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‘I NVENTI ON [02) Infection by hepatitis C virus ("HCV")

is a C%?fﬁﬂmmwﬂ CPEOTHASEENHIBITORS

recogni zed as the causative agent for nost cases of
non-A, non-B hepatitis, with an estimted hunan

sero- preval ence of 3%@!&???%}4&@1%@. berti et al.,

"Natural Hi story of Hep Hepat ol ogy, 31.,
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North Am, 23, pp. 437-455 (1994); M J . Alter
2006-"Hepatitis C Virus Infection in the United States," J.

Hepat ol ogy, 31., (Suppl. 1), pp. 88-91 (1999)]. [03]

Upon first exposure to HCV only about 20% of infected
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[03] Upon first exposure to HCV only about 20% of infected individuals develop acute
clinical hepatitis while others appear to resolve the infection spontaneously. In almost 70%
of instances, however, the virus establishes a chronic infection that persists for decades [S.
Iwarson, “The Natural Course of Chronic Hepatitis,” FEMS Microbiology Reviews, 14, pp.
201-204 (1994); D. Lavanchy, “Global Surveillance and Control of Hepatitis C,” J. Viral
Hepatitis, 6, pp. 35-47 (1999)]. This usually results 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); [. 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.
[04] The HCV genome encodes a polyprotein of 3010-3033 amino acids [Q.L. Choo, et. al.,
“Genetic Organization and Diversity of the Hepatitis C Virus.” Proc. Natl. Acad. Sci. USA,
88, pp. 2451-2455 (1991); N. Kato et al., “Molecular Cloning of the Human Hepatitis C
Virus Genome From Japanese Patients with Non-A, Non-B Hepatitis,” Proc. Natl. Acad. Sci.
USA, 87, pp. 9524-9528 (1990); A. Takamizawa et. al., “Structure and Organization of the
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M crobi ol ogy Reviews, 14, pp. 2 11-220 (1994); I.

Saito et. al., "Hepatitis CVirus Infection is
woeaoaimsed with the Devel opnent of Hepatocel | BEHIS2007/006493

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

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

effective treatnents for the debilitating progression

of chronic HCV. [04] The HCV genonme encodes a

pol yprotein of 3010-3033 am no acids [Q L. Choo, et.

Hepatitis € VifeRGddomIsoRitdZabhAumad dani&s Siit viref., 6419p. 1105-1113
Hepatitis C Virus." Proc. Natl. Acad. Sci . A, 88,

(1991 )p. ng@ymgtrqqgggj_’bl S)\prop@ps)argtprgqumed- 'tquyé@ﬁ g\e essential catalytic
machl? or Yirdl re ﬁ&tﬁﬂmemwt&h§ afe c}érir\)éé b%?&g&y{: E pravage of the

nese |ents W t B Hepatitis,
polypNaexh [RABadcnSSblagettﬁAal 8‘Non§tpuct9@2m<8€128 ((fIls@H)epatAlS C Virus

Encoc%eﬁ g@ Vf Péo%fnralﬁ% R w(lr;e%% H)r %l%é r om% ! 9154/5 Junctions,”
J. Vir6are6i, pps383 533844\(1 99}3), A. Gﬁakqm et. Zh].O?I?liard.dt&dah@ﬁbf}he Hegpatitis C
tructur al otel ns )
Virus FsoRaLoPRY PG DT Gtoo GRS Er P o<t Paperotein
Cleavﬁg@Sitesl’él’t 5. O\VhrollThiG MS 283!128485(19933 deGralaaki bty al., “Expression and
r ot eo |cceavaeo t
tdeniigp oL HFBRIGS ol o POl PG 1SR APty & Virelodf Pp- 1385-

1395 {Iv®3apatdnidi %t @l1.ViNSS D mrate&’ ref&irdd/ e pRicREsihg abkepatitis C
equi r ed for Cl eavage at NS3/ 4 _and NS4/ 5

virus B‘all’.Y@fqt%‘ﬂ 3. Vjirol..\47y Bp- 40187402;9;{19%391»5 3844 (1993): A.
[05] ﬁeai‘?@"u Ngtprot@in 3 (NS AR 4 ddirleQPRotehsel AeBvitl Btk hElpS pFocess the

Vi rus- Encoded Serj ne Protei nase: Determ natlon of
majortysif shehvicel -eneyraes and iy gersidared eysential der Wral geplicatjon and

infectiVify? llt is howrPiat 1?13&%63?1413(%, 1RAGW feder Vitug &4 prleaséiecrease viral

ression an entificatiron of Hepatitis CV|rus
mfectPotwﬁﬁlmréxem, Dl sy abe Bridensottbat thg N-tofmigil Dogiin gffNonstructural

Prote%1§l§53 Frc?’r% %(e(]l%%/glg’%}/e{ Lchml‘?é‘? Seﬁke P?At?asE ligéfs' Asﬁ)l@?%.l{e ecnﬁc

ease require processin Itrs
Cleavages/inrtbe Mura'l Pol}rprdfemm Prpcmatl p@caMS@?U&\ZB?( DB ESPBP-8902 (1990)].

05],,The. ( ri
he fptolelimaaricbor Np R g7 267 8Ll Wraf St pave been
showh I cotitiiial the mmq:soteamhorsalh lodi N S3oth pi'ecessleseﬂbbnt daWnstream sites

of th R R PRt GRLCT R By dfomal G Wit KSa e G s g rans-

Cleavdge R%Qﬁﬁerbiéritﬁb.nd dea;eisuvg Kynefticktg Tbwirsl., 88] ppe8147a8157 (1994)).
[06] ’III‘}EVI[I%WNSS semtle prlgteals\clg Eme lrtns Qsaslocnatemo?ac?or Ngﬂit Ulc;:)tplil'cr)cess all of the
viral enzymes, and is thus considered essential for viral replication. This processing appears
to be analogous to that carried out by the human immunodeficiency virus aspartyl protease,
which is also involved in viral enzyme processing. HIV protease inhibitors, which inhibit
viral protein processing, are potent antiviral agents in man indicating that interrupting this
stage of the viral life cycle results in therapeutically active agents. Consequently HCV NS3
serine protease is also an attractive target for drug discovery.
{07] There are not currently any satisfactory anti-HCV agents or treatments. Until recently,
the only established therapy for HCV disease was interferon treatment. However, interferons
have significant side effects [M. A. Wlaker et al., “Hepatitis C Virus: An Overview of
Current Approaches and Progress,” DDT, 4, pp. 518-29 (1999); D. Moradpour et al.,
“Current and Evolving Therapies for Hepatitis C,” Eur. J. Gastroenterol. Hepétol., 11, pp.
1199-1202 (1999); H. L. A. Janssen et al. “Suicide Associated with Alfa-Interferon Therapy
2



Protein NS3 From Yel |l ow Fever Virus is a Serine
Pr ot ease Responsible for Site-Specific C eavages in
wo @789 Pol yprotein", Proc. Natl. Acad. SciPCTJB%2007/006493
87, pp. 8898-8902 (1990)]. The first 181 ami no acids
of NS3 (residues 1027-1207 of the viral polyprotein)
have been shown to contain the serine protease domain
of NS3 that processes all four dovvnstream sites of the

HCV pol yprotein [C. Lin et al., "Hepatitis C Virus NS3
for C@gﬁfcr\ﬁ'lrzﬁr@ép%hﬂéls §: HI{)@Q]S 21%6%9@4%@94} Wﬂt&aﬁﬂ@t al., “Side
Processi ng Ki netics . Virol., 68,

Effects pggvpha Intgréirom e%emwmsng@r Ditsap & 855%733%7 H%89)1 and induce
long t@ﬁ'fcl' 9&1@5189 if 8{1@&; gﬁctlow%hl ?s? /§0 S sqer Welﬁinld{ @Igltetrheg?n Therapy in

enz ered essenti
Chromc i-hbatltepc |\baxS| Iofectﬁm SFEMSMISBQW Bppeéﬁspn 37888 (1994)].

hat car i
Recerﬁr‘rﬁtﬁ?{g’&gf’ e ?fé’ &y e%?%r {Jeg arsfrbsa? t F&f ‘n} (FLSE TN IRON®, and
PEGAS ¢ 8®) ad theadnmbinationatherapy ysﬁlabqwmo aad |pﬂgy1atdki\intprfetoaas e

V\,hlc dnhibit vical protej rocess
<REB§3J§CS%‘$§EQV%WWI (i vl mRdsst PR RReRt E*Pﬁ@m{‘ﬁ%\ $ and only
partial PddRCHoHY ihReHel dffetsS INIGR00Er, tHepruspeats f’ot tffectivelamati-HCV vaccines
results in therapeutically active agents. Consequently
remaigPCRYNserj ne protease is al so an attractive target

(08] TiRs, tHehOis A 6@ Y& Mord et TE 8ktR HUN tiRhpied! $@ih ihiib@bs would have
satlsfactory anti-HCV agents or treatnents. Until

therapesitigpofepfiak zrssnremaye whibiters, prdigularlyrassering prateage iphibitars and

more R HE ST e Sy ST Srlads may b

usefut plegdivinal sg@t&fu)mgmlwy a&ﬂ@hdﬂ@% agentSur r ent  Appr oaches

[09] ﬁ%s Péc%ﬂ{l%iﬂ%covgpa- thc?[i' gslggnurﬁjiﬁclgﬁg?l%%?lz 21) ca'nﬁgﬁ’rgc??ﬁp%uce the

rate o(f:ebmﬁmzatldn v@%dmmre ispitoperddfest, shus enthancipg thelqmemzn of the

actwé\ls?we?a in Vi viyo {elat Vé:rtgﬁt%s %gl-rdghte ted ?ﬁ‘ﬂb%l gev{'\leom at ed
Hepatitis," J . Hepatol , 21 pp 241-243 (1994); P F.

Renault et al., "Side Effects of nterferon,

Seminars in Liver BV SRIARY O N%gg@ (1989)] and
[010] TR&lpieSent dd@&ntioh Iﬁélﬁem&&bmmeﬂ o@ﬁippuﬁds‘ offorinala ()~ 25%

of cases [O Wil and, "Ir}terferon Ther,apy in Chronic

Hepatitis C Virus Infecfion", QEMS M3crobi ol . Rev.,
14, pp. 279-288 (.1994)] | Rece i ntroductions of the
N (r) and
e} D R? O
(D,

pegyl ated forns d?\\rﬁye
as well as pharmaceutically acceptable salts, prodrugs, and solvates thereof. In formula (I), D
denotes a deuterium atom.
[011] Referring to formula (I),

D denotes a deuterium atom;

P

R'is R ™ in which



PEGASYS(r)) and the conbination therapy of ribavirin
and pegyl ated interferon (REBETROL(r)) have resulted
WO pooanb9pstrodest | nprovenments in rem ssion rat eBCEHON2007/006493
only partial reductions in side effects. Mreover, the
prospects for effective anti-HCV vacci nes renmain
uncertain. [08] Thus, there is a need for nore
effective anti-HCV therapies. Such inhibitors would
have therapeutic potential as protease inhibitors,
particul 8 as serine protease inhibitors, and nore
particul g 5 HCV NS3 protease inhibitors.
Specificg such conpounds may be useful as

antivir agehfs,. parti.cul.arl ti- . ts,

[09] I télwas recenf Iai} ° #‘g%%@e?&éaéﬁjﬁegmarégﬁérl?g?naq‘e&mcydyl or
optioridll@%bﬁtitateidoﬂul'tiﬁycaic@gﬁl&)ﬁbﬂ@dyﬁ@l, lor bptieratlytshbstitated. noditicyclic

epi meri zation_ via a deuterium.igotope,.effect, thuys . 21
azahe RIS MR BTSN 1F PR UL (b AR beprine the R
moietg:a\'ia t6 ¥hidh the -C0)- NeR HAUPRE(6)at(eY-NR G agsietySdMdAENed;

THE INVENTI ON [Q10| ,The present invention relates

to deutRr ag Qo WoRpNn&s: wheeBrnul a (1) (1), as well as

phar maceut i cgldhlorant sl 9Pl ie il'ﬁﬁ:FE&enﬁs'Qd{dﬂﬁ,&C@ﬂ dcs-, -C(O)N(Q"-,

sol vates thereof. In fognula_é +« D denotes a
-CO2¢ e, ePQM S(AMN(QH 1 I NRFEFDMNR Do -PSEIN ¢ 15+ -3~ -SO2-, -
N(Qaf_l,enotes a deuteriumatom R is in whichis an

Optionall y substjtuted nonocyclic azaheferocyclyl or
-N(Q Bk PR YSOMER Dt, and drydisigen oxheniany of A¥iearst WC y& thgitergipal group;
optionally t ANt edl- 3 GYGh I
wher ei n thesﬁ%}a(i ut at t%anéi yﬁ#‘%ﬁé@ﬁﬁ%ﬁ%t&glﬁg éﬁally
substitited aliplgaticean dpiiprially sBBstituted heteyoadipliaticy anteiptibnalhesubstituted

cycloﬁ%@ﬂb?é%&t@@ :S%?lb-lt% \E/l(\)])'?;é’rN aglﬁ?ﬁ)gfiorrrlgh)g terbsitiﬁxtgé Lgt%po%g}.'l, an

optionally substituted aralkyl, or an optionally substituted heteroaralkyl; or hydrogen when

any of Q*, Q% or Q' is the terminal group, provided that Q? is not a bond when both W3 and
W2 are present; and

Each of R, R?, and R?, independently, is H or a C,.¢ alkyl;

R?® is H, alkyl, cycloalkyl, aryl optionally substituted with 1-4 alkyl groups, alkylaryl,
aryl, amino optionally substituted with 1 or 2 alkyl groups; and

R? is Q° -W3-Q%-W2-Q'; wherein each of W2 and W? is independently a bond, -CO-,
-CS-, -C(O)N(QY)~, -CO»-, -O-, -N(Q*)-C(0)-N(Q-, -N(Q*)-C(8)-N(Q")-, -OC(ONQ*-, -S-,
-S0-, -80,-, -N(Q")-, -N(Q")SO2-, -N(Q*)SO;N(Q"-, and hydrogen when any of W? and W>
is the terminal group; each of Q', Q% and Q? is independently a bond, an optionally
substituted aliphatic, an optionally substituted heteroaliphatic, an optionally substituted
cycloaliphatic, an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally substituted heteroaralkyl; or hydrogen when
any of Q*, Q?, or Q! is the terminal group, provided that Q? is not a bond when both w? and

W2 are present. ,
R7 0 '
/L R8 tL /“\ é
R10 \6?/ . \RS
[012] In some embodiments, R' is R® O ,in
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Each of W2 and WB is independently a bond, -CO, -CS-,
-QONXA)-, -CR-, -0, -NQA)-(O-NA) -,

WO D)9 8 S) - N(Q 4)-, -OC(O NA-, -S-, -SO, -BORUS2007/006493
N(QA)-, -N(4)SO2-, -N(Q4) SO2N(A4) -, and hydrogen when
any of W and WB is the term nal group; Each of Ql, @,
and B is independently a bond, an optionally
substituted aliphatic, an optionally substituted
het er oal i phatic, an optionally substituted

whickcycl oal i phatic, an optionally substituted aryl, an
opt i onal({y supstituted heteroaryl, an optionally
sehalt ofiRit and Ryriglingdpendentlyn optional |y substituted

het er ogngal gy, or hydrogen when any of @B, @, or A1
is the terninal group, provided that @ is not a bond

when bephioW8lyssubsti@itar @, proed gnlcycloatkyignehonf R2, R3,

iyl oeYRPEEr Ry aich g 5 oo Beibne o it

1-4 al kydthgieneipsethgleky, sabytittedrwith ommsubstiwpni wirgtddyfrom the
group%%%%t{i%&g(ge% Q@tﬁo%g%?sﬁ@'g% ﬁlng rt%gz% %{r}\%p:t:%na:llll)i Substituted cyclic
groupl dhdepesptionill ysubstifitel arofi@tic gréup; and Ghede (be)methyleR or ethylene is
o ot e B S e AR by e

- NaEHISRZHQd R a8 shdeperRaan h eABY opfiondNya0BstitBtet aliphatic
the term nal group; each of Q1, , and @B is

group;i ndependent|ly a bond, an optionally substituted

alg ‘PR3t SptioRBNP BibsBRAkA Xl(ijlﬁihlﬁétg}édﬂ, %Eti&%l@"&%tiitﬂmtdyﬁldc group or
~an optional ly substituted cycloaliphatic, an
optionglly syhstitutedanproaiic groug: aryl , an optional |y substituted
hegt ar /1, PN £ L1 hut e a [ arn@
og“tl?o%g??/y %ggg)?’l tl\llljltgegk(lﬁ)eﬁi ;S:(?er ’altl\fg\/l g(@b(%r lo%lg v g%ear?a
whrers Oaoryl.of @B, @, or QL is the term nal group,

o B ot 5 bond vhen bk 1B and e are

[014) In some embodiments, R® is methylene substituted with one substituent selected from
‘the group consisting of an optionally substituted aliphatic group, an optionally substituted
cyclic group, and an optionally substituted aromatic group.

[015] In some embodiments, R® is methylene substituted with isobutyl.

[016) In some embodiments, R’ is hydrogen.

[017] In some embodiments, R® is methylene substituted with one substituent selected from
the group consisting of an optionally substituted aliphatic group, an optionally substituted
cyclic group, and an optionally substituted aromatic group. In some other embodiments, R®
is methylene substituted with an optionally substituted cyclic group. In still some other
embodiments, R® is methylene substituted with cyclohexyl. .
[018] In some embodiments, R’ is hydrogen.

{019] In some embodiments, L is -CO-.

[020] In some embodiments, R'? is an optionally substituted aromatic group.

[021] In some embodiments, R is selected from the group



each of R6 and R8 is independently a bond; or

optionally substituted (1,1- or |, 2-)cycl oal kyl ene; or
wopio7oom@Bl y substituted (1,1- or |, 2-)heterocyrdTUSI007/006493

or methylene or ethylene, substituted with one

substituent selected fromthe group consisting of an

optionally substituted aliphatic group, an optionally

substituted cyclic group and an optionally substituted

aromati c group, and wherein the nethylene or ethylene

is further opgionally substituted with an aliphatic

group substiguent; each of R7, R9, and RLl' is

[ ndependent rh}ydr'ogen or ti onal subst i\ut ed
al i phatic up, is an gpthon (I subst ift N
al i phati . ﬂ nal ti ttgt dc gr N'

dggmgmgl(gn su stNt ted ardiatjc group;, L i -C(O -
S -NR 1 1C(O) 2S(0)2-, -NRL 1S(02-, or a

ém i&mogﬂm some enbod: e@na%tﬁﬁn i's

subsmltut ed w h one sub |tuento Cted fr e
group consisti ng of =an optl onal’ly substituate '
ali phatic groug an optionally substituted cyclic

gro , and an t aIIy subsyint d arorratlc group.
‘g\ R6 |s\(§'£thy ubsti t ut ed

o)
Eg)butyl U‘_ﬂG] In s‘@'ﬁﬁs enmbé s 7 HO
[01 In some eAlodi msnt R8 I's [rethy,
stituted WI one substituent selected fremthe °
gr oup consisti;ng of an optionally substituted
al i phatic gr , an optionally substit uts%lrcycl [ c

R S Wﬁ%@@ Nﬁc ]

H : '

N’N

o L N g HOO NT R

[022] Tn some embodiments, R'? is optionally substituted pyrazinyl (e.g., 2-pyrazinyl).
[023] In some embodiments, /‘77’" = is a substituted monocyclic azaheterocyclyl.

[024] In some other embodiments, }L" S s pyrrolidinyl substituted at the 3-position
carbon atom with heteroaryloxy, wherein the heteroaryl is further optionally substituted with
1-4 halo groups.



I's methylene substituted with an optionally

substituted cyclic group. In still sone other
weedodoseent s, R8 i s met hyl ene substituted w t hPCT/US2007/006493

cycl ohexyl. [018] In sone enbodi nents, R9 is hydrogen.

[019] In sone enbodinents, Lis -CO. [020] In sone

enbodi nents, R10 is an optionally substituted aronmatic

group. [021] In sone enbodi nents, R10 is selected from

t he groupconsi sting of [022] Tn sonme enbodi nents, R

10 is optionally substituted pyrazinyl (e.@§=

2-pyrazinyl). [023] In sone enbodi nents, i/s a

substituted nonocyclic azaheterocycl yf sdtte
ot her enbodi ments, is pyrrolidiny bstit at the
3-position carbon M th heteyoaryw oxy, wherein the
heteroaryl is further optionaldaNsubstituted with 1-4
hal o groups. [ 025) g senbodi menfs, [026] In sone

odlne s, afk Opt+oOn substRtut ed nul ticyclic
1025} %‘WWW.S’ l[5%28] In alfot her enbodi ment, R2is
hydrogen each of Rs i ndependently is hydrogen
or cyclopropyl. In ar enbodi nent, R3 is propyl.
In another enbodi ss 0. In another enbodi nent,
| 2
[026]|élnS% msnt &%?5 is an opti ohsjzﬁﬁ:j(; gﬁg}é %ltqbustﬁggé&aﬁlghcgflll%
azahogcmmyx:lyll n anot her enbodi ment, RLO is t-butyl. In
anot her enbodi nent, the conpound is orin which Ais

-(CHX1V ; Bis -(CHX2V ; ais 0 to 3; s 0to 3
provided that a + b j or 3;
N
& ) W
[027] In another embodiment, ‘717* s \
-'S\\\\\ .nu\\g\
.‘,\\\\\\ _:S
AN N
some embodiments, }i is “’J‘J " or J"‘:r .

[028] In another embodiment, R? is hydrogen, each of R* and R® independently is hydrogen
or cyclopropyl. In another embodiment, R? is propyl. In another embodiment, nis 0. In

another embodiment, L is -NR'!'C(0)- and R'! is hydrogen. In another embodiment, R"Yis an
optionally substituted aliphatic group. In another embodiment, R'® is t-butyl. In another

[hk H (9] ,.~\““\\>

B;J\“/N\?/ﬂ\N N W 9 \
! :z RS
embodiment, the compound is s

KHNJ I( %

o

iy,

lllu

,or



each of X1 and X2 is independently selected from
hydr ogen, optionally substituted G . 4 aliphatic, and
wopin7oom@Bl y substituted aryl; each of Yland Y2P¢BHUS2007/006493
i ndependent |y hydrogen, optionally substituted
al i phatic, optionally substituted aryl, am no, or
-O0Q4; wherein each 4 is independently hydrogen or an
optionally substituted aliphatic; R22 is an optionally
substituted aliphatic, an optionally substituted
het erogl j phatic, fan optionally substituted
' oy optional ly substituted
i phatico an optionally substituted aryl,
i amN opty Iynsub tituped heteroaryl.In sone
, R s gpt ghal Fy substituted
al kyl car bonyl .gwhenpA gnd B are both CH2, and Y1 and
Y2 are both H). 31] In sonme enbodinents, R2 1 is

am noal kyl carb , hal oal kyl car bonyl ,

aryl al kyl car bony”, aryl al kyl car bonyl

cycl oal i phati cal kyl cardpnyl , or

het erocycl oal i phati cal k\_cgy bonyl, each of which is
optionally substitut th%}-s substituents. In sone

enbodi ments, R2 1 is 2

het er ocycl oal kyl - oxycar egnytgam noal kyl car bonyl ,

het er oaryl - car bonyl am no\ al Kyl - car bonyl am no- al kyl - car

‘bonyl , bicycloarylsulfonvrﬁﬁﬁno- al kyl car bonyl ,
[029]alnysomee drobodimentsoR yisanRfo- al Kyin whidbony| |

al kyl yl am no- al kyl - car bonyl ,

argé%g?ﬁgggﬁycarbonylanino-alkyl-carbonyl,

cyB liodCH -] cal kyl -

am nqcarponyl am no- al kyl - car bonyl ,

het Brb%r | - car bonyl am no- al kyl - car bonyl am noal kyl -

cab boiyd 3, prb¥iyéd gt ascaidoy3;am no- al kyl - car bonyl, or

bi cycl Wyl argonocay bonyl am no-. al kyl : car bonyl .. eggch of .

wFAER of & B8RPG A TarPeRiiseRy heed vk Mdrasen Stippelryubstituted C1.
4auphakggﬂgopﬁgqm@maayauuﬁaﬁﬂgs an optionally substituted

al i phati g, ongoneE%ngubs i tuted hetergaliphatic,.. )

opfAcBRAY ynd 55 11 eo{ly hydrqssh-gRtonally sytshajted aliphatic,
optionHiPy bubsuhRed As1, ARy, drodlQ*pRakicin eBlDVR@hdependently hydrogen or an

_Substituted aryl, or optionally substituted

optiopall y pehstifited pliphalige enbodi ments, R22 is optional ly

S utﬁgtlk %Fsgombsﬁt@%i aPipRhdid, af WpEbAdIN REstitarRAtHRYeroaliphatic, an
opti ona
optionglly substitl};ed cycloaliphatic, an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally substituted heteroaryl.In some embodiments, R*!

is optionally substituted alkylcarbonyl.

R22
—=N
Y \
O
Y2
A\ B
/N rr‘J
[030] The moiety ‘1’1‘" ™ includes all of its stereospecific enantiomers, e.g.,



substituted anthracenyl, optionally substituted
napht hal ene, or optionally substituted anthracene. In
wa@erse/1e99Bodi nents, each of X1, X2, Y1 and Y2 iBCT/US2007/006493
hydr ogen, each of a and b is 1. [032] In sone
enbodi nents, R2 1 is an optionally substituted
al kyl carbonyl. [033] In sone enbodi nents, R2 1 is an
am noal kyl carbonyl , hal oal kyl car bonyl ,
R aryl al kyl carbonyl, aryl al kyl car bonyl
rzz cycloaliphatical kyl carbonyl, or
heﬁerocycloaliphaticalkylcarbonyl, each of which is
opt\ional |y substituted with 1-3 substituents. [034] In
sos® enbodinents, R2 1 is :
8¢ er ocycl oal kyl - oxycar bonyl am no- al kyl car bonyl ,
roaryl - car bonyl am no- al kyl - car bonyl am no- al kyl - car
,lbicycloaryl-sulfonylaninoalkylcarbonyl,
N OXY-.car - b
a1 fy1 CAPEN SRISUATLIR, BY, afid v ot .
{031} ah ispinateimbodiyaas, IR yd aminoalkaldashonyh hbloalidylcarbonyl,

arylalgy%ﬁ)?)lgigfg%’ élf{yﬁ‘:kr'%'nﬂf‘&&%a 5p %HXAIEWch%bnyI, or
heter%&»@io@ﬁbh@{bandy@cgﬂbdt}m;eaalﬁ bbwiichris nptieddilyl substitbedyith 1-3
heteroaryl - carbopyl am pg-.a | - carbonyl am no- al kyl -
SubstRTRGY- PR S NIEAP o EREARS AR RO BaF BORgT ymo” ™
alkyl%l\urh\s&fl?h,qa:rtefba@mcmeaylaﬂmyd-_ampaarabwhmiw-mkwbarpa@drbioycloaryl-
sttomg s SR s o i St | S S

carbop YRR ihd-AlIGAL cRiboR PR hiiphatRPIxyeABbh Yl amiis hiklylib&Bonyl, cycloaliphatic-
het eroal i phatic, optionally substjtuted . )
alkyl-aynineggrbqstylarnino-atloylcarkanyls hetemaaryt-¢arhenylamino-alkyl-carbonylamino-

Ikyl REHRHOE Uiy Ak i ROAH oyl ARhb AN LA bDME ok bityebadty | . or
a 7op§$62a|ﬁ§@§hts§?%dﬁgh hetepggaéL. O%S%H%ﬁ g?ﬁe .
aminegapbativiamine-alkdcarkonybteaemaf whickip epiienalysupsspigd with 1-3

,onal i: d . ' . . .
QBB PR N8 i ep 5Lt ol
substitatet thetremiphatic, appiphahadubstiitddotyictoalipbiation phtienadlyesubstituted
037] .4 one,. ' : C . )

vy TR TRSSEETHBERL g 9 ity K . 10 s
embw.ll'rl’pelﬁis,rﬁ.% ﬁsopmﬁllysuMitmpd ip!)na,ﬂj gptionbHy substisited naphthyl, optionally
subst?t“eg %El{rgdengﬁtolpggr?alllly su%lsjtl?tlsﬁeldtn%tpﬁ&alene, or optionally substituted
anthracene. In some embodiments, each of X‘, X2, Y! and Y2is hydrogen, each of a and b is
1.

[032] In some embodiments, R*! is an optionally substifuted alkylcarbonyl.

[033] In some embodiments, R?' is an aminoalkylcarbonyl, haloalkylcarbonyl,
arylalkylcarbonyl, arylalkylcarbonyl, cycloaliphaticalkylcarbonyl, or
heterocycloaliphaticalkylcarbonyl, each of which is optionally substituted with 1-3
substituents.

[034] In some embodiments, R?! is heterocycloalkyl-oxycarbonylamino-alkylcarbonyl,
heteroaryl-carbonylamino-alkyl-carbonylamino-alkyl-carbonyl, bicycloaryl-sulfonylamino-
alkylcarbonyl, aryl-alkoxy-carbonylamino-alkyl-carbonyl, alkyl-carbonylamino-alkyl-
carbonyl, aliphatic-oxycarbonylamino-alkyl-carbonyl, cycloaliphatic-alkyl- B
aminocarbonylamino-alkyl-carbonyl, cycloaliphatic-alkyl-carbonylamino-alkyl-carbonyl,

heteroaryl-carbonylamino-alkyl-carbonylamino-alkyl-carbonyl, alkyl-aminocarbonylamino-
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het er oal i phatic, optionally substituted
cycl oali phatic, optionally substituted
whedenaeyge!| oal i phatic, optionally substituted BPCTUS2007/006493

optionally substituted heteroaryl. [039] In an

enbodi nent, the conpound is [040] The deuterated

conpounds of this invention undergo sl ower

epi nerization than its nondeuterated counterparts. As

shown bel ow, the deuterated conmpound 1 very slowy
alkyl-C&BYRIL Sr ﬁlgyﬁo&?naﬁil%gcﬁﬂﬁﬁgﬁnhﬂé %[mh%ﬁﬁl"\@é&fbﬁ\hﬁah is

converts to’ epi mers and The epiners and t hen
optionediyrsubstituted veith bduiubstipentsy  whi ch further slows the
[035ﬁ$ sJRE 'eﬁl%‘bpﬂﬂen?i R2hg ﬁe&&%aﬂfgu&grmwmp éso;ﬁldiﬁﬁy' bibstituted

ow eﬁl neri zati on eut er at e conpoun S
heteriliphittics optiomailyi suhstitatedayhleatiphativeoptirmalimisnbstitged of t he

heter%lclg{gogggha T%ggr{itsorian \é{élr)\isgmétﬁg %%ylve t oh%l?yeﬂg)@ngx &F}qe%r%gryl
[036]dn sombERbodIrsens, R78 Mptﬁﬁ%ly aulishmte(bmlmlyhdxptloflalimwbstltuted

534S <0 50T BB B, or ooty

substitité@ Bhthedtend.N sone enbodlnents the deut eri um

enrichment is at least _90%in t gonpounds of _this .
[037]; 1ﬁ\?@WF|°HPP°dI‘ﬂ°‘§6rFéCkéﬂé5dl Xent sa“q Ke! Sgg’lﬁ‘f%g‘i“ufﬁd‘ ofs‘and bis 1.
[038]901 rsbﬁl'%ré?rmodirﬁerﬁll R2§s54n SR ibnially SHEsti6R 8P alpkhsicObptidhaly substituted

invention. [042] The invention also relates to a
hetereiiphptie optipeally wopytad:Gyslealiphgsic, eptigpally substituted
ARPH&GEroatyl.
hemﬁ?%"“mﬁﬁﬁ%“ A e e e A
[043] The invention also rel ates to(ﬁ met hod for
I ncreasing the concentration of the active jsoner of a
phar maceutical agent in vivo, conyLlg m ni stering
to a patient in need thereof a deut erat&d i soner of
the pharnmaceutical agent in an anpunt suj&incient to
confer the pharmaceutical effect. [044] Qheoi nvention
also relates to a nethod for enhanci\ng th

bi oavai l ability of a conpound, c sin‘ epl acpng ;>
hydrogen atomthat is bond s ogp a
in the , _ \
{bpo
[039] In an embodiment, the comﬁound is >

[040] The deuterated compounds of this invention hndergo slower epimerization than its non-
deuterated counterparts. As shown below, the deuterated compound 1 very slowly converts
to a non-deuterated intermediate which then converts to epimers 2 and 3. The epimers 2 and
3 then maintain in an equilibrium, which further slows the epimerization of the deuterated

compound 1.
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compound with a deuteriumatom In one enbodi nent, the

deut erated conpound is of forrmula (1) or any of its
weredodoseent s descri bed above. [045] The i nvent POTUS108T006493

relates to a nethod for inhibiting HCV protease,

conprising contacting HCV protease with a deuterated

conpound of formula (1) or any of its enbodi nents

descri bed above. [046] The invention also relates to a

met hod for treating a patient suffering from HCV

infection or a condition nediated by HCV protease, o]

conprising admnistering to the patient a 4 N N

pharmaceutically effective anmount of a deuteratéﬁ/ %, \\57

conpound of fornmula (1) or any of its_enbodi nent® H o

descgi bed above.[047] Al so wpihin the|sbgpezof this < 2

Rnventidh is appcess fdaf plepddi ng an tically
erpic d eaﬁﬁfef U a$ fch 1 the carbon
o) a@{rs al ph anc®!Pt al t @t hd_caobox gfoup are

st&reocenters; R is]independlently H, |optityaal |y o
substituted aliphatic, optionally sub tﬁ%ﬁkg N
cycl oal i phatic, optionally substituted arylallpHér]c \\;7
optionally substituted heteroaliphatic or optionadly o
substituted heteroarylaliphatic; RL is deuterium R 3

is -NHR2 or -OE; Ris H, an optionally substituted
As a gdsilp béithietr, slow epimeaizatios,the teutatasd @wympanals phithis invention can

conSBhRT bUaSHERLE S Eh 8P I5H PPl B0 i o
[041]Natsefmeambodimpitaf the dewaduri eln&chmé‘nﬁs at leﬁkt % het_m:y:bmpounds of
this ié\gﬁdﬂ?i T %S%%g% ﬂ@lprgel'nusgg}eh({ﬂhg 5t egwacqlfn:len%)ls afu%a@ Eg%a}n the
compounds of this invention. In some embodlments, the deuterium enrichment is at least
90% in the compounds of this invention. In some embodiments, the deuterium enrichment is
at least 99% in the compounds of this invention. |

[042] The invention also relates to a pharmaceutical composition comprising a
phannabeutically acceptable carrier and a compound of formula (I) or any of its embodiments
.described above.

[043] The invention also relates to a method for increasing the concentration of the active
isomer of a pharmaceutical agent in vivo, comprising administering to a patient in need
thereof a deuterated isomer of the pharmaceutical agent in an amount sufficient to confer the
pharmaceutical effect. »

[044] The invention also relates to a method for enhancing the bioavailability of a compound,
comprising replacing a hydrogen atom that is bonded to a steric carbon atom in the
compound with a deuterium atom. In one embodiment, the deuterated compound is of
formula (I) or any of its embodiments described above.

[045] The invention also relates to a method for inhibitingl HCYV protease, comprising
contacting HCV protease with a deuterated compound of formula (I) or any of its
embodiments described above.

[046] The invention also relates to a method for treating a patient suffering from HCV
infection or a condition mediated by HCV protease, compﬁsing administering to the patient a
pharmaceutically effective amount of a deuterated compound of formula (I) or any of its

embodiments described above.
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b) crystallizing said salt to give a conmpound of

greater than 55% enantioneric excess. [049] In sone
weedodogeent s, Ri is C alkyl, and R is - NHR2 wWheT/@500RM6493

is a CG.6 alkyl or CG-6 cycloalkyl. In some

enbodi nents, R is propyl and R is cyclopropyl. [050]

In some enbodi nents, the nmethod further includes

animating a conpound of Fornmula ii ii with an

am nating reagent to provide a conpound of Formula iii

[047] Aléo with#ilt gk Eccﬁmﬁ“ RN RAENNBA iSa pideEssaBE Prbhfisy Eﬁéﬁﬁ‘&ﬂly enriched

an azide salt and the internedi ate azi do conpound
Compwlsldrtlfcﬁmmlﬂoy inpdvdyenati on. [051] In sone
enbodi ments, the method fagihgy includes oxidizing an

unsat ur at ed conpoundof &1 fdi RO Oi wherein Ris
-NHR or -OE, wherein E |§5%¥F%L5Rkyl or optionally
substituted benzyl, wi t R'an @MldlZlng reagent to
provi de a conpound of Fornulg . [052] In sone

further enbodi ments, the oxidizing reagent conprises
t theudaybohatding pEghaxdnd detd to thOabbxly ioap aseritedtonEmntss;

t he .oxi diz ent further jncludes a chiral .
&6 o Tanidetut B BaRonal hsilchapbsic Refiu i wbriured
cyclozilﬁﬂaﬁﬁﬁtoﬁtﬁn@llmﬁﬂsﬂftﬁe@&y&&ﬁﬁﬁmd‘l ldip(lblhdll)y subsitateddiekedealiphatic or

phenyl arsine oxide, . S-(-)I, - bi - 2- napht hol and 4
OP"O‘)@‘H&PE%HP’&Fi hetesqarylaliphaticy e furt her enbodi ments, the

o;ypk%k@gﬂﬁgﬁgent conpri ses urea-hydrogen perOX|de in
the presence of trifluoroacetic anhydride. [053] In

séhemfﬂfﬂhéﬁ -MHodi ments, the method further includes
a#" nph% nsmycs%aﬁu&q a%hﬁaf BPtiGndlly suBsttined @eloaﬁbm.c

nvertln the acid to an am de conpound
optlorﬁm;yrmbaltuted arylallphatlc optionally substituted heteroaliphatic or optlonally

substituted heteroarylaliphatic; and

E is a Cy_6 alkyl or benzyl;
[048] The method includes the steps of:

a) forming a salt of a compound of Formula 1, and

b) crystallizing said salt to give a compound of greater than 55% enantiomeric excess.
[049] In some embodiments, R; is C; alkyl, and R'; is -NHR; wherein R, is a C,¢ alkyl or
Ci.6 cycloalkyl. In some embodiments, R, is propyl and R; is cyclopropyl. '
[050] In some embodiments, the method further includes aminating a compound of Formula
it

R’y Rz
ii

with an aminating reagent to provide a compound of Formula iii

NH, O
R,

R'
R’ X 2

OH

i
In still some embodiments, the aminating reagent is an azide salt and the intermediate azido
compound is reduced by hydrogenation.

[051] In some embodiments, the method further includes oxidizing an unsaturated compound

12



I i wherein R is -NHR . [054] Still within the scope
of this invention is a process for preparing a
w@oropoomso of Forrmula 1 1 wherein: RL is H optPOIEE1097/006493

substituted aliphatic, optionally substituted

cycl oali phatic, optionally substituted aryl aliphatic,

optionally substituted heteroaliphatic or optionally

substituted heteroarylaliphatic; RL 1 is deuterium R2

is H optionally substituted aliphatic, optionally
ofFoéMH?iitUted cycl oal i phatic, optionally substituted

arylaliphatic, optionally substituted heteroaliphatic

or optionally substituted Bet&oaryl aliphatic; and the
conpound of Formula 1 hgs ationeric excess of
greater than 55% The net'hod i ncl’udes t he steps of:a)
oxi dati on of an unsaturated t¢onpound of Fornul a

R1L O
i. to.provide a conmpound_of for a ii.ii,b) reacti a, .
wherd, RS B S S BTRM 0! o] ST 3 o PRt BRRLA B, with
oxidiﬁﬁ?%@aﬁ&t&o@%@&@ﬁdoﬁ ol ¥ Gmivld iij i i c) forming a
salt of a conmpound of Formula jiii wth an optically

active organi c acid; Ry oO
RI )<I/U\R'2

1

it
[052] In some further embodiments, the oxidizing reagent comprises t-butyl hydroperoxide.
In some further embodiments, the oxidizing reagent further includes a chiral reagent. In
some further embodiments, the oxidizing reagent is a mixture of samarium (II]) isopropoxide,
tripheny! arsine oxide, S-(-)1,1’-bi-2-naphthol and 4 A molecular sieves. In some further
embodiments, the oxidizih g reagent comprises urea-hydrogen peroxide in the presence of
trifluoroacetic anhydride.
[053] In some further embodiments, the method further includes hydrolyzing the compound
of Formula ii to give an acid and then converting the acid to an amide compound of Formula
i1 wherein R'; is -NHR,.
[054] Still within the scope of this invention is a process for preparing a compound of
Formula 1

NH, O
R4 R
R4 oH H 2

1
wherein:

R, is H, optionally substituted aliphatic, optionally substituted cycloaliphatic,
optionally substituted arylaliphatic, optionally substituted heteroaliphatic or optionally
substituted heteroarylaliphatic;

R'; is deuterium,

R; is H, optionally subsfituted aliphatic, optionally substituted cycloaliphatic,
optionally substituted arylaliphatic, optionally substituted heteroaliphatic or optionally
substituted heteroarylaliphatic; and

the compound of Formula 1 has an enantiomeric excess of greater than 55%.

The method includes the steps of:
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and d) crystallizing said salt to give a conpound of

greater than 55% enantioneric excess. [055] In sone
wentwadioseent s, the conpound of Fornula 1 is PCT/US2007/006493

(2S, 3S) - 3-am no- 3- deut er o- Ncycl opr opyl -

2- hydr oxyhexanam de. I n sonme enbodi nents, the organic

acid is L-tartaric acid or deoxycholic acid. [056]

Also within the scope of this invention is a process

for preparing an optically enriched conpound of

Foy Bl dtidn of allifdaRiied B pbahd BPFaIANE ; 2l pha and beta

to"the carboxy group are stereocenters; R 1is

i ndependently H, optionallyWisuflstituted aliphatic,
optionally substituted C¢ atic, optionally
substituted arylaliphatic, optionally substituted
heteroal i phatic or optionally substituted

het eroar vyl al j tic: .R1 is deuteriumsuch that the
tOPrQYééﬁ%F?‘U @#r‘%@ﬁﬁﬁ“‘?'}s at least 50% R 2 is -NHR2 or

-OE;Ris H optionally sukstjtated aliphatic,
optional ly substituted %%gthLlﬁgg}ic, optionally
substituted arylaliphatic! opti lly substituted

het eroal i phatic or optionally, substituted

heteroaryl ali phatic; and Eis G -6 al kyl or benzyl.
The remdtingch dongpondd of Foemslaepwitbfan amdhating neagent to pwivide a

of oynd..of Formula 1, and b) crystallizing said
compgé’f‘?"?g(n’&"aéué conpound of greater than 55%

enantioneric excess. [057] N ®&one enbodi nents, R is
alkyl, and R 2 is -NHR2 el is aC-6 alkyl or C
cycloal kyl. I n sone enbodijnents, R is propyl and R2 is

cycl opropyl . [058] In sone efbbdi nents, the nethod
further includes the step of yam nating a conpound

c) forming a salt of a compound of Formula iii with an optically active organic acid;
and

d) crystallizing said salt to give a compound of greater than 55% enantiomeric excess.
[055] In some embodiments, the compound of Formula 1 is (2S,3S)-3-amino-3-deutero-N-
cyclopropyl-2-hydroxyhexanamide. In some embodiments, the organic acid is L-tartaric acid
or deoxycholic acid.
[056] Also within the scope of this invention is a process for preparing an optically enriched
compound of Formula 1:

NH, O
R, R,
RY  OH
1

wherein:

the carbon atoms alpha and beta to the carboxy group are stereocenters;

R, is independently H, optionally substituted aliphatic, optionally substituted
cycloaliphatic, optionally substituted arylaliphatic, optionally substituted heteroaliphatic or
optionally substituted heteroarylaliphatic;

R', is deuterium such that the deuterium enrichment is at least 50%;

R'z is -NHRZ or -OE;
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of Formula ii ii with an am nating reagent to provide
a conpound of Formula iii iii [059] In sone

weedodoseent s, the am nating reagent i s an azi deCHEB1007/006493
and the internedi ate azi do conpound is reduced by
hydr ogenati on. [060] In sone enbodi nents, the nethod
further includes the step of oxidizing an unsaturated
compound of Forrmula i RL Oi wherein R 2 is -NHR or
-OE wherein Eis G.5 alkyl or optionally substituted

thnéJ}F%@ irgiea'aﬂ%hitﬁ:aggﬂfna‘i sHb&HLRA cFcloaliphatic,

a 1 n sone
Opnoradﬂbcsdbsmmeg arylhhphmmmztiqmglly suhstitted betsraaliphatic qrmmonally

d further enbodi nents, the
mﬁmnEX<ggag 15%@ urther a chiral reagent. In sone

erm@dilrmmt)a orbbeszxi di zing reagent is a mxture of
The mie?lan(?d’ ] {nuiigl lrﬁ)st?s XI (idxgg]a s{{{ &P Y Q%’rreleglrnsdl J}eFo%lugaet and b)

Si eves.
crystamﬂ”ﬁg 410 Qi fﬁ?giv& a dohﬁ:ouml of gieaggr temgssvh emmrumg: excess.

rea- hydro roxi de h
(0571 dp o STpRBERSTES aﬁ‘fh‘?g:r o QA (AR PR st R s A G k! or
C1.6 c¥c18alk$§l. - FasonlderiBolRmRAIROR | mibﬂq?l aRd R,iis cydibftdpyl 062]

n sone enbodi nents, the meth further includes
[058] g gewE grbedirmenss-Bedsthad frthergpakydes the step ‘gﬂ%“%‘ﬁ‘ga%?‘anpmmd

ofFoﬂHﬂaﬂPen converting the acid to an anide conpound of
Forrmula ii wherein R2 is -NHR2. [063] In sone
enbodi nents, the nmethod f&ithey includes oxidizing a
conpound of Formul a R/ R,

ii
with an aminating reagent to provide a compound of Formula i11

NH, O
R,

R R’y

OH

iii
[059] In some embodiments, the_: aminating reagent is an azide salt and the intermediate azido
compound is reduced by hydrogenation.
[060] In some embodiments, the method further includes the step of oxidizing an unsaturated

compound of Formula i

wherein R'; is -NHR; or -OE, wherein E is C_s alkyl or optionally substituted benzyl, with an

oxidizing reagent to provide a compound of Formula ii.

ii
In some embodiments, the oxidizing reagent comprises t-butyl hydroperoxide. In some
further embodiments, the oxidizing reagent further a chiral reagent. In some embodiments,
the oxidizing reagent is a mixture of samarium (III) isopropoxide, triphenyl arsine oxide, S-(-
)1,1°-bi-2-naphthol and 4 A molecular sieves. In some embodiments, the oxidizing reagent
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Iv iv to give the conmpound of Formula ii. In sone
i nstance, the oxidation is conducted by using
worarngamese di oxi de. [064] In sone enbodi nent s, PCTYES2007/006493
nmet hod further includes reducing a conmpound of Formula
v v to give the conmpound of Fornmula iv. In sone
i nstance, the conpound is reduced with Red- Al (r) and
t hen quenched wi th deuterium oxide. As known in the
art, "Red-Al(r)" refers to the conpound [(CHsOCH OCHa)
compﬁ‘g{sl Jri@hy il &h?éﬁx%méhﬁke&h‘ aF trifilRoackBB ARYdrIdeas a
utlon in"toluene (e 70% WW . For nore
[061]In Somengmbedingiis R 'R Q€ (I sonsee@nb@lglentssgtz as-MHe- et
[062) 3 sbml%Hb%ﬁﬁ'gegrﬁp the fidfod ¥t #0ABhuab SO L th¥iobiibBund of
nvention I's a process preparlng
Formalaoowrm\mah adid Aod Mnaponvgrtmeh@amd tRan pmyide, coamqmd@lf [Fgrmula ii
her. Jtﬂ d aliphatic, optionally substituted
v %9 ArTpRdtic, optionally substituted arylaliphatic,
[063]dAkomB &prdﬁudirﬂs itheltrethddefuetheaincipdes modmngmtcpmp@mdyof Formula
substituted heteroarylaliphatic; RI is deuteriumR2
is H optionally substituted aliphatic, optionally
substituted cycl oal i phati cR,optd®Hnal | y substituted
aryl aliphatic, optionally g$ubstjtuted heteroaliphatic
or optionally substitutgeg h roaryl al i phatic; and the
conpound of Fornmula 1 has an enantioneric excess of
greater than 55% The nethod ncl udes the steps of

to give the compound of Formula ii. In some instance, the oxidation is conducted by using

iv

manganese dioxide.
[064] In some embodiments, the method further includes reducing a compound of Formula v
OH

R /\/kk'z

1
v
to give the compound of Formula iv. In some instance, the compound is reduced with Red-
AI1® and then quenched with deuterium oxide. As known in the art, “Red-Al®” refers to the
compound [(CH;OCH,OCH;),AlH>]Na, which is commercial available, generally as a
solution in toluene (e.g., 70% W/W). For more information about Red-Al®, see, e.g., Bates
R.W. et al., Tetrahedron, 1990, 46, 4063.
[065] Still within the scope of this invention is a process for preparing a compound of
Formula 1 '
' NH, O
R NfRz
Ry on M
1
wherein:
R, is H, optionally substituted aliphatic, optionally substituted cycloaliphatic,
optionally substituted arylaliphatic, optionally substituted heteroaliphatic or optionally
substituted heteroarylaliphatic;

R'| is deuterium,
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a) oxidation of an unsaturated conmpound of Formula i

RlL Oto provide a conpound of fornula ii ii b)

WO e@ciogego a conpound of Formula ii with an am PE/UR07/006493
reagent to provide a conpound of Formula iii iii c)
formng a salt of a conpound of Fornula iii with an

optically active organic acid; and d) crystallizing
said salt to give a conmpound of greater than 55%
enanti oneric excess. [066] In sone enbodi nents, the

E: %,Rg gg’l ?’g ﬁgnaﬁﬁf W rufed atiphatic, OFtionally substituted cycloaliphatic,

m no- 3- deut er o- Ncycl opro

3= O : pyl- :
optiogal lysiibstitytedieaylatipbiatic, pptienabty seh%aﬁeﬁ%ﬁtesqalmhe%ﬁg@m}%lally
clid.i - tar. | C id or deoxycholic acid. DETAILED
SUbSt%ggg:hF%ﬁLaaqg%E ENTION | . Definitions A Terns
[ A6 tompoursief Fremailan] hashan eramtipingtic ghegss of greaten thansedo.
al | kenyl .and al kynyl. [068] As used herein, an
The m%Fé@fncﬁ&s [t}%e st 2

B°Ys to a saturated aliphatic
hya) baidatibn Bf gh abgrtoatddadonipognd o8F¢enylai 1-6 or 1-4)
carbon atons. An al kyl gro cgn be straight or

branched. Exanpl es of an al'kyl jjgroup i ncl ude, but are
not limted to, nethyl, gtﬁ??(ﬂbwppyl, i sopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
n- heptyl, and 2-ethyl hexyl. An al kyl group canbe

to prmaigg@ggwp%%ufaqg with one or nore substituents

suc oxy, cycloal kyl oxy, heterocycl oal kyl oxy,

aryl oxy, heteroaryl oxy, aRal gyfoxy, heteroaryl al koxy,

am no, nitro, carboxy, CRY§ 0, hydroxy, sulfo,

nmer capt o, al kyl sul fanyl, alkylsul?inyl, al kyl sul f onyl ,
' 11

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

NH, O
R,

R!
RI ‘ 2

OH ;
iii
¢) forming a salt of a compound of Formula iii with an optically active organic acid;
and
d) crystallizing said salt to give a compound of greater than 55% enantiomeric excess.
[066] In some embodiments, the compound of Formula 1 is (28,3S)-3-amiho-3-deutero-N- :
cyclopropyl-2-hydroxyhexanamide. In some embodiments, the organic acid is L-tartaric acid

or deoxycholic acid.

DETAILED DESCRIPTION OF THE INVENTION
I. Definitions
A.Terms
[067] As used herein, the term “aliphatic” encompases alkyl, alkenyl and alkynyl.
[068] As used herein, an “alkyl” group refers to a saturated aliphatic hydrocarbon group
containing 1-8 (e.g., 1-6 or 1-4) carbon atoms. An alkyl group can be straight or branched.
Examples of an alkyl group include, but are not limited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-heptyl, and 2-ethylhexyl. An alkyl group can
17



am nocar bonyl , al kyl car bonyl am no,

cycl oal kyl car bonyl am no, cycl oal kyl al kyl car bonyl am no,
wa@eyzaegoBonyl am no, aral kyl car bonyl am no, PCT/US2007/006493

het er ocycl oal kyl car bonyl am no,

het er ocycl oal kyl - al kyl car bonyl am no,

het er oaryl car bonyl am no, het eroaral kyl carbonyl am no,

urea, thiourea, sulfanoyl, sulfam de, al koxycarbonyl,

or al kyl carbonyl oxy. [069] As used herein, an

be opn@xkdf@%bs,n&feamm srf.@as:smba: @Bsmuemb @ﬁékpas(‘aﬁllﬁcb@,“ cgE16alRyloxy,
t hat "contai ns 2-8 ., 2-6 2-4) carbon _atons and
heterwcloeb\@iow éwémub h@emﬁﬂom 4(%“%?"&4 hsjeroggyialigex ya gmino, nitro,

carbo?*'1 k(%?ﬁ d&ﬁr} Q8fc> H@b% a@lEle[lPaB‘}h %ﬂcylslfﬂ(ﬂ‘xﬁﬂ' ARyRbifonyl,

oup i nclade, but’ are not I'imted to,
amincgatboinyl, |aﬁo1b¢aebgnylmgmbucwlkylaﬁr@02yln@m yb’doﬂkﬂal kenyl
oup,can b S
o SRR G G B SO SRR S RS 900
carbohglhﬂﬁmﬁ;yretﬁmadyc}daﬁqw all@flgdrbouyylammoehctarqat)d&qrbonylmnino

heterdiyd b tani oy InQueRo s RO RS b SR o
alkylarbotlysslyf i nyl , al kyl sul fonyl, anlnocarbonyl,

(069]%%%%%%?2 A a“}}]{]eg’y]é §1|1§?é ltg g{;g?%l %MHBP that contains 2-8

(e.g., @t@bkyhs 8arBOR ¥loRkd 4Ha at lwtseaﬁw&lw@b&md -IGiRé AR ANKyR BFouP; an alkenyl
het er ocycl oal kyl - al kyl car bony] am n

groupeandiecuraight aF BEwghedy Fgmplet 8t w“csfw EEAHPHBR g gre not limited

to, alH'[ qgopr&rWl O3LbERnySS Hhd Qmé)(lmyls Wi AREAR gr&lﬂ‘&%)&:&fp@i@ﬂﬂlly substituted
al kyl'carb onyYoxy 70] used herein,

with ong QryIRQTe SUbBHUPNLS é‘F@r@ atllso’ah cmlpﬁhalpw *tea?rear?lfgarlbﬂﬁxy, aryloxy,
heter?lzl}gfox?O{l’%ﬁc‘gﬁﬁ(yzhée{o%r}qalkogyﬁuﬂho zmﬂ‘)) &RBE]N %r%n'ﬁal%nﬁiydroxy,

one triple bond kynyl group can

sulfosmergapfiot aleISbkfmbdhdHYISEf@ublaB@yl%ﬂfoaM amResarbogybup

td
alkyl%eﬂ@)rwi%h r&hg ??&rgbg Erg% ‘élog{; Fgﬁg?@arﬁ%amnr\o
arylcmbbsylammoe aralkylharbneylmmm hetemmstqathyém@omemua:s
heter%cé{c?oaYlgyr Cl gaar (El?l laoxXT (,)E§tte§c{$gflé§%§%F%Fr%}éete?d’a)‘zlﬂﬁg%arbonylamino,
urea, thibturea, ﬁﬂfahmy}',,sutfymmr,, ali@é&ycarbqr@dm«wlk)écdrbmylm capto,

[070]%?%%1 f%ﬁ%ﬁ “aillf% ,S Ul %IB Eéﬁl 5 al i allpHatlcongH)dn group that contains 2-8
(e.g.,2¥6 bp a4y cheban atsind ard a3, at least one mple bond. An alkynyl group can be
straight or branched. Examples of an alkynyl group include, but are not limited to, propargyl
and butynyl. An alkynyl group can be optionally substituted with one or more substituents
such as alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroarylalkoxy, amino, nitro, carboxy, cyano, halo, hydroxy, sulfo, mercapto, alkylsulfanyl,
alkylsulfinyl, alkylsulfonyl, aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
cycloalkyl-alkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino, heterocycloalkyl-
carbonylamino, heterocycloalkyl-alkylcarbonylamino, heteroarylcarbonylamino,
heteroaralkylcarbonylamino, urea, thiourea, sulfamoyl, sulfamide, alkoxycarbonyl, or
alkylcarbonyloxy. |
[071] As used herein, an “amino” group refers to ~NRX*RY wherein each of R* and RY is
independently hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl, aryl, aralkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, heteroaryl, or heteroaralkyl. When the term “amino” is not the
terminal group (e.g., alkylcarbonylamino), it is represented by -NR*-. R* has the same
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cycl oal kyl - al kyl car bonyl am no, aryl carbonyl am no,

ar al kyl car bonyl am no, heterocycl oal kyl car bonyl am no,
whedenaoge! oal kyl - al kyl car bonyl am no, PCT/US2007/006493

het er oar yl car bonyl am no, heteroaral kyl carbonyl am no,

urea, thiourea, sulfanoyl, sulfam de, al koxycarbonyl,

or al kyl carbonyl oxy. [071] As used herein, an "am no"

group refers to -NR XRY wherein each of Rx and Rg is

i ndependent |y hydrogen, al kyl, cycloal kyl,

meanideys! Rahky kpsveky! ., aryl, aral kyl , heterocycl oal kyI ‘
heterocycloalkyl)alkyl het er oar

( , or heteroar
1072)\iksevsed herainran “aayl gepup teferpio Rhﬁgy{ arRathxl OQPBG‘E}Z"?%S égroup
havm%lf%bcﬁﬁ ochJr%MEpe’ a bEnio?fusreﬁ %’r@&?%ﬁﬂe?éhémsw R%th one or two

aneneanl ng as defi ned above used
Ca.s cidloaliphatiamdietiss, €.ggrlodp3.riefetnabydrongituhyl) mdnmdhdlhyqirmr&@nyl or

ﬂuor%%/? Ra% o ul‘zl(se %Pg&?aLfﬁ' &ﬁyt J[e}Qd 1‘1’901? {;1] 4 suE%tu%QQPJheds afcyl

US rnc use one or
(inclding céi}bmyyhlllan hmaxyad:kyimrﬁthakmlkﬁ sgch ag triffior@pethyl), alkenyl,

4-t et dy d
BTSN oy e
heter@z[rylgﬁﬂ@)x UQ&ildozilkl)gﬁiﬁ kﬁlt&l;&ﬁh)aﬂ{d)l{%iy, @ryloky dhlettgoaryloxy, aralkyloxy,

car poxya ro
heter?ér?*wl%ryoﬁ%wh%efema&‘gw no, aflffrér el OXWW
alky]éé‘rbf&kﬁ@* Mlﬂ&MOﬂﬂD@ll@ﬁ@&b@tﬁ)ﬂ&hK‘}d cycloalkylcarbonylammo

t | oal kyl ) al kyl I, .h | ko
(cycwgylgéﬁ;gé‘: Y R b BT RIS, ool

(heteﬂﬁ Q%}ﬁlc:%ﬁnylm& YhQ&bcy IRy DAk Hckibof¥Mamins,0Y |

eroafoyl, amno, nitro, carboxy, al koxycarbonyl

hetergaryidadznty hexl}cteramaﬁwé%@rlmmmmal RyAneahdleripidzeKmacyl, mercapto,
alkyl%égﬂ&‘}g;wttf? ‘P% ?ﬁﬁ:lg on)}l |“3ﬁ°€4 k Sug%rn)r/lll%ea%% no; Icgrrlr)lalr?g s

[073bAs uked loaeinpary ' aaikyl) gr(nhleteefm ¢y eh aliyk groupde g0 mC aralid group) that
s R P BT e s rmste.
exampyaoban dralky] glopgriokgnzybcyl , nmercapt o, al kyl sul fanyl ,

[074(3:5'? E}g%%}‘gﬁrg‘r“?%%Tg RS‘U{H% g%coﬁg)la%%go&glﬁaﬁ(gr ac?ﬁ o?ﬁ(enﬁ)%%d c?/[:loalkynyl
[075] &k @k&d hereiaDa atyclbalgyld lgﬂ)l(p&eﬁ:rs t(ﬁar{}i]ﬂ#laab Icgﬂbogyabmp)ng of 3-10
(e.g. ,azgg)t cags?ﬁs g%ﬁ'&bt xtéxed Wt YR 88 gi/) ! Oiﬁﬂu eoéyrc]:lc;p%pk Icyclopentyl
cyclohexyl, cycloheptyl, adamantyl, norbornyl, cubyl, octahydro-mdenyl, decahydro-
naphthyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl, and
bicyclo[3.2.3]nonyl,. 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, bicyclo[2.2.2]octenyl,
and bicyclo[3.3.1]nonenyl. A cycloalkyl or cycloalkenyl group can be optionally substituted
with one or more substituents such as alkyl (including carboxyalkyl, hydroxyalkyl, and
haloalkyl such as trifluoromethyl), alkenyl, alkynyl, cycloalkyl, (cycloalkylalkyl,
heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl,
heteroaroyl, amino, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino, (cycloalkyl)alkylcarbonylamino,
arylcarbonylamino, aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
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exanpl e of an aral kyl group is benzyl. [074] As used

herein, cycloaliphatic enconpasses cycl oal kyl ,
weyoaedogenyl and cycl oal kynyl . [075] As used PET/E52007/606493

"cycl oal kyl™ group refers to an aliphatic carbocyclic

ring of 3-10 (e.g., 4-8) carbon atons. Exanpl es of

cycl oal kyl groups include cyclopropyl, cyclopentyl,

cycl ohexyl, cycl oheptyl, adamantyl, norbornyl, cubyl,

oct ahydr o-i ndenyl, decahydr onapht hyl,

(hetet%b?MSélQﬁjl%al%yﬂz]a%hyiarmm Q&fér@i@lo&b@h?%ﬂhm

1] nonyl, and bicycl o[ 3. 2. 3] nonyl
heteroarglisylsatbeanipmingy<yape, hato, hydiexKeti mmerraptar Yakyigalfanyl, sulfoxy,

urea, nﬁ&g@{a YBhinby @ﬁﬁ&ﬁ%fel bko ro'r'&&bﬁfno% 10 (e.g., 4-8)

on atons’ Ravi ng ohe or more doubl e bonds. Exanpl e
[076])a4s cgedlmmlk,dwyﬂro \Wphathe Mears hgt@'pmllgﬂyheterocycloalkenyl and

heter%dg%l % Cl o }sgb hgﬂa\{njl ‘a %ggrr RJaﬁHX’I’ Fro(ﬁ}ﬁl:meany Jto 10-membered

enyl,” oCtahydro-na
(e.g., bk ay&Jn&{xﬂ)eZe@] satnr&mqr lrmgatrdctbra:yacw&[dh <81e dr]mn@lﬁyllle rigg atoms is a

neer GGt 5 LB YL B8R R B0b Rl erin
plperﬁilkyﬂ lte&ﬂa}‘i?‘dx‘dﬁ%lﬁgylc Od’timy&ﬁlﬁlﬁyl, ,dl(’ﬂ&dﬂi@l}(ﬁdakg’lhdmyﬂn d;ooxazolldmyl
al oa suc as tr
morpBoURGeP A DL ATED BT hrmiely b s B Yrpyflochomeny,
octahlyB&)-RIdBBY A cPlydyd-pHikdihyl, aédéhydﬂbecitﬁﬁélﬂ{)w octaydey,
cl oal k ony, het er oc cIoaIk | ox

benzqTbib Il Ak BrAFIN SJoctHod At eI ooctth dyea-
blcyclﬂﬁgg PREQY, lanad@ T16M @ ox ik ExR1o[ S B 00X 71noﬂ Kox Yﬁ&@ﬁﬁ@}ﬂ'oalkenyl” group,

al kyl carbonyloxy, am nocar bonyl , ‘al kyl car bonyl am no,

as used/ h¢reia, ksfErsde BAn Yo APrimegnbered (€.g., 4- to membered non-aromatic ring
struc(u?é/ ﬁ%ﬁﬁ% %&aﬁ%% SRR RMAROWh AL SRF RN eRITtREring atoms is a

I am no,
heter(metre pmm @aﬂr@l A datasoryelastiyl or helerasyeloplicayl wpwa Fay be
I
opt10ﬁ91§ e%kl%&?gg :6&% %)F/ ﬁﬁ)?né{ %\gtg{lgﬁ:g%éosﬂ% gf alkyl](mcludmg carboxyalkyl,
hydrcawlkyl,rmddam%yl auﬁyasmiﬂuamethslm diksnyl, ahkxml cycloalkyl

vt RS BB HL 5 0B BERA o
cycld&ﬂtmm yietleﬁﬁiykyialkylmtyem)(uyxy haﬂek&mylbxja,rmialkyloxy, heteroaralkyloxy,
o BRENT RSt o: oS S BSESbBg s eeepylsgpingeasbons,
a]kyl(:ﬁ'bﬁnylaﬁnnd, @yaommaﬂmmaaahw(aycadalkymgkgncmnyramlm» n
arylc\gplalocr:lgla?nqgo OarralEDIrcgrb%];lyltapn?n(g I(nget%tcgc oallkyl)carbonylammo
(heterocycloalkyl)alkylcarbonylamino, heteroarylcarbonylamino,
heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl, sulfoxy,
urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. In some instances, a susbtituent on
the heterocycloalkyl or heterocycloalkenyl itself can be cyclic (which optionally contains one
or more hetero atoms) such that the resultant substituted heterocycloalkyl or

NH R\C§>N

b b

—N —N

heterocycloalkenyl is a spiro ring system, e.g., or
[077] A “heteroaryl” group, as used herein, refers to a monocyclic, bicyclic, or tricyclic ring
structure having 5 to 15 ring atoms wherein one or more of the ring atoms is a heteroatom,
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heteroatom e.g., N, O or S. Exanples of a
het erocycl oal kyl group i nclude piperidinyl,
wpr@enewsmyl , tetrahydropy tanyl, tetrahydrof BETIUS2007/006493
di oxol anyl, oxazolidinyl, isooxazolidinyl,
nmor phol i nyl, octahydro-benzofuryl,
oct ahydr o- chronenyl, octahydro-thi ochronenyl,
oct ahydr o-i ndol yl, oct ahydro-pyri ndi nyl,
decahydr o- quinolinyl oct ahydr obenzo[ b]t hi ophenyl,

e.g., % QXG ®! hﬁ:&’ gnezvlﬂolﬁBBé' ringds oiﬂl?e' B pifd AiAcyelz e éﬂ'ucture is

akablcyc ] oct anad
arom®|G- qurm(@camplgg/@ﬂ‘ hqt@'o a@:pyyl}iyb,fyqyl pyrrolyl, thienyl, thiazolyl,

[ n t
oxazol I RAREE!, RS- oA, (ARSI Eufhnfifuiiotyt £23,4-
tetrahydrbqanmhﬂt tetrazdﬂyg benzafutylr 3 dihyidngpeonefupmylirenzititazblyd xanthene,
th1oxﬁrgF%r} g?mthlgzexr §! J] N/cn'ejn% s %g}f%gt Ih?jg({:(%/xg %Og{\%gferbgyﬂs
optiohéllyesubstititedal i ayé ogmthpswaﬁtubﬁts Gﬂth anakyly(isliddihg barbexiyalkyl,

W t st ent I
hydeqRyplkyD PR R loaTkyy avnarr oy ety RSt iy
(cycl&d]kil?él]&*loﬁatamék&loaﬂtkk Qﬁbtérocﬁdl&ylﬁwbalkyly ahydtestbaryl, alkoxy,

eteroc c] oal ky
cycloewg%w@hsﬁewoswm ylpqyaryl wybetew&yé?’@aPgﬂ'kylar%ds&ﬁmara‘k-‘ﬂoxy’

aroyl C&ieRaH IS, | aiKe, fEb eéé?&y:@] ARkbkyda¥onyl 8dlk@'l@dﬁ']ﬁonyloxy, aminocarbonyl,
et eroaryl oxy, aral ;¥on het er oar al kyl oxy, ar oyl

alkylmb@ndanm cycipalky caspppylamina (exskaalkyd )alloylgarhpmyagpino,
arylc@ijg Qﬁ!klj&f) ) Xarb@ﬁ@l%% h%%bcy@é)zm@ﬁéﬁ'mirﬂ{ﬁbno

car bonyl am no,
(hete(qyyelb@&b'lbyﬂ(ywak@ﬂndmOQwemrpmlcad?(yﬂytﬁamB@nyI am no,
t I r

heter%a{légocy o B b@g&a&g% HalS, HEHRRC bR Kelh5! BRYKLA Suifoxy,
urea, hlabeteaanyfacwyhmujﬂammdmoxo rmtcerb@moarﬂ kyl car bonyl am no,

Q »hydr ox t I £an
[078]SX ggg?roaralg%l g¥ O%}Jseegicl¥eré1 ?%?%?F 8 &1 algw(% gé (é g X CI8 alkyl
grou;c)ahha ﬁ@gﬁsntdtad smhm hetarbanyt g&upalehs‘talk)ﬂ’u emd ¢ ImtIemhls'l have been
defi erocycloalkyl or heterocycl oal kenyl itself can be
¢ “8;8?? ¢ (whi ch optionally contains one or nore hetero
[079]3A§)U§éd Isdéin, ‘tdyatnc H?ﬁety’emd:ldcbﬁlbyadhkyl hetegstycloalkyl, cycloalkenyl,

e TLIERS) SVt b SR bFBLIHRbEh BBl bl

[080)&5 Qkdil hdraheixs“de@l’agrﬁﬁﬂ estysltd @ folmdygbuLor AkytC{=aY) where “alkyl”

has breézr? geﬁned previously. Acetyl and pivaloyl are examples of acyl groups.

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

NR*RY or -NR*-CO-O-R* wherein R* and RY have been defined above and R” can be alkyl,

aryl, aralkyl, heterocycloalkyl, heteroaryl, or heteroaralkyl.

[082] As used herein, a “carboxy” and a “sulfo” group refer to -COOH and -SO;H,

respectively.

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

defined previously.

[084] As used herein, a “sulfoxy” group refers to -0-SO-R* or —-S0O-0-R¥, where R* has

been defined above.

[085] As used herein, a sulfanyl group refers to -S-R*, where R* has been defined above.

[086] As used herein, a sulfinyl group refers to -S(O)-Rx, where R* has been defined above.

[087] As used herein, a sulfonyl group refers to -S(O)z-Rx, where R* has been defined above.
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structure having 5 to 15 ring atons wherein one or

nore of the ring atons is a heteroatome.g., N, O or
w@2@ndossker ei n one or nore rings of the bicycl PCT/082007/006493

tricyclic ring structure is aromatic. Sone exanpl es of

heteroaryl are pyridyl, furyl, pyrrolyl, thienyl,

t hi azol yl, oxazolyl, imdazolyl, indolyl,

2, 3-di hydroi ndol yl, quinolyl, 1,2-dihydroquinolyl,

1,2,3,4- tetrahydroquinolyl, tetrazolyl, benzofuryl,

[088] 2&53\.15@3 sl Reanfgenany *hal(beﬁéhﬁ re¥2Rlty |ﬂuoﬁﬂ8tdh%}ﬂle bromine or
t hi oxant hene, phenot hi azi ne, di hydroi ndol e, and

lOdmfbenzo[l 3] di oxole. A heteroaryl is optionally

[089]3*%3?\ ? a shﬁaﬂ@?l”%o&@fe?eé WD ael dthehifrs - SWWWR’ or -NR* -

'udi'ng car boxyal kyl, hydroxyal kyl",
S(O)FR} wheﬂcyi R§ R harsdst havelbegn datinedaboveal kenyl , aI ky nyl ,

| b’
oo R B, YA s s ] Sek s e
whereiyy %R kydR§ ha%elb@n@iefﬁoécbabdwpl oxy, aryl oxy,
oo A R BTSRRI B

“tthlﬂ"ek’ygﬂﬁbb@ﬂ&yd toxNe smmnnecumﬁ‘e@sm Ikyké,ak @ny [Rérhave been defined
cycl oal kyl car bonyl am no,

abovf(cycloalkyl)alkylcarbonylam'no aryl car bonyl am no, .
[092] 3K Shder| HeRdiRONYduaitliks?, group refers to the structure -N=C(NR*R*)N(R'R’)

(heteroc | oal ytycarbonylanlno
Whef?‘ﬁ&%’tﬁ’c%%%‘éﬂ hege fafirgd +Bony! ani no,

[093]&d &:{efaa}{e‘{élﬁathbw BiRo HELET e fratdmk SRLARRAYLCANRIIN(R*RY)
cyano roxg acy mer capt o, al kyl sul fanyl,
whergip R o@é}ﬂRuhé‘&’v nedabasigl f anoyl , sul fami de, oxo, or

[094]015% Q&W‘“@rel [ 8¢ %nfro li'rﬁtrﬁ)r ?@ﬁﬁ“ II%Yér &fh@%&uct@?e @QQLOR wherein R*

n, refers to an alkyl group (e.g., a
hasbgsrrodqj)nedhépvq:s substituted with a heteroaryl group

[095]818%87 ei&(nln" ﬂ‘g Ctlbg tdﬁ"pﬁﬁ{ ldeﬁh@&’ §s tlﬂ@ %H'lo@ﬁf ﬁ:ﬂﬁf}e@gp&ﬁrfer a

reln, I ¢ nol et I NC
therapglnicmﬂelcybn tlteetm@q;a@ﬂeoa Iakoy is typically dethtmyﬂed based on age, surface

area, het OCr}/dC nﬁitl(o%n the £t¥4nt Phe nl%rgsggl?&%glp &a(gylgf]é{ fw’pn%uﬁnlals and

el I'nea pre |ously
huma&hﬁ (bazey boh ngillpgrpms tpéemstet squarédofitydd ygruofape)as described by Freireich et

aI k |(31%’|‘@erﬁ\i§g? ygo azﬁa %Yl??ﬁa?r qudtg'gsgfe ag‘%\rﬁgeeg' c?fapgro’?mate]y
deter@ﬂxﬁédpﬁom[l&i@it aAd weight ofl egpafienta Seeae.ga SoientifigMables, Gel gy
Phan{'ngée%rtl%alts OAxads ey?ﬁ%w@ kn 93‘} Ple978 ructure - O CONRXRy
[096] As used herein, “patient” refers to a mammal, including a human.
[097] An antagonist, as used herein, is a molecule that binds to the receptor without
activating the receptor. It competes with the endogenous ligand(s) or substrate(s) for binding
site(s) on the receptor and, thus inhibits the ability of the receptor to transduce an intracellular
signal in response to endogenous ligand binding. ‘
[098] The phrase "optionally substituted” is used interchangeably with the phrase "substituted
or unsubstituted." As described herein, compounds of the invention may optionally be
substituted with one or more substituents, such as are illustrated generally above, or as
exemplified by particular classes, subclasses, and species of the invention. Unless otherwise
noted, each of the specific groups for the variables R' R%2 R3 R* and R’ in formula (D) may
be optionally substituted with one or more substituents described herein. Each substituent of
a specific group is further opiionally substituted with one to three of halo, cyano, alkoxy,
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or -NRX-CO O R Z wherein Rx and Ry have been defi ned
above and Rz can be al kyl, aryl, aral kyl,

whedgnaoyec!| oal kyl , heteroaryl, or heteroaral kyPCT/USB2]/006493
As used herein, a "carboxy" and a "sulfo" group refer
to -COOH and - SOBH, respectively. [083] As used
herein, an "al koxy" group refers to an al kyl-O group
where "al kyl " has been defined previously. [084] As
used herein, a "sulfoxy" group refers to -O-SO-R X or -

hydrox§anf<R héloal’l@@ ra‘ﬁd@l{k)h a¥op RMndefdnKy 1390 mal, 88 §Lbﬁ§uted w1ﬂ1

uSed herein, "a sul fanyl group refers to -S-Rx
alkylsifanglcangddbe allzlsp Haey apy e OIPtBEG]IYABb%%‘EFSd weﬁh@q? to ahree of halo,
r
oxo b} AR ELG e RonSh bl AR s B8, ey
may bresfubstituted wiB{ DRk ylyrarwnRlannag ahé the ayefaatied portion ofa
ver R b B9 WS iy P RLEOES 5 0 UB05hat,cvne
oxo, 41R&3), hHdronsk aithe halaalkyd, ansdlkyinoy | " group refer s t o

the structure -S R wher
(09915 Beiah R 20 5 URLRIELT MhethesBIESCY DUBF S (ggiprally” or not,
refersha rtﬁé l&emeit dfHYdeesenThdidalsigh gmentsnutdmee withukd tadécal of a
(O 2- NRYRZ wherein Rx

h
specif] PRBBSHlo, Per LG e AP Spveis U TS and below

in the' fk&fiftidnlofidaghpoluh g€ int & antyites hereIRYBAlesd6therw {%@hﬁhldfa%ﬂ an
group refers to the structure -NRX-CS- NRYRZ.

optionally Sebstiatesl Grewn My e SHBHent pbessh SAéstﬁ%‘éE‘eﬁ@Pém of the
group} an? '&?1@{1 %cg}g theif SH&posRIoR"iA aiFlg ghed sﬁ{l{:t’dﬁ! M%? be mmﬁed with more

wherein Rx and have been defi ned above.
than Qrmpsmemwlfcw@rfé}m a sppeified graupa thedubgityers impy beeithes the same

or dnf&%sltéttﬁb e§£r§3)%%x{firoﬁ Ny %Q%@lﬁ@h%éﬁt Ruth WO B@t'e{bc%logﬁ(@] Fx’)ﬂay be bound to

een I ne
another ring, such as a cycloalkyl, to form a spiro-bicyclic ring system, e.g., both rings share

one common atom. As one of ordinary skill in the art will recognize, combinations of
substituents envisioned by this invention are those combinations that result in the formation
of stable or chemically feasible compounds.
[0100] 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.
[0101] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and gmmetﬁc (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)
double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within
the scope of the invention.
[0102] Additionally, unless otherwise stated, structures depicted herein are also meant to
include compounds that differ only in the presence of one or more isotopically enriched
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[094] As used herein, the term "oximno group"” refers

to the structure -C=N-ORXwherein R' has been defined
W@b@wyao90p®95] As used herein, an effective anoRPOI/USH07/006493

defined as the anount required to confer a therapeutic

effect on the treated patient, and is typically

determ ned based on age, surface area, weight, and

condition of the patient. The interrelationship of

dosages for animals and humans (based on mlligrans

p S dhabiRg¥hSprel & Sruérared @R 6&pL F8GhB Yepl t of
atomsF?@frgg%rﬁﬂe’egd@?@ Car%cerg Ch%ot her . Rre% 5% 219 pacemento

hydrogeby dewedymsutfitiem, ar &g reigeementpht sxbRAbYIA) C- or 4. enriched
carborg %ee\’w?ﬂgﬂ‘?ﬂe %éo?)@ol? alg Fﬁveﬂﬁ .V‘@ﬁ&&on%oﬁh? aféaﬁéleﬁﬂ,t for €4nple, as

cientific es, i gy Pharmaceuti cal s,
analyticall sdody/or piobesvimrbiplogRal 4s@y%0) . [ 096] As used herein,

“patj.ent: refers to a na L. Loclhudi 7
10103\ AR E T 460 i b BfREP Bl S8l Sl bRy ok it dompounas
of forliulold) {sailddwithidothp sespewifiitioiiveativn.vBoi exgnipie, a mregeroring atom of
e SRRt il R et Sy AP Bl pgent cam o
an oxideus thdprekincs of Aeuitdblé bkifizng ddeat swheptmichioroperbarsmditcarid or

an intracellular signal in response to endogenous
Hy0; gand bi nding. [098]. The phrase "optionally

. 01043 WSrhpRDE thimWa e thatiehGibRAG dARIY () { Havilg aRBBSFL or phenolic
"substituted or unsubstituted.” As described herein, i
hydroéwhv@un)j%anoﬁonpI?ephaﬁ‘&ﬂé?ﬁ“iﬁéﬂlwebtﬁﬂeo‘ﬁ%ISP9h ppa sodium, potassium,

calciu?l:lj,ltbatsgtotdga‘?tq Adsh I@vﬂﬁlﬁ tHY scBRYE 6t thi RdVentibf AfeSsalts ¥t ASwith €

strated general |y above, or as exenplified by )

pharmpevticalllysaccentabls eminesisveh asarmmonin, glkyp awines, yrdrexyalkylamines,

'_ i Unl es i , . d
o AR 90, 0B A S0 Byl g st o
additieb salts. f Examples ¢f Juchmyids enchpdd ysd¢hiorseipeidi hydrebrowmiie cid,

one or..Nore substi t i.he kL
hyaroffe g Bkl (RS RERE B BB ool romanon-
sulforsiv lasid] tarbesiccid) sainit acitiheioe afid,teheoic ayisln oxalic acid, malonic acid,
st SBEb R i i, MRS B Bl e e, nd e
mineral Kiyd Siglahizrigidsanell kinevmidkgibsadkitetyin thayrtb &he ptidaddition salts can

substituted with one t(gvf{)hr al.o, .0xo0

be praRE Y IR SAmDR S ORATBADUDIE TR A% gt s 2 ghficient
amouR€l8f 4 &id|(e.8X BYIMloChloaAad adidk ¥ produce an acid addition salt (e.g., a
hydrochloride salt). The acid addition salt can be converted back to its free base form by
treating the salt with a suitable dilute aqueous basic solution (e.g., sodium hydroxide, sodium
bicarbonate, potassium carbonate, or ammonia). Compounds of formula (I) can also be, for
example, in a form of achiral compounds, racemic mixtures, optically active compounds,
pure diastereomers, or a mixture of diastereomers.
B. ABBREVIATIONS
[0105] The following abbreviations have the folloWing meanings. If an abbreviation is not
defined, it has its generally accepted meaning.
[0106] BEMP = 2-tert-butylimino-2- diethylamino- 1,3-dimethylperhydro-1,3,2-
diazaphosphorine
[0107] Boc = t-butoxycarbonyl
[0108) BOP = benzotriazol-1-yloxy-tris (dimethylamino)phosphonium hexafluorophosphate
[0109] bd = broad doublet |
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may be substituted with a (cycl oal kyl)carbonyl am no
and the cycl oal kyl portion of a
w@ coochiamBkyl ) car bonyl am no may be optionally PCT/US2007/006493
substituted with one to three of hal o, cyano, oxo,
al koxy, hydroxyl, nitro, haloal kyl, and al kyl. [099]
In general, the term"substituted," whether preceded
by the term"optionally" or not, refers to the
repl acenent of hydrogen radicals in a given structure
Lih -adiLcal of a specified substituent. Specific
[0110!3%3#%?ﬁg%$§hgre descri bed above in the definitions
[0111hAD IIretarberiyh diimddageder i pti on of conpounds and exanpl es
er eq Unl ess ot herw se indicated, an optionally
lollzigﬁé(?%ﬁted group may have a substituent at each
[01135 dBstdaublealbl doyhdetst i on of the group, and when nore

one positign j.n .any given structure may be

wll"LEﬁ@tTi"ﬂﬁog’ﬁo‘(?ﬁ&‘iacﬁ)b%‘?‘é'%fehan one substituent selected

(0115f DMIF & dipReylfoeslagideip, the substituent nay be either
the sane or different at .every position. Aring

[0116] M AP digpethdamappopyridinga o1 ocycl oal kyl, may be bound

[0117] DMBOthgimdthysulfexigh as a cycloal kyl, to forma

Spiro-bicyclic ring system e.g., both rings share one
10118&%191%&? a&*lahi-(;&sdltaﬁ%yemlm?mww&lmm? nthe art will
[0119! g&_oggg#;ieale&gnbi nations of substituents envisioned by

hi's i nvention are those conbinations that result in
[0120] E¢OAsrmethylmeedte st abl e or chenical ly feasible

np s. [0100] The phrase "stable or chemcally
|0121$ga8%ﬂ§, " as used herein, refers to conpounds that
(01223 HOBT+= bhpdtoapbérabinazalet er ed when subj ected to
ki o I - ' uction, detection,
mlzsﬁgggfb‘ﬁ g’?’ giﬁosy@%sﬁe_i rltsggf:og{}gértﬁ,m%g% fication, and use
[0124f dr=tiree Or nore of the purposes disclosed herein. In
one enbogdi nents, a stable conpound or chemcally
mleﬁé’éQ"ﬂ)‘qulpceénpound is one that is not substantially
[0126dM erradlanhen kept at a tenperature of 40 C or less, in
7&he absence of noisture or other chemcally reactive
[0127) A% T PEXIMUDGr 4t | east a week. [0101 J Unl ess
[0128) &y WiniRieghidhREr Structures depicted herein are al so
nmeant to include all isoneric (e.g., enantioneric,
[0129)me T &nidlighd™ ¢, and geometric (or conformational))

[0130] QAT Aflifilee

[0131]} mm = millimeter

[0132] mmol = millimole
[0133] MOC = methoxyoxycarbonyl
[0134] N = normal
[0135] N/A = not available
[0136] ng = nanogram
[0137] nm = nanometers
[0138] OD = optical density
[0139] PEPC - 1-(3-(1-pyrrolidinyl)propyl)-3-ethylcarbodiimide
{0140) PP-HOBT = piperidine-piperidine- 1-hydroxybenzotrizole
[0141] psi = pounds per square inch
[0142] Ph = phenyl
[0143] q = quartet
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structure; for exanple, the R and S configurations for
each asymetric center, (2Z2) and (E) double bond
wo somao®so and (Z) and (E) conformational i soneP&T/US2007/006493
Therefore, single stereochenmical isoners as well as
enanti omeric, diastereoneric, and geonetric (or
conformati onal) m xtures of the present conmpounds are
within the scope of the invention. Unless otherw se
stated, all tautoneric fornms of the conpounds of the
[0144) QURRtL Q@indte Wi thin the scope of the invention.
L 1021Addi tional |y, unless otherw se stated,
[0145§ rpm 1 otk ong BT BHBHE herei n are al so nmeant to include
[0146?*}8@59 gs that differ only in the presence of one or
re 1sotopically enrichedatons. For exanple,
101473 brpopletis havi ng the present structures except for the
ac hy gen by deuteriumor tritium or
[0148{]%@‘@ eg{fgg%rﬁ%%n%ggfdg carbon by a 13C- or [4C-enriched
[0149¢ §iHION tetrahydrdfiwan t he scope of this invention. Such

npounds are useful ., .for exanple, as analytical tools
[OISOE?ICp—rtgnganFrnggpx&a{?ad@eg assays. 10103] An N oxi de
(01519 @Li ¥ atitrolitedr a pharmaceutical ly acceptabl e salt of
h of the conpounds of fornula (1) is also within
mlﬂﬁﬁ'ﬁ"?&ﬂﬁé“’b‘f“’& his invention. For exanple, a nitrogen
ring atom of the im dazole or pyrazole core ring or a
ni trogen-cont ai ni ng heterocyclyl substituent can form
. Compoungs of this Javetience of “a suitabl e oxi di zi ng agent

[0153} l@é?le?a?lg[ﬁlﬁ"ﬂeﬁfe?ﬁ@d bempohrdsastithls dhved6R cal Bd Hytlthddized by methods
compound of formula (1) that is acidic in nature

knowpdn ¢he arhay fon gyathesizing 49eir Ben-gereratadlompagcsrt it guispterated
startifPatetfalbfa RARGARAAYERGELLed Affpthe By fhedd %o%é%h _Eﬁﬁmﬁles of

sodium potassium calcium or gold salt. SO wWithin
applicabée methods dfcludethpspdaseribad iarld Ss Applcationibe) 68 11H,530; WO

s Y, .e: S .a |
oznsg?gyﬁﬁg %)gg?&dh af oxgég g&aglrn@gié%}gégzgﬂ EAS AR March, McGraw
Hill, NeweY bk, Y, 0887 rend Synthespsoafinst Eiemies pndi Ragiidryossem Jbef Chem. Soc.,
Perkit rle%féj 5\§/i7t h an acid to formacid addition salts.

Bxa 8s of such acids include hydrochloric acid,

[0154]yAlil phblicationscited], hergidrane detbpozated by sefiefence in their@ntireties.
[0155) &gﬁ?ﬁ%ﬁéﬁg Féﬁp@%h%&e r@%%%ﬁ %rs{n% k%%lwa' methods, for example, such as

illustrated below in Scheme L.

Scheme I
OH OH 0
NH, R NH R~ NH
1

R,COOH + ).:/\"/N'%Rs b WNR.;Rs \‘(]; NR4Rs

i D" = (o} % i ls)

! R3 O D R} O D RJ

iii

it iii i

{0156] Referring to Scheme 1, the acid of Formula i is reacted with a deuterated amino-
alcohol-amide of Formula ii in the presence of a condensing reagent such as, for example,
EDCI and HOSu to provide the hydroxy-amide of Formula iii. In some embodiments, the
percent deuterium (D) enrichment as shown in ii is greater than 10%. In other embodiments
the enrichment is from 10% to 99.95%, 40% to 99.95%, 50% to 99.95%, 60% to 99.95%,
80% to 99.95%, 90% to 99.95%, 93% to 99.95%, 97% to 99.95%, or 99-99.95%, or 99.95%
or higher. Oxidation of iii with a suitable oxidizing reagent provides the compounds of

Formula I. Suitable oxidizing reagents include, for example, Dess-Martin periodinane or
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acid, carbonic acid, succinic acid, citric acid,
benzoic acid, oxalic acid, malonic acid, salicylic
wa@edod/io9eed i ¢ acid, fumaric acid, ascorbic aci dPCTYHE®0T006493

acid, acetic acid, and other m neral and organic acids

wel | known to those skilled in the art. The acid

addition salts can be prepared by treating a conpound

of formula (I) inits free base formwi th a sufficient

anmount of an acid (e.g., hydrochloric acid) to produce

[ t (e.g., a hydrochloride salt

TEM?ﬁaﬂ%sggﬂlggh%%ﬁgglt can be coﬁverted back to |2s
[0157] 'Bhe deaseatbd nminpyalcokeltamiges bEFeraula iiishhwa iv Scheme & can be

eS8 BRI L L G R af AR .

Cb?pounds of formula (1) can also be, for exanple, in
a formof achiral conpounds, racem c m xtures,
Schemedlcal |y active conpounds, pure diastereoners, or a
xture pf diastereo B. ABBREVI ATI ONS ¢@305] The
CHQ}O 4 abbrevi-ati gﬁ%ﬁ’hm hit f ol+ewrg ne @@} ] M 0,
CH3$ an bloed;ati on i s ¢S def PRedCHyt has |°E[§3 oo N
gener |y accept ed neani ng. FQlB6] BEMP = v
2-tert-butylimno-2- diethylam no- -
1, 3-di net hyl per hydro- 1, 3, 2- di azaphosphorine [0107]
Boc = t-butoxycarbonyl [0108] BOP =
benzot r¢&3ql - 1- yPoxys tr (di met hyl am ngyph sphonlum
—I're‘xaflggl_nig e/ 20190| bd—="br 0&PZdouPretIeL10] bs"
= broad si ngl %g = car bonyl d|ﬂh1dm;ole
[01121 d = doubl [0I13T"dd = doubl et of vgoubl ets
[0114] DI C = di%!sopropyl carbodiimi de [0115] DVF =
dinet@ylfornanide 0 OH

_NH _NH
>)J\ ~OCH, Z >,)I\H
D

’,

R3 CH3 R3 R3

I
|
[

[0158] Referring to Scheme II, conversion of the glycine iminic ester iv to the deuterated
sultam of Formula vii is conducted according to procedures previously described (Y. Elemes
and U. Ragnarsson, J. Chem. Soc., Perkin I, 1996, 6, p.537. Consecutive treatment of
compounds of Formula vii with acid and base as previously described (L. Lankiewicz, et. al.,
J. Chem. Soc., Perkin I, 1994, 17, p.2503 followed by treatment of the intefmediate amino
acid (not shown) with benzyloxycarbonyl chloride provides the protected deuterated amino
acid viii. Reaction of viii with methoxymethylamine in the presence of the condensing
reagent CDI provides the Weinreb amide of Formula ix. Reduction of vi with, for example,
diisobutylaluminum hydride or lithium aluminum hydride provides the aldehyde x. Using
procedures similar to those previously described (see, e.g., WO 02/18369), the aldehyde x is
converted to the cyanohydrin xi and thence to the protected hydroxy-amino acid xii. The acid
Xii is converted to the protected amide xiii which is deprotected to provide the amino-amide
11.
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[0116] DVAP = di net hyl am nopyridine [0117] DWVSO =
di net hyl sul foxi de [0118] EDCI = ethyl -
wda 2qo3Aakoset hyam nopr opyl ) carbodi i mi de [0119] ePCT/ES2007/006493

equi val ents [0120] Et OAc = ethyl acetate [0121] g =

granms [0122] HOBT = 1-hydroxybenzotriazol e [0123]

DI PEA = Huni g's base = diisopropyl ethylam ne [0124] L

= liter [0125] m= nulti pI et [0126] M= nolar [0127]

max = maxi mum [0128] neq = mlliequival'ent [0129] ng =
1015971 A I erkHt ARy, He3qHutéthted affiihd-alideti depittell|in $dhéie I, wherein R, is H,

millimeter [0132] mmol = mlljnole [0133] MOC =
may bﬁét@@%%)@%a?%wva‘%ﬁﬁ@eﬂ‘dlhor mal [0135] N A = not
Sche@¥dff abl e [0136] ng = nanogram [0137] run = nanoneters
] OD = optical densi tyD

1. Red-Al MnO
4 OH LA e S )Y\ —2 i\’i
R/\ 2.D,0 R OH Ry H

xiv H H

xvi
v a2

NaClO,
NaH2P04 2H20
2-methyl-2-butene

tert-BuOH
R4\ N/ Rs

=z
lw)
I
—Z

\

g
.
i
O
o T

>z
O
/
QO
-z
\
=
T
=z
O
Ii/
O
I

Rs CH.Cl, H R IBCF
xi NMM xii
= Zviil CH,Cl,
NaN3
MgSO4
MeOH
N;D O H,N D O ol
3 R, |H2Batm.Pac R, Resoluion  — H,N D
Rj N 25°C, 5 hr Rj N > _R, -HA
OH R, OH R Rj N
xx xxi OH R
Racemic 1

[0160] Referring to Scheme III, the propargyl alcohol xiv is reduced with sodium bis(2-
methoxyethoxy)aluminumhydride, followed by qenching the reaction mixture with deuterium
oxide to provide the deuterated allylic alcohol xv. Oxidation of xv with manganese dioxide
provides the aldehyde xvi which is further oxidized to the acid xvii with sodium chlorite
(NaClO,) in the presence of sodium phosphate and 2-methyl-2-butene. Reaction of the acid
xvii with isobutylchloroformate (ICBF) in the presence of N-methylmorpholine followed by
reaction of the intermediate mixed anhydride with the amine HNR4Rs provides the amide
xviii. Epoxidation of xviii to provide the epoxide xix may be acheived with urea hydrogen
peroxide (UHP) in the presence of trifluoracetic acid and p-toluenesulfonic acid. Reaction of
xix with sodium azide provides the intermediate azidp compound xx which is subsequently
reduced to the racemic-aminoalcohol xxi by catalytic hydrogenation in the presence of
palladium on carbon. The racemic aminoalcohol xxi may be resolved using known methods
such as chiral chromatography, preparation of optically active derivatives or the formation of
salts with an optically active acid HA followed by crystallization from an organic solvent.

Suitable optically active organic acids for preparing salts include, for example, L-tartanic
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[0139] PEPC = |-(3-(I-py
ol i di nyl) propyl)-3-ethyl carbodii mde [0140] PP-HOBT =
w@r@eno®sme- pi peri di ne-1-hydroxybenzotri zol e [ PABUE200%006493
= pounds per square inch [0142] Ph = phenyl [0143] q =
quartet[0144) quint. = quintet [0145] rpm = rotations
per mnute [0146] s = singlet [0147] t triplet [0148]
TFA = trifluoroacetic acid [0149] THF =
tetrahydrofuran [0150] tic = thin |ayer chromatography
0 1 0154] . k7ol b 1ok [(9&521y. 1/ MEQE et B 24 6edicO)
scid, Lo At PRl KA PBREDy W el Fheily 2.2:4,6-41-0
isopropelitienet2ekete-drgaonigsicit hydsats, Nragetv Loleueian, %@xyoholic acid, (+)-
, synt hesized, b t S 1:KNo, i : .
0.0-FRpAiaT gt alf: RO {ANML DL C a8, S 801 - pinapiiy-2-2
phospiietit acidt Edacticaadid, 1y Ghadami¢ adid dactabioaacadidiglipizalgehil-tagaric acid,

ed duri .t he ;synt.hes] I OCESS. a .

5.0y e R o RO S e SamaATBhicRfgeig. xampiscr
suitabfPeiganiRt dobrentofor fedbyklalliziid; inOOdinddBAAcetsfiide, ethyl acetate and

07/ 022459; Advanced Organic Chem stry, 2nd Ed., p.
acetonmg - g . March, MGaw HIl, New York, Ny, 1997; and
[0161 YRS icPated coinpdilriiEiustitlaifag 8l 5O&fPdtterilzed ¥y dOheentional

Soc, Perkin 1, 1996, 537. [0154] Al in%atio S .
analyfeal see hesoF - VR, HiddYipt SRestrobFe NV faR bF 56, getermine o
compBid’§ Sfrh&Sre, Widie Mia Sddspp tad B¢ B3Hdao deRiine tRO @S nt of

using known net hods, for exanple, such as
deuterium atom in the compound by comparison with its non-deuterated form.

[0162] The deuterated compounds of this invention are generally more stable and less
inclined to epimerize than their non-deuterated analogs. Thus, they can be used in
application where specific steric configuration in the compounds of this invention is desired.
For instance, the deuterated cOmpoimds of formula (I) may be used to treat or prevent
infection caused by HCV or other HCV protease-mediated condition, as they are capable of
inhibiting HCV protease. Their inhibitory activity can be measured by traditional enzyme
inhjbition essays, some of which are described in the publications cited above. See, e.g.,
Perni, R.B. et al., Antimicrobial Agents and Chemotherapy, 2006 (march), 50 (3): 899-909.
[0163] Additionally, the deuterated compounds of formula (I) can be used as a biological tool
to study the pharmacological properties of their non-deuterated analogs. Accordingly, these

uses are also within the scope of this invention.
Example 1. Preparatidn of (15,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-

carboxamido)acetamido)-3,3-dimethylbutanoyl)-N-(($)-1-(cyclopropylamino)-1,2-dioxo-

3-deutero-hexan-3-yl)octahydrocyclopenta[c]pyrrole-1-carboxamide

AT orﬁ <
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illustrated below in Schenme I. Scheme | NRR i |
[0156] Referring to Schenme I, the acid of Formula | is
w0 e@ciie®swi t h a deut erated am noal cohol - am deP@Of/US2007/006493
Formula Hin the presence of a condensing reagent such
as, for exanple, EDCI and HOSu to provide the
hydr oxy-am de of Formula iii. In some enbodi nents, the
percent deuterium (D) enrichnment as shown in His
greater than 10% In other enbodi ments the enrichnent
is from 1O%t@H%9. 95% 40% t o  99.95% 50%to 99.95%
60% to 99. 95% ()}!;N%}\ 9894, 00% t o 99.95% 93%to
99. 95% 97% t 6HgD. 959 q OIN 5% or 99.95% or
hi gher. Oxidation o Wi t ui tabl e oxi di zi ng
reagent provides the c npounds of Fornula |I. Suitable
Stepmml;d;pz?atymefigents i ncl de, for exanple, Dess-Mrtin
7,
oresb JALPANE UIENED, AhpS HRDNR Bl bfg%s&mrepmd
by known Sedtleonis sbcls asthose dessphedth YyElesiesgnid AbRagnetsbenld. of Chem.

so. B35, L 08 BT e e b BLIE A e, AT s by i

the coirfeepdidyrg Mesubstitnted salthrarandpromyl iddideleut er at ed sul t am
of ‘Formul a yji is conducted according to procedures

reviqusly descrl bed (Y. Elengs and U. Ragnarsson, J. oO\u
Chem oc, S22, 896 6 .537. Consecut i s
-~ f—ee-maéu-ﬂds b Vit am%\@ﬁ{“@g\
ase |aS previously desc ®L. Lankiew cz, et.galp
- J. Gem Soc, Perkin I, 1994 17, p. 2503 foI | ofed by vi

treatment of the |nterrred| ate anmino acid (not shown)
wi th benzyl oxycg | chloride provides the protected

deuterated am o ii . Reacticemnaf ii with

—ret hox§res Myl ana) he presence of t e. cdensi ng
r eagent pr ovi d the Wi nreb ami dePof/ Formul a j X.
Reduct i-oR o? </|V,w th, for exanple, viii

[0165] 17.32 g of compound i (45.8 mmol) and 229 mL of THF were then charged into a
500 mL round-bottomed-flask with a magnetic stir bar and N, inlet. The resulting solution
was cooled to -78 °C and n-BuLi (31.5 mL of a 1.6 M solution in hexane, 50.3 mmol) was
added with a syringe pump over an hour. The resulting yellow solution was aged for 30
minutes before a solution of HPMA (56 mL) and n-Prl (13.4 mL, 137 mmol) was added to it
over 30 minutes. The mixture was allowed to warm to the room temperature over 8 hours
and then cooled to -20 °C before D,O (50 mL) was added to the mixture. The reaction
mixture was then extracted with EtOAc (400 mL) and the organic layer was dried over
MgS04 and concentrated to provide 61.3 g of the crude oil. Chromatography on 500 g of
silica gel eluting with 2:1 heptane/EtOAc followed by concentration of the rich cut gave
20.35 g of a white solid. The white solid was then recrystallized from EtOH (210 mL) to
give 15.39 g of compound vii as a white crystalline solid. The deuterium incorporation was

93% as determined by 'H NMR.

Step b: Preparation of (S)-2-(benzyloxycarbonylamino)-2-deuteropentanoic acid, viii
[0166) Compound vii (15.39 g, 32.1 mmol) from step a was charged into THF (100 mL) and
IN HC1 (50 mL). The resulting emulsion was stirred overnight at the room temperature and

then concentrated under vacuum to provide a thick oil. The oil was then dissolved in THF
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di i sobutyl al um num hydride or |ithium alum num hydride
provi des the al dehyde x. Using procedures simlar to
wo b@saopsevi ously described (see, e.g., WO 02/BE8BESI007/006493
t he al dehyde x is converted to the cyanohydrin xi and
thence to the protected hydroxy-am no acid xii- The
acid xii is converted to the protected am de xiii
which is deprotected to provide the anm no-amn de
ii.[0159] Alternatively, the deuterated am no-am de i
(100 :ﬂﬁg'aﬁh%g tﬁeﬁoﬁ?tmaé ad M VST Rk 1S) dild TR BEOPEEPH Mfhol). This
e.d., as I [ h HI R HA

' _ ustrated in Schene . Schene -
solutip) w@S titked evernight agrisehbgeoom temperatuse apdthgp copgengtsd to remove

XiY..LS,:red i 1 ' [ - . .
THE B o . T oy ibedy i 33 mi) and
extradtébwith a0H iQip (thieettinnes, 59 il ekeh).eThe aqueoiusphase yasaliiutkd with THF

t deut erated.al l.v]ic. al cohol, xv, j j f
@00 3§ e goglah el -Gl AR Ry W S ST SRy monyywes
added cﬁff)fwﬂs‘em(lér 0% inthuatesl Afet stiariagifer anyliourat 0 RCs o THIF solvent was :

chlorite O)..in the . .presenc f saqdi t .
oSl o I St BT B S B JRERTS: fe sotuion
was ek FREd Wit @rtivaés; 100 GBEgach) ahd) theurgafio pRasefwas dried over

N- et hyl nmor phol 1 ne fol | owed by reacti on, of tEF'
NaSOpapd pengentrated o i viiaapdn]- dEnGaesidue fes disslyefigRkiaac (25 mL) and

heptahlé Pl\ﬂ:djrﬁﬁ?,tsggdéﬂrgngesti% lovernigiR QK ihdabbRNeberattirk.] ThOsolids were
provi de the gﬁoxlde Xj X may be acheived wth urea
colledtedipn g &rit. pases with heptaps (3hmip ang ais dlgigd do grve 5.65 g (70%) of

compblihd bi#haG5tih th@&ihdmRN8ole - TR 4&RESkh fifdrforaibflwas 93% as

eachQn of Xxix wth sodium azi de provides the
deterinittedrbye d] BiMRazi do conpound xx which is subsequently
reduced to the rce/nc-am noal cohol xxi by catalytic
hydr ogenation in the presence of palladi um on carbon.
Step ThBrepacation ofi (F)Aoaizybh@neshaxytmygthyd)aming)-texkorsdeyteropentan-2-
nown net hods such as chiral chromatograph
ykaﬁé?gﬁ%ﬁation of optically active derivgtieeg or the
formation of salts with an optQcally active acid HA
foll owed by crystalli gazHn f qhan\prganic sol vent.

[0167] To a flask containing 1.0g of (S)-2-(benzyloxycarbonylamino)-2-deuteropentanoic
acid (3.97 mmol) in 20 mL of dichloromethane maintained at 0 °C, was added 3.0 eq. of N-
methylmorpholine (700 uL), 1.5 eq. of N,0-dimethylhydroxylamine hydrochloride (581 mg)
and 1.5 eq. of EDCI (1.14 g). The reaction mixture was stirred overnight from 0 °C to the
room temperature. The reaction mixture was then diluted in dichloromethane and washed
with HCI (1N) and brine. The organic layer was dried over MgSO,. The crude mixture was
purified by flash chromatography (ethyl acetate 15-75% in hexanes) to afford 814 mg of pure
amide (title compound). ES+ =296.1, ES- = 295.2. 'H NMR spectrum confirmed the

structure.

Step d: Preparation of (S)-benzyl l-oxo-2-deuteropentan-2-ylcarbamaté
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Suitabl e optically active organic acids for preparing
salts include, for exanple, L-tartaricacid, L-malic
w@eiod/10908) - mandel i ¢ acid, (IS)-(+)-10-canphor sedCT/082007/006493
acid, (-)2,2:4,6-di-G sopropylidiene- 2-keto-L-gulonic
acid hydrate, N-acety-L- |eucine, deoxycholic acid,
(+)- O O -di benzoyl-D-tartaric acid,
O O-di-(4-toluoyl)-Dtartaric acid,
S-(+)!,I-binaphtyl-2-2- phosphoric acid, L-lactic
acid, D-duconic acid, |actobiegyic acid,
di pival oyl -L-tartari c a€bxHNs- (|}t) - O acetyl mandel i c
acid and S (-)2-(phenyl carB ; y) pr opi oni ¢ aci d.
Exanpl es of suitable organic solvents for
recrystallization include drhethyl acetam de, ethyl
acetate and acetone [0161]1 The deuterated corrpounds

[016833,%?%&0 EE)rt&)g+J] ggtk))eedelgl'@r m%ﬁf?d ﬂwaqg ZC_%{S]) ctt oé)'gfa{‘lﬁ acid of Step ¢
is corNM?ed: Athb ®itle £Bfhpbandles pedifi el yRirt® A0 dorftainiigUL. 0 @h £of (S)-benzyl

whi |l e Mass Spectroscgpy can be use o0 det
1-(meihrme Dasr 1-a%e-2r PP VRS E SURRARED o Lot 7S gimoD) in 10
mL omm it %ﬂﬂtﬁn{éﬁ Wt oret@flad ReWath) Wa@%hd%ﬁodﬁ}ul Great 6Fla solution of

npounds of this invention are ﬁenerall mor e stabl e

llthlumid?fp%‘qer(é{w QTomgpi fidter aloyt Qmipkesy the ice bath was removed
and tﬂboxré &ﬁﬂ\t Sonthé v\ﬂf(ﬂ'%l HOYP.: Tﬁ@ FSictibh Gs §@éhdR8d #EEEC b addmg 5 mL of

fYCation wher e specific steric configuration in

a solmmqnfaﬁdsootl 0%). sTherspdutianoway then dipted by thppdditien af b% mL of HCI

t rate
(N e PRGLRL TG PP 40 RRnls BETY frctod s BB focthane.
The gogatie ahaesrméread:oedbmw and washedawith heglutiom of HGA Gl &)owater and brine.
The qsBeie Ra e e 876 MESG: bud BBl ¥yBGHhd ¥nElienyae
was usedres 3fin\the sdxt atep. B85 er13¥e ES4 42&5 publications ci ted

above. See, e.g., Perni, RB. et al., Antimcrobial

Agents and Chenot herapy, 2006 (march), 50 (3):
Step €9 SPrQQ&ati&lﬁﬁienwmzsb-qqaiyaysprdma.dam)e! ~RydbxyapLe3ds

of forrmula (l) can be used as a biological tool to
deuterohgxan-AyIeATRAMALY| ogi cal properties of their

non- deut er at ed anal ogs. AccoioH ngly, these uses are

al so within the scope:&i-mw\#ntl on. Exanple 1

Preparation of (I - ai . Cv cycl ohexyl -
pyrazi ne- - D "ko

[0169] Cyclopropyl isonitrile was prepared according to the scheme shown below.

Bu;N, p-TsCl
Nay;CO, n H 100C, 20 mmHg

.0 EtOH, 0 -> 1t traped at -78C @
/\OJ\H v T [>—n=

o}

NH,

910

o

The cyclopropyl isonitrile was then coupled with the aldehyde product of Step d to give the
title compound as described in J. E. Semple et al., Org. Lett., 2000, 2(18), p.2769; Lumma
W., J. Org. Chem., 1981, 46, 3668”. ES+ =322.1.

Step f: Preparation of (3S)-3-amino-N-cyclopropyl-3-deutero-2-hydroxyhexanamide
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car boxam do) acet am do) - 3, 3- di net hyl but anoyl ) - 7V- ((5>I -
(cycl opropyl am no) -1, 2-di oxo-
wG2ee00®B®- hexan- 3- yl ) oct ahydr ocycl opent a[ c] pyP€DUS2007/606493
arboxam deStep a : Preparation of [0164] The
deuterated sultam (i.e., conpound v shown in the
schene bel ow) was prepared by known net hods such as
those described in Y. Elenmes and U Ragnharsson, J.
of Chem Soc, Perkin 1, 1996, 6, 537; W Oppol zer,
etal., Helv. Chim Acta., 1984, 25: 2363, by using the
correspondl ng unsubsti t,\l’lt edz sul t-am and propyl i odide.
[0165] 17.32 g of conp% 8 mmol ) and 229 nL
of THF were then charg
round- bott oned-fl ask wit h ;ts{] neti‘c stir bar and N2
inI et. The resulting soluti was cooled to -78 0C and
BuLi (31.5 niL o fa16M tion exan 50. 3 .
(01 70} o8RO AR RI AN DR camgwrr @éé’tﬁarfpw ieygd By gpinis petiadium on
carboh %§fél)tst [Hth¥ %késewée%ﬁ de ?\me title R;oé.%omxdl USIRSwn in the
before a solution of m.) and n-Prl (13.4 niL,
followipg sehasngs app Stepsted, ?’oa“idtf over 30 minutes. The nixture
was sl | onedeb@ NAMM to the roomgenperature over 8

o)
n ur and tManHomehed to cfin0C ef‘@re DA@IKSTHAL) was, HN\eL
cbzH OHo tHRCMiG&tite The reacCwh mxt ure OBAE then X CH

l?act ed with Et OAc (400 ni) 'Hd the organic |ayer -D
\gé dri ed over MgSOH and condﬂtrat ed to provide 61.3 ’/
g of the crude oil. Chromatography on 500 g of silica

'gel eluting with 31 heptane/ Et OAc fol | owed by

Qgent r at hellri ch cuEd(W 20. 35,0,0f 3a vpite
Tm Th é?%ﬁ \e(shf yst aIH?N?{\‘(ro :

Luﬂaﬁ: f\’\210 ) Dgive 15.39 g of conmpound iD 2@ a
e crystalljine solid. The deuteriumincprporation
was 93% as determ ned by 1H NMR Step b: Preparation
of (S)-2-(benzyl oxycarbonyl am no) 2- deut er opent anoi ¢

Step gcrﬁepa\éhhbn k@%ﬁﬁiaﬁ%mm@kﬂz Totfbx 2. (hyFirRhe-2-
tep a was charged i nto _%é[ and I N HC
carquudp)aceww-ﬂimghammnM) «3&.1 cxdloprapyipmino)-3-
t X
oeu e 418 SEIRECA 4y oty AR GARERIL e ebocamice
di ssol ved in (1 d to the sol ution was
added wat er Ewéﬁ%( ﬁu ?.. , &,§8 mol ). This

\(\rr\<]

[0171] The title compound was prepared from the hydroxy-amino amide product of Step f
by condensation with the appropriate acid in the presence of a coupling reagent such as, e.g,,
EDCI and HOSu. Specifically, in a flask containing 1.2 eq. of (lS,3aR,6aS)-2-((S)-2-((.S')-2-
cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-3,3-
dimethylbutanoyl)octahydrocyclopenta[c]pyrrole-1-carboxylic acid (1.59g) in 20 mL of
DMF, was added 2.5 eq. of diisopropylamine (980 uL), 1.2 eq. N-hydroxybenzotriazole
hydrate (411 mg) and 1.3 eq. of EDCI (558 mg). After 15 minutes of stirring at the room
temperature, 1.0 eq. of (3S)-3-amino-N-cyclopropyl-3-deutero-2-hydroxyhexanamide
hydrochloride (500 mg) was added to the mixture. After another 24 hours, the reaction
mixture was diluted into 400 mL of ethyl acetate. The organic phase of the mixture was

washed with HCI (1N), water, saturated sodium bicarbonate solution, brine, and then dried
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solution was stirred overnight again at the room

tenperature and then concentrated to renove THF. A
whawy/10908ht yel | ow enul si on remai ned. Thi s wasPdi/U810eTd006493

with water (25 nlL) and extracted with CH2A (three

times, 50 nL each). The aqueous phase was diluted with

THF (200 nmL) and cooled to O OC while stirring rapidly

and CBzZ-d (7.6 nL, 54 mmol) was added dropw se over

15 mnutes. After stirring for an hour at 0 0OC, the

over MBESO3 OIrHE Bfudé@PodiRIWMAS Suhﬂed/%ﬁﬂro&%érbﬁﬂy’ &5 5illog (8l acetate 70-
acidified by addition of The sol ution

100%ipdiexanesi e siveti 118 @m&l%@mnwg as fO@l?ﬂSO@Qc P *an§83.6, ES- =
682.2! Tiffe RMIRM1GoRAARED WRSyAElRE over Na2SO and

concentrated to provide an oil. The residue was

di ssolved in EtOAc (25 nL) and heptane (150 m),

R

carbdxephdu)acéﬁﬁudb)—35ﬁdinmthyﬂhunmyﬂbNgﬂ(S)al-ﬁcﬁSolg'@?m&in@b-l 2-dioxo-
d yii.i t h t
P TR NIRRT T S

Preparatlon oN_(-S)-benzyl
| - (et hoxy( nfet Ayl ) g4n n
yl car bamat e h
(S)-2-(benzyl oxyc rbanylam
(3.97 mmol ) in 20 t e i ntai ned at
0 0C, was added 3.0\eg/ of Nnethy”ﬁgrpholine (700 uL),
1.5 eq. of f,0-dinethyl hydroxyl am ne hydrochl oride

[0172) Thé ti’f&)coﬂﬂ%uﬁd ag repatedBIChxidationldf thg pro'ﬁmet 6E$’4leg0mth a suitable

m xture was, stirred overnight fro to
oxidigipgreaggni juch ayfless Magyn BWQFF ?ﬁgﬁgﬁﬁﬂ sorlfum Bypqcglorite.
Specnﬂbﬂh} ?h QR0 aARaE 18 d@eﬂl(l\@ 3dR,643)- 2(d(3<9-24{8§ 2oeyd1@hexy1 2-

The organi c | ayer was My SO
(pyra#pmmaébwmféwﬁ@adoagﬂ ?ﬂ%ﬁhxwmwd\’ é@%lc@vﬂyr’mwlmm%

3- deu?&glﬁﬁfdrgﬁ ?Mdh@xzﬁmeﬁ%éaahﬂl&o@%él%&tﬁsﬂ)y%l@i -cﬁﬂfoﬁﬁmlde in 40

am de e conpound). ES+ = = 295
mL omhg)fg@r@ptﬁlgm wenpddadeat reoms ternperatuge b.06g of Dess Martin periodinane.

After 2 hours of stirring, 50 mL of sodium bisulfite (IN) was added, and the mixture was

‘de t er opent an- 2-
aHni | HOg of
N oi ¢ acid

stirred for 30 minutes. The 2 phases were separated, the organic was washed with water
twice, brine and dried over Na2SO4. The crude product was purified by chromatography on
silica (ethyl acetate 20-100% in Hexanes) to give 1.07g of the title compound as a white
solid. ES+ = 681.5, ES- = 680.0. The 'H NMR spectrum confirmed the structure.

[0173] Deuterium incorporation was determined by MS to be 93%. The diastereoisome ratio
was determined by chiral HPLC normal phase and was higher than 99% d.e.

[0174] The following scheme shows the reactions of both Steps g and h.

E)\'(\)LK(Q? S SN T
o] O o] o r'D o]
° O ° o) r:D o
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Step d: Preparation of (5”"-benzyl
| - oxo- 2- deut er opent an- 2-yl car bamat e[ 0168] Usi ng
w@e@caowses described in 02/18369, the Cbz- pr oP€USZNNT/006493
amno acid of Step c is converted to the title
conmpound. Specifically, into a flask containing 1.0
eq. of (5)-benzyl
| - (met hoxy( et hyl ) am no) - | - oxo- 2- deut er opent an- 2-yl.car
bamate (810 ng, 2.75 nmmol) in 10 nL of dry THF
Ri Bl ai PR owly
Exanipié 2 Pk eififatibn 8 R4S, 39713 Bfh6 3 %?nhgeaor-gﬁ‘js/ydr di hdesz'ﬁhl. Y
hydr¢xyh@XamdrmideAfydsochlovide 10 mi nutes, the ice bath was
renoved aggiukiVe efiaftidrPnN continue for an hour. The

reaction was enched at 0TOC by addi m. of a? @
__sol#1 ofHar KHEEP 6% N Y on—ﬁgm"sc’zt—hen/du/&tﬁeﬁm

by the additidf2pf 10 ml of WA (IN). e mixture was

stiwyred for 30 M nutes, them extracted 3 tinmes wi th

di chl oromet hane. The organi ¢ phases were combi ned and,

washed with a solution of HO ( 1 N), water and briNaﬁzpz()42H20

The organi ¢ phase was then dried over MySO and’i%hg 2-methyi-2-butene

vol atile ev&gg{%t €diiorhe al dehyde was used as is jyriert-BuCH

the next step. Eor = 237.1, ES- = 235.2. Step e:

Priepd? at iqn of zyl o Q H.N—] o9

/\M%*ﬁ\n((%d - m/ﬁb})%rhj& OX Y= =Txxm- -/\/K(U\OH
deuher 6’hexan-3‘€y cpar bamat e. H[ 01'69] Cychmpr opyl H
isogitrile was pLepared accarding to tdseCischene shiown
bel qw. Bu3N, p-TsCl Na2CC3 H 100C, 20 Ws%ig NH2 p Et OH,
0 -3 MeNH traped at -78C (r) QV OHYV X - |> NC The
cycliot qpyl isonitrile was then coupled with the
al dghyde product of Step d to give thechisak | e conpound

as described in J. E Senple st al ., f&rlflett., 'wo0gA
2688) 1 p./RT 6943 akorsyrer WQ- [Shesxycndlif8dq  46,% o
N = 5hr. dtep f° Plﬁsparatlenpof' 2 N

(3SPH3- ani norokk @ ytebsppr opy! - FHdeut er o- 24y dr oxyhexamdanmis
de[ @170] Hydrogenol ysis of téhe Cbz conpound of Step e
was achi eved by using a p&atewdé um on car bon cat al Sast
in the presence of hydrogen to give the title

- conpound. Shown in the follow ng schemes are Stegs|'ec!/IPA
d, e, and f. iPA

/A .

[0175] The scheme shown above illustrate the total synthesis of the title compound. Each

step is desrcibed in detail as follows.

Step I: Preparation of 3-deutero-(E)-hex-2-en-1-ol
[0176] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and
reflux condenser was charged 2-hexyn-1-ol (10 g, 0.1 mole) and THF (100 mL, 10 vol). The
resulting mixture was cooled to 0+5 °C and then Red-Al (65% in Toluene, 32 mL, 1.6 eq)
was added slowly under a nitrogen atmosphere between 0 °C and 20 °C. The resulting
mixture was allowed to be warmed up to 25 °C and stirred for 5 hours. The reaction mixture
was cooled down to -5+5 °C and D;O (8.2 g, 4 eq.) was added drop wise between 0 °C and
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CbZH Step g: Preparation of (1 a/
,6a-y)-2-((5)-2-((5"-2-cycl ohexyl - 2- ( pyrazi ne- 2-

W@ 20000989 do) acet am do) - 3, 3-di net hyl but a poyl ) PCF/{§B07/006493
r)-1-(cycl opropyl am no) - 3-
deut er o- 2- hydr oxy- | - oxohexan- 3-yl ) oct ahydr ocycl opent a|
c] pyrrol e-1-carboxam de [0171] The title conpound was
prepared fromthe hydroxy-am no am de product of Step
f by condensation with the appropriate acid in the

15 °cP rﬁﬁmee@su%%gamm&relwarsg:ha%aqpmmhness v6h Gnd sERRIteENHLCI

. Specifically, in a l'ask containing 1.2 eq. of
solutiph §®Bml? S&/4).)- 2A@€:5§t1r2mg (s mzxture for 10 min, the white solid formed was

ﬁlteregyo‘Ut 0 %F étﬁa%“'( lgﬁra[%érﬂ ?ﬁgﬁﬁ*pﬁ@ #gzitaf Qﬁd"‘meq )legtha%er was

anoyf! ) oct ahydrocyc pyrrol e-1-car
extraotgd wuthAd:(MnﬂQQ)vqlh P& origanyt li)rﬂ’-s werescomiinetl Zndswashed with

diJ sop L
e SEPERA IS il oo o afrg o g tgoroduc
(compdnkd 2()558 cotprles$bil e Thd brudiepuddisct Bfwastused lfcrrghanexﬂseep w1thout
room.tenperature, 1.0 eq. of

further punifisation. N- cycl opropyl - 3- deut er o- 2- hydr oxyhexanani
'H Nldﬂ{ (BOUrMIEG| eoclg 8(59@(&‘@9{, yves0 &)t 12 ¢, i Jri KO, 2.04 (t, 2H,

er _anot her he reaction m xture was
I= SOCH‘f)uﬂééNil ﬁ?émﬂféH) 19_9%% %{"hi‘_rs"i%@&ate. The organic
phase of the m xture was washed with HOJ (IN), water,

saturat ed sodi um bi carbonate sol ution, brine, and then
Step2¢ (Rregaration\pfSideutere-(E)-De¥-2p8tuct was purified by

[017F W&M?&ﬁé’o@c%oqm%ﬁﬂ&@ot{&ﬁ bk @@ﬁbﬁédewﬁﬂ mebRB%AIRtirrer

Hexanes ive 1.31g of the tile conpound as a white
contairghg 3-deBgro-2- h%sma (1¢g, 04 rggle) in Clﬂh@lzf(l m, ééWPl)rWharged

actlvgtgk?g?'kﬁzz%??% ?% ﬁﬁgogm tgﬁ‘l BAR#E! Wﬁe?tnéolmﬂ; stirring for 1 hour, another

-2-Ccy Iohexy 2- (pyrazi ne-
ponlmmftMn@a](tﬁ)g,aZ; eq)amscaslﬁeg agd ghe shaking was continued for 4 hours. The

reactlg_g MxltlgHt\@algqme)red‘thrcglfél) a J)ad(&yc%lhi)eo Flﬂ@ébﬁflem \QQ&) rekno%e&l bP¥acuo (25
°C, 160 dﬁﬂHg} o giex ar&geﬁldh)r cotdetaldihydy prajventcapopyd Bbhea pale yellowish

oil. T GUR ieout sed 857 bk bkt LATRANOR AiRReTRERRGAGH Y
'H NMR (500 Mgl ey 3.64 hd,a]ﬂ-l Dek6. Ol\lﬁz)t _611_4(33!1}!);:12 Bd (e, 2H), 1.55~1.60
. 2L ot i 51 of (15,3 T

,6ab)-2-((5)-2-((5)-2-cycl ohexyl - 2-
Step 3: Preparaﬁon of 3-deutero-(E)-hex-2-enoic acid
[0178] To a three-neck 500 mL round bottom flask equipped with mechanical stirrer and
reflux condenser was charged 3-deutero-2-Hexen-1-al (10 g, 0.1 mole), ter--BuOH (90 mL, 9
vol), and 2-methyl-2-butene (30 mL, 3 vol). The resulting solution was added with a freshly
prepared aqueous NaClO; (27.4 g, 3 eq) and NaH;PO4 (62.9 g, 4 eq) in water (200 mL) over
30 minutes. The reaction mixture was stirred at room temperature for 2 hours. The reaction
solution was cooled down to 0 °C and was added with saturated Na,SOj; aqueous solution
until the reaction color becomes colorless. The stirring was stopped and the organic layer
was separated and the aqueous layer was extracted.with EtOAc (3 vol x 3). The organic
layers were combined and concentrated in vacuo until the total volume becomes 3 vol. The
resulting solution was extracted with 1N NaOH (3 vol % 3) and the remaining organic layer
was discarded. The combined aqueous solution was acidified with 6 N HCI1 until the pH
became 1.0. The solution was extracted with CH,Cl, (3 vol x 5). The combined organic
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(pyrazi ne- 2- car boxam do) acet am do) - 3, 3- di net hyl but anoy
[)- L'"-((35)-1-(cycl opropyl am no) -
WQ2ee00®B®- 2- hydr oxy- PCT/US2007/006493
1- oxohexan- 3-yl ) oct ahydr ocycl opent a[ c] pyrrol e- |
-carboxam de in 40 nL of dichl oronethane was added at
roomtenperature 1.06g of Dess Martin periodi nhane.
After 2 hours of stirring, 50 nL of sodiumbisulfite
(I'N) was added, and the m xture was stirred for 30

layer We&tﬁrﬁl QV-EEM OARESNE R GPIHRE8Y.7 & BE tH?:r;Q@dm& é’éﬁ‘ﬁpound 4)

ter twce, brine and dried over
as a white sehidide product was purified by chronat ography on

Y t I
NGB 558 CTHATEN (oA Res0Tlo! 59KSs . 0 058
(t, 3BHO845. Oﬂz)ES- = 680.0. The 1H NWR spectrum confirned the

structure. [0173] Deuteriumincorporation was
determined by M5 to be 93% The di astereoisone ratio

Step MBB?]diﬂtvﬂrri]m ﬂed-dtytabi(mlN-hPuﬁprmyméx-phmaudad was
er than 99 e. 74 follo scheme shows
o7 b S Sou e B R SELER 1048 and
reﬂuxpcfc%.ag/sgtr WaB cRér eg 2- HexenoK:I_acnd -3d (10 g, 0.09 anole), IBCF (13 g, 1.1 eq) in
N - ani no- eutero
H:Cl B ek o Vi) B0 Feackion SRERioP s ZRpIat omn o b ¢ Bl NV (13.2

g 1. s?eqﬁfﬁfabxhd&r@atv cérﬂfdlmeglﬁ;étah &aturEBexW A 2a 20 °c Then, the
Racem ¢ Salt 75% HCl | PA ITPA [0175] The .schene sh

mixtugewas allowed to by warned vmmoogyﬁmégﬁ%fe@ndtsﬂge@ Fon hour. o the
resultﬁ'@%‘?ﬁ’t% wkesdied (c§PIopROPIERNHIRED &N HedPidd the sbiatib®Was stirred

for 2 hours. The reaction mixture was washed with 1N NaOH (3 vol x 2), 1N HCI (3 vol x
2), and brine solution (3 vol), and water (3 vol). The organic layer was dried over MgSO,
and concentrated to afford the crude product as oil. The crude product was dissolved with
heptane (5 vol) and cooled down to -78 °C with stirring.. The precipitated solid was filter and
dried to afford 8.7 g of the product (compound 5) as a white solid.

'H NMR (500 MHz, DMSO) & 7.92 (s, 1H), 5.78 (s, 1H), 2.66~2.68 (m, 1H), 2.08 (t, 2H,
J=5.0 Hz), 1.38~1.42 (m, 2H), 0.87 (t, 3H, J=5.0 Hz), 0.63 (t, 2H, J=3.0 Hz), 0.40 (t, 2H,
J=3.0Hz)

Step 5: Preparation of 3-deutero-N-cyclopropyl-3-propyloxirane-2-carboxamide
[0180] To a three-neck 250 mL round bottom flask equipped with mechanical stirrer and
containing (E)-N-cyclopropylhex-2-enamide-3d (i.e., product from Step 4) (10 g, 0.06mole),
urea hydrogen peroxide (25g, 4 eq), and p-TsOH (12.3 g, 1 eq) in CH>Cl; (100 mL, 10 vol) at
0 °C was added trifluoroacetic anhydride (40.9 g, 3 eq) in CH>Cl, (50 mL, 5 vol) over 30
minutes. The reaction mixture was heated to 40%5 °C and stirred for 3 hours. After cooling
to 0°C, the reaction mixture was quenched by adding 6 N NaOH (100 mL, 10 vol) slowly and
stirring for 30 minuies. The organic layer was separated_and washed with brine (5 vol) and
water (5 vol). The washed organic layer was dried over MgSO4 and solvent evaporated to
afford 9. 7 g of the epéxide product (i.e., compound 6) as pale yellow oil. The crude product
was used for the next step without further purification.
'H NMR (500 MHz, DMSO) 8 8.01 (s, 1H), 3.09 (s, 1H), 2.63~2.65 (m, 1H), 1.39~1.54 (m,
4H), 0.91 (t, 3H, J=5.0 Hz), 0.60 (t, 2H, J=3.0 Hz), 0.45 (t, 2H, J=3.0 Hz)
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Step | : Preparation of 3-deutero-(E)-hex-2-en-1-ol

[0176] To a three-neck 250 nL round bottom fl ask
weouwrppeso Wi t h mechani cal stirrer and refl ux cPOTERRET/006493

was charged 2-hexyn-1-ol (10 g, 0.1 nole) and THF (100

m., 10 vol). The resulting m xture was cooled to 05 0OC

and then Red-Al (65%in Toluene, 32 nL, 1.6 eq) was

added slowy under a nitrogen atnosphere between 0 0C

and 20 OC. The resulting m xture was all owed to be

warmed up to 25 0C and stirred for 5 hours. The

reaction m xture was cooled down to -55 0C and D O

Step q: 8P2epgratioe qf $-azido-3rsleuterarysyalopropdtZrbydraxybexanamide
[01812 Cf‘o aT ﬁﬂr kéEF 556 gm%I_SEIU{tEmI%k %H@i?)ggﬂi Qt%&éﬁlcm—stxrrer and

¢ saturat e
reﬂuxﬁéd]‘dbnm‘ lcontlamgng ﬁn@ eppxndgﬁd G 610 £.0.06 mole) ed mmo@onagnesmm

[ r
sulfatg; ? ‘{nf% 2%\/%’5 L &par a{Rg)t and gf)%ggsé@%’&{;%r% a\%gﬁs? (183,40 eq) in
one pBNtdnaCIl?gewltlhg hiPAGtSPastheat@l woad 5 “Thandostiyeedi for 5 hperss The
wer e conbi ned and shed with ter 3.V and
reactlh FBRTY B REN i e aneanrPebae abs IAGIE0uE figh Wes added
and th@ixthRAMSS stirfaniePatisihet) 1 0afinaited0 I Thel Adureiwas ﬂhﬁed:thttd%h a pad
Qduct 2 was used for the next step without furthe

of Cegtﬁr | tPirEmPY S Hisolhlagoks ead iheyepultipgelcay sqjuisosway oncppirated to 3 vol.

To thé Tgkuql Qolut?on%—vgas( &lided ﬁl’AdI 75m@_, |T|Z\)ol) &acﬁﬁe(rﬂmt&l#was stlrred for

anothSt éﬁb mmlrmeépégamb tiw selm @nd\éaftféfeée({ Eafowés@ Eade?fa¢el[t9 1tmff°rd the
produ-[:‘l) tﬁe ﬁ@dﬁ@&lﬁpm il ad PLiRGr RGN IPAIK (288 FRAAL), which was

anical stirrer containing 3-deutero-2-hexenol
used ('o_r_ohgnero steprwitequt ifertigm perificatsgn.nl., 15 vol ) was char ged

'H NRFR %‘R/Iéégs 1](% ﬂ‘i? 620 ﬁ(}dg?ﬁ‘eg%ﬁﬁtybgd AH, 85,0 Hz),

V|g£rous stirrin ortion
2. 66~(21<67 on, Hi)EQ)30avé§86(dd )98 (h 8 Hs Hrak. Drﬂ;ﬂmﬁéo ot IJ]’EQB@ Hz), 0.48 (t,
2HJ§ 6ﬂours Therea_ctlon solution was filtered
>“throu a pad of celite. The solvent was renoved in
vacuo (25 OC 100 nmHg) to give 8.8 g of t he crude

Step .?-lh g?'h j %%g%%upeao? -cyflﬁgr dro%mm?)ganatnlude
[o18%jurd 51600 ﬁﬂ[ bf awtedlavhydrogenation reactor eqmpped W1th mechanical stirrer
containing the azide-3d 7 (200 mL, 0.05 mole) in IPAC obtained in the previous step in a
hydrogenation reactor was charged Pd/C (10% Pd, water Sb%, 0.8 g). The solution was
charged with nitrogen (1.0 atm) and released three times and then charged with hydrogen (3.0
atm) and released three times. The resulting solution was charged with hydrogen (3 atm) and
stirred for 5 hours. After réleasing the hydrogen gas, the solution was purged with nitrogen
for 5 minutes. To the resulting solution was added MeOH(30ml, 3 vol) and the reaction
mixture was heated to 50 = 5 °C. The reaction mixture was filtered through a pad of celite to
afford a clear solution. The product was isolated by concentrating the solution at 20 + 5°C
until 3 vol of the solution remained. The solid was collected by filtration, washed (IPAC, 3
vol), and dried to give 7.7 g of the title compound (compound 8) as a white crystalline solid.
'H NMR (500 MHz, DMSO) 8 7.70 (s, 1H), 5.31(s, 2H), 3.68 (s, 1H), 2.64~2.66 (m, 1H),
1.10~1.50 (m, 4H), 0.82 (t, 3H, J=5.0 Hz), 0.59 (t, 3H, J=3.0 Hz), 0.45 (1, 3H, J=3.0 Hz)

Step 8: Preparation of (2S,3S)-3-amino-3-deutero-N-cyclopropyl-2-hydroxyhexanamide
deoxycholate
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1H NMR (500 MHz, CDA 3) d 9.54 (d, IH J=I00 Hz),
6.14(s, IH, 2.34 (m 2H), 1.55-1.60 (m 2H), 1.00 (t,
W@RH07A6H8® Hz) Step 3 : Preparation of PCT/US2007/006493

3-deut ero-(E)-hex-2-enoic acid [0178] To a three-neck

500 nmL round bottom fl ask equi pped w th nmechani cal

stirrer and reflux condenser was charged

3-deut ero-2- Hexen-I1-al (10 g, 0.1 nole), tert-BuCH (90
m., 9 vol), and 2-nethyl-2-butene (30 nL, 3 vol). The

(01 83!‘ %Uk%dh%ﬂc §Qidu(tl 5 ¢ @;g GRS &gg@gs YhdrfePtol d @Bt NecR2SDIHE %und bottom |

gueous eq) and NaH2PO4 (62.9 3g
flask aw)ppad widh mecbamgal rmyrebm coptRining (ke Ecemie éZISe%ﬁit -gmino-3-
ty '€ 0fo3" F (100 mL
deutelf X Yoot By S hfdiBiy b BRI LETRS (1 OB e R TRE (100 mL,
10 v).a@He deammdn 18 Sioe mUeM@GSSaéL?ébusl giwtedtfooh hamt. i The tesulting
eacti on col or

es €
nomog iR EVENEE DAECOTGUN 2 ToagoP sy Rt IR A femperature
range&"ﬁlﬂﬁﬁdﬁr |"B)€q5remﬁale&fsbﬁk¢st werewollected BDAClf@ion) IWaﬂ)ed witke THF (50
anl ers. wer.e conhi ned and co entratg?x n v

mL, 3 Ang AESH 5t EIveVar L aT iecalsomeoe] (compeepd Sypd p T Solid. The

produtPhatl dnhatiBmerl¥ rita{ ERY of2198: | N NaOH (3 vol x 3) and
the remaining organic |ayer was di scarded. The
conbi ned aqueous sol ution was acidified with 6 N HC

Step ¢ ni’képaﬂ'gﬁoﬁ’ of 5% 3SE3-hntino-Bideiiter I NLEfEI0PYO pPK L 13/dr 6Lyhexanamide
CH2A 2 (3 vol 5). The conbi ned organi cl ayer were -
hydr@nhleddever MySO and concentrated to afford 8.7 g of

'OISJIQ/HZ @fh?@ﬁ%ck?ﬁmﬂqagmﬂﬂotﬁﬁn ﬂaﬂ@&{u‘?pﬁe@l Wwith nf’ebhﬂh@sl BREr was
" charged ﬂg_e_mhwoglmla@m)a]t (((joglgstc(n 8) a 2- g&ma@olmﬁ; ngt, eipvql) The solution
was hegit%e %]'; %E:L? QC%Bd% t 8—%(?] 9#)"::2} i YBA (12mL, 3 eqs) was added slowly

hex- 2- enam 0 a three-neck
with vugurmhs lstotringmn Theaskulqul s@iption was ktimed aithe sathe mw@trlr e for 1 hour

and tl?e%%or ‘I%fdoéj X C%ﬂ?ﬁ%’?ﬁ B@éfe %%%%%re’@%%eﬁgfn% % tﬁg%adne
températurd rvichgur. The predpikatedgplisis weré ovllestsl pobltationomeshed with 2-
ol SO el D R D Bl
.0:100)a€ a white solid. The deuterium incorporation was hl gher than 99%. as determmed by
MS and 'H NMR.
'H NMR (500 MHz, DMSO) & 8.07 (s, 1H), 7.97 (s, 3H), 6.25 (d, 1H, J=5.0 Hz), 4.16 (d, 1H,
,J=5.0 Hz), 2.67~2.70 (m, 1H), 1.33~1.46(m, 4H), 0.84 (t, 3H, J=5.0 Hz), 0.61 (t, 3H, J=3.0
Hz), 0.53 (t, 3H, J=3.0 Hz).

Example 3. Assay for Measuring Epimerization Rate

[0185] The deuterated compounds of this invention undergo slow epimerization as follows:

f’in/ < I ~7
o} _ OH Hy 2
N N H30* N N
et [
1 %‘ o0
AN NW
o H o -
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m xture was allowed to be warned up to room

tenperature and stirred for 1 hour. To the resulting
wa@odoattowso was added cycl opropyl am ne (5.9 g, BCRUSIN7/006493

and the solution was stirred for 2 hours. The reaction

m xture was washed with IN NaOH (3 vol x 2), INHA (3

vol x 2), and brine solution (3 vol), and water (3

vol ). The organic |ayer was dried over MySO and

concentrated to afford the crude product as oil. The

(o1 86i FI'ﬂF %8 Q4fibn m@ wik kel atedrlingas ttl?enﬁ)llﬁa'lﬂ/gl’is)sa)a nS’pecnﬁcall Y,

own to -/8 OCwth stirring. The precipitated
100 pahediuma@®uftet, ratrplasmi, dog thsma, af hwnan playmg) was 2dded into a 96-well

deep %%%%ulcqj h;c n‘ﬁ*?agjvlvqgsl )n g@de%glvw%t %F?S_r‘s)mtlgleéém?og gof.trar{mlilg_ﬁl est

8 :QBI ,2 3—03&163( H2- hED2-cib&xantit tamido)-
oM —é agzdés))'k_g 63 2yH =3, O(Iétmaz 040 (1 (t angHo)ace amido)

3,3- dljngghijp.{g’log@-é\b((g) 1-(pycéwpayl|a%n@f1 2-dioxo-3-deutero-hexan-3-
I
yl)oc%%gfﬁgp%h{[ﬁﬁg%ieo pﬁékr'b%x%ﬁ@’(apl( WMRBEIF D lrah@)l 200 fle ethyl

neck 250 round bottom
acetateqoiopthe 86 \dﬁemweﬁcph:aq (2mL) by i usmg 12 o Texoliquad hmﬂmg workstation

p
a5 UhEPIRPIE GRS AE i afs ol dile {508 o 20
minutés lbaﬁore ﬁg@hg%eﬂﬁ{ﬂ:gegdéﬂ d3309 sprh fer)) 0 irtinEeR CA Rex{ de@ii fiwge, 900 pL of
VO at ed tr uor.Q etlc hydr i d
the supermsag s (RRES 4 801V SRSRFSTG a5t <GBIA AT g and then
dried 'ixﬁé@rtthB%éH gdsUnewate 45t BkhihPatBP CrorABowION rhﬁﬁitésomﬁ residue
hours. After cooling to 00C, the reaction m xture

was reepnstiniesl With 488intetbylNcRigt-apd Hip ﬂutlwwgmrswwfved into the
glass AreS il %ﬁ%leﬁ@ dﬁ\/\ﬂ:’ bffhe r-le_g&sﬂﬁﬂ@d" §QutiyY Rhs i’ﬁﬁ’&ted into LC-

sep ar at 6q rine (5 vol) and water
MS/MSItc) det€maingabh amoentod theepimges: %L@rM‘éNS\;imcmm used a

Chlraggag%%@t&c?lumél (4%23 3,gt ed (8511%28 pg)ftgre W %I{ﬁ%l gxgl)cﬁ?é(-'hg&ane
(10:90] 36180, rOduN) apdtse msbﬂie Ploaset dnd 1mprbpa‘tod! ps thietwastitng solvent. Also
used (rgthe:?\zé s ?gcrtlli?fglx Cértvlv%)s% deuéerlg\ltgwg fsxglgcg)():}rz]l{gq tlgﬁ[%!\é%o R?gl!li :cglilaining 11
deutg('il‘ﬁln &bbns iR t&lcyclohe’yl, grdad (O;sHZD, 11.97(5@ MW, 6%‘#7)\] 3.0

10187 i s comtpoiand it R (o By P o T R g dpgteraced
analogs (with the same qr different chiral configurations at the deuterated carbon center) had
a mass (M+H, m/z) of 680.36. Their LC-MS/MS spectra showed a fragment of 323.30 (with
deuterium) and 322.30 (non-deuterated).

[0188] At both concentrations (1 uM and 10 uM) and in the same medium (i.e., a buffer, rate
plasma, dog plasma, and human plasma), the test deuterated compound of formula (I) showed
a slower epimerization rate than its non-deuterated form buffer, rat plasma, and dog plasma;
and a much slower epimerization rate in human plasma. For instance, in human plasma and
at 1 uM or 10 uM, the deuterated compound epimerized for about 30% in 180 minutes,
whereas the non-deuterated form epimerized for almost 40%. In addition, in human plasma,
the deuterated compound epimerized at a linear rate for 180 minutes, while the non-
deuterated form showed an exponential rate of epimerization in the first 60 minutes before it
leveled off.

Example 4: Assay for Determining ICso in HCV Replicon Cells
[0189] (15,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-3,3-
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[0181] To a three necked 250 niL round bottom fl ask

equi pped wth nechanical stirrer and refl ux condenser
w@omnraoysng t he epoxide-3d 6 (10 g, 0.06 nol e)PEmUS2007/006493

anhydr ous magnesium sulfate (14.1 g, 2.0 eq) in MeCH

(100 nm., 10 vol) was added sodium azide (15.3 g, 4.0

eq) in one portion. The resulting m xture was heated

to 655 0C and stirred for 5 hours. The reaction

m xture was cooled to the roomtenperature and | PAC

dlmetimgl% ano?lh %1% 1%201@@%91&“910}-“9 -&Tbxd- g[d:éu% h§iérf sed

The m xture was filtered

yl)ocmhhydmgyplapqmlcmxrr@@ Hcerbmsamsimlé >H88)- ét(ﬁ@hgapt%’*and

e Lesu

aimey3fyRERSD o002 (P Es SRk el SO SR I ng ) )1

(cycldptupylaminig)- I, 2diaxiod-dewesvhsxat-3 1y e trokai2, Tdazispiro[494]non-2-ene-8-
m nuf es. t he fil

carvof s R B bR i 50 51 e 2009, 275

17508-QT3PeUDid, K) et 415 Aarinti@ob. gdnss Chembhet. PXDA( 488084-20092.

(015G i ey St R iR b f*%ep‘iwon of the

Conl@n@gx {vgre ﬁﬂntaﬂne'@l ifl D‘l!ill)eccé sQﬁotﬁl(ﬂicd Edgle\’]s:x'ée&uhlZODMEM), 10% heat-
mactly&tgdd'etp&l?ovnge mym(xt(F B§p,| 2 gm.bé Logl%mng a&lg n?)?lessgql_‘la:i jmgn(b acids (JRH

Blosc"tr)cegLeeQera ﬁ)epﬁlrs@tﬁorﬂ?)%l G418 (Inv1tro en, Carlsbad, CA). The
3-am no- 3- deut’ér o- N-cyclopr opyl - 2- hy roxyhexananlde

subggnonse HCS replzo0 alsp e@ﬁocéagtadtqomy@rh phpsphetrisfesasey whichqpllows

| [ -
selecﬁngmgg Mg&&%@ﬂ 88@8811’35# mﬁﬂngéi’%t,&%bg!g{m;ﬂ f;]egﬁccl)r;] n?%]atlve Huh-7

cells pr theipoessnet effG#18. aThg/mgmwne iof ﬂvatestmorrmyné mawg@a the HCV

RNAFfd\//e ug é‘loeo/l(')ePﬁéonV\%ilgrlS x%g'({&efq?%@% (I rc‘t%{ é’d%?fb the cell viability

eased T
is redmcedshy a0% (0@0), wem daermined 1ml;l§£f\bgenl Qubg@n@mnc) reahelon cells (19)

eased three e I n
usmgc‘ﬁ TBPY & cluﬁv%ﬁ%p gzg%ﬁl\(]g Prrﬁ)f uig%eur egkl?og'r d %S& or g\@%ﬁbmw with the
test céfrtpeﬁndl alled iim Q)MEM dyntitioniger2%g #BS drded. 5%l DMISEh(witlsout G418) at 37
ur ge i itro {
e R 955D M 653 5B AR Ui, ) and
the c%%ﬁnfh&h?eﬂ/&&la@l![ﬁi\em\lﬁow&@ deterifed Tha quemtithtive) reul stinue, enultiplex
was Ilte {
reverse transcnptlgr? PCR E(Sl%%q’& or a%fma% laéstaye/ [Fge cytotoxicity of compounds in
the HCV replicon cells was measured under the same experimental settings using the
tetrazolium-based cell viability assay.

' [0191] The results sliow that both test compounds have a Ki of less than 50 nM, and an ICso
(over 5 days) of less than 10.0 uM.

OTHER EMBODIMENTS
[0192] It is to be understood that while the invention has been described in conjuncti(_)n with
the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

.aspects, advantages, and modifications are within the scope of the following claims.
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afford a clear solution. The product was isol ated by
concentrating the solution at 20 5C until 3 vol of
wo b@74a408¢ i on remai ned. The solid was col | ect ePICDYS2007/006493
filtration, washed (I PAC, 3 vol), and dried to give
7.7 g of the title conpound (conpound 8) as a white
crystalline solid. 1H NWR (500 WMHz, DVsO) d 7.70 (s,
IH), 5 31(s, 2H), 3.68 (s, IH, 2.64-2.66 (m I|H),
1.10-1.50 (m 4H), 0.82 (t, 3H, J=5.0 Hz), 0.59 (t,
WHAE"!;CIAFMQDW) 0.45 (t, 3H J=3.0 Hz) Step 8 :
reparation of
1. A (28e8Gn-Grighedo-Ktamite compouyd dHihedpynul2- hydr oxyhexan
anm de, deoxychol at [ 0183] Deoxycholic acid (15.7 g,
0. 7#eq ) s chgrged to a three-neck 250 niL round
bot tlom f | agk equkf\eed wi th mechanical stirrer and
¢ (2S, 3S) - 3-am no- 3-
uter N—cyc opr opyt - 2- hydr oxyhexanani de of step 7(10
0.5 in THF (100 nm, 10 v). The reaction
xture was hgat ed to O%sVEReiand stirred for 1 hour.
ThS defsid § HBdehi@RRAGHEOUS M xture was cooled to 232 0C
over 1 hour, and left at the sane tenperature range
for 1 houys

ofR'ZLSQ%B Stép 9 :
(2S"9) - 3-
ni i de hydg

rlerydndtl on of

- 3-deut er o- N- cycl opr opyl - 2- hydr oxyhexana
gride [0184] To a three-neck 250 nL.

ask equi pped w th nmechani cal ti rrer
d_tHedi, hydrochol ate salt (from E)é and

2- pr opanol (62 niLis an Qr§jopallypebstigited mogo aheteroeypivi or
optloZ§l5)S gﬁsﬁﬂ@ecﬁm‘:ﬁnc@c% %eﬁ%d&ﬂy@ MorioptibRAN Sll:bgtlmed rBulticyclic

was add Wy with vigorous stirrin

azaheteiogyalemy hFelD o S 91 50 S TG istakis g‘é’rﬂi@rboﬁaupé the R*!
monetl%o%%% clRid 62@51 N(R2)-EHRIANONE(GRRR®R ety RAHaCRY;

yas mai Nt g nezd at the sane tenperature for 1
hour. TR& pochQ WEQ's svhergin wer e col | ect ed by

filtration, 3 VOk.. - )
dried to give ?bgp“w %’B ¥ 'S%&fb%ng‘!g“ oun(md -GoY,.20k-, -CON(@QY)-,

-CO% eaniN(@PO(0)MHQ"* b -N@Q* ) C(S)-N(Q%-, -OC(O)NQ*-, -S-, -SO-, -SO»-, -

N(Q )-’

-N(QHS0,-, -N(Q*)SO,N(Q*)-, and hydrogen when any of W2 and W? is the terminal group;

Each of Q', QZ, and Q3 is independently a bond, an optionally

substituted aliphatic, an optionally substituted heteroaliphatic, an optionally substituted
cycloaliphatic, an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally substituted heteroaralkyl; or hydrogen when
any of Q°, Q?, or Q' is the terminal group, provided that Q? is not a bond when both W? and
W? are present; and A

Each of R%, R?, and R*, independently, is H or a C, alkyl; and

R’ is H, alkyl, cycloalkyl, aryl optionally substituted with 1-4 alkyl groups, alkylaryl,
aryl, amino optionally substituted with 1 or 2 alkyl groups. ‘
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0: 100) as a white solid. The deuteriumincorporation
was hi gher than 99% as determ ned by Ms and 1H NVR 1H
wWORMR7(16080 VHz, DVMSO) d 8.07 (s, IH), 7.97 (s, BEN/USBO2606493
(d, IH J=5.0 Hz), 4.16 (d, IH , J=5.0 Hz), 2.67-2.70
(m IH, 1.33~1.46(m 4H), 0.84 (t, 3H, J=5.0 Hz),
0.61 (t, 3H, J=3.0 Hz), 0.53 (t, 3H, J=3.0 Hz).
Exanpl e 3. Assay for Measuring Epinmerization Rate
[0185] The deuterated conpounds of this invention
undergo sl ow epinerization as follows:[0%36] THe
epi nmerization rate was neasured according to tlhe
foll owi ng assay. Specifically,,~t 0 A2 v J%iffer,
rat plasma, dog plasma, or man\pl as nwas added
2. me%ﬂg,%uﬂéb%@ﬂaimd?%e&h@k@-isTo therpl asom was then, in which
added 10 nml agetonitrile solution containing a test:
ceaplbofB’ and R” is independently ‘
(15, 3a/ 2y SaShs 2- ((5) - 2- ((5) - 2- cycl ohexyl - 2- (pyr azi ne- 2
- car boxam do) acet am do) - S-di net hyl but anoy”-
L' - A SJ-dpticoglty sybstppédath, hrar| 120k yslaaligderayoer o- hexan- Sy

) octahydr al.cl pyrrohe-l - jde (at 1
M or . SRR RPIERET RA P Bk ERbRABTIR (O
deep- wahtthpleat er ¢@ylenesubstitutegl witl ond seubstihwgni sklected from the

handl| i.n rkstati.on nden,. USA) . The. plate .
srouR Gty af B ORGP bR Auehats Rl appicRe R Suiffted cycli
group Al dresptivnhily substitwed awetitici growe dnd twh2oaA themethytent Or ethylene is

m nutes, After centrifuge, 900 nL af .the supernatant
furthwhpp%msfl&swaewﬁﬁaﬂ@&P‘w%ﬁgp@ StBER e | pl at e |

USdaBR of RMTFEL an@RY' i hedepehd @l yiydesgeRior lopgl6ital Basubktituted aliphatic

rate of 60 L/mn) at 25 OC for about 30 m nutes. The

group;r esi due was reconstituted with 100 nL ethyl acetate,

angothgn setidHall9Rub@Suted aliphdticaRohs lopBEnalRf substititd &&Kc group or
~inserts in the 96-well plate. 20 uL of the
optiopd bosbsti fgdeAIoBBIE BT was i nj ected into LCMS/ M5 to

det er |1vps. t I 1 h | h A
s T RO s

10w or b nmixture of isopropanol and n-heptane (10: 90,
50: 50, or 90:10) as the nobile phase, and isopropanol
as the washing solvent. Al so used in the M5

3. Thepeowpomdtodiclamms?, avhdesit @riatied anal og of the test
compound contai ning 11

4. The compound of claim 2, wherein R® is methylene substituted with one substituent
selected from the group consisting of an optionally substituted aliphatic group, an optionally

substituted cyclic group, and an opti?nally substituted aromatic group.

5. The compound of claim 4, wherein RS is methylene substituted with isobutyl.

6. The compound of claim 2, wherein R’ is hydrogen.

7. The compound of claim 2, wherein R%is methylene substituted with one substituent
selected from the group consisting of an optionally substituted aliphatic group, an optionally

substituted cyclic group, and an optionally substituted aromatic group.

8. The compound of claim 7, wherein R?® is methylene substituted with an optionally
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deuteriumatons in the cycl ohexyl group (C H
2D IN70C6, MW 690.47). [0187] The test conpound had a
wore®s/109%08H, m z) of 681 .36, while its non- deuP€r/asmd7/006493
anal ogs (with the same or different chira
configurations at the deuterated carbon center) had a
mass (MrH, m z) of 680.36. Their LC- M5/ MS spectra
showed a fragment of 323.30 (with deuterium and
322.30 (non-deuterated). [0188] At both concentrations
uM and in the same nedium (i.e., a
SUbStlé't%dfwle:yo%popl asma, dog plasma, and human pl asm),
the test deuterated conpound of fornmula (1) showed a
sl o 4 t €. m
9. ThB c?wg x?aoo{ml “g g,rr\éfﬁ&e{n 1stntn1é’?F%l%§ s&gggf#&i"hﬁéh&alghégl
eplnerlzatlon rate in hunan plasna For instance,
uman pl and,at. 1 uM«or .10 u t he deuterated
10. TR BRRER IR b B RO n 180° m put es.
wher eas the non-deuterat ed forn1epinerized for al nost
40% In addjtion u t he deuterated
11. The FBRANE %ﬁlﬂ@mze‘aﬂ%m&@r% ?rlé rate for 180 ninutes,
whil e the nondeuterated form showed an exponenti a
rate ofxggonerlzatlon in fhe first 60 mnutes before
12. The compeyrshoipglpim gy whenew B inangptiqnsly subgtityted mwm%%oup-
in HCV Replicon Cells [0189] (15 3a
6ab5) - 2- (( 2-((5)-2-cycl ghex pyra2|ne 2- car boxa
13. ﬂwgema@mchﬂ}@@yng @Nbﬁrﬁ@tﬂlyll%i% 9m Nbe gl - (cycl op
ropyl am no) - I, 2- di oxo- 3- deut er o- hexan- 3-
yI)octahydrocycIopenta[c]pyrrole- 1- car boxani de and
(55,85)-3 -(5-chloro-2, 4-
di met hoxyphenyl )-7-((5)-2-(2-cycl ohexyl acet am do) - 3, 3-
di net hyl but anoyl )-//-((-S )-1I-
(cycl opropyl am no) -1, 2-di oxo- 3- deut er ohexan- 3-yl ) -1 -o0x
a- 2, 7-di azaspi ro[ 4. 4] non- 2- ene- 8- car boxam de were
used in this assay as described in Lin, C et al., J.
Biol. Chem, 2004, 279: 17508-17514; Lin, K et al.
Antim crob. Agents Chenother., 2004, 48:4784-4792.
[0190] Huh-7 cells harboring an autononously
replicating, subgenom c HCV replicon of the Con
strain were maintained in Dul becco's nodified Eagle's
medi um (DVEM), 10% heati nacti vat ed



fetal bovine serum (FBS), 2 nM L-glutam ne, and
nonessential am no acids (JRH Bi osci ences, Lenexa,

waE3)o7/1pdoss 0. 25 ng/ M G418 (I nvitrogen, Carl sbedl/USAD7/006493
The subgenom ¢ HCV replicon al so encodes a neonycin
phosphot r ansf erase, which all ows sel ective growh of
HCV replicon-contai ning Huh-7 cells over HCV
replicon-negative Huh-7 cells in the presence of (G418.
The concentrations of the test conmpound at which the
HCV RNA Iev? in the replicon cells is reduced by 50%
(1C50) or 90% (1 C90) or the cell viability is
reduced by

0% (CC50), weresdeterm ned in HCV\Conl
subgenomi ¢ MNEblicon cells (1 sin par amet g ur v
fitti nl\/tax Fr The_gpl neol. wer N
i ncubat t Ne conpoPphd dil ted in
consig@ng of NI G 2% FBS Mnd 0.,5% (witHout GA1 8) "t 37

0C.~Total cellular RNA was extracted using an
- 96 kig AGEN, c a, CA), and theoco;ﬂ'

m ’/%'R term nedg ;éi ]
O CﬂantltatQVe,N real-t\w‘%re Nrultl pl & se M )
thlanscripti ol PCR (QRT-P&R, or Taqman assay,. =

cytotoxicity of conpounds in the HCV replicon cells
was neasured nder the sane experinental settings
usi ng the t e I based caqb_vipabi l ity assay.

(o) 19 o TheHﬁe ts sh t bot h% test CA ?/Jgéglds have

a of les HH 50 n d an I over ay $0.of
N %Ean 10. 9 uM OTHER oD I\/E [019 st

Hpe urtEr st 00d®t hat whi | j nvent i on ,nhas been,

descri bed in conjunction WI t h the detail ed description

t hereof, thefforegoing descriptionis |ntended to

il lustrat d not limt the scope of the t|on
Owhich is defi® t he fthe |aIITSN
maspectsmagﬂs t|o are \ |
i t he sco’ﬂEOOf t he f Iovv| ng c
CLAIMEDTS. 1. A deuterium enriched a-kefoani do ' ’

compound of the formulg (1), wherein:
H ) ;
N-N /[_( NH N\ #
A+ /o'N =N 0\/* L /ﬁ

N=
N-.X o 7 <
o L
. . s N andHo N .

14. The compound of claim 12, wherein R' is optionally substituted pyrazinyl.

15. The compound of claim 14, wherein R' is 2-pyrazinyl.

16. The compound of claim 2, wherein /‘77‘- ™ is substituted monocyclic

azaheterocyclyl.
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D denotes a deuteriumatom R is in which is an
optionally substituted nonocyclic azaheterocyclyl or

Wo@pio7aomBl y substituted nmulticyclic azahet er ocRCI/YE2000006493

optionally substituted nulticyclic azaheterocycl enyl
wherein the unsaturatation is in the ring distal to
the ring bearing the R2 1 noiety and to which the

-C(O-N(R2)-CDR3-C(O-C(O-NR 4R5 noiety is attached;
R2 1is @B-W-@-We-Q ; whereln Each of W2 and WB is

i ndependently a bond, -CO, -C(ON®)-, -C-,
-0, -N(Q4) C(O-N4) - C(S) - N(Q4)
OC( -, -S, - SO ) NECQA) -, - N( Q4) SO2-,
- |\| S A @
17. Wﬁé%%?ﬂtﬁéﬁ@%dg o @, 5 oﬁjé“}% SCRENERE

positibA GaERAEBhTyYo6y, MREkin ﬁﬁ: HeRdrb ARl ﬁmﬁetkh‘;itiohullﬁ gubstituted with 1-4

al i phatic, an optionally substituted heteroaliphatrc,

haoéﬁﬁ“@btlonally substituted cycl oaliphatic, an

optionally substituted aryl, an optionally substituted
heteroaryl, an optionally substituted ar al kyl , o& an
optionally substituted heteroaral kyl; or hydrog

any of @3, @, or QL is the term nal group, i de cl

that @ is not a bond when beth \WB and e pr t;
and Each of R2, R3, and R4,ende tl'y, Ns Hor a
(/

C 6 alkyl; and R5 is H, al icl oat R aryl

tlonaII upstituted w 4 | gro ,

W?PEPVP gF?P“‘QnW geHbtlonally stbstituted with 1 or
or 2 al raﬁ ps. 2. The conpound of claim 1, wherein
R2 1 i [ I ch each of R6 and R8 is independently

; ptionally substituted (1,1- or
1 )cyc oal kyl ene; or

X ~
19. The compound of claim 2, wherein }z' is optionally substituted multicyclic

azaheterocyclyl.

20. The compound of claim 19, wherein g

3N

or

~
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optionally substituted (1,1- or 1,2-)heterocyclylene;

or nmethylene or ethylene, substituted with one
waaiwstiogoeent sel ected fromthe group consi sti NBCDUSZNT/006493

optionally substituted aliphatic group, an optionally

substituted cyclic group and an optionally substituted

aromati c group, and wherein the nethylene or ethylene

is further optionally substituted with an aliphatic

group substituent; each of R7, RO, and RL 1 is

i ndependent |y hydrogen or optlonally substit

al i phatic group, optional
or optionally substituted .‘OnHtI'

-OC(O -, -NRL 1 - ( \(3: (
21. TbgqummunQOGde C%O whe Q%bnpound oﬂsclalnfﬁfwmh@?eln
nis l. 4. The conmpound of claim2, wherein R6 is
neth | ene substituted with one substiruent sel ected
nx group consisting of an optionally substituted
al i phatic group, an optionally substituted cyclic
. up, and an optionally substituted aromatic group.
5.ﬂ{£e conpound of claim4, wherein R6 is nethyl ene
substituted with isobutyl. 6. The conpound of claim 2,
wherein R7 is hydrogen 7. The conpound of claim 2,
erein R h )] d t 5
2. i Sofirunhot BaftE 2 e RY RO SR ok Eiih R ipdcpendently s
hydrogehloengstlbyrowbst ituted ali phat| c group, an optionally
: substituted cyclic group, and an optionally
substituted aromatic group. 8. The conpound of claim
23. The dtfgfoRind oRBlaim 2yethlydieRe isplopyl.t ut ed with an
optional I ysubstituted cyclic group. 9. The conpound of
claim8, wherein R8 is nethylene substituted with

24. W&Wtioflﬁlm-ﬂl&'lﬁfﬁmﬁugd of claim2, wherein RO is
ydr ogen

25. The compound of claim 2, wherein L is -NR''C(0)- and R'' is hydrogen.
26. The compound of claim 2, wherein R'? is an optionally substituted aliphatic group.

27. The compound of claim 26, wherein R' is t-butyl.

28. The compound of claim 2, wherein the compound is

0] O O (:D I |

e
H
o} E

Cl
ﬁ
o

N,
S le) \
A I XD
N i N N
o = (o]
[o]

iA
<
@ S
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11. The conpound of claim2, wherein L is -CO. 12.
The conmpound of claim2, wherein RLO is an optionally
W@ aiw3t1o908d ed aromati c group. 13. The conpound PET/TEBN0TV06493
12, wherein R10O is selected fromthe groupconsisting
of HH 14. The conpound of claim 12, wherein RIOis
optionally substituted pyrazinyl 15. The conpound of
claim 14, wherein R10 is 2-pyrazinyl. 16. The conpound
of claim2, wherein is substituted nonocyclic
azahet erocycl yl . 17. The conpound of claim 16, wherein
is pyrrolidinyl substituted at C-3 position with
heteroaryl oxy, wherein the heteroaryl i®urther

optionally substituted with 1-4 halo gr.Qupks 8. The
conmpound of claim 16, wherein or 19. The nd of
claim2, wherein is optionalty sSupstituted ticyclic
azaheterocyclyl. 20. The cgnpound\of cl ai A 19,8 wherei n
or21. The compound of cl ai erein 22\,_THe

conpound of claim2, wher 2 S0y drogeh, each of
29. TRé campoisd pfidepeAfewbérgin s “hydr ogen de cyCt opr opyih which

23, . T pound of claim2, wherein R3 is propyl. 24.

TI@‘SC'Z%%% of claim2, wherein nis 0. 25. The

CBRCUDHX3J,-cl ai m 2, wherein L is -NR11C(O) - and RI'

IS h%()dté gen. 26. The conpound of claim 2, wherein R10

i 29 ionally substituted aliphatic group. 27. The
CHRUIMB, plovid&l thaP®+ ber&@ ) R10 is t-butyl. 28. The

COMOURG L S5 ML TR 28 bt .

» aliphaticOatPoptiorAlI9$ubRAuteatylg + b is 2 or 3;

each of Y' and Y? is independently hydrogen, optionally substituted aliphatic,
optionally substituted aryl, amino, or -0Q*; wherein each Q* is independently hydrogen or an
optionally substituted aliphatic;

R?2 is an optionally substituted aliphatic, an optionally substituted heteroaliphatic, an
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally substituted heteroaryl.

30. The compound of claim 29, wherein R?' is optionally substituted alkylcarbonyl.

31. The compound of claim 30, wherein R?! is aminoalkylcarbonyl, haloalkylcarbonyl,
arylalkylcarbonyl, arylalkylcarbonyl, cycloaliphaticalkylcarbonyl, or
heterocycloaliphaticalkylcarbonyl, each of which is optionally substituted with 1-3

substituents.

32. The compound of claim 31, wherein R?' is heterocycloalkyl-oxycarbonylamino-
alkylcarbonyl, heteroaryl-carbonylamino-alkyl-carbonylamino-alkyl-carbonyl, bicycloaryl-
sulfonylamino-alkylcarbonyl, aryl-alkoxy-carbonylamino-alkyl-carbonyl, alkyl-
carbonylamino-alkyl-carbonyl, aliphatic-oxycarbonylamino-alkyl-carbonyl, cycloaliphatic-
alkyl-aminocarbonylamino-alkyl-carbonyl, cycloaliphatic-alkyl-carbonylamino-alkyl-
carbonyl, heteroaryl-carbonylamino-alkyl-carbonylamino-alkyl-carbonyl, alkyl-

aminocarbonylamino-alkyl-carbonyl, or bicycloaryl-aminocarbonylamino-alkyl-carbonyl,
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each of X1 and X is independently selected from
hydr ogen, optionally substituted C - 4 aliphatic, and
wopin7oom@Bl y substituted aryl; each of Y1 and YPCT/ES2007/006493

i ndependent |y hydrogen, optionally substituted
al i phatic, optionally substituted aryl, am no, or
-O0Q4; wherein each 4 is independently hydrogen or an
optionally substituted aliphatic; Ris an optionally
substituted aliphatic, an optionally substituted

each MIﬁEIQ Fsl JRIARNS suldBnfBd WARALS ¥upsspBihtd ut ed
cycloaliphatic, an optionally substituted .
het er ocycl oal i phatic, an optionally substituted aryl,
or an optionally substituted heteroaryl. 3Qz Thg
conpound of claim?29, wherein R2 1 is opti¢nal
substituted al kyl carbonyl . 31._ The coRpQ U\%§ ;Qim

. 30, wherein R 1 is aninoalkyﬁcar nyl, n
33. Tﬂ@cﬁ%éﬂr&gf 9i‘?r¥?9, @ﬁéf{eﬁ'@ igarbonyds, o in which
aryl atkyl carbonyl,” cycl oal i phati cal kyl car bonyl, or

heber ot BtasbR jstadéneadénthcar bonyl , each of which is
optional}lJ substituted with 1-3 substituents. 32. The

|
conpourdd’©f’ & ai m 31, wherein R2 1 is

het er omptionall ksubstinyeb(lhbrorl lz2vaystdakgilerss bonyl |

het er oaryl - car bon ] nos al kyl s.car ho .nQ-al kyl - car
bonyl , |’89%?%%‘ﬁvﬁéﬁ{gf iny'l ‘%ﬁ’in Z)}Ie’?l%rf)%r}%ﬂtdg{r%gb%yl ,
aryl - alsethylea@bbethylens] substituled witlaohosutistituent selected from the

. al kyl car bohyl am no- _al kyl.- car bonyl . : :
al i phat§RUREIASISNG RS |aar?¥’ﬂ8‘-‘aj[’i<§}’|%¥t88f"6‘o%&ﬂ“?“° group, an optionally
cycl oal uphatiited@lykli¢ group and an optionally substituted aromatic group, and
am nocar bonyl am no- al kyl -carb

onyl, : , :
cycl oal Whrsin; the g}qgwl@rteaqrtﬁs}ilx)f:%% rfgctl&qr@tleg?l%mhst}tuted with an

het er oafiiphag@ErAPKUBSHILER; al Kyl - carbonyl am no-al kyl - ca
rbongléRglKylanipocarbonyianino- al kyl - car bgonyl
9

ordsFl pEROAR y PodhRi' s drdemsadanslitiydrogeripr optippa iy qubstifuted aliphatic
of i.ch is optionally substituted with 1-3

substituents. 33. The conpound of claim 29, wherein R2

1 R'S is an optiarally aubstishtealinhaticzonns opHaeHbnhabstitujedcyclic group or

bo&b@i;ongl'iy substituted aromatic group;
L is -C(O)-, -OC(0)-, -NR''C(0)-, -S(0);-, -NR''S(0),-, or a bond,;

nisOorl,

34. The compound of claim 29, wherein R?? is an optionally substituted aliphatic, optionally
substituted heteroaliphatic, optionally substituted cycloaliphatic, optionally substituted
heterocycloaliphatic, optionally substituted aryl, or optionally substituted heteroaryl.

35. The compound of claim 34, wherein R?? is optionally substituted phenyl, optionally
substituted naphthyl, optionally substituted anthracenyl, optionally substituted naphthalene,
or optionally substituted anthracene.

36. The compound of claim 29, wherein each of X', X%, Y!, and YZis hydrogen, each of a
and bis 1.

37. The compound of claim 36, wherein R? is an optionally substituted aliphatic, optionally
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optionally substituted (1,1- or 1,2-)cycloal kyl ene; or
optionally substituted (1,1- or |, 2-)heterocyclyl ene;
wo@rooTaodegd ene or et hyl ene, substituted w th onBCT/US2007/006493

substituent selected fromthe group consisting of an
optionally substituted aliphatic group, an optionally
substituted cyclic group and an optionally substituted
aromati c group, and wherein the nethyl ene or ethyl ene

is further optionally substituted with an aliphatic

SubStlgL{tQ&J Retég)gﬁwét}be BhtioMG tubdtithiéd c?@loal%lgitx@loptio%ally substituted

depen drogen or optionally su bsti t ut ed
hetercadycbhhplna:ucgommaﬂmgbstgutsﬁ arydt ropnsionglly substituterd heteroaryl.

al i phatic group, optionally substituted cyclic group

or optionally substituted aromatic group; Lis -C(O-,
38. Thecpfdpound dIRAaibCB Q) where@(lﬁ)zas an opiiinaBy Gubstituted paetgd;mptlonally

n.i r. 1, 34. he Q of ¢
subs oo B TR A e iSrgy MIBEE g et
or opticHisly subtirdted @hthragnephat i c, optlonally substituted
cycloaliphatic, optionally substituted
het er ocycl oal i phatic, optionally substituted aryl, or

39. TRIbRIPRLMY oS Hlafh BB UWREehERE rl§)Bét)tfocy3l5alk§h6xﬁﬁi’mmymﬂmﬁﬁ-
claim34, wherein R22 is o ptionally substituted

alkylgsisampl, besproRtghrapTPynylamang- tilﬂftybaafﬁaw%mo-a‘m Fa5Roylypicycloaryl-

su\fox%}ibx%ﬁdotélk%m%%w astamox Iy HYAdrhivio HBA LdatBdng alkyl-
t hal ene, or” optionally substltuted anthracene
carbonngrmmﬂwh@ar@pnzh aliphatig-oxpiarbenpplapargralkyl-sarbony, cwioahphaﬂc-

alkyl< MnJﬁ@MnB%l éaa%ypfcyéloaﬁghﬁlcl-a‘ik);hcaﬁ;onyﬂ?ﬁno -alkyl-

m-36, whéerein I's an optionally

carbosubéubtermldcaabwph&mn@ albxiwa@bmbﬂg@@bsaﬂkxlmaéwnyl alkyl-

& : tdrhidb&fbonyl Ikyl-carbonyl,
oL BIASsBE XRASR lbomtamin-atycarbny
each bfsWh'rahciyobtixaiaillprrsabsmtutedpvlﬂnh-él supstituergs.i t ut ed aryl, or

optionally substituted heteroaryl.
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38. The conpound of claim 37, wherein R22 is an
optionally substituted phenyl, optionally substituted
woa@hiibepB) optional |y substituted ant hracenyl , PCT/US2007/006493

optionally substituted naphthal ene, or optionally

substituted anthracene. 39. The conpound of clai m 38,

wherein R2 1 is

het er ocycl oal kyl - oxycar bonyl am noal kyl car bonyl ,

het er oar yl - car bonyl am no- al kyl - car bonyl am no- al kyl - car
42. THRWnpolh& ¥eLRah )| Shbfefnte L eBumPdiicharRhbRAY least 50% in the

aryl - al koxy- carbonylan1no al kyl - car bonyl ,
compghRe:| car bonyl ami no- al kyl - car bonyl ,

43. T Hg{o ¥ ¥fa QQ”WE@J&Me%IeK%EUSPJrPRHHem is at least 80%.

cyc atlca
aninocarbonylan1no al kyl - carbonyl,

| 0al i ph . 0
(PR S L5 R Y WAL AR I AR SRR 390 ooz,

bonyl , alkylan1nocarbonylan1no- al kyl - car bonyl ,

r bi cycl o I-an1 r bon a-al kyl s car
4. e phenn of STl PSS QPP QTR SR AEhER M least R,
substituents. 40. The conmpound of claim?29, wherein
41. The conpound aof cl ai m.40, erein th co dis.
46. A5 PhamRice iR COPEORHOn STRPLSRb BB AC U ST AL EAF spigier and a
comﬁdﬂﬁd@@ﬂ%ﬁbf@lmnﬁlr,lmﬁﬁm bsagt |east 50%in the
compoun 43. The conpound of claim42, wherein the
deuteriumenrichnment is at | east 80% 44. The conpound

47. &fm&ﬁ@d 19r friore B RohEAtdBYA Bf théMchVE is6MREBE a pRarfiaceutical agent
| east 90% 45. e compound of claim 44, wherein the

in Vil QOBPIisiNg AMTNAENE ta & pationt éhaseddhopeofydeyterated | lsomer of the
pharﬂﬁ@eru%ﬁeagehﬁﬁl nGRRRRT SUFAR[EnE A RN thE pﬁarmaceutxcal effect. L

arnace |ca y acceptable carrier and a conpound o
any of clalns 1, 28, 41, 44, or 45. 47. A method for

nC } gﬁ%d%g fn £° uﬁ\gﬂ:‘iﬁ G'Iel (ﬁﬂtepz{te& ﬂ%n‘%ﬁ: B*’ e &Jh%ﬁﬂ?({eugf:al adgent 1sa

armaceut i ¢ agent 1 n vivo, nprising adm ni stering
com;tcmnd ofahy efitlaims he2#] 41 hé4, @oﬂSa deut erated isoner of
t he pharnaceutical agent in an anount sufficient to
confer the pharmaceutical effect. 48. The nethod of
49. AlméthodHfor enhm@ﬁgltlieltéoadmilakﬁﬁatcﬁth ¢supremdpéorprising replacing a
hvd ghar maceyt i. cg (?e%
ydrogen atom that is bon 10 a stéric carbon atom in the compound with a deuterium

atom.

50. The method of claim 49, wherein the deuterated compound thus obtained is a compound
of any of claims 1, 28, 41, 44, or 45.

51. A method for inhibiting HCV protease, comprising contacting HCV protease with a
compound of any of claims 1, 28, 41, 44, or 45.

52. A method for treating a patient suffering from HCV infection or a condition mediated by
"HCV protease, comprising administering to the patient a pharmaceutically effective amount

of a compound of any of claims 1, 28, 41, 44, or 45.

53. A process for preparing an optically enriched compound of Formula 1
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conmpound of any of clains 1, 28, 41, 44, or 45. 49. A
nmet hod for enhancing the bioavailability of a
W@ ouopoes) conprising replacing a hydrogen at oP€T/081007/606493
bonded to a steric carbon atomin the conpound with a
deuteriumatom 50. The nmethod of claim49, wherein
t he deuterated conpound thus obtained is a conpound of
any of clainms 1, 28, 41, 44, or 45. 5 1. A nethod for
i nhi biting HCV protease, conprising contacting HCV
protease with a conpound oNHa of clainms 1, 28, 41
44, or 45. 52. A net hodrf ting a patlent
suffering from HCV |nfec§.on or H2condition nediated
by HCV protease, conprisihg Qdninistering to the
patient a pharmaceutically effective anount of a
conpound of any of clains 1, 28, 41, 44, or 45. 53. A
Wheﬂpnocess for preparing an optically enriched conmpound

ht%: g eﬂlgﬂér ol a‘{\ﬂ'ﬁraq{drbet& 6ne B8Ry g{d?:?a:@ Lt@ﬂ%c@:ﬂgrsbet a

oxy group are stereocen
| Rigp émtdpentdentliH, optioona b $u}bst<mt®tahpba@@ omlppﬂbt $ubstituted

cycloglo lJ%hat(tlnal lt}/oa\a ? gv]txl Elﬂxtgg?&zﬁipgg{é %E)ﬂ%)b ysﬁxg)g ?‘?&St]]‘e eroaliphatic or
optlohzﬂt)embaﬂmumateteromlampham;al |y substi t ut ed
I deut. th
adt el o Rehbdhins dour iyl HRCknHT b SBhaor
- QB; isRRIHE, dt,-Omt i onal | y substituted aliphatic,

1Ty sub ycl oal i ph o
O oo o et i A ionasc

optiohAyeubstitubdiiadrialifhatR bpérall lykubsthitted theteeshliphatic or optionally
heteroarylaliphatic; and Eis C -6 al kyl or benzyl;
substituted heteroarylaliphatic; and
E is C, alkyl or benzyl;
comprising the steps of :
a) forming a salt of a compound of Formula 1, and

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

54. The process of claim 53, wherein R, is Cy alkyl, and R'; is -NHR; wherein Ry isa Cy¢
alkyl or C,_ cycloalkyl.

55. The process of claim 54, wherein R, is propyl and R is cyclopropyl.

56. The process of claim 53, further comprising aminating a compound of Formula ii
®)

Ri o
R 1)<1)L R

il

2

with an aminating reagent to provide a compound of Formulia iii
NH, O
R,

R
OH

R,

i
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conprising the steps of : a) formng a salt of a
conpound of Fornmula 1, and b) crystallizing said salt
W e00gitv®s@ conpound of greater than 55% enant i BOEUB2007/006493

excess. 54. The process of claimb53, wherein Ris C _
alkyl, and R is -NHR2 wherein R2 is a G alkyl or G.6
cycl oal kyl . 55. The process of claimb54, wherein R is
propyl and R is cyclopropyl. 56. The process of claim

53, further conprising am nating a conmpound of Formula

57. Th!% pidceW Jf’fhéma %n“n{&élﬂ thed RAGGRNALg FABAQY bl 8zide SAVRVIGE
Formula ii1i1 I'U57. The process OP cl aim 56, wherein

intermediteafide compopnshig spduced byhydiggratiat- t and t he
i nternedi ate azi do conmpound i s reduced by
hydr ogenati on. 58. The process of claimb56, further
58. Theppress ofplari 36, fum@er&nnmsulgﬂxadlemmm@mmtcﬁ compound of
Formula i RL ORRIi wherein R2is -NHR2 or -CE,
ﬂﬂ &rein Eis CG-S alkyl or optionally substituted

benzyl, wth an OX|d|2|ng Reagent to provide a
conpound of Formula ii ne. U 99. The process

of claim58, wherein thé(OX|d|zﬂ%© reagent conprises
t-butyl hydroperoxide. 60. The process of cIa|n159
wherein the oxidizing reagent further a chira

whereieBgdntNH:2 pr -QRewpersirek 45 6f-s alkyl oF agionglie F‘é?sﬂnttﬂiebenzyl with an
oxxdlﬁﬁ% péaééﬂ}gco LPAGEDA chiipBurl o drfu®f iisamarium (111)

R, o
eI

q

ii
59. The process of claim 58, wherein the oxidizing reagent comprises t-butyl hydroperoxide.
60. The process of claim 59, wherein the oxidizing reagent further a chiral reagent.

61. The process of claim 58, wherein the oxidizing reagent is a mixture of samarium (11I)

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

62. The process of claim 58, wherein the oxidizing reagent comprises urea-hydrogen

peroxide in the presence of trifluoroacetic anhydride.

63. The process of claim 62, wherein R’ is -OE.

64. The process of claim 62, wherein R" is -NHR,.

65. The proéess of claim 58, further comprising hydrolyzing the compound of Formula ii to
give an acid and then converting the acid to an amide compound of Formula ii wherein R"; is
-NHR.,.

66. The process of claim 58, further comprising oxidizing a compound of Formula iv
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I sopropoxi de, triphenyl arsine oxide, S (-)I,
'-Dbi-2-naphthol and 4 A nol ecul ar sieves. 62. The
w@r@cas®s®f cl aim 58, wherein the oxidizing reRgENE2007/006493
conpri ses urea-hydrogen peroxide in the presence of
trifluoroacetic anhydride. 63. The process of claim
62, wherein R is -OE. 64. The process of claim®62,
wherein R 2 is -NHR2. 65. The process of claim 58,
further conprising hydrolyzing the conpound of Fornul a
ii to give an acid and theg cogygrting the acid to an
am de conpound of Formul a !l ﬁgerein R 2 is -NHR2. 66.
The process of claimb5&, [gQnprising oxidi zi ng
a conmpound of Formul a iviv to givezthe compound of
Formul'a ii. 67. The process nf 66, wherein the
_oxidation is conducted by using manganese di oxi de. 68.
to givgrhe eprppeind offFasmulg ¥y t her conpri sing reducing a
compound of Formula v v to give the conpound of
Formula iv. 69. The process of 68, wherein the .
67. Thempensstiof 66, ehrreiadhapYiatigils gopdyctethBy PHBR mARgARSsE fioxide.
with deuteriumoxide. 70. A process for preparing a
compound of Forrmula 1 1 wherein: R is H optionally
68. Thelpsodess pB66.Auithergamprisiig tedueing ¢ compornd gf Bgrmula v
cycloaliphatic, optionally subsdjztuted arylaliphatic,

optionally substituted heteroal|phatic or optionally
substituted heteroaryl al i Le~R. i is deuterium
Rj R',
\%

to give the compound of Formula iv.

69. The process of 68, wherein the compound is reduced with Red-Al® and then quenched

with deuterium oxide.

70. A process for preparing a compound of Formula 1
NH, O
R, N R,
Ry on H
1
wherein: .

R, is H, optionally substituted aliphatic, optionally substituted cycloaliphatic,
optionally substituted arylaliphatic, optionally substituted heteroaliphatic or optionally
substituted heteroarylaliphatic;

R') is deuterium,

R, is H, optionally substituted aliphatic, optionally substituted cycloaliphatic,
optionally substituted arylaliphatic, optionally substituted heteroaliphatic or optionally
substituted heteroarylaliphatic; and ,

the compound of Formula 1 has an enantiomeric excess of greater than 55%,
comprising the steps of :

a) oxidation of an unsaturated compound of Formula i
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R2 is H optionally substituted aliphatic, optionally

substituted cycloaliphatic, optionally substituted
wa@egzabdophat i c, optionally substituted heteroaPCPHai0T006493

or optionally substituted heteroarylaliphatic; and the

conmpound of Formula 1 has an enantioneric excess of

greater than 55% conprising the steps of : a)

oxi dation of an unsaturated conpound of Fornmula iR O

to provide a conpound of formula ii n b) reacting a
compound of Formula ii with ap amnating reagent to
provi de a conpound of Formulaidiiliii c) formng a
salt of a conpound of FormRia i7i Wth an optically

active organic acid; d) crystal gi zing said salt to

gi ve a conpound of greater than 55% enantioneric
to prévides sompdundld®fopnoladss of claim 70, wherein the

compound of Forrmula 1 is (2S,39) o am no- 3-

deut er o- N- cycl opr opyl - 2- hydr%zanam de. 72. The

process of claim 71, whereRy't ORganic acid is

L-tartaric acid or deoxycholic acid.”’

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

NH, O
Ry

R'
RI ! 2

OH :
b

iii
c) forming a salt of a compound of Formula iii with an optically active organic acid,

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

71. The process of claim 70, wherein the compound of Formula 1 is (25,3S)-3-amino-3-

deutero-N-cyclopropyl-2-hydroxyhexanamide.

72. The process of claim 71, wherein the organic acid is L-tartaric acid or deoxycholic acid.
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