PROCESSES AND INTERMEDIATES CROSS-REFERENCE [001] This application claims priority
under 35 U.S.C. 119(e) to U.S. Serial Numbers 60/709,964, filed Aug. 19, 2005, and 60/810,042, filed
. June 1, 2006, each of which is incorporated herein in its entirety. FIELD OF THE INVENTION [002]
This invention relates to processes and intermediates for the preparation of protease inhibitors, in
particular, serine protease inhiBMQWﬁM@GN%M@@*ﬁ@ENTION [003] Infection by hepatitis
C virus ("HCV") is a compelling human gnpeskgakpoigmicHCYV is recognized as the causative agent
for most cases of non-A, non-B hepatitis, with an__estimated human sero-prevalence of 3% globally (A.
Alberti OS] “\iBi%RRPHEEHOR CHPRITARY Bodgr %?eﬁa%?oé}/? JQfépl ?I)C‘)?lplﬁ?l‘i‘)??i‘ﬂ (1999)). Nearly
four millgor7ondigiddiadd mey be rdesteadinarsa ¢ ik diBtressalope0dMathAlteveilals, "The

Epidemiology of Viral Hepatitis in the United States,” Gastroenterol. Clin. North Am., 23, pp. 437-455
(1994); l\‘?ﬁ‘?‘?%‘i?é?d-fl? %lgtlﬁétf: i Infection in the United States," J. Hepatology, 31 (Suppl. 1), pp.
88-91 (1999)). [004] Upon first exposure to HCV, only about 20% of infected individuals develop acute
clinical hepatitis while others appea }-%ﬁ%seky%wﬂ ﬁgi@ontaneously. In almost 70% of
instances, however, the virus establrs] ecll at may persist for decades. (S.
Iwarson|[00Z2je RedriregiinnsedaeChpmctdepaiiisiteamiigtaitioBiogyarRégienkproiassp. 201-204
(1994); MQHWQQEI%%%’IQ% angrigRtrol of Hepatitis C," J. Viral Hepatitis, 6, pp. 35-47
(1999)). Prolonged chronic infection can result in recurrent and progressively worsening liver
inflammation, which often leads to more severe disease states such as cirrhosis and hepatocellular

carcinoma. (M.C. Kew, "Hepatitig €ang beratqseular rGarcinping)’, FEMSMicrobiology Reviews, 14,
pp. 211-220 (1994); I. Saito et. al., "Hepatitis_C Virus Infection Is Associated with the Development of

Hepatod&fidiariesrtire Ryenstisis QNrISACHE VR 59 spnpsiling e wedsahigeblunfortunately,

there arg0y hyeadiynicliestite teaimentsiar thendabitialing Rragresoiom ebphidnjeviiCas [005]
reatmo R e HRER O L TeETobes N Do A6 S S o0 TREFBIh i publication
are prodésggiia ity ididicpediias larEwprdpasatioh Bt (1905%) cofapbufuds, miliich lead to racemization
of Certaiﬂlétvezgﬁa?sa Q&%gﬁgf&%d%e%ee[%ﬁe]d States alone. (ML.J. Alter et al., “The Epidemiology

of Viral Hepatitis in the United States,” Gastroenterol. Clin. North Am., 23, pp. 437-455

(1994); M. J. Alter “Hepatitis C Virus Infection in the United States,” J. Hepatology, 31

(Suppl. 1), pp. 88-91 (1999)).

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

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

[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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pages 223-22. 't'here remains however, a need for economical processes for the preparation of these
compounds. SUMMARY OF THE INVENTION [006] In one aspect, the invention provides processes

. and intermediates for producing a bicyclic pyrrolidine derivative of Formula 1, which is useful in
producing protease inhibitors. N CO2R3iH 1 In Formula 1, R3 is an acid protecting group which can
be remoREEFLfrE? acthEr bR A aYSHTRe Csanmsrsalnaesssrs die Ssrumpanaions is, for
examplesfithasybouidenbasic conditions, R3 is, for example, methyl or ethyl; under hydrogenation
conditions, R3 is, for example, benzyl. [007] Another aspect of the invention includes processes and
intermediates for the preparation of a compound of Formula 2, which is also useful in producing
protease inhibitors. OH H,N-Rq SRI&RIZBY20IN FOEmMENRE1$ H, an optionally substituted
aliphatic optionally substituted cycloaliphatic, an_optionally sub tituterfi aryl, an optionally -
e O e R R e S D R e
aliphatichiancbptivralilise sttt deantF camubpiiowhibh sustinitechardticyh o pancaptinhidilyosubstituted
heteroaralkyl; and R5 is an optionally substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted aryl, an optionally substituted aralkyl, or an optionally substituted heteroaralkyl;
or R'4 and R'S together with the atom to whi \ey are attached may form a 3- to 7- membered
optionally substituted cycloaliphatic ring. [Oom@r@ Sses and intermediates described herein are
also useful for a process for preparating a proH ase-inhibiting compound of Formula 3 shown below. 2

i
In Formula 1, R3 is an acid protecting group which can be removed under acidic, basic, or
hydrogenation conditions. Under acidic conditions, Rj is, for example, t-butyl; under basic
conditions, Rj 1s, for example, methyl or ethyl; under hydrogenation conditions, Rs is, for
example, benzyl.
[007] Another aspect of the invention includes processes and intermediates for the
preparation of a compound of Formula 2, which is also useful in producing protease
inhibitors.
LN I N-w,

R Rs O

In Formula 2,

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

R'; is H, an optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted aralkyl or an optionaily substituted heteroaralkyl; and

R's is an optionally substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted aryl, an optionally substituted aralkyl, or an optionaily 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.

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

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



0 R1~_NOR2 3 Referring to Formula 3, R1lis RW-, P2-, P3-L2-P2-, Or P4-L3-P3-L2-P2-; R5 Re-N"
| P2-isR6 R7R6 R5HN)"rlI'~Y P3-L2-P2is0R5 R7 Rj'S cc,, Nj R-T-H P4-L3-P3-L2-P2is 0 R5
. Wis a bond, -CO-, -O-CO-, -NRx-,-NRx-CO-, -0-, or -5-; T is -C(0)-, -O-C(0)-, -NHC(O)-, -C(O)C(O)-,
or -502-; R is H, an optionally substituted aliphatic, an Q%ionally substituted cycloaliphatic, optionally

substltuted heterocycloaliphatic, an optionall§ su ted aryl, or an optionally substituted heteroaryl;
R5 is H, an aliphatic, a cycloaliphatic, a heter loal)phatic, an aryl, or a heteroaryl; each of which,
except for H, is optionally substituted withkgne or mi§re substituents each independently selected from
Group J, wherein Group J includes halo, cycloaliph aryl, heteroaryl, alkoxy, aroyl, heteroaroyl,
acyl, nitro, cyano, amido, amino, sulfonyl, squinyI,CBquﬁiiyl sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, carboxy, carbamoyl, cycloaliphatjcoxy, heterocycloaliphaticoxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroarylallcoxy, alkéxycarbonyl, alkylcarbonyloxy, and hydroxy; R6 is an
optionaRegubstitut@dratighdtic, an optionally substituted heteroalkyl, an optionally substituted

heteroaryl, an @pti ly substitut p dR6 together with 3 the atoms to which they are
attached, may gﬁt’sﬁﬁ a?\g t% m&grr?pl erec hf'%ﬁ%%/ §ubstltuted

Rg"""’"’""T
Py i Re ;
Ry Rg
N "L%:f
Ry—N \r
P3-Ly-Pyis 0 Rs .

Py-Ls-Ps-Lo-P, is © Re

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

T ig -C(O)-, ~0-C(O)-, -NHC(O)-, ~-C(OYC(O)-, or -80;-;

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

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

Re is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and R, together with

3



monocyclic heterocycle, or a 6- to 12-membered, optionally substituted bicyclic heterocycle, in which
~each heterocycle ring optionally contains an additional heteroatom selected from - 0-, -5-, or -NRX-;

. Each of R7 and R? is independently H, an optionally substituted aliphatic, an optionally substituted
heteroallgclj, an o&tiovr}%lf%?ubstitutedgﬂ%eroaryl, or an optionally substituted phenyl; or R7 and R7',
together With the ator fo-WIRicH tre e Rk A mayiordrimesbergs, npiienmbradsyiatisdliphatic or
heterocyslotiphiéitideingioyeiR band-RE 1 togethissrvith hemaipmsyawhigh ey argaiaghed, may form
ab-to 731{’%{}&@%%% Bgtgl%nally substit%lte(%ﬁnonoc clic heterqcycle, a 5- to 7-membered optionally

substituted monoCyclic aryl*a 6- to° 1 2-MaHBER SR QS el Raleteddromycle, or a 6- to
I2-memt@ret§413|§’ﬁoﬂ8ﬂ(y;substitUted bicyclic aryl, in which each heterocycle or aryl ring optionally

contains an adgifj e to. d from -0-, -5-, or.;NRx-; .or When R5 and R6 together with
the atoms to whicm%é%@%a{?ﬁgg %ﬁ%ﬁ%ﬁﬁ}%’, %?f%lr?gat% %‘?ﬁ&%%\%?ﬁ%m&lby R5 and R6 may
form an BPgelsehsHRted kteioabuy. aubiticnsdly bitstifaéddetbringyhyatemopibargin the bicyclic

fused ringisystesm AayiVEhRr fusewi @tﬂé}ﬂiiﬁﬂ I titut, enyl to form an optionally
substitu;ted 10- to gg@l rgember]red trigﬁf ('gal?@(g: fused rlng%lf}z%@%(} Igg%lgslp Ié]le r aep?g ecrgﬁagnbar up; RX is H,

aliphatic Eefoinatreedyes s iefuisrrathstengdyelealiphatic rimgterocycloaliphatic,

(heterocycloaliphatig)rli iGN ate gRY . sulfoyd, (ali ic)ycarbonyl,
(cycloaliggat{)%eﬁrbongvé,:g(%icﬁ)aliphatic)ﬁ?ﬁgﬁﬁ%ﬁ%@%ﬁg%ﬁ%%%%?&ﬁpﬁ%#gﬁérbonyl,
|

(heterocy CloaNpMANE SR AYPSEHERE iaeesaalipRatrapsiplan i Bonsitipretbopsiogiabarbonyl, or
(heteroaneiipitatid)oaronylicRzyis « (N w%&%&@éﬁb@ﬂﬂﬂﬁ%ﬁeﬁ'ﬂi&'jﬁﬁ‘ﬁ@%@q cle
'CH(OHQ'%@%WQA%@? I3 oH’ t%gﬁ?{%]tl%ﬁatlt{g substituted allg)hatlc,, an optionally su stituted
cycloaliphatic, an optionaly substitutsateErsd Ricwlin it mwBishcashyersieieer aryl, an
optionaltjngsopiétatisteantliod ar aitiiptiortaitysulbsiisdeddeteiparaliud. apdigth gf R'4 and R'5 is
independently {g, an© Jﬂ? Il %stitut d.aliphatic, an, optipnally substityted cycloaliphatic, an
optionally substituted rfeté{.'r%bi(/%%ga pha |cfh§ng%%ﬁé%§wc St ar)rLEbadHERsubstituted
aralkyl, & dprisnay semnsiuned bhidterod Rikylsyofoan apBorally-sishiriedhripiparalkyl; or R4' and
R5', togetharwith the atom.da whichdhey are, hed orm a 3- to 7-membered optionally
cubstittian cycloalkikg‘l i ring.ﬂﬁtggg Y { r%glaﬁ\ﬁe%my%é/ 56’3 ring system may ﬁxr%er
fuse with an optionally substituted phenyl to form an optionally substituted 10- to 16-
membered tricyclic fused ring system;
Ry is H or a protecting group;
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;
Ry 1s «(NH-CR4Rs'-C(0)-C(0))-NHR, or ~(NH-CR4Rs-CH(OH)-C(0))-NHR;
Ry is H, an optionally substituted aliphatic, an optionally substituted cycloaliphatic, an
optionally substituted hetgrocycloaliphatic, an optionally substituted aryl, an optionally
substituted aralkyl or an optionally substituted heteroaralkyl; and
Each of Ry and R's is independenfcly H, an optionally substituted aliphatic, an
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, an optionally substituted aralkyl, an optionally substituted
heteroaralkyl, or an optionally substituted heteroaralkyl; or Ry and Rs', together with the
atom to which they are attached, may form a 3- to 7-membered optionally substituted

cycloaliphatic ring.



4 [009] In some embodiments, the process for preparing compounds of Formula 3 includes the step of
carboxylation of an azabicyclooctane of formula 6, N COOK' 6 wherein R'is a C1-5 alkyl, to give a

. racemic mixture of cis- and trans- octahydrocyclopenta[c]pyrrole-I-carboxylic acids of formula 7.
0-11t'CO bb %CS)CE{'e?etﬂng ﬁgnts_(%g]e embogiments, each of P2, P3 and P4 is independently a bond,
H, an optionally” SUbsttuted SphEte: AR SHtoRaHT RERa CREPAs o4 Brmoram incibdasihsed
heteroarytennf optiorgiyisubstittetbaikdnyctancaftionaliya ¥)bstituted alkylsufanyl, an optionally
substituted aralkoxy, an optionally substituted Ikylsulfanyl, an optionally substituted mono- or
dialkylamino, an optionally substituted mono-#r digrylamino, or an optionally substituted mono- or

= b

diheteroarylamino. [0011] In some embodime gach of L2 and L3 is independently a bond, -C(O)-,
or -S02-. [0012] In some embodiments, R.5 i-6 alkyl, C3-lo cycloalkyl, C3-lo cycloalkyl-Ci-12
alkyl, C6-10 aryl, C6-10 aryl-C1-6 alkyl, C3-10hgterocyclyl, C6-10 heterocyclyl-C1.6 alkyl, Cs-10
heteroaryl, or Cs-lo heteroaryl-Cl-6 alkyl; each (éé@ h is optionally substituted with one to three
substituents each independently selected from J; and up to three aliphatic carbon atoms in R5
may be independently replaced by a heteroatom ér group selected from 0, NH, 5, SO, or S02, in a

chemica lg-agr t..JO I me further embodiments, R5 is 5 0'10 H [0014) In some
embodim%?t@%ﬁf?%gs@k?;%,g?g%’ 551%@&;%&%%‘% é@%’l%a‘feé;‘}fft%{_gfé“é%oa|ky|- C1.12 alkyl, C6-lo aryl,
C6-10 aRfieEhvgramglorenp derardeytisarsylis heidrotfopi® 7 alkyl, C5-lo heteroaryl, or C5-lo
heteroaryl-Ci-6 alkyl; and RI is optionally substituted with one to three substituents each
independently selected from Group J; and-gp to ghree aliphatic carbon atoms in R1 may be replaced

by a heteroatom or group selected from 0O, S, SO, or SO2 in a chemically stable arrangement.
100151 In some further embodiments, R7 j

N “COOH

COOR'
7

[0010}Tn some embodiments, each of Py, P5 and Py is independently a bond, H, an érptionally
substituted aliphatic, an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substituted alkoxy, an optionally substituted alkylsufanyl, an optionally substituted
aralkoxy, an optionally substituted aralkylsulfanyl, an optionally substituted mono- or
dialkylamino, an optionally substituted mono- or diarylamino, or an optionally substituted
mono- or diheteroarylamino. ‘ ‘

[0011] In some embodiments, each of L, and 1; is independently a bond, ~C(O)-, or -8O,-.
[0012] Insome embodiments, Rsisa Cy.g alkyl, Cs.1p cycloalkyl, Cs.10 cycloalikyl-Cy.1
alkyl, Cg.10 aryl, Ce.1p aryl-Cys alkyl, Cs.q0 heterocyclyl, Ce.ig heterocyelyl-Cig alkyl, Cs-;b
heteroaryl, or Cs.yo heteroaryl-Cy.s 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 8O, in a chemically stable arrangement.

[0013] In some further embodiments, R is



MI~~l1l~ij,orl, I~ -[00161 In still some further embodiments, R7 and R7', together with the atom to
which they ,or are attached, form [0017) In some embodiments, R is a C6.10 aryl, C6-10 aryl-Cl-12

. aliphatic, C3-lo cycloalkyl, C3- 10 cycloalkenyl, C3.10 cycloalkyl -Ci,12 allphatlc C3-10
cycloalkenyl-Cl-12 aliphatic,iC3.10 heterocyclyl, C iheteroc yclyl-C1-12 allpﬁ‘atlc C5-io heteroaryl,

or Cs-10 heterogM\Cl 1%I¢ﬁhatlc e of which tionally $ ituted W|th ne to three
substituents each independently selec from'Gro ND 1 In some f ther embodiments,
Ris 6 0 [0019] In still some further embodiments, R is H [0020] In yet still some further embodiments,
Ris 0 Rio R 1o ffll\ O Rte /IN~ R,~~ Rto~KJ~N O \\Rio 5 Rto Rto Hn NH Rio0 Rio O Rio00Rio O S
ioni'}}- R1I0H NH R7HNnNHRK §,J;I NH HO Rto &»~K\ ~--K Rig~0 Rao 0 Rio, O/> Rio 0 R HSV
10 Rto OORIio ] Rio,K 11, NN SNRlos RlOHnH NH or KH tIn NH Of 5-K\ ~K\
0 Rio O> Rio O~- Rip,

o’ “OH

{0014] In some embodiments, Ry'is H; Ry is a Crs alkyl, Csoo cycloalkyl, Ci.io cycloalkyl-
Cy.12 alkyl, Ce10 aryl, Cso aryl-Ci.¢ alkyl, Csao heterocyclyl, Ce-10 heterocyelyl-Cig alkyl,
Cs.1p heteroaryl, or Cs.yo heteroaryl-Cus alkyl; and Ry is optionally substituted with one to
three substituents each independently selected from Group T; and up to three aliphatic carbon
atoms in R; may be replaced by a heteroatom or group selected from O, NH, S, 8O, or 80z In
a chemically stable arrangement.

[0015] In some further embodiments, Ry is
: |

SRR R
.00 0 .-0C

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

W wpoo wE o AL
B0 00

are attached, form

{6017} In some embodiments, R is a Ce1p aryl, Cep aryl-Crgz aliphatic, Cs.10 cycloalkyl, Cs.
10 eycloalkenyl, Cs10 cycloalkyl-Ci-12 aliphatic, Cs.10 cyeloalkenyl-Cyp2 aliphatic, Ca-10
heterocyclyl, Ci.1e heterocyclyl-Cy.i2 aliphatic, Cs.10 heteroaryl, or Cs.10 heteroaryl-Ci.1z
aliphatic; each of which is optionally substitated with one to three substituents each

L

[0018] In some further embodiments, R is

independently selected from Group J.



and RIO is H, CI-12 aliphatic, C6-lo aryl, C6-10 aryl-ClI-12 aliphatic, C3-10 cycloalkyl, C3_10
cycloalkenyl, C3.10 cycloallcyl-C1 12 aliphatic, C3-10 cycloalkenyl-C1-1, aliphatic, C3-I0 heterocyclyl,
. C3-lo heterocyclyl-Cl-12 aliphatic, C5-10 heteroaryl, or C5-lo heteroaryl-C1 12 aliphatic. [0021] In still
some further embodiments, R is \S.N~h /OyNY /ON /O~{N, ~or 10 1 01 0 x, O O' [0022] In yet still
some further embodiments, RisHH' HHOH NOIDN\'NHHN\H~NNHONH 70CI+N~O N
HHHH HO0000\Zi~nJnZZ 0.1J 0H~\s OAS-H-#A U1 -N ASS. 0 Nice . p~S~N ASS. HHH
0000~\0O0O NzZZSi~nIn)nij~+0N/ ON~/oV M ON~s.HHHHH 0 Z4-'NnnnON
OSANONIHHOIN ;\

[0019] In still some further embodiments, Ris | .

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

CAS T UK me M
G L Y YN G,

R?{) N 0 Rnia , C R‘IO , O//S\i()—KR
10
Q Ry, 0
. R
s 1 g iy *
R‘;‘D N NH R-m/ \N Rﬂ)\ / \ HO
H {r Mo (SeNH wNH R1o
)—K\ %;( K Rie
d = \ \
10 o Ry, 0 Rig,
- @] Rio o
. R
HS Rig~ /u\ % e \\// PRio -
Rio K N Ry~ -5 R S
10 P
H (SNH K™ N K N
R1D , \S~—K H ( nNH or ( nNH
d Re \ ) K
10 3
0 Rip c Rig

and Ryg is H, Cy.y; aliphatic, Ce.10 aryl, Ce.1o aryl-C.13 aliphatic, Cs_yp cycloalkyl, Cs.q0
cycloalkenyl, Cs.iq cycloalkyl-C.y aliphatic, Cs.19 cycloalkenyl-Cy_j, aliphatic, Cs.10
heterocyclyl, Ci.ig heterocyclyl-Cip2 aliphatic, Cs.1o heteroaryl, or Cs.p heteroaryl-Cy.12
aliphatic.

[0021] In still some further embodiments, R is

H -,
H , H - H ” b'll.«
P AR & At o AT an
P Y XYY

0 0 > QO ? O > Of o

N
O)\O”
[0022] In yet still some further embodiments, R is
Lot Jot Jt o
O N\ ‘ O )\N\ ’ O)\N\H ~_§ '--...N\
H '

\ o

I/

H

O% [+ D+ ,?,ES\%@— o5+



HOSO000O3_N\-p/-/~-SN HNCHONor0*N HH [00231 In some further embodiments, R is
O~ N~ ~A-~I~-NON HHOHOHNHHH ONrJNHs. NHONONO%-Z HHHHO~IVH
- Op~NONOSO"lamo-ONHN} HHHHHHOH CN>NHNHor CINH [0024] In some
embodlments,che carboxylation step in the process for preparing compounds of Formula 3 includes
forming a 2-antyn of the compound of formula 6 8 COOR' 6 in the presence of a complexing agent,

and then treati gthe n\wg |oxusie’§ groqkuc @ acemlc mixture
oftrans-/cis pc m%;lrocy c] rrdle l-ca [it “acLs

N\ H
H
0 0
Z ) Z In Z (!L
)\)S:\n S 1: O{\i ;r )n ( )n :, )
0 b}i/ ~ 07 "s?l/f\ S e z}f/‘;f SN
H ' H k) f-{i 1 H ' H 1
0
9 Q. O /0 i NP
_8 ‘ ] S, S\Z
o[ ¢ 2270k &t (O 7 /LC"/'[
= t £ 1 t -
0'78\2\;/\59‘5\ 02\1};/\}5’\ 0 f?t \s‘s’i 0] N/\}f 0 ’F s"fs ,
H ’ H H H H
N | ) 2
FARSNGL 7N 27w /n
RV of A
O N\ 5 O// \N\ O/ N\ N/
H H i H 0 \ !
H
O -
7 g c\)é//O Jz
Z Z \ zZ- Z
N )i ) a3
//st N P
o N, 07 N ogZTN o g7 N
H H H H

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

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



formula 7 N COOH COOR 7 [0025] In some further embodiments, the 2-anion of the compound of
formula 6 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. [0026] In still some further embodiments, the
base used in preparing the 2-anion is sec-butyl lithium. [0027] In still some further embodiments, the
complexing agent used in preparing the 2- anigh istetramethylethylenediamine,
tetraethylethylenediamine, tetramethyl-1,2- cycfohexyldiamine, sparteine, or a 3,7-di(Ci.6
alkyl)-3,7-diazabicyclo[3.3.1]nonane such as, far.e€xample,
3,7-di(n-propyl)-3,7-diazabicyclo[3.3.1]Jnonane. 881@ In still some further embodiments, the
complexing agent is tetramethylethylenediamine, tetraethylethylenediamine,
tetramethyl-1,2-cyclohexyldiamine, or 3,7-di(CM-6 alkyl)-3,7-diazabicyclo[3.3.]]nonane. [0029] In still
some fuithéeanmseriipritsothplcongpigxingag trhisdibpatienen {0039} bsasmesmbogiments, the
trans-/CigpdatiQ.i Ic. i f.compounds of .formula.7 is 1 tq 2. [0031] In some
oo B A RIS b im0 to 60,
[0032] & he further embodiments, the trans-/cis- ratio in the racemic mixture of compounds of
formula 7 is 1 to 1. [0033] In still some furtherembodiments, the trans-/cis- ratio is 60 to 40. [0034] In
still some further embodiments, the trans-/cis- rétio is 80 to 20. [0035] In still some further

embodiments, the trans/cis- ratio is 90 to 104. [012%36] In still some further embodiments, the trc-ZS-/cis-
ratio is Greater than 98 to 2. 9 [0037] In somg bodiments, the process for preparing

compounds of Formula 3 further includes eqéiﬁbr@ting a trans-/cis- mixture of the compounds of
formula 7 Nr COOH COOR' 7 in the presence of a suitable base to produce a predominantly trans-cis

racemic acid of

[0025] In some further embodiments, the 2-anion of the compound of formula 6 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. _

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

[6027] In still some further embodiments, the complexing agent used in preparing the 2-
anion is tetramethylethylenediamine, tetraethylethylenediamine, tetramethyl-1,2-
cyclohexyldiamine, sparteine, or a 3,7_'~di(C;,6 alkyl)-3,7-diazabicyclo[3.3.1]nonane such as,
for example, 3,7-di(n-propyl)-3,7-diazabicycio[3.3.1]nonane.

[0628] 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.

3

[0030] In some embodiments, the trans-/cis- ratio in the racemic mixfure of compounds of
formula 7is 1 to 2.

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

[0632] In still some further embodiments, the frans-/cis- ratio in the racemic mixture of
compounds of formula 7is 1 to 1.

[0033] In still some further embodiments, the frans-/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.

[06036] In still some further embodiments, the trc;z&/cz‘& ratio is greater than 98 to 2.



formula 8 N COOH COOR' 8 (rac) wherein the trans/cis- ratio is greater than 80 to 20. [0038] In some

other embodiments, the process for preparing compounds of Formula 3 further includes equilibrating

. atrans/cis- mixture of the compounds of formula 7 in the presence of a suitable base to produce a

predomm%ans-cis racemic acid of formula 8 wherein the trans /cis- ratio is greater than 90 to 10.
someo

[0039] | RRPE B SHMERLTERS B $6¢ Braparminesaipbinls of Eonmiked3 further

includesferfbitratintyectyvitisritiag mixtnseof farmia SimiheRIRsERsEOEASYiable base to produce a

predominantly trans-cis racemic acid of formula 8 wherein the trans/cis- ratio is greater than 98 to 2.
[0040] In some further embodiments, the ba%e used in equilibrating the trans-/cis- mixture of formula 7
is lithium hexamethyldisilazide, lithium di-isopropylamide, or lithium 2,2,6,6- tetramethylpiperidide.
[0041] In some further embodiments, the basegiS*fiugm hexamethyldisilazide. [0042] In some further
embodiments, the base is sec-butyl lithium angje complexing agent is
3,7-dipropyl-3,7-diazabicyclo[3.3.lJnonane to gjve a mixture of racemic trans /cis-N-
alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxylic acids of formula 7, in which the trans/cis-
ratio is JreRickasaRr 08 Totaldo hajd toguniadiipesdembuodityerdss e irens:dakerycarbonyl-
oetahydreeyglogentalc]pyrrole-l-carboxylic acid is trans-N-t-butoxycarbonyl-
octahydrocyclopenta[c]pyrrole-l-carboxylic acid. [0044] In some other embodiments, the process for

preparing compounds of Formula 3 further iﬁ:nges resolving racemic

trans-N-aIkoxycarbonyI-octahydrocyclopentmrole-l- 10 carboxylic acid to produce 'a (1 1S, 2S, 3R)

y
trans-N-alkoxycarbonyl- octahydrocyclopen Q% s %-I-carboxylic acid. [00451 In some further
embodiments, the resolution of a racemic mixture of compounds includes the steps of i) forming a salt
with an optically active base; and ii) crystallizﬁ:l%%e salt formed by step i) to provide an optically
active salt of formula 9. iRt isl K" NH3+ CN @0

wherein the trans-/cis- ratio is greater than 80 to 20,

[0038] In some other embodiments, the process for preparing compounds of Formula 3
further includes equilibrating a trans-/cis- mixture of the compounds of formula 7 in the
presence of a suitable base to produce a predominantly trans-cis racemic acid of formula 8
wherein the trans-/cis- ratio is greater than 90 to 10.

[6039] In some-other embodiments, the process for preparing compounds of Formula 3
further includes equilibrating a frans-/cis- mixture of formula 7 in the presence of a suitable
base to produce a predominantly frans-cis racemic acid of formula 8 wherein the trans-/cis-
ratio is greater than 98 to 2.

[0040] In some further embodiments, the base used in equilibrating the trans-/cis- mixture of
formula 7 is lithium hexamethyldisilazide, lithium di-isopropylamide, or lithium 2,2,6,6-
tetramethylpiperidide.

[8041] 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-
alkoxycaxbonyl~0ctahydrocyclopenta[c]pyrroie-I-carboxylic acids of formula 7, in which the
trans-/cis- ratio is greater than 90 {o 10.

[6043] In some further embodiments, the trans-N-alkoxycarbonyl-
octahydrocyclopenta{c]pyrrole-1-carboxylic acid is trans-N-1-butoxycarbonyl-
octahydrocyclopenta[cipyrrole-1-carboxylic acid.

[0044] In some other embodiments, the process for preparing compounds of Formula 3

further includes resolving racemic z‘rans-N—alkoxycarbony1~octahydrocyciopenta[c]pyrrole~1- |
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COOR'9 [0046] In some further embodiments, the optically active base used in resolving a racemic
mixture of compounds is (R) a-aminoethylbenzene. [0047] In some further embodiments, the optically
. active base is (S) 1,2,3,4-tetrahydro-I- naphthylamine. [0048] In some further embodiments, the

process eparing, compqunes-of F la 3 further includes the steps of esterifying the caboxylic
acid of fg%?%% Cﬁﬁg"c%ﬁgﬁl&ﬁ ﬁ%oﬁgﬁﬁﬁ%’ fre-RAFsugaEeaFemoving the -(DOOR' protecting

group togsiskivdsecadopapisidyobkermatatylid &O2R3 H 1 wherein R3 is an optionally substituted
alkyl or aiplad-1,/Q949] ﬁg | s further.embodiments, R3 is t-butyl. [00501 In some embodiments,
the procqess%gr preparlfré{gig1t co![lrﬁ%loagl@%egFF%lﬁﬁ% 3%@%} TR E LR E RS P AAfifo-ester of

FormulalpsiidrRicoan o thprisenedionitheoupiihgireagant issgraciip ayeampaiundof Formula la.

0 R1 ~NA:QR3ed I ' ts,.the reaction between the amino-ester of Formula 1
D %ﬁ%@@?ﬁﬂi%ﬁ? TSR ﬁi‘eﬁi, glycine, or lysine, in addition to

and RICOOH can be carried out further In the’presence of hista
a coupling anent. 11 [0052] In some further gﬁbgdiments, R1is P2-. [0053] In some further
embodiments, R1 is P3-L2-P2-. [0054] In &¢ ’{wther embodiments, R1 is P4-L3-P3-L2-p2-. [0055]

In some further embodiments, Rl is RW-. [0Q56]\|n som& ermgdiments, the process for preparing
compounds of Formula 3 further includes thel;fstfépg%@hydrolyzing the ester of a compound of Formula
la; to provide a carboxylic acid and reacting ¢@earboxylic acid thus obtained with a compound
containing the R2 group, wherein R2 is -(NH-CR4'R95 -CH(OH)C(0))-NIIR4, in the presence of a

[6046] In some further embodiments, the optically active base used in resolving a racemic

mixture of compounds is (R) a-aminoethylbenzene.

[0047] In some further embodiments, the optically active base is (S) 1,2,3,4-tetrahydro-1-

naphthylamine.

[0048] In some further embodiments, the process for preparing compounds of Formula 3

further includes the steps of esterifying the caboxylic acid of formula 9 with a compound

containing the Ry group; and removing the -COOR! protecting group to produce a compound

of Formula 1,

b

cukd
Yy

CO4R;

Iz

1
wherein R; is an optionally substituted alkyl or aralkyl.
[0049] In still some further embodiments, R; is #-butyl.
[#056] In some embodiments, the process for preparing compounds of Formula 3 further
mncludes reacting the amino-ester of Formula 1 with R;COOH in the presence of a coupling

reagent to produce a compound of Formula 1a.

ia
[0051] In some embodiments, the reaction between the amino-ester of Formula 1 and
R1COOH can be carried out further in the presence of histamine, glycine, or lysine, in

addition to a coupling agent. 11



coupling reagent to produce the compound of Formula 3. [0057] In some further embodiments, R4 is
H, an optionally substituted aliphatic, optionally substituted cycloaliphatic, an optionally substituted
. aryl, an optionally substituted heteroaryl, an optionally substituted aralkyl, or an optionally substituted

heteroar c? -R4' is H, an. optionally substjtuted aliphatic, an optionally substituted aryl, an optionally
substitut é%ﬁ?y??ﬁegﬁ%ﬁggﬁﬁﬂ?t@ f'rttgl’eﬁ ]ﬁ%fteroaralkyl; and RS is H, an optionally substituted
aliphatic[¢s&ptioreatly Suthstitutéd diycioaliphaie,—ap@ptionally substituted aryl, an optionally

substituteg araikyl, or gl;i nally.substityted _heteroaralkyl; or R4' and R5', together with the atom to
which thgﬂ’ ar(fa1 attgé?ﬁeeg, iorngna%%f}é %g%%%gh]ﬁgpé%é "Tgﬁ' [ substituted cycloaliphatic ring. [0058] In
some fum%ﬁﬁ@mﬁﬁﬁ@mmwéimemm RiHs®HWH --NH OH H ( +NH H --NH HACOOH OH OH 00

COOH Qe Ot MY e . ~~" OH OH OH H --NH OH H~ -E- OH H % --NH O N +
NH O N(_?gﬁH IJI élr OH ﬁm[oohshgh]gwﬂﬁiﬁr%%%ﬁ%sﬁ Urther Telaes %’8“6%005}50%‘?%&%6% compound of
Formula 81 {a Ript- i Iy doohaing e £sta o 40f00B01 nRibmewdaribodimenigethe process for

preparingempLds AlieioMe dJosudesidie s8R aliieyiding.an N-alkoxycarbonyl-3
-azablcyﬁlé){%% gll(zcx}v%gree’i 1|1| foirsmm ?Czli%\l?—% I?j{f the N-al _oxycar_ony?—lg-az i ﬁ)nf‘g?%.O] octane in
the 2 5 -CH(OH)C(0))-NHRy, in the presence of 2
coupling reagent to produce the compound of Formula 3.
[0057] In some further embodiments, Ry is H, an optionally substituted aliphatic, optionally
substituted cycloaliphatic, an optionally substituted aryl, an optionally substituted heteroaryl,
an optionally substituted aralkyl, or an optionally substituted heteroaralkyl;
R4 is H, an optionally substituted aliphatic, an optionally substituted aryl, an
optionally substituted aralkyl, or an optionally substituted heteroaralkyl; and
RsisH, an thionally substituted aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted aryl, an optionally substituted aralkyl, or an optionally substituted
heteroaralkyl; or
R4'and Rs', together with the atom to which they are attached, form a 3- to 7-
membered optionally substituted cycloaliphatic ring,
[0058] In some further embodiments, R, is

0 O |
A k/p( SQL M
n J\/ S\f/i N ij\ |
& NH Oﬁg , o H%}NH r ﬁ/L©§NH T g’A
0 0 0 o
%w&*%m&**@mﬁ* LT

[0059] The invention further relates to a process for preparing a compound of Formula 4
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presence of a chelating agent; iii) treating the anion of step ii) with carbon dioxide to produce a
cis-/trans- mixture ofN-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-I-carboxylic acids; iv) treating
. the mixture of step iii) with a strong base to produce an essentially pure trans-
N-alkoxycarbonyl-octahydrocyclopenta[c]pyrrole-l-carboxylic acid; v) forming a salt of the carboxylic
acid with an optically activgnamine; vi) ccgyst lizi ; vii),esterifying the salt provided in step vi);
viii) removing the N-alkoxizh;};?d‘gro p to produge ( aR,6aS)-t-butyl-
octahydrocyclopenta[c]pyrrate-scar bg(%te;q b er; ixyreacfing the bicyclic of step viii) with a
protected amino acid of formulad26, ZNH COZH 26 er '

presence of a coupling reagent, to ce an amidé-ester of formdfa 27; Z-NH N 0 CO2RI 27 x)
removing the protecting group Z from~tie amide-ester of step i%) to produce the amino compound of

formula 28; 13 N HZN O CO2tBu 28 xi) reacting thegamino compound of formula 28 with a protected
amino acid of formula 29 Z-HN,_,,CO2H O 29 in the presence of a coupling reagent to produce a

trlpeptld?()%[ﬁ Sl léljam%%;mgozcﬁgyr!fg P‘he gr%lcess for preparing compounds of Formula 4 includes
the steps of:

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

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

jii) treating the anion of step i) with carbon dioxide to produce a eis-/frans- mixture
of N-alkoxycarbonyl-octahydrocyclopentalc]pyrrole-1-carboxylic acids;

iv) treating the mixture of step iif) with a strong base to produce an essentially pure
trans- N—allcoxycarbony1~octahycirocyclopenta[c]pyrrole-1~carboxyiic acid;

v) forming a salt of the carboxylic acid with an optically active amine;

vi) crystallizing the salt;

vii} esterifying the salt provided in step vi);

viii) removing the N-alkoxycarbonyl group to produce (15,3aR,6aS)-t-butyl-
octahydrocyclopenta[c]pyrrole-1-carboxylate, ~butyl ester;

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

ZNH" COo,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;



O O CO2tBu 30 xii) removing the protecting group Z in the tripeptide of Formula 30 to produce a free
amino-tripeptide of formula 31; HZN HN N O 0 COZtBu 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; N C-N I, HN.~ N = HN O 0 COZtBu 33 xiv) hydrolyzing the ester
of the amide-tripeptide ester of formula 33 t duce amide-tripeptide acid of formula 34; 14 N O
\NHN ON O O 0 COZH 34 xv) reacting the amider-tri ide acid of formula 34 with an
aminohydroxy-amide of formula 18 OH HX ] 18 in the presence of a coupling reagent to
produce a hydroxy-tetrapeptide of formula 35; ahd 0N N V

28
xi) reacting the amino compound of formula 28 with a protected amino acid of
formula 29
Z-HN__CO,H

29

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

e

CO,tBu

iEull

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

ga@w

COztBU

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;

o¥ \&Kf@

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



000 NN OH 35 xvi) oxidizing the hydroxy group of formula 35 to produce the compound of Formula
4.0 NHNHNNO O-OONNA OO 4[0061] In some embodiments, the oxidizing reagent used in
. step xvi) described above is 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 xwi) described above i

some further embodiments, the
process further includes dissols ( & 4f an organic solvent to obtain its
solution, and then adding an acid to the soliion. A suitable or@anic solvent can be any solvent in
which the compound of Formula 4 15 dissglives, e.g., me{t)r}ylenecaﬁﬁ)ride. The acid can be any acid,
inorganic or organic, e.g., acetic acid or pgopighic acid. [0064] In still some further embodiments, the
process further includes concentrating the solution of the compound of Formula 4 to obtain the
compound in a solid form. Such a concentrating3¥ocess can be, e.g., distillation of the solvent under
reduced pressyrg (”@agtiné‘ﬁ?éjéim&%ﬁngt%@ gc\}{gp?ri'tation of Epe,solvent.,The solid form in which lithe
compound of Fofmula 41s obtamed Cah be, & .0 clepifl oyt Aneryammeosnarsds o of higher
purity triQFHE Before being dissolved into an organic solvent and then concentrated in acid
condition. [0065] As such, the invention also relgjgs to a process of purifying the compound of Formula

4.0 HEN\/E\KQ\V

o

18
in the presence of a coupling reagent to produce a hydroxy-tetrapeptide of formula 35; and

R
35

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

(1113

<

B

4
[0061] In some embodiments, the oxidizing reagent used in step xvi) described above is
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



CNNHNHNNO 00OOHH O 4][0066] In some embodiments, the process includes first
dissolving the compound of Formula 4 in an organic solvent to obtain its solution, adding an acid to
- the solution of the compound of Formula 4, and then concencentrating the solution of the compound

of Form 41 th in t p solid form, Examples of sutiable organic solvents, acids,
and sollcuié?(s‘)rmtg ha Sen ?ﬁflg\ﬁ%}éﬁl ﬁé @id‘?cfiﬂacﬁé"f%a‘f&%@mﬁxpounds of

Formula 3actiRppidpORPitaid/imedein R1 is P2 i R5 PZ-is R6 16 R5 is H, an aliphatic, a cycloaliphatic,
a heterogygdaalinhalic, an &k 9 g, neteroaryl,, each of h, e forH is optionally substituted
SRAMESIS 0 0 ISORN et o D, BSEpLon L oty st

with one or more substituents eac epend

cycloaliptaudonffithectemnaad efl@onudadyio hbtenoﬂmydmﬁm(md ity @yanramgianamino, sulfonyl,
suiy, seliamsiiossesien eaaiamos aulamide, o6 catbor cabamoy

cycloallphatlcoxyg heterocycloallp’h ICoXy, ar eteroary oXy, ara §r=ylalkoxy,
alkoxycafifoHyt) ik Rﬁi?ti%ﬁfﬁ%l@W@G’ﬁh@ﬂ@l@bm&ymﬁhﬁt&d@aiwﬂmm@n optionally

substltutﬁﬁtﬁlalsmﬁlkﬁk ARd eptipaally sulst all su tuted phenyl; or R5
and R6, gh E%\gjﬁth ?he atoms to v)%hleﬁné tr%}e%? g;g%%%?%éa ﬁrjnﬁééilgf%gr% ayg gr%erﬁé}é%d optionally

SUbstitu EnRRRESHSE e Bitos-crgamic relivepbrad tmmmwtwnémed bicyclic
heterocymimdztmn/vhlch each heterocycle ring optionally contains an additional heteroatom selected from
0-, -S- hatlc cycloaliphatic, (cycloal|phat|c)aI|phat|c aryl, araliphatic,

heteroc;ic ozﬁpha? cﬁ’n ?e%v bﬁ?&ﬁkﬁtﬁﬁﬁ%ﬁﬂoﬁ‘éﬁe? BRilERgdbs yommeangl o Bifmyt]a

E% “"‘tf@/&

4

"Hll

[0066] In some embodiments, the process includes first dissolving the compound of Formula

_ 4 inan 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.

[0867] The invention further features compounds of Formula 1a,

Wherein R; is Py-;
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sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl, arylcarbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic)carbonyl,

. (heteroaryl)carbonyl, or (heteroaraliphatic)carbonyl; R8 is H or a protecting group; and R3is an
optionally subsgiu}gglglkyl .%)0_68 In some embodiments, R3 is t-butyl. [0069] In some other
embodiments, P28 00" "R GF7619rHRBHE fhFerosKsistirhatits 2P oryls oul Zefo0z i The
inventioreahth&mitdthiestept don phuindstioh ity Bublaiita: s aNRbRYSs iorhishRIisR3:42-P2-; 17 R7 R6
R8-H N~ -L2-P2-] ) is H, an aliphatic, a cycloaliphatic, a heterocycloaliphatic, an aryl,
ora hetelfgg#fﬁd%gi%%&vﬁ?lgc ,0 Ienxcer%‘%l?ojrc ,%lss%ﬁi%%%f?’scgﬁ Bt Enketioable substituents
each indEgaeeies setewswsdftoryGnitp dyeansistidg, ohtiaty soyfeled|iphiaticl anttaheteroaryl, alkoxy,
aroyl, h W alii (o] i aming, sulfonyl, sulfinyl, sulfanyl, sulfoxy, urea, thiourea,
sulfamoegﬁrﬁ%;gr%%%%ﬁ géﬁ)%ﬁ?d ar aﬁi&/ﬂet%%acﬁﬁ%?a ég%/ﬁfa%@?gr& HihaisEsxy, aryloxy,
heteroar WQ?&&WFW@%I%@Q xycartibpighsplkytearhghyloxy, and hydroxy; R6 is an
optionalIlekg@g}g@glﬁayM;}%g&g&g?%Ixﬂ ituted heteroalkyl, an optionally substituted

heteroaryl, an gptjonally substituted phenyl; or R and R6, together with the atoms to which they are
attached, may Torth & SPHSnalsHhstrsied shnbrtinas ebnnaldy seheifotylietretdkotyaie, or a 6- to
12-membeieskIBpidisataURGHeE, Ricyelic QGG gk h rocycle ring optionally
containsﬁan %;\dditjcon I.%t roatom selecteﬁd fr()ﬁﬂr%tﬁi 0-, _S_’eo&l&éﬂéj;%ﬁ%g t}?%ﬁ %\gﬁltglﬁgl‘é@ubstituted
aliphatic. a5 85}?083%} TR ATRESFo HIRYITR: B pritsh Ay suierstey ediprayombatitoteain optionally

substitutednphpeiid leterocycle, or a 6- to 12-membered, optionally substituted bicyclic heterocycle,
in which each heterocycle ring optionally contains an additional heteroatom selected from -
" 0, -8-, or -NRX-:

R*isH, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycioaliphatic, (heterocycloaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyl,
sulfonyl, (aliphatic)carbonyl, (eycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, (heteroaryl)carbonyl, or
(heteroaraliphatic)carbonyl;

Rgis H or a protecting group; and

R; is an optionally substituted alkyl.

{0068] In some embodiments, R; is #butyl.

[0069] In some other embodiments, Py- is

A s

{0070] In some further embodiments, Py- is

NH;t{ _

[0071] The invention further relates to compounds of Formula 1a show above, in which
.R1 IS Pg-Lz-Pzw;



R7.and R6, 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 hICh each heterocycle or aryl ring optionally contains an
additional heteroatom selected from -QZ, -5-, or RRx-; ; or When R5 and 126 together with the atoms to
which they are attached form a ring, 7 and thla ring system formed by R5 and R6 may form an 8- to
14-membered optionally substitut i i
may further fuse with an opr?tma!ﬁy substi
membered tricyclic fused ring system; Rx |§ H, aliphgtic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl,
araliphatic, heiérﬁ@&;]o'aliphatic (heteroe?cloaliphéti;:)aliphatic heteroaryl, carboxy, sulfanyl, sulfinyl,
((cycloal|phatle)al|phat|c)carbonyl arylcarbonyl,

sulfonyl, (aliph Cﬁ OI’EIJY ﬁcgcloa%pﬁr lC arbo
(araliphatic)carbonyl, (Refel cycl’oa‘f %t e{ﬂ‘?@f&?@@@é’ﬁhﬁﬁéﬁ@)@ﬁﬁﬂ@ﬂim&onyl
(heteroaﬁw}‘taﬂiﬁn% QKCéDéfQIéﬁIEMJiﬁ@ha)B&'ﬂQﬂijht&&ﬁﬁllaﬂd SABEQIesiAgguUR,and R3is an

optionalky, e embodi R3 is t-Qutyl. [0073} In some embodiments,
P3-L2- PZ&%J&&%&& S@Me‘{q%%g% %r%nes%r% rgﬁ? Pazhiphass; prl ity (00751 Also

within tHXSEEp& oY e terezsent insdrmion, a:}@mheammmp(amds @ﬁBo'ﬁ;dJ gmﬁssafan 1
diazabicygtels: JidiNanshe asringlf | jazabjcyclo[3. -one. DESCRIPTION OF
THE IN EN'LFSiyON Definitions f(%ﬁ %@%ﬁ%c{)%es {ﬁ%é? 1r{1veg tﬁéc PrPhaEFeRIments are
identifie WQ&%@R?HHE@“WFEH» erqeablexot m@l@ﬁ@mrﬁwpﬁ@hﬂktﬁmﬁ Handbook of

Chem|smmdﬂm@p%m§ﬁﬁgglyﬁggltﬁggq}%rg@eral principles of organic chemistry are described by

Thomas

R is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituied heteroaryl, an optionally substituted phenyl; or Rs and R, together with
the atoms to which they are attached, may form a 5- to 7-membered, optionally substituted
monocyclic heterocycle, or a 6 to 12-membered, optionally substituted bicyclic heterocycle,
in which each heterocycle ring optionally contains an additional heteroatom selected from -
O-, -8-, or -NRX~;

R7 is H, an optionally substituted aliphatic, an optionally substitated beteroalkyl, an
optionally substituted heteroaryl, or an optionally substituted phenyl; or

Ry and R, together with the atoms to which they are attached, may form a 5- to 7-
membered optionally substituted monocyclic heterocycle, a 5- to 7-membered optionally
substituted monocyclic aryl, a 6- to 12-membered optionally substituted bicyclic heterocycle,
or a 6- to 12-membered optionally substituted bicyclic aryl, in which each heterocycle or aryl
ring optionally contains an additional heteroatom selected from -O-, -S-, or -NR*.: or

When Rs and R together with the atoms to which they are attached form a ring, R5
and the ring system formed by Rs and Ry 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*isH, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycloaliphatic, (beterocycloaliphatic)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;

¥y
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Sorrell in Organic Chemistry, University Science Books, Sausalito (1999), and by M.B. Smith and J.
March in Advanced Organic Chemistry, 5th 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 opfishaiy BOEGRREEHIP W one or more substituents, such as are illustrated
generally above, q(,as xemphiBd fpspamtdulartlasses, subclasses, and species of the invention.
[0078) As used herein the term "aliphatic’. encompasses the terms alkyl, allcenyl, and alkynyl, each of
which is optiSHz ﬁ?ﬁ%ﬁt‘?ﬁ@d’%@g&sf H%%&W?‘[OO?Q) As used herein, an "alkyl" group refers to a
saturated afidvstidhysinecanbodigraiy PFednt&iniisg 1-8 (e.g., 1-6 or 1-4) carbon atoms. An alkyl group
can be straight or branched. Examples of alkyl groups include,bi}are not limited to, methyl, ethyl,

propyl, isopropyl, 19 be substituted (i.e., gptionally sul])_Ftituted) ith one or more substituents selected
from the group J ("Group J") which conqp, cycloalipha Ae.g., cycloalkyl or cycloalkenyl),
heterocycloaliphatic (e.g., heterocycloalkyror h&terogycloalkenyl), aryl, heteroaryl, alkoxy, aroyl,
heteroaroyl, acyl (e.g., (aliphatic)carbonyl, (cycloaliphatieyearbonyl, or (heterocycloaliphatic)carbonyl),
nitro, cyano, amido (e.g., (cycloalkylalkyl)carbonylaminIcarbonylamino, aralkylearbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)cafbonylamino, heteroarylcarbonylamino,
heteroaralkylcarbqnylamino alkylamjn bonyl, cycloalkylaminocarbonyl,

heterocycloﬁ%@?ﬁ“é?@a@r %1%‘% %@Tgsﬁ?%%iggﬁ;&ﬁw or heteroarylaminocarbonyl), amino (e.g.,
aliphaticamino, cycloaliphaticamino, or heterocycloaliphaticaniino), sulfonyl (e.g., aliphatic-S02-),
sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl,;sulfamide, oxo, carboxy, carbamoyl,
cycloaliphaticoxy, heterocycloaliphaticoxy, aFxy; arloxy, arallcyloxy, heteroarylalkoxy,
alkoxycarbonyl, alkylcarbonyloxy, and hydroxy. Without limitation, some examples of substituted
alkyls include carboxyalkyl (such as HOOC-aI&@Ikoxycarbonylalkyl, and alkylcarbonyloxyalkyl),
cyanoalkyl, hydroxyallcyl, alkoxyalkyl, acylalkyr~aralkyl, (alkoxyaryl)alkyl, (sulfonylamino)alkyl (such

as (alkyl-S02-amino)alkyl),. aminoalkyl, amidoallcyl, (cycloaliphatic)allcyl, ar haloalkyl. [0 As used
herein, an "HR&RAlsP0 af&%%é’a%ﬁhﬁgfﬁ?%gfﬁaﬁa?&ﬁ%ﬁ%? E%IHP%%% L (ng%%ié'{ gir)’ Z4)
carbon atoragangaélsas. DhesieubiedsTdibiseyds aididgisapclef3. Alenyhgtbupecan be straight or

branched. Examples of an allcenyl group include, but are not limited to, allyl, isoprenyl, 2-butenyl, and
2-hexenyl. An alkenyl group can be optionally substituted with one or more substituents selected from
Group J such as halo, cycloaliphatic

DESCRIPTION OF THE INVENTION

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, Sausaliio (1999), and by M.B.
Smith agd J. March in Advanced Organic Chemistry, 5™ Ed., John Wiley & Sons, New York
(2001), the entire contents of which are hereby incorporated by reference. J

[0877) As described herein, compounds of the invention may optionally be substituted with
one or more substituents, such as are illustrated generally above, or as exempiified by
particular classes, subclasses, and species of the invention.

[6078] 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 “alky!l” group refers to a saturated aliphatic hydrocarbon group
containing 1-8 (e.g., 1-6 or 1-4) carbon atoms. An alkyl group can be straight or branched.
Examples of alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl,
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(e.g., cycloalkyl or cycloalkenyl), heterocycloaliphatic (e.g., heterocycloalkyl or heterocycloalkenyl),
aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl (e.g., (aliphatic)carbonyl, (cycloaliphatic)carbonyl, or
: (heterocycloaliphatic)carbonyl) nitro cyano, amido (e.g., (cycloalkylalkyl)carbonylamino,

arylcarb n Ikyle rbo terocycloallcyl)carbonylamino,
(heteroc?/c?%% CArbor m% S‘f%f%&&%%%sﬁ%m SbSHBIRRS SeARRip R BRTo fiytamino
alkylamlmﬁ)éfﬁtplxpyﬂbmykammmaﬂfohdb r@ma@ﬁyﬁmkv@wmsa@nmyleﬁmmmyarbonw or

heteroan ica tica
heterocy%é%?ﬁ%tlc rgf:ﬁ % %%cjéz}ﬂ%jﬁammo'?mg gf%)@@ %ﬂ%ﬁ%ﬂlc@gﬁﬁhphmlc S02-,
or aryl-So2, E@WW%YIWMI(%&H@&whmaégaﬂmumdpmﬁahpbyhcmﬁmnﬂeoxoxo carboxy, carbamoyl,

cycloaliasaEIBRRERAERY S Astere oy AR eteromalkory,

alkoxycarbonyl aIIcyIcarbo oxy, or ithout Tifmitation. s
alkenylsaﬁ% R4 WF%F@W&@%@%@rﬁb‘?tfa@y}@ibeﬁyﬁ)b@zﬁbm}@@hﬁnyl aralkenyl,

(alkoxya(ndb@lg@mydm@qaﬂaﬂy@m )Mh@é@g f.4alky g,léamlno)alkenyl) aminoalkenyl,

amidoalken cloali phatlc)alkenyl or haloalkenyl [00 1] As used herein, an "alkynyl" group refers

to an alllé%g%/%ég}%/ﬁ](?ﬁré?ﬂ gé?ﬁl%‘?‘!a@b@“@l %’%%P@memhomdms and has at least one

triple bolmden&nyalkymyi@nm&dmﬁrb@ SRIEHRABRAE %ﬁé&%@lﬁ}ig%roup include, but
stltuted with one or

are not li mlte nyl. An aI group can be optionally
more su(lbﬁltu c#sa 153%5;3 ((fjff;(f l’f‘gﬂf?lj"ﬁ?eﬁ%&@ﬂ%@é@?@%%@%%}l%&ﬂégmwoxy,
heterocyhtdatkwﬁﬁ)g -Jasyliny], halﬁ;m&rytqmﬁﬁ@%glgﬁym@g;@ugﬁﬂmysﬁyme halg, hydroxy, sulfo,
mercapggiﬁ&éa IaI| tlf:sHlftan | or c C|0&|IP sylfanyl), sulfinyl (e.g., aliphatiesulfinyl or
cycloaliphaticsllfin %& phanE g3 Oﬁﬁ‘ﬁﬁ%‘é‘éﬁﬁﬂ?&@w %Fr@ﬁga%hatlc -S02-),
amido (@@cﬁmmmwmlammmmnm aﬁtbt}qumyi@ma@hgmgylkwﬁﬁyﬁpcarbonyl
heteroc a : la lami rb nyl, arylcarbonylamino,
ysinatiodagminocarhony oY é‘gj{ﬁ% WIAMIRO, y%%‘,gyf Wg‘@é rﬁa%

aralkylearbonylamlno heterocycloallc ylamlno

heteroafaiRHEAFBemH in@l%@ﬂ@fbarm&ib@mlarﬁm@maﬁeyemmayﬁmmamu{ﬂrea thiourea,
i‘é‘fé‘ﬂi?"yﬁ“*f’a%ﬂ'w ﬁgﬁ?&%ﬁ@%ﬁ@ R e
yl, acyl (e.g cloalip atlc ca onyl or cloalip
allphatléﬁ’r]lﬂﬁ }‘3’]38%9(93 Yo @&tl@ékyh@éﬁ byt W&aﬂphatlc)oxy, (heterocycloal|phat|c)oxy, or
{0080] As used herein, an “alkeny]” group refers to an aliphatic carbon group that contains 2-
8 (e.g., 2-6 or 2-4) carbon atoms and at least one double bond. Like an alkyl group, an
alkenyl group can be straight or branched. Examples of an alkenyl group include, but are not
limited to, allyl, isoprenyl, 2-butenyl, and 2-hexenyl. An alkenyl group can be optionally
substituted with one or more substituents selected from Group J such as halo, cycloaliphatic
(e.g., cycloalkyl or cycloalkenyl), heterocycloaliphatic (e. g., heterocycloalkyl or
heterocycloalkenyl), aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl (e.g.,
(aliphatic)carbonyl, (cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl), nitro, cyano,
amido (e.g., (cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino alkylaminocarbonyl,
cyeloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl), amino (e.g., aliphaticamino, cycloaliphaticamino,
heterocycloaliphaticamino, or aliphaticsulfonylamino), sulfonyl (e.g., alkyl-SO,-,
cycloaliphatic-SO5-, or aryl-SO,-), sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkoxy, alkoxycarbonyl, alkylcarbonyloxy, or hydroxy.

Without limitation, some examples of substituted alkenyls include cyanoalkenyl,
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(heteroaryl)alkoxy. [0082] As used herein, an "amido" encompasses both "aminocarbonyl" and
"carbonylamino." These terms, when used alone or in connection with another group, refer to an
. amido group such as -N(RX)-C(O)-RY or -C(0O)-N(RX)2, when used terminally; and they refer to an

amide gr such as -C(0)-N(Rx)- qr -N(Rx)-C(O)- when used internally, wherein Rx and RY are
defined tz)%#gﬁ;’.raé%g ﬁb?é’i’%@ﬁﬁd@g%%ﬁ% Bttt b ntatborsrerlademd icarbonylamino or
alkylamifedérudayingdtenyt yoloaliptelip)Stidanitheitraan] kiamitenelereamdapido,

(heteroc ﬁ:jg{)ﬂ)&l }rg}g é arylamido, aralkylamido, (cycloalkyl)alkylamido, or cycloalkylamido.
[0083] Aé%%ed ertﬁ gﬂnﬂ%m?%ﬂ%?gﬁgyﬁéfers to -NRXRY, wherein each of Rx and RY is

ir:ldepenc!@ﬁy gwf@%éhﬁrahphat?@;bwb’ampaﬁcf@&ommpafma&abmig;oa'@/thafra&%agﬂlcg- o
eterocygleali iGy fheteracye [ ic, heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl,
(aliphatic %%n?tl,&(’cyc o@ali ha?;&%gg@gﬁr%%%%%gﬁf)hﬁ?‘: aﬁB 'a&jc%k lgéy%I g?)ﬁﬁﬁﬁ‘fonyl,

(araliphatiy&hf s hyrahetersgeBlsn s ancaiardayuy sledse poloatiphatic)diphatis)eareony |,
(neteroagyhearparnyl ol A oeissapeanmiarsahe o FaAEhG WIS helng defingd horein and being
optlonall%]tese%%)&%uted. Examples of amino groups include alkylamino, dialkylaming, of arylamino.

When th PGNPt P grerasopd: g lkarsy lexalselyinaino), it is represented by -NRx-.
Rx has thesaeelsaraing, asyiainesabayec.tOfdk ASYsarDeLein. & b giosp used alone or as
part of Iag%%r mgﬁty as in "aralkyl", "aralkoxy", or “aryloxyalkyl" refefs t6 monocyclic (e.g., phenyl);
bicyclicaw.g., d 91,%%%6?%%%‘?‘%’}&’%&%&;/6‘@% ‘b‘?ﬁﬂfﬁ/ﬂ TaPaRYelrsielatipsalimyiisylieyle.g.,
fluoreny(etetraliyicrofimbiienybrendetigihdinarmbsac eob3nteracenyh.ipgsystems in which the
monocyglicying system is aromatic or.at least ane of the rings in a bicyclic or tricyclic ring system is
aromatic. %ﬁe b%lglﬁ:%%ﬁ’t?fc%ﬂfgaght%%%g %%ﬁjobéuﬂg‘?z@fgsé’ﬂ’?of&r@%@mbered carbocyclic rings.
For exafisidamibernzbosairdeptionyicenphanidfistawitesvongt more C4.8 carbocyclic moieties.
An aryl %%QWE’MWQEHL%@P ' QUe ormore substituents such as aliphatic (e.qg., alkyl, alkenyl, or
alkynyl); cycloaliphatic; (cycloa ?éﬁa]ﬁc?agh%af}iﬁ%?r %%gr%né%fb%‘w ﬁgﬁbcfceﬁ t&rocycloaliphatiic)aliphatic;
aryl; het@edihontennocydiadnphrationingh@eeonycloaliphatichoxylamtoxy; heteroaryloxy;
(araliphqua%ﬁlg QRFRINAIIONL: ALQYIRGLEL [; aming; 0xo C@ n a nop-aromatic carbocyclic
ring of a benzo use_dwgic clicgor tricy’cli_c aryl); lr%?’?ro; %@%ﬁ%ﬁ;lgﬁ%%@gr &?goély gﬁﬁﬂ%ﬁﬁcarbonyl;
(cycloal %@%%WWM%%%HWW@M%@liM@MWyI;

alkylcarbonyloxy, cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, acyl (e.g.,

(cycloaliphatic)carbonyl or (heterocycloaliphatic)carbonyl), amino (e.g., aliphaticamino),

sulfoxy, oxo, carboxy, carbamoyl, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, or

(heteroarylalkoxy.

[0082] As used herein, an “amido” encompasses both “aminocarbonyl” and

“carbonylamino.” These terms, when used alone or in connection with another group, refer

to an amido group such as —N(RX}C(O)—RY or "C(O)-N(RX)Q, when used terminally; and they

refer to an amide group such as ~C(O)-NR™)- or -N(RX)nC(O)- when used internally, wherein

R* and RY are defined below. Examples of amido groups include alkylamido (such as

alkylcarbonylamino or alkylaminocarbonyl), (heterocycloaliphatic)amido,

(heteroaralkyl)amido, (heteroaryl)amido, (beterocycloalkyl)alkylamido, arylamido,

aralkylamido, {cycloalkyl)alkylamido, or cycloalkylamido.

[0083] As used herein, an “amino” group refers to NR*RY, wherein each of R and RY is

independently hydrogen, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,

heterocycloaliphatic, (heterocycloaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulinyl,

sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl,

arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,

((heterocycloaliphatic)aliphatic)carbonyl, (heteroarylycarbonyl, or
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(heterocycloaliphatic)carbonyl; ((heterocycloaliphatic)aliphatic)carbonyl; or
(heteroaraliphatic)carbonyl); sulfonyl (e.g., aliphatic-S02- or amino-SO2-); sulfinyl (e.g., allphatlc S(0)-
- or cycloaliphatic-S(O)-); sulfanyl (e.g., aliphatic-S-); cyano; halo; hydroxy; mercapto; sulfoxy; urea;

thlourea M m| rca b me¢ |, Alternatively, an aryl can be unsubstituted. [00851
Non- Ilmltﬁg%(ga}l%w %%C gﬁ’? Garyid b&ﬁ@% Pérﬁmﬁ%ﬁm&@?@ﬂﬁﬂﬁs p,m-dihaloaryl),

or (tr|haI@i}h??t)l‘i%éaWyb@@m@k@lmmw&awhm&ﬁf&ﬂ@lﬁﬁaﬁ%ﬁylﬁ
(alkoxyc 4 o,) ocarbo yI)a rk |no)alkyl)amlnocarbonyl)aryl

(alkylcarbon mlngaryl mocar ony inoaryl

(e.g., ((a VISERfonyA %W@mém&%)dnﬁ" n@;and)fﬁ(cyanoalkyl)aryl (alkoxy)aryl (sulfamoyl)aryl

(e.9., (aymesepulionvhaybi(ally r alky (alkoxy)alkyaryl;
(hydrox";l/[)];';i;.?I]S ,(ycarboxy)alllié?jigryllﬁ((( gll%(%/lé){éré%{o y ap%:?/?m%rXr I‘% %ty;g
(((a||cy|s.ﬁ’r?§1(‘%¥$)arﬁﬁ#85%¥yb) aryRpiestetsrycief ﬁbm@)mbénﬂéwyph«aﬂ&ylauﬂﬂw@igkyl)aryl

(cyanoaliotbasyndpprnssalioianybualkyieasbanvlanoi ANV L0 TBRIORL Y03 Wb oreny1
p-amino: q}ag f§8 carbonyla géfg%amlno m- cyanoaryl p-halo-m- amlnoaryf e

(in-(heteFodye ateyd ygf‘ﬁ?nﬁ?al%é%]a%@a%@ﬂfﬂé?wyawﬂarm|Wlhaﬂldhgroup such as

"aralkyl tcefergctiz m@bpmms;mmd@& e dadt Gl ks o) Eﬁ%&%&ﬁ’éﬁ}%&éﬁmﬁ‘g aryl group.
"Aliphati alkg/l efined herein. An ex %Ple of araliphatic such as an aralkyl group is

benzyl. S?%S(S Aégol%% her 1574 ﬁ"%’%‘ﬁ&’i@f@?é hrapcdrstibdy3-maibersikyl group)
that is sgmw’tém wmgsaﬁtarykgrmlm anattzoﬁib’@d 'aaeh aatlideayecheemdelingd AROYE,AR example of

an aralkyl a liso ona stituted with one or more substituents such as
allphatlléayj eg% g%tr}tiec}eoﬁr%ng %st ted & a:‘l)%ﬁ?gﬁ‘i}?“'i‘fﬁ %‘Wﬁ PRy e ERalky!,

hydroxy%}}kblawlméniwl(ylmmé@ﬂqmmmmmmm)mmimmfa (Eygloﬁb;klﬁﬂié% Rinsubstituted

cycloalkyderoeyeigalikamyl). 4e¥elo )t Q cIo heterocycloalkyl)alkyl, aryl heteroaryl,
alkoxy, cycloaﬁ(y ox%, hete(?f)e)({:ycIg}lal}él o@¥ ,tm? )%/P Xé?qfo’ary oxy,él %&y, heteroaralkyloxy, aroyl,

heteroafoyHaiirbats }B@k)&hé%@%aﬁﬂmhwcmwm&@rwhmwyﬂmfe(@rammmwjao nyl,
alkylcartienytammch ggglkﬁlgﬁrt;@gy@%@oaﬁ%glo&w I%/Q&%t} nylamin ylcarbo lamino,
L%I ﬂ(ﬁgf %6%8 ino,

aralkylca bo aminq, (heterocycloalkyl)carbonylamlno eterocyc
heteroafylt %ﬂﬁ?}“’oﬁ’r ﬁ%‘%&‘f%%\?é]@l%Fﬁwmwwﬁwlﬁa@fempawmnercapto
alkylsultamlbﬁmﬁﬁﬁﬁy)carbonyi, ((cycloaliphatic)aliphatic)carbonyl; (araliphatic)carbonyl;

(heterocycloaliphatic)carbonyl; ((heterocycloaliphatic)aliphatic)carbonyl; or

- (heteroaraliphatic)carbonyl); sulfonyl (e.g., aliphatic-80O,-~ or amino-S0,-); sulfinyl (e.g..
aliphatic-S(0)- or cycloaliphatic-S(0)-); sulfanyl (e.g., aliphatic-S-); cyano; halo; hydroxy;
mercapto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or carbamoyl. Alternatively, an aryl
can be unsubstituted.

[0085] Non-limiting examples of substituted aryls inchide haloaryl (e.g., mono-, di- ( such as
p.m-dihaloaryl), or (trihalo)aryl); (carboxy)aryl {e.g., (alkoxycarbonylaryl,
((aralkyl)carbonyloxy)aryl, or (alkoxycarbonyl)aryl); (amido)aryl (e.g., (aminocarbonyl)aryl,
({({alkylamino)alkyDaminocarbonyl)aryl, (alkylcarbonyl)aminoaryl, (arylaminocarbonyl)aryl,
or (((heteroaryl)amino)carbonyl)aryl); aminoaryl (e.g., ((alkylsulfonyl)amino)aryl or
((dialkylamino)aryl); (cyanoalkyl)aryl; (alkoxy)aryl; (sulfamoyljaryl (e.g.,
(aminosulfonyharyl); (alkylsulfonyl)aryl: (cyano)aryl; (hydroxyalkylaryl;
((alkoxy)alkylyaryl; (hydroxy)aryl, ((carboxy)alkylaryl; (((dialkyl)amino)alkyDaryl;
(nitroalkylaryl; "(((a.lkylsulfonyl)mnino)alkyl)aryl; ((heterocycloaliphatic)carbonylaryl;
((alkylsulfonyl)alkyl)aryl; (cyanoalkyl)aryl; (hydroxyalkylaryl; (alkylcarbonyharyl;
alkylaryl; (trihaloalkylaryl; p-amino-m-alkoxycarbonylaryl; p-amino-m-cyanoaryl; p-halo-m-
aminoaryl; or (m-(heterocycloaliphatic)-o-(alkyl))aryl.
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urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. 10088) As used herein, a "bicyclic ring
system" includes 8- to 12- (e.g., 9, 10, or 11) membered structures that form two rings wherein the

. two rings ast one atom i c n,(e 2at msm mony. Bicyc systems include
bicycloalip g{f%gj(g@m 5?8&&’9?8? %@a%oaﬁggu&)r)s vieloisl e¥ Fr}%asu%cs %la Ps and
bicyclic he(ergam@w &m@mp)uhmmmmmmtmgm ﬁxbﬁwmﬁé‘sﬁeé Adioycloalkyl"
aroup and a,, ucloalkenyll Group. sach.af whish.heing:epUanRlY sbsiiied.as aajdoh below.
re cli

[0090] As useaf hereln a "cycloalkyl™grou ersto Saturated carbocy no- or bicyclic (fused

or bridged) iﬁﬁg’idfz%sme@bkgre&:a@)“@mﬁwh’ m@mr@amm@m&g@@nm gr&upsadiggae clopropyl,

cyclobutyl, ﬁé’a‘i‘%%’%&){ nfYE NG o %ﬁﬂ? Rarbemyl e aldbylaosiahudEIndeny,
decahydro- naphthy bicyclo[3.2. 1]octy bICﬁClO[Z 2.2]octyl, blcyclo[3 3. 1]nony| bicyclo[3.3.2.]decyl,

bicyclo[2.2.gfeeplc afammnkyl Seupye sHbC DTN Byt onmore
"cycloalkenyhhgtQLp s Hpesla HAID (EQ SRl AU AIREANE GRID |'Q}E831910513&ﬁ@1£§},9 4-8)

carbon atoms havmg one or more double bonds. Examfles of cycloal %?’%l ups |nclude

cyclopenter§fainEcRsRM G- B ERIGHeR AR KL B ERh T HE RS Ha ) SeieRgiphatic
octahydro- a@hthtﬁufé@bﬁwsmwmmwmmeﬁmt@woﬁmwrs 3.1]nonenyl. A

cycloalkyl cyc ou can b stituted WI one or e substituents selected
23 from Gr E@%‘(?L:{ ﬁéﬁt tRHE: 8a ﬁ(ﬁ élﬁl;l %ﬁé‘?ﬁ%ﬁ é%g o ycloaliphatic)
aliphatic, heisepsygitalipfiatie, {héterobtyciaaliphatc palibyiatie, Reydr :laetteyhmyl ,aajl_rdoxy,
(cycloahphaﬁu gox bﬁleterocg lg)al hﬁtl(};f)}p)é\{bar i et%roa oni/ ag XYarbonvl
(heteroarallp%alﬁ% OXY, aroyl eeOaroy amino; éﬁ% Ony }%hatlg) rﬁdn amino, vh
Ecycllpartlllphaﬁky@mbonylammm CX(h;ﬁMmhammm;mﬁmﬁaaﬂﬁmeWMOnylamrno,
araliphatic c

%gﬁﬂ%ah Cg{@ony B:Qﬁ'ﬂ) &%EQ;%@%‘@QMQ?& carbonylamino,

((heterocyc Ino, eteroaryl)carbonylamlno or

((heteroaraﬁ@tét@}ﬁd%&?%ﬁfﬂlmbﬁw@%W{eﬂ@’kﬂ@@ﬁaﬂ%?ycarbonyI or alkylcarbonyloxy),
aryl ((e.g., M@%ﬂﬁﬁ%ﬁ)ﬁ&ﬁ?ﬁﬂ&ihoé%ﬁlﬁé"Hé]@“ﬁ}&‘&?%@?@ﬁ@%}é{o(%ﬁmhﬁ%}?%hm

(heterocycloaliphatic)carbonyl, ((he erocycioallphatlc)a Iphatic)carbonyl, or

(heteroaralﬁﬁ‘ﬁtﬂ%)’@éﬁﬁ%rﬁ}‘ll)f% UHRIBIAen ST, SHERSARYS, sulfonyl (e.g., alkyl-S02- and aryl-S02-),
sulfinyl ((e. qm&ayk§{@d)he§éaﬁa@%{@excaihglm§sae@uIfﬁemweaxsrﬂ@ureg,, sulfaraeyh sulfamide, oxo,

O Oy D ored strachares that T S0 Hingh. whbrcit the foro A Bave 3 Joask o atpan ia P 0> Y
common (e.g., 2 atoms in common). Bicyclic ring systems include bicycloaliphatics (e.g.,
bicycloalkyl or bicyeloalkenyl), bicycloheteroaliphatics, bicyclic aryls, and bicyclic

- heteroaryls.
[0089] As used herein, a “cycloaliphatic” group encompasses a “cycloalkyl” group and a
“cycloalkenyl” group, each of which being optionally substituted as set forth below.
[0090] As used herein, a “cycloalkyl™ group refers to a saturated carbocyelic mono- or
bicyclic (fused or bridged) ring of 3-10 {e.g., 5-10) carbon atoms. Examples of cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
norbomyl, cubyl, octahydro-indenyl, decahydro-naphthyl, bicyclo[3.2.1]octyl,
bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.1decyl, bicyclof2.2.2]octyl, adamantyl,
azacycloalkyl, or ((aminocarbonyl)eycloalkylcycloalkyl. A “cycloalkenyl” group, as used
herein, refers to a non-aromatic carbocyclic ring of 3-10 {(e.g., 4-8) carbon atoms having one
or more double bonds. Examples of cycloalkenyl groups include cyclopentenyl, 1,4
cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl, hexahydro-indenyl, octahydro-naphthyl,
cyclohexenyl, cyclopentenyl, bicyclo[2.2.2]octenyl, or bicyclo{3.3.1]nonenyl. A cycloalkyl

or cycloalkenyl group can be optionally substituted with one or more substituents selected
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heteroaryl, each of which has been defined previously. [0092] As used herein, the term
"heterocycloaliphatic" encompasses a heterocycloalkyl group and a heterocycloalkenyl group, each of
. which being optionally substituted as set forth below. [0093] As used herein, a "heterocycloalkyl"

group re a 3-10 membered mono- or .bicylic (fused or bridged) (e.g., 5- to 10-membered mono-
or bicycl%gﬁsl;%?g{)e%s}f% asé?r%%%%,ﬂ%&mﬁ%ﬁloﬂ W&n@ré}mﬁ@:%@l% gtie,a heteroatom (e.g., N, 0,

S, orh cgmmwrgmthwMﬁmeﬁkmﬁﬁwgﬁeymggﬁgiﬁq{@yl, Ip(ilp}erazyl, .
tetrahydigpy: , ydrofuryl. .1 4-dioxolanyl, 1,4-dithianyl, 1,3-dioxolanyl, oXazolidyl, isoxazolidyl,
morpholi?yl ‘E)%?g%%%gﬁgfy ’%cfl:?%%% 8%‘%@4%?%?% %ﬂ?j&?’%%%?mmlo&’tﬁl%%@éﬁmmenyI,
octahydi@iAEBIHGetahfhrtspyeintitidecnhydybduiraliyl L caialy diebreglblthiopheneyl,
2-oxa-bigyeiabéd 2186t ' 2:2loctyl. 3-aza- bieyclo[3.2.1]octyl, anad

2,6-dioxgd¥1t%eye% 3. %%ﬁ@%ﬁ%%@ég éy %a%aar%lcl:%/%loalkyl group can be fused with a phenyl
moiety sterFgishalin)alshasisiradinmlaminoetendosoloniibnyitiqi@umliphstigedhergimiaiers to a
mono- ofhBieyis £ fipRate)ddrRSRREIE - ievel zaromatic ring structure having one or
more dogllble bonﬁs, ign%j a)herein?one or’crtndci)%ee&gf fglegéﬁr%ﬁ%%%%%}sl&gﬁgﬁ%n lf]é’.’g., N, 0, or S).

Monocy &N ARy Y B RSN HE R SR Ahe e aatimhmsistear barad ity ) ontran dartebth émical nomenclature.
[0094] AH&H&!Egeymgugyb@ﬁﬁ%@my@ggﬂg@y*@gggp&@@&&@@&%&%ﬁcﬁpéﬁgﬁep with one or more
_alkenyl, or a

substituents selected fram Group,J such as aliphatic (e.g., alkyl, a yr¥y1), cycloaliphatic,
(cycloal%ﬁ%‘féﬁ%ﬁg iéggfagéi%%’é(ﬁp@%@b@%%h?@@aﬂtﬁ%ﬁéyﬁlﬁﬁﬁahé‘;‘i%mmeteroaryl,
?rllkoxy, (@Wﬁﬁpﬁaﬁ@bﬂﬁclﬁ?ﬁﬂﬁﬁyﬁl@?ﬂm@ﬁ@@%@t%@féﬁ%ﬁ : h&@ﬁgj%%n@ﬁlg{gghatic)oxy,

etero tic)oxy, aroyl,.-heteroaroyl, o, amida (e.g., (aliphatic)carbonylamino,
(cyc|oaﬁ%%%%§§ﬁ8i§§rﬁ.#@ ﬁ e&@a%ﬂ%g:@' ﬁﬂﬁﬁﬁ@%ﬁﬁﬂéﬁ%@ﬂa& PH8iylamino,
(araliph&¥ejsatboaydinihs;)(helfororyctealiihate) sathanyBmirenide i eriaaiphatic)
aliphatiqm%y@gaqlgre@et )ﬁll)g% bon 5ag1ino or F(P teroaraliphatic)carbonylamino), nitro,
carboxy (e.g;, HOOC-, alkdxﬁgl;’%{onyll,%ra yc%srﬁg%f/) o@?%%%?@é?ﬁ?ﬂ%@@éﬁﬁh%ﬁ’é)@’érbonyI,
((cycloahFreney anpthat ydehdry beanalafinet eaibuslyl, (heterocycloaliphatic)carbonyl,
((heterompotpplRhALE )Rl j r liphatic)carbonyl), nitro, 0, halo, hydroxy,
mercapto, sulfonyl (e.g.,i%ililgflﬂgﬁ%%;ﬂ g#ﬁ%@tﬁ)%f ,&guI?%(ﬁ%g?ﬁ?,egﬁig%fﬁﬂm%¥%%anyl (e.g.,

alkylsulfERYP 2ad RAETareslonliesied £reuseesdyo ! stifeidmeoiconlyartdanioyd)) as set forth

below,
[6093] As used herein, a “heterocycloalkyl” group refers to a 3-10 membered mono- or
bicylic (fused or bridged) (e.g., 5- to 10-membered mono- or bicyclic) saturated ring
structure, in which one or more of the ring atoms is a heteroatom (e.g.N, 0,8, or
combinations thereof). Examples of a heterocycloalkyl group include piperidyl, piperazyl,
tetrahydropyranyl, tetrahydrofiryl, 1,4-dioxolanyl, 1,4-dithianyl, 1,3-dioxolanyl, oxazolidyl,
isoxazolidyl, morpholinyl, thiomorpholyl, octahydrobenzofuryl, octahydrochromenyl,
octahydrothiochromenyl, octahydroindoly], octahydropyrindinyl, decahydroquinolinyl,
octahydrobenzo{[b]thiopheneyl, 2~oxa-bicyelo[2.2.2]octyl, 1-aza-bicyelo[2.2.2]octyl, 3-aza-
bicyclo[3.2.1]octyl, anad 2,6-dioxa-tricyclo[3.3.1.0° “lnonyl. A monocyclic heterocycloalkyl
group can be fused with a phenyl moiety such as tetrahydroisoquinoline. A
“heterocycloalkenyl” group, as used herein, refers to a mono- or bicylic (e.g., 5- to 10-
membered mono- or bicyclic) non-aromatic ring structure having one or more double bonds,
and wherein one or more of the ring atoms is a heteroatom (e.g., N, O, or 8). Monocyclic and
bicycloheteroaliphatics are numbered according to standard chemical nomenclature.

- [00%4] A heterocycloalkyl or heterocycloalkenyl group can be optionally substifuted with one
or more substituents selected from Group J such as aliphatic (e.g., alkyl, alkenyl, or alkynyl),
cycloaliphatie, (cycloaliphatic)aliphatic, heterocycloaliphatic, (heterocycloaliphatic)aliphatic,

24



[0095] A "heteroaryl" group, as used herein, refers to a monocyclic, bicyclic, or tricyclic ring system
having 4 to 15 ring atoms wherein one or more of the ring atoms is a heteroatom (e.g., N, 0, S, or
. combinations thereof) and in which the monocyclic ring system is aromatic or at least one of the rings

cystem Feair o e B S ek BBHESused with one of two 4
to 8 merdSisrsarilotsrdeyaiphiitiaty.r(uietieséptatidhoylizybyih detytoizoindahiho3bringolyl, indolinyl,
benzo[b]furyl, Qﬁl% | quinalinyl. or.isoguinolinyl). Some ex les of heteroaryl are
azetidin;r/i’ﬁ{ 7 ri;j%/)ﬁ 19%%} %ﬁ%ﬁf?igfyﬁ%%@%@gn%O%%é%ﬁﬂ @g%ﬁ%ﬁzzolyl, tetrazolyl,
benzofurgtp bty EBEez (Ao irhomthene (dridxhatienebphénathiazine, dihydroindole,
benzo[l,@ﬂg{@zg%;@g%@j% {Q&th@ &;glclﬂg : gpzhmid zo,l:yl Penzthiazolyl, puryl,

i 1 f?}@ ?quma%@%c un%%x%@%ar i

oy
cinnolyl,(guinolyl, quinazolyl,cinnolyl, phthalazyl, g , 1IS0(Q n%rfyl/lﬁollH-quir_\olizyl,
benzo-1 PEAREHISIEY LSRN ab freigrriyrlipiogscarwad amiiedsinitonrerisoyclicdieteroaryls include

furyl, thiamen,yj,aatd:@zmmyipyf@M;&f@&glwxﬁ,%g%@_@ip@;%%} 5@?%%&5@@2% igﬁ)thiazolyl,

1,3,4-thiadiazolyl,, 2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, ,

1,3,5-tria?§%>f.c ﬁﬁ%@l TRedtFcAne @écé’é’é’é‘bé/t dsrerysthatbetitmsmibnpimenclature.
[0097] Witremrbtipoltafiphatigyietisateseseigs, ictusle-ssolimdsidabinisoindolyl, 3kt m%ng indolinyl,
benzo[b fug1 I beng%}%%&ioq{}e%quin in SIe,j‘é'fi?oquinolin I, indolizyl, isoindolyl, indolyl, bénzo[b]furyl,
bexo[b]t 'opﬁ}gﬁ;ﬂ IaaZ ol BEhARHY A BB HAsuHaRRr\:, sulinylifsetzglkaismiBpDisoquinolyl,
cinnolyl, soHimalezy,, qlipartfyty huintteaty nrdaBanaphid) yityim eyIpterdvi Bieygligheteroaryls are
number%grg&ﬁgw g to standard chemical nomenclature. 25 [0098] A heteroaryl Ts opt ovally
substituted with"one or more substituents such as aliphatic (e.g., alkyl, alkenyl, or alkynyl);
cycloaligA8%%} {eybitanptidtieyaliphativsehbtecotyefenliphationtsteigaicieatiphatipyairhatic; aryl;

heteroa%"é@%%%ué%/fd%iﬁﬁgti?aﬂf%@%% yslogliphatigloxy, a%'%%{%h t%gég%%%é%’carbocyclic

(araliphagic&ox , (heteroaraliphatic)oxy; aroyl, ﬁeteroaroﬁI amlnc’g, %6
or hetefdcYelfe Py BPbinsiepsitbaraficrdinhsinothyovedyoky ramigeteacyd feomatialiphaticcarbonyl;
(cycloaliphatisicaranmild syalpaliebaticllinbat miacaliphatic)carbony!
(heteroqycloaliphatic)car%)ionyl; ((hgterocycl(?gﬁﬁg%{: %ﬁg‘%\n&%ﬁ}:%é?g%%%ﬂ %rgete%awl group
(heterodPRITHFAIERFRIASH ragRsRirtdiey ing AR dieagifofgt oxaamninosbiiomi)sesiifions (e.g.,
aliphatidstitiae Yeaul ERAd &k one or two 4 to 8 membered heterocycloaliphatic moieties (e.g.,

indolizyl, indolyl, isoindolyl, 3H-indolyl, indoliny], benzo[b}furyl, benzo[d]thiophenyl,
‘quinolinyl, or isoquinolinyl). Some examples of heteroaryl are azetidinyl, pyridyl, 1H-
indazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imidazolyl, tetrazolyl, benzofuryl,
isoquinolinyl, benzthiazolyl, xanthene, thioxanthene, phenothiazine, dihydroindole,
benzo[1,3]dioxole, benzo[b]furyl, benzo [blthiophenyl, indazolyl, benzimidazolyl,
benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl,cinnolyl, phthalazyl, quinazolyl,
quinoxalyl, isoquinolyl, 4H-quinolizyl, benzo-1,2,5-thiadiazolyl, or 1,8-naphthyridyl.

[0096] Without limitation, monocyclic heteroaryls include furyl, thiophenyl, 2H-pyrrolyl,
pyrrolyl, oxazolyl, thazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 1,3,4-thiadiazolyl
2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, pyrimidyl, pyrazolyl, pyrazyl, or 1,3,5-triazyl.

Monocyclic heteroaryls are numbered according to standard chemical nomenclature.

¢

[0097] Without limitation, bicyclic heteroaryls include indolizyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo[b]furyi, benzo[b]thiophenyl, quinolinyl, isoquinolinyl, indolizyl,
isoindolyl, indolyl, benzo[b]furyl, bexofb]thiophenyl, indazolyl, benzimidazyl, benzthiazolyl,
purinyl, 4H-quinolizyl, quinolyl, isoquinolyl, cinnolyl, phthalazyl, quinazolyl, quinoxalyl,
1,8-naphthyridyl, or pteridyl. Bicyclic heteroaryls are numbered according to standard

chemical nomenclature.



aliphaticsulfanyl); nitro; cyano; halo; hydroxy; mercapto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide;
or carbamoyl. Alternatively, a heteroaryl can be unsubstituted. [0099] Non-limiting examples of
- substituted heteroaryls include (halo)heteroaryl (e.g., mono- and di-(hao)heteroaryl);

(carboxy a. alko bon oaryl); cyanoheteroaryl; aminoheteroaryl (e.g.,
((alkylsuffony a%mi:f\ré\o roa g"( g qﬂ%ﬁwﬁﬂ%ﬁ@%&% TebRSHE Ricneg plipkatic

amin ocaﬁ%gnylhékm&aqﬂ Q(allkvlmdbbomlbdmm)h Q&?ﬁhﬂl}@ahatic)ahphatzc,
((((alkyl) a h teroa amino onyl)heteroaryl
((heteroc%%loa |phat|c)ca gﬁ%ﬁ%@f ) f(le%lg‘ ar%% AFFRABTHELEPSEyI);

(cyanoall&ys %’f%@(ﬁ]I(b%y)ﬁ@r@l%mh&f(%nwlﬁbhmémmeow,(@mﬂﬂﬂﬁﬁBW)heteroaryl)
(sulfonym‘@g%%ﬁﬂl(gg Kﬁa&@%@%&p&; ﬁ%{é) Ci%élgi({r?)éyalkyf%het%roa a}/ll) ?%allioxgalkyl)heteroaryl
ia

(hydroxy)heteroaryl, ((carboxy)alkyl)heteroar amlno a y eteroar

(heterochRBARHIRTENSAERIFF! {%yér@éufﬁha membhm&mmm@@w
(((alkylsulfpyiramimaalkvhbisiananddaliaysy % %ﬁé/qa alkyl)heteroaryl;
alkyl heter dc aflcyl)heteroaryl (e.qg.,

(acyl)he er (alk Icarbonyl)heteroaryl)
trihaloal @&‘é’é@f?ﬂﬁb‘w ach as a heteroaralkyl group) as used herein,

refers td@ntewﬂhmmgmu@ammﬁirﬂo%wb@ rasR)dhatissibRtiiag gV'EHzPoﬁgﬁtfé aryl group.
A|Ipha'[I(i (% heteroa % ag)/p bg}gr defined above. 00101] 'hete affiéyl" group, as
used here? efersie an AR { 18 giptmbrsissy ihatlis Sifamea.with a heteroayl

group. Bbﬁh&aﬂwlfm@ hﬂte;rowd)‘ haM@h@mﬂﬁm&bab@uﬁo&fhaﬁ@é%@{ﬁxw%ﬁpﬂﬁ lly substituted
with ON&QFMANE 81" S}ﬂﬁe a,a Ilk %)xyalkyl droxyalkyl and haloalkyl such
KASHstERS cloalky!l,

as trifluoromethyl), a eny alkyny cyc

(heterod?@ﬁa%R{n)hlmtz@ykmmmamem Imtdoawlmuae(ﬁmmt@aimp@ aryloxy,
heteroagyl@xy o9 Aratdmye. 0 @Jll)%( 810 ?eter l, nlt oxy, alkoxycarbonyl,
alkylcarbonyloxy, arﬁnoc&%én%{% lfgca %%)%/ Itgrm gaﬁ%&% aclaﬁ gﬁ?ﬁﬁ%" F
(cycloalfSABMBARERA B %mﬂhstea@whfb@nﬂaﬁquImmwbmmmmb
(heterow@@&ﬂﬂk&%ﬁ%ﬂﬂ@ﬂ%yﬁﬁi Wﬁé@&@@l??c%&o\élamnq heteroarylcarbonylamino,
heteroa (%i%'illﬁ m|no ano, halo, hydroxy, acyl, mercapto, Ak uTPaall:rK/r sulfoxy, urea,
thloure %%Vbr(ﬁé@écaﬂmnmmzmmammmmww group refers to a
formy/ qtmmaa&ﬁ@)r)&m}aﬁe&m&%@(}m@!%eyr&&%ﬂﬁ%&)%ﬁrb%w')%%{?%”%/yz) yyherein Rx and
a
y Q?a\fﬁy?ca?bony{)ammo)hetemaryI) (cyanoalkylheteroaryl; (alkoxy)heteroaryl;
(sulfamoyl)heteroaryl (e.g., (aminosulfony!)heteroaryl); (sulfonyljheteroaryl ((e.g.,
(alkylsulfonylheteroaryl); (hydroxyalkyDheteroaryl; (alkoxyalkylheteroaryl;
(hydroxy)heteroaryl; ((carboxy)alkyDheteroaryl; (((dialkyl)amino)alkyl)heteroaryl;
(heterocycloaliphatic)heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkylheteroaryl;
(((alkylsulfonylamino)alkyDheteroaryl; ((alkylsulfonyDalkyl)heteroaryi;
(cyanoalkyl)heteroaryl; (acyl)heteroaryl (e.g., (alkylcarbonyDheteroaryl); (alkyl)heteroaryl;
and (haloalkyDheteroaryl (e.g., trihaloalkylheteroaryl).
[06100] A “heteroaraliphatic” (such as a heteroaralkyl group) as used herein, refers to an
aliphatic group (e.g., a C14 alkyl group) that is substituted with a heteroaryl group.
“Aliphatic,” “alkyl,” and “heteroaryl” have been defined above.
[60161] A “heteroaralkyl” group, as used herein, refers to an alkyl group (e.g., a Cy.¢ alkyl
group) that is substituted with a heteroary! group. Both “alkyl” and “heteroaryl” have been
defined above. A heteroaralkyl is optionally substituted with one or more substituents such
as alkyl (including carbo:\yalkyl hydroxyalkyl, and haloalky! such as trifluoromethyl),
alkenyl, alkynyl, cycloalkyi (cycloalkyl)a}kyl heterocycloalkyl, (heterocyeloalkyalkyl,

aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy,
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previously. Acetyl and pivaloyl are examples of acyl groups. [00103] As used herein, an "aroyl" or
"heteroaroyl" refers to an aryl-C(O)- or a heteroaryl- C(O)-. The aryl and heteroaryl portion of the aroyl
. or heteroaroyl is optionally substituted as previously defined. [00104] As used herein, an "alkoxy"

group re Ikyl-O- group wherein "alkyl" has _been defined previously. [00105] As used herein,
a"carba%éwa%gu%%rﬁa@%oyg ol ﬁe?i’ﬁﬁeéo[ﬂg 1R EEBo0 2R ISV RX-CO-O-RZ wherein

Rx and RikHesbdedortsfinzoabove hatk ReatambenaliphsiiteAryl-ansiiphaticadeterocycloaliphatic,
heteroar [ I 106] As used herein, a."carboxy" group refers to -COOH, -COORYX,
-OC(O)Hyflyg%gg%%ﬁé?(g{g#%ﬁ%ﬂ&%g%%aéﬁ%gflglr%laﬁl,o(’)?r%?@ﬁj%ﬁ ®- when used as an internal

group. [Tiavtcicaladenshonylantalchlisetic oty isieatoayiatiphatic group substituted with

-3 halogeardiesiBsiansallls BERDAIRRIMAINENTSS e graup. < OF%%L%%;gf%f_ggggpggg& e

"mercapto” i{oup refers to -SH. [00109] As used herein,’a Silto gro
used ter RHepyLaidiossy e dhisamrari mopdonibivideuse heceihamdsllfamide” group refers to

the struquesd) R ${(a)R-NR Y RZ disrminally.a Y- when used internally,
awﬁ}e%#gﬁgabove. 0011? @ (9 fSnamide" group

wherein %%(’I%Y nd RZ have been defi _ igs Efsgg é%rje ,a'su
refers tothe's ﬁ@iu?&?g@fﬁfhﬁ@w&ﬂwh%ﬁ(@ OGmEN erddalimiihatly bom S¢OIRINRX- or -NRXx
-S(0)2- mmdmmaﬂ&@Mmeg%xaﬁmema% gsefined above. [00112] As used herein a

"sulfanyl"ﬂgiggf Aesfers :g-s.-e when used terminally and -S- when used internally, wherein Rx has
been defnay AbHovasE BT &b EGHARN iRCRTa aTip FfFes & ap e hage shetaromsl: or the like.

[00113] B)seBHsenyimad heifioyty bporbeseheter(6) Hx e YseddsHaP allisahrky 5(0)- when
gﬁeg iﬂtﬁf&ﬂ&slﬁ’ﬁ% i%)l?x has be(_an de_fine_d abc_)ve._Exenijary sulfin_yl groEJps 27 include
phatic-S(O)-, ary , (cycloaliphatic(aliphatic)) -S(O)-, cycloalkyl-S(O)-,

heterocyfddtipHasivssi e chmtersatimS(Qrauprtifertike afQMHIAD Agroe iR Eainagsuifany!” group
ref(-?-rs tobmgﬁgeg\ﬁmt{buﬁgg terminally aqd - S(O)2-. Whe_n used internally, wherein Rx has been
defined above. Exemplary sulfonyl groups include aliphatic-S(0)2-, aryl-S(0)2-,
((cycloallfHERE Anpiad dyrsroy casheroatiizatier SEY2 1 hatengrieidng phatient(D3 20 [reroaryl-S(0)2-,
(cycloaligRate(amidetatiehafiR)vherein RX and RY have been defined above and R can be

aliphatic, aryl, araliphatic, heterocycloaliphatic, heteroaryl, or heteroaraliphatic,

[00106] As used herein, a “carboxy” group refers to -COOH, -COORY, -OC(O)H, -OC(O)R™

when used as a terminal group; or -OC(O)- or -C(O)O- when used as an internal group.

[60107] As used herein, a “haloaliphatic” group refers to an aliphatic group substituted with

I-3 halogen. For instance, the term haloalkyl includes the group -CFj.

[06108] As used herein, a “mercapto” group refers to -SH.

[00109] As used herein, a “sulfo” group refers to -SO;H or -SOsR¥ when used terminally or

~S(0)z- when used internally.

[00110] As used herein, a “sulfamide” group refers to the structiure ~NRX-S(O)2~NRYRZ

when used terminally and —NRX~S(O)2-NRY- when used internally, wherein R*, RY, and RZ

have been defined above.

[60111] As used herein, a “sulfonamide” group refers to the structure -S (OR-NR*RY or

-NR*-$(0),-R” when used terminally; or -8(0);-NR*- or -NR* -S(0),- when used internally,

wherein R*, RY, and RZ are defined above.

[00112] As used herein a “sulfanyl” group refers to -S-R* when used terminally and -S-

when used internally, wherein R* has been defined above. Examples of sulfanyl include

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

[00113] As used herein a “sulfinyl” group refers to -8(0)-R* when used terminally and -

5(0)~ when used internally, wherein R has been defined above. Exemplary sulfinyl groups
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S(0)2- or the like. [00115] As used herein, a "sulfoxy" group refers to -0-SO-Rx or -SO-0O-Rx, when
used terminally and -0-S(O)- or -S(0O)-O- when used internally, wherein Rx has been defined above.
- [00116] As used herein, a "halogen” or "halo" group refers to fluorine, chlorine, bromine, or iodine.

[001171 As,used.herein "alk rbonyl’ group, which is encompassed by "carboxy,” used alone
orin comﬁﬁs’ﬁla ?o%laﬁfh %ﬁ@é ﬁé%’@“e?&@&?gﬁpg?aa& 164 ﬁ@fm&@&ﬂe‘ﬁ@m As used
herein, aetatiaycjedkyligiofiOricrsi¢canylaiygrotpeslieh as alkyl-0- alkyl-, wherein alkyl has been
defined T@@’ﬁt[ sed.herein,.a "carbonyl” gr refer to -C(O)-. [00120] As used herein,
an "oxo" roup]r%%e]‘r}ss%t{c})@gé%bgﬁlﬁg Rglugé%lﬁé?g%ﬁ,tgfg@% oé’ﬁ%ﬁ“ GietfrressrdYe®de structure
(RX)2N-alie: deramphisieudinerbimea Ry nokdyldgioupatefers Bxshebir sl NGyaiky!-
[001231 ;A8 M5e4; Ngaiurea: I he str re.- -CO-NRYRZ and a "thiourea"
group refers to thlgﬁéétﬁﬂ%&%rg ifl‘%xlgg - Rﬁ%%%%égﬁa%g@g%ﬁ%%% Fel SRTRBIBINK Y - or

-NRx-CSPev: Biers el iphetierai§)wheristiom: SO ar(dsRipdipbetvéanidefitighasbyye. [00124) As
used hegin).a cguRnidine” group refers to the structure -N=C(N(RxRY))N(RxRY) or

-NRx-C i}%{% NRxRY wherein Rx and RY have been defined Qbove. [00125] As used herein, an
"amidind ST BRE st RHPEY CHANRIGRIRORD)S AvRereiinS Qi Rvhtravesbeen defined

above. [e6h26]lIn geneddhedersdyionakeiess tndhe macament R%‘é?%%@ﬁz&tﬁn%ﬁ a group that
includes two or more carbon atoms, wherein the substituents are attached to adjacent carbon atoms.

[00127] ?noggheral, the term "geminal” refers to the placement of substituents on a group that includes

two or nf66d FrBanstoinsrinherailohe SUbHUULTR A5 GHABSH IR R SRNELRIBAM AlM. 28
[00128] ;Bﬁﬁl erms "terminally” and "internally” refer to the location of a group within a substituent. A
group is terminal when the group is present at the end of the substituent not further bonded to.the rest

of the cHBMIEA dsusedrberCiariooxpdtioxlydaebpRUOSE)G; stk lis encoxamplal of aGarayy group used
terminalie A G5aH RS RERIRALYREN TS, AoKP gi§o rp??e?f@%si?o a group suich as alkyl-O-C(O)-.
[00118] As used herein, an “alkoxyalkyi”gfoup refers to an alkyl group such as alkyl-O-
alkyl-, wherein alkyl has been defined above.
[00119] As used herein, a “carbonyl” group refer to -C{O}-.
[00120] As used herein, an “ox0” group refers to =0.
[60121] As used herein, an “aminoalkyl” group refers o the structure (RX)ZN-alkyL.
[00122] As used herein, a “cyancalkyl” group refers to the structure (NC)-alkyl-.
[00123] As used herein, a “urea” group refers to the structure -NR*CO-NRYRZ and 2
“thiourea” group refers to the structure -NR*-CS-NRYRZ when used terminaliy and -NR*-
CO-NR*- or
-NRX.CS-NRY- when used internally, wherein R%, RY, and RZ have been defined above,
[00124] As used herein, a “guanidine” group refers to the structure - =C(N. (RXRY))N(RXRY)
or
-NRX-C(mNRX)NRXRY, wherein R* and RY have been defined above.
[00125] As used herein, an “amidino” group refers to the structure -C=(NRX)N(RXRY),
wherein R* and RY have been defined above.
[00126] In general, the term “vicinal” refers to the placement of substituents on a group that
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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the middle of a substituent to at the end of the substituent bound to the rest of the chemical structure.
Alkylcarboxy (e.g., alkyl-C(O)-O- or alkyl-O-C(O)-) and alkylcarboxyaryl (e.g., alkyl-C(0)-O-aryl- or
. alkyl-O-C(O)-aryl-) are examples of carboxy groups used internally. [001291 As used herein, a "cyclic"

group in '6’(9192% ono-, biz, and tr-gyclic ring system, such as cycloaliphatic, heterocycloaliphatic,
aryl, or hqeteroaﬁl’r,ﬂgg%ﬁ?‘lc%f k\%ﬁf@ﬁ‘#ﬁ’s %ééﬁn@éﬁﬁ%ﬂ 56Vt foploserion el A gweRehima bridged bicyclic

ring systénystisfens t4 arbigytl ierhetarotyolibal jratfiésHRgensieReQnB ISy licsaysinalinhaic ring system
in which | rj mples .of bridged bicyclic ring systems,include, but are not limited
B e st S o
bicyclo[3Z28IRER 2 22sRekicgrsiapusd jeunihallazabioyeip 2 Rizlestyiha: acabiysioldaddogtyl, and

2,6-dioxanligyeiols,8 ! r icyglic.rin stem can be optjonally substituted with
one or more substitugf%?g%a%%}%g%%%rggﬁgﬁg X(L:Icg%%uf%%}ffl ;%Fg%%slk? ,ttgﬁﬁlﬁﬁﬂlfﬁikyl such as

trifluoror BT attEry raameyiye-cyaliode (P Sramalky ARG hetend eyicsdaiRyix fasterasycloalkyl)alkyl,
aryl, hetelpdrg(Oalkoxpicyeloalkyin eterocycl loxy, heteroarylpxy, aralkyloxy,
heteroagadgﬁ (;)?:flroii/ily&r etero%éyl%??ﬁ??ﬁ%&&%@ gﬁeﬂ%ﬁg%yeﬁfg%%%%ﬁgﬁ?@?ﬁgminocarbonyl,
alkylcarbony %?m‘%%? L8 a DG HY T AHB InGyets alkmaaiky hta odrsitamiioriagdsatngnylamino,
aralky\catbblepoloaiptaeiseadontidisaiien sminpdbriaiculpdivmlyicaihopyiamino,
heteroa\ré{kf:a{3 lamino, heteroarallcylcarbonylamino, cyano; halo, hydroxy, acyl, mercapto,

alkylsulfaﬁyﬂl, st 8)‘{39; urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. [00131] As used herein,

an "alipH86&38hadn uefbhendrn biardhetiassliaight alinbatic Group 4d&:8vofilkyl groups, alkenyl groups,

or allcynyl.gro . ight aliphatic chain has the structure -(CH2),-, where v is 1-6. A branched
aliphatic chairﬁ%ﬁéz%ggg%%ﬁﬂ%ﬁgﬁgl%ﬁél Pt el intiiarinas sion mbiehdhsriags groups. A

branchetrgiRghaficanalrstddthigsthicile rf@@¥mwhelads hydragamptandliphatic group;
Chaine, P R B Hn e A A dreetbed above.
[001321@@1%3@@%@@@%@[@@a}qgméeamMymi@ea@dymﬂB&the phrase "substituted or
bt e s 35 NS 0, 2 gl e st i
classesSHIBY g@gé’g,ﬂgﬁﬂ%@éé@gﬁﬁé Wille aao Rt Mere substituents such as alkyl (including

carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl), alkenyl, alkynyl,

eycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkylyalkyl, aryl, heteroaryl,

alkoxy, eycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy,

heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,

aminocarbonyl, alkylcarbonylamino, cycloalkylearbonylamino,

{cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralkylcarbonylamino,

(heterocycloalkyl)carbonylamino, {heterocycloalkylalkyl)carbonylamino,

heteroarylcarbonylamino, hetefoaraikylc&rbonylamino, cyano, halo, hydroxy, acyl, mercapto,

alkylsuifanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.

[00131] As used herein, an “aliphatic chain” refers to a branched or straight aliphatic group

(e.g., alkyl groups, alkenyl groups, or alkynyl groups). A straight aliphatic chain has the

structure -(CE)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)y- 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 “optiopally substituted” is used interchangeably with the phrase

“substituted or unsubstituted.” As described herein, compounds of the invention can
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described herein, the variables R1, R2, and R3, as well as other variables, encompass specific
groups, such as alkyl and aryl. Unless otherwise noted, each of the specific groups for the variables
- R1, R2, and R3, and other variables contained therein can be optionally substituted with one or more

substitu i herein. Each substituent of a specific group is further optionally substituted
ot oo S U S R G S et ke LT SRt
heterocy¥estishat cxhaelifiadybytraiomikdz, damealkybdastastancgedss afiib arospiean ke substituted

with alky, I | ean b tionally substituted with one to three of halo, cyano,
0X0, alké%/% %rﬁ%ﬁﬁ%%%%gﬁgﬁ%%ﬁgﬁsg‘r’]e ARG AS ARG FBRAPEEREhe cycloalkyl

portion (ﬁrﬁuﬂ‘by%lﬂbﬁ%%@r%%w%niﬁ@é&ﬂﬁﬁ@@ﬁﬁbﬂ@l@ﬂ&ﬂnbtﬁﬂtﬁﬂs@ﬁm&@ﬁﬁ@aﬁﬁ halo, cyano,
akoxy, s TR, ORIt LSRN AN Aroups are bound Louhe same atom o
er wit tﬁ atrcl)mi’ss)upo WhI

adjacent atoms, the two alkxoy groups can form a ring together wi they are

bound. [BHT-93F 0F G subtideairdesuiedbesin: VReethaibptistad efbspehifitegrauiiistibmdlly” or not,

refers todtvnelasearakaiiyd peen 1adica s Am & giveN-Hu ! gl of: 8 specified
substituentI Sﬁ ci%c Subséiltuents are described abo%%iﬁ the g%%%%ﬁg%%%% Jljﬁ%%e description of
compoufids & goél RhiSfe dears3rieatirhadic heire inkopiksl, #rd eHadnEhy atodtued group can

have a sikgtirentahdachisuistidiisite ReRtEmof ihe GLOMRyIANEWDEM MO Ra e position in
any giveﬁﬁgﬁ%%tﬁr% x{‘l?gnté% SH%stitL#tsﬁ with more thap one substituent selected from a specified
group, the SUbSTtUGNT Can Be STthET TRESARTE PSS AV ER0R%, HBEHoRIRMAY-substituent, such as
a heterdwyetbeikyindalipe Houmchtditmaihantipl, suchyakaiogiealkylota form a spiro-bicyclic ring
system, £.81,48 ] one commaon atom mbjnatjons of substituents envisioned by this
invention@%?ré\J trgc@ggg:%gn_ ma%c())n% that TR ?ﬁ] e S%gri‘ﬁe;éli%&b?%‘“t%l@%f’ eh8alRe SHgRasible
compoutiexyolmBarmitish imdeafkyiiradaiiie Whatlywoadintey"sasupseact hersin rdefersigecompounds
that are;pef sphstaptialy atefsdwhen sibj nditions tg allow fo tl;#(ﬁa)ir rogduction, detection,
and preferabl ?r?eir recovery, purificatiorglj,j'yb aéﬁgﬁﬁgég%%%éﬁeg&n %)Or%eé% T‘é’l%‘lu eoas%g‘?éi:gaosed herein.
In some"&HsB ﬁ%ﬁt@?‘&l@table compound or chemically feasible compound is one that is not

substanfiip3ltereenaaentephat iempaiatule 140, G Qulass, ipthe absence of moisture or other
chemicallé reactive conditions, for at least a’_week. [0%13%] Assﬁlsgg %ﬁaeircl},pzlﬁng]@ct?\gél Cél%r:‘lnount is

defined 5EHE é?f??f‘?%‘aﬁ%ﬂf@’ g wdisndyap e pivearisec brewt thetendlivatiefn, and is typically
determinmditiadetbentage. Speace sareanuaioht and-apadition of the Ratient,T hedatgsielationship of

dosage?nf&readgisg]rﬁ:l 'manngf g’o?npounds and examples thereof, Unless otherwise indicat

. ed, an
optionall'_s;z substituted group can have a substituent at each substitutable position of the group,
and when more than one position in any given structure can be substituted with more than
one substituent selected from a specified group, the substituent can be either the same or
different at every position. A ring substituent, such as a heterocycloalkyl, can be bound to
another ring, such as a cycloalkyl, to form a spiro-bicyclic ring system, e.g., both rings share
one common atom. Combinations of substituents envisioned by this invention are those
combinations that result in the formation of stable or chemically feasible cozﬁpounds.
[00134] The phrase “stable or chemically feasible,” as used herein, refers to compounds that
are not substantially altered when subjected to conditions to allow for their production,
detection, and preferably their recovery, purification, and use for one or more of the purposes
disclosed herein. In some embodiments, a stable compound or chemically feasible compound
is one that is not substantially altered when kept at a temperature of 40 °C or less, in the
absence of moisture or other chemically reactive conditions, for at least a week.
[00135] As used herein, an effective amount is defined as the amouit required to confer a
therapeutic effect on the treated patient, and is typically determined based on age, surface

area, weight, and condition of the patient. The interrelationship of dosages for animals and
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numans (based on milligrams per meter squared of body surface) is described by Freireich et al.,
Cancer Cheinother. Rep., 50: 219 (1966). Body surface area may be approximately determined from
- height and weight of the patient. See, e.g., Scientific Tables, Geigy Pharmaceuticals, Ardsley, New

York, 53 herein, "patient” refers to ammal, inclyding a human. [00136] Unless
otherwisé@gge%,béétggﬁtﬁ%g%ﬁ%fﬁ? Haraih® ueargés?)%’\g‘}aynf i ﬁﬁgeéﬁgﬁérh%ﬁﬁe(@’ﬁﬁ gnantiomeric,
diasterednerigican & kpseriieri & ¢pr. 66ntdMiafieNalPddyme i theestnagtbsapinbexample, the R and S
configuraflensir £ECH ASHMMEN GSONEF g %e%%eggfqglesgz%ggﬁgsv@h %S% %d z) and (E)

conformational isomers. Therefore, single stereochemical IS6Mers as tiomeric,
diastere MBRRCEHF YEotithy (Dlew offaAaTi chalp midtvesididhinpipsintit oshpotngs are within the
scope ofrfaginventidniildalags iherwise stated, all tautomeric forms of the compounds of the

inventior}ﬁf ﬁit@%the Efcop,e of the invention. Additionally, unless otherwise stated, structures
depictedhetd SRR TR RS e ferinted heatiaiter abslynieathéogrebalecalof one or more

isotopicaummﬂmegi,ammﬁmﬁ@ﬁ@,mm@@ﬂw%mgéoh?e\fmg(ﬁ?%&ﬁ%%%}{%%t? seéflc t forthe
replacement.of h grrg%e%gp ﬁﬁeqtﬁzrium or tritium, or the replacement of a carbon by a - or
n It

14C-enrﬁ:%lé:8%%r 0 A4 BRI RS SRt E DRSSP SaRigs BFeaudER)I, for example,

as analydiealtoiedisprobe siid (i) agio@)ass&ysad00d4 iscusehbaien, ERG is
1'(3'dim§@é@%f§%lﬂ? op | -%—ggh%é?ﬁarspodiimide, HOBt is 1- hydroxybenzotriazole, HOSuc is
N-hydroxysuccinimide, iy STER AR T AR S RATFH SRt S20meBE (tis dichloromethane,

DMAP isepiirmetiniabninispyrsnfehDpREdisodijrepthpytetiiamine Bidbisdimatwifiormamide, TFA
is trifluoiegeeligmagid: | loxycarbaonyl, and TEMPQ is 2,2,6,6-tetramethylpiperidinyloxy.
[00138] As ugsSted heréﬁr}%‘gﬁh%ﬂ@g?g%%ﬁ%%gﬁﬁ&%%P ?nug’\éﬁé%@?é%ﬂgf?&]eﬁrﬁﬁﬂtﬁc stands for
thin layeREAFERERbERITNgnIIoP rdcditen Bncihiteymtbeintes §004BS}Hnnne eephesimeast; the invention

1O & ConR N ot R e e PR L Braa Ao ined n Seheme
1sotopically enriched atoms. For example, compounds having the present structures except
for the replacement of hydrogen by deuterium or tritium, or the replacement of a carbon by a
BC- or MC-enriched carbon are within the scope of this invention. Such ‘compounds are
useful, for example, as analytical tools or probes in biological assays.

{00137} As used herein, EDC is 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, HOBt is 1-
hydroxybenzotriazole, HOSuc is N-hydroxysuccinimide, THF is tetrahydrofuran, TFA is
trifluoroacetic acid, DCM is dichloromethane, DMAP is 4-dimethylaminopyridine, DIPEA is
diisopropylethylamine, DMF is dimethylformamide, TFA is trifluoroacetic acid, and CBZ is
benzyloxycarbonyl, and TEMPO is 2,2,6,6-tetramethylipiperidinyloxy.

[00138] As used herein, 'H NMR stands for proton nuclear magnetic resoné.nce, and TLC
stands for thin layer chromatography.

IL. Processes and Intermedintes

[00139] In one embodiment, the invention provides a process and intermediates for preparing

a compound of formula 1 as outlined in Scheme L.

31



"(R) ~() R" NH3+ N (s) COO- N COOR3 N COOR3 COOK'COOK'H 9101 Scheme | [00140]
Referring to Scheme |, 3-azabicyclo[3.3.0]octane of formula 5 (R. Griot, Hely. Chico. Acta., 42, 67,

- (1959) is converted to a suitable alkyl carbamate r(%Qrmula 6 wherein R' is, £.9., t-butyl or isobutyl,
using known methogs. See, e.g., I. W. Greene arid P; G. M. Wuts, Protecﬁ{e\_ﬁroups in Organic
Synthesis, 31d egltion, John Wiley ami Sons, Inc. 1999). [00141] Carboxylation of the N-
alkoxycarbonyl-3-azabicycio[3.3. ne of form i @chieved by first ig@oR-anion of formula
6 in the presenceﬁ)f a chelating ag%]fé%or formatiop fsimilar anions. See, e@oraniel. J. Pippel, et.
at, J. Org. Chem., 1998, 63, 2; Donald J. Gallagher et al., J. Org. Chem., 19@5 ?0(22), 7092-7093;
Shawn T. Kerrick®t al., J Am. Cherf. Soc., 1991, 113(25), 9708-9710; Donal %f Gallagher et al., J
Org. Chem., 1995, 60(25), 8148-8154; and Peter Beak et at, J. Am. Chem. Soc., 1994, 116(8),
3231-3239. The 2-anigﬁ\qf the alkyl carbamate of fomjﬁh6 (not shown in Scheime3) is prepared by
treatment of compognd-efitarmula 6 with a strong ”thimse (e.g., t-butyl lithiupmror see- butyl lithium)
in the presenceofa c ing ARyeitiye.g. Tetramethiyl liamine, tetrae erediamine,
tetramethyl-1,2-cyclohexy®diamine, or 3,7-dipropyl-3,7- di Z bicyclo[33.1]nonane)£1in a suitable aprotic
solvent. Suitable aprotic nts include, e.g., t-butylmeéthyl ether, tetrahydrofuran, and
dimethoxyethane. Subseguently, the 2-anion of formulag$é can be treated with carban dioxide to give a
racemic mixture of trans-leis-2- carboxylic acids of formula 7 wherein the trans-leis- ratio is 30 to 70,
40 to 60, 50 to 50, 60 to 40, 80 to 20, 90 to 10, %4881 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 induce metric.carbaxylation to give a
product hd¥fseh ﬁ?ﬁﬁ%ﬁ&%gé(@@b}ggﬁ%ﬁ %%%@Eﬁ%c%‘é%é@% s?aé?e%%'g., Beak et.al.,
J. Org. Chepmy 1895, 69, $1489845#)cdilvertedns-o/pisiabiixtlind isédnuilirafddriougpvevehpraddthinantly
trans acid of formula 8 wherein the 32 trans/cis- ratig is 80 to t ,Qrgreater than 98
to 2, in the‘spreegeﬁ%éltglf%rléﬁ %‘B’E%’é%%@l%ﬁg%oa%éss%%éfé& 399“ ;lthluaﬁggfﬁézt%ryldisilazide,
lithium di- mmmwammﬁmaphm&&ﬁ,smmeﬂﬁWiﬁenm@ [BoEr3phSanstirs: EHABBdiment, the
use of 3,7 Y 1Y 3 SAZRBICYFIRLE HRNRNR AR MCazabicyclo[3.3.Oloctane of formula 6 is

achieved by first forming a 2-anion of formula 6 in the presence of a chelating agent (for

formation of similar anions. See, e.g., Daniel. J. Pippel, et. al., J. Org. Chem., 1998, 63,2;
Donald I. Gallagher et al., J. Org. Chem., 1995, 60(22), 7092-7093; Shawn T. Kerrick et al.,
J. Am. Chem. Soc., 1991, 113(25), 9708-9710; Donald J. Gallagher et al., J. Org. Chem,,
1995, 60(25), 8148-8154; and Peter Beak et al., J. Am. Chem. Soc., 1994, 116(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., r~butyl lithium or sec-
butyl lithium) in the presence of a complexing agent (e.g., tetramethylethylenediamine,
tetracthylethylenediamine, tetramethyl-1,2-cyclohexyldiamine, or 3,7-dipropyl-3,7-
diazabicyclof3.3.1]nonane) in a suitable aprotic solvent. Suitable aprotic solvents include,
e.g., 1-butylmethy! ether, tetrahydrofuran, and dimethoxyethane. Subsequently, the 2-anion
of formula 6 can be treated with carbon dioxide to give a racemic mixture of rans-/cis-2-
carboxylic acids of formula 7 wherein the trams-/eis- 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
exaxﬁple, 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 frans acid of formula § wherein the
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[ iami [ [ [ [ -[cis- ratio of isomers of 90
complexing diamine provides the carboxylic acid of fo_rmula 8 with a trans _
to 1(?, 95 to 5, or greater than 98 to 2 directly and obviates the equmbr_atlon step.. [00144] The racemic
. mixture of the compound of formula 8 may be resolved to provide a single enantiomer of formula 9.

Known methods of resolving racemi i cids may be used and include, but are not limited to,
crystallizat] oﬁ%%aﬁggétféaﬁfg :ai%f\’/gy jﬁ%%%% %f@&iﬁi@r Q?%‘ciﬁ%éﬂyﬁ;i%ﬁﬁmz tci)cp;:::ya!)étilcélve
Nalkons bb§FC_ ' e I:r]gsj'zdlli ation or chroma?t:)grapﬁy. In one embodiment, the
PR LS Sl S e

(R) a- aminoethylbenzene or (S) 1-aniino-1,2,3, cfr‘onaphthalene salt of compound of formula

8 is crysiAfA o prethseerahedimnt Suluss ﬂfrhﬂdlﬁrﬁoﬁgl):ﬁ@@%fcgefqgi.d.de@%f;};agg gﬁéqtrhm ;J g ? 9,
obtaine {9 &ample. He ium.bisulfate solution.is esterified with, .
examplgf %ﬁf{%ﬁ%?%-di%ia%%%f%gte (B%%%%E?&vegt%ﬁé ge?sg%%no‘#)ogrr‘% aalzb?’ﬁefﬁ%\fﬁ%f’ e -C_:OOR
protectiﬂéoﬁ?%ﬁ%?%@rmn%@\fﬁ cotfsiener forei&in gl dirmtthambabuifoeidtaoiduiitiamianganic solvent
such as step. example, t-butylmethyl ether or tetrahydrofuran, provides the compounds of formula 1.

i icycli idi f Formula 3 (as exemplified by
[00146] r embodiment, bicyclic pyrrolidinyl compounds o !
com pouluﬁc?g%%jr;&(‘?\%cﬁ%i‘fi\ﬁ?% pEthrspmeaynd Bdamedas sendnesplveditemeniti8a x o x o

0)bNH2 stnglp en@htiberldf Srhlald. HKQoWhQERN & N:QvRd Rehil 4R b MPA S Re
used and include, but are not limited to, crystallization of an optically active amine salt,
preparing a 2-carboxylate ester with an optically active alcohol followed by crystallization or
chromatographic separation, and preparing an optically active N-alkoxycarbonyl derivative
followed by crystallization or chromatography. In one embodiment, the (R) o-
aminoethylbenzene or (8) 1-amino-1,2,3,4-tetrahydronaphthalene salt of compound of
formula 8 is crystallized to produce the amine salt of formula 9,
[00145] The free acid of the salt of formula 9, obtained by extraction of, for example, an
aqueous sodium bisulfate solution is esterified with, for example, di-f-butyl-dicarbonate
(Boez0) to give the ester of formula 10. Removal of the -COOR’ protecting group under
known conditions, for example, methane sulfonic acid in an organic solvent such as, for
example, r-butylmethyl ether or tetrahydrofuran, provides the compounds of formula 1.
[00146] In another embodiment, bicyclic pyrrolidinyl compounds of Formula 3 (as
exemplified by compounds 17 shown below) may be prepared as outlined in Scheme II.
Scheme X1
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O 1I5SHHOHHOON/OH NNO-[~ Ho_~o0 I~~171a[00147] Referring to Scheme I, the
camphor imine of formula 12 is prepared by reaction of glycine t-butyl ester of formula 11 with (1

- S)-(-}camphor in the presence of a Lewis acid such as, for example, boronrifluoride etherate.
Michael addition of the amine of formula 12 to methyl cyclopentenecarbo ives an adduct of
formula 13. The single isomer of compotjnd 13 shown is obtained by r&¢ ffion of the crude
product from}j:nix e ofrisopropanol apfhater, REmova] of-the-eamiph ith’hydroxylamine
in the presence G sodium acetate and quent cy%lization yields the lactam estenof formula 14.
Optionally, the reacién mixture may be treated With succinic anhydride tofgGjlitate recovery of the
desired product of formula 14 and the camphor derivative of formula 15. The/lgetati of formula 14 is
converted to its benzyloxycarbonyl derivative of formul by treatment with a base such as, e.g.,
sodium hydride, followed by benzylchloroformate. RetTrctigr

hydride reducing agent such as, €.9., borane-dimethy#Bulfide=fiperidine provides the carbamate ester
of formula 17. Remaval of the/be \ZYlaoxycarboeryl prote(;lmg may be achieved under reducing
conditions such as, e.g., hyirogen Ik the ,presence of @ pafladium catalyst such as, e.g., palladium
hydroxide, to give the desired bic?difpyrrolidine este prmula 17. Isolation of the ester of
formula 17 is optionally -achieved jhrough formation of a §alt such as, e.g., an oxalate salt of formula it
[001481 The invention further provides processes for the préparation of compounds of Formula 2.
One specific example of a ¢ pou% ula 2, whereih R'4 is H, R'5 is n- propyl, and R4 is
cyclopropyl, is shown belo OVl T8, HpNN 18 [00149] In one aspect, compound 18 can be
prepared as outlined in Scheme IlI. Schéme Il

15 |
=i .
o0 \é | W/\ 0
H@ 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 2 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, &.g., sodium hydride, followed by benzylchloroformate. Reduction of
the lactam of formula 16 with a hydride reducing agent such as, e.2., borane-dimethylsulfide-
piperidine provides the carbamate ester of formula 17. Removal of the benzyloxycarbonyl
protecting group may be achieved under reducing conditions such as, .2, hydrogen in the

presence of a palladium catalyst such as, e.g., palladium hydroxide, to give the desired
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-0\. OHN 0 O CbzHN,,J~ CbzHN J1 O CbzHN OH N H 19 20 21 OH off CbzHN,,,L, CbZHN OH
H2N-< --rCN 220 23 OHOH Cb,NH -< O 24 18 [001501 In Scheme llI, the methoxymethylamide
. of Cbz-norvaline of formula 20 is prepared by reaction of Cbz-norvaline of formula 19 with

methoxy ;\ ide.in the presence af g, cqupling reagent such as, e.g., EDC. Reduction of
compourgéigg %ar}‘gﬁr gi Wh %ﬁf;/%ﬁﬁ@ariég%‘ﬂ%c’gg?ee?&eflHﬁ@ﬁﬁn&l&ﬁﬂﬁéﬁpﬁyﬂﬂ&e or
diisobutyleligviédihiduelirideratiantefapetaturk ah etweano2:6 andoIGaigviges a norvalinal

compou reaul P ation of the correspanding cyanohydrin of formula 22 is achieved by
reactingqgob@r%%ﬁ:)l%%lf% %ﬁhﬂéﬁﬁ%&e\s\ﬁ Tana @?%%%?05ﬁhﬁﬂg@ﬁw3§fé’ﬁﬂpﬁ8ﬂ%ﬂfm cyanide, in the
presencé BrtvaikARnn epat ok sobh casymondsddiumtiias whitee i )y olysisaficampound of
formula 22,1t 6)5‘%@ [ lﬁHi&? lvent s S, e.g., dioxane, and at an elevated
temperataurgz ﬁ%{%sg%% 0 %6@?[%10 C e%(T Stot Oen[%lclil)lcraL‘rr:elsgponding 3 35 amino-2-hydroxyhexanoic
acid (not shown) which is converted to the Cbz derivative of formula 23 by reaction with
Cbz-hydroxysuccinimde. The cyclopropyl amide,gf of formula 24 is prepared from compound 23 by
reaction with cyclopropylamine in the presgnce fa goupling reagent such as, e.g., EDC. Removal of
the Cbz group to give a compound of formuta 18%g achieved under known reducing conditions such
as, e.g., hydrogen in the presence of a-pallaélium gatalyst. [00151] In another embodiment, as
illustrated in Scheme 1V below, a cyclopropylamide of Formula 18 is prepared using the Passerini
reaction (see, e.g., A. Doemling et al., Angew. Ql8&m., 2000, 112, 3300-3344).

[00149] In one aspect, compound 18 can be prepared as outlined in Scheme 11

Scheme III
o}
0 HNT S
cbzaN_IL b i i
Y OH ., ¢ ZHN})LN/O\ s Cbﬁmt—/lLH
19 20 21
OH OoH
ChzHN \/l\ ChzHN OH HﬁN_ﬂ
R e o = CN S — = »
~ ,, ~” 0
23
OH . OH
ChzNH \Aﬂ/ﬁ_q HQN\)\H/ﬁ‘Q
< ~" 0
24 1%

[60150] 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 26 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 b}} 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 HCl 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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Scheme IV 0 CbzHN A HO HN--a H + D-N'=C' CbzNH O 21 26 24 HO I—_|N--a --'H2NO S18 [0_0152]
Refering to Scheme 1V, reaction of Cbz-valinai 21 with cyclopropyl isocyanide of formula 25 (gvallqble
. from Oakwood Products, Inc., West Columbia, SC 29172, USA) in the presence of trifluroacetic acid,

i | e of tri talyst.pravides the cyclopropylamide of formula 24. See,
o, Sche B T D S Er N e roma ropShowry 16
hyd;olyz@ﬁtﬂm fidg t&@laimiwnowthIﬂbzahyﬁmwshﬁéhﬂinéelIﬁlﬁemmmbpﬁﬁa@g@éﬂfpggﬁ;j&% g oﬂi) % t1% g ]lve

: ' ieved und ducing, conditions as previously described.
I ooy SRRy e Ry S e O A O DS BRPress el acoording t
method SeHEBTEagN U Shpsters: NBX 6 Ra0B2BoB{I8ZIBA0 @ncto B39, 08dpeash f which is

incorporgegh i BRGE IS SN &I&@ | hthg proc sses.shpwn in schemes 1]
and Ig/ abovetihﬁazt{rga%z,\ht{ﬁg;:@gyntheljzl,ii%k of a s%glc?%%%%%r%oungggﬁbﬁ%ﬂnge%g,et?iénﬁg cesses in
schemeEfife2RE I{AeaiasE s 6#aly Shroduce other compounds of Formula 2. [00155] In another

embodiusts asillsimieci Sehere:YiIF MR RIOMIES A pipssrs gad Jptermediates

' - - Co, Bu
for preparing a compound of Formula 4. 36 Scheme V + NN Z-NH C0Z N ,
COZtBu?E’?gR?"ﬁ% NPPE?@? F5ifig thepfasserini reaction (see, e.g., A. Doemling et al., Angew.

Chem., 2000, 112, 3300-3344).
Scheme IV

O
A S N—Q
~

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

[80155] In another embodiment, as illustrated in Scheme V, this invention further provides a

process and intermediates for preparing a compound of Formula 4.
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H,,N +-0PCO'tB, YC 028 CO2tBu O 2930 }OILX2NV'HN +1,”N O COytBu N CO2H O 330
CO2tBu 31320 OHH CNNHNHN +H2NN-"7 0O COyH0418 8 OCVHN~HNNOO/-01liY't
- H350HO CIINFINNOH OO 400HO0][00156] Referring to Scheme V, a bicyclic aminoester of
Formula ISehkmel R3'is t-butyl, is reacted with a protected amino acid of formula 26 (wherein Z is an
amine protecting group and can be removed under acidic, basic or hydrogenating conditions different
from those used for removing an R3 protecting group) in the presence of a coupling reagent, to give
an amide- este rmula 27. The-protecting group Z is re dfr e amide-ester of formula 27
to give the aminefester cempgurid of formula 28. 37 [00157] eaNtio the_amino-containing
compound ot ta,28 withtheg protected amino acid 28Hn the prgsence of a coupling reagent gives
a tripeptide of forggula 30. [00158]3gmoving the protecting group » ifCtke tripeptide of formula 30
provides a free 1

| ZHN._COH \J\
-HN
N s ’ N )
N * O @ Q COBa

O 28 COxBu

0 N N |
o L o QL XD

[80156] Referring to Scheme V, a bicyclic aminoester of Formula 1, wherein R; is 1-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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amino-tripeptide of formula 31. [00159] Reaction of the amino-tripeptide of formula 31 with
pyrazine-2-carboxylic acid, of formula 32, in the presence of a coupling reagent yields the
. amide-tripeptide ester of formula 33. [00160] Hydrolysis of the ester of the amide-tripeptide ester of

formula iges the amido-tripeptide .acid of formula 34; [00161] Reacting the amido-tripeptide
acid of fi%w%?ggﬁ%t%%ﬁﬁ%%%j%&&%i%%ﬁﬂ&@%ﬁ epfedsrzetertedsaing reagent
gives thedigdfintpepedmof tdamolepBbg 100603 1R hardingliteps xidaticm of the hydroxy group of
the com . rQVi the ¢ und.of FEarmula 4. ~N C-NHN,,HNNO 0OOO
OHO %?gg%%{ %ﬁgﬁﬁ%@%%ﬁ%ﬁ%ﬁ%@%@% #a%gﬂ}lgfﬁu%ﬂl%a&ﬁiﬁ% reagents, such
as, for e%ﬁf@mﬁ&f&i@ma&c}etone; Dess-Martin periodinane (1,1-dihydro-1,1,1- triacetoxy-
1,2-benzppdopxalss36ik)s ' It chiorite | esence of TEMPO  and, pptjonally, an
alkali mg?al hgﬁdeiiﬁér? gf%?dafér%% bl{rfglﬁng%tg&[%g u%%ﬁn‘%%%%&?&%ﬁ% R HAGUhtion of the
hydroxy ‘GFBUEoEeE e mifsanre off2 RoIRHNS Teasaelyindie ati dot friprptidoet 90 fddtmitaabout 10 to
90, typicgdly in a ratio of about 60 to 40 to about 40 to 60. [00164] In another embodiment, the hydroxy
group of g@igﬁo%n Bgf?as the R conﬁ%%ratipn with an enantiomeric excess of about 90% ee. [00165]
In a further eibod SHEDS BFisky it Fre fedrneplidress trisma s 3dpfigddasidrewith an
enantiormeiio-epesidehatioft 98%uRS400166] Any of the intermediates obtained as described herein,

maybe ith or without isqlation from the reaction mixture. The desired protease inhibitor may be
derivedltjéyﬁ Pgm&a%cél?ﬁet%aepaﬁ?@pgﬁg@ea ¢ 354l oprmyils 34 syigyhepumng-uydmxyateige Af coupling of
an amirfeawida $8ch thepoietiomad e oplig deagd 1SRG SR SRTRSHONGING: GRBAXYIC AEid, or reactive
equivaleghib f ndard_amide. hond-forming or coupling conditions. A typical coupling
reactiorft inclu gsﬂ ahgg%%%%bﬂgg%?i&neogr%en% in %Eﬁ%%?ﬁg%ﬁ%ﬁw of formula 35

provides the compound of Formula 4,

Ol X

Oxidation of compound 35 may be achieved with a variety of known oxidizing reagents, such

el

as, for example: chromic acid in acetone; Dess-Martin periodinane (1,1-dihydro-1,1,1-
triacetoxy-1,2-benzoiodooxel-3(1H)-one); sodiwm 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 1o 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 ofthe mtemediateé 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-, Po-, P3-1,-Py, or P4-L3-P3-L-P,- 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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38 from about 0.01 to 10M, preferably about 0.1 to about 4.0M, the requisite carboxylic acid, a base
and a peptide coupling reagent. [00167] If an amine is used without isolation, the coupling maybe
. carried out in situ in the solvent of the reaction mixture used in the preparation of the amine, or in a

different salvent. To this reaction mixture, the requisite carboxylic acid may be added and the reaction
maintaine§ %t%?‘éﬁp@a?u@%ﬁ%ﬁ% ea‘(&?‘gl?roﬂ‘ba@% ‘!L'@Mg,hﬁ Fesansthepbrvabn asbdut 20 C to
about 40bFseTing basetaled pattige@apting reagent are then added to the mixture, which is

maintainggh a§A temperatuedn the range of about Q C to gbout 60 C, preferably between about 20 C
to about%%) C. The asetilg t?&é%ﬁ‘/ﬁ %%glr%ésr%/?ag%]hgn%ﬁggpﬁ%f?%bﬁmﬁﬁﬁh&S”“mthe
di-iso-prépyiethglahfmackomainpimaosstdtintbe PBrdiBMNoNhenethyjmidazolerpeaferblytriethylamine

or disoprepjs AN ThE HRGUAIOHPASELSES,S generally Hp o apout 20 equivalens per

equivalent of the amine, preferably at least about 3 equiva ents O Dase: ié?ﬁﬁf& of peptide coupling
reagentsHAETHES DE ¢ (esratorrainlbarutinficksy I CC(wiisop rah yiedenadineeden about
dip-toluoygoarbodiimi riazol . .
diethylphos_ph%gtgﬁ%ﬁﬁg F%(@l;hs%g?ﬁ%% ﬁgﬂ%ﬁe‘fﬂw&%ﬁ%ﬁﬁ%%f}gbﬁdded to the mixture,
(1-(3-dirTétepdrmaspropsyl e etmpecao diinhicehycsdeblatide): eyansikiciuoridassyanuric chloride,
TFFH (t I I idinjum, hexafluorgphosphosphate), DPPA
(diphenﬁ%ﬁ{c’?sgg ri%rc%] iggc'gs, %%%u bggrﬂgz%tr' eo#—%%ﬂ%%@ﬁi’i MBS RS RsHiIgm
hexafluoréshideptiatedi#BTtorDetiniaotiriaisihyihihobpiiHelBrEt hyRORUM
hexafluq;%lgg T - otriazol-I-yl-=N,N,N',N'-tetramethyluronium tetrafluoroborate ),
TSTU (o-(N-.sgggi%i%ﬁjﬁ%ﬁ%‘?ﬁ%&ir%tﬁ‘ﬁ%?h%‘)llﬁ%‘é’ﬁﬁ%y?%ﬁ%t}r%o femmaut of base
(N-[(cimBtFtamrReR IR Darcdd k6 Bhisyridienti yitaet by las el prasdimathanagminium
hexafluqmﬁg%g [ BQP- IS 3-oxazolidinyl)phosphjni loride), PyBOP
((1-H-1,2 _-benzotriaz%lll-t?g%%‘zsel %%%%I?ﬁ% %g% gﬁ}%ﬁ%%%g?lh%%éﬁﬁ hate), BrOP
(bromot ammw%@% Ui eseitsobbdisphize Jli PEMBIy(@rbodiimide, BDP
(diethoxgipbaspipesyidxelhg; Qiriag -QNe) .
(bromotri Ry rolicgn h%s%k%ﬁ%&ié hefg#ﬁlgégggggg%a%;@égé%%ﬁ)f;%&%{lﬁdg}i&:‘%BrOP are
preferre geﬁsﬂﬁlgt SUptRgPreRgemS i ahnsdinide baftebleddotsyasutyfitiside, themarige of about
1.0 to abbietifie, TEF-IalemistHIPHesIreaeRMs- 1AL ﬁ@%ﬁ)m g&&%hgtg}:qg%%%nd-forming reaction
uch as HO

include éelz -%igngth laminopyridine) or activF ester reagents, suc o
(1-hydr§<%en§§’tlha£’o é%%ﬂwg(@o‘%%}%@hi&}%’éx Frobtlaminsokyspiesiimide), HONB
(endo-Nuwpdhexpishompiiate ) ST 2] 3QkisarhaKamide) N N, N' N'-tetramethyluronium
hexafluorophosphate), TBTU (O-benzotriazol—l—yl~N,N,N‘,N’~tetrameihyluronium
tetrafluoroborate ), TSTU (O-(N -stccinimidyl)-N,N,N',N'-tetramethyluronium
tetrafluoroborate), HATU (N—[(dimethylamino)—1-H—l,2,3-triazolo[4,5,6]»pyridin~1-
ylmethylene]-N-methylmethanaminium hexatluorophosphate N-oxide), BOP-CI (bis(2-0x0-
3-oxazolidinyl)phosphinic chloride), PyBOP ((1-H-~1,2,3-benzotriazol-1-yloxy)-
tris(pyrrolidine)phosphonium tetrafluorophopsphate), BrOP
(bromotris(dimethylamino)phosphonium hexafluorophosphate), DEPBT (3-
(dieﬂzoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one), or PyBrOP
(bromotris(pyrrolidino)phosphonium hexafluorophosphate). EDC, HOAT, BOP-C] and
PyBrOP are preferred peptide coupling reagents. The amount of peptide coupling reagent is
in the range of about 1.0 to about 10.0 equivalents. Optional reagents that may be used in the
amide bond-forming reaction include DMAP (4-dimethylaminopyridine) or active ester
reagents, such as HOBT (1-hydroxybenzotriazole), HOAT (hydroxyazabenzotriézoie), HOSu
(hydroxysuccinimide), HONB (endo-N-hydroxy-5 -norbornene-2,3-dicarboxamide), in

amounts ranging from about 1.0 to about 10.0 equivalents.
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amounts ranging from about 1.0 to about 10.0 equivalents: 39 [00168] Alternatively, one may treat an
amine with a reactive equivalent of the R1 carboxylic acid, such as RW-C(=0)X1, P2-C(=0)X',
. P3-L2-P2-C(=0)X', or P4-L3-P3-L2-P2- C(=0)X1, wherein. C(=O)X" is a group that is more reactive

than CO in.the, coupling, reaction. Examples.of -G(=O)X' groups include groups where X1 is Cl, F,
OC(zO)F@@ %]t g&?ﬁ%ﬁ%@c%&éﬂ%%@éﬁ%@ ,c?rr-eéﬁ%bf’rf? f@@?ﬁ’@ﬁl’;&e‘kgfl lamine protecting
groups abeanliverail) arehlas RWHDY HOS X Bs€(=EK, PW,-Brewre kP & M- Witz \Brgtective
Groups | Q@gﬁmi nthesis..\3kd Edition, John Wiley & Sons, Inc. 9), and the earlier editions of
this bool?(Exambl%%g Iglﬁakﬂgiﬁplrsb%e%ﬁﬁ fé?glﬁspg"%? %@F&gﬁ%ﬂhéQ%gf&%%m&y, allyloxy and
methoxmyﬁﬁmhp@é@(@]&mwté@im@mupsxﬁﬁe:&rﬁhﬁﬂjh@yde&(ﬂmwmethyl
carbamQt%z,tﬁlmg&rgﬂ;ﬁgg?ﬁggﬁ}/@%g(?r&j%%yriﬂuoroacetamide and p-toluenesulfonamide. A

number of chemical groups are known e used as the RW-, P2-, P3-L2-P2, or
P4-L3-PEYEH 2 Asidiiar awine priestise arvibies Bxdhvs vt snohgindipsaat éseepogied in the
followingr. prltiratiens PHROF/ 43359 kiS:20020046 5, 108198, WO
01/7711@, 0 02/08187, WO 02/08256, \7\_/0%25_}/_ 82%?%\%%093%%%%%0,%\‘%%%% , WO
99/50230'* 13478, (WO b Aubthsealis oditiony vithisbanio Brroadeve’ Wika10030008828, WO

02148 110N AT NORLATATINOLIURF0 WAANF99% OAIRLLS, WO 00109585,

US 200 0164}42, WO 00/09543, WO 99/07734, US 6, 20, US 6,265, ,608,027, US
200200@‘1?‘?’@,?%%6% SR8 & O8RT SonBingsinchigs Bdkoppey bmEtybomhamae.00/31129, WO
99/388 88ty Cudatfiatd ARty Do2BOAEE 224Boand MR 824: 836 hichi i e Paraied herein by
referenc&ghéggr Eeng{legi%s. O(c)“%rz1 ébt\lthou,gh i%chg}r%%&g only a single stereoisomer is illustrated for
the compoun of Formula 4, The pradeffinve Righast ver itehada o iekiaBsdiReroisomers of
ForumuRegihidtibarprdepictiedibitialadmplbthefadieroissmer sspandiapiepaiedymshe same method
by using,eaganiks) qp@t@y}% rtg ﬁ f aﬂ' I ri o&%g jon, e.g., (R)r1fRJo/! D
(s) N s% H H BJ (R) CO2R3 orfgb ?e%eég&rg %%2 @?ﬁ%éi%@fp : @C%ﬁl Z-HN's CO2H OH
OH 01/77113, WO 02/08187, WO 02/08256, WO 02/08244, WO 03/006490, WO 01/74768, WO

99/50230, WO 98/17679, WO 02/48157, US 20020177725, WO 02/060926, 7S

20030008828, WO 02/48116, WO 01/64678, WO 01/07407, WO 98/46630, WO 00/59929,

WO 95/07733, WO 00/09588, US 20020016442, WO 00/09543, WQ 99/07734, US

6,018,020, US 6,265,380, US 6,608,027, US 20020032175, US 20050080017, WO

98/22496, US 5,866,684, WO 02/079234, WO 00/31129, WO 59/38888, WO 99/64442, WO

2004072243, and WO 02/18369, which are incorporated herein by reference in their

entireties. '

[06170] Although in Scheme V only a single stereoisomer is illustrated for the compound of

Formula 4, the present invention is, however, intended to include all steroisomers of

Forumula 4 which are depicted in Table I. All these steroisomers can be prepared in the same

method by using reagent(s) containing carbon atom(s) of a different steric configuration, e.g.,

R) \‘:“ w R \\C\“w

praanet THEL
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-~ ~
H (] H ) Y \f/
e
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CO,Ry oOr CO.R; ; ZNH" "COH or ZNH “COH ;

Z-HN. ) CO.H Z-HN . 5-CO,H

OH OH
: H
@ oAty el A
or . \//: O or O .
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IIL. Examples
[00171] The following preparative examples are set forth in order that this invention be
more fully understood. These examples are for the purpose of illustration only and are not to

be construed as limiting the scope of the invention in any way.
Preparation I: 3,7-dipropyl-3,7-diazabicyclo{3.3.1]nonane

O

O
N é\v TN N~

\ ~ N N

Meithod T

[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 (2.0 L)
‘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 2 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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IN. (SJCFIR) )FINs (@ N(R) HNSCH (RINSJHN (sIF auFOA 0 O ON~)INOOOOH (sJ -
H HHO HH=NR CHNNs)fsJ C/~HN ~sy~ N (R) J N ~~ HN (s/H ™, Il HN fs1 (SJH O ~A (n HL
~O00H(MHA O H(NQHJYHNsNfs)/HN~"HNIx) Nfx) X N~)0: x NS Hrtl j.~O ~H [++ H
00 CD~_.0HJ INHNRHN P NHfRI: HN HN (sI N(S) HH O H 0 ~N' yHN nJ NH HN fx) NfsJ H

~ . ! J Hi014.
7.7 O ORHRINEMABLEbH T 92 Qo7hh! yIN NS B AR HING'2) 57 H 101
4.58 Hz, 4H), 2.12 (1, 7= 7.74 Hz, 4H), 1.91 - 1.84 (m, 2H), 1.4 —1.35 (m, 6H), 0.85 (1, ] =
7.25 Hz, 6H)

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 o 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 monochydrate (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% vield) as a straw colored liquid.

Preparation 2: (8)-3-amino-N-cyclopropyl-2-hydroxyhexanamide (18)
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OOpNINHTffXIH HH O 44 1ll. Examples [00171] The following preparative examples are set forth in
order that this invention be more fully understood. These examples are for the purpose of illustration

. only and are not to be construed as limiting the scope of the invention in any way. Preparation 1:
3,7-dipropyl-3,7-diazabicyclo[3.3.1]Jnonane 0 0 Method 1 [00172] To a three-neck 5 L flask equipped
with a mechanical stirrer, thermocouple, condenser, and addition funnel, under a njtrogen
atmosphere, was charged | -propyl-4- piperidone (100 g, 0.71 mol), paraformaldehyde (50 g, 1.67

mol), and ethyl alcolol (2.O4L) With stirring. Acetic acid (90 mL, 1.56 mOI,)nE/iS C and the mixture
was warpres (o~40C. e flask zas dissolved propylatmige(64, 0. in | alcohol
(500 m is solution was added to th ove mixture over

8 ours. The mixtufe was stirred for
an additional 1.5 hours at 40 6, then cooled to ambient temperatfire. The mixture was filtered through
a pad of Celite(r), and the Celite(r) 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 ?L)' The solution was added to the diethyleneglycol

mixture, with-stirring;-then the mp ed to 85 C. Hydrazine monohydrate (96 mL) was
added over 2 hours, and the resultant imixttire was stirred at 85 C for another 1 hour. With nitrogen

sparging, the mixture was warmed to ?I?@O 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 d8fi&&d Arhedprdomsndipitearrsaiesk agifiphedproidiuat daibagenidistieiiasamazaotrope with
water. TigrRRiRmPeiauIe-Yalpa o130 0.8 2%%% ripg, the process. The collected upper-phase
fractions were (E%%llbine_d andgc\fifgggI\}Qe%b in heptang3 %r{r?gh }f%reg e&%%oshe‘\ﬁ WREKEd with water

(twice, 1% RIPeSIeR poang-thaesmasided @8 82605 pinalbend idpdivapteckinithidestame (twice, 100 mL

each). The7sanminer:esgaRIc PRGsINEY ralRig 9l i paynd (85.3 g, 57%
yield). 45 'H NMR @r\go-gkg,} 500 MHz): %2%(%&%1: 10.8%%?8?&%%%8@2%88} ’J‘i"fo.ss, 4.58
Hz, aH) 328 ESE72P5 1L, Wi cpr splliomvas pbtained Grasopimerly, bissivutesy 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 -1043 °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 53 °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 elxtracted 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 finaily water
(300 mL). The EtOAc layer was concentrated at atmospheric pressure and heptane (100 mL)
was added. Distillation at 805 °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 Thour. 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.

47



7.25 Hz, 6H) 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 molyig L 1 over.a period of 7.5 hoyrs. The mixture was maintained
at40 C forol%wh%o% Qal‘qf%lr(g t]Iiwlg%%)}d itionlt%(ﬁg%rﬁé elg .é'fﬁ(g’rﬁf%ﬁg%ﬁg%%m@ﬁ] fP9%10%8 C and
filtered. THE ESNEREPESHIROWE S5#a 81068 mith Eblybalicohglvbidhe 260 ehkrearh) mesdheicombined
filtrates doitpeedraietitond : i istillation (9Q.mmHg, 50 t0.55 C). .

Diethylene I}/C(ﬂ é(32.60 L) \?\ggd %ﬁd@&%ﬁ%ﬁ%ﬁ%%%]%&%na%é{?)og%%%?hhﬁ}%%j@%wg) in water
(570 mL ?Sg%é’e POl wadmale d b soeland balinsizink wonghygha {289 k) was added

over 2 sirsctedtiogea) 8 Canas et s aunalier e afdiionyas inshed then the
mixture W@élge(%e% t(} #%%C while collecting the distillate which formed two Tayers. Re gonver layer
was returned peribdicaty i tha HERaHA 9aenting-at tsbeiley Bukaascomtliued until the
distillatioresfutiesd tpddlaysy eented.cEe wapsrepadust iagenyas dikes yithheptage (480 mL) and

washedwj ice..240 e .Lhe cambinded aqueous phases were extracted with

heptaneﬁyt%’ %?%%%gr\ﬁf%%%éﬁf %&% %‘r?%) b-#3%‘%3&?5@@%95&&@ﬁé?é”ééﬁ%ﬁ%@ét@éﬁ%btpnb)/ide the title

?g)m?l? Ouf‘_Péi (255, ool as mﬂtﬁmm@éﬁﬂulgeﬁwmﬁ%@gm am{ 1ihg) SiEI)MIEIrI\‘ly‘racsiH AOHNN
-3-a i -2- xanamide . + HZN .~ (r

OH OH%XQZBI\?MI\{T/@%EPX%S Ood%%% ae‘fggt ?ngll_nﬁ)uﬁ%}ﬁ%tg?r%é’d ]ffﬁgk_é%g%ﬁ]?@@vvith an overhead

stirrer, &HRAiFEIPRIFHSEI, e resebupiar antpitrgen/hysrageatinayat pUBE egMitAitragen for several

minuteshe[he prote¢ied R i 035 mot) andN-hydroxysuccinimide (9.0 g,
0.078 moel, 2.2 molar eq.) @ﬁ%%%%ﬁ}ﬁé@%gr %%lg%f%é %Iilei&ég ?T%EO Mt?ﬁ%"fﬁ&fme was

agitated ZEZ62 81 ¢ HPRIE REMheShuTE RS boite T ABHrCanwhtely o6 eviduttsinifbe flask was
cooled tni8 C1ftetianetonshasbih BRGS0 th 04Ol 2 MR8 e pressurized

with hydrogen and held at 40 °C for an additional 40 min. The vessel was vented to
atmospheric pressure and held overnight under a nitrogen atmosphere.

[00176] A sample was submitted for HPLC analysis for residual protected amino-hydroxy
amide (none detected; limit < 0.5% both diastereomers). A portion of the product crystallized
out of solution during the overnight stir and an additional 300ml, of MeOH was added to
dissolve the product. The slurry was warmed 1o 45 °C to assure dissolution, then filtered over
a bed of Celite® at 45 °C. The wet filter cake was rinsed with MeOH (250 mL) and the
filtrate was distilled at atmospheric pressure to a volume of approximately 150 mL. Ethyl
acetate (300 mL) was added and distillation was continued at atmospheric pressure, again 10 a
volume of 150 mIL. This procedure was repeated twice more. Heptane (150 mL) was added
to the flask at 75 °C and the contents 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 isoiated as an off-white solid (21.2 g, 0.114 mol, 73.1% yield) with an HPLC purity of
98.5 A% and a wit/wt assay of 94.2 wi%.

Exampie 1: N—t—butyloxycari)0ny1—3~azabicyc!o{3.3.0}octane (6)
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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 53 C.
The reaction mixture was allowed to stir at 55 C for 60 minutes then slowly warned to room
temperature and stirred overnight. The reaction mixture was transferred to a larger round bottom flask
and quenched with the addition of \ﬁé;(zm mL) at roofn tetnperature. The DMF/water layer was
extracted with three portions of EtOAc €150 mL) at 35-407E~fhe combined EtOAc extracts were
washed with water (twice, 300 mL ¢ach), followed by 10& NaHCO3 solution (300 mL), and finally
water (300 mL). The EtOAc layer wagi'concentrated at atrﬁpspheric pressure and heptane (100 mL)
was added. Distillation at 805 C was continued and additiopabReptane (50 mL) was added to
crystallize the product from solution. Phe mixture was held at 85 C for 2 hours, slowly cooled to room
temperature, and held for Ihour. 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 rount{ B&46h flask, 50 mL of MTBE was added, and the thick slurry was stirred for 3 hours at

room terjieriurEo BEIprosist RS fitme AnthiRerarkenashes with MTB Eeé%o ng- The dried
product ggfﬁeg)&\/gﬁg H%@rgs%gd for wt% assay_(92.2 wt%) and HPLC A% (100n}5\ 0%6 751A10L
lonve

Buchi hydrogena a0 R AR i oRRIRs e vt Fhardsdl Arerabiskcl i Aiduouple, and
nitrogenﬂyylmdgeridﬂKé{)Wgsqwrgﬁfbmiﬁbﬁaggg@eai%ﬁ@t\éq@mi’qqgg%gl '}'_Igﬁtﬂrg; d amino-hydroxy

amide ( 156.m re descirbed abave), and 20% Pd(OH)2 on carbon (2.85 g, 0.002
mol, 50%%%5?%&?5@&8 t %%nggﬁé’?gé R dReAMEHEE Bysronladiotksd: The mixture was

agitatedsaparatCS0ftii the dtantingeniitdrinbsdisacied dampraximael ik arumis §) 43 hey/gssel and

ballast tapjnweie. ' (g with nitrogen, vented to atmospheric pressure with
nitrogen, ar¥d p&rzg%r%z?gaa%gﬂggi %é?éﬁgvﬁ? 'y#?ggnélr}fmi%ﬁ%is%ﬁ F o ARES AT EeR time. The
ballast t&itk Wiaitrdallhgprelsionsse woued pugtnaitisorctsekivasl piessusizedain 30 psig via the
ballast tpgglgg&h@l‘mpég&% alion v ld at 40.C ig h by regulation via
ballast tank_)I for é hours. ?heéc\)/%_ss%’alév%g}g%}r%% toejﬁ%%‘ga%%ﬁg pﬁ%@ﬁ%&/ﬁ%’% ¢hd the slurry
was saffiSiespres 1bte addhrmirsrresripinsd fingridteriakids 89 dimiparfinyainolbweliastereomers).
The vessglaspieseUniges renRiESEZaH 48 BPsig yyit n.and ,held at 4Q C for additional
30 minutes. The vessel Wa%a\?ecn%d to atmospheric pre/gseyéfe!&I \%ﬁﬁf%%ghqgﬁdn g‘é%g%%le of the slurry
was su ﬂtgat?&(ﬁgﬁé)angﬂ%%%??@éﬁﬁﬁé}’ Frhmgentrated and methyl t-buty! ether was

added (1.3 L) to give a solution of the title compound in 7-butyl methyl ether. See, e.g.,
R.Griot, Helv. Chim. Acta., 42, 67 (1959).

Method 2

[06178] A solution of potassium carbonate (187 g, 1.35 mol) in water (160 ml) was added
to a mixture of 3-azabicyclo[3.3.0]octane hydrochloride (100 g, 0.677 mol) and t-buty!
methy] ether (220 mL), and the resultant mixture was cooled to 14-16 °C. A solution of
Boc,0O (145 g, 0.644 mol) in #-butyl methy] 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 MTRE
(400 mL) to provide a solution of the title compound in MTBE,

Example 2: rac-2-(t-butoxyearbonyloctahydrocyclopenta [c]pyrrole-1-carboxylic acid
(73 '
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amide (1.1%; limit= 0.5% both diastereomers). The vessel was re-purged and re-pressurized with’
hydrogen and held at 40 C for an additional 40 min. The vessel was vented to atmospheric pressure

- and held overnight under a nitrogen atmosphere. [00176] A sample was submitted for HPLC analysis
for residual protected amino-hydroxy amide (none detected; limit :S 0.5% both diastereomers). A
portion of the product crystallized out of solution duringphe\overnight stir and an additional 300mL of
MeOH was added to dissolve the praguct. The slurry was warmed to 45 C to assure dissolution, then
filtered over a bed of Celite" at 45€+ The-wet filter cakgwas rinsed with MeOH (250 mL) and the
filtrate was distilled at atmosphermssure to a voluné_v(;i.g%o%imately 150 mL. Ethyl acetate (300
mL) was added and distillation wasicontinued at atmospReric préssure, again to a volume of 150 mL.
This procedure was repeated twicecmege. Heptane (150 takjswas added to the flask at 75 C and the
contents 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.{]7/93%[%;%1 ) with an HPLC purity of 98.5 A% and a wt/wt assay of 94.2 wt%. Example 1:
N-t-butyloxycarbonyl-3-azabicyclo [3.3.0] octane (6) 48 H1 COOK'6 6 Method |1 [00177] Toa2L
3-neckelPbiid-BotteniutiasifundExaitphg erMittacavithyas rieshanical sStineleao0R.0adgition funnel,

and at I harged 3-azabicyclo]3.3.0]ngnane _hydrochloride (100 g, 0.677 mol),
N B A R 20 L P SPRPEr (560 L), wit

potassium carbonate (1

stirring. FEwikfedinasiesiof®s. LaaaaE. (183 gsearaiel bRtstaandepmeyBitlaskwas charged

Boc20 (dintstissylgicarhenat 4 ql). and t-buty] methyl ethey (190 mL). The mixture was
stirred until comglete dissolu%)éé%ﬂv%%ﬂc%?g%%%#ﬁea %Cci(i)%tl}} |<JSF¥119V5)§1 r‘éc%?{ﬁ d¥retdAaition funnel and

added tcth&eATN ibawRdE R M &, Gbivinpcinkersac)ivatelnpbratidel betherkTonVater (290 mL)
was adeggintes dis selidsand LT _strspd -15 minutes. After separating the
e e e B i oA SRS e

lower agu o%%fﬁ]ase, the organic phase was washed wi mL each),

then wa I5SHReBhA s RddEigmy soTierpRsatier dhiahsothyhednityb8ver Weasl added (1.3 L)
to give disgipteadoiibenttiseomapaiad §34-04tYLMNY) G1BRIP 8 Bi8e consectutive scans

(2-minute intervals). The solution was agitated for 3 hours at -75 to -72 °C. A 10% mixture
of CQ; in nitrogen was carefully sparged into the reaction mixture, keeping the reaction
temperature below -70 °C. The sparge was stopped after the absorbance for CO, appeared in
the ReactIR spectrum (2350 cm™). The mixture was warmed to 0-5 °C, and a solution of 30
Wt NaHSO;, (1.4 L) was added. The mixture was warmed to 22-25 °C and stirred for 30
minutes. The aqueous phase was separated and the organic phase washed with water (700

mL). The aqueous phase was decanted and the organic phase concenirated to provide the title

compound.

Method 2

[60188] A solution of 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane (183 g, 0.87 mol) in
MTBE (300 mL) was added to the solution of N-z-butyloxycarbonyl-3-
azabicyclo[3.3.0Joctane from Example 1, Method 2 in a flask fitted with a mechanical stirrer,
an addition funnel, a ReactIR probe, and a thermometer and the mixture was cooled to-75 to
=72 °C. A solution of sec-butyllithium (510 mL, 1.6 M) was 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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R.Griot, Helv. Chins. Acta., 42, 67 (1959). Method 2 [00178] A solution of potassium carbonate (187 g,
1.35 mol) in water (160 mL) was added to a mixture of 3-azabicyclo[3.3.0]octane hydrochloride (100
- g, 0.677 mol) and t-butyl methyl ether (220 mL), and the resultant mixture was cooled to 14-16 C. A
solutiontefoBoe¢2 0 14Begpargadanstyinddoviiyhniethiydcethacd TOOCOL hnasadded Réilgivaintaining a
temperafyre beloys 35 gl.-x.?_ft%é addition, fhe mixture was stirred for 1 hoyr then il . The solids
were wa%ged with MTBE (50 mL..lThe é%%sesn\?vee&r%os{gparafaéﬁl{ & %@%?ggrbﬂ\éﬂgh%s dshed with
5% aq. NeHS@asatied apdshan medes) vwrdvamed (04381 j@titbnotiteentfateidies30thenL under
vacuum,MHE G303kl asAdas 300 e ik en £RRG SO URKECLIR BINBYEWRIBHIG less than S50
ution o

ppm. The concentrate was diluted with MTBE (400 mL) to provide a so e title compound in
MTBE. E2Bripiee orgenie ghetrovarcansbed Nodaman 6iebi thefcipyivotakdaeidfmacid (7) 49 N
(COZH HaQPRicHMQO2 By Zadetarkid90%7SL The-saltiandrm Framplad Method 1, was

charged to a 5 L 4-necked flask fitted with a mechanical stirrer, an addition funnel, a ReactIR probe,
and a tf\ggﬁ”t%’ﬁ}%’ié]f‘.eéﬁ > SRS At AmElel0[3.3. 1Jnonane (183 g, 0.88 mol) was charged to the
flask. Data collection was started on the ReactIR instrument, and the solution was cooled to -72 to -75
C. sec-Butyllithium (60 1.6 M in cyclohexane) was slowly added to the reaction mixture, keeping
the reac%fu%a}/nn}%lr%%g&?é%géwr %Yg?%gﬂ‘d%?gﬁl\ﬁ%‘wém%a%{W‘Sﬁéﬂ'eactlR instrument, and
the additionswes btoyPedtabied:itey dlopertajoheyarA698cerh éhaatedisa@ppeared and the absorbance at
1654 cm -1 ceased to increase for three consectutive scans (2-minute intervals). The solution was
agitated for 3 hours at -75 to -72 T. A 10% mixture of CO2 in nitrogen was carefully sparged into the
reaction mixture, keepj;fn@\ﬂge reaction temperature peloy -70 T. The spagge was stopped after the
absorbance for CO2 appedred in the ReactiR specfrum$(2350 ¢ ixture was warmed to 0-5
C, and a solution of B(Z Wt?(o NaHSO4 (1.4 L) was added. The mixtyre wasg’warmed to 22-25 C and
stirred for 30 minutes. e us phase was sepafatet-amct the%rganic phase washed with water
(700 mL). The aqueousé@;@ée was decanted and theéggggpic phase®concentrated to provide the title

8 9a

Method I

[00181] Ethyl acetate (2.3 L) was added to the residue of Example 2, method 1, and the
mixture filtered through a pad of Celite®. (8)-1,2,3 4-tetrahydro-1-naphthylamine (56.7 g,
0.385 mol) was added and the solution was stirred for 3-4 hours at 22-25 °C. The mixture
was filtered and the solids were rinsed with ethyl acetate (200 mL). The solids were dried at
20-30 °C under vacuum for 4 hours to give 99.02 g of product (73% yield, 90% ee by chiral
HPLC). |
[60182] To a 3-necked RBF fitted with a temperature contoller, 2 mechanical stirrer, 2
reflux condenser, and a nitrogen bubbler, was charged the (S)-1,2,3,4-tetrahydro-1-
naphthylammonium salt (88.98g, 0.22 mol), ethyl acetate (712 mL), and 2-propanol (666
mL). The mixture was warmed to 70-75 °C with stirring. The mixture was sﬁrred for 15-30
minutes, then cooled 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 i1 vacuo at 35-40
°C o give 7.37 g of a white solid (83% yield, 98% ee).

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

azabicyclo[3.3.0]octane-2-carboxylic acid from Example 2, Method 2, was added to a
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compound. Method 2 [00180] A solution of 3,7-dipropyl-3,7-diazabicyclo[3.3.1]Jnonane (183 g, 0.87
mol) in MTBE (300 mL) was added to the solution of N-t-butyloxycarbonyl-3 azabicyclo[3.3.0] octane
- from Example 1, Method 2 in a flask fitted with a mechanical stirrer, an addition funnel, a ReactiR
probe, and a thermometer and the mixture was cooled to -75 to -72 C. A solution of sec-butyllithium
(510 mLgdnG; N g@m’;@ct_ € Qn_te ratur, low <70 C, yntil the absorbance at
1698 cm™ hag%?gsaziggga%ld the agééa%ﬁaﬁr%@egrg%rf%%?ﬁi @Lﬁéegé’%%% %‘Tﬁ‘éj@ﬁy@@rﬁg%olution was
stirred fdF3 hddisBRYEs tWaseiriedrins Jehbtivrs AiREdR6 WWatepdieddyithi 1096 L2 ashta keeping the

reaction seieersitees GOlPWI/D-vhiR ARRIGEVES.SIAPRESH MBS, fie absorbance for CO2 appears
in the Reactl% Ei_ssp%egctrum (2339 cpm-l).rlﬁr%he mixture W%.S Warmedta;[iﬂa)&%r&agﬁ a%% P30 wtve

NaHSO#' (1 9900 4R% th&rbrieldasitarhietrtd diaseBomenentistirred 30 minutes. The
phases W¥IS4E parated:enc the aguaqusRasS, shegsethiormal 1e pH was lower than 3.
The orgw&crdalaa%ge@ﬁ; (;ﬁashf?d Yf\}ljlgtig water (700 ﬁ%s(thenggoncglntragtgs’ t%%? %E?n&?ﬁ"yﬁsacetate a.7
L) was added and the mixtiie COREERt SISSPIBE980 e aveE o gvecslabintib oot € tilercompound in
gthyl acﬁfﬂ%ﬁm@kﬁﬁedﬁ)ﬁ&,&ﬁ?@trﬂmﬂﬁ?aﬁ%&m@ ﬂfg%ﬂai%%%f@%@%i%gg‘t)%l% .

utoxyc 0 roeyclo ple-l-carboxylate(9a) ~ H CN) -Coo, , ~~NH
CO2t-Bu CO t-Blﬁiji %%% gﬂx Db%‘aﬂﬁgg)%{ tﬁiﬁ@cﬁ?gt 12%) was added to the residue of Example
2, method 1, and the mixture filtered through a pad of Celiteo. (S)-1,2,3,4-tetrahydro-I-naphthylamine
(56.7 0, 50.38 Iml)(maf_ 3 he.soluti tirred for 3-4 hours at 22-25 C. The mixture was
filtered and thgé solids Were%ﬁg%?gl%ﬁ%ﬁé%%?a@éétggeﬁéﬁ%ﬁﬁf The solids were dried at 20-30 C under
vacuumBoxY ke Ry ot pdoocy de pentiicpiavleyiotdrBOSsie sbghiral HPLC). [00182] To a
3-necked RBF fitted wi temperature contoller, a @c\hanical stirrer, a reflux condenser, and a

nitrogen bubbler, was gharged the (S)-1,2,3,4-tetralgydraxl- nap Iamn;;@gium salt (88.98g, 0.22 mol),
ethyl acetate (712 mL)/and 2-propanoH666— i

N COOH N ¥Co0-
|

CO,t-Bu CO£Bu

8 9b

[00185] To a soution of racemic N-t-butyloxycarbonyl-3-azabicyclo|3 .3.0]octane-2-
carboxylic acid (4.66 g) in ethyl acetate (100 mlL) was added (R)-a-methylbenzylamine (56.7
g) and the solution was stirred for 16 hr at 22-25 °C. The mixture was filtered and the solids
were rinsed with ethyl acetate. The solids were dried at 20-30 °C under vacuum for 4 hours

to give 1.47 g of product (43%, 82% ee, 92:8 ratio of exorendo diastereomers).

Example 5: (18,3aR,6a8)-t-butyl octahydrecyclopenta[e]pyrrole-1-carboxylate, £
butylester, oxalate

a >
o,
iy
gy

ik
3
tigy

.CoH,0,

CO, 1By

):
|

Ccoor
| NHg*
COzf“BU

9a 1

Method I
[06186] A mixture of the (8)-1,2,3 4~tetrahydro-1-naphthylammonium salt prepared as in

Example 3, Method 1 (81.7 g, 6.203 mol), #-butyl methyl ether (400 mL) and 5% NaHSO,-
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[ [ irri [ ' for 15-30 minutes,
mL). The mixture was warmed to 70-75 C with stirring. The mlxtgre was stirred 1 _ _
the)n cooled to -5 to -10 C over 1 hour. The resultant slurry was filtered and f[he solids were rmsed Wlth
. 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% vyield, 98% ee). Method 2 [00183] The ethyl acetate solution of racemic N-t-butyloxycarbonyl-3-

[ gog li j mple 2,.Method. 2, was added to a 51 solution of
?Sziggyg%[-?é rahydrE)r!ﬁ?F1%512:[?1?1]1'[%i éﬁ%@%@e@rg ﬁ%@%&ﬂﬁn@rﬁéf@e@?ﬁ%‘l{%@ ShL ¢ he mc;xtu [)e VTVEIS
irred fGFEM ' 4 nsewnshich WsheathylBegialR 200 mL). The
yield) with a 95 to 5 d%asteromer ratio. [00184) A mixture of the §a&1as prepare cE)ff') f(%‘@.o Q), eltgéllto
acetate, ST HOPHREIGRASV v drRTEF fG Yo eu riftoninp fitel dissohitioina] hBuORIGIeawas oo

. ; i s filtered th uct dried at
)i ot g o s B A .05
(R)-l-ph éﬁy[e%%ﬁ@ﬁfﬁ{%my ﬁ%ﬁﬁéﬁgﬁ ._th_nL) was added. After stirring for 5 hours at

butoxycarboyi)eeiabysiosy daneniaboeytele Tritoyulalo 9Bl REIOW ey (G00; CO2 B0

: . 2\ )
C02t-B 185].To a sputjon of racemic N-t-butyloxycarbonyl-3-aza 3 ane
carboxﬁ 2?0?& %%Qgg gglﬁhi%%fﬁgﬁﬁ%&é’ﬁéffféﬁ ﬁ#ﬁ%ﬁ%ﬁ&%&ﬂ@ﬁﬁ&w}w@w%y 9) anplh
the solugigreaas stiPtdtiior, TH Ot 22135 The Khgamixiueeavas tiligeestand taeselids jugre rinsed wit
C under yacuum for 4 hours_to give 1.47 g of product

. [ dried 0-
(eétgs‘)//[)a g%ﬁ%&’%@%@ﬁ%@%@ﬁ%@% iasteTeOTRETs) PERE WAt ePansatskagas jq-BiftyrL.,
octahydP8eyefesertaferpy 16 mEanvoxydsitel, tAfutytestentaxalpte I6ZHRQdcGaors: CO2 f-Bu

methane sulfonic acid (80.1 g, 0.62 mol) was added and the solution was stirred at ambient

temperature for 4.5 hours. The reaction mixture was added to a 30% aqueous solution of
K3CO; (571 mL) and stirred. The aqueous phase was extracted with isopropy] acetate (320
mL). The combined organic phases were concentrated to 320 mL, and isopropyl acetate (320
mL) was added. The organic solution was concentrated again to 320 mL. The organic phase
was washed with water (320 mL). Isopropy! acetate (320 mL) was added to the organic
phase and the solution was concentrated to 192 mL. Isopropyl acetate (320 ml)) was added a
second time, and the organic solution was concentrated to 192 mL. A solution of oxalic acid
(24.1 g, 267 mmol) in isopropy! acetate (448 mL) was added to the organic solution over 2
hours. The mixture ngs stirred for 2-4 hours, and the slurry was filtered. The white solids
were rinsed with isopropyl acetate (100 mL) and dried at 35-40 °C under vacuum to vield
52.6 g of the title compound (85% yield).

Method 2

[06187] A mixture of (8)-1,2,3,4-tetrabydro-1 -naphthylammonium salt as prepared by the
method of Example 3, Method 2 (148 g, 0.609 mol), r-butyl methyl ether (726 mL) and 5%
NaHSO,-Hz0 (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. t-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 aleohol(260 mL) were added, followed by addition of a solution of Boe,O (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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CQOO'+ HNINH3 C02t-Bu9a 1 Method 1 [00186] A mixture of the
(S)-1,2,3,4-tetrahydro-I-naphthylammonium salt prepared as in Example 3, Method 1 (81.7 g, 0.203
. mol), t-butyl methyl ether (400 mL) and 5% NaHSO4- 52 H20 (867 mL, 0.304 mol) was stirred for 30
minutes until all solids were dissolved. The organic phase was washed with water (334 mL) then

concentr -Butyl meth er (334 as added and the solution was concentrated
again to %%%%%@%%géﬁgn-a%ﬁﬁ rgst%ﬁoﬁ@r}‘%é&%ﬁaﬁg @F«?ﬁtéﬁ%ﬁ%@?ﬁ%}@?‘}kfter the final
concentréisARERHOM YA a Lm Tty dinfathy [E#inoby sidined B Déhg (el mmoalbmvere-added. A

solution gf L. in i ethyl ether (52 L).was d. After stirring for 5
hours at aﬁgiqe%ngt)’ t‘?ﬁé&‘%ﬁ%ﬁ%ﬁ%ﬁn&%ﬁ eHgt%éI}]eé’fgg %‘L%%ﬁ%%%‘%%‘ﬁe"% S04-H20 (260
mL) werdSbrissuiRpinasddaitant raaddebevet fddiothavbiganiinptivise wempashes ofith 5%

aqueousNaCHHAW R C GA ke 8GRI re TRE QI TARICRNRS e 0 320 mL., and
tetrahydro,%Ht?g 320 ng was added.eThe Oé%ar%:c phas?g%lv?gsﬁﬁlgéeqrﬁ%t%%éggegfﬁst%&gﬁ%}r%L, and
uré

tetrahydfo GiLRRR A dretassive ceBregisttatihgilo sddemasicaingrdemyethane sulfonic acid

(80.L g, af62-asoipnatedded-andeislution yas leat A ABPIRILJRBRCANIE (L4 hours. The

reactionv(lrln%tilsjre was added 10 a 30% aqueous solution of K2CO3 (571 mL) and stirred. ‘Fhe agueous

phase was ex?r%rgt%ﬁ Gt Sipvissy PAL Bt eEB20 T R 9repRis sbAsBiaTICoRsaRiaisH e S ete
concentthtedvio:82@amiraiad dvisio pxgpypAcaiaie:(320 Al-ovas: adsied v The,0rganig selutigp was
concent@\%ggig 'Qet%gsz‘%anhLdTh%}or ani ha@a@W j_W\%sq?r'id,with =‘\;/vater g%ﬁjﬁ%]?ggopyl acetate
(320 mL) a?ﬂ?g(%ed {0 the organic Bf%%ﬁ?ﬁﬁ? ’tsﬁeéoﬁhégeﬁ/%%ﬁm 1EPFAPYY sopropy!
acetate #8¢i@terBhvas htdgsea Sedonduimefa0d e, okdaitiesohit scensenivatgd to 192 mL. A
solution 9f cueelic a6t v, 9uALIURD I seRIopY Aceta! 4§4489ﬁwwa5 ik 0 e organi
solution over 2 hours. The mixture was stared for é)z{i Co%:rls,g éﬁu? |’§}Q/@a]§‘ﬁ'ltered. The white
solids wWefgimeded siher (S8prapyicace Bbheusoteinta)jmng divethatAfeAd T ider, VEgum to yield 52.6 g

of the titlgi earaREMRE(8a%Yield-Mehod2 IXtag :
(S)-1,2,3,4-tetrahydro-I-naahthslammonium g%ﬁ%%ﬁ%réﬂl Eﬁﬁacar%cgf‘ﬁ%sd%%sg%%e 3, Method 2

(148 g, BEBEFATete LA Kt s el grindch684-40 °C under vacuum to give the title
compound as a white solid (88.4g, 81%).

Example 6: (185,3aR,6aS)-t-buty) 2-((S)-2~(benzyloxycarbonylamino)-3,3-
dimethylbutanoyljoctahydrocyclopentajc] pyrrole-1-carboxylate (27)

. & >
OH . o d
ot B — xR
o Hos o
26 ! 27

[00188] A 3-L 3-neck round bottomed flask equipped with an overhead stirrer, condenser

Method 1

H

thermocouple, and nitrogen outlet was purged with nitrogen for several minutes. Ina
separate flask, sulfuric acid (46.2 mL, 0.867 mol) was diluted with 442 ml of water. The
solution was allowed to cool slightly. Chz-L-fert-Leucine dicyclohexylamine salt (330.0 g,
0.739 mol) was charged to the reaction flask. +-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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NaHS04-H20 (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. t-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.
Dimethylagmj rigli 42. r%%g3 -butyl al o%gl(z 0.mL) were added, followed by
addition gq;ieg%gt{sglg} gf(\%é‘% (%@1%)\2%38 . ar%%bbﬁﬁ%r@g)’f Sr%%l%%f’g‘%lﬁo@‘?ﬁ?e mixture was
stirred foP8¥RSURPEAE Jorpining in Gl e wissHrmedaditisuiatetr Ratnwasaddssand the mixture

stirred fowss Sthesdr abd Fh e-LFI3 e P - ith 3%.sadium chloride (twjce, 440 mL each)
and conlcentratedfi1 270 mL.Ig'? etrahydro ggﬁ %%%ﬂﬁ%%sg%tgggla‘ﬁ%s t%%pﬁﬁgt%‘%l %centrated to
270 mL; ﬁ%%fsp}f%s&%?é"ﬁi’a@ FéBEaté‘gﬁt&ﬂ‘éférm@%sg ireasetived wiluhrrvot@ peomide Fthiane sulfonic

acid (67 mlcylwasaidded et 0.SrhewshilepmalniAl N Ad STRSALY & OT RS AN IRC and the
mixture E%Eﬁ% [ 22525 C for 12 hours. The mixture was added to a 30% agqueous solution of
pottassium car@dnagec?ﬁmj"%m TRttt B fpReatoie 2 vdnchgigilmenmluivee was filtered,

the phasesniepathicdat theoactieats Fhidse: SIUastedTHILIRRRIORY Lacaaledwice, 540 mL each).
The org%{ﬁﬂgﬁ?ﬁﬁ% %q(}%?égggfg ﬂgﬁ 27Q mL, then twice evaporated with isopropyl acetate (540
ml) to give a final volume 0 ML YHE SRSRRCBRLE W aleticotiewisalwisarwrigbed 540 mL), then
twice evabobetedwi tsoplopyh asetaien3a0ml jHooiveion finabN NG RFR2Q fRkiAdditional

isopropyigce ﬁfég(ﬁqﬂi}t 3s @Q@f&l{f:%lowed by addition of a solution of oxalic acid (40.4 g, 0.448
mol) in t- butylmethyl ether (321 mL) over 5 hours maintaining a temperature of 22-25 C. The mixture

was stirf884H 3 R drs-hréopedsronicbriiterstilahe titppeaketyas washad withy isopropyl acetate (100
mL) andibenpraugiect g 2 Vi m to gdive the fitle . und as a white solid
e B G e 8678

(88.49g, 81%). Example 6; (1S,3aR,6aS)-t-but enzy
dimethyBRitanty MR G drEde et by Bl Tz arbotydate ¢bF e DNE-(ABHAIH0 N O-1-H O 0

O zc i ZheMdiihpdds [Q1EBIA 33 nesk saung atipmed fiaski:gavipped with,an averhead stirrer,

condensgr, ‘
9913 (491.3 g, 0.745 mol, 1.32 molar eq.) was added over 47 minutes to the reaction mixture

while keeping the temperature at 0-5 °C. The reaction mixture was stirred for 1 hour and 27
minutes. A solution of 3-azabicyclo(3.3.0)octane-2-carboxylic acid i-butyl ester in isopropyl
acetate (28.8 wi%, 414.3 g, 0.564 mol) was added over 53 minutes while keeping the reaction
temperature at 0-5.1 °C. The reaction mixture was warmed to 205 °C over about lhour. 4-
Methylmorpholine (34.29 g, 0.339 mol, 0.60 molar eq.) was added over 5 minutes. The
reaction mixture was agitated for 16 hours then isopropyl acetate (980 mL) was added to the
. Teaction solution. A solution of histamines2FHCl (41.58 g, 0.226 mol, 0.40 molar eq.)in

water (53.02 g) was added to the reaction mixture within 4 minutes, followed by 4-
methylmorpholine (45.69 g, 0.45 mol, 0.80 molar eq.). The reaction mixture was sampled
after 3.5 hours. Water (758 mL) was added, the mixture stirred for about 20 minutes, then
allowed to settle for 11 minutes. The phases were separated. The aqueous phase was
extracted with isopropyl acetate (716 mL) and the organic phases were combined. 1N agq.
HCl was prepared by adding 37 wt% hydrochloric acid (128.3 mL) 1o water (1435 ml). The
organic phase was washed for about 20 minutes with the IN hydrochloric acid. A 10wit% aq.
K3COs solution was prepared by dissolving K2CO5 (171 g, 1.23 mol, 2.19 molar eq.) in water
(1540 mL). The organic phase was washed with the 10 wi% aq. K,CO;5 solution for about
20minutes. The final clear, very slighily 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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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. t-Butyl methyl ether (1620 mL) was added to the reactor, and the mixture was stirred to suspend

the salt.";Fhepani 40 e reactor over ahout 10 minutes, keeping
the tem eratureq;%giggo gﬁ’ﬁjﬁg %ﬁr%e%%sﬁg%?g&qéﬁtﬁ%g?g'rggg?é?@rlegb?%p%Pé)ﬁﬁ’l’ét(@ly 1 hour, then

diluted SibiyAnitPRREEEHABs 198 Py ithibrinas 3tdpetra@Hhm)ayees Werealigueg 40 settle. The
lower 54 (EIDE@ BE WP WHLRC ide. 110 olorless oui_ %}EHl To the
organic phase.r lir)n%ﬁt:lr? irgﬂ?ﬁg %@ﬁﬁg@égﬁ‘gﬁé ﬁég)%g? %?{(ggén ihé)%FEeg &Hﬂr@ was stirred
at roomﬁefﬁije]rgﬁﬁ@% ApptoXirtrbf? PReut! Nyraki6?herrs99Eed, and the layers were allowed to
settle. The lower (aqueous) phase was withdrawn to provide 500mL colorless solution of pH 2. The
organic phase was heated to about 35 C, diluted with DMF (300 mL), and concentrated under
reduced pressure to the point at which distillation slowed significantly, leaving a concentrate of about
500 mL. The concentrate was transferred without rinsing to a 1-L Schott bottle. The concentrate, a
clear coﬁg@ggﬁolution, weighed 511.6 g. Based on solution assay analysis and the solution weight,
the solution contained 187.2 g (0.706 mol) Cbz-L-tert-Leucine. [001891 To a 5-L 4-neck round

bottoméﬂﬂﬂﬁgk e&w?pédnmiﬂpmsaﬁmét%e;mmt&re?.38@&%0@@1{{1@3&)&@3@3%%% égrgzlong;%gen Ii nllet2 ,
were ¢ . . olar eq.),. 48 g, 0.675 mol, 1.
molar eha%.l? agnémt?l\?lf: 48%%1%%% %FJ&‘E’%@%@%ﬁ%‘%&k%%@%ﬁ%%w@%ﬁéﬁ% acid of
Chz-L-t&ptiBdtarwi apmare (404 31y, @lik5miotaibid2 metapeat)rwas Aedeziogeriié minutes to the

reactionjRixirawhile-KesPmg fReemneraidre at 0-5 C. The reaction.mixture was stirred for 1 hour
and 27 minutes. A solution of S-azébic&ﬁo(&& o%ea%naé% -%aer r&%f%pggfg 'E’-Vﬁﬂlfﬁ?é@fér in isopropyl

acetate 328 BANGUA9us BYassineucRibmaiasSAdublito gesssintintes tvhillekBepindike reaction
temperatyieadd D5k lagucbie I8asHe N MIXBIE WA, ver about lhour. 4-
Methylrpogahol'ne 34%8 g, 0.339 mol, 0.60 mo’lar‘@gg{)\lzgé%g%geé? ol(\g;earg!g‘S elﬁﬁ%%?%%%z feaction

mixture Wa&5 Bhfiﬁyi%q‘r%?%lﬂﬁé]ngi%&b%@%éﬁlﬁfé’k%@ﬁﬁ%ﬁm@b)add&inaﬂh&ngeaction solution.

A solutiempérhistamiacaii C) (1. 5%emia26 #7als:40 malat E&h},iﬁq%’lﬂ{%e@s%g;@%@d § added to the
reactiorhmixture W'ﬁhgg gg%ritgi%]afollowed by 4- methylmorpholine (45.69 g, 0.45 mol, 0.80 molar eq.).

The reactiorErmtara & e 408 P drs Mo abese m sy anaiedadadt, the mixture stirred for
about 20ethiiatexphibiere (80 mL) was added to the organic phase which was concentrated under

reduced pressure at 40 °C to 80 mL to give the free acid as a solution in N-methy]
morpholine. This solution was added to a mixture of EDC» HC (50.8 g) HOBt hydrate (40,6
g) in N-methylmorpholine (280 mL) at 0-10 °C. The mixture was stirred for 1 hour at about
5°C. ‘The solution of 3-azabicyclo[3.3.0]octane-2-carboxylic, f-butylester from above was
added at 0-20 °C followed by N-methylmorpholine (32 mL). The mixture was stired for 6
hour then dituted with isopropy! acetate (600 mL) followed by IN HCI (400 mL). After
stirring 0.5 hour, the phases were separated and the organic phase washed with 25% w/w
aqueous potassium carbonate (400 mL) and water (80 mL). The mixture was stirred for

about 1 hour and the phases separated to give a solution of the title compound in isopropyl
acetate,

Method 3
[00191] (1S, 28,5R) 3-azabicyclo[3.3.0]octane-2-carboxylic, i-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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allowed to settle for I | minutes. The phases were separated. The aqueous phase was extracted with
isopropyl acetate (716 mL) and the organic phases were combined. IN aq. HCIl 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 IN hydrochloric acid. A 1 Owt% ag. K2CO3 solution was prepared by
dissolvin (119, k.23 .19 molar eq.).jn,water (15403%?@). The organic phase was
washed %i?%%t%gs%ﬂgv%ég“a&rqﬁd%ﬁoé%ﬂ fOn 161 A 8@%@&%’6@&5 %thin ‘RPaPPYLRgestightly yellow
organic $BIRiornderdfie abb ol B gawis vt euldndhsutideiiterb e STutiog assaveRaged on the

solution assay Brdihaweig Sssg!gm t lution contained 238.3 g.(0.520 mol) of product of
ound. 55 1HN’I\}}IBF§ %t%}al\%eso-da,g %610%?: %g?fﬁ‘?’%%r%e og Bt alErn (1 H, m),

the title

5.03 ppxggeﬂ,eﬁﬁh}i? ppm (1 H, d), 3.98 ppm (1 H, d), 3.67-3.75 ppm (2 H, m), 2.62-2.74 ppm (1 H,
, 2.480286 : i . : - 1H 45-1 58 2 H,

m), 2.4302BBPPMd i, soliib2rbAARRDR @emlﬁeﬁ%&ﬁﬁggpﬁggﬁ% f %6113%?%‘ bpm (

m), 1.3 m , $),1.36-1.42 ppm (1 H, m), 0.97 ppm (9 solution of
potassiﬁhr% cgtr%%)lrﬂaf’é)l‘%?a@%%?%(\ﬁit‘é‘i'lmerﬁ@’m%ﬁﬁéé rolsustisneisionaffd Sir28, fRR)
3-azabidybin8. SDjoathnervwearhaspic siHpuMesis v axalatekB80.0, 80 iSRRIoRY. acetate (400 mL)
while m%&ﬂ}f‘ﬂlﬁ”% tﬁngﬁirat g of %‘% ut20C. T eV mixture waes S%#égll%%%c gar%,r‘i??ggphases
separated and the orgai aﬁ# SPESHEARAH s SO Bcfitebri Botasstaresanysmates(80 mL) to
give a shefionted tiverfrdBhbasetire avaseharatasHas ity Yes.suiul IGAGHA400 1Pl §;§63 M) was
added tg@ﬁ;@@ﬁﬂg -tz deucine dicyclghexylamine salt (118.49) in t-butyimethyl ether (640
mL) while maintainggl_%\mt?egn%éz?’a u/((r’aé) %?5%%%%@?%%&?&@\%?@%&% 5¥eburachle phases
separat&igayii fedrbeganitpidsewashed iithowaien (2eR@L). The phase were separated and N-
methylmorpholine (80 mL) was added to the organic phase which was concentrated under reduced
pressure at 40 C to 80 mL to give the free acid as a solution in N-methyl morpholine. This solution

was ada?@ﬁ‘?&’éerﬁiXEWBR@@"H@Eﬂ@ﬂ(@)-ﬂ@ﬁﬁwﬂﬁﬁﬁﬁ@l@&ﬂibb&mﬁhyhnorpholine (280 mL)
at 0-10 &tﬂ'ﬂﬁlf@W@W{@}Hﬁ%ﬁ@!ﬂ@?ﬂ&%ﬁ%ﬁ%&5 C. The solution of

m above was added at 0-20 C followed by
ed with isopropyl acetate

3-azabicyclo[3.3.0]octane-2-carboxylic, t-buty

N-methylmorpholine (32 mk)/ The mi was stired for 6 hoyr then di

(600 mL) followed by IN HC1{400 @ter stirring Q.5 hour, jthe pt@ @ ere separated and the
0

organic phase washedwitiy W aqueous potassiumg e (400 mL) and water (80 mL). The
mixture was stirred for about 1choyy aogkthe phases separated gjy gzéglution of the title compound
in isopropyl

Method I

[00194] A 1L Buchi hydrogenator was purged with nitrogen three times. A 307.8 g portion
of a 12.8 wt% solution of ( 18,3aR 6aS)-t-butyl 2-((5)-2-(benzyloxycarbonylamino)-3,3-
dime!;hylbutanoyl)octahydrocyclopenta{c}pyrrole~E—carboxylate (as prepared by the method
of Example 6, Method 1) in isopropyl acetate (39.39 g, 0.086 mol) was charged to the
reactor. Isopropyl acetate (100 mL) was added to the reactor. A slurry of 50% water and wet
20% Pd(OH)/cerbon (3.97 g) in isopropyl acetate (168 mL) was prepared and charged to the
reactor and agitation was started. The reactor was pressurized to 30 psig with nitrogen gas
and vented down to 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 funne! 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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acetate. Method 3 [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 20-25C. The mixture was stirred for 3 hours then the phases
separated. The organic phase was washed with water (2 vol.). 56 [00192] Cbz-t-leucine

dicyclohexylamine salt (1.05 eq.) was suspended in isppropyl acetate (6 vol.) and sulfuric acid (1.3
ey i L S A3 D0 Bl AT A T8 S P DRSS Bhases
separatebk tifid chamrgah{C Prrse difasheditwice with water (2.5 vol each). [00193] The two solutions
from aba e {ned  cQpled to 0-5C. Bt_hydrate (1.1 eq.).and EDC (1.1 eq.) were
suspendméﬁh%rg %@%x%&é%ﬁ%fo& g%ﬁtﬁsplﬂ*ﬂziﬁé(&j]})e %\/%\%Rﬁﬁ’s edbwith water (5
vol.) andithe3réSphing Dibanic phasestppatetl Hyit) [298ins I e . lakdy; methyloramphqiine, (NMM) (2
eq.) at 20-25C 1q destro es jvated ester. . The.mixture w e ed with 5% potassium
carbonéi%)’(g%%tﬂ)?ﬁ\%%%gﬁgh@ﬁ? g%g %@ %ﬂ?ﬁ% ‘&3@%%&%‘%2%2# t(\eiv‘ % 90% BRG ?\ﬁl)[g% with water
(5 vol. eaoh§-1b pve @ Eolttion of the title compound in isopropyl acetate. Example 7:
(1S,3aR,6aS)-t-butyl 2-((S)-2-amino-3,3-dimethylbutanoyl)-

octahydrocyclopenta[c]pyrrole-l-carborylate (28) Cbz- N FIZN N X k-0 27 COzrBu 0 28 COZtBu
Method M@@?gﬂ A | L Buchi hydrogenator was purged with nitrogen three times. A 307.8 g portion of

2 12.8 wirasiien.f (3R 6aS) whs 2 2 benayipie e Bz v

dimethy létanogll octahydroc nclo enta[c]pyrrole-1-carboxylate (as prepared by the method of
Example® Mdth5h:4y #6146 /Gp&-gcgét’élté ydrogepalind gBnFel vakhefansEtiunwhe reactor. Isopropyl

acetate {#QQnkdNeSPHLeRIOHRESACIREN AR YoPh 20 % YRIRN AT Weh 2006, RA(QE) 2/carbon (3.97
g)in isogggp | acetate L%1@8 mL) was prepared and charged to the reactor and agitation was started.
0 FrSs e

The rea ¥ B R CAI Tstieg AR iR RRSIE R eFiRin (O AT ds giRric pressure.
This wasdepariediwiee wEhesepotated astybssrizerieS0rpsigandaiyitoges archvepied down to

atmospheric pressure. This was, repeated twice, The reactoy was pressurized tg 30 psig with
hyd rogelﬁnélﬁ‘ges%ﬁlesgpar?%%f %?ee%natie.e'ijﬁe resulttant shurry was coo{ed o) GDJS ) i%ltered and %e

product dried under vacuum to give the title compound (78.8 g, 98.3% purity).

Method 3

[06196] Asolution of (1 S,SaR,éaS)-r—butyi 2~((8)-2~amino-3,3-dimethylbutanoyl)-
octahydrocyclopenta]c]pyrrole-1-carboxylate in isopropyl acetate from Example 6, Method 3,
was added to 20% PA(OH), (2 wt% loading, 50% wet) and the mixture was hydrogenated at 2
bar and 20-25 °C for 2 hours. The catalyst was removed by filtration and washed with
isopropyl acetate (2 vol.). The filirate was concentrated to 10 vol. under reduced pressure at

40 °C to give a solution of the title compound in isopropyl acetate.

Example 8: (18,3aR,6a8)-f-butyl 2-(S)-2-((S)-2<(benzyloxycarbonylamino)-2-
cyclohexylacetamido)-3,3-dimethylbutanoyljoctahydrocyclopentac]pyrrole-1-
carboxylate (30)

N. “+ = E ;
H,N ; O —— 5 o CO,tBu
O 28 CO,Bu O
30

Method 7
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[ [ [ funnel with a Whatman # 1 filter
temperature for 1 hour. The mixture was filtered using a_Bu_chner
pearggr to remove catalyst. The filter cake was washed with isopropyl ace.tate (80 mL). T_he procedure
. was repeated twice more using 617 g and 290.6 g of the 12.8 wt% §o|ut|on of thg ;tartlng_ Cbz .
compound. The material from the three hydrogenations were combined and|57 dlstllledéj?ggrzr;dg%eg
385 I d for the title compoun 2%, 98.
ressure ArdThe fes! Y c§46 £8 g) was assaye :
&) purity)mg-l%NdII\l/l F)er OD&%&?@?%%%%MH%?‘: ?%gé%sp%?ﬁ‘t’fﬁﬁ Y8 s Brhees iy, 3.53 ppm (1 H, dd),
3.19 ppr{#?ﬂs??gy?%%i@w;fb@neélmt,mgwmmmipﬁma@rPdamjva:k.zﬁaig%mm.%g, m; 091 por
.66-1.7 i) 4¢ an CMci 38 PRy s,.-.pp , m), 0.
(196H S) et Qfom%)lg1 :'zlf'[ﬁ}eéé%%tion ())(’_f%tr?e @%% é%é%\gg’:/be%g{%om}gg%?}% B! 81[}?&?%, was qdded
to 20% %’Mé&a‘é&(@%& b Apd fgiekgR fectatioh E@paﬁatqsw‘a‘heoaﬁm?t&@us Was rﬁgszstl;]rézed
to 30 pstiwith bykitagesr theacstinedolon 2 Hnatsahayt 20,5, The éHr'ﬁ%{ﬁSMF 1 %F%ﬁfg%% 5

e combined'f gwere

[ d with isopropyl acetate (160 mL) :
Catalysnlﬁ%%&%ﬁ%%%%%ﬁ, %IZ ; Véle tﬂég‘?é‘ﬁél%‘?ﬁél@é-tdr higesadiabavovetihe Mopinpykacetate. The

evaporate

: . . ; e
resultant051hm‘§}aWbstwnteiﬂ1itog_@h€refiﬁp§ﬂﬂ1@@Qt ths progkict drge Unde: g&%% _t{%e %% ttlgg tit
compoh G4 gl et g scouian U S BBE
fr;)(ﬁn Ex&’rﬁ@)@S@}{M@mgmnmmdd@dﬁaﬁﬂ%%d.@tﬁﬂ%%%%k%@gﬁg’aﬁ%%a’l\@{g{)ﬁgg&he mixture

rs. The catalyst was removed by filtration and

was hyAROERAIPH:8h &R q(%) %%Zf%?%i?%%% h{fl% (RRe AR Atk dto Sampdt, ambisisreduced

hed with isopropyl acetate TIL _
\évraesssurélgica&feﬂglﬁ%mtmmm aﬁéiﬁdmwmﬁdgﬂebms%@équge@e@@aﬁ@mﬁﬁs
15,3a 4 U s {{diber gyioxysarbpnylaming) 2- ; .
((:yclohgf/%@’()eatg?nﬁdé)-s,3-dimeth Ibutanoyl‘Soctg ey(ﬁa%%%%cgnfif&’ﬁ?’rﬁﬁg@%ﬁrﬁé?%%@(%) :c02H O
COtBU P é@é@ﬂgﬁ,g@@@ P124 g; 0.0169 mol) was prepared in DMF (10.44 mL) and
cooled to 0-5 °C . A solution of acid 29 (4.92 g; 0.169 mol) in DMF (10.44 mL) was
prepared and added to the starry of EDCeHCI and HORT in DMF over 30minutes,

maintaining the reaction temperature at 0-5 °C. The mixture was stirred for 1 hour at 0-5 °C

then added to the original mixture maintaining 0-5 °C. The mixture was stirred for 14 hours
at about 25 °C. A solution of histamines2HCl (11.84 g; 0.064 mol) in water (8.9 mL} was
prepared and added to the reaction mixture over 5-10 minutes, A charge of 4-
methylmorpholine (13.01 g; 0.129 mol) was added to the batch over about 10 minutes,
maintaining the batch temperature at 2045 °C. The reaction mixture was diluted with
isopropyl acetate (443 mL), followed by water (585 mL). A solution of potassium carbonate
(57.8 g) in water (585 mL) was added and the mixture was stirred for 0.5 hour. The layers
were separated the agueous layer was extracted twice with isopropyl acetate (twice, 235 mL
each). The combined organic phases were washed with 18 % aqueous HCI in water (585
mL), then NaHCO; (43.25 g) in water (585mL). The layers were separated to give a light
yellow solution of product 30 in isopropyl acetate weighing 1159.3 ¢ (1275 mL) containing
16.0 w/w % 30 in isopropyl acetate.

"H NMR (DMSO-ds, 500 MHz): & 7.74 (1H, d), 7.36 (5H, m), 7.34-7.26 (1H, m), 5.01 (2H,
s), 4.51 (1H, d), 4.02 (1H, 1), 3.96 (1H, d), 3.73 (1H, m), 3.66 (1H, m), 3.68 (1H, 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 (5H, m), 0.96 (9H,
$).

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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58.[00197] To a 3 L 3-neck round bottomed flask equipped with an overhead stirrer, thermocouple,
addition funnel, nitrogen outlet and ice/water bath was charged HOBtH20 (51.74 g; 0.338 mol, 1.05
. molar eq.), EDC-HCI (64.8 g; 0.338 mol, 1.05 molar eq.) followed by DMF (197.1 g, 208.8 mL) and
agitation was started. The slurry was cooled to 0-5 C, then a solution of the acid 29 (98.45 g; 0.338
mol, 1.05 molar eq.) in DMF (172.4 g; 182.9 mL) was prepared and charged to the addition funnel.

This wasHdgekileveriasininge irmnsesrerhatsstch, mantenisgdaiianiBe rmaithigasss C. Once

addition wagsEernRIStRile JeACIAN WiIXWES Mam RFHRiQeh Al 2k @3fon 2 hewepdle solution of the
amine 28.in isopropyl acetate (450 g solution; containing 104.4 g of acid 29, 0.322mol) was charged

to an addiHBRHSHEBRE 2 He i REBX A Bl O oT iR B BHRIRTRA B4 €. Sample
analysis ténghieatack incasapletere agtionhanddddifithah kit bydrithledde (3:891g)wwas added. After 3
hours, analysis of a sample showed 1.8% amine 28 remained. A slurr T(NH20 (2.59 g;
00166 1T ARTE SRS Bh 57106 U o SrURTE ARG RIS B cooled 1 0-5 C.
. A soluti¥ ©frddich 20l QP . fGSnmolnn Dédp ¢ldudd ohiBorb?) e pErechartdradded to the slurry of
EDCHCl and HOBT.in F.over 30minutes, maintaining.the reaction temperature at 0-5 C. The
mixtore ST 1 PSR S e e I SRR S ASRC The
mixture wiisestividal fotadsiuno casbeaiate306 25 Tinsvstsiulidd oflbistBimiexgidGihgse B4sg; 0.064 mol) in
water (8. dRIEARIPQ ANRARaQ-Pdhe Seactian MXIKIS BYSHEY10 RYLeS 78 charge of 4-
methylm(%’é%g?ge 13.01 g; g{1129 mol) \3_as add%d to the batch?over a%jout% minuteé), maintaining
the batclasripresdtlicctide 208 A &4 éa saropikasesalvas diluted with isopropyl acetate (443 mL),
followed by water (585 mL). A solution of potassium carbonate (57.8 g) in water (585 mL) was added
and the mixture was stirred for 0.5 hour. The layers were separated the aqueous layer was extracted
twice Witﬂfi%’éﬂiioi)yl dcetate (twice, 235 mL each). The combined organic phases were washed with

18 % aqueeusHGlIR WalEEARF5(0Y 306 ENAbIGD3-(43-2% minB-v/3teinteB9 1Btkind IR layers were
) conCHNEITEB PSS GopFaT EE Lo 1P RATPTERIGE 66 G40 MTAY &09%5 (Ghh, )
7.36 (SHNMIR 75341Y 2863t )EBO11(25eqs) HOBI (drady, (4.02¢(ldat, (§)-3-96 (1H, d), 3.73 (IH, m),
200 (1) 300,041, m) 283 (14 LECATO b M I0A ARG M A0 (12,9

stirred at 20-25°C for 4 hr. The mixture was washed with 5% potassium carbonate (5 vol). A

mixture of glycine (1 eq), NMM (2 éq) and water (1 vol) was added and the mixture stirred

for 4 hr. The mixture was then washed with 5% potassium carbonate (5 vol), IN

hydrochloric acid (5 vol), 5% potassium carbonate (5 vol) and twice with water (5 vol each)

-to give a solution of the title compound in isopropyl acetate.

Example 9: (18,3aR,6aS8)-fert-butyl 2-({S)-2-((S)-2-amino-2-cyclohexylacetamido)-3,3-
dimethylbutanoyl)ectahydrocyclepentale]pyrrole-1-carboxylate (31)

O 30 O 31
Method 1
[00200] A 60-gallon hasteloy hydrogenating reactor was charged with a solution of the Cbz
peptide 30 (15.1 kg) in isopropy! 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 sotution containing the Cbz peptide 30 was added to
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[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 59 mL) while
. maintaining a temperature of about 0 C. After the addition, the mixture was stirred for 1.5 hours at
about 0 C. A solution of the amine 28 (63.24 g, as prepared in Example 7, Method 2) in isopropyl

acetate (G32-m | intaining a_temperature of about 0 C. After the addition
the mixture wagﬁgg%&%gﬂ%ﬁ%%gﬁé Femgrs : t‘ujr%eg%ﬁec?%tﬁ Pt TR F S ORSsdharshbf potassium

carbonaﬁé?f@(i?@)]i@%ﬁQB%@WH@MMW@MtMW@W&@% of about 20 C. The
mixture w EQIQUSLY @i sesere separat and the qQrganic phase
Bpropl (gtg @Q @58%@(1@9%5&;%}151&) Iﬁ?&;% WS St]léjf b%or %Eﬁ]ﬁgﬁ%ﬁr

vigorously. stirred with potassium carbonate (105.3 g) in water m phase was

separatét antr WASHERTGHAYIN b3 (3 Gke) Vi Snmlentiiter (a8 8mbyio §ienm 1a#bos/w solution of
the title Gdtpdhadatin ipapraRy a&&i@s@prwﬁﬁimf%&(l%%%lg}gﬁsa d?rﬁe“%ﬂlo”

f
e b
(1S,3a&g%§2{§-r%ug¥il methylbutanoyl)- o ocyc?opearftglf(r:’j1 pili}?gle-l-carboxylate

2-((8)-2-amino-3,3-di ]
(1 eq) in ISOPropyt ac%iéf@%'%%ﬁ?%d‘@ﬁ IR adigBmaditowuebyirDe ¢ idsegyIHOBT hydrate

(1.0 eq)aarEitS P26 (aenrayl dAy0RT kony IR M 2erHRREIACEICARIC(A9. o 03 £/, A0d the
suspensgp&;we%o%ffdﬁ 2012 C for 4 hr, The mixture was washed with 5% potassium carbonate (5
vol). A mixturé of glycine {"f%c‘fﬁ%l\‘?(ﬁﬁ ‘(‘QOA‘Eﬁ GraPwidr prdBepiens sided 38tk mixture stirred for

4 hr. Theitillatie was teitedstyeih widhtBompoiassiincearsanate (3:xqshydrgchloric acid (5 vol),
5% potassim ol).and twice with water (5 vol each) to give a solution of the title

com pogﬁg in igcc%%%og%/?égggﬂg E)%gr%gélelg}s({gﬁ ?gﬁ‘f@a _%ﬁygﬁmducuons (as above). The

2-((S)- 24 1S)z-Hasinerizd i ibhidlytaddbarpiddye fBitered and washed with heptane (12.6 k%\l).
dimethyiipataeeyd)c @@Mw% frole-1-carhc (31) 00 Chz-HN J 1 N F32NN 0 Co'tBu
O COZtBu /11 30 O( 31 Methodpﬁ%%%%%gug%ﬁgg%g%t?%ﬁ SRk iResetoifias charged
with a sBitifsrrepHng @Bz”p@tide 30 (15.1 kg) in isopropyl acetate (109 kg). This solution was

oI . 8B R IR G IO 15419
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 (10K, m),

1.39 (9H, 5), 1.2-0.85 (SH, m), 0.96 (9H, s).

Method 2

[00261] The solution of compound 30 from Exampie 8, Method 1, was added to 50% wet
20 wt% Pd(OH); on carbon (3.16 g) ina pressure reactor. The reactor was pressurized at 30
psi with hydrogen and the mixture stirred for about 1 hour. The catalyst was filtered, the
filter washed with isopropyl acetate and the combined organics distilled to about 65 mL. The
mixtare was evaporated with heptane (316 mL) severa] times unttﬂ analysis indicates <0.5%
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,6a8)-+-butyl 2—((S)*Z»((S)-2—(benzyioxycarbonylamino)—E-
cyclohexylacetamido)~3,3~djmethy1butanoyl)octa.hydrocyclopenta[c]pyrro}e-1-carboxy1ate in
isopropyl acetate from Example 9, Method 3, was added to 20% PA(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 t0 78 °C over 1
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mixture was drained into a container and the reactor was dried. To the dried reactor was charged
Pd(OH)2/C (20%, 1.51 kg). The solution containing the Cbz peptide 30 was added to 60 the reactor

- and blanketed with hydrogen (30 psi). The reaction was stirred at 205 C and at 150-220 rpm for 2
hours. After completion, a slurry of activated carbon (0.97 kg) in isopropyl acetate (6.8 kg) was added
batch angsthemmRixiyre sk ¢ [ he mixtyre was filtered over Celite(r) (2.0 kg) via
Sparkler filte?ﬁ?ﬁw%u%@fg%?&% gc)a%tﬁg?gle};ﬂ%ar%e&? SRR Patiitressamst 6 acetate
(33.0 kg &ffotRashedivico earfBiralwindthe peadiivrineiktuider FaensystamowesyHinsed additionally
with a midttgeahisepionl AGetale ggglgc}@)i_and McOH (5.73 kg). The combined organics were
reduced under vacuum at 65 C to 30 L. The solution was cooled to 20-30 C and heptane added (30.8
kg). Distillation was instituted again and the mixture.reduced to 30 L. This procedure was repeated

for a totdlxcfmple phane S 8aRIaRs ) (As M0y vent, I9RS above). The mixture was
cooled tQ ey rg‘?@an%xﬁg%ggj gv%#ﬁﬂ%%ﬁ??&@%‘ﬁ%e he wet solid (14.0 kg)

AT
was dried Under vastiir 4p Thimsthibrnaibnetehyieoavelovatefehpounk-0.17 kg). 'H NMR
(DMSO-e8beeBiMHEA3 S 7.97 (1H, d), 4.49 (IH, d), 3.96 (1H, d), 3.76 (1H, m), 3.67 (1H, m), 3.05 (IH,
d), 2.70 (1H, m), 2.53 (iH, m), 1.87-1.77 (2H, m), 1.7-1.3 (10H, m), 1.39 (9H, s), 1.2-0.85 (5H, m), 0.96
(9H, s). Method 2 | lution of compound 30 from Example 8, Method 1, was added to 50%

wet 20 WW{B&(QH (%.16@521&1 pressure reac@’. he reactqr was-pres hat 30 psi
ixtUe stirred [ 2a0ut Ttour-The S m,fg{qed he .
65

o
L

’;(%
D

with hydrogen an ilterwrashed with
isopropyl acetate and the corrfbsified organicsc%%{stilled to about L. The nikturefwas gvaporated
with hepta16 L) several times untibmnalysis indicates <0.5% ipyggcetgte. ThHeFEsultant
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. MW@‘@I[OOZOZ] The solution of (1 S,3aR,6aS)-t-butyl

2-((S)- 2808 (henzyborc R . .

cycloheml ﬂtamido -3,3-d?r%%§%ﬂlﬁl§r%gy ag%:(tgﬁg’/3%89@%%5%5%]%%@%&%&?@égylate in isopropyl
acetate@g?ﬁ Fapt & addedho POy Pd(GH)RA(2 RABIcadinEERMaVEL) and the

mixtureshjiciogenasthak 3#RprA% P Loambify GDIRE01A CHUEINES 1 molar eq.) and
DMF (8.80 g, 9.3 mL) in a 25 mL flask. Mild heating (30 °C) aided in dissolution.. The CDI
solution was cooled to 20-25 °C and added to the slurry of pyrazine-2-carboxylic acid.
Stirring was continued for 1.5 hours to assure complete activation of the acid as carbon
dioxide was produced as a byproduct. Meanwhile, the amine 31 (5.0002 g, 10.78 mimol) was
dissolved in DMF (14.15 g, 15 mL) with mild warming to 30 °C aided in the dissolution of
the material. This solution was cooled to 20-25 °C. The activated pyrazine solution was also
cooled to about 15 °C. The solution of compound 31 was added to the activated pyrazine
carboxylic acid while maintaining the temperature at 30 °C for about 1 hour. The solution
was allowed to cool to 20-25 °C then added to a solution of potassium carbonate (0.25 g) in
water (100 mL} at 0 °C. The mixture was filtered and washed with water (four times, 50 mL
each). The filter cake was dried under vacuum beginning at 20-25 °C and warmed to 30 °C
after 24hours until the cake was constant weight to give the title compound (5.99 ¢).
"HNMR (DMSO-ds, 500 MHz): § 9.19 ppm (1 H, d,J=1.3Hz), 8.90 ppm (1 H, d,J=25
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, 4,
J=08.0Hz),4.68 ppm (1 H, dd, J=9.1 Hz, 6.6 Hz), 4.53 ppm (1 H, d, T =9.0 Hz), 3.96 ppm
(1H,d,J=42Hz),3.73 ppm (1 H,dd, T =105 Hz, 7.5 Hz), 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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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 61 hour, then
. to 22 C over 2 hours. After 1 hour at 22 C the suspension was filtered and the cake washed with
heptane (3.2 vol.) and the product dried under vacuum at 30 C with a nitrogen purge to give the title

o B e R R L b S P O P le (33) 0

carboxamido)acetam
HZN~ N 4tbmmyi9 &y sh @ D0 eptal 12 O 33 Method 1 [00203] To a 100mL round bottomed
flask was added pyrazine-2-carboxylic acid 32 (1.6070 g, 12.95 mmol) and DMF (4 mL). The slurry
was stirred at 20-25 C. Meanwhile, a solution of CDI was prepared by combining CDI (2.1012 g, 12.96
mmol, | M"é’&) and DMF (8.80 g, 9.3 mL) in a 25 mL flask. Mild heating (30 C) aided in dissolution.

The CDIj(pod : ine-2-carboxyli id. Stirri
WA Coued or 15 NN 0 Aecute N SO o R N TSR 1as produced

g&&%ﬁ% ours to assure complete activation of the

as a byprédtrct. faPhRling fide § s Bowsthylews 7ehiaris (Wasnlisyoled FBBIF (14.15 g, 15

i) witsdehiaimaings 620 Taiderkinadissaliion of dhemateselsBivs salylongs cooled to
10N O

20-25 T.C%h%%cgi%ed%piyrazine SfﬁIUti n was also cooled to about 15 T. The solu compound 31
was add®d 10 the Actvatad perdsha aBoife AeiiFuhidonaiths v mevesmesheduritat 30 C for
abobut. 1 matax (PH6 sdltithe w&mbpmghtwmdﬂh &%@-&%ﬁ@@ﬂ}@ﬁ@%ﬂéﬁ? §g§uﬁt}%ﬁ)qgh%9‘ygssil(1m
carbonate, A j er (100 mL) at 0 C. The mixtyre was filtered and washed with"water (four
times, 5(% Srr&%l%egg?%ﬂ]fvﬁf i é}?lggﬁlé v%/%gla gﬂ%@@ﬁ%ﬁi%‘?}b@@ﬁﬁ?ﬁ%dﬁeﬁyﬂ ediarwarmed to 30
C after S@hdbirempld theMathed®is constant weight to give the title compound (5.99 g). 'H NMR
(DMSO-d6, 500 MHz): S 9.19 ppm (1 H, d, J =1.3 Hz), 8.90 ppm (1 H, d, J = 2.5 Hz), 8.76 ppm (1 H,
dd, J=2.4 Hz, 1.5 Hz), 8.50 ppm (1 H, d, J = 9.2 Hz), 8.22 ppm (1 H, d, J=9.0 Hz), 4.68 ppm (1 H,
dd, J = @ﬁ’%’lﬁ.151H@ﬁm%&r(@ﬁ:(’dplﬁhe%ﬂ@y&%qs}pmarboxamido)acetamid0)~3,3-

(1H.d. IR} b BRRG Y Aot O ettt B ORPPICH 85 10 %54

SN QU
\Nj\’rf‘m\:/[‘km N. —— \N]ﬁ(}m\g/[k}m N.
O 5 O CO,tBu © i 34 © COH
Sk @

Method 1
[60205] Concentrated HCI (150 g, 0.015 mol, 1.2 molar eq.) was slowly added at 0 °Cto a
 stirred solution of the pyrazinyl peptide 33 (50.0 g) in formic acid (100. 0g). After 3.3 hours,
the reaction mixture was diluted with 166.5 g of ice water, Methylene chloride (100 mL) was
added and the reaction was stirred for 10 minutes to dissolve the product. The phases were
separated and the aqueous layer extracted with methylene chloride (106 mL). The combined
organic phases were washed with water (75 mL) then concenirated 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 shuryy 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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ppm, 3.4 ppm), 2.68-2.74 ppm (1 H, in), 2.52-2.58 ppm (1 H, in), 1.70-1.88 ppm (3 H, m), 62 1.51-1.69
ppm (7 H, m), 1.31-1.44 ppm (2 H, m), 1.39 ppm (9 H, s), 1.00-1.19 ppm (4 H, m), 0.97 ppm (9 H, s),
- 0.91-0.97 ppm (1 H, m). Method 2 [00204] Oxalyl chloride (11.29 mL) was added to a solution of
pyrazine:g- oxylic acid .32 apd N-methylmorpholine (59.28 mL) in methylene chloride (150 mL) at
about 30[@.5 aﬁﬁe%i é’é{}g@%‘fﬁﬂ&dﬁ& . %‘Eﬁ%é%ﬁ?ﬁ&??ﬁ‘ﬁ?é SRimE P 9g) in methylene
chloride M&0ahR2) wascadiiddead-a00uh36 dondshier@EHTIUR (henmixidsawes washed with water (250
mL). Th JS phase was ex with methylene chlori 10Q mL) to give a solution of the title
compound In %I%G%?E[ ﬁ%%ﬁ%#&&%v%ﬁd%a@ﬁsﬁéﬂ%%w T’Hﬁ%eﬁgéﬁ%ﬁ‘éré f}r\lﬂﬂ@%‘fl% ethod 2).
Example™Bier(R89 mi(s)ial¢@atapitohetopRyraniie 12-2arithaise)acaiarmide) i 3nd
dimethylpytanoy clpyrrole-l-carboxylic acid (34) o NNHNFIINI-JN g O
00 COZLBU'0 o%%g ﬁcmo!'%%&é%ée%tﬁ%%ﬁ?ﬁ%%%%f &@%@%@t@?@@%@ﬁoﬁ?ﬁ%g%ﬁ%.2 molar eq.)
was sloviljpstideerarpsbehbvdisney OREdn srdibemmmsiny Mpeptitiess3xB&@dyithformic acid (100.
00). Afteréirg ieauesiclhe roRRlionmiAIS: AR dUHIES Wi 108301 aLies walgl Mgiylene chioride

ve

(100 mL) was added and the reaction was stirred for 10 minutes to disso e progluct. The phases

were sepArSEtPIAGAFRTaRRIBBIR. |hs BitrEEREs FRACREipb e SRl 100 mikimTie combined
organic RBRsES el dinaheANVERhaRIETAIY M) emeaneaniBleddaalo A yalume at 50 C, 1

atm. Toluene (100 m@) was added at room temperature and the ' homogeneous solution was

evaporalBSEtHaE? valdthn AMBBEEVES WALSIP T (RMAAE 39 CrongnAbwWhS RowredTier20- 25 C as a

precipitatestttamedhireptaraéramby Mes shviydnsedand thasoy sy etio: i@l suaiputes. The
slurry w f;%ered and the fiIte{ cake.a%a wazehed wit%l;le tane (50 mL). The solids were dried under
vacuum 2 3035 RSB R ik LI CSnPo Y| Rfeltiad@ate vellow powder

containing about 17 % toluene.

Example 12: (18,3aR,6a8)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-
carboxamidojacetamido)-3,3-dimethylbutanoyl)-N-((3S)-1-(cyclopropylamino)-2-
hydroxy-I-oxohexan-3-yloctahydrocyclopenta[c]pyrrole-1-carboxamide (35)

/N
) m&tl@+ﬁzlq g
N [N \/\/E:(E/W

114

0 0 CO,H
34

Method I

[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 lhour then added
over 20 minutes to a 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
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[00206] The methylene chloride solution of the starting compound 33 from Example 10, Method 2,
was cooled to 0-5 C then concentrated HCI (200 mL) was added while maintaining a temperature of

. <10 T. The mixture was stirred for 3 hours, then diluted with water (200 mL) while maintaining a
temperature of < 10 T. The phases were separated and the agueous phase extracted with methylene

chloride ) bingd.organic. ph ere washed with water (100 mL) and the aqueous
wash ph%%%a%%}fo v%?ﬁ%ee %e%g cﬁfolgﬁ(@;&? cottimealorddnrliasatactevasdeddndxed under
an invers¥'Bean- Bramivapetoazdbneddoveten Hheomigsnascancentaies Bndistiiaton to a
minimungeyQiyme4h H&M@%}WHQ gg}ﬂ?&? 0(15%@ tfg %nc ra;r ed by distillation atqaqt%"IOSphe-riC
pressure P@tgf 62?1% mL.%e mixture vys,\}s slowly ;;;) ed to él é 8‘/%69 Pl ¥iderrs L inebaessultant slurry
was filterSeFe P cnde v psmericareronashe (10D water tHieh ehiedoas 1545 Coi acuum oven
to providesfae (ilecomponnsid-2.g) anaRalsyelaMRINS: Ct%”tai”%}’%“t (??@/ﬁ%ﬁe”e'
po o T DR CRR R o

carboxami t -378% ()] nizy-Zield 100%).
hydroxy-l-oxohexan-3-yl)octahydrocyclopenta[c]pyrrole-I-carboxamide(35) NH CNHN } HZN N~r O

COZzH \%%.Ot ﬁ 18 NX~FIN1fNOOOHH 350H Method I [00207] A 500 mL 3-neck round
bottomed fask équipped with an overhead stirrer, condenser, thermocouple, and nitrogen outlet was

purged IZ0RFodemédrydaveshbinin@esy kie Petida:Re 43¢ {25819 0,04%.m8PeEDC-HCI (10.35 g,
8.27 g,.0.054 mol, 1.1 molar eq.) were charged to the flask

?olcl)g\;‘\f/en(]%galé%gk rﬁ?ﬁq rg%&rgegl_lé c%%%%g THEPR ORI Sl &7 P 6B dtiitd for Lhour
then addeRoBVEPED (iRes 1@Wﬁi@oﬁ@ywi@e:mm%%@e@e&054 mol, 1.1 molar
°a.) in ReiGHleNG EeiAG R MklsMANARING & lemperatuig below 10 T, Upon 64

mixture was warmed to 20 °C and stirred for 5 hours. The mixture was then diluted with

water (500 mL) and stirred for about 0.5 hour. The phases were separated and the organic

phase washed with 1N HC] (500 mL), 5 wt% aqueous sodium bicarbonate (500 mL) to give a

solution of the title compound in methylene chioride, 98.5% AUC purity, 95% solution yield.

Method 3
[00205] Peptide acid 34 (1.00 eq.), EDCI (1.16 eq.), HOBt hydrate (1.00 eq.), and
hydroxyamine 18°HCl (1.05 eq.) were suspended in CH;Cl (5 vol.) and the mixture was
cooled to 0-5 °C. NMM (2.0 eq) was added over 30-60 minutes while maintaining the

- reaction temperature below 5°C. The reaction mixture was warmed to 20-25 °C over 30
minutes and stirred for additional 5 hours. The reaction was washed with water (5 vol.), IN

HCI(S vol), and 5 wi% aqueous NaHCOs (5 vol.) to provide a solution of the title compound
in CHQCIQ.

Example 13: (1S,SaR,ﬁaS)nZ-((S)-ZZ-((S)-2—cyciohexyl-l—(pyrazine-—Z—
carboxamido)acetamido)~3,3-dimethylbutanoyl)—N ~((8)-1-(cyclopropylamine)-1,2-
dioxoixexa.n*3~yl)octahydrocyclopenta{c}pyrmle-i -carboxamide (4)



complete addition, N-methylmorpholine (5.94 mL, 0.054 mol, 1.1 molar eq.) was added in 2 portions.
The mixture was allowed to warm to room temperature and stirred for 3 hours. The reaction was
guenched by the addition of NaHCO3 (8.0 g) in 200 mL of water. The phases were separated and the
organic layer washed with water (175 mL), 0.5 N aq. HC1(200 mL), water (three times, 200 mL each)

_ 0%). Method 2 [00208] N-methyimorpholine (38.19 mL,
the ¢(pPeptide- aCii 34 (100.0 g9, 89.2 wt%, 173.7 mmol), HOBt

87.6 wt%, 173 moI), DCI £36.6 191.04 mmol), and the hydroxyamide-amine
18in methylene c de over 30 mi ute§ ma@htamlng a temperature of O- 5 C. After the addition,

1IN HC1(500 mL), 5 wt% aqueous sodlum bic Ol ate (50 L) togi Solution of the title
compound in methylene chloride, 98.5% AUC 6. Seﬁ:j; i

acid 34 (1.00 eq.), EDCI (1.10 eq.), HOBt hydrate (100 ect), and hy: roxy inet18HWI (1, q.)
were suspended in CH2C12 (5 vol.) and the mixture wailed to 0-5 GNMM (20 eqfiwas added
over 30-60 minutes while maintaining the reaction temperature beldw 5C. The reaction mixture was
warmed to 20-25 C over 30 minutes and stirred for additional 5 hours. The reaction was washed with
water (5 vol.), IN HCI (5 vol), and 5 wt% aqueous NaHCO3 (5 vol.) to provide a solution of the title
compounglei&gH2C12. Example 13: (1S,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-

e T

N | HN Nc@nBefsét, thermocouple, and nitrogen outlet was purged with nitrogen for several mmutes
A methylene chloride solution of the hydroxyamide peptide amide 35 (128.64 g, 16-17wi%,
20.6 g and 30 mmol of 35) in methylene chloride was added to the reaction flask, followed by
the addition of 15% wiw ag. NaBr (13 mL) and 7.5% w/w aq. NaHCOs; (52 ml). The
solution was cooled to 53 °C in an ice bath. TEMPO (0.7 g) dissolved in methylene
chioride (3 mL) was added to the reaction mixture. In a separate Erlenmever flask, 10-13%
NaOC] solution (23.25 mL, titer = 108 mg/ml., 2.51 g, 33.7 mmol, 1.12 molar eq.) was
diluted with water (70 mL). The NaOCI solution was charged to the reaction mixture via
addition funmel at a rate that maintained the temperature below 8 °C. The reaction mixture
was allowed to stir at 5+3 °C for Thour. The layers were separated and the organic layer was
quenched with 10% (w/w) aq. Na;SO3 (100 mL) and washed with water (100 mL). The
organic phase was reduced to dryness at reduced pressure and the solid triturated with ethyl
acetate (100 mL) and filtered on a Buchner funnel. 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 0-5 °C, then the phases

separated, The organic phase was washed with water (500 mL), 1 wt% aqusous sodium
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4 O Method 1 [002101 A 500 mL 3-neck round bottomed flask equipped with an overhead stirrer,
condenser, thermocouple, and, nitrogen outlet was purged with nitrogen for several minutes. A

. methylene chloride solution of the hydroxyamide peptide amide 35 (128.64 g, 16-17wt%, 20.6 g and
30 mmol of 35) in methylene chloride was added to the reaction flask, followed by the addition of 15%

w/w ag. NaBr.(1 d 7.5% w/w aq. NaHCO3 (52 mL). The solution was cooled to 53 C in an ice
bath. TEM%%E%ﬁb%%@sm%ﬁfﬁrﬁﬁﬁéﬁh%R?r%ﬁé {rered. Wes adieeetoandisgedenitixiure. In a
separate2ieénmeyenfiAgkiolOvbA%h e NAGHSIHU AN, (282b0tkatli{@l Tl 98 MY AL ?o%g‘vgedg 3.7 mmol,

1.12 mol iluted with water (70 mL). The NaOCI solution was charged to the reaction
mixture %gigﬁggj%itigib%ril% g\?ge?g(\tl{éqﬁ?tlsrﬁg%ﬁzﬁﬁ%&? et pesatine bbby snautusat 8&<on mixture
was allowfed®8gthcstass (E0fomibpurs Fidethyess enersepdeieans ibe e/aasisayer was,quenched
with 10% Wi agNals 08 1 v ith water (100 mL). The organic phase was
reduced tq dr ne.sg at red%%%p@ﬁggﬁ}%%ﬁg%%ig%é% it} BRMHEE SRR AOINL) and
filtered dfa B{&iéﬁmaimﬁm AT G wis vabmittetidorA% brnalySis FxQ8AUEhedsolated wet

cake weighrd 46:6 Ura0d:theymglar yi 9 1. The cake was not dried as it was not
deemed necessary for usz-?éost pur %@e%%%t%%éaéﬁ%ﬁlﬁiuﬁ%%ﬁW%@nd’,e@%em ) was added

to the mBREREBHi R Sord thsribensalieomsisdstes ] Rtethiod%ide)BUter by-algaladion of sodium
bicarborae(@ida0,8:260 &immalidpnales(400sabrand ihe Bxtiesooledio .0 C. Aysolution of
as a

sodium Sk(])){ﬁogg#ogte é,%r%gﬁ 11.64 vvtoo/o, 191.04 mmol) ed ov ours w Fnaintaining

a tempefature ot 05 ¢ T &tﬁ?@%a%ss/tiVﬁ@@}&"’inﬁbﬁhﬁ@@’ﬂ’@}imﬂﬁéqmai{@s?&eparated. The
organic phase was washed with water (500 mL), 1 wt% aqueous sodium 66 bisulfate (500 mL) and
water (5%%09 then polish filtered. The mixture was distilled at 38- 42 C, 710 mm Hg, to a volume of
about 320 mL. Ethyl acetate (44 mL) was added followed immediately by 1.5 g of seed crystals of 4
and the a7 WEYEWréb0medonmindted at 5842, Cl, iy acstater§AG:ml) was,added over 3 hours

R L R i o s
resultant@riey WM@G@V@@&%@@H@Q&E &gnd stitseandditienahlion sHiR;same
remperaiteund 1S siie 95 A ARG IRL SRk atashed IR S aop te (g 00 mL

wt% NaOCl solution (1.10 eq.) was added over 2-3 hours and the mixture stirred for

additional one hour. The layers were separated and the organic layer was washed at 0-5 °C

with Hy0 (5 vol.), 1 wi% Na;SO; (5 vol.), and H,0 (5 vol.). Glacial acetic acid (0.12 eq.)

was added to the solution of compound 4 in CH,Cl, to stabilize compound 4,

Example 14: Recrystallization of Compound of Formula 4.

[60213] The solution of Compound 4 from Example 13, Method 3, was filtered through
Celite, and the filtrate solution was reduced to 3.1-3.3 volumes by vacuum distillation at
lower than 20 °C. After distillation, the solution was brought to 38-42 °C before EtOAc
(0.80 vol.) was added, followed by the addition of Compound 4 seed (1.5 wi% relative to 34,
Example 12). The resuiting mixture was stirred for 15 minutes at 38-42 °C. EtOAc (8 vol.)
was added over 3 hours to this mixture while maintaining a temperature of 38-42 °C. The
total volume of the slurry was then reduced to 3.9-4.1 volumes by vacuum distillation at 38-
42 °C. To this mixture was added EtOA¢ (2 vol.) over 30 minutes while maintaining the
baich 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 vacyum with a nitrogen bleed at 45-
55 °C for 6 hours.
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dried under vacuum with a nitrogen bleed at 45-55 C to give the title compound 4 as a white solid -
(102.4 g, 99.7% AUC purity, 85% yield) from the hydroxyamide peptide amide 35. Method 3 [002121
- TEMPO (0.06 eq) was added to the CH2C12 solution of 35 from Example 12, method 3, and the
solution was stirred at 20-25 C until all TEMPO dissolved. To this solution was added a solution of

NaHCO g.).in.wager (4 vol.). The resulting biphasic mixture was cooled to 0-5 C. While
maintaini%{ézt%j reé’c%%?@é%g% ﬂ%-@@ﬁﬁl‘@%ﬁ%%ﬁ’é@ﬁﬁb@m@ﬂaﬂﬁbh&uﬁwﬁs added
over 2-3hbGr8 wriditiee. ibdunisiitod{aroagniionalene ey The peIssie sEparaled and the
organic %}R’V as %gaat ganCf ith 21 OTSS val.), 1 wt% Na2SO3 ( vo(.?){, and H20 (5 vol.).
Glacial acetic acid (0.12 64} Was a%&'f HHsaidi of Cormpsupd dspr i 2 iodutiviize
compoulti4; Exemmte! 21 Reorystalizationot Gemperadal Sonmuiash: (9023 3¢ Thgsqlugion of

Compoung i XA t d3¢ as filtered throygh Celite, and the filtrate solution was
reduced to .1-3%volum%?é§%rg§83%nsé?§%¥ﬁarﬁo T THTHER 2P st atafatbRC the solution

was brod§httkelme ddhsrdEmDRe (B:8edotidras adibdofotewed i ihe additign.af,compound 4
seed (1.5swtdreagygd _ . gﬁ resulting mixtute was stirred for 15 minutes at 38-42
C. EtOAQc( vol.) was a%ﬁgyé)g‘ggsrr%ﬁ%%%%?ot %%%(?ﬁ%%ﬁil‘@%ﬁt‘g &ﬁ?ﬁ‘?&ﬂﬁ%&é@re of 38-42 C.
The tot3PVOIFREGRINE Sdsyiass henresdiiondhor3. 9. Thokovked by Nersiemadistilatign at 38- 42 C.
To this mdtstiesias Zeded 2:valy) 1 s whil intaining the batch temperature at
38-42 C. The resyltin slur(rgfﬁgg %r%é%%lo%%}ég{?gpz?%%é t@%@é"’r&% ‘?ﬁ?@%ﬂg giﬁr}gﬁeﬁ?%-% C for
addition‘gfii‘ﬁ%%ﬁﬂ'mg’sﬁﬁ WdWififtel @l TRehiifad caled wader wasiven wilthaEi@éeftulias) 8 vol. each)
and driethidier mammmtwgaveiy@qm@g%m_ 55 C for 6 hours. 67 [00214] To the dried filter
cake was added 2.2-2.4 volumes of CH2C12 to a total volume of 3.1-3.3 volumes. The mixture was
brought to 38-42 C to give a homogeneous solution. EtOAc (0.80 vol) was added, followed by the
addition of Compound 4 seed (1.5 wt% relative to 34, Example 12). The resulting mixture was stirred
for 15 minutes at 38-42 C. EtOAc (8 vol.) was added over 3 hours to this mixture while maintaining a
temperature of 38-42 C. The total volume of the slurry was then reduced to 3.9-4.1 volumes by
vacuum distillation at 38-42C. EtOAc (2 vol.) was added over 30 minutes to this mixture while
maintaining the batch temperature at 38-42C. The resulting slurry was then cooled to 20-25 C over 1
hour and stirred at 20-25 C for additional one hour. The slurry was filtered and the filter cake
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was washed with EtOAc (twice, 3 vol. each) and dried under vacuum with a nitrogen bleed at 45-55 C
for 12 hour to give purified Compound 4. 68 What is claimed is: 1. A process of purifying the
compound of Formula 4, comprising: \N O OO O O HH O 4 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. 2. The process of claim 1, wherein
the org ]<1: solve&,t IS ethylene chloride, and the acid is acetic acid. 3. A compound of Formula la O
Ri O OR EYBIR ﬁl is P2-; 69 RS Re-WI O | P2-is Rs R5 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 su rQstltuents lnd endentl elle ted f Group J consisting of halo, cycloaliphatic,
CELAY UI’! e CO ormu Ol
aryl, heteroary Ao roaroy ac , Nitro, ¢y and Amids. &mino, sulfonyl, sulfinyl, sulfanyl,

IIlh

sulfoxy, urea, thloureaNsquamoyI sulfamldewfrcarbox carbamoyl, cycloaliphaticoxy,
=
(] f
N

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.

2. The process of claim 1, wherein the organic solvent is methylene chloride, and the acid is
acetic acid.
3. A compound of Formula 1a

0 ﬁ
30

o7 “ORs

ia
wherein

R; is Pz-;
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heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxycarbonyl,
alkylcarbonyloxy, and hydroxy; R6 is an optionally substituted aliphatic, an optionally substituted
heteroalkyl, an optionally substituted heteroaryl, an optionally substituted phenyl; or R5 and R6,
together with the atoms to which they are attached, may form a 5- to 7-membered, optionally
substituted monocyclic heterocycle, or a 6- to 12-membered, optionally substituted bicyclic
heterocycle, in which each heterocycle ring optionally contains an additional heteroatom selected from
-0-, -S-, or -NRx-; Rxis H, aIipFQatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycloaliphatic, (heterocygfoaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl,
(aliphatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic)aliphatic)carbonyl, arylcarbonyl,
(araliphatic)carbonylh(heter liphatic)carbonyl, ((heterocycloaliphatic)aliphatic)carbonyl,
(heteroaryl)carbonyl, ér‘(ﬁ%teroa aliphatic)carbonyl; R3 is H or a protecting group; and R3 is an
optionally substituted alkyl. 4. The compound of claim 3, wherein R3 is t-butyl. 5. The compound of
claim 4, wherein-R2- is 70060 ~~ O NH 6. The compound of claim 4, wherein P2-is NHZ 7. A
compound of Fermyla la Ri © OR3 Iaiwrfeieitn Ri,is P3-I2-1P =, R7.R6 R81H P3-L2-P2-is 0 R5 R5 is
H, an aliphatic, 4 &yaIdRIipRAREC aH SR SHSHEC %Pﬁcé)éf? PR ARN2 BRI YPlhich, except
for H, iscphiofathiculstitptadr kit hsape @rathosebstibstdueitisoeach niocepdrdrptys selécted from Group
J ConSls&ragp(ggggrlay%%&%g}h&g l%wg’jhc%[z?sri%a}%l b?hka c)}(,yéycloaiiphatic, 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;

Ry is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and R, together with
the atoms to which they are attached, may form a 5- to 7-membered, optionally substituted
monocyclic heterocycle, or a 6- to 12-membered, optionally substituted bicyclic heterocycle, in
which each heterocycle ring optionally contains an additional heteroatom selected from -O-, -8-,
or -NR*-:

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)carbonyt;

Rg is H or a protecting group; and

Rj is an optionally substituted alkyl.

4. The compound of claim 3, wherein Ry is #-butyl,

5. The compound of claim 4, wherein P;- is
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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; 71 R6 is
an optionally substituted aliphatic, an optionally substituted heteroalkyl, an optionally substituted
heteroaryl, an optionally substituted phenyl; or R5 and R6, together with the atoms to which they are
attached, may form a 5- to 7-membered, optionally substituted monocyclic heterocycle, or a 6- to
12-membered, optionally substituted bicyclic heterocycle, in, which each heterocycle ring optionally
contains an additional heteroatom selected from -0-, sS-, Rx-; R7 is H, an optionally substituted
aliphatic, an optionally substituted heteroalkyl an optionally substituted heteroaryl, or an optionally
substituted phenyl; or R7 and R6, togethérwth the swhich they are attached, may form a 5- to
7- membered optionally substituted mo ic heterocycle a 5- to 7-membered optionally substituted
monocyclic aryl, a 6- to 12-membered optidnally 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 -NRx-; or When R5 and R6 together with
the atonfs to whitthciieRrEpd aticleied bR sitiRy, 'R7 and the ring system formed by R5 and R6 may
form an 8- to 14-membered optionally substituted bjcyclic fused ring system, wherein the bicyclic
fused ring system may further fuse with an optio ubstituted phenyl to form an optionally
substituted 10- to 16-membered tricyclic fused ring system; Rx is H, aliphatic, cycloaliphatic,
(cycloaliphatic)aliphatic, aryl, araliphatic, hete iphatic, (heterocycloaliphatic)aliphatic,
heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl,
((cycloaliphatic)aliphatic)carbonyl, arylcarbonyl, (araliphatic)carbonyl, (heterocycloaliphatie)earbonyl,
((heterocycloal|phat|c)aI|phat|c)carbonyI (heteroaryl)carbonyl, or (heteroaraliphatic)carbonyl; R8 is H
or a protecting SRR #{3 rsmp! "&)Ejﬁonally substituted alkyl. 8. The compound of claim 7, wherein
R3is t-butyl. 9. The compound of claim 7, Wgereln P3\\L27PZ is 72 H

)LN

R
o OR4
ia
wherein
R1 is P3-LQ—P2—;
R7 Rg
N L&:
Rgmg \r

P3-L2-P2- is 0 R5 .

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 consisting of halo, cycloaliphatic, aryl, heteroaryl, alkoxy.
aroyl, heteroaroyl, acyl, nitro, cyano, amido, amino, sulfonyl, sulfinyl, sulfanyl, sutfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy,
heterocycloaliphaticoxy, aryloxy, heteroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxycarbonyl,

alkylcarbonyloxy, and hydroxy;
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OyN~NH O O 10. The compound of claim 7, wherein P3-L2-P2-is 0 H2N_HN .t O 11. A compound
which is 3,7-dipropyl-3,7-diazabicyclo[3.3.1]Jnonane. 12. A compound which is
3,7-dipropyl-3,7-diazabicyclo[3.3.l]Jnonan-9-one. 73

Rg is an optionally substituted aliphatic, an optionally substituted heteroalkyl, an
optionally substituted heteroaryl, an optionally substituted phenyl; or Rs and R, together with
the atoms to which they are attached, may form a 5- to 7-membered, optionally substituted
monocyclic heterocycle, or a 6- to 12-membered, optionally substituted bicyclic heterocycle, in
which each heterocycle ring optionally contains an additional heteroatom selected from -O-, -$-,
or ~\IRX—;

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

R; 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 -O-, -S-, or ~NRX-; or

When R and R, together with the atoms to which they are attached form a ring, R; and
the ring system formed by Rs and Rg may form an §- to 14-membered optionally substituted
bicyelic fused ring system, wherein the bicyclic fused ring system may further fuse with an
optionaily 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.
3. The compound of claim 7, wherein Rj is #-butyl.

9. The compound of claim 7, wherein P3-L,-P;- is
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10. The compound of claim 7, wherein P3-L,-P2- is

O

\)l\HN <

O

11. A compound which is 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonane.

12, A compound which is 3,7-dipropyl-3,7-diazabicyclo[3.3.1]nonan-9-one.
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