Scheme III, 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 hydride at a
temperatures between -20 °C and 10 °C provides a norvalinal compound of formula 21.
Preparation of the corresponding cyanohydrin of formula 22 is achieved by reacting
compound of formula 21 with an alkali metal cyanide such as, e.g., pottasium cyanide, in the
presence of an alkali metal thiosulfite such as, e.g., sodium thiosulfite. Hydrolysis of
compound of formula 22 in the presence of HCI in a suitable solvent such as, e.g., dioxane,

and at an elevated temperatures of from about 50 °C to 110 °C leads to the corresponding 3-
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CN22\ - O 23 OHOH CbzNH N-a YH < "jy 24 18
[00150] In Schenme 111, the methoxynethyl am de of .
wGhaovazasal | ne of fornula 20 is prepared by reariisome/032481

aminoQfthydbaxyheganald dbed ?fot Bl lvehidiPis Woh v BB VPRt cie\ﬁvme §t

in_the presence 0 coupling reagent such as
formulgRd. byme@u@n R %bz-bitﬂi’pmn@mmmdfeo e kcpclapropyt dmide of of formula

24 is pE&é)ﬁ ehgfgo | so &reﬁ 3%%%1% Whﬁ,pt hl %npﬁllglillgnth%%rrresence ofa

couplingemep Blwh&B & I;E/EEED Ré&fo¥al anthe TbzerHiibl g#@Sa Sompound of
i mna corrg und of formula 21. Pr epar ati on %f t he

form“lég& %%%ﬁ’fa‘ii %&ﬁﬂﬁg@c}ucrngcﬁonﬂ@pmwhzg 4.8, byhogendd they

presenéeﬁﬁcatpaﬂgdluﬁpé}i@ﬂy@d of formula 21 with an al kali netal

yani de such as; e.g., pottasiumcyanide, in the

[00151ﬂ) rIe onotber apibcglimentkad illusrettad intSohaselVi ibeRw; deRcldfrop§lathide of
conp ound of forml a

i.umthiosul fi SIS of
Formuy 8 el Fog P asphiRireatRos (ot R o Vomet aludrger.
Chem. 2%00£1 1 3yﬁ)9y@m., and at an el evated tenperatures of
o from agout 50 Cto 110 C leads to the corresponding 3
SchemgdV\\p 2007/ 022459 PCT/ US2006/ 032481 o
am no- 2- hydy oxyhexanoi ¢ acid (not shown) which is
converted t the Cbz derivative of forpgyla

r eact {ﬁy xysucci ni nde. T%opro
am de of of fornu fz (?”/s prepared from compound 23

by reacti'on with cycl opropyl am ne iH ef resénce of a
coupl i ng4r eagent sucg5as e.g., EDC aI_o§4the
Cbz group to give a conpound of for 18 is

achi eved under known reducing conditions such as,
e.g., hydrogen in the presence of a palladium

catal yst. [00151] In anotherHenboHNHer, as _
illustrated in Schene |V bel ow cycl opropyl am de of
Forrmul a 18 is prepared usi t/he sserini reaction
(see, e.g., A Doeming et’al.%z Angew. Chem, 2900,
112, 3300-3344). Schene 1V 0 zd@ HO HN---< -'A H
+--N+_C CbzNH O 21 25 24 HN- -"*a

[00152] Refering to Scheme IV, 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 trifluroacetic acid, optionally in the presence of an asymetric catalyst provides the
cyclopropylamide of formula 24. See, e.g., Schreiber, et.al., Org. Lett.,'2004, 6, 4231. The
intermediate trifluroacetate (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.

[00153] In another embodiment, the hydroxy-acid compounds of formula 23 may be
prepared according to methods described in U.S. Patent Nos. 6,020,518; 6,087,530 and
6,639,094, each of which is incorporated herein by reference in its entirety.

[00154] Although the processes shown in schemes ITI and IV above illustrate the synthesis of
a specific compound (of formula 18), the processes in schemes III and IV can be used to
produce other compounds of Formula 2. '

[00155] In another embodiment, as illustrated in Scheme V, this invention further provides a

process and intermediates for preparing a compound of Formula 4.

36



H2N--1i O 18 [00152] Refering to Schenme |V, reaction
wo 2007/0ekh@e val i nal 21 with cycl opropyl isocyani gdetks2006/032481
formula 25 (avail abl e from Cakwood Products, Inc.,
SchemeWst Colunbia, SC 29172, USA) in the presence of
trifluroacetic acid, optionally in the presence of an
asynetric catal yst provides the cyclopropylam de of
formula 24. See, e.g., Schreiber, et.al., Og.
4231. The inter '

., ' 2004
rifi unoacstit e (nol_shows) i's hydr ol bz eeduring—
zxa1 Sebat i gp-NQyi el d conpound 24-~]i NEC . Renoval of

1& e Cbz prot gtéung group to give the ¢p
ormula 18 |s “achi eved under reducing conditions as
previously described. [00153] In another enbogi

t he hydroxy-zagi d @ggpounds of for Ia 5
"G' accor&/ng to net hodg-mes

% ©7020,518.76, 087,530 and 6} 639mb94
HN i is i ncort ed herein by-teferenc® in qot‘%‘
eéht ¥ €94P* [ 001541 Al t hough thecesses shown in
schenmes |11 and ®V above illustrate the® synt hesi s of
a specific compound (of fornula 18), the processes in

sd:he II[?E? IV can be used to oduce ot her
rrpo nds/ of rwgﬁ; [ 00155] rg/ ther e Odl /’\’2 ]
ed i Vi—this |
rovi des a qp@cess MndC9:At er nedi at €3 f pr:eparl ng la

[:iET ound of Formula 4, 36 WO 2007/ 022459 CO,tBu
/6%2006/032481 5cﬁene Vi N Z-NH cozZ 22NH 0
COBu 26 CORtBu 27 1 Z-HNI--.-1CO2H O Z-HN- N HZN N
+ 000 CRtBu -- 28 C@tBu 30 29 H2N-HN N + ||
ON) YHN ~H N o o N 00 CCQtnu
[’ V\(
. —_—
é COH ~
[jwm“*tg A —
~ N
H
OH

[00156] Referring to Scheme V, a bicyclic aminoester of Formula 1, wherein Rs is #-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 those used
for removing an R; protecting group) in the presence of a coupling reagent, to give an amide-
ester of formula 27. The protecting group Z is removed from the amide-ester of formula 27

to give the amine-ester compound of formula 28.
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31 32 033 0 OHHCNNHN- HN+ HZNN~, OV O O CcazH
3418 NOCNY HNHNY OO OHH 35 OHr--N HNJ, N
w0 207@20450 H H 4 0 [00156] Referring to SchenmeCYus006/032481
[00157)i Rasetion ot AegEd-esntghinE@bmpbandlof fOREHE 28 vidh s jrotected amino

adsbutyl, is reacted with a protected anino aci
acid 29 1&%?]&8%6 OhAEPERImgZeIgsnbgivesy iipeptidet afdoinmga §.oup

r .aci di.c asi-¢ _or .
(0015 M e RECTEUAREE AADEE e bent® Pl Brritiorguides o fee
aminofmypeptideroffomgulr81R3 prot ecting group) in the presence

ent, ive an am de- ester of

TR T T
formul@B2 A8 18Sp8Eengt of QEWélgg %%a%e@%lgg%glf%ggﬂ%g‘]ﬂ%&lgg’ 8 of formula

compound of fornmula (
33.  PCT/ US2006/ 032481 [00157] Reaction of the

Q- . ni . f fornula with the
oor6rf TR S0 e SEAROUER O holl 8 2B ML E o
amido-triyR@edd add ¥EPorRauta3gpept i de of fornula 30. [00158]

enoving the protecting group Zin the tripeptide of .
[001615 Steacting o ayﬁ&trwénu@ doicbefl formitla 4twittpthp hindieo-hfdroxy amide of

0 Reaction of Lh m no-tripeptide
formul 98 L8 preheng it pShsaT o0k B GG Bl SBprantia 35.
[00162f dm thel fenaB@ep,i axidatien I €y foréuLOURE bMpEBAR Rrmula 35
..yields the am de-tripeptide ester of formula 33.

provm%é%ﬁ%‘]lpql}?ﬂro gendads the ester of the

am de-tripeptide ester of;fornula 33 provides the

am do-tri i de aci ¢ of r ; [|00161] Reacti ng
lpepty de Jlaci d) of
am no- hydr dky #m de& of HNf o

a coupl i ng reagent 5gj ves the hy i delof
formul a 35. [OOlggj]In the fi , ol dation of
t he hydroxy group ormul a 35

t he conpound of
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.

[00163] In some embodiments, the configuration of the hydroxy group of 35 is a mixture of

R and § 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.

[00164] In another embodiment, the hydroxy group of compound 35 has the R

configuration with an enantiomeric excess of about 90% ee.

[00165] In a further embodiment, the hydroxy group of compound 35 has the S

configuration with an enantiomeric excess of about 90% ee.

[00166] 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

attaching the appropriate RW-, P,-, P3-L,-P,, or P4-L3-P3-Ly-P5- moiety. A coupling of an

amine with such a moiety may be carried out using the corresponding carboxylic acid, or

reactive equivalent thereof, under standard amide bond-forming or coupling conditions. A

typical coupling reaction includes a suitable solvent, the amine in a concentration ranging
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be construed as limiting the scope of the invention in any way.

Preparation 1: 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane

<l‘] \ \N
Method 1

[00172] To a three-neck 5 L flask equipped with a mechanical stirrer, thermocouple,
condenser, and addition funnel, under a nitrogen atmosphere, was charged 1-propyl-4-
piperidone (100 g, 0.71 mol), paraformaldehyde (50 g, 1.67 mol), and ethyl alcohol (2 0L)
with stirring. Acetic acid (90 mL, 1.56 mol) was charged and the mixture was warmed to
40°C. In a separate flask was dissolved propylamine (64 mL, 0.78 mol) in ethyl alcohol (500
mL). This solution was added to the above mixture over 7-8 hours. The mixture was stirred
for an additional 1.5 hours at 40 °C, then cooled to ambient temperature. The mixture was
filtered through a pad of Celite®, and the Celite® was rinsed with ethyl alcohol (twice, 100
mL each). 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 (85.3 g, 57% yield).
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Method 2 :

[00173] Under nitrogen atmosphere, acetic acid (260 mL, 4.67 mol) was added to a mixture
of 1-propyl-4-piperidone (300 g, 2.12 mol), paraformaldehyde (150 g, 5.00 mol), and ethyl
alcohol (6.00 L) in a four-neck 12 L flask equipped with a mechanical stirrer, a
thermocouple, and a condenser. The heterogeneous mixture was warmed to 40 °C and a
solution of propylamine (192 mL, 2.34 mol) in ethyl alcohol (1.50 L) was added over a
period of 7.5 hours. The mixture was maintained at 40 °C for 1.5 hours after the addition was
finished. The mixture was cooled to 22 to 25 °C and filtered. The collected solids were
washed with ethyl alcohol (twice, 200 mL each) and the combined filtrates concentrated to
about 1.0 L under vacuum distillation (90 mmHg, 50 to 55 °C). Diethyleneglycol (2.60 L)
was added, followed by a solution of potassium hydroxide (477 g) in water (570 mL). The
reaction mixture was heated to 85 °C and hydrazine monohydrate (279 mL) was added over 2
hours. Heating at 85 °C was continued for 1 hour after the addition was finished then the
mixture was heated to 155 °C while collecting the 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 combinded aqueous
phases were extracted with heptane (twice, 300 mL each). The combined heptane extracts

were concentrated to provide the title compound (233 g, 52% yield) as a straw colored liquid.

Preparation 2: (S)-3-amino-N-cyclopropyl-2-hydroxyhexanamide (18)
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[00174] 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.
The protected amino-hydroxy acid (10.0 g, 0.035 mol) and N-hydroxysuccinimide (9.0 g,
0.078 mol, 2.2 molar eq.) were added to the flask followed by 105 mL of DMF. The mixture
was agitated at 20+5 °C until a clear solution was obtained (approximately 15 minutes). The
flask was cooled to -9.8 °C (ice/acetone bath). EDCHCI (13.6 g, 0.071mol, 2.0 molar eq.)
was added to the flask in one portion. The contents of the flask were allowed to stir at -5+5
°C for 3 hours. The contents of the reaction flask were cooled to -10+3 °C and cyclopropyl
amine (4.89 g, 0.085 mol, 2.4 molar eq.) was added via an addition funnel while maintaining
a temperature range of 5+3 °C. The reaction mixture was allowed to stir at 5+5 °C for 60
minutes then slowly warmed to room temperature and stirred overnight. The reaction
mixture was transferred to a larger round bottom flask and quenched with the addition of
water (270 mL) at room temperature. The DMF/water layer was extracted with three
portions of EtOAc (150 mL) at 35-40 °C, the combined EtOAc extracts were washed with
water (twice, 300 mL each), followed by 10% NaHCOj; solution (300 mL), and finally water
(300 mL). The EtOAc layer was concentrated at atmospheric pressure and heptane (100 mL)
was added. Distillation at 80+5 °C was continued and additional heptane (50 mL) was added
to crystallize the product from solution. The mixture was held at 85 °C for 2 hours, slowly
cooled to room temperature, and held for 1hour. The product was vacuum filtered and dried
at 25 mmHg overnight at 30 °C to give a crude product (12.86 g). An 11.44 g portion of the
crude product was placed in a 250 mL round bottom flask, 50 mL of MTBE was added, and
the thick slurry was stirred for 3 hours at room temperature. The product was filtered and the
cake washed with MTBE (50 mL). The dried product (6.4 g) was sampled for wt% assay
(92.2 wt%) and HPLC A% (100 A%).

[00175] A 1.0 L Buchi hydrogenation vessel equipped with an overhead stirrer, ballast tank,
thermocouple, and nitrogen/hydrogen inlet was purged with nitrogen for several minutes.
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[ [ = H N
Hr iNpw. (s~~O{ HNRi N(s) | HHRN= NN
(nl (R", = 11 000NN N~pOOHIR H HHOO
WO200M022307/ 022459 PCT/ US2006/ 032481 |111. Exarpiras2006/032481
[00171] The follow ng preparative exanples are set

The prb®rtel alinehg@bxy hatdetho, § ol DY8H Mo‘? brEfared" Y (fes&%ed%ébove) and
rstood. These exanpl es are for the purpose
20% PH&?I—E)gtopé:@;b@ﬁ (28 . &AER mob 3066 wasr by evetghsweraetarged to the vessel

followed By YOHGh1! &Q\i[é@ﬁp THRnikfiGe WaY ggqgate%nat 48 B il T starting material

Pr epar at |
dissolvgd famr@nmpseﬂy By iinlites).aPheyeka[add DaldnenRRfere Bux%eaé 'f‘%es to 40
Met hod 1 [00172] To a three-neck

psig \m{ﬁ? %gri?gglaﬂyeﬁ gao almasphericaresswieaxith glttrpgq:rg and pressurlzed to 40 psig
with htdd€gFMOCOMBd, Q/entlrﬁgocﬁ dep here%ggh glgl 8 I&etlfla[s[1 %ml( wad B3 elliy

nitrogen at rmsp ere, char

pressutizedde A00peig (agd)tjleg/esﬁl Ms mbgurlzecﬁfcﬁ’fmpsi@ifﬁfiﬂé’ Bla6EEnlEl, The

hydrogirfibnTeickt T BT R4 Cuif Nipst fidogtnyaasdnton v balsst tank)
for 2 heodrxt ’lﬂh@vma W@rv@ﬁféd tt@atnﬂﬁﬁaerﬂc%r&s&%%‘ﬂ?ﬁﬁo&l?ﬁﬁ R Jlurry was

ed pro am ne (64
samplegI SS9 (agp@mg%q_l)res@ml é,ta@ﬂgunatenalm%admﬁd =105% beth -

t d
dlasteré{‘ﬁ%\f hgglé s?% ﬁ’aﬁe elpuggeﬁioad]ﬁ e é)lre-léglgmzré‘d)% ﬁégsféa(y%ﬂ;@d{rég%n and

I
held at éﬁBCefmt addealmmt 30 mﬁlﬁltzs]n_(rjl&tehmgé@églﬁvlﬁ% \é‘%}?gd 1&6 ééﬁlrSf;ﬁlgrelE Bfegéiﬁé‘ with

mtfogelé?ﬁ@fl ng}l}&ls K5 Fhe(émgas sgbgnttﬁfog FORC aﬁaheussfor wesidonl amgigo-
amide (G gg@gﬁﬁft &t(%j%'bﬂthv(ﬁgéi'é}e ﬁ &{\é s?eq §§{;&g§% and lf%}gﬁssunzed

. Ina separate STV
with hygyogwagndj helder 4@&3 ifor anaﬂdmoﬁalgm in) - ThER@sse$ MlabiléE 1S

s e 8 S i
[00176)0AGIBlealR sGERitEd)foMABLedds! g dlg\f&r rgéd%%%o?tect&{] %Hgf)ehfdroxy

resul t ant m xture was stirr or ano

amide (ﬁ@mde‘tw% ligiit ¥ 6§&nbashdiagiergpmeri)e Anpostion ef ﬂ?ﬁaéodl@f &tallized

out of sgﬁtlaﬁ ?‘1%1%% I&v&% %]tatsf{flxrgl%fg {:hjélg cl%ﬁ)lgre}ﬁ_lt POHCW,@@gged to
dissolveptha peoduats Tl&tslll[r[’ged'aé Ralnk¥ tb @30 8 %séﬂr@&ﬁso‘mﬁdn t}}eg %iltered over

duct phase coll ected process
a bed Of‘g%’géft @%u uﬁ?t i Th%t\ﬁ@ filten @ﬁ]@tW%deSmhg@ih Me@Hl(ES(bdlIaancathe

rature

filtrate @M%tg%%%émgﬁ (%Br N Sﬁur-mr oé’é’i‘gne P&%ﬁl@@@fyeﬁgo mL Ethyl
acetate @Q@mL)ph@ssaeldéd acd distiltation fwexs conidivae dt ﬁ%sﬂh&ﬁ%ré’s@ﬁire ain to a

The solution was wash
volume 8$ g# fhyas igReptedviepmere é@em@}wdd b]@ Iqih a@sstdded
to the flART@ 78 XUaﬁ& ttl?edcon’tents were cooled to room temperature and ultimately to 5 °C
in an ice/water bath. The crystallized product was collected, the wet cake was washed with
heptane (75 mL) and dried at 40 °C under reduced pressure overnight. The free amino-amide
was isolated as an off-white solid (21.2 g, 0.114 mol, 73.1% yield) with an HPLC purity of
98.5 A% and a wt/wt assay of 94.2 wi%.

Example 1: N-z-butyloxycarbonyl-3-azabicyclo[3.3.0]octane (6)
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with heptane (tw ce, 100 nL each). The conbi ned
organi c phases were concentrated to give the title
woanrmango (85.3 g, 57%vyield). 45 WO 2007/ 0224501/US2006/032481

PCT/ US2006/ 032481 ' H NWMR (DWVMSO-d6, 500 MHz): 8 2.60

(dd, J = 10.88, 2.04 Hz, 4H), 2.2 dd, J = 10. 88,

4.58 Hz, 4H), 2. 22 (¥, J = 7.74 H, 8H), 1.91 - 1.84

(m 2H), 1.44 -1. {m 6H), 0.85~F, J = 7.25 Hz,

6H) Method 2 [00173]2 UndeWo@t nosphere, acetic

acid (260 n., 4.67y1ol) was added mo a mxture of

1- pr opyl - 4- pi peri done (300 g, 2. 12055?4

par af or mal dehyde (50 g, 5.00 nol) and et hyl  al cohol

(6.00 L) in a four-neck 12 L flask equi pped with a

mechani cal stirrer, a thernocouple, and a condenser.

het er ogeneous m xture was warned to 40 C and a

Meﬂw}l}leutl on of propylamne (192 nL, 2.34 nol) in ethyl

[00177(}| ol L GindeRed doud@boRSH SRV er ﬁltrdﬁ%ﬁ Sﬁ%d ng’[h7 égchamcal

Hosb The m xture was mai ntai ned at
stirrer 00l addition feneldand & t}wnmetef was sﬂwegled 3Fhmbmy)étol[[i.3.0]nonane

hydroc‘ﬁ’ﬁﬁ‘ld@ gﬁioeg Ot@ﬂg%l%g)o a‘réflﬁmg({]aﬁ na |(§ g’ﬁ g1 gg o, ;tgyf)r%g@yl
ether (m;u) amthate(160 mill ) edthfstitidpat Be HRAEE Mak é‘&ﬁgd {o 4516 °C. Ina
1.0, L under vacuumdistillation (90 nmHg,

separatgg";‘%@)mL 59 eE ey Sk yres chrzedBoe (didutylldisdrbohate) @we@ 0.644
: f

mol) aI?i/t @tﬁ%é&h&i_%&r( égg%ll STHQ}D%?.%%\AABSSS%%g ‘ap%ogqg%tm%saﬂatlon

was obfpjiehda g’hp golntino Iwytsi patred (127 thenddjlitivasumetll afd 8URH t@ the above

ot A B g o Gt A B0 bt e e
to dissdloe dB&s Qn\dﬂhé ﬁl)&@ﬂe'v%tshﬂgd £9 0 Shidutat & (ﬁ}% g(?}grag%rggﬁef &pwer

two layers. The |ower |ayer was returne
aqueou ghasghe e%&@mcmham wasuwasheHeathi 594 aqtNABSO L Goide, MsSmL each),

then Wﬁ&’@hf‘ﬂﬁfiﬁ lfﬂg %Salh%%ea%%sl 40%@?1’:\;\%@@&, rpg#glg-ebrwltepher was
added (h&)etn gn(ezh&@mﬂoh oiigh HRSERithota fn WBHST mbi Gfer. 230 1L

he conbi nded aqueous phases Wwere éextracted
RG”%\%%FY HBt et (1200€ 6195800 nL each). The conbi ned

hept ane extracts were concentrated to provide the
title conpound (233 g, 52%vyield) as a straw col ored
Method 2 quid. Pr epar ation 2:

ol S s L RSB B e de (1) g0
to a mixBte bf @&%1&%[@[%]0%&&&5&%&1&10@, 0.677 mol) and t-butyl
methy] ether (220 mL), and the resultant mixture was cooled to 14-16 °C. A solution of
Boc,O (145 g, 0.644 mol) in #-butyl methyl ether (190 mL) was added while maintaining a
temperature below 35 °C. After the addition, the mixture was stirred for 1 hour then filtered.
The solids were washed with MTBE (50 mL). The phases were separated and the organic
phase washed with 5% aq. NaHSOy (twice, 145 mL each) and water (145 mL) and
concentrated to 300 mL under vacuum. MTBE (300 mL) was added and the mixture
concentrated to remove water to less than 550 ppm. The concentrate was diluted with MTBE

(400 mL) to provide a solution of the title compound in MTBE.

Example 2: rac-2-(t-butoxycarbonyl)octahydrocyclopenta[c]pyrrole-l-carboxylic acid
(7
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18 [00174] A 250 nL round bottonmed flask equi pped wth

an overhead stirrer, addition funnel, thernocouple,
wandwvit4segen/ hydrogen inl et was purged w th npPCTa3e006/032481

for several mnutes. The protected anm no-hydroxy acid

(10.0 g, 0.035 ) and N-hydro ccinimde (9.0 g,
0.078 nol, 2. Zﬁlkiar eq.) were é/gs\ded to the flask

fol | oned by 105 of _DVME_.The ure was agitated
ear sol uti onl was_obt ai ned

at 205 C until

(approximately 1§ minutes). The N IaQQZF\'Nas cooled to

-9.8 C (icelacet e, bat h) . EDCHC? 6 g, 0.071nol,

2.0 nolar eq.) Wwds added to the a8k in one portlon.

The contents of ghe flask were aI;owed to stir at -55

C for 3 hours. The contents of the reaction flask were

cooled to -10-+3 C and cycl opropyl amne (4.89 g,
Metho?1085 mol, 2.4 nolar eq.) was added via an addition

unnel vvh| | e mai ntaining a tenperature range of 53 C
[00179]'h &he eaatmoﬂom%ﬁfp@e Vadedbd @V\@f&’s dBredlih a3l Egmte&ed‘}{asla fitted

mnutesthensow{y warnmed to roomtenp ure
with agltei:l}alng:@ e mngriditionfunped R éastR probe, uné a\ﬂMmometer 3,7-

er n om fl ask .an
D1p1rop57{J 22?{1%355\5? lhf’} %ejn%a | t(ll %u,o(? 8? mﬁ)e\yas(%?gemj a&ﬂqs]éoplata
collectnoa rmzs stattad en tHéfiEeaDH/E/ iM@ieienk, ane &hé/mut%t\ﬁa%%ggzd% P 10 -75

oC. E ortl of Et QAc 150 nmL) at 35-40 C,
Seg @ﬂexlt ¢ %]tnscy\ﬁ}@héx Wé%jSlefﬁddﬁdttcethe reaction

0%
mlxturf% ﬂ{@é&ﬁ%—ﬂé anrgngn a);rmfv?g{eie WS%% 'J:rl?_ du% 0Z V@s&%m Oéffg\mh
the ReagdRB. lnsmmqmt raatleh,b allitamrespigped afierahs Wb rinde BERIO8Re ! had

stillation at 805 C was
dlsappe%%entai“a%%dabgﬂ‘g’a’é‘beoarﬁ?%g gR 1Feped IO Tor ttes consacutive syans
(2-miné ysbrehls). ZBhd doutidh n t
lmhel pon )85 g fort ZQﬁdg&rggétE@ r%%dﬁ&ée?r FS gbe&mbx AN 5o 8 ture
of CO, inppifepen Wetcarefitly kpdrged into thh malctloﬂ' hﬁxtpfeoldckﬂping/\as reaction

temper%&%lﬁlélq‘{fl eﬂOta‘%{: ?ﬂgz‘sggﬁgg %\Iffggtopﬁ@ %e Sgn_?o orvb%lagelll htgoegtapgeoared in
the Reaptrh]Rtspe:i:mruﬁf (b cmda UTEe RQAMGHasWREmMRHAS 6% 40 afd %g&u{{{%n of 30

r d _bottom f] as 50 nmL of MTBEvvasaded
wt%e N%E%@R( ]fﬂ}YV?S aded.s The misgutesyasavarmed o 22-26 36rand stirred for 30

filter and t
e, SRR i B BE BB o8 LB S S0l 0P 06e o0
ml). Thagqueanpblede vas dudatted andyhe drBahie pMds¥oondedirRl & AR title
A% . [00175] A 1.0 L Buchi hydrogenation vessel
COMPOuRQy,i pped with an overhead stirrer, ballast tank,

t her nocoupl e, and nltrogen/hydrogen inlet was purged
with nitrogen for several mnutes. 47 WD 2007/ 022459

PCT/ US2006/ 032481 The protected am no- hydroxy am de
Method( 9.9 g, 0.156 nol, prepared as descirbed above), and
0% Pd(OH) 2 on carbon (2.85 g, 0.002 nol, 50% water by

[00180]\/\&31 gﬂlﬁt}oﬂl\@ﬂ 8, 7ot mlézaﬁc%/gtéggj.gtnt)ﬁédkg‘fgﬁ ,ﬁ{sf %gl)%

The m Xture was a

MTBE ép%fr{l,)ﬁ@sr@ggl@ﬂoéhe selitimod AN baapiyoxibonylel-y 15

t d.2
azab1<:yd”ﬂ5[gg’>t @fl Hgm\sﬁi%%ﬁl ¢ ﬁ%ﬁ%’x%éiﬁa ﬂggﬁf ‘g%ie i p%%qggggﬁ@q:lisgrrer,
an add1tmne€8mwl el Matct‘IRr]drchd;) geda tHRAHoMERS S ihé %ﬁxﬁﬁ’e 495 g(%rl]&l to -75 to

o hydr ogen times, venting to atnosphere e
-72 °C. ;K: §9Eut10phcg s%ppggghlp@rﬁg 1Qand, fl;G%M]) W\gps added, keeping the reaction
temperature below -70 °C, until the absorbance at 1698 cm™ had disappeared and the

absorbance at 1654 cm™ ceased to increase. The solution was stirred for 3 hours at -75 to -72

°C. The reaction mixture was sparged with 10% CO, in N, keeping the reaction temperature
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pressurized to 400 psig and the vessel was pressurized
to 30 psig via the ballast tank. The hydrogenation
@h2468S he 30 psig hydrogen Pbynmzmmmsmml

an
below - |/ % g&ji Atf SPATES &’%%FPP%&V%E%% absoghange 5 61, 20peass cibg &eact
spectrufﬂa(% 3/93£ﬁ1é)j TKé rﬁfx‘ﬁﬁ@ RS WafmPA RSGYE A ‘quta"éoﬂitl hQg8o ?HSO4
the slurry wa anpl ed for HPLC analysis for resi
(1.4 L) saq a@dngmdﬁhaempﬁure (Was §earmed m 2225 ecmrmm(1 30 minutes. The
phases g’lﬂ% E asrgtg:?}a alil(i%]le aglq%al\ée ﬁc’% Was; eﬂ?‘sl e élﬁrg(%h%}éll-l avagtlower

than 3. 41the Grédﬂiic é WaﬁﬁabheawaH Wate£E700 THE) 165 8¢HceMBsted/ RMH0OGNL.
eric pressure wth nltrogen and_a sanpl e of

to atnos
Ethyl agefpte 6.1, Ly yagadded apdithe mixtig coprntTatgd 40 $@0 mlfturce to give a
g % limt = 0.5% both
Somor{j(?izﬂslt g?%o%&%dﬁ e(}\i?aeééeéﬂe?‘l was re-purged and
re- pressurl zed wth hydrogen and held at 40 C for an

E Egﬁn ﬂéf 40 min. The yessel was vented to

xampli Frolrlehp - (5rabEtrmahtbaar Eragvaius G3aRdas) 2
bmtted

butoxy BlrboR ek RS Y bifensd PR Fle A SRR RSSO | oxy

am de (none detected; Iimt _< 0.5% both
di astereqmers). A portion of the product crystallized
out of £solution during the ow rn ght s
additi o 300nL of__MeCH was ed to
produc(fﬁ%ﬂs slurry was war d tpo 45 Crg 3
di ssol utyonycadren filtered ov cbed o Cellte(r) at
45 C. The }%et filter cake was |t| nsed wi tMsMeOH (250
n) and YK filtrate was di stFPHBY at atnospheric
pressuregto a volune of approximately 150 ni. Ethyl
acetate (300 nL) was added and dlstl  ation was
conti nued at atnospheric pressure, again to a volune
of 150 nmL. This procedure was repeated tw ce nore.
Zua%mﬁkptane (150 nL.) was added to the flask at 75 C and
t I t
[00181] @hﬁ%@ﬁ%{é e, 3"@&@&@%@% tlhg és\i%eotrf%gg@hﬁ #hﬁeﬂ%’ﬂ and the
mlxtured'rl‘gpsetdathtqugha med ofl Gelitefaés)en? Balcteadhydrbiad -naphthg Blenass.7 g,

s b B A LS A B

w
o s 80 RSV A9 ASE0D 8y B o
20-30 Q&,ﬂmd@r vasewy forfd paurptogive 9ERAgPI erotluct (73% yield, 90% ee by chiral
HPLC)N-t but yl oxycar bonyl - 3-azabi cycl o [3.3.01 octane (6)

‘48 WO 2007/ 022459 PCT/ US2006/032481 N NH 1 COXX 5
[00182]6 To\E3-hecked REOf#] whh a@erﬂpérat%rd‘&ﬁllﬁﬁlér r&ﬁé@laﬁﬁﬁﬁ Sifter, a

flask under nitrogen fitted with a nmechani cal

reflux condepsegr andz njtyogen bublier.twasrehrigsd dhe (Sarel. a4tteteahydroet-er
naphthy%%%%ﬁg (8 én%ga%'ﬁylﬁéflg A G bnd LS‘yd L C%?&{i{og 66

ssi‘um car
mL). Thm:ln)xt\me mtwdrmn&tmym 75 éClvath (230 nThe mnduwaarsuﬁw €r 15-30
mh Q stlrrlngj The m xture was cooled to _14-16 C.
minutes, e%coole to -5 to -10 °C over 1 hour. The resultant slurry was filtered and the
solids were rinsed with cold ethyl acetate (180 mL). The solids were dried in vacuo at 35-40

°C to give 7.37 g of a white solid (83% yield, 98% ee).

Method 2
[00183] The ethyl acetate solution of racemic N-z-butyloxycarbonyl-3-

azabicyclo[3.3.0]octane-2-carboxylic acid from Example 2, Method 2, was added to a
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separate 500 nL eryl enneyer flask was charged Boc20

(di -t-butyl dicarbonate) (145 g, 0.644 nvol) and
woO-2berogbasoet hyl ether (190 nL). The m xture waBCEUSRO0eM32481

until conplete dissolution was obtained. The sol ution

solutioas (SPURSH-teaRydrbea ﬁ’éiﬂtﬁy'laﬁ’ﬁiné gﬂf‘?% R8s ﬁgﬁqg et 1%ite (300

L ove reacti on nlxture ee | e reactil
mL). f%ﬁ\@f*&ﬁewé strgrquozs 4choumt@a z(sm tman)ﬁlmm ad@lehé soli@s washed

, tu ed for 10-15
with effy P SRLYE AP TR HodFy ™ e SR T idteminer 4 hours o
give the hléle@r)g:@nmni e, wa% yielﬁhﬁfﬁh\étl d5ho 3% @GeropeHIRA.
[Oﬂlsdgt g‘ an‘ﬁ,EaCh then water (145 niL). The
g{a ]gurﬁﬁ) 8 splies pmaedrebayed94he), pibyhapeetate, bod Y4propanol was
atbe oI utio 0
Warmet o g 7‘2’2r@m ugggg(ﬁ'g%l@t% dgs t%{xfl[)ﬁ Jﬁé’ ﬁl ;?tﬂi was cggged(%g %Po 10 °C over

two hoprs@nd stirredHBiry3-4 Bimirm Tl@«‘:hmture%s ﬂﬂ?erédlé}ﬁlgche ?i}gﬁ?l@ﬂﬂle% at 35-40
g,

0 7 A sol ut.i i um _car bonat e :
CtOg\%qgi ﬁle \/\9&?%‘?““(%237 39/0 d:a’g%é %¢9 a mixture of 3
-azabl cycl o [3.3. 0] oct ane hydrochl oride (100 g,
77 z] and t-butyl methyl ether (220 nL), and the
Examﬁlééu(li)ahp paylethapamisiunodSSaR,@$)2-¥6 C. A sol ution of

utyl neth et her (190
butoxy?ﬁ@\%gg %ggg%rw?lpgeﬁmygmf 'n‘g Of‘lélﬁffeéﬁi ure bel ow
35 C. A¥fer the addition, the xture was stirred for
1 hour %then filtered. The scijlds wer g—washeghyi t h
MTBE ( ). The phases~wer e/ para dnd
or gani vvashed wth 5% a (
nL each)l an vva% er (145 nl) an Sﬂ‘éentrat ed to 300

L underco,gtam:uum MIBE (300 nli)cwgs, added and the
m xture concentrated to renove water to |less than 550
ppm TheB concentrate was dil uted wiebh MIBE (400 rrL)

[00185}EX0T(5’5 Qé{ﬁtféfﬁ o r2Uifd Ngf-‘bqurlogi}bcearlgolnty angngyclll&g 3. octane-2—

carboxylacacﬂi— (@t66tg)t1ﬁ) K&‘l@B{idé&lfél { IX)Q V%“Zé%{) agl;a%(g %&Lﬁb%faﬂhﬁe (56.7

d alr hoxylic acid %
g) and t PROYeY Hipeddor 1 f@@%ﬁ mfheaulmﬂtwaglﬁlteﬁaﬂand the solids

e 8000 Ay 018 7108 L 00 O TR i 0 e

to give ima tgarﬂpcca:luc’s(t%% 82% ¥ 9Rdditid Sexbotnas biasRrd3aacY)! R
probe, and a thernoneter. 3,7-
Di propyl - 3, 7-di azabi cycl o[ 3. 3. 1] nonane (183 g, O0.88
Exampl¥®:) RSO . t coll ecti
Pstar lga%on t I%gq%et%lg({ Ittagﬁ'idfrﬁééféﬁor%ﬁ a’[g]gﬁarotl?]- - ﬁ?‘?ﬁy}‘\%ﬁ &
butylestgasoxadateed to -72 to -75 C. sec-Butyllithium (600 ni,
1.6 Min cycl ohexane) was slowy added to the reaction
m xture, keeping the reaction tenperature bel ow -69 C.
The addition was nonitored with t React | R
| nst,r/U\msnt and ddi ti on was st o ped after the
absor bance at 1 had 7 .CoH,0,

CO, t-Bu

I=

9a 1

Method 1
[00186] A mixture of the (5)-1,2,3,4-tetrahydro-1-naphthylammonium salt prepared as in

Example 3, Method 1 (81.7 g, 0.203 mol), t-butyl methyl ether (400 mL) and 5% NaHSO,-
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di sappeared and t he absorbance at 1654 cm -1 ceased to

i ncrease for three consectutive scans (2-mnute
wonv@evoeadss) . The solution was agitated for 3 hegrasaios/032481

-75to -72 C. A 10% m xture of CO2 in nitrogen was

H,0 (mvr Blp0.894 spayreadtied %ﬁmnfrﬁl?é%ttﬁlﬂgalgkﬁﬁdﬁ rw?ere &@?o‘fve%g The

g reaction terrperature bel ow -7 par ge was
Ofgamgtp %Sﬁé’dﬁséﬁslé@d WHb “@Eﬁgmf’ambéﬂfeorcoﬁz@mmmpe@@smmmn z.mhszl methyl

concermdled prcﬂéhss mmpﬁwed/mcelvﬁbﬁe Akt t12e2ﬁ12a5 c&&ﬂﬁ‘aﬁ&d A ﬁs%g)H (158
Lya Cﬁ{? ﬂ@' m nut es e Agueous phase was separ at ed

mL) apq dmsylap leomﬂrgig%e ¢1vi mmolawere addab A selytiombEBoc,0 (67.6

& 031AUBON R RORSANAAOARAT ARNOP RRAARLG PRISS O oy

concentrated to

ambiertdenmpapture, ¢bhiyl msthybdether (158 mL) and 5% aqueous NaIilgg4-H20 (260 mL)

0 3, 7-.di azabi cycl o 3. 1] nonane ( g,
were agd"éiﬁq’d% P"'\éwta Sﬁ%‘)e m/eﬁle 35&?@@ Rhese Was washed ot 5%

aqueomde@lt(t‘vﬁblé VI60XNG 84 ﬁg’gﬂlez g’rlgﬁlﬁg %?l? ag\{z(ﬁgc%{ngengr]ateﬁcté §28 mL, and

m Exanpl e 1,
tetrahyﬁgzﬁargﬁl(%ﬁ) mgy wag @dded dhe qughinid masd wanedncedtrdRebadaio 320 mL,

dth t led t
and tetRIASLaEN A AORLIDIRRET AR cnlnmhiingith St mins o mooreL
metharg. ﬁlfmlcm (add@qo 6B @@f) Was AR d8d aitd s%[hnoh%%{@%ﬁ h€ambient
uptil the absorbance at 16 da

temperaﬁugea%gﬁ élgr}é)dlrsa ntheirpaction pas e weeadded 16543 O%ﬂ@e@mhﬂloh of
t 3. h
K00 O B8 o R P Rl el B imd oy 220
mL). T@@@ombm@ dkgrani pitistsheert eandentratetl @TREY AL kR é M@yl acetate (320
mL) Was ;&7/%2&@ 59 PCT/ 82006/ 032481 bel ow/ V- U
GG HasOgp sHtiomwAS eoncenied st 3?@rmboihapmarcsphase
was walslibcl WEh Raas (3108 mBp el%ﬁlld 1R B3t @?@) é%d) \X{ Rg]e’gé&zflee ?r‘%’%ilc

warmed to 0-5 C and utlon
phase apy thgssol quméwsaqqucemtretemto(ﬂﬂi mlwdsopvapytedette (220 B%.) Gas added a

second s ikt Bl Sl s tueleado 102 Mk sulbion hosic acid
(24.1 gy Ihm\oﬁ lin iSoBRIPyBace (428 GAN) &asﬁﬂﬁé@ gc}"@g n{&mg%ﬂmo'ﬁ over 2

b ter, (700- mL) then concentrat
ours. %Fé%f@re(wamwd\m@ équ andcthe Klermyivwtsfilerelo I’Tld&nt/}nﬁatseﬁds

were rlﬂsgd %\%@1 n1 3 Iréﬁfyel ﬁet{ltg zgc 0.1 %26111%@%%} ggé&f é Enede} Ivzgclu%m to yield

52Ggqfﬂ)eﬂﬂezccﬁnpbimm(%ﬁhytﬂl@napht hal en-1 -am ni um
(1S, 3aR, 6aS)-2-(t-
but oxycar bonyl ) oct ahydr ocycl opent a[ c] pyrrol e-1 - car boxy
Method 2te (9a) " _COOH QCOO NH3+ (Q02t-Bu CO2t-Bu 8 9a
Met hod ] [00181] Ethyl acetate (2.3 L) was added to

[00187]t s misrecofe Spl, 2B tetably do- FredgheiydmmadnRint 88t as prepared by the
method of Example 3, Method 2 (148 g, 0.609 mol), -butyl methyl ether (726 mL) and 5%
NaHS0,-H,0 (1.58 L, 0.913 mol) was stirred until all of the solids had dissolved. The
phases were separated and the organic phase washed with water (726 mL). The organic
phase was concentrated to about 400 mL. 1-Butyl methyl ether (726 mL) was added and the
mixture concentrated to 590 mL. The addition of t-butyl methyl ether and concentration was
repeated to give a final volume of 350 mL. Dimethylaminopyridine (8.42 g, 68.9 mmol) and
t-butyl alcohol(260 mL) were added, followed by addition of a solution of Boc,0 (112 g,
0.52 mol) in MTBE (88 mL) over 0.5 hour. The mixture was stirred for 5 hours at 22-25 °C.

A solution of 5% sodium bisulfate in water was added and the mixture stirred for 0.5 hour.
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m xture filtered through a pad of Celite(r).
(S-1,2,3,4-tetrahydro-1- napht hylam ne (56.7 g, 0.385

woub)7/eas9 added and the solution was stirred fecT@54006/032481
hours at 22-25 C. The mixture was filtered and the

The orgait ] itMisY i el 4}
e orgait @BaseBiR WwdsREPHitMS /J"so%%gﬁ{ %hl%ﬁﬁé Mce( Zg&n@(;%acll) aﬁ@u s

solids were dried at 20 unde acuum

conceqt@teg‘li 9276 glg 2 Tejraby dyofiardn (140(@BYsvys adddd a8 theanixnyre concentrated
i.rad . 1 To a 3-necked RBF fitted with a

to 270888t prdfeltk s PR ol sty EF obie rabmme @l el

Methagondonsercid @TdnB) whd 4dgé Bvaubheir, WHY%%n&iHﬁEﬁﬁ??Eéﬂ?pemhne of

: S) 1,2, 3,4-tetrahydro-1- napht hyl anmoni um sa
lower TE‘%’%?’éS an@étll‘?znﬁ%‘lprjz ?étngf:ci-@q 22a% ‘%(éf% 12 toprspriThe naipithre was added to
a30% éqlﬁh_roﬁp 3ol 5 .tta%gﬁllem cABEndlL HﬁrﬁLy\?fﬁlg%{ %nl&i%_aégrhggrature

Wth stirri m xture was s

of 22-3% %ut Bae, midtem veo dilerkd; the phades sepki@at€ll @WEthe hqitdus phakB@xtracted
d and. the solids were

N ¢ |tant slurry, s filter
with isppiSE e {rvisp ARy ek e T e eremiscohig wasTanacersiatadkio 270 mL,

then tWABY @/aflbiaRd With 48614ByBlceRR T : o
“whi t iR ( 83_0}?3%?}& d R0 b btk ¥ fing %M%%S@HEL' The
organicphase was mashed with weieo ftwixfe, f4mili),chen twice evaporated with isopropyl

) b | - 3- .. .
ccctate JA0,M9 K O K30 D bimR of 320t o enshisparopy Letmiesiigh L)
was added felibed b addiEien 868l eslufieh &F oxalkic W4 7494 {g?@%&@ 3101) in ¢-

b PTgT{ US2006/ 032481 sol ution of
utylmetyl ether (32 4 mig 0w g leuss maiginingyl temperetuf & 6f 22-35 °Q. BBS

i [ 80 4 e o xture was .
mixturd e stebSbE hofi 6} 25,2 1 Mg flbkeq. it ol SRoshgr yih
150propyh @Cdew&b (9 mbpaeidhe Wdugugtglﬁl‘éﬂ aagsanalf’@ uﬁla&a?a@ﬁﬂlﬁ t(ISIW- Bi%e the title

roduct, was drj t - under vacuum f or ours
compo asm@%@i(??ﬁ&aw ound (99.02 g, 36%yield) with

a 95 to 5 diasteroner ratio. [00184] A m xture of the

salt as prepared above (89.0 g), ethyl acetate, and
Example ¢ GiSadaR,608)st-buii 2H (B)t20(befizyloxycaubénylamaia)l3e3-e

. :Ssol uti g he mj xtu was cooled to -5 to -10 C
dlmethgi/bzlﬁan({y\t}iﬁ)cﬁ’&'}go%’%pg?{af‘il%" rplrl-savboxylate(27rne ni xture

was filtered and th@—p{oduct dried at 35-40 Cto gigf-e_\
theQitye compound L7379, 83%yield, >99.5% R

e~ AR)+ | - phe yl et hanam_ni um_( 1S, 3aR, -2¢(t
but oxycarlbonyl ) ochi® opental c] pyrro o
late (9b)° NH3+ N O, 000 CO t-Bu z j<

9b ][00185] To a soulti on of racemc
N-t - but yl oxycar bonyl - 3- azabi cycl o[ 3. 3 pct ane- 227
carboxylic acid (4.66 g) in ethyl acetate (100 nlL) was
added (R)-a-nethyl benzylanine (56.7 g¢g) and the
MethodSP' Ut1On was stirred for 16 hr at 22-25 C. The m xture
s filtered and the solids

[00188] A 3-L 3-neck round bottomed flask equipped with an overhead stirrer, condenser,
thermocouple, and nitrogen outlet was purged with nitrogen for several minutes. In a
separate flask, sulfuric acid (46.2 mL, 0.867 mol) was diluted with 442 mL of water. The
solution was allowed to cool slightly. Cbz-L-tert-Leucine dicyclohexylamine salt (330.0 g,
0.739 mol) was charged to the reaction flask. r-Butyl methyl ether (1620 mL) was added to
the reactor, and the mixture was stirred to suspend the salt. The acid solution prepared above
was added to the reactor over about 10 minutes, keeping the temperature at 20+5 °C. The
mixture was stirred at room temperature for approximately 1 hour, then diluted slowly with

water (455 mL). Agitation was stopped, and the layers were allowed to settle. The lower
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were rinsed wwth ethyl acetate. The solids were dried

at 20-30 C under vacuum for 4 hours to give 1.47 g of
wonoahver450 43% 82% ee, 92: 8 rati o of exo:endo PCT/US2006/032481

di astereoners). Exanple 5: (1S, 3aR, 6aS)-t-butyl

(aquems) pliuge as WethaRGM B [p?(]\ﬂ&'e.r TR’O%L 08%9% L%?l oftpgdz To thg

butylester, oxalate a
organig phasqugmeiging it fask vois chargn@a&chdonal [mmsmo AL Théexture

N s T AR S
layers mre) allctwelduto yéttleeThy lovet (Rficb glié'ﬁ’e)l:vae% %g}?ﬁ%@ﬁ%@éggégoom

color 21007/ Oéﬁ_f? CT/ US2006/ 0324
FoPY IR O £ d4e prgansphase piesleatpdttp Iabfaltl355°61 didstedverita DMF
(00l RO RS NS B v

t hen concen
s1gn1ﬁtéatn|t,l§; legugag a nQI)cemagte ad dieshit 500 nilh eTle0d e E@htdVREs transferred

59 nL. Th ddi t -
without RS S ?‘b‘?ﬁ&%ﬁ g 0 Scop%eﬁlérgfega %}@9‘;’ @nggqriqys golupipn, eveighed

COﬂCE

511.6 g.hBagk d | &1
% | rr; tehyla)i’a aS(r)n ggg)@/fﬁ%& Iﬁfrlleg?ﬁs ?ﬂd’ Ry 9)12 i&g@ m‘%@f’)theagoqutloélucgggmed
187.2 sn(GsHleunply fbet -Bﬁ@@m@r@? 6 g, 0.31 mol) in

t t dded. After
[001891 :?Pra?’ﬂﬁg%fﬁ(;é;éi( &%’ourog{) d%ﬁ% oéﬂﬁpefjéwgé‘i‘%?‘(ﬁﬂéeadtmﬁ%yl
themlonempig/,ladéitlbﬁlfur(nibﬁ&dﬁ’u)rogélﬂinﬁ:‘l/%%@ﬁ dOBPATIE A 62RY 0,678

and the resultant mxture Was

mol, 1 %é‘%ﬁrﬁﬁsf ’ggﬁhlégb(l\%aé&gaﬁﬁéa nygly hz@mla@qéaﬂé DMF (480 mL).
The sIBGHAS ot to %?53 %18%%% ggl% ?g{% &F&%Yﬁ%mqne in

concentrat ed
DMF (4s3 ad@i@4b mohd . 3armelar eq. pvasided svetTaHuialits %quéd'&ﬁntxﬁxture
ft

d tet 320 ni dded
ot B b B A T e o o o 27

te1CA dokuBOn bf agl Y
oS S OSSR 1, LE LD S
acetate ,(%&3% Pit%nd WX gLl é64/\}ans>l)aivb3“oadd¢d30\aar 30%hiadtee ohsle k6¢ihd BB reaction
| 5 and. rred Th ueous phase was
temperne LGS G the FRbOBp ok bl tiemed 502 I ovrebout Thou. 4
Methylmorﬂhohﬁéi 3A3a) |o<339h§<§e§ 6 Ll

and isop S opyl acetate ( 32%{&%1_%91'}\/\(:‘2% agg%‘ggvet@h@%gteaaﬁp%
fea"“"%@?’i}?ﬁed’}‘?s\&agaté‘é ﬁﬁéﬁthoawetberalgapmpﬂmc%& (@80 m‘l[t)avas agaéd 1 the

e T L LT VR T

water (5t3hQ§Z g)mvm added toethe me@@ﬂmmdmuﬁn l%nmes fbﬁ@@%@@%h
methy! g ég%g n@) was added a second tine
’%?YB £ B> md. Geheetareane a“h@ oeamzn miixtusk was sampled
ft
after 3.5 | W@ (7 593at &ﬁﬁ@%@@ﬁn}m% & fTRickt bf fipiies. then

i sopropyl acetat was ad
alloweddpsettle &1 Idweinu®s. The phases were separated The aqueous phase was

extracted with isopropyl acetate (716 mL) and the organic phases were combined. 1N aq.
HCI was prepared by adding 37 wt% hydrochloric acid (128.3 mL) to water (1435 ml). The
organic phase was washed for about 20 minutes with the 1N hydrochloric acid. A 10wt% aq.
K2CO; solution was prepared by dissolving K,CO3 (171 g, 1.23 mol, 2.19 molar eq.) in water
(1540 mL). The organic phase was washed with the 10 wt% aq. K,CO; solution for about
20minutes. The final clear, very slightly yellow organic solution, weighing 1862.1 g, was
sampled and submitted for solution assay. Based on the solution assay and the weight of the

solution, the solution contained 238.3 g (0.520 mol) of product of the title compound.
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hours. The m xture was stirred for 2-4 hours, and the
slurry was filtered. The white solids were rinsed
woi2bdv/2s6pr opyl acetate (100 nlL) and dried at BETAR2606/032481
1 under vacuumto yield 52.6 g of the title conpound
H NMBaSMsiceld 500 Metrhos 72371 h b
(Si- 1,2,3, 4-tet r?hydr o-p?%g%’tﬁyﬁ%%%ﬁj %I Iy ) -03 ppm (2
H, 5), 4o} bprin ¢4 Hol),t3:28 pome { hHdd)o 8. 68T Hpem 32 H;/ﬁt)h@.dzaéglﬁ&l @l H, m),

228 M M B8 oELE 81 0EG (2 T 00
H, m), 338tgpen GOHj 951.86d 4380l VB ) 16 p;Hﬂ g%ﬁs syere
S

separated and the organi c phase wa Wth water (726
m.). The organic phase was concentrated to about 400
m.. t-Butyl nmethyl ether (726 nL) was added and the
m xture concentrated to 590 nL. The addition of
t-butyl nethyl ether and concentration was repeated
Metho give a final volunme of 350 ni.
met hyl am nopyridine (8.42 g, 68.9 mvl) and t-butyl
[00190R! BQLAIHARP plaksidB g addi t1on of a
sol uti on of PBoc20 %fggég{g@?’é gyn?%ﬁ r(?éo ﬂ#géva(sggd?é_soa
suspenseept (.S52H6B) 3-aThigcyrio(s Sriostase-Bimbbeplid, buf 1R skakke (80.0
22 C. | uti on. of 5% sodi um bisulfate in water
) in i0RioPYl et (B Wi tang p dampestivs & oui20 '63 Tio
mixtur2QATIHBRAZ600 BEEHLERAMBLAIAR 1 d(m@ e Swi
b0 St W plac A sdfintte tvﬁ}%eﬁﬁﬁ*aép%gi‘éslﬁc’?WIth

25% Wxaﬁ%ﬂuee%@aﬁsm earbenstex(30 mpll) to Biter aslyidorobithafreé 544, Mina
i [ trate to 270 ni;

sra B RIS RS, SRIRRLY Lt 10 o i
leucine distyolvbexflaBif@ sait (1 18[‘% RaRBut§hdt icthed €640 hBY Wil miBRai ga
tem er%dde? gver OQ. 5 I?lour_ il e maintaining a tenperature of

PeriRer aborR036- dhgmpixtusewag stirraddos 0.5 hoey tht plRResdBpatatednnd
h ahie | a d,to a 30% eo
the ngehf HONE S 0SBV PG, 8 00N SS,
methylmerphelaien(8Agnla) wergddeditouhe orgahicdhadbwhich W8 cBhoshihied Wager

o R Ao St Rubt o
hoBA& MY hi i ' i
morphoBa& NThis $Mati6K %@h&deﬁg@§ﬁn h%?es(gﬁtggg bggbgds% %@ié@i&%{rﬁe (40,6

. ..then twi ce evaporated wt|
g) in N-msthylmperpholing @80 wall Juatrd- 16f°C5 Aherthixtibh vas SligeNics 1MHOBS& about

0 i th twice, 540 nl), then tw ce
N TR .
added aff 0-@."C Yol awver] 1f N 328 MGt (Nal) | at

] g;liz)g 3ggL), ,vvas]gfadded yf;ﬁgtlol ov\/e&ollIa gy akoT%{i ??%%%g%}eﬁgﬁlgﬁdﬁé)m
hour thep i |igh iseprapylagetated 60Qmi Agolhariad bhynl X HA G0 mED hlfter
it rsS,mintaining a.t rature
siring @5 GG Gkl B R YR B G e R 06 o
aqueous 2RtaBSuB dattemafei (HOGMEY and hatek (80 ﬁL).C?K@m‘{ﬁﬁreVWass%gve&h

bout 1 1 sopr% | ;acetate (100 nl) and the prouduct dried at 3

a houygn Fes\SERaTaiRt {0eiye 9 solutien of theditle compoumtiindsopaopyl

acetate. White solid (88.4g, 81% . Exanple 6:
(1S, 3aR, 6aS) -t - but yl
2-((S)-2-(benzyl oxycar bonyl am no) - 3, 3-
i met hyl but anoyl ) oct ahydr ocycl opent a[ c] pyrrol e-1-carbo
M”""’"Sw ate (27) OH + O
[00191] (1S, 2S,5R) 3-azabicyclo[3.3.0]octane-2-carboxylic, t-butylester, oxalate (1.0 eq.)

was suspended in isopropyl acetate (6 vol.) and a solution of potassioum carbonate (3.0 eq.)
in water (3.5 vol.) was added at 20-25°C. The mixture was stirred for 3 hours then the phases

separated. The organic phase was washed with water (2 vol.).
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OHHNOOXNNO OOHO 26 127 Mthod 1 [00188] A

3-L 3-neck round bottoned flask equi pped with an
wovereagdostirrer, condenser, thernocouple, ardr/US2006/032481

nitrogen outlet was purged with nitrogen for severa

[00192']1 lﬂHzaSleudlﬂe dicyd Blufind LAS0H L{)gseﬁ{_)f\y{s s\?\lﬂ;?e%dgd 8oprof)ﬂ'l acetate

6 67 nol) was dilufed with 4
(6 vol. ga%qql@lﬁcmgl @131 eged Wa@r(fﬁ)abl Jswasgldeq at 20-25°C.  The mixture was

I It (330.0 ¢
sired SOE (s BE SRS s LFRNE SR 6 e oo isbhed o fgh wter
(25vq1~ea¢h)J ether (1620 nL) was added to the reactor, and

m xture was stirred to suspend the salt. The acid
100193 Tkt SQIPtipns fiom abexeaverasembiigd dnd thenlvooked ac 06 COMOBt

hydrat@@lolJ bq.§ ShdEpHL vg q[)ex%}é g@s LOG ALY :Iﬁjgt%&r%taaa ihefra}xuue stirred for

M xt ure iTre room
6 hour% pmecmmm ovap Waslnszdjmth Waem (ﬁvdﬂgtaﬁd ti5d &Mlﬁnﬁ\’oféﬁmc"}\ﬁ%%" treated
on ma and the |layers wer
with LifkaR (L) LN Alhohbas, &MM)@ego@vz@zﬁs@ destroy exoass
activatéq dstddSTDE Bdi QB ds theR QS t?%‘?j)ﬁ)t%é@ g V‘Q%mg?) IN

ngV|de 1100 nL colorless sol u
hydroclogigarid (rvakk 5r°/emtamumg carhonate(5 a3 Ian&vaslce hatmgﬁﬁer (5 vol. each)

200. nL m xture was stirred at
fo glve%%glr%ttlto gﬁgehr \gﬁ cgn* 8@%%%%????&@8?@@ hour. Agitation
was stopped, and the |ayers were allowed to settle.
ueous) phase was w thdrawn to provide
Examlgf)gn{&y\gﬁg ‘sb“‘é’ IZTI(S)o?naminanSahmFHgylbuganylo- phase
octahyap&ymag,ﬁq &ﬁgg Sﬁ)& ed with DMF (300 ni),

concen pressure to the p0| nt

at vvhlchd tillati nslovved S|gn|f|cantly, Ieawnga
concentr at e Jof 500 m.. The co nt

transfecr al-lNl S ot ottle
The cond@Mtra e, cl ear coI or | es&:Ns0l wei ghed

511.6 g. Basea an SeBut i on assay analyslas 4 he

solution weight, the solution contained 187.2 ¢

(0.706 nol) Cbz-L-tert-Leucine. [00189] To a 5-L
Aﬁﬂhmﬁ{neCk round bottoned fl ask equi pped with an over head
irrer, thernDcoupIe addi ti on funnel and nitrogen

[00194]| rA etL, B@cﬂﬁ hohd D%Hm g 12;6#%&919%:1@%&1 t}ﬁgeeac{tg% %pg% ¢‘portion

| ar eq.)

ofa12. %W o SORHIODIE ((lﬂ:@@Rrﬁ@ﬁ) z‘-bﬂ’dbe-zﬁdSl)QF@eﬂ@&ommib@dylbﬁmﬂ)‘)@ 3-
dimeth ut o?ﬁgr ?ﬂ‘ﬁ?_ oi)teI tﬁpc] tI? ig:iﬁ@xglateo(aq prepagsd by thegmethod
of Exampi)é é,rMemoc)l ly\hﬁls@.ﬁdﬁﬂ BB (37305 DEG LD M&echgﬁgg& ‘t&rﬁa@

; ?n E whi | e keeping the tenperature at
teactor. [SoRFqRY biperata ({90 amlauasadded tatht evactorh duslumy df 2% water and wet

20% PA(OMYLc8Hon 13 9

P Emou O3 Bl setsi (kg e psompdang shpeed to the
reactor apdtagitation wasoypartrdly IThe et tves (2@ s izt %6 3é%§1g3vv191 m@o P&fas

d addeg over 53 mnutes while keeping t

an Ventgg g \{Vp\l\g?] atmospheric pressure. This was repeated twice. The reactor was
pressurized to 30 psig with hydrogen and vented down to atmospheric pressure. This was
repeated twice. The reactor was pressurized to 30 psig with hydrogen and stirred at ambient
temperature for 1 hour. The mixture was filtered using a Buchner funnel with a Whatman # 1
filter paper to remove catalyst. The filter cake was washed with isopropyl acetate (80 mL).
The procedure was repeated twice more using 617 g and 290.6 g of the 12.8 wt% solution of

the starting Cbz compound. The material from the three hydrogenations were combined and
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tenperature at 0-5.1 C. The reaction m xture was

warnmed to 205 C over about | hour. 4- Methyl norpholine
w(O3do7a82439 0.339 nol, 0.60 nolar eq.) was addedCoABR005/032481

m nutes. The reaction mxture was agitated for 16

. - i » t-at e
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Exam R 98 T 2 eSS sk arnen
cyclohéﬁi&efiﬁﬁld'oﬂﬁ?-@iﬂ{eﬂlﬂﬁﬁmﬁloggﬁggﬁ{l&%ggcl@'t)%@ I}ﬁ—){?le-l-

mai ntaing a " tenperature ure
carboxydate €¥0)rred for 0.5 hour, the phases separated and
t he organlc phase washed with water (200 nL). The

ph were separated and N- et hyl nor phol | 80
dd t H&#BrgakPE phase whi chgﬁg&:o cent/r a

un

zlﬁe

sol ubl

ax

e
re ed pressure at 40 C %S @
as a+sol n i a—N-methyl zorpholife.
added a mxture of HC1(50.8 q)

HOBt hydrate (40,6 30

Method 1
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g) in Nnethylnorpholine (280 nL) at 0-10 T. The

m xture was stirred for 1 hour at about 5 T. The
weabartizoss of 3- azabi cycl o[ 3. 3. 0] oct ane- 2- car boryTius2006/032481

t-butyl ester fromabove was added at 0-20 C foll owed

[00197]y TN-nBLIBehevabDbd - L xture, vas stired
therm.Or 6 hour then di I%%%SW?Q%%%?& g‘(’:% f\'gal?iegufréﬁo
ermagpYple.Addiinacfungel) mirprin quileOandLipe/wafet biith vedsichfigsd HOBH,0

d th ic ph
G174 B 0mas i, ROS R RC NS S S0ameint B male cgadaliowed
by DML(1 9%, 26R.8 mI)&Mdnigitatichheasiatted! THORRr St @81 0-5 °C
give a ’

t . th h ted t
then a §in Grbecid 33 04,45 oG shomaina. (ormolsop bisDMFQaL s 1829
i S, : :
R B
to the hgjcly mraintgining thetenperzse atGH N ahdeAdHHOR Vv&h@ébm@faﬁ%ﬁ% Feaction

. . oSl ution of potassi oum carbonat
znlxturée g/a%/ gélfa%c]ec@ﬁ%éf é gorgz Reyyrs. )qu,ggsghg@g@‘ﬁ the anpige 28 @) isdprpyl acetate
450 g solutiots; @oM@Risd 104 ' Ne.RNASES 44

¢ sl couaniad 11456430 0V 2pd 58, G o e

and adq}gmp WS Ofer Dowy heRRAiB e RETIchiBeRfG: @BE48T. (RGO alysis
. _t - ine. di cycl,ahe ine. salt (1.05 eq.) was
;ndlcatiaﬁlég%ng%%%‘i{e%ﬁog'&%? SO, B B arpah gt (3 8 votaded. cAfer 3
ours, selydis(of a3am@le) shotwedatiges | %

0,01 @e ﬁ]( xta Sg\:/;ss gti rre%rﬁfﬁlg?@?fgﬁl%ﬁﬂgﬁ't %%ﬂﬁﬁhgf%éggggg (2.59
& 001 ¢Ral DG HICH 24k lion msinwes prapived it DVIE(MULSL) and
led PC > ! The t lutions from
ol . orC 2 Sl | 901 Sl Sy WP LU, i
preparef o added(tq e sarry oBRDCHDC 4nk HOBT. th DMIF @veMSRERdRd i n

. .the mixture and the mixtyre stirred for 6 hours. ‘The
malntalflrﬁgg fhe rga\%hogl temperagire at 445 y\%{ &he pExiyes was simgdtfbuel hour at 0-5 °C
then addedgotid diebiRd] SRR WY ith L-lysine eq..)

e andN nec?ti%} | m@l?ﬁ?’ﬂ%? ?%gﬁ%ﬁ%%a% ?f]!eyi{% Itngiturf aﬁ§&“?é for % tours
at aboutdes (r oy selkities of hiseminea?da] @4t8drg; 0XIo8 Iy Iriﬁv@tef"ﬁ% i as
|

prepare?:@gf%@ﬁ%é lﬁigéo/%c:%o}l ?niii e r%\fe?%%&”rgéﬁg@éﬁ iA\L/ﬁ(ialai%’rthdh ate (5
methylmorphlin@(t3.0 Wige €.129 hfbl)‘"@ésearddé@?vtﬁ!e balCR G0 ab%gtagje%/quges,

. ..solytion of the title conmpound I n I SOPropy
ma‘“‘*‘“ﬁ&%ﬁﬁbéwh: tepperatsRateS) °C. Bl yéaction mixture was diluted with

: abdeSh i - di et tanoy|)- . : <
gj@;ﬂ%@t AR o aved W OB R LI belemeEoquamjuny ewbanate
8 8) @bwats( A SHITD) NaOaRiEd GRY HBUN LS wWad2k 1
were sex%loﬁq 1‘524% P Lachl by dr %891” ator V\@Sl%ﬂufrogggh%%{.hlﬂhe ayers
Fate té\ A9Rg0us daveT Was extrre Twgegvigvisopronyl attate (h2ic8, 285%L
each). TolbinbRied Qfgdn sl i
) 3 _N{ﬁ&f‘ e b% nicyllﬁlggig&%ggﬁfl e&%ﬁﬁ%;S g/o agueous HCl in water (585
mL), theg; 1 Bdt2arg) yi yater §585dnDY. yDheOlnpett dlefd RYphRld8s loived 1Rt
yellow Sﬂé{iﬁﬁ gfﬁr%a ﬁr?’%par ed by the nmethod of Exanple 6,
L6 Pane} VSR BB srckiareshvs. 694 ¢ 0208 6Lyobptaining
16.0 wivn30cindsgrsbyl Qcdthe,
1
HNMR (DMSO-dg, 500 MHz): 6 7.74 (1H, d), 7.36 (5H, m), 7.34-7.26 (1H, m), 5.01 (2H,
), 431 (1H, d), 4.02 (1H, 1), 3.96 (1H, d), 3.73 (1H, m), 3.66 (1H, m), 3.68 (1], m), 2.53
(1H, m), 1.86-1.76 (2H, m), 1.70-1.30 (10H, m), 1.39 (9H, s), 1.15-0.85 (SH, m), 0.96 (9H,
S).
Method 2
[00198] A solution of Cbz acid 29 (59.62 g) in N-methylpyrrolidone (126 mL) was added to
a suspension of EDC.HCL (39.23 g) HOBt hydrate (31.34 g) in N-methylpyrrolidone (221
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reactor. Isopropyl acetate (100 nL) was added to the
reactor. A slurry of 50% water and wet 20%

wod(@dp2sear bon (3.97 g) in isopropyl acetate ptoA&SPI0P/032481
was prepared and charged to the reactor and agitation

S st rted The rea 0
L) wifle g e Re R ER o gRaq Coaerhe Syl Rikdte was
stirred F6EE.S Wbtrs af Mot VAE. epgai@tofithé éirﬁme-ﬂsf{@ £4¢! & prépdied in
pressurized to 30 psig wth hydrogen and vented down

Example 7aMethog Re it tsompexlsaﬁr:@te (B2 &1 3 aflderblgttbemixfeanaimigining a
tempe{saﬁ.lﬁ% E)g %b \2{?6 ogf %Sf&? Eﬂeza%(altfé)?l a’{ﬁ u?l%&l‘]%r‘%fteﬂomg rcél)_giﬁﬂn %]R)Ol’n

anbi en our
temperitugt dhi®stivesl fot b hewsd Au&lmwnaof@otdssimn darbumete (20 ﬂﬁg)an water

(316 ) by ek il BV SAE MPEROPEED P B abe pgurpyes
v1goro§§8 gﬁ@&: E?Wﬁh&ﬁs ThE ﬁe?@e}é"éeg%agﬁraﬁ?ﬁlﬁé cﬁ'gatﬁé- h&e%musly

e 128 % sol ut | arting Cbz
Stlrredomﬂpmiﬂlfdluni'hfﬂ‘bmmt@fhoéB $riowaten€3 1mep Thyalorggein phassrzas

e T N R T

solutldrﬁ%‘%hé &1 caRbHInI 30 1ﬁ‘ﬂs@§r ] &etat@s assayed for the
| e conpound (23.2% .9 %opurity). 1H NWR
(DI\/ISOdG 500 MHz): 8 3 96 ppm (1 H, d), 3.67 ppm (1

d), 3.53 ppm (1 H dd), 3.19 ppm (1 H, s),
Methdg 3,67 2 ppm (1 H, m), 2.49-2.53 ppm (1 H ).

[00199] Z‘rgo zlscﬂ&tlcm)(b‘ﬂ (IZS 3d.R 62[9) t—bht}ﬂ@-(.’(.SYl-amﬁlfﬁ §.3- d‘fhleﬂibllbutanoyl)

octahygpeeIoppte e Yol breabbiT Il GhelLo ieREDY azetprsdi@gw Y added
8_6,
NMP ROV} Rl o DR D) ORI e L] OTIERRITENS- ©, 5

(benz3g¢xycarh@nhlyldmmgéha5tclmiwxykaparcatcuh(29Th@S a@)(m]dethftl Suspasion was
simed SO0 51 o The TR iARE WARIeHAB T 1 HEB R RS oD A
mixtufel ¥ ggy:{g@(q%g) N®1 fr2 éc})eahd GRKSE (1281 Skhs WAL dndQRE RRMlire stirred

acet conbined filtrates were
for 4 hey &;ho mEKRge Wat llnela b@shedzhvlﬂoﬁ%rmtﬁsemmpbcm‘@ @tvolp1e 2

h
by TES i o SUBUReh 5 RBIERY oRPFUE S Hier o v
to givdh 96lYGén 6 the Etly a&ﬁpomluump&@yg hotgatthe title conpound

(78.8 g, 98.3% purlty) Met hod 3 [00196] Asol ution of
(1S 3aR, 6aS) -t-buty

Exam l §1(§23 e pent:i)auﬁk{?g(rgy ktgé)?‘-géllr ox altohexylacetamldo)-_’, 3-

dimeth;inﬁltﬂmyﬂ)0aﬁhydﬁﬁyélbpmﬁ[«ﬂpﬂreleﬁl-cd\{&iﬂhpﬁté(i’a1) was added

to 20% Pd(OH)2 (2 W % | oadi ng, 50% wet) and e

m xt ure was_hydr oge ed at 2 bar and 20- or

hours he Ce taI s renoved by f||t atio
acetate (2 vé‘lZN

mas comce at d t 10 vol . under reddced pressur ey,

40 C glve a®sol fi%Bh of the t|tIe pound i n

|sop acetate. Exanple 8. (1S, 3a S) t but yl

2- ((9)* 2 ((S)*2- (benzyl oxycar bonyl ani o) - 231

cyel ohexyl acet am do) - 3, 3- di net hyl but anoyl ) oct ahydr ocyc
ﬂlth‘yﬁ enta [c] pyrrole-I-

[00200] A 60-gallon hasteloy hydrogenating reactor was charged with a solution of the Cbz
peptide 30 (15.1 kg) in isopropyl acetate (109 kg). This solution was reduced under vacuum
at 50 °C to 68 L. The mixture was then cooled to 25+5 °C and MeOH (15.4 kg) added. This
mixture was drained into a container and the reactor was dried. To the dried reactor was

charged Pd(OH),/C (20%, 1.51 kg). The solution containing the Cbz peptide 30 was added to
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carboxylate (30) Cbz-HNC/ COZH 0 Cbz-HN--~ N N NH HzZN
O C2tBu + 0 28 C02tBu 30 29 Method 1 58 WD

woQ0V/ 22459 PCT/ US2006/ 032481 [00197] To a 3rCTASD®6K32481
round bottoned fl ask equi pped with an over head

the reastor ah@blankétb@ WM GORIZEn (A} | rééé'ﬁgs %@@%@%e@fs °¢ and at

utl et and ice/ water bath was ar ge

150-2 -rpp k933 heprs. Afftey 5omgle§pn,emh)r,ry Eﬂ@lﬁ@hte(i ﬁérb8n QO 9@ k%ﬁlﬁ

1soproﬁﬁ|acet§rth§ S%Wa(s) %@dm%lsbag th ln\fl@ge egpgpql r@égm@g@pe dhe

mixturg (Waefﬁteféd oveh€slita® §00 kf) vn Sehrkideil@
fter. Jd 105 rmlgza)\r %)q ) P O (P%rgi %%lfgﬁlszﬁ&& Tryidee
g reﬁFgo Rjag Hnéfiﬂd“é%w@r@ay asetatee(33ddig) annhﬂfeunme was Thindined

with thé@sacBgf 8fxQve rTlﬁk%gf%me\Qasrﬂrﬁgﬁ ?&’catlé a&.}t h%qgggngygmet qfdsppropyl

mai nt ai ni ng t he nperature a
acetate\(g3. 6d<@brpllldal\/b01{1é5 T3t iThe cofibitlet RS v FALED BdePvRuum
The sol ion of the amne 28 in

o 65 “CIL ) bt toliign 8% Soule b HoPl ¢ and Pesmmeaddd o o
DlStlll&ﬁ)ifona?@iS AnsBute®a dg"h%? ARilthe WASHENRGIED t{% 90 in %P%’c?l(?uﬁﬁ WaR o

and a rop W Se over our

repeatefigﬁ%m 9of é hgptage @dﬂloﬁdmalmva)’midyssh&nt ﬂﬁﬂ%t@ﬁﬁﬂ abgve) The
?;xturé \Q/ﬁgg@hftﬁ% d- ? %?(?CBJI% g terg g{i‘ WE%QWV% 1%%&&12212 2 kg).

e$ a4 ll 8&/
. 1e W kggi ( ﬂ?fng/gvghs 61’ %ﬁ%ﬁiggc@n%ll ?ﬂ%%%qgw!a{ig&gxgﬁi to give the
tltecoﬁpglf@gzﬁﬂdﬁ)kgwas pr epar ed in DVF (10.44 ni) and cool ed
1 ¢ 9 169
H NMRATRER0 i 50D 914 B Blgt 3 f ittt oot D ol Ol
3.67 (IHL mn) r%IO-’o(lPEBQfV? ggig tnlﬂgﬁgg gmggfgtl?r’?g{ gf?%ll gﬂj:@l% 13 (10H m)
1.39 (9}5? L?&n%%}%ﬁ‘)rp@é ($8r9)1 thr at 0-5 C then added to

the original mxture nmaintaining 0-5 C. The m xture
was stirred for 14 hours at about 25 C. A solution of

Methody} st ami ne2HC1(11.84 g; 0.064 nol) in water (8.9 nL)
ared and added to the reaction m xture over
[00201] e ERA coxﬂpglﬁaéir?d)efr@p Exampis $Metbod h,o#iasmeid(:dﬁz 0% wet
20 wt%Pd(OH t ove about
wt sr]n’ g utzzg&lé@nﬂécl)nn |n| EISS?EJSQEEP‘%}%R? E‘,E efegf: gzagpreﬁggmgd at 30

psi withiydrqesaend die mixtire serredfor dbdustl dbumi The cdtaﬂ?sﬂ rv%)ﬂltered the
(585

filter Wﬁﬁ% \?I}tg r113(04¥0pgg1‘ 2§§3§ %\}d tglg F%E%é@)}%lps glsgjleql tp a/b@ué65 mL. The
mixture %?Vﬁﬂ?ﬁ?ﬂiﬁ?}l{%ﬁ%ﬁgn@m 6lhe) %éﬁpﬁrﬁey\@rﬁﬂ%ﬁ%lg thdiQles P04
isopropyl acetate. The resultant slurry is diluted to about 320 ml then warmed to reflux.

The solution was slowly cooled to about 5 °C, the suspension stirred for 1 hour then filtered.
The filter cake was washed with about 65 mL of heptane and the product dried under vacuum

at 30 °C to give the title compound (80.16 g) as a white solid.

Method 3

[00202] The solution of (18,3aR,6aS)-z-butyl 2-((S)—2-((S)—2-(benzyloxycarbonylamino)-2—
cyclohexylacetamido)—3,3-dimethylbutanoyl)octahydrocyclopenta[c]pyrrole-1-carboxylate in
isopropyl acetate from Example 9, Method 3, was added to 20% PAd(OH); (2 wt% loading,
50% wet) and the mixture hydrogenated at 2 bar and 20-25 °C for 2 hour. The catalyst was
removed by filtration and washed with 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
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wer e separated the aqueous |ayer was extracted tw ce

Wi th isopropyl acetate (twice, 235 nL each). The
woanirimeg9or gani ¢ phases were washed with 18 %Panwsews/032481

HC in water (585 ni), then NaHCO3 (43.25 g) in water

h &8ty 27
our, th o P OEO?XLE? IQ gfr?ﬂzéfe r‘@fﬁégqlrj}%tu?%%@{ ‘? iﬁg g% eg51¥1? ng% k[%g‘c;l and the
cake “ééli‘etjl'ﬂ’ heptag (3.2g7qf. ggrr@thmpyochmhdmdmrrdgr vadoug a3y °@owith a

g NVR (DVBO d6, 500 Mz): S
nitrogdfuh SOB e AR LB Baund ! VR (DNEO- 06, 200 M) &
, (2H, s), 4.51 (1H, d), 4.02 (1H t), 3.96 (1H d),
68 (1H, , 2.53 1H,
Examﬁf 18 &é%liﬁl]@ﬁeSX Qhutyfhz (S)rgz-(“(S)_-Zso'c(oh@kylngﬁpyrﬁzlﬂe-zg 9H,
carbo:&)n;lgé)l?tl?tgﬁng?) .‘,CéZ"(i1g{§haflglbtg?gyél?(gﬁalas%i)rpwwtfopenga[Z]p[ygl%:}eg %1

carbowmt(ﬁﬁ pyrrolidone (126 nm.) was added to a
suspension of EDC HCL (39.23 g) HOBt hydrate (31.34 g)

i hyl ol i done (221 59 WO 2007/022459
H2NﬁQT/ U$2006/ 81 whi | e mai nt ng a tegp
Y of Aftef the additiop, thelmxﬁ%’{lr\%;\I
Astirredsfor ca,ﬂﬁ houms atoabout O T. W' s
@m ne 28 (63. 24 g, as_prepared in Exanple Met hod; C0,Bu
) iAlisopropyl acetde (632 m) was addedtms

m xture maintaining a tenperature of aboutn@ T. After
the addition the m xture was allowed to warmto room
tenperature and stirred for 5 hours. A solution of
Meﬂwﬂbl)t assium carbonate (20.17g) in water (316 nmL) was
nt ai ni a tenperature of about 20 T.
[oozosﬂ %11%8#60% botlomed il s & deldrmammmmommamm
(L. 607mggasesmﬁ6 aRE PMIRILATN | b u
stirred vvll?h pot asgl um%?r%%ﬁn?‘&?%% %atgz)%e‘?‘% @a@’%ﬁ‘ Kﬂe a
solutiony of (gD 13 Prepred by apinbinpip€BI (01258 PAI9E R RN G MASE hnd
hen er. (158 nL) to give
DME (8% é} 9%“ 7 g% nh%’*ﬂ( 31%1 ﬁ%at’tnﬁ @bﬁé@fhﬁdﬂlsﬂ)lﬂtwn The CDI

solutlon Wwoggydlgo aOEItSa"ﬁa;nd'\éﬂHQd)ﬂ) tBe El%%?ky&%m@ f&lrg&yﬁ)% aglfd
Stlrrmg%va(s C:gl}tugleg Ambd gogts(ycp Assttpydomplen agtivetion of the acid as carbon

1-carb 1
o S8 U U AR 1 SN SRRl b o vos
dissolvedgi DV 14015 gucs 1hll) Withes)d wiieBlg byl &t gided i rPrh% %lssé‘lﬂﬂon of

nzyl oxycar bonyl am no cycl ohexyl acet
the mat%@ dﬁalﬁ glu&o%g/a%gﬁo %Q}s%@]@qttyntevl@s{razmel sbhmdna\tas also

led t3Q fo e
en S8 e B TN 4 i
carboxy. @ﬁmd M qmnmqyn@ﬁie \iﬁﬂl}mtat(lﬂb av 80 PCviasatiee HOI%” ArHeRBlution
T ey R RO
water (1 a@:mm €50 90! Ihe Bk PRI RESHMREAIPINLE ofith WAL (ARG SFmr

th water (5 vol each) to give a s
each). ftf‘nF’lﬁll r el anderopeopy begimeing be20-E% 80Rhe wlimed to 30 °C

after 24}{01'% (L%ﬁﬁaé?:% {vgg E%Sﬁg}/ye@[ﬂo&%&% é]él@tcg}mpgl@}d 3.9%.2).
HNMR(DMSO -de, 500 MHz): § 9.19 ppm (1 H, d, J =1. 3Hz),890ppm (1 H,d,J=2.5
Hz), 8.76 ppm (1 H, dd, J=2.4Hz, 1.5 Hz), 8.50 ppm (1 H, d, J = 9.2 Hz), 8.22 ppm (1 H, d,
J=9.0Hz), 4.68 ppm (1 H, dd, J=9.1 Hz, 6.6 Hz), 4.53 ppm (1 H, d, J= 9.0 Hz), 3.96 ppm
(1H,d,J=42Hz),3.73 ppm (1 H, dd, ] = 10.5 Hz,7.5Hz),3.68 ppm (1 H, dd, T=10.6
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),
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di met hyl but anoyl ) oct ahydr ocycl opent a[ c] pyrrol e-1-carbo
xylate (31) o 0 Cbz-HNI-I~ NHZNv N HN O COZtBu O

wOQo@/etash Bu O 31 Method 1 [00200] A 60- gal | onrhzaisedoey32481
hydrogenating reactor was charged with a sol ution of

1.51- 1t69§39;@bz7 pragtll ﬂﬁl%@ doirI KE), 1 d@ céggl? gpélﬁ' @Geltﬁﬁpn% (4 H, m),

is solution was Te vacuum

0971351@) @H, G’;@EPILO OTmemnGly,ume was then cooled to 255 C and
MeOH (15.4 kg) added. This mxture was drained into a
container and the reactor was dried. To the dried

Methodeact or was charged Pd(OH)2/C (20% 1.51 kg). The

1002040 S el 6| Pesrmusz00 b aﬁsbﬁémigfé@ia%?ediﬂaﬁbﬁxﬁi acid
32 an AR} R e LRORED o ERDBhY ol TS i s0-c.

The mixfture rwas stipbd fardrf haursthen E?%lﬁfslorﬁsf ﬂhv aﬁm@d%laagbgng)(lﬁ nffthylene

| was adde atch an
chloriditt sy 78 0044 11E0H IG5 iken L RO THRA MM W wasked with
water (250 r)edflﬁ\éﬁﬁecﬁ@ hh&(Was e&?ra%e&qutp\ﬁ:)&}é}rﬁgfeq}rﬂﬁ{de 1 p }nL) to give

and througha -umcartri rea
a SOlquﬂhmg@@CQm}vdvndsmmedp%ne ahkmdt: evhi@Bwék kgl daxsetlyt iaehe next

ned with the reaction m xture. The
step (Eé(f}l%?)f“e R ?lﬁ"ad;%) L . :

em Was ed additionally with a m xture of
isopropyl acetate (25.6 kg) and MeCH (5.73 kg). The
i ned organics were reduced under vacuum at 65 C
Examp]s 13 O(II_S)‘ZT« “Z6(S0t2rerelabezy kb (pygdzine-22rboxGuitwjacetamido)-3,3-

oGRS 3R g 1L G BB L L

was repeate or a total of 4 heptane additions

f
A, above) and vent uctions (as ve).
[ sf]wcoo ed t nd the rodugt i | tg¢edland \
e(126kg) Thé' we SO'Id :
as dri ed aginde oMacuum at 15-20 C @0 const ant 0 COo,H
03gi ve the title compound ( 10. 17. 4H NVR
( , 500 MHz): b 7.97 (1H, d), 4.49 f 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
Metho&g‘OH 1.39 (9H, s), 1.2-0.85 (5H, m, 0.96 (9H,

Met hod 2 [00201] The sol ution of conpound 30 from
[00205Ex @optentraed MEINOSD &, 0.9E5maL dednbRr &PYeesiowRPadtedt: t9°Ctoa

cgéq}% n carbon (3.16 in a pressure reactor.
stirred 3QIREATAT Eyfﬁ?léglsRPPPé%a?’ 0.Gg) m;fp imigiagid (AQArigyeAftandl3 hours,
the reaétﬁ)ﬁ i (N%lg] ﬁflﬁt%a Qe 1% gigﬁze &fta%%)l M &E%VIC L Qé:{ﬁ %dNa i) was

tered, I'ter
added %ﬂddhet trectinpripasstitred rfgtal‘ﬁ mmm:bssb diskeldle tte prbauet. Bhe phases were

separa’[ecl1 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-
25 °C as a precipitate formed. Heptane (75 mL) was slowly added and the slurry stirred for
10-15 minutes. The slurry was filtered and the filter cake was washed with heptane (50 mL).
The solids were dried under vacuum at 20-25 °C to give the title compound (15.19 g).

Method 2
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m xture was evaporated with heptane (316 nL) severa
times until analysis indicates <0.5% isopropyl
wacei7aestsd The resultant slurry is diluted to aboutus3®6/032481
00206YL THRSHeHRE EhlBHdé &bt of TRE
[ @160 | ed el’i@i E@ h&gOsuspséc%!si?!n tcbr?x | rrefﬁr@nﬂ%aﬁxgle 10,
Methosiﬁ’ewas pbqled@do 5 @nheﬁaomc@nramwécmom)hm atidedwaheut

N O 3 R A T
water ((M](?gtnglagﬁélgésjr)nait%@déﬁtﬁg aleth P of LOE) K0! ¥hd Shs were separated and
the aqyeoys B§1a52 _e(((rg)techwgb mlwlm@fbmrmgr@@(hmb)ofhe combined organic

d | but ano oct ah ocyc
phasesS B MG B0V ATL Rt Fa BRI SRS Rl S
methyfene ohlExdapiiee &)mlbﬂiéch@@euﬁc e)t@@ct@ﬁi*@&%ﬂ@(ea(iﬁ{dglddn%grsé Bean-
wt % | oadi ng, 50% wet) and the m xture hydrogenated at

Stark tﬁapotg AZEOTEPPS (vassy- Ehe gpixtirg was conperratest byl §istillatien to a minimum
volumé ﬁ%‘fﬁl@te?iﬂmsl% o'ilgeﬂta _ﬁ@q@ rgﬂ?th\éﬁﬁgﬁc%n%t%@ Rgﬁgsglc}g@%yat atmospheric

acet at e vent was exc
pressurhi tot250 nglt.i The tnivktore wwistslbvifly rabe\lﬂé tc( BO 63 \Nér a]aoﬁtt6 K@frd. URhe

The nmi xt ur S,.C ed. to 7
resultay oy s B O SO S w% g0 18) Senclisd abou
45 °C i heue

By e e e b P R R g
containipg abey 13 % thleenedr i ed under vacuun1at 30 Cwith a

nitrogen purge to give the title conpound. Exanple 10:

(1S, 3aR, 6aS) -t - butyl
Examﬂe(1(25)(1ga3éR$hS¥2QYS)LPRS¥-ELcy3mﬁB¥ﬂ&ZL

car pboxamn do) acet am do) - 3, 3- utanoyl)octahydroc
carboxaimiggacetamidp)- Mrdlme@ylbuf@apﬂm(é&el((m)omopy!zmino)a-

HN O.0 0. COZt 1 32
hyma“ Pekeya f‘)rﬁaag(%%?“ OBl PRSI GPhsi
dded pyr azi ne-|2-carbgxylic acid 32 (1.6070 g,
:E%fhﬁgruﬁ\ (4 The slurr&Hmas stirred at
a _nSo i on S prepared by
conb¥n| ZHﬁ01 9.\12. 96 nnnl%g&mﬁn eq.) and
DVF (8. 80 g m) %in &®5 nl fhask. M Id heat i ng
(30 O ai d 3| ssolution. The CDI Mol ution was
cooled to 20 5 C and added to the slurry of
pyrazi ne-2-carboxylic acid. Stirring was conti nued

Meanwhi T, e' . » . 1® 78 ) was
14 15 g, i m warmng to

di ssol ved i = ( L3

30 C aided i nd| ssol utidn terial. This
solution was coaled to 330-25 C. Theggactivated pyrazine
sol ution was al so

Method 1

[00207] 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.
The peptide-acid 34 (25.0 g, 0.049 mol), EDC-HCI (10.35 g, 0.054 mol, 1.1 molar eq.), and
HOBt-H,0 (8.27 g, 0.054 mol, 1.1 molar eq.) were charged to the flask followed by 175 mL
of methylene chloride. The mixture was stirred at room temperature for 1hour then added
over 20 minutes toa suspension of hydroxyamide-amine 18 (11.1 g, 0.054 mol, 1.1 molar

eq.) in methylene chloride (75 mL) while maintaining a temperature below 10 °C., Upon
64



cooled to about 15 C. The solution of conmpound 31 was
added to the activated pyrazine carboxylic acid while
woaboTieaz4sbng the tenperature at 30 C for about pdThisR006/032481
The solution was allowed to cool to 20 25 C then
complegdaditio, R-rs&h Akl 2Hhdh ar 0, 25 i.n
wat er (100 rrL)y!atOQ%h e@ﬁgﬁﬁnﬁit% urﬁlr5 g |HFCEI% %)cfidded in 2

portiongs shhegixturp wea eBowed touwarti ﬁm&som&&npératuﬁﬁzﬁf@) stirtB@®or 3 hours. The
at 20-25

e USROS 9 505, SRS A 18,8, 25

were stbdnid the (g
LG . Y8 V4SRRI K Bl
water e tlgleg@olgﬁm (ez_iLch){ andy satgrated N&1 (B0 mI 3 17 Givp |ar116%lb§|‘kve1ght

methyRd RIp
Vi cHlargSschutdh oftpp il onyButd BREI00 Ao it ficia s 100%)
dd, J = 9.1 Hz, 6.6 Hz), 4.53 ppm(1 H d, J = 9.0
Metho , 3.96 ppm (1 H d, J= 4.2Hz), 3. 73ppn(1
,“dd, J=10. 5Hz, 7. 5Hz), 3. 68ppn(1 H, dd, J = 10.6 ppm

[002083 N-H}I@ﬂ%/lm&g% ng@? él@ﬁﬁl #7@&@% ??%,165?2’) asgl?xture L ethe

peptldqsecwl B0 gmﬂyt%;umsl ng), mm(l}yyggati (12169791g,33]7'61Wf% 173.7

mmol)ﬁ?ﬁbf gﬂé_éf. %pl%l %)é 85? angidhgliycbownpgﬁamlneﬂgp 1n)methadt:1irmd
chlorid2 ov&00Alnuedsalbile rﬁﬁlh&'irh eliip it of. \gffij zgﬂgr thb Qd&tion, the

sol uti on of pyrazine-2- carb
mixturg wias pRIMGo ;ﬂ%o C and stiged £@ fnh@urs rTheerh hxyhre vens AdnQTi i@kl with

water (5 @@&%Md &E SPRYL, gﬁu o l‘bOﬁlr o?he[n tsgqtﬁ%ﬁr\é}asgnasr%tlgégggg;e%rrgﬁmc

enas

phase washbd/wighdé N HE1 (H00dsL)| 557&%6}%@5\@5850@%? glc%tboﬁQQKBOnggL) to give a

5 hour, the m xture was wash
solutlor(x ?g@ ﬁl%f compeuridindapiihylenmetdorides 982V AVCanbirig t95% solution yield.
nmet hyl ene chloride (100 nL) to give a solution of the
title conpound in methylene chloride which was used
Methodifrectly in the next step (Exanple 11, Method 2).

[00209]?%3'{7?56 fu(lé)ﬂél P?@JZEQQHIOWE‘?@) HORyideate Ale0®eq prahdxam
hydroxy £

ST LB ncyT) TSR 4P apb e i
cooled toy0-p CCadNM @43/ ed) Was@ddéd\oNr BN60 Ihinttes NHNe anﬁ)ntgﬁ%{gaﬁe

@) thod 1 [Q0205] Co trated
react1onci%§1?era{l£)%§égg/ ﬁgﬁl l\ﬁnf gacHBp 1xté16e %vawggrgq%dad%ﬁ)eﬁqp(ﬂb@veaﬂo
mmuteﬁn@ stmedifor&tldfubﬁﬁl Sidudd. | PRE ﬁgctfoﬁeivég&e%ﬁéc[%ktg Qﬁa‘? (g vol‘?)3 IN

in formc acid
HCL (G \g(ﬁé %ga’ﬁ/mﬂq@?&& Nﬂéc@aéé ol o pobvwlet sl iborbofghefitlé émpound
in CH,(ater. Methylene chloride (100 nL) was added and the
reaction was stirred for 10 mnutes to dissolve the

product. The phases were
Example 13: (1S,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl—2-(pyrazine-2-
carboxamido)acetamido)-3,3-dimethylbutanoyl)—N-((S)-1-(cyclopropylamino)—l,z-
dioxohexa.n-S-yl)octahydrocyclopenta[c]pyrrole-l-carboxamide “@)
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separated and the aqueous |ayer extracted with
wo 2081ylsgne chloride (100 nL). The conbi ned @cgaRhE606/032481
phases were washed with water (75 nmL) then
concentrated to about 1/3 volune at 50 C, 1 atm
Tol uene (100 nmL) was added at room tenperature and the
s evaporated under vacuum at
nme. The m xture was cooled to

forped. HeptanmexX75 nL) was
/szﬁrred for 10-15

. ered and the filter cake
wa shed i th heptane®u(50 nmL). The solids were

dri ed under vacuum at 20-25 Cto give the title
compound (15.19 g). d 2 63 WO 20¢7/ 022%
PCT/ US2006/ 032481 [ 00206]1_Thgy.ne | ethe »ide
sol.ution of the starting¥co ourgd 33™ r of

; 10f A
Met hod 2, was cooled to 0-50C conceht r areg N
oT

(200 nmL) was added while main ing a tedberwtur of H
<10 T. The m xture was stirred 3 hdﬁrs then ©
diluted with water (200 nL) while maintaining a
tenperature of < 10 T. The phases were separated and

Methodih€ aqueous phase extracted w th nethyl ene chloride
(100 nL). The conbi ned organi c ., phases were

00210} wit H00l Grngekaoun Yotiomediiiaek sgimRrdsviNa ahOpHA: AR,
conde:nsarr glr ac%goql)]g}@f an c% nﬂi@g&}’ ln‘ftfb? Qégfg'e@ Svith €0 &ANBE 8€ral minutes.

rere under an inverse Dean-
A methyBéraf dkﬂdrfc&@ohﬁoﬁbéﬂterlqﬁmmmﬂn&te peptide arnide 3641064 g, 16-17wt%,

20.6 & o POTBROIGECR) VORsHBREns SRoridn ot HERT LD e Rter i S poiteba by
the addlﬁbﬁ Bf H@tw/%ql NaBt (ﬁ@slﬁnf—‘ﬁﬂ@7 SH0APAY NAHCG5G2THL). Te

re was cooled to 20 C over about 6 hours.
solutlon'Rm copkdud Sanht Csth aII icg bakhs FEW@K@& 2)issolved irepmethyleae

o B A AL e RS B gl -
NaOCl 991}1@&021”%3 %ELrgLr%tﬁEﬂ DYOPHFIEL., 2.6DBI 3. Nindgolah 0 molak &) was

diluted wmsw&m (BAsL)2The syogl solafionpway ehagrldplthoreagiqpixige yia
addrno ?9 62(&8%}} g%‘y %%"}hg t}1§ Eéngérgfﬁfeméll&b' R@R0 Yk tBhckibR mixture

was all@éﬁr’c@ Eﬁr &t ﬁ?@hﬁﬁ@ﬁ Dhary The d‘ztyai‘syﬂldfre si{mlramréal\lltcht[hc ]opgpmcghyger was
quench@éﬁlrl @)géo%n\x}éw? g(é N@SWWO@LN:HWQI\@@ H%th‘l water'%l b_g\l m(i). 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. The solid was submitted for A% analysis
(> 99 A%). The isolated wet cake weighed 16.6 g and the molar yield was 80% (wet). The

wet cake was not dried as it was not deemed necessary for use-test purposes.

Method 2

{00211] 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
mmol) in water (400 mL) and the mixture cooled to 0-5 °C. A solution of sodium
hypochlorite (122.17 g, 11.64 wt%, 191.04 mmol) was added over 2 hours while maintaining
a temperature of 0-5 °C. The mixture was stirred for 1 hour at 0-3 °C, then the phases

separated. The organic phase was washed with water (500 mL), 1 wt% aqueous sodium
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35 OH Method 1 [00207] A 500 mL 3-neck round bottonmed

flask equipped with an overhead stirrer, condenser,
wohermoezsepl e, and nitrogen outlet was purged RCTS2006/032481

nitrogen for several mnutes. The pept| de aci d 34

bisulﬁ€e2q5O@ nfly) agd Wer@?d&Lgﬁgr@lséﬁfer Qpde 1o Wils giL1stlIled at 38-

42 °C,¥40 grimg'gg )o awolemehdabed 3020 nilh eEMyB@détaﬁ@(MQﬂEﬂw@éf adhzé followed
f Ieechlor he m xture was stirred
lmmedﬁte PF]QD efnT% STYShs P}Lfg ARd iR arixauewas stivasifopds mlmtcw 38-42
0 f
C. Ethpl a&e&tbSﬁrseO&iI?ﬂNé% adawsﬁﬁé}{ah&ﬁgﬁ@y@giﬁ{éaﬁgﬁg e]r%%'r%b}g: of 38-42

°C. I}%Lrggaﬁp M@s ﬁlﬁn&lgﬁhgrﬁg3&ﬂ£ eGpA0al A0 emiFeg, awa }OluGhe dRdBut 400

mL. Agigat}égagﬁﬁ I Qg@iﬁfﬁépg % H\‘rsal% %ﬁg/ %vzegﬁ%nt}gur %@%‘Sﬂlﬁm slyprry was

COOICdI’ﬂVle’ hemr th 206235 ‘aridricstiviad 4n a@AEbAL BSur ot HE: Mtt&éﬁ?féﬁﬁ% The
mto roomtenperature and stirr

mlxturﬁ 8V&F fiﬁerpﬂémm%a@[tqr@ﬁkwgshq@ endreslayl lagetata tveoe)i30D aal. edch) and

dried uNaEIFBudkf - vsgtl'%) 'tlﬁggrpgleéﬁ' 91 W@a@% htga %q??ice)%g?%qc{ % gs7a;white

separ at ed e or gani ¢ Iayer

solid (H2)4 g,0957% pHi( 26% yidly) fromabehydrbBa8dd pép%ﬁe a%@& 35.
m_Z) each) arﬁdﬁ;at urated NaCl(200 nL) to give a 16%Db

wei ght nethylene chloride solution of the title

Metho8 ound 35 of 100 A% purity (rolar yield 100% .
¢ ol\/g{rﬁod 2 [00208] N-nethyl norpholine (38.19 nL, 347.3
100212}, dEMR(R €0.06 @ dvasmddedriothe 81,61, sbhugion pem figer 1@ 42

methodélggc}g'éegs Wthﬁ/%n Wtsé‘i‘r éﬁg@ 2%@%& dcrh?sfgqu(gli To thls

solutlommak }ddedlujsohhﬁ)nh)f@{ lcbeeqaﬁh VO ﬁefﬁ%yllegﬂﬁng biphasic
hl ori over 30 _m nutes whi mai nt al ni
mlx“m‘i WAHERO, dJPé) of CoWhile mmflta@ung the readtipn Ianmperathl& at msm,; ra€10-13

N A4, A S EF B o2 DR M

additiomal jone boluf dihedip@id wereSepaated aﬂ'dlﬂleﬁii*g‘ﬁ]ﬁl (@as%&%ﬁé@&ﬁﬂS °C

with BF G el D7 Q%aﬁgﬁfﬁg?ﬁam%g&sﬁo i T cafiovsid0.12 ¢q)
was ad@@'t@?ﬂe%l&fontdf%oﬁlbgﬁ@ @Ir@tq%m to sﬂang l GIe @H' oride,

98. 5% AUC purity,
[ 00209] Peptide acid 34 (1.00 eq.), EDC (1 10 eq.),

d 18HO (1. 05
ExampﬂCI% ﬁxc?'&glttgﬁ‘?éﬁﬂg g& a%ﬁzl’éﬂgg%i ngémgl?hx ?magg the mi §<t ure
[00213]Wthe s@h@ioﬁd)fmrrﬁroﬁn@4 fm{(zﬁnﬁe 49) MBDd %dg{ggI 484 through

-60 _m nutes whil e mai ntalni the reatti
Celite, %néﬁb%ﬁgﬁﬁ %’1‘5&%%93@1165&@0 Bdai:B ivoluntes bt Waﬁmt&ﬁdls’vmitm?ldit

025 tes and stirre r_.additiona
lower o8 & M MatEh. oY R iaSauatt I St rClsiavo FiG Ac
(0.80 vall )NwabiatidedS followed bgrme 5ddl\ﬁc%z FHAURRPSunDAHEEB (1 §%8)f5£79t0 34,

vi de olutlon of the title compound
Exampl%iaﬂgﬂgz ¢ tmg mixture was stirred for 15 mmutes at 38- 42 °C. EtOAc (8 vol.)
was added Sv3 B RRo-this (ngl%urg \Aﬁaﬁés}na%ltg %Ig% & eratzuré 8%/ § 8a 471& ng 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
and stirred at 20-25 °C for additional 1 hour. The slurry was filtered. The filter cake was
washed with EtOAc (twice, 3 vol. each) and dried under vacuum with a nitrogen bleed at 45-
55 °C for 6 hours.
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car boxam do) acet am do) - 3, 3- di net hyl but anoyl )-N-((S) - 1-
(cycl opropyl am no) -1, 2-

waoi2acahessan- 3- yl ) oct ahydr ocycl opent af c] pyr r ol epCTaBRWON32481
am de (4) 65 WO 2007/022459 PCT/ US2006/ 032481 C-)yHN

00214j( 1 0 4
L0024L RO 4 sk a2, B Prduestot S ol scfeme of
3.1-3 Zeplimppedr lwl mixtegn vajbrdlghdtoﬂ&'-&lr ol to giton ﬂ@m&géne_oush solution.

I noeou , nitro n tl et _was purged w t
EtOACn@{egrogé’@nw%oa%dgcgg@%‘Ve%ﬁ@F é‘g&tl%oﬁ@ﬁw 4 geed i 5wt % relative
to 34, 1& 07). OFhetrb&ulimg oW ' | 8.

m- T g%%%%%%gﬁmé?%@%g aﬁ%ﬁ'&%l éhg%OAc @

1.) W . . . .o .
vol.) wanpdled guendBows irethis mixtire whileatdininidgsiempeainie weds ay °C.

g % W ) 13 . nmL d 7.5%w
The o AR R0, PR B (I and St
38-42°Cn Ba@Alc¢® vbi) Was aIMPEY &B0%mBlied S8R HBdude Qvl{ﬁtrﬁé’igﬁﬂ%;fg the

b,thtchloride é% n%é was added to the reaction m xtur
alch eMRERIFAt S SE44 " en ity sesuftingslurryl wasitben coelatio 215251°C omer 1 hour

and sti Adqe B = [, 2. 51 33. 7 12
e IC E S ol (P e iy o ek
was washddvito BtOAs (twhice; §edl. teack)had deag ihdd vBRHMGAh Wiftrogen bleed at
45-55 ﬁ%i?ﬁ? Hunnel a%_g rate that maintained the
te Wre g i isdEompoand dact i on mixture was
allowed to stir at 53 C for | hour. The |layers were
separated and the organic |ayer was quenched with 10%
(ww aq. Na2SO3 (100 nL) and washed with water (100
m.). The organic phase was reduced to dryness at
reduced pressure and the solid triturated with ethyl
acetate (100 nmL) and filtered on a Buchner funnel. The
solid was submitted for A% analysis (> 99 AY%. The
i sol ated wet cake weighed 16.6 g and the nolar yield
was 80% (wet). The wet cake was not dried as it was
not deened necessary for use-test purposes. Method 2
[002111 TEMPO (1.09 g, 6.95 mmol) was added to the
nmet hyl ene chl oride solution of 35 from Exanple 12,
Met hod 2, followed by a solution of sodium bi carbonate
(21.89 g, 260.5 mmol) in water (400 nL) and the
m xture cooled to 0-5 T. A solution of sodium
hypochlorite (122.17 g, 11.64 w% 191.04 mvol ) was
added over 2 hours whil e naintaining
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a tenperature of 0-5 T. The m xture was stirred for 1
wo 20082489 0-5 C, then the phases separated. PFOEUSEDENI2AS1
phase was washed with water (500 niL), 1 wt % aqueous
sodi um 66 WD 2007/ 022459 PCT/ US2006/ 032481 bisulfite
) C&EOO m.) and water (500 nmL), then polish filtered. The
What is lgiedis” was distilled at 38- 42 C, 710 nmHg, to a
vol une of about 320 nmL. Ethyl acetate (44 niL) was
added followed imediately by 1.5 g of seed crystals
1. A proaeks fbr@rﬂj)atihganbmm‘ﬂ@ﬁ@%‘ﬂar#/ed for 15 minutes at
38-42 C. Ethyl acetate (800 | was added over 3

hours whi | e mai nt ai ni a yperfature of 38-42 T. The
m xture was then disti at+88-42 C, 200-250 mm Hg,
to a volume of aboutR400 Addi ti onal ethyl acetate

(200 nL) was added over 0.5 ur. The resultant slurry
was cool ed over 1 hour tog0-28 C and stirred an
addi ti onal hour at the sane tenperature. The m xture
was filtered and the filté& cake washed wi th ethyl
acetate (twice, 300 nL each) and dried under vacuum
whereinwi th a nitrogen bleed at 45-55 Cto give the title

o ng, 45323 & Whi ol -102. 4 g, 99. 7% AUC
%WW?W?%%'SJ}??F'Z’F%& ??‘%ﬁn ?%é¢ﬁ§dr oxyam de peptide ani de
35. Method B [00212] TEMPO (0.06 eq) was added to the
CH2C12 solutfon of 35 from Exanple 12, nethod 3, and
t he solution stirred at 20-25 C until all TEMPO
di ssgly_e_i?. 0 3%%is solution was added a sol ution of
Na (k.5 ed.) in water (4 vol.). The resulting
bi phasi c |m xture was cooled to 0-5 C. Wile
a?iigt ai nikag the reaction tenperature at 0-5 C, a 10-13

% NaOCl solution (1.1Q eq.) was added over 2-3 hours
and the m xture Stirred ' Por additional one hour. The
| ayers were separjat ed an‘d the organic | ayer was washed
at 0-5 C wth (5 v , 4-M % Na2SO3 (5 vol.),
and H20 ga-vo|7). I al t,c acid (0.12 eq.) was
added to the ol utioff of conpound 4 in CH2C12 to
stabilize conpound 4!! Exanplle 14: Recrystallization of

i of Fornmul a 9. [00253] The sol ution of

Conpound 4 from Exanpl e 13, MR} hod 3, was filtered
through Celite, an®7t h&7filtnate solution was reduced

to 3.1-3.3 vol unes by istidlation at |ower
than 20 C. After disi N heg6l uti on was
t OAC 0.780 vol.) was

added, foll owed byche addi{tion of Conpound 4 seed

(1.5 wt%relative to 34, anpl ergl2) . The resulting
MadtscRelnBsiSstirred for 15 minutes at °38-42 C. Et OAc

(8 .v s erleed ouel -RrRFQDsS -09 orkS-s ni xture while
Q&ilﬁ?glb%‘li’ng@;’ t@gnpe’r ature of 38-42 'C_ The total
VDisWIEORS -QH03, iVHE (Qas-GRRR(Qediic8t2t0 3.9-4. 1

vol unes by. vacuum di stillatio i By 4ebshtutdPcidlbaiphatic,
R g by @ %‘é’ngﬁiaa’gg%%&cahé’g%%p‘?)%%??}g‘g y§gostiue@ofdiaipha

i ' G otdi6ey chaliphaticeapetainalle suttstiBBedi@ylCor atheptionally
Optlong@éﬁfbﬂlﬁg Sleurryy vvasﬁt hen cooled to 20-25 C over 1

substitodrheteasralylst i rred at 20-25 C for additional 1 hour.
The. slurry. was filt . ' ic\@Sarylas Adeteroaryl;
Ry hﬁ%@é&i‘p 3, a g?rclge[lﬁ%ﬁla:t}qle%r!)(éﬁfoaﬁﬁllﬁﬂlc ary

each d dried under.vacuunL
each ot e Richt RO Y iPbrrdaliy subtituted with one or more substituents eac

ntly selected from Group J, wherein Group J includes halo, cycloaliphatic, aryl,

brought to 38R42—€Nbefore

independe

heteroaryl, alkoxy, aroyl, heteroaroyl, acyl, nitro, cyano, amido, amino, sulfonyl, sulfinyl,

sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl,
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55 C for 6 hours. 67 WO 2007/ 022459 PCT/ US2006/ 032481
[00214] To the dried filter cake was added 2.2-2.4

woaebarmesssef CH2Cl 2 to a total volume of 3. 1- 3P8T/US2006/032481
vol unes. The m xture was brought to 38-42 Cto give a

ous so t I d,
cycloahpgxg.o g 31 gesgo%yﬁ oahg%ar%*cox %8’6%%3%8%3 2){3@%2131{)??9)2 %
heteroafy®dliadyy 8lkok aﬁﬁ)nyl;_.&ﬂ@fiﬂaﬁ)ohﬂoxy;rdiﬁl Hyelﬁcudyt ing mixture

was stirre 15 tes at 38-4 O%eh(‘ }éy 1)1
R w@anailyewbsﬂtﬁﬁd@élplﬂ%l% # %Ptrﬁniﬂ(ln Plébsm eteroalkyl, a
; I The t 1
opona 4 ALy o SRR, A g R LA, st v
the atomyoloumtesh ﬂtﬁyum:ananhezﬂ stajy|fbant b OnteaT-meBhed@CoptEm@iy: syistituted

ooy e He s W3 cnerpt bRl b S b S ovet,
in which 85K ﬁeltéfscﬁwlﬁg/%pmarm 86ht£i09 hie 8ddiQorR0 hBrotoRy Sdlected from -
hour _and 'stirred at 20-25 C for additional one hour .

O-, -S-TmeNBl'urry was filtered and the filter cake

3 ] d
SRR R tRoets e s e g Yion g SibseiRE gﬁ@%%ﬁ o
optionall9 s@bsviutelhdiérogltty Canppticithll4 substitidéd H&@rﬁﬁ@&&#ﬁﬁ optionally
PCT/ US2006/ 032481 What is clainmed is; rocleq@fp?zely

substitutest phsplp aF RngndR ednpeberavis theator fawhich @leymﬂ‘? att
form a % A jﬁ%@gﬁrfﬁa:g#lgal%tlchggl?\ft?gg’y&%hggatm Hﬁ%r R7 R6 RS H

R3-ah@RE20gcthdd viRth thRAtoRY to RéhicH theNaiR-aftathed2thay 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 NRX-; or

When Rs and Re together with the atoms to which they are attached form a ring, Ry
and the ring system formed by Rs and Re 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;

' Rgis H or a protecting group; and

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;

R, is -(NH-CR4'R5'-C(0)-C(0))-NHR4 or -(NH-CR4Rs'-CH(OH)-C(0O))-NHR4;

R4 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's and R's is independently H, an optionally substituted aliphatic, an

optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an
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OR5 P4-L3-P3-L2-P2 is Wis a bond, -CO, -OCO,

-NRx-, -NRx-CO-, -0-, or -5-; Tis -C(O-, -0CO-,
wohig(04s9 -C(O) C(O -, or -S02-; Ris H an oppconsbkdog/032481

substituted aliphatic, an optionally substituted

. . ' ti Ll y. tituted . o
optiongF L IRLLRRENY Ly oD Rl sE Sl eisotionay subainged
heteroanalkyty coph optietally sulsstingtd hetberangl €6:38 ¥d RR2ogsthdibwidthe

¢ ang %%ic, a cycl oal i phatic, a heterocycloaliphatic,
atom tg which they gre atfaghef omay fqrm a 3eigchmembeyed ontionallyspbstitated
cycloali'phdtﬁrﬁfgt;i onally substituted with one or nore
substituents each independently selected from G oup
comprpingjihe step nf Grboylationrudlan desbityal@ctady of Gatiuph@t i c,
aryl, heteroaryl, al koxy, . aroyl, heteroaroyl, acyl,
nitro, cyano, am do, amd4io, sul fonyl, sulfinyl,
sul fanyl, sul foxy, urea,:ithfourea, sulfanoyl,
sul fam de, oxo, carboxy,/cakbanoyl, 69 WD 2007/ 022459

PCT/ US2006/ 032481 cycl oql i ghati coxy,
het erocycl oal i phati coxy, yl oxy, heteroaryl oxy,
ar al kyl oxy, heteroaryl al R' al koxycar bonyl ,

al kyl car bonyl oxy, and hydroxy; R6 is an optionally
substituted aliphatic, an dptionally substituted

hereil & al y}’ an optionally substituted heteroaryl, an
W erelogit ?{)glaﬁ %ﬁ( 1Subst ituted phenyl; or R5 and R6, together

Vi (ghve d taeenic ofitur©ofVT-Cidihey- dighy@tdcFeldBhta[dRY ofd-10 @
5. to,7-menbered, optionally substituted nonocyclic
carboxiylig %‘i‘@%ﬁ@ulés a 6- to 12-nenbered, optionally
substituted bicyclic heterocycle, in which each
het er ocycl e ring optigﬁ2$hy contai ns an additiona
het eroat om sel ected from § 0-, -S-, or -NRx-; Each of
R7 and R7' is indepenZiﬁ:KZgH, an optionally
substituted aliphatic{ an ptionally substituted
het eroal kyl , an optionakfy st8Stituted heteroaryl, or
an optionally substituied phenyl; or R7 and R7',
together with the atom £8°%hi ch they are attached, nay
forma 3- to 7-nenbered cy%loaliphatic or
het er ocycl oal i phatic ring; ‘or R7 and R6, together with
the atonms to which they are attached, may forma 5- to

7- menpered optionally substituted nonocyclic
2. The process o gloim 1, wherein Rs B-Grembel.&d-10 pydlaalayl] €s.10 cycloalkyl-Cy.1y

ubst i tut e no [ |, a.§-.to. 12-ne red
alkyl, PR, iy Sy TP PG 6 Shelrbristh G DG EIPERT Cop ot o
heteroatyd, drZ sy hibtefoacy] @hisialliya davh 6 vEichtisb@ebrRilg ¥@stifutd Wlth one to
hr |n.mh|ch(§ﬁch heterocycle or aryl Tting optionally
three subsfitugnts sachindenepdangly e lepied diosnGermpsk bed b b thresmlipbatic carbon

toms in R mB be iNRber ether with the
vtoms 1 R e P e O A SR S e g e
S, SO, et¥0xr inaghspaialiprstablerecinpym . and R6 may forman 8- to

14-menbered optionally substituted bicyclic fused
ring system wherein the bicyclic fused ring system

3. The pr8Yesk Uf E1084 2, WhGSinWRLif an optionally substituted
phenyl to forman optionally substituted 10- to 16-
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menbered tricyclic fused ring system Rg is Hor a
protecting group; and Rx is H, aliphatic,

woycd7mab4sphat i ¢, (cycl oal i phatic)aliphatic, arpty/us2006/032481
aral i phatic, heterocycloaliphatic,
(heterocyqloallphat c)aliphatic, heterogryl, carboxy,

sUI'f anyl ul finyl " sul fonyl L_(alipha )car bo ,
cytl oal ésh}tl c) ca('&)nyl Q
((cycl'oalip atlc)allphatlc)c onyl, | car’bonyl !

(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycl oal i phati c) al i phati c) car bonyl
(heteroaryl)car bonyl or (hateroaraliphatic)carbonyl;
is - (NH CR4' B’ - O( O) - C(O NHR4 or
(N CR4'R5'- ) R4 is H Tan optionally
S ofut ed alipha , »an optnonat f'y substitut ed
cytl oal i phatic, an  optiona substituted
het er ocycl oal i phatic, an optionally substituted aryl,
an optionally substituted aral kyl or an optionally
4. The rgodess pf cltied ] heleeinar al kyl ; and Each of R4 and R5 is
féndelgendent ly H an optionally substituted aliphatic,
hS ptionally substituted cycloaliphatic, an
Rpisi@naliibty, cuheilbdkAdchatStRakG1-0 {CLy a C
280#%%22 59 gT USZO%G/%%E 81 Mg t?oﬁgaﬂy iﬁbg?igigeﬁm'ls
alkyl, Carolicteragychps Con dpteyocy elysCi-s tikal Canahstgrparyhor §ptd lsraparyl-Ci
6mkﬂ.%¥ stituted heteroaral kyl, or an optionally
stituted heteroaral kyl; or R4' and RS, together
'] ismptlbﬁally&tubmtmdwﬁmdnetth ereaibsttubiis bach ind@enfi@itiyn salected
0 7- menbe red optionally substltuted

from Gr@ygﬁoaa}d, Lﬁﬁgtﬂpr@e AiipRgtic g@r,l;@p plopgn Ry anayt kereplpced by a heteroatom
selectedcf%wgs %‘V\%g)‘;r g?)n 11%% éﬁl }pé%&tflggﬁ rYgerd‘eﬁf \rlnél g 6, N

racem c m xture of CI S- and trans-
oct ahydr.ocycl o ent pyrrole 1- carboxylic aC|ds of

5. Them%$ﬁ%¥g e COOK' 7 2. The process of claim
1, V\nge,[;eln R5|s C1M§ aIk C3-10 cygl oal kyl ,| C3-10

cycl oal kyl - ryl, O aryl-Cl-6
al kyl, C3:10 et e'r cI yI het ero ycI vyl -C '
al kyl, C5-10 heterodryl, or “l o heteroaryl-Cl-6

al kyl ; each of mhlch IS optlonally substituted with
one to three substltuents each i ndependent |y selected

fom Group 3~ and u o threew-aliphatic carbon
0 QO s ach
6. The process of claim 1, wherein R7 and R7', together with the atom to which they are

8.0 0.0

7. The process of claim 1, wherein R is Cg.19 aryl, Ce.1g aryl-Cj.; aliphatic, Cs.19 cycloalkyl,

attached, form

Cs.10 cycloalkenyl, Cs.1g cycloalkyl-Cy. aliphatic, Cj.jp cycloalkenyl-Cy.1; aliphatic, Cs.1p
heterocyclyl, Cs-10 heterocyclyl-Cy 12 aliphatic, Cs.19 heteroaryl, or Cs.1o heteroaryl-Ci-12

aliphatic; each of which is optionally substituted with one to three substituents each
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atons in RS may be independently replaced by a
het eroatom or group selected fromO0O, NH, S, SO or
weCR7vn2a9chemi cal |y stabl e arrangenent. 3. ThecCcprse®ss32481
of claim?2, wherein R5 is 71 WD 2007/ 022459
indepd?ﬁ%ﬁtu&%w&/dmﬂ@foulpj OH O 4. The process of claim
1, wherein R7'isH R7 is ClL 6 alkyl, C3 10
cycl oal kyl , C3_10 cycl oal kyl -C1_12 al kyl, C6_10 aryl,
C6_10 aryl-Cl 6 alkyl, C3_10 heterocycl yI C6_10
heterocyclyl C1_6 al kyl, 5_10 heteroaryl, or C5_10
het er oaryl - 6 al kyl Rl is optionally
substituted vvlth one tcﬁhr e substituents each
8. Th i ndependent |y sel ect ed féG“oup J; and up to three
- Lheroesanel datgnt. pdrerein Bris |n R1Smay be repl aced by a
het eroatom selected fromO, NH, S, SO or SQ2 in a
chem cally stable arrangenent. 5. The process of claim
4, wherein RRisr ~rrr ~r ~r L1111, r1l°r
I, r 1, ror i, i, 6. The phocess of claim1l, wherein
R7 and R7', together wth the=at@mto which they are
at t ached, form7. The pr of claiml1l, wherein Ris
C6_10 aryl, C6_10 aryl-Clf12\aliphatic, C3_10
cycl oal kyl, C3_10 cyc 5 C3_10
9. Thepmbssaiﬂcﬂmm“&lar@ilmbatl c,” C3’ 10 cycl oal kenyl -C1_12
al i phatic, C3.10 heterocyclyl, C3_10
het er ocycl yl-Cl_12 aliphatic, C5 10 heteroaryl, or
Cs-i0 heteroaryl-CG-12 aliphatic; each of which is

10. Thoploc @B AF EMins YOS bk with one to three substituents
egltc(:)h 72 WO 2007/ Ozgllfggs PCT/ US2006/ 032481

i ndependent|y selected from Group J N 8. Eﬂheﬁ rocess
R1{ af a|m7R1aNh retbp Ris N O e PRrocest | ai m
P e erein |/sl . TheR1prr\<nw clai ¥ 7, N gl n
OTWR 5010 1 Rio "N
R1o R10 //S\\ \
' O O Ry
Q Ry 0
P R Q0
BN R Yo T
R10 H NH R1O/ \N R10\K/S\N HO
n « H (SaNH H =NH Rig
/> % %K\ K, Rio
10 0 R10 ) 0 R10,
0
HS h%k Rios, Q Ry
Rio~ I 4 \\// 9 Ry
Rio K™ "N Rio~,~S~ 4 .77;
H ( nNH K N 10\ e
Rig | \ H (SsNH or (
S'_K ' n
4 \ K K
0 Ri1o g \
Rio o Ry,

and

RIO is H, Cl-12 aliphatic, C6.10 aryl, C5-10 aryl-C1-12 aliphatic, C3_10 cycloalkyl, C3-10
cycloalkenyl, Cs.19 cycloalkyl-Cy.y, aliphatic, Cs_o cycloalkenyl-C;.;5 aliphatic, Cs.j9
heterocyclyl, Cs.10 heterocyclyl-Cy.i5 aliphatic, Cs.; heteroaryl, or Cs.o heteroaryl-Cy.2
aliphatic.

11. The process according to claim 7, wherein R is
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RLo HR ~, lo HH' R/HO 11 NRio N'~ 1o~K NX
O-S\ R10 S Rlo~R10H(nNHSR100R|oORi0100
wéRo®»2243910 X Rio HNH Rlo S N Rio,, -S HO HpCT/Uus204d6/032481
KHI NH"~-RI0O ~-K ~K v Rio/>-K RlO O R10 O O R10,
OHSRlOORlO-O(P RoRlOK ~KN Rio,, \S//
-~ ‘Fao"é\lH[sj o NH- K ORLO O
A H Cl_12 Ilpatlc C6_10
0" Oa yI’, OB_ID yI’ Cl qz i phati c, 10 ¥ cl oal kyl ,
C3.10 cycloal kenyl, C3_10 cycl oaI kyI 6(:)[; al i phati c,

C3. 10 cycl oal kenyl - C1_12 aliphatic, C3-1
12. ThpteessyfClanh, 7, Gheitth Rg§ erocycl yl -01. 12 al i phati c,

10 heteroaryl, or C5_10 heteroaryl C1-12
):z ;ﬁ}% Q CeSISN Hng/gozécl aim?7,
et ei 7 )07/ Q ‘9 PC'g/ U$2Q06/ 032481 . N
~\- O\O ~O ,uON + N K r(og&~ NI O000or O
Ny ono 1B The pr'dcess of cHaim 7, \hherel n Ris %1

Sellse ot Lot

H H )
0
Cl
Nos TN\_g N NN
Ot o @ é Q—é— L
N \H \H ’ \H , \ ,

~N
o r;l/ PN \nll/\ o T S AT N i
H , , I , I '
H H H ' H
0 0 0 ’
I 00 I O P
_S P S< S
o5 T E W, L
~N [} ] | 1
O//S\[?j/\sse\ 0 r?j/\f\ 0 l?l \;,s\ 0 ;?;/\f\ , o) r?l \fﬁ 7
H ’ H H H H
0
Z \\)n bd A )n y4 N )n
/‘g‘ l \/—g— osI D% Z :
o TN AN o” TN, /T
H \H ’ H ’ 0) N\ s
H
(0] 0
/] ?\//O 0
Ol \ \ § z _g_
>3-

13. The process of claim 7, wherein R is
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NO-NN O~~M OSSN HHHHH N\--- - - Hbh N~N C

WO 200702248b N--> HHHNHOiI~S NH O Cl )-1 N BET/UBNO6/032481

j-- NCO M M M N NHHH, HHOO0OO0O0O z)n 2Z)n
N~-~ O WN O N~~SSS'

z)nlnz ()nz 0"l :I ON\ O-
00

0%BN! '~sss' HHH_0 ~Q0 10 _8Q- | M ZZS
Joreia i Al DB I kT

5

O r VA '\)n/ [\O~, A\ S)’N
HH 0z ® ZzJ~-OoM0o~00-B1/_ Ho\ NHONOLH Nor
0" N\QHHHH 13. The process of claim7,,wherein R

NN __i s 74 - N
rli\N\> % | N\—é- )fj\‘;i o/[g?\ /,é\/[?"%_ j\ P

! . O N , , O 3
H H H H W o+ 0 S :
o)
2/5 NH 0o '?'/\/—g- ; N $ HNN
A I IO
o N ¥ .0 N)?é o N\H oo N o N O)\N\ , o/[\ N, %
b I_l{ H H H H
N N cl
Lo+ 1+ e
N \N\ cl N\
H Hooor H

14. The process of any of claims 1, wherein the carboxylation step includes forming a 2-

anion of the compound of formula 6

N

- N
- ~

'
COOR!
6
in the presence of a complexing agent, and treating the 2-anion with carbon dioxide to
produce a racemic mixture of trans-/cis-octahydrocyclopenta[c]pyrrole-1-carboxylic acids of

formula 7.

15. The process of claim 14, 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.
16. The process of claim 15, wherein the base is sec-butyl lithium.

17. The process of claim 16, wherein the complexing agent is tetramethylethylenediamine,
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WD 2007/ 022459 PCT/ US2006/032481 N/ /~ ~N- ~ | N -
NNN CINDHHOHQHNHHHH 00 NONV-- 1 , -, [/
wO20078MM59Z HNN O NONOHON- HHHI 01rQirusk@eclh32481
JNHOS  NH- O,0HHHO/~HO HNH CND NN Cl

i o ss,_of apy of J. M5
tetracthMebdiomis e nglly 2o oL A g e o P Aghopy-5.7-
diazabfychf.dd]mhatdie conpound of formula 6 N COOR 6 in

the presence of a conpl exing agent, and treating the

2-anion with carbon dioxide to produce a racemc
18. Th déEsCof@ai i i i iami

P hE R Riain 1 i the complexing gecnt i iqamethylthylongdiamine
tetractydpthiglen¢diarhime ntgiramgthy N1 R-@ctohexytiaRine, dr 1.5-diftopyl-3,7-

. f claim14, wherein the 2-anion is prepared
dlazab%%f%%tlﬁ}?&a’?%e conpound of fornula 6 with a strong
lithium base in the presence of a conpl exi ng agent and

an aprotic solvent, 16. The process of claim 15,

19. The peqcesspickimyds whereinsihe Meusydistetidisunto 117. The process
of claim 16, wherein the conpl exing agent is

t et ramet hyl et hyl enedi am ne, 75 WD 2007/ 022459

20. ThPEIdceISATREIMAI24 Bherelrethe detbydietrhyd Breadoani ne,
tetramet hyl - 1, 2-cycl ohexyl di am ne, sparteine, or
3, 7-di propyl -3, 7- diazabicyclo [3.3.1 ]nonane. 18. The

21. THEpRRESSreaisil 18l Thidin MOSTAL - HEISRTY§5pN0 agent 1
tetranet hyl et hyl enedi am ne,

22. The process of claim 14, wherein the trans-/cis- ratio is 90 to 10.

23. The process of claim 14, wherein the trans-/cis- ratio is greater than 98 to 2.

24. The process of claim 14, wherein the complexing agent is D-sparteine.

25. The process of claim 1, further comprising equilibrating a trans-/cis- mixture of the

compounds of formula 7

ot
1

oh

N~ “COOH
|

COOR'

7

in the presence of a suitable base to produce a predominantly tans-cis racemic acid of

formula 8

1)
1

1)

N~ TCOOH
1

COOR'

8 (rac)

wherein the trans-/cis- ratio is greater than 80 to 20.

26. The process of claim 1, further comprising equilibrating frans-/cis- mixture of the
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tetraet hyl et hyl enedi am ne,
tetranet hyl -1, 2-cycl ohexyl di am ne, or 3
WO Zewiop2aspyl - 3, 7- di azabicyclo [3.3.1 ] nonanePCLAS200h@32481

m&m&ngﬁ ¢ R piend 8L Ra 1D Bade ]
compo a. Hhe p%érkg% s ao alf %a§e tg%f'%ﬁé §Iprerd§{€m9an'tl§ trans
cis racemr@zrasrdmfionmda Bovhesei thetfioond/cis- mlo iSTeatpr thae §8 t@10.

claim 14, wherein the trans/cis- ratio is 80 to 20.

22. The process of claim 14, wherein the trans/cis-
27. Thév\%fob@sw cRfn ti Ofiter bapriciey é&hﬂ@&ﬁ%ﬁmﬁmzwnﬁﬁt\m of formula 7
. rein the trans/cis- ratio is greater than to 2.
in the pyosenqmel qryugialls bassito preduss a predaminantly toms- cwmpemwlangi of

riei ess of claimi1l,

formm?g%{aéléth%t%?%s{&ggﬁgabszée%c ?"‘“ﬁggg ?r ans/cis- mxture

of the conpounds of formula 7 VN N COOH COOR 7 in

the presence of a suitable base to produce a

28. The;progessioh st ¢ 7+ Whireinthesbass dekithiuny bespmstthyldigilavidea lithivn di-
pc);ggd %Eﬁ dhe trans-/cis- ratio
isopro IS g?eal\ét er than”’ g’% A‘Egﬁ%g%@he process of claim1,

further conprising equilibrating trans/cis- mxture of
the 76 WD 2007/022459 PCT/ US2006/ 032481 conpounds of
formula.7 nee of suj t abl se
29. Tho Pigits B oish ahoThRaRs Sive iigy beaelmifialaadty of
forrrul a 8 wherein the trans/C| s- ratio is greater than
to 10. 27. The process of claim1, further
30. Thf‘cﬁfﬁﬁ‘?sis of plgire & Whaseinthalthivmheseds sec- -rityltlifthismodndftbe porhplexing

agent 1s 3 7= éi(}ﬁ)#)ﬁﬂ 30? %f’at%%rg%c(féc[ﬁ% u' t abI § Qllg(sﬁterglléé)ur? 8$ Wﬁ?rgmg?‘ans-/czs—

N—alkom}mﬂ&myl bd‘tﬂlyﬁr(myslloperﬁa[c]@&ﬂo% l&aﬂbﬁﬁlﬁcﬁi&dsﬁ@'fo&&ﬂ&q i#-which
The process of clalm27, wherein the base is

the tra?FSr/Fﬁl YO AR RIS AtST WQPQPE‘;‘P 1&zi de, 1ithium di-

i sopropyl ami de, or lithium

2,2,6,6-tetranet hyl pi peridide. 29. The process of
31. Thecpracess 28¢lainh 80,cvlrertin ehdazam-Nsalltdﬁybirbﬁmyl-

exa sila rocess of claim

OCth#ﬂ%Vngﬂ@e ‘?tfgpmlﬁi eb&ég’gc oy g}‘rb"‘l“?“tyﬁ’flfbﬁ’ilﬂnd t he
ctahy &O&RIHeh A &ﬁ@-tld?o li d
oTEy @(Elgédclﬁ%r og:)]/ |aa20§g|1%§1/%l o[ 3. 3. 1] nonane to give a

m xt ure of racem c trans /cis-

32. The)’?p!'rslcegg )8(%/ Cl%lgr? g,P P(llftg%fg?%ﬁg{ ocrgcl oﬁg ﬂe%cglncg zp X;gsr-lg a(lekclx_ygﬁ[)onyl-
octahydrocyclopenta[c]pyrrole-1-carboxylic acid to produce an (18, 28, 3R) #rans-N-

alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-1-carboxylic acid.

33. The process of claim 32, 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
9.

N

ot ~

R\ (S)
Rn NH3+
N(s) OO0’

COOR'
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the trans/cis- ratio is greater than 90 to 10. 31. The
process of claim 30, wherein the trans

woRed7kexage ar bony| - PCT/US2006/032481
oct ahydr ocycl opental c] pyrrol e-1-carboxylic acid is
trans- N-t - but oxycar bonyl -

A yl -, . . .
34. Theombedsy of deiye Bhpereip gnnticalleactive barois (R) g-apingpthyibenzene.
The process of claiml, further conprising resolving
racem c trans- N al koxycar bonyl -

35. Thdibadey 6f elaie BopeintraihchpypticallpadivednairoisyP) b2dc-tralydro-1-
produce an (1S, 2S, 3R) trans-N

naphthylpRéiey car bony| - oct ahydr ocycl opent a[ c] pyrrol e- |
-carboxylic acid. 33. The process of claim 32, wherein
the resolution conprises the steps of: i) formng a

36. Thépiotessiof blaim 38pfuithed dompisingithe pageol: and i)

crystallizing.the.sal r . ' '

Shisevmg toicad or SPETRIY b Bppgurbfbofafifhe ead
group'\l\&nﬂEBJ’ N(S) COO I COOR 9 77 WO 2007/022459

*B&T/ Us2006/ 032481 34. _The process of clai m§3 a1

vibeerebying He -SS10R airpigcting grow tpfaradyes aqepopound of Formula

a- ai ni noet hyl benzene. 35_~JThe process of claim 33,

wherein the optically active base is (S)

1,2,3,4-tetrahydro-1- na oyl am ne. 36. The process
of claim 33, further co i SH e steps of: i)
esterifying the caboxylicf‘ﬁci Sornmula 9 with a

conpound containing the RH group; .and ii) renoving
the -COOR protecting group to produce a conpound of
Formula 1 N CO2R3 H1 whereiln R3 is an optionally

substituted al kyl or aral kyl . 7. The process of

Whefe’é’lPaiiI?na%BP“%ﬁ‘gVé%{Wt‘%geﬁ?@%ﬂ%ﬁﬁﬂ(ﬁ 38. The process of
claim 36, further conprising reacting the am no-ester
of Formula 1 with RL1000H in the presence of a

37. Thequesnof deagimwhetsipRe iiidaitd: conpound of Fornula |a.
0O R?

38. The process of claim 36, further comptising reacting the amino-ester of Formula 1 with

R;COOH in the presence of a coupling reagent to produce a compound of Formula 1a.

39. The process of claim 38, wherein the reaction between the amino ester of Formula 1 with

R;COOH is carried out further in the presence of histamine, glycine, ot lysine.
40. The process of claim 38, wherein R; is Py-.
41. The process of claim 38, wherein Ry is P3-Ly-Pa-.

42. The process of claim 38, wherein Ry is P4-L3-P3—Lo-P-.
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OOR3 la 39. The process of claim 38, wherein the
reacti on between the amno ester of Formula 1 with
wehemek4ss carried out further in the presenceprgi/us2006/032481

hi stam ne, glycine, or |lysine. 40. The process of
claim 38, wherein RL is P2-. 41. The process of claim
38, wherein RL is P3-L2-P2-. 42. The process of claim

43. Thggrocgpedleiaimms, pderin R3iSEWL2- P2- . 78 WD 2007/ 022459
PCT/ US2006/ 032481 43. The process of claim 38,
wherein Rl is RW. 44. The process of claim 38,

44. The pradesy ofccnipt 38 ifaghdrie HeiRg 1 stkdsigr hydrol yzing the

e.s.gﬁr 01& a conmpound of Fornula 1a; and iv) reacting
PR DydrPy g thecstrgiof 2 spmppans of Formmiat In; and onpound

GOYeatiH - qQr w.wherein R2 is .

: %ﬁ& e R B R o Wik Preofid cammpiaingitts erou,
whereig &t #(Ngl-CBABFEH(QR)C(DNPNHES, inftBe SRIGRY %@aggugﬁﬁlrg%gg%nt to
produc§*t e450. Thedgt]gces gf claim44, wherein R4 isH ~an ’

opl%l%rl%oluﬁ} %‘P}Lﬁ% ed aliphatic, optionally

substituted cycloaliphatic, an optionally substituted

45 aryl, an optionally substituted heteroaryl, an
- Thepiopess f Flpins dhswheraindy iaFabik phtioratly aﬁb@i@dtk@&lﬁiﬂa?if, optionally
y

: i £ Kk .heteroaral kyl ;. R4’ is H, an optiona
SUbS“@ﬁ%gﬁléa%g%“’af‘? Bﬂté‘%qa@,y Sé‘??“&ﬁ?# ih |an>¢p§@m1?/i S‘I!lhtﬁé‘@teéhgftbroaryl,
an optieumllycpbstionad hyllsuRs bh bgﬁ&&?&ll@fsgi)é%&ted Hét'efoﬂra?l%j onal |y

an |1 S ,

ﬁb's ituted heteroaral kyl ; an-optional ly
HS 5 £ PRiEPna1 LY sukatituied aliphetic.ianrplibyalsubbtitutet agy] an

optionally Gt i tignally. substituted aryl, an
P gug%’t-i %inal y%ﬂ%&ﬁ%? gtgong AI°R lfutf)‘?ﬁ‘aat?tro Ksdraid) y
Bs Hi, awoptibnatie sebstaned Kjphati®fanRbtioAIN s3Bstitu -
an o tiWiahh thgl a%fmto whi.ch theéit.ar e%gt t ac%esg,S%ot%ér?ngg&ggﬁ{pth%uc’
ptically subsEruc a5yt 2 Rationpally srbstityted ewlkyy.cir aaloptibatlly Gubstituted
heteroafdllygd; or46. The process of claim 44, wherein R2 is OOO
O +NHHt NHNI \ - -NHN +NH N~COOH OH OH/ OHH

Brapd Rs', @gaivanwvith Ge dtgniko @HicH theyNide @htadteliHokn NH- R, ¢H
membel olﬁltiorgllgr) substituted cycloaliphatic ring.

46. The process of claim 44, wherein R, is

0 O
A i)x S\Ki I
-§-NHS\O?§ ’ +NH I 1§)\© ’ 4NH T ﬁ/ : -§NHS\O;“\§/\COOH ,
n J\/ ii N lj\i |
. F 0
NH I N , b OH B j\: ENH o ﬁ/bgg*ﬁ/A
OH
5 S\(‘L -8~ X - /Q S\/‘L
. OH gjw/gNH OH gJ\@\I e OH i °r—§-NH OH i OO

47. A process for preparing a compound of Formula 4
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- NHHNHH- NHN- -NHN OHOHNOHHOoOr Oy H 47.

A process for preparing a conpound of Fornmula 4 79 WD
waQ7/a22459 PCT/ US2006/ 032481 CNHNHN O O O NpdQUS2046/032481

OH4 conprising the steps of: i) providing an

N- al koxycay bonyl - 3-azabi ¢ycl o[ 3. 3. 0] octane; ii)

form ng mani on ofp th

N al koxyaar bony}|ig 3- gzabi aycl

presence of ajchelati iy agentiii)f treatingathe anion

of step ii) woth _earbon dioxi dataotro ce/gS

ci s/trans- m'xtuof a N N :

N- al koxycar bonyl -eet ahydr ocycl opent acc] pyrrol e-1-car bo

xylic acids; iv) treating the

4m'xture of step iii)
with a strong base to produce

-0 oct ane in the

an essentially pure
trans- N-al koxycar bonyl - oct ahydrocycl opent a[ c] pyrrol e-
comprisingdle stepsydfi ¢ acid; v) forming a salt with an
Qpti cal l tive amne; vi) crystallizing the salt;
\RD Prfvg‘ﬁ%%qaﬁ;ﬁ#%ywbowéﬁdﬂﬁ 6VeldBd Plocnep vi); viii)
O : I up.to e
?? 53 algg %gga)%_lcé}t %{ﬂ&g Mﬁﬁém%onyq[ﬁagablcycﬁigg .ldfoctane in the
presengecafarnhdiatiog egemprent af c] pyrrol e-1 - car boxyl ate, t-butyl
lic am noester of step

ters. | ting the bi c
T Ftipt e A5 BRI s Rboraiuida o PIoghen i dognzaiure

ofN-aua@eyldarbaﬁyl-mﬁfyamyaob&tﬁ@g@%@lgglrgg?}gﬁg gy Qroup, in

t he presence of a coupling’reagent, pr oduce an
Av)iterating thermigture of siep wi) 2ith avdtrong-bisd-toQr&fidBAn egsénifally pure

trans- Ig- fﬁse%g%glloérpf?-tog{a%)?cﬁ;é%zc%{eﬂéfcljByr%olg-rl(-)crgrlgor;glica g::i(cji;e -ester
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)-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

amide-ester of formula 27;

Z-NH
o} COR,
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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am no conpound of formula 28; 80 WO 2007/ 022459

PCT/ US2006/ 032481 H2N N O CO2tBu 28 xi) reacting the
wearormzesapound of fornmula 28 with a protect edramiusg06/032481

acid of fornmula 29 Z-HN.CO2H 0 29 in the presence of

a coupling reagent to prjoduce a tripeptide of fornula

30; O Z-HNL N HN O B O xii) renoving the

protecting group Z in the tgip ide of Forrmula 30 to

produce a free am ndNrijept{de of formula 31; H2N "I

"HN NO OCQRtBu 31 xiiip reamtiag the

am no-tripepti de of fornula 31 with

pyr azi ne- 2- car boxylic aci d?%n the presence of a

ca)ihétig the agan Rhed i de ester
of formila 33; O HNHNﬁIfO%gﬁ% Mf‘ é t%gg& LRty acid of
formuﬁ;zarm yzing the ester of the am de-tripeptide ester of

formula 33 to produce ? de-tripeptide acid of
formula 34; 81 WD 2007 6'524’2%2 CT/ US2006/ 032481 N O

29

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

g

CO,tBu

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;

w hes

CO,tBu

%

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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CNHNHNN O 0 0 CO2H 34 xv) reacting the

am de-tripeptide acid of fornula 34 with an
wamoerahygdp oxy- am de of fornula 18 OH H2N, / Np¥T/U32008/032481

in the presence of a coupling reagent to produce a

hydr oxy-tetrapeptide of fornmula 35; and CN O HN, _, -,

HN NO O - N OH 5 xv idizing the
hydr oxy grou ofl forml a IES t o fpr oduc e compound of
Formula 4. ) ON N 4 48. The
process of claimdl, wherein theloxidyzi ng reagent

oxidation is carried in the presence of 2,2, 6, 6-

t et ramet hyl pi peri di ny free radical (TEMPO . 49.

The process of claimA47, m?irein t he oxi di zi ng reagent

usid in step xvi) is 1, 1-drhydro- .

Kv]rebeting the amidertribeBti LT OR) 13434t D e
formulga cess of clai m%g further ggﬁ%ﬁi@i‘“%g%@g@gmﬁ%éy ?ﬁléde of

gpound of Formula 4 in an 82 WD 2007/ 022459
PCT/ US2006/ 032481 or gani ol vent to obtain a

sol ution of the corrpglulqg/q\[(Fﬁr mul a 4, and then addi ng
2 ~
0]

used in step xvi) Qs @um hyoPochl &%:te and the

an acid to

e

~
18

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

ENJ\N/ HNY(I)'\HN\J;/ '\4? %
0 [::j o) Ay H//éx
OH

35

4
48. The process of claim 47, wherein the oxidizing reagent used in step xvi) is sodium
hyopochlorite and the oxidation is carried out in the presence of 2,2,6,6-

tetramethylpiperidinyloxy free radical (TEMPO).

49. The process of claim 47, wherein the oxidizing reagent used in step xvi) is 1,1-dihydro-

1,1,1-triacetoxy-1 »2-benzoiodooxol-3(1H)-one.

30. The process of claim 47, further comprising dissolving the compound of Formula 4 in an
82



the solution. 51. The process of claim50, wherein the
organi c solvent is nethylene chloride, and the acid
woomaerdsg aci d. 52. The process of claim50, PaTUS2006/032481
organic gelpiitite Phigincosediiansofithaeprappund off Hotmaa df andiber addieganiacid to
ﬂwsdug Formula 4 to obtain the conpound in a solid form
. A process of purifying the conpound of Fornula 4,
conprisingg NOO CNOOIDOHH O 4 xvii)
di ssol ving the conmpound of Forrmula 4 in an organic

solvent.to ohtain a solution of the ound . of .
51. The pRocksy of im0y Rprel e qBSaniF sobyear fsame e R FHpyidhn agd the acid
is acetictdegy. compound of Fornmula 4, and xi x) concencentrating

the solution of the conpound of Fornula 4 to obtain

the conpound in a solid form 54. The process of

cl aim 53, wherein the organic solvent is nethyl ene

52 TGP 5 PR ity ARG SO
of FormbGH 105036 ({324 pbund i addidgomim. Rl is P2-; RS R8-N |

P2- is R6 R5 is H an aliphatic, a cycloaliphatic, a
het er ocycl oal i phatic, an aryl, or a heteroaryl;

53. A process of purifying the compound of Formula 4, comprising:
~ N_ _H N\/“\
N : HN N %
¢ O A
N N
O H H
O

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

of the compound of Formula 4,
xviii) adding an acid to the solution of the compound of Formula 4, and
xix) concencentrating the solution of the compound of Formula 4 to obtain the

compound in a solid form.

54. The process of claim 53, wherein the organic solvent is methylene chloride, and the acid

is acetic acid.

55. A compound of Formula 1a



each of which, except for H is optionally substituted
Wi th one or nore substituents each independently
weeb@meedof rom Group J consisting of halo, PCT/US2006/032481

cycl oal i phatic, aryl, heteroaryl, alkoxy, aroyl,
het eroaroyl, acyl, nitro, ¥ano am do, am no,
sul fonyl, sulfinyl, sulfany sul foxy, urea,

whereiinj gyrea, sul fanoyl, sul fani de, oxo, carboxy,
qg&g moyl , cycloallphatlcoxy,
he er%éycloallphatlcoxy, aryl oxy, heteroaryl oxy,
ar al kyl oxy, Isteroaryl al koxy, al koxycarbonyl,
al kyl car bonyl pxy, and hydroxy; R6 is an optionally
substituted i ghatic, an optionally substituted
het erpal k a \\optlonally substituted heteroaryl, an
optloﬁbll sub tituted phenyl; or R5 and Re, together
with theTatons to which they are attached, may form a
%10 7- navber ed, . optional |y substituted nDnocycllc
heterocycle or a 6- to 12-nmenbered, optionally

KatisH, ey u@ilabc,cgﬂmcmahpmM mhg/tetoeycloallphﬂm el a@y’:}c& 3 heteroaryl;
cont al ns an addit’i on ’

I I
ea;:h 0 i gIE coég( %%r eI—:I elgpgﬁ qa?lg%lb @te with ong pr mmpg(substnuents eddh
indeperalentip adlected £y@l GR 0
pe enﬂ)j?l a‘r: aTI p% B e Chbgﬁglilééfiglgsog gfgr @}Léﬁ&?&?ﬂtﬁ) gry'l F%e%roaryl

alkox%(f“ﬁéflel? %%Ilowawﬂhmmcgmommﬁommlhe,tsathﬂﬂyéulﬁﬁﬁf oy,
I c) car bonyl,

g o)
sulfoxy gtle%,latgigulregh%{%ﬂ’ac L sulfa %} Je )}/o carg)oxy, car%amoyl cycloahphatlcoxy,

heterocyqlgqlqjhaacthghatyloﬁ:)yahdtﬁba?rlcﬁ()ycélra 3 het@bY

bonyl hef erocycl dal 1 phatic fbon I,
alkoxyc%f%rg fegﬁcgb:@{%gp' Ha%/q ddwareghat i Z) car boﬁyl y
Rglﬁstf@lrdiﬁibﬂm}p%%ﬂwwah ﬁa’ucé% Bﬁéﬂ%gfly lﬂgPF glteéﬁlze%earggﬂg{f]ly !’m

or a protectin r

optlonagb §¢h§ﬁbﬂ¢@/h%@b&b’l tantopﬂoﬁllly)shbstftﬁted Eﬂﬁlyﬁl)%m WRE RO together with
The conpolhn 8 P

er Is t-buty
the aton‘f% t%.w'&%%stheml@rag Ehegmaiy domya @gog’bgrpmb)ggﬂs@tlonally substltuted

h
O Manaroi 1 b3 112 KD b APorhlE SRERE cdefisShyet.

56,
in whlclReacbhgqgocyp]@ rigigeapsionallyRiontanP8r alcﬂitRﬁxaI heteroatom selected from -
O-, -S-, or -NRX—;

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.
56. The compound of claim 55, wherein R; is #-butyl.

57. The compound of claim 56, wherein Py-1s
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R7 R R8 -N P3-L2-P2- is 0O RS R5 is H an aliphatic,
a cycloaliphatic, a heterocycloaliphatic, an aryl, or
wea 2betezsar yl ;  each of which, except for H, i ®CT/US2006/032481

optionally substituted with one or nore substituents
each independently selected from/Goup J consisting
of halo, cycloaliphatic, aryly, h oaryl, al koxy,
aroyl, heteroaroyl, acyl, nitjro, (cyano, am do, am no,
sul fonyl, sulfinyl SN AN oxy, urea,
t hi ourea, sul fanoyl | fam de, oxo, carboxy,
car banoyl, cycl oal i pkati coxy, )
het er ocycl oal i phati coxy, aryl oxy, heteroaryl oxy,
ar al kyl oxy, heteroaryl al koxy, al koxycarbonyl,

58. Thalknibe@iadaRWiM%6, waBdiwdioxy; R6 is an optional |y
substituted aliphatic, an optionally substituted
het er oal kyl, an optionally [substituted heteroaryl, an
optionally substituted phe 7 or R5 and R6, together
with the atonms to which thqy are attached, may forma
5- to 7-nenbered, optioH%l Substituted nonocyclic
het erocycle, or a 6- to '12-nEnhered, optionally
substituted bicyclic heterocycle, 85 WD 2007/ 022459
PCT/ US2006/ 032481 in which each heterocycle ring

59. A copipoandbf Borg@d i NS an addi tional heteroatom sel ected
from- 0-, -S, or -NRX-; R7 is H, an optionally
substituted aliphatic, ~an opt$6h7lly substituted

het er oal kyl , an optioRal | g~ subst/i tuted heteroaryl, or
an optionally substit Nehepyl; or R7 and R6,
together with the aRans to ich they are attached,
may forma 5- to 7- nenberedYptionally substituted
nmonocyclic heterocycle, a t QR menbered optional ly
substituted nonocyclic arylY a 6- to 12-nenbered
optionally substituted bicyclic heterocycle, or a 6-
.to 12-nmenbered optionally substituted bicyclic aryl,
wherei}  whi ch each heterocycle or aryl ring optionally
insp.an addi tional heteroatom selected from-0-, .
gggr%oﬂrﬁzzNRX-; or When R5 and R6 together with the
atoms to which thRey are Rjtached forma ring, R7 and
the ring systemf R5 and R6 may forman 8- to
ubstd tuted bicyclic fused
ring syshem_ kcyfTc fused ring system
may furthé&r i nal |y substituted
phenyl to form an optjonally] substituted 10- to 16-
PEDPRLgd tricyclic fdsed rimg system RX is H,
al i phatic, cycloaliphatic, (cyclbaliphatic)aliphatic,
By i aalahph%ﬁlﬂ pylflct’guphmf"_@ aglyie?@@b]ﬁpiﬂlﬂiaiﬁ@; anl aryl, or 2 heteroaryl;
e ip ic)a atic,. heteroaryl, carboxy,
ea(:h ofwh #“a%xsl% tc[lgﬁﬁf 153 19”%’&“%’%%‘@? With qistes mmas§ sehstibepls each
independaylylsolattcd fiati GiaaR@RYikting o iphati
alkox %%c];/}:ll oal i phati c?lgl i phatic g:fahrailaoéﬁﬁl?ahpélra g}?’paglb%eﬁi’/rf’?ryl’
Y> (aV aPrigreatqys)acsh aﬁﬁy Fyamrénﬁioowmooatlfqnblkj&ulﬁhylarsvlilwh)yl,,
sulfoxy, %Jbe{h?&ﬂgé’ %‘@%ﬁ?ﬁh@#ﬁ%’ o o,"j(‘:talrb%)ng,agar Oarz]r}/oyl, cycloaliphaticoxy,

eter oary
heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy, heteroarylalkoxy,

alkoxycarbonyl, alkylcarbonyloxy, and hydroxy;

R¢ is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and Rg, 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,
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(heteroaraliphatic)carbonyl; R8 is Hor a protecting
group; and R3 is an optionally substituted alkyl. 60.

woheomazseund of claim59, wherein R3 is t-butpCT/uséis/032481
The conpound of claim59, wherein P3-L2-P2- is HO

in whifh e e%g:}{ﬁ%ﬁé;yﬁg E‘@ op@%n%ly%?aé%% %gcéjlét fﬂeteroatom selected from - .

O-, -SP@T)‘N]S}ZOOG/ 032481 O H/N,, H O 63. A conpound which
b|c clo [3.3. 1 ]nonane. 64.

AR?:JS r{% &E}ﬁgaaﬁﬁﬂgﬁu})@m‘ce hatlc an optlonally substituted heteroalkyl, an
optiondly subsRfutdMetedoafyd bAARGM NG L%sﬁtlﬂéd}ﬁ{éﬁyf, grone. 87

R7 and Rg, 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 -0-, -S-, or -NR*-; or

When R;s and R¢ together with the atoms to which they are attached form a ring, R;
and the ring system formed by Rs and Rs 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;

.Rg is H or a protecting group; and

R3 is an optionally substituted alkyl.
60. The compound of claim 59, wherein R; is #-butyl.

61. The compound of claim 59, wherein P3-L,-P5-is
@\/ N i Y
O\ﬂ/N\:)J\N o
O
62. The compound of claim 59, wherein P3-L,-Py-is
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63. A compound which is 3,7-dipropyl-3,7-diazabicyclo[3.3. 1lnonane.

64. A compound which is 3,7-dipropyl-3,7-diazabicyclo[3.3. 1]nonan-9-one.
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