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CROSS-REFERENCE IOU This application claims the benefits of U.S. Provisional Application Serial
No. 60/782,778, filed March 16, 2006, U.S. Provisional Application Serial No. 60/782,976, filed March
16, 2006, an® ¥ 2 B0i¥ional Application Serial No. 60/844,771, filed SeptéHBERII/02606.
BACKGROUND OF THE INVENTION 1021 Infection by hepatitis C virus ("HCV") is a compelling
human medical problem. HCV is recognized as the causative agent for most cases of non-A, non-B
hepatitis, with an estimated human sero-prevalence of 3% globally [A. Alberti et al., "Natural History of
Hepatitis C," J. Hepatology, 31., (Suppl. 1), pp. 17-24 (1999)). Nearly four million individuals may be
infected in the United States.alane : ) j i ' patitis in the United
States, Gastroenterol. Clin, Nott %ﬁﬁg %Aﬁﬁgﬁﬁﬁﬁ%ﬁ%gﬁ%gﬁs C Virus Infection
in the United States," J. Hepatology, 31., (Suppl. 1), pp. 88-91 (1999)1. 1031 Upon first exposure to
HCV only about 20% of infected individuals gevglaR astitecdinical hepatitis while others appear to
resolve the infection spontanequsly. In almost 70$% of instances, however, the virys establishes a
chronic inf€didni thaPiraR ?@W&é&ﬁ%&‘l@gw rSor, "R IGAR rAPRUHRE P ERI iTe Hepatitis,”
FEMS Microbiitgiis Réviewieydd | §p2 @8 204 (109%4)jeia] bapdinahipn"SobbNS US0ETBAIEE afiddControl
of Hepatitig; ;.3 o/ iihk1enatitss 6 ;354 AL 99N h s el gsaulis,in resurreni ander 15,
progressively worsening liver inflammation, which often leads to more severe disease states such as
cirrhosis atitPhepatocellular 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 HepatocelIu@ggaé%&in%@géﬁprggc.gglgt . A%ad. Sci. USA, 87, pp. 6547-6549
(1990)]. Unfortunately, there are no broa&fy efecive réatments fof the debilitating progression of
chronic HEX] 16%LtiPne W Bxp jdomeinsdSHES\A polysrotainl wi8010:8088 dnsinprelditts. [®ILVChoo, et.
al., "Genefic,Quganizatiomand Riversity ofithe ﬂ@ﬂaégiéscé%/&wﬁ;&,Pr{&%é\‘ﬁébaﬁ%%ﬁiaHSA’ 88, pp.
2451-2455 %99 ); N. Kato et al., "Molecular Cloning of the Human Hepatitis C Virus Genome From
Japanese BHTEHE WA SAIAPRISA B Rieatiths Bk, War Redbcst: USAugY 85949528
(1990); A.HalainszZaWa. elephtc!Sinyiurg(amepOrigapiz dtietidil 899y WBearly four mitlion
20071109030RE 11290 TAA0GAER Hepgllis S Wius/GRDRNS Isalaled from uman Gaiggrs.'

Virol., 65, pp. 1105-1113 (_1991)]QT_he HCV nonstructural (NS) proteins are presumed to provide the
essential CASHRCRBRRITER RS VAPPSR SiASFREMED b otiinbiard cféﬂvegé’ﬂippﬁégéﬁgic cleavage
of the polypesteinyRi Bartenseflagas el \ukys Naasiaicturak-Riaiein SigkiheiHapaitisogyVins Encodes
a Serine-T)épe Pr }eina%%_ggg%r ]for Cleavage at the NS3/4 and NS4/5 Junctions," J. Virol., 67, pp.
3835-384£ (‘i%?, ,"AE).pGrakow et. al., "Characterization of the Hepatitis C Virus-Encoded Serine
Proteinasd® B déeanifistiorusfsprotei sk -pepahaent PolyprotesteCladiuguabidevelopirele, 67, pp.
2832-2843 (4298 keNatisiakaueliRls JE3RIEssIRBotikdentificalion.of HeRatitis. GrVirks folyarotein
Cleavage Pfrodycts," . Virol., 6%, RP 138t5-b}3§5 12}%3 i L. Tfontlei e&l al., "NSB% %seri e protease
required f8f Frocaesing S hepatitis CVirie polyprotsin J<Viraf &7 S5 FAGTT 455 3171051 The
HCV NS proteintg (NS3)ebmtdinswserinehproic dbepactiviy bty pagrodess Bwimagolity prf.the viral
enzymes, andis4hyssagnsidesed-eagentiab far virdlsaplicatian apgddaieativity s &noyr hat mutations
in the yellow fever virus NS3 protease decrease viral infectivity [Chambers, T.J. et. al., "Evidence that

the NderntifRPBS &Rt Nohstiuctiral PPESHRS T ERH Y S BU AR S ERiNe BT dhse
Responsibiecior SienSgecificvBidavége dandthe Yicat Polyprdietals Praes Blath dscadhSdk &s8A, 87, pp.
8898-8902, L1390M M 1EcHE Sinbita NGO ﬁ%@?s%%ﬁ&t@%ﬂ&%@%@éﬁ%@aﬁaﬁnxmk‘-'?@m@tem)

have been shown to contain the serine protease domain of NS3 that processes all four downstream
Sites of thARTE BUFHBRAITIE: Lin & 41! MACBAIRRG Virdin S SerHerPhbin SeeTrF leavage
Requi remm@&a&@mm&&n@l&&m@'m\hf\%gw 1pmsna¢zaaarﬁz,_tm‘a4)]m 4] Ilsreil—;ﬁv DESB, serine
protease gad IIs as3oqalRd F&é@ﬁ}?@k‘f‘éﬁﬁhﬁ%@, RIoResE all gfdhay 'é?%e%ﬂémg&n%tﬁ%mﬂé

considered essential for viral replication. This processing appears to be analogous to that carried out
by the hurRehilifAHTUIgETieTEREyiFliEaip Bi%yY protease, which is also involved in viral enzyme

processings4] lVnprateusg:wiitaiso ddic o sisal fotein (rocassin gcare] potentraativiral agents in

man indicaing thaliplerping (s siage,of (e vraLlie cyelc resulls n therapauticall aplivg agents.
Consequen Yy K@g Serine protease |sya SO an a?trac Ive target for (frug ISCOvery.

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. Seci.

USA, 87, pp. 9524-9528 (1990); A. Takamizawa et. al., “Structure and Organization of the
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[7] 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," DD® 0 pH98%8-29 (1999); D. Moradpour et al., "Current and EVSIVHG2¥Hé s for
Hepatitis C," Eur. J. Gastroenterol. Hepatol., 11, pp. 1199-1202 (1999); H. L. A. Janssen et al. "Suicide
Associated with Alfa-Interferon Therapy 2 for Chronic Viral Hepatitis," J. Hepatol., 21, pp. 241-243
(1994); P.F. Renault et al., "Side Effects of Alpha Interferon,” Seminars in Liver Disease, 9, pp.
273-277. (1989)] and induce long term remission in only a fraction (-- 25%) of cases [0. Weiland,

"Interferog; Jgrapy-iy GrenicoHenalitisd M iGN FEMS Migabigh @Os.vf,zééxm-gZ?Q-Z%
(1994)]. Recent introductions of the psﬁ?)é[%ted forms of interferon (PEG-INTRON(r) and PEGASYS(r))

and the cbBtidhedrapyotsma o pEgHtR A RETRFBRC(R RYGyF e Taislitid in

ks il Ty

only modesidmpseyements iRgRratssioialesasidenly padalivedustions-in giderHests. areover, the
prospects far effective.anti-HCV vaccines remain uncertain,, 1081 Thus, there is a for more
Cifomtive BT RO e e Lo e e tors,
particular§rasdes inBaprutebieifitibiionse Heduiioreipaktictiaty sisif G NEangrbtedSel inlsinmns:s.

Specifically»gueh gompouRds.auay beouseiul asandiviral Roentsapaiela, at aRtiddCM@oents. [09) It
was recently discovered that deuterium incorporation in a. compound will reduce the rate of

epimerizati G S WEGEATAT ST SHE SHe E T R A A G IR RSHESREAIHN oP R U&iie isomers in
Vivo relatitésto igeribrede utératdd ahalogss 33UBINARY 31 09alinkanfirgt aspefxthereds prdvided a

deuteriuntenriched odseioamdoconno et plinsfennia. - yheren; IRganaies 3 deylerium atom
1395 (1993); L. Tomei t. al., “NE3 is g serine protease reguired for processing of hepatitis C
virus polyprotein”, 1. Virol,, 67, pp. 4017-4026 (1993)]. ‘
105] The HCV NS protein 3 (NS3) contains a serine proiease activity that helps process the

majority of the viral enzymes, and is thus considered essential for viral replication and
infectivity. [t is known that mutations in the yvellow fever virug N83 protease decrease viral
infectivity [Chambers, T.J. et. al,, “Evidence that the N-terminal Domain of Nonstructural
Protein NS3 From Yellow Fever Virus is a Senne Protease Responsible for Site-Specific
Cleavages in the Viral Polyprotein”, Proc. Natl. Acad. Sci. USA, 87, pp. 8898-85902 (1990)].
The first 181 amino acids of N83 {residues 1027-1207 of the viral polyprotein) have been
shown to contain the serine protease domain of NS3 that processes all four downstream sites
of the HCV polyprotein [C. Lin et al., “Hepatitis C Virus NS3 Serine Proteinase: Trans-
(Cleavage Requirements and Processing Kinetics™, J. Virol., 68, pp. 8147-8157 (1994)].
[86] The HCV NS3 senne protease and its asscciated cofactor, NS4 A, help process 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 aftractive target for drug discovery.
[67] 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. Hepatol,, 11, pp.
11991202 (1999); H. L. A. Janssen et al. “Suicide Associated with Alfa-Interferon Therapy
2



is an optionally substituted monocyclic azaheterocyclyl or optionally substituted multicyclic
azaheterocyclyl, or optionally substituted multicyclic azaheterocyclenyl wherein the unsaturatation is in
the ring distal to the ring bearing the R2' moiety and to which the -C(0)-N(R2)-CDR3-C(0)-C(0)-NR4R5
moiety is attached; R2'is Q3-W3-Q2-W2-Q"; wherein Each of W2 and W3 is
independegtly@-nondy Gy -Gas 7G( NE§843)-, -002-, -0-, -N(Q4)-C(0)-N(Q4)-, -N(Q4)-C(S)-N(Q4)-,
-0C(0)NQ4-_ -5--S02- -N?c‘j%%é%zg" b Li(e}] ngr\RE’gi)‘*':} %@%ﬁ/g?&@' TiRamary SN2 Sidd W3 is
the termirfaiGrEUY; Alpha Interferom 3 steaigtsol-ane Q&éﬁé&@@iﬂ@%tm.qf?ﬁgs))?%&}l%ﬂ@%y
substituteb@fipheticemnaptiqnallysybsiited hetaraaliphatic, tionally substituted cycloaliphatic,
an opticinﬁg,ll}/&}%lilb itutgd aé;T/I, an g tion,allx,s%bstit@%ﬁ%&o@ﬁ%ﬁ%oﬁﬁﬁﬁgfgﬂﬁ%m&?ﬁlkyI, or
an optionally Stbstitited h &%F&%?W%yf% Mitenbanly BEQ3] QBpor BL2ESthESERIMINal group,
provided fiee@2nénotaibondsenaotindll Sand W2ALeresant ARt EaeR ol R%g R3, and R4,

independegitys s H @5 a:G 168 alkyl;and R5 is H, alkyl, cycloalkyl, aryl pptionaéﬂ y substituted with
®?ar I, aryl, an%lfigcji& op TR ?%ﬁﬁmﬁ pegy Bigkimigréups. 109b1 In a

1-4 alkyl roq@;&g alky _
second ag%g EhRE® V%Lﬁt%arm@wm@aktmosﬁiﬁmﬁom@E’iﬁi{&gi@nma@éﬁm@a”y
acceptablﬂmﬂirmﬁﬂﬂ@oammﬁ@m&%dﬁ‘fﬁl@gv@p,oi\ﬁ% prospects for effective ants

remain uncertain,

~HCV vaccines

{08] Thus, there is a need for more effective anig-HOV therapies. Such inhibitors would have
therapeutic potential as protease inhibitors, particularly as serine protease inhibitors, and
more particularly as HCV WS3 protesse inhibitors, Specifically, such compounds may be
useful as antiviral agents, particularly as anti-HCV agents.

[€9] It was recently discovered that deuterium incorporation in a compound will reduce the

rate of epimerization via a deuterium isotope effect, thus enhancing the concentration of the

active isomers in vivo relative to its non-deuterated analogs

SUMMARY



109c] In a third aspect, there is provided 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, wherein the deuterated compound thus obtained is a compound as defined above.
[09d1 In a fourth aspect. there is provided the use of a compound as defined above in the manufacture
of a medicament for inhibiting HCV protease. 109el In a fifth aspect. there is provided the use of a
pharmaceutically effective amount of a compound as defined above in the manufacture of a
medicament for treating a patient suffering from HCV infection or in a condition mediated by HCV
protease. 10101 The present disclosure relates to deuterated compounds of formula (I) R20R4 (1),
as well aﬁ’f%‘ é}‘]’] utlcally acceptable salts, prodrugs, and solvates thereof. In formula (1), D denotes
a deutert 2 Bl BERSHiHY o ‘Fbﬁ‘rﬂ)’l‘éif( @@éﬁﬁ%@ﬁémérmmmmdwmeMd

of the formula
&

R
|
N

Q (I}, wherein:

D denotes a dewterium atormn;

™~ in which

jvi ~

optionally substituted multicyclic azaheterocyclyl, or optionaily substituted multicyclic

is an optionally substituted monocychic azaheterocyelyl or

azaheterocyclenyl wherein the unsaturatation is in the ring distal to the ring bearing the R*'
moiety and to which the -C{O}wN(Rz}—CDRE’»-C(O}—C(O}-NR“RS moiety is attached;
2 is QWP WAQ'; wherein

Each of W’ and W* is independently a bond, ~CO-, -C8-, -C{OIN(QY-,
~CO;-, -O-, -N(Q* )-C(O) “N(QY)-, -N(QY-C(S)-N(QY-, -OC(OINQ*, -S-, -8O-, -SO;-, -
N(Q*-,
-N(Q*S0;-, uN(Q4)SOzN(Q4}— and hydrogen when any of W? and W is the terminal group;

Each of Q', Q% and @ is independently a bond, an optionally
substituted aliphatic, an optionally substituted heteroaliphatic, an optionally substituted
cycloaliphatic, an opticnally 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 (3 is not a bond when both W? and
W? are present; and

Each of R?, R?, and R*, independently, is H or a Cis aikyl; and

S . -
R” s H, alkyl, cycloalkyl, aryi optionally substituted with -4 alkyl groups, alkylaryl
aryi, amino optionally substituted with 1 or 2 alky! groups. |
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in which WO 20071109080PCT/US2007/006493 is an optionally substituted monocyclic
azaheterocyclyl or optionally substituted multicyclic azaheterocyclyl, or optionally substitutedmulticyclic
azaheterocyclenyl wherein the unsaturatation is in the ring distal to the ring bearing the R21 moiety
and to which C(0)-N(R2);CDR3-C(0)-C(0)-NR4R5 moiety is attached; 1(21 is Q3-W3-Q2-W2-Q1,;
wherein E@%I i &gé Or(])) WiBeShdRwis is ﬁ‘f&ié‘]ﬁ@ﬁcﬁenh?@bmudpac&ynﬁﬁmﬂ {Q4)s,7002-,
0 N(OA) CLUERIRGER) i @RAET: b an 06 N 55,9300 0% - N(QA)S02-
-N(Q4)SOZN§-@)4@-, and {ﬂyr(aro%e@tv% en any of W2 and W3 is ﬁwe ernqir'ﬁ1 Pﬁ?oup; Each of
Q1, Q2, and Q3 is independently a bond® AF°Sjsk6raedussiutataliphatice anoptinngiy, Jyhstituted
heteroaliphaﬁ@?@ﬁ%ﬁti@mﬂyﬁéu@sﬁﬂﬁe&g;&}@@}p@g{igﬁg aRtionally <?Tﬁlélbtstituted‘aryl, an optionally
substituted hgtgroagyl Q&QWQII st%erstituted aralkyl, or an optionally Sl?oasﬁfﬁ’i‘éocﬁé’l@?@é?@lkyl; or
hydrogen when any of Q3, Q2, or G115 tHB PNk grouphpesvigedathat QRdsHaatashang when both
W3 and W2 &ré pYesevitd ahdebach gfdR2, R3, and R4, independently, is El or a C1.6 alkyl: R5 is
H, alkyl, cyc Liaeykopti syhstituted with 1-4 alkyl groups, alkylaryl, aryl, amino optionally
substituted mﬁ?iy or 2 aﬁ%ﬁ?&%@;{%&ﬁg kf(aiolysgdt@%%ﬂﬁgga compound as de@npavitereineaeh of W2
and W3 is ind8pEAtErIY 2 BSAEAITOL foC BhiBBIOINMQE)nr Q2 -0-, -N(Q4)-C(0)-N(Q4)-,
-N(Q4)-C(SeR4)n, 20560} - i 190, -D02-, -N(Q4)-, -N(Q4)S02-, -N(Q4)S02N(Q4)-, and
hydrogen when any of W2 agr#?é\{/véﬁ?s”‘iﬁg%%?% %Foél%; %g%ﬁﬂ?ﬁ@&?ﬁ@??dhde@&is?vmmmmently a
bond, an optiofial tdfeddiipanboan optionatysibstiteteg hetererliphatic, an optionally
substituted pyclmalipffatics amentonallysypsfityted aryl, an optionally substiuied %er%eeroé?yl Zan
optionally substituted aralkyl, or an optionally substituted hetePSARIRY B oF iy dgeaswhen any of Q3,
Q2,0rQ1 is[ﬂ%ieﬁnm{egé@ms‘g@mgqgﬁ@ttggeis not 3 bond when both W3 and W2 are present.

10121 1 some embod mants edld uterated compounds of formula (h)

?2 O R4
RU N !
R "R
6 D RY g
)

bl

as well ag pharmaceutically acceptable salts, prodrugs

and solvates th .
denotes a deuterium atom. ereof. In formula (1), D

[011] Referring to formula (D,

D denotes a deuterium atom;

! . 217
R'is R in which
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WO 2007/109080PCT/US2007/006493 which each of R6 and R_8 is independently a bond; or
optionally substituted (1,1- or 1,2-)cycloalkylene; or optionally substituted (1,1- or 1,2-)heterocyclylene;
or methylene or ethylene, substituted with one substituent selected from the group consisting
of an optionaify? S4HEHEEY aliphatic group, an optionally substituted cyclic fFupSatii/atséistionally
substituted aromatic group, and wherein the methylene or ethylene is further optionally substituted with
an aliphatic group substituent; each of R7, R9, and RI | is independently hydrogen or optionally
substituted aliphatic group; R' is an optionally substituted aliphatic group, optionally substituted
cyclic group or optionally substituted aromatic group; L is -C(0)-, -0C(0)-, -NRIIC(0)-, -S(0)2-,
-NR'IS(0)2-, or a bond; and-a-is.Q or 1. 10131 In some embodiments, nis I. 10141 In some
embodiments, R6 is methylene stbstituted with one substituent selected from the group consisting of
an optionally substituted )phatl /group, an optionally substituted cyclic group, and an optionally

substituted aromatic gr 581 SOUNERBRAMIBANS- RS IS:Meene subsiided ywith isobutyl,

10161 In some embodlments R7 is hydrogen.
optionally substituted multicy¢lic azaheterocyciyl or optionally substituted. multicyclic

azaheterocyclenyl wherein the unsaturatation is in the ring distal to the ring bearing the rR*
moiety and to which the -C(OQ)-N(R-CDR?-C(0)-C(O)-NR*R® moiety is aﬁached;'
2l is Q3~W3 «QZBWZWQ'; whereln
Each of W and W is independently a bond, -CO-, ~CS-, -C{ON(QY)-,
-COz-, -O-, -N{QY-CLO}N(Q}-, -NIQ)-C(S)}-N(Q)-, -OC(OINQ™, -8-, -8O-, -80y-, -
N(Q-,
“N(QMSO,-, -NQHSON(QY-, and hydrogen when any of W’ and W is the terminal group;
Each of Q', @7, 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 opticnally substituted heteroaralkyl; or hydrogen when
any of Q°, @7, or Q' is the terminal group, provided that Q2 is not a bond when both W* and
W? are present; and
Fach of R, R?, and R, independently, is H or a Cy.¢ 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
s Q- WO WAQl; wherein each of W2 and W? is independently a bond, -CO-,
-CS-, -C(ON(Q")-, -COz, -O-, -N(QH)-C(0)-N(QY~, -N(QH-C(S)}-N(Q")-, -OC(OINGQ*, -8-,
-§O-, -80;-, -N(Q*)-, N(G)SO:-, -N(QHSO;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 heteroarvyl, an
optionally substituted aralkyl, or an optionally substituted heteroaralkyl; or hydrogen when
any of Q°, G4 or Q' is the terminal group, provided that G2 is not a bond when both W and

W< are present,

T
N
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[0E2] In some embodiments, R' is ,in



10171 In some embodiments, R8 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, R8 is methylene substituted
with an optiol&lly 8tb&tited cyclic group. In still some other embodimentsPRBUS S PRAETe
substituted with cyclohexyl. (0181 In some embodiments, R9 is hydrogen. (019) In some
embodiments, L is -CO-. 1020) In some embodiments, RI is an optionally substituted aromatic group.
10211 In some embodiments, RI is selected from the group WO 20071109080PCT/US2007/006493
[0221 In some embodiments, RI is optionally substituted pyrazinyl (e.g., 2-pyrazinyl). [023] In some
embodime ts is a substituted monocyclic azaheterocyclyl. 10241 In some other embodiments,is
pyrrolldlny\ﬁ’ substituted at the 3-position carbon atom with heteroaryloxy, wherein the heteroaryl is
further optionallyaeibsfiticadvith it mermergratys. WO 2007/109080PCT/US2007/006493 0251 In
some embodiments, 3 bond; or

optionally substituted (1,1- or 1,2-)eycloalkylene; or
optionally substituted (1,1- or 1,2-Jheterocyclylene; or
methylene or ethylene, substituted with one substituent selecied from the
group consisting of an optionally substituted aliphatic group, an optionally substituted cyclic
group and an optionally substituted aromatic group, and wherein the methylene or ethylene is
further optionally substituted with an aliphatic group substituent;
cach of R, R% and R" is independently hydrogen or optionally substituted aliphatic
group;
R'° is an optionally substituted aliphatic group, optionally éubstimted cyclic group or
optionally substituted aromatic group;
L is -C(O)-, ~-OC(O)-, -NR"C(O)-, -S(O)-, -NR'S(O),-, or a bond; and
nisOorl. '
{213} In some embodiments, i is 1.
1614} 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 arornatic group.
1615] In some embodiments, R® s methylene substituted with isobutyl.
[616] In some embodiments, R’ is hydrogen.
{6171 In some embodiments, R¥is methylene substituted with one substituent selected from
the group consisting of an optionally substituted aliphatic group, an optionally substituted
eyclic 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. .
[CLE] In some embodiments, R%is hydrogen.
[¢1%] In some embodiments, L is -CO-,
{026] In some embodiments, R'® is an optionally substituted aromatic group.

{021} In some embodiments, R'? is selected from the group



10261 In some embodiments, azaheterocyclyl. 10281 In another embodiment, R2 is hydrogen, each
of R4 and R5 independently is hydrogen or cyclopropyl. In another embodiment, R3 is propyl. In
another embodiment, n is 0. In another embodiment, L is -NR' 'C(0)- and RI | is hydrogen. In another
embodiment?¥Q 38441 ptonally substituted aliphatic group. In another embBdifiEatI RISt Hutyl. In
another embodiment, the compound is , Or WO 2007/109080PCT/US20071006493 R22 0
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1122} In some embodiments, R'° is optionally substituted pyrazinyl (e.g., Z-pyrazinyl).

S~

[023] In some embodiments, }LL' is a substituted monocyclic azaheterocyclyl.

[G24] In some other embodiments, }e‘ ™ is pyrrolidiny! substituted at the 3-position
carbon atom with hetercaryloxy, wherein the hetercaryl is further optionally substituted with

1-4 halo groups.



A 10291 In some embodiments, R' is R2', in which A is -(CHXl)a-; B is -(CHX2)b-; ais0to 3; bis 0 to
3, provided that a + b is 2 or 3; each of X1 and X2 is independently selected from hydrogen, optionally
substituted C 4 aliphatic, and optionally substituted aryl; each of Yl and Y2 is independently
hydrogen, opti8r#afly ¥i¥B&tituted aliphatic, optionally substituted aryl, amino?©F X% {i#fepdin each Q4
is independently hydrogen or an optionally substituted aliphatic; Rz2 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 heteroarylin
some embodiments, R21 is optionally substituted alkylcarbonyl, [0301 The moiety ? includes all of its

stereospecific enantiomers, e.g., Nz
N Ol
—&_}—

AN

X e

{825] in some embodiments, %’* - is A
[62&] In some embodiments, jz“ ~isan optionally substituted multicyclic
azaheterocyclyl.

5N ,f‘gN

AL . e J"U\!

{627} in another embodiment, ‘1""' s A or \ in

‘§\\ ..-ul\'\g.L\

..... ) §
,_'Z,ZTN ,‘%N
2 . .

some embodiments, ,'323. is -‘“’\é‘r or -“%r

[028] In another embodiment, R” is hydrogen, each of R® and R° independently is hydrogen
or cyclopropyl. In another embodiment, R?is propyt. In another embodiment, nis 0. In
another embodiment, L is -NR ‘C(O)- and R' is hydrogen. In another embodiment, R'%isan

optionally substituted aliphatic group. In another embodiment, R' is t-butyl. In another

EN\ ” < ..o““‘\v
NJ\"/N\éJ\N Mo o
£ H N
o i O 3
embodiment, the compound is

;UCI

T,

| H

["KDEN\%A& oQﬁ\irﬁ\ﬂ
@ 0 /0 0

H

N




WO 20071109080PCT/US2007/006493 (when A and B are both CH2, and Y' and Y2 are both H).
10311 In some embodiments, R21 is aminoalkylcarbonyl, haloalkylcarbonyl, arylalkylcarbonyl,
arylalkylcarbonyl, cycloaliphaticalkyicarbonyl, or heterocycloaliphaticalkylcarbonyl, each of which is
optionally suB4tiEiEd i 1-3 substituents. In some embodiments, R2| is PCT/US2067/006493
heterocycloalkyl-oxycarbonylaminoalkylcarbonyl,
heteroaryl-carbonylamino-alkyl-carbonylamino-alkyl-carbonyl, bicycloarylsulfonylamino-alkylcarbonyl,
aryl-alkoxy-carbonylamino-alkyl-carbonyl, alkylcarbonylarnino-alkyl-carbonyl,
aliphatic-oxycarbonylamino-alkyl-carbonyl, cycloaliphaticalkyl-aminocarbonylamino-alkyl-carbonyl,
heteroaryl-carbonylamino- aIkyI -carbgnylaminoalkyl-carbonyl, alkyl-aminocarbonylamino-alkyl-carbonyl,
or bicycloarylaminopca pinQ-a -carbonyl, each of which is optionally substituted with 1-3
substltuen?hn sjme embodiments, R22 ¢s an optionally substituted aliphatic, optionally substituted
heteroalip aticﬁopn%ally ubsti iutelt cycloaliphatic, optionally substituted heterocycloaliphatic,
optionally substituted aryl,@r optid naIIy ubsfituted heteroaryl. In some - 22 embodiments, K is
optionally substituted phenyl, opti@nagiy Substituted naphthyl, optionally substituted anthracenyl,

optionally substituted naphthalene,-ox optionally substituted anthracene. In some embodiments, each
of XI, 1. 10321 In some embodimeRts; R21 is an optionally substituted alkylcarbonyl. [0331 In some
embodiments, R2I is an aminoalkylcarbonyl
cycloaliphaticalkylcarbonyl, or heterocyclan
with 1-3 substituents. 10341 In some emb&Hir
heterocycloalkyl-oxycarbonylamino-alkylca@yon
heteroaryl-carbonylamino-alkyl-carbonylamines alkycarbonyl bicycloaryl-sulfonylaminoalkylcarbonyl,
aryl-alkoxy-carbonylamino-alkyl-carbonyl, alkyi‘gga;lﬂ ylamino-alkylcarbonyl,

aliphatic- Oﬁ\%@a}rﬁom%mg&@r@qgl Ioal|pj'ﬁ~at§§-,glil§)&:l aminocarbonylam no-alkyl -carbonyl,
cycloal i phati c-alkyl-carbonyl amino-al kyl-carbonyl,
heteroaryl-carbodytrifab4iRyk-carbonylamino-alkyl-carbonyl, alkyl-aminocarbonylamino- WO
2007/1091180 R is -(CHX®)p-;

ais 0to 3;

JBaloalkylcarbonyl, arylalkylcarbonyt, arylalkylcarbonyl,
aticalkylcarbonyl, each of which is optionally substituted

b is O to 3, provided that 2 + b is 2 or 3;

each of X' and X* is‘independcnt!y selected from hydrogen, optionally substituted C,.
s aliphatic, and optionally substituted aryl;

each of Y' and Y7 is independently hydrogen, optionally substituted aliphatic,
optionally subsiituled arvl, amino, or -OQ*; wherein each Q* is independently hydrogen or an
optionally substituted aliphatic;

R is an optionally substituted aliphatic, an optionally substituted heteroaliphatic, an
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally substiteted heteroaryl.In some embodiments, R

is optionally substituted alkylcarbonyl.

RZE

il
¥ \

o

Y2

A\ a8

/N"""‘(
. L . . .
{636] The moiety H;L“’ includes all of its stereospecific enantiomers, e.g.,



PCT/US2007/906493 alkyl-carbonyl, or bicycloaryl-aminocarbonylarnino-alkyl-carbOnyL, each of
which is optionally substituted with 1-3 substituents. 1035) In some embodiments, Rzz is an optionally
substituted aliphatic, optionally substituted heteroaliphatic, optionally substituted cycloaliphatic,
optionally subdtitfed #étérocycloaliphatic, optionally substituted aryl, or opHER&IR2$tEtted
heteroaryl. (0361 In some embodiments, R22 is optionally substituted phenyl, optionally substituted
naphthyl, optionally substituted anthracenyl, optionally substituted naphthalene, or optionally
substituted anthracene. /0371 In some embodiments, each of X1, X2, Y4, and Y2 is hydrogen, each of
aand bis |. 10381 In some embodiments, R22 is an optionally substituted aliphatic, optionally
substituted jeteroaliphatic, optionally substituted cycloaliphatic, optionally substituted

heterocycloal 'ic, optionally substituted aryl, or optionally substituted heteroaryl. C 10391 In an
embodiment,/the gompound is 10401 The deuterated compounds of this disclosure undergo slower

2 and 3 then
compound 2007/109080PCT/US2007/006493 /As a result of their slow epimerization, the
deuterated é6mpound&'Bethis #iddibatreath-Hz, and Y and Y™ are both H).

1631) In some embodiments, R?! is aminoalicylcarbonyl, haloalkylcarbonyl,
aryialkvicarbonvl, arvialkylcarbonyl, evclosliphaticallcvicarbonyi, or
heterocycloaliphaticalkylcarbonyl, each of which is optionally substituted with 1-3
substituents. In some embodiments, R?' is heterocycloalkyl-ox ycarbonytamino-
atkylcarbonyl, hetercaryl-carbonylamino-alk yi-carbonylamino-alk yl-carbonyl, bicycloaryl-
sulfonylamino-alkylcarbonyl, aryl-alkoxy-carbonylaminoc-alkyl-carbonyl, alkyl-
carbonylamino-alkyl-carbonyl, aliphatic-oxycarbonylamino-alkyl-carbonyi, cycloaliphatic-
alkyi~aminocé;rbonylaminovaiky‘i-carbonyl, heteroaryl-carbonylamino-alkyl-carbonylamino-
alkyl-carbonyl, alkyl-aminocarbonylamino-alkyl-carbonyl, or bicycloaryl-
aminocarbonylamino-alkyi-carbonyl, each of which is optionally substituted with 1-3
substituents. In some embodiments, R” is an optionally substituted aliphatic, optionally
substituted heteroaliphatic, optionally substituted cycloaliphatic, optionally substituted
heterocycloaliphatic, optionally substituted arvi, or optionally substituted heteroaryl. In some
embodiments, R* is optionally substituted phenyl, optionally substituted naphthyl, optionally
substituted anthracenyl, optionally substituted naphthalene, or opticnally substituted
anthracene. In some embodiments, each of X!, X%, Y' and Y? is hydrogen, each of a and b is
i.

1032} In some embodiments, R*' is an optionally substifuted alkylcarbonyl,

[033] In some embodiments, R?' is an aminecalkylcarbonyl, 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-carbonylamine-alkyl-carbonylamino-alkyl-carbonyl, bicycloaryl-sulfonylamino-
alkylcarbonyl, aryl-alkoxy-carbonylamino-alkyl-carbonyl, alkyl-carbonylamino-atkyl-
carbonyl, aliphatic-oxycarbonylamino-alkyl-carbonyl, cycloaliphatic-alkyl- B
aminocarbonylamino-alkyl-carbonyl, cycloaliphatic-alkyl-carbonylamino-alkvi-carbonyl,

hetercaryl-carbonylamino-alkyl-carbonylamino-alkyl-carbonyi, alkyl-aminocarbonylamino-

9



enhance the concentration of the active isomers in vivo relative to its non-deUterated analogs. 10411
In some embodiments, the deuterium enrichment is at least 50% in the compounds of this disclosure.
In some embodiments, the deuterium enrichment is at least 80% in the compounds of this disclosure.
In some emBéHAHERES Hhe deuterium enrichment is at least 90% in the compqunds Q,f this disclosure.
In some embodiments, the deuterium enrichment is at least 99% in the compoun soof(%?ﬁ%géisclosure.
1042/ The disclosure also relates to a pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a compound of formula (I) or any of its embodiments .described above. 10431
The disclosure also relates to a method for increasing the concentration of the active isomer of a
pharmac%ﬁiﬁal a en[ in \g\_/o, comprising administering to a patient in need thereof a deuterated
isomer of the phanmacEliEa AgBRT iAaR FAbGRY sutfioieattylcontentyie pbamtasgutical effect. 10441
The disclesunsRiseubatiatesdovamethesbiar-eahancing the bioavailability of a compound, comprising

replacingga §iyaregen alamdhat s .beaded to a steric carbon atom in the compound with a deuterium
atom. In_one embodiment, the dl'eﬁ’tgratxes Cot %%rfﬁﬁf'i%“gﬁmﬁmlél(%ﬁ&@P@ﬂngiérwb(bdtmms

describéﬁtﬁﬁ%@é‘?}‘i@%&?ﬁﬁé@lgc%@ﬁ#é@é@}‘@la@ésshat&rwﬁmﬁgr ébibitingsHCV protease,
comprishngeconjartingizitey dioteane Witha.deytetated oynd of farmula (1) or any of its
embodimgnt: E%escriebed above. 10461 The discl%%%e afsgb{}:cg[fg N shs S8 P AR ing a patient
suffering : o\ AT TR R R ditforPHASH bctbirred phowredsepiompssinbsadmigistering to
the pati€éAPathranpaceiticallyseffeetve ameunyiobadeterated.compoung. of formula (1) or of its
embodiganisdescribgg.ahove. WO 2007/109080 PCT/USZOO?/OOM%}%of?1“&13”5 é\%ﬁ?ﬁ%ﬁg scope
of this df'gg.l?osure IS a process for preparing an optically enriched compound of Formula 1, in which
NH2 0 I In some embodiments, each of X', X', Y', and Y7 is hydrogen, each of a and b is 1.

1038] In some embodiments, R* is an optionally substituted aliphatic, optionally substituted
heteroaliphatic, optionally substituted cycloaliphatic, optionally substituted

heterocycloaliphatic, optionally substituted aryi, or optionally substituted heteroaryl

[63%] In an embodiment, the compound is

04 is di

(048] The deuterated compounds of this disclosure undergo slower epimerization than its non-
deuterated counterparts. As shown below, the deuterated compound ¥ very slowly converts
to a non-deuterated interrediate 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.



OH R12 1 the carbon atoms alpha and beta to the carboxy group are stereocenters; Rl is
independently I-1, optionally substituted aliphatic, optionally substituted cycloaliphatic, optionally
substituted aryl aliphatic, optionally substituted heteroaliphatic or optionally substituted

heteroarylalptatit’ Ro%& deuteriurn, R'2 is -NHR2 or -OE; R2 is H, an gptieaalys sybsfituted
aliphatic, optionally substituted cycloaliphatic, optionally substituted arylaliphatic, optionally substituted
heteroaliphatic or optionally substituted heteroarylaliphatic; and E is a C14, alkyl or bertz.y1; 10481
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. 10491 In some
embodiments, Rl is C1,5 alkyl, and R12 is -NHR2 wherein R2 is a C1.6 alkyl or C1.4 cycloalkyl. In
some embodiments, Rl is propyl and R2 is cyclopropyl. 10501 In some embodlme.nts e method

further includes aminating a compound of Formula R1 00 ‘W’ N\V
- O
o HaO™ <
4 o H . T i/ 2
THEY Y = Y
o B35 o slow o ¥ \v
< HaO*

/

w3
e N
mﬁv
3

As a result of their slow epimerization, the deuterated compounds of this disclosure can
enhance the concentration of the active isomers in vivo relative to its non-deuterated anslogs

1041} In some embodiments, the deuterium enrichment is at least 50% in the compounds of

this disclosure. In some embodiments, the deuterium enrichment is at least 80% in the compounds
of this disclosure. In some embodiments, the deuterium enrichment is at least 90% in the
compounds of this disclosure. in some embodiments, the deuterium enrichment is at least 95% in

the compounds of this disclosure.

[042] The disclosure also relates to a pharmaceutical composition comprising a
pham'xaceuncally acceptable carrier and a compound of formula (I} or any of its embodiments

described above.

{043} The disclosure also relates to a method for increasing the concentration of the active
1somer 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.

1044} The disclosure 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,

1045] The disclosure also relates to a method for inhibiting HCV protease, comprising
contacting HCV protease with a deuterated compound of formula (I) or any of its
embodiments described above.

1846} The disclosure also relates to a method for treating a patient suffering from HC'V
infection or a condition mediated by HCV protease, comprising administering to the patient a
pharmaceutically effective amount of a deuterated compound of formula (I) or any of its

embodiments described above,

|



Rcer<jiL R12 ii with an aminating reagent to provide a compound of Formula iii NH2 0 OH in In still
some embodiments, the arninating reagent is an azide salt and the intermediate azido compound is
reduced by hydrogenation. [0511 In some embodiments, the method further includes oxidizing an
unsaturatedt8ril§dU#SVO 2007/109080PCT/US2007/006493 of Formulq):b%lﬂgz %&/I}erein R'2is
NKR? or -OE, wherein E is C1_5 alkyl or optionally substituted benzyl, with an oxidizing F‘e%xgent to
provide a compound of Formula ii. RI, Ho 0 10521 In some further embodiments, the oxidizing
reagent comprises t-butyl hydropeToxide. In some further embodiments, the oxidizing reagent further
includes a chiral reagent. In some further embodiments, the oxidizing reagent is a mixture of samarium
(1) isopg&widﬁ\e},\ triphenyl arsine oxide, S—(-?l,l'-bi-Z-naphthol and 4 A molecular sieves. In some
further so within'the scope of this disclosure isa process for preparing an optically enriched
compound of Formula 1, in which '

Nk, O
R,

RY oM
i

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

R's

Ry 1s independently H, optionally substituted aliphatic, optionally substituted
cycloaliphatic, optionally substituted arylalipharic, optionally substimmd heteroaliphatic or
optionally substituted heteroarylaliphatic;

R’} is deuterium,

R'; is -NHR; or -OF;

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

Eis a C; 4 alkyl or benzyl:

{048} The method includes the steps of:

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

b) crystailizing said salt to give a compound of greater than 55% enantiomeric EXCEess,
049 In §ome embodiments, R, is C, atkyl, and R"; is -NHR., wherein RyisaCigalkylor
C;._§ cycioalkyl. In some embodiments, R, is propyl and R is cyclopropyl.

{050] In some embodiments, the method further includes aminating a compound of Formula

it

i
with an aminating reagent to provide a compound of Formula iii

NH, O
R,

R; R

OH

it
in still some embodiments, the aminating reagent is an azide salt and the intermediate azido
cornpound is reduced by hydrogenation.

1851] In some embodiments, the method further includes oxidizing an unsaturated compound

12



embodiments, the oxidizing reagent comprises urea-hydrogen peroxide in the presence of
trifluoroacetic anhydride. 10531 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 ii WwHEFEHHRIIELNHR2. 1054] Still within the scope of this disclosuge-is;a pi; s.for preparing
a compound of Formula 1 NH2 0 R2 Fel OH H wherein: Ri is H, optionally substitutmﬁp%atic,
optionally substituted cycloaliphatic, optionally substituted arylaliphatic, optionally substituted
heteroaliphatic or optionally substituted heteroarylaliphatic; R'1 is deuterium, R2 is H, optionally
substituted aliphatic, optionally substituted cycloaliphatic, optionally substituted arylaliphatic, optionally

substitutg{;lﬁete&(‘)giphatic or optionally substituted heteroarylaliphatic; and the compound of

Formula'1 has an-enantiomeric excess of greater than 55%. The Method includes the steps of:

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

oxidizing reagent to provide a compound of Formula ij.

i
1852] In some further embodiments, the oxidizing reagent compnses t-butyl hydroperoxide.
In some further embodiments, the oxidhzing reagent further includes a chiral reagent. In
some further embodiments, the oxidizing reagent is a mixture of samariurm (1) i1sopropoxide,
tripheny! arsine oxide, S-¢-)1,1 "~bi-2-naphthol and 4 A molecular sieves. In some further
embodiments, the oxidizing reagent comprises urea-hydrogen peroxide in the presence of
trifluoroacetic anhydride.
1053} In some further ‘mbodiments, 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..
[854]  Still within the scope of this disclosure is a process for preparing a compound of

Formuila 1
NH, O
R, - Re
R gy "
1
wherein:

R; is H, optionally substiruted aliphatic, optionally substituted cycloaliphatic
optionally substiruted aryialiphatic, optionally substituted heteroaliphatic or optionally
substituted hetercarylaliphatic;

R'| is deuterium,

R; 1s 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%.

The miethod includes the steps of:

13



WO 2007/109080PCT/US2007/006493 a) oxidation of an unsaturated compound of Folizula i

Ft10 to provide a compound of formula ii R'12 1j))CR'2 b) reacting a compound of Formula ii with
an aminatir:)g reagent to provide a compound of Formula iii 1l c) forming a salt of a compound of
Formula iii WithZ4%3ptft4ily active organic acid; and d) crystallizing s@idBaR2give@scompound

of greater than 55% enantiomeric excess. (1)55I In some embodiments, the compound of Formula | is
(2S,3S)-3-amino-3-deutero-Ncyclopropyl-2-hydroxyhexanamide. In some embodiments, the organic
acid is L-tartaric acid or deoxycholic acid. 10561 Also within the scope of this disclosure is a process
for preparing an optically enriched compound of Formula I: NH2 o R'2 Fri OH 1

a) oxidation of an unsafurated compound of Formula i

R, ©

to provide a compound of formula ii

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

NH, O
R,

R'{ Ry

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.
[055] In some embodiments, the compound of Formula 1 is (25,38)-3-amino-3-deutero-N-
cyclopropyl-2-hydroxyhexanamide. In some embodiments, the organic acid is L-tartaric acid
or deoxycholic acid.

[456] Also within the scope of this disclosure is a process for preparing an optically enriched
compound of Formula 1:
NH, O
Ry
RY OH "
1
wherein:

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

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

R'; 1s deuterium such that the deuterium enrichment is at least 50%;

R is -NHR, or -OE;

14



wherein: the carbon atoms alpha and beta to the carboxy group are stereocenters; Rlis
independently H, optionally substituted aliphatic, optionally substituted cycloaliphatic, optionally
substituted arylaliphatic, optionally substituted heteroaliphatic or optionally substituted
heteroarylalipff&#itd /R Heuterium such that the deuterium enrichment is ZOBASRETRIRES is -NHR2
or -OE; WO 2007/109080PCT/US2007/006493 R2 is H, optionally substituted aliphatic, optionally
substituted cycloaliphatic, optionally substituted arylaliphatic, optionally substituted heteroaliphatic or
optionally substituted heteroarylaliphatic; and E is Cl_6 alkyl or benzyl. 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

0 . : . . i -
ARz wherein B AT S e an R2 s
eyelopropgﬂ?@@@@lWﬁﬁ?ﬁ@@ﬁmlﬂﬁﬁﬁ’@ﬁﬁs,Wﬁ@&hé%ﬁ%@@ih@%@gﬁhé@téﬁ%tﬁ%ﬁﬁ{%‘ting a
compoungugggﬁ%g&l@ggxgh@@;%@g;vma an aminating reagent to provide a compound of Formula iii
E is C1 alkyl or benzyl.

The method includes the steps of : a) forming a salt of a compound of Formuta 1, and b)

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

[057] In some embodiments, R, is Cig alkyl, and R’ is -NHR, wherein R» is a Cy4 alkyl or

Ci.s cycloalkyl, In some embodiments, R, is propyl and Ry is cyclopropyl.

58] In some embodiments, the method further includes the step of aminating a compound

of Formula it

with an aminating reagent t¢ provide a compound of Formula i

NH, O
Ry

Rl
R'E 2

OH

1ii
1059} In some embodiments, the aminating reagent is an azide salt and the intermediate azido
compound is reduced by hydrogenation.
1060} In some embodiments, the method further includes the step of oxidizing an unsaturated

compound of Formula i
R, ©
S,
i
wherein R is -WHR; or -OE, wherein E is Ci.s5 alkvl or optionally substituted benzyl, with an

oxidizing reagent to provide a compound of Formula ii.

11
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 (111} isopropoxide, tripheny! arsine oxide, 8-(-
1,1°-bi-2-naphthol and 4 A molecular sieves. In some embodiments, the oxidizing reagent

15



NO? 0 Ri2 OH [0591 In some embodiments, the arninating reagent is an azide salt and the
intermediate azido compound is reduced by hydrogenation. (0601 In some embodiments, the method
further includes the step of oxidizing an unsaturated compound of Formula i Rl 0 R'l wherein R'2 is

-NHR2 or -OB;évsereindgsis C1.5 alkyl or optionally substituted benzyl, with an oxidizing reagent to
provide a compound of Formula ii. RI,R12 In some embodiments, the omda?ﬁbﬂ%%?@éﬁf’w%pnses

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 (111) isopropoxide, triphenyl
arsine oxide, S-(- )1,1'-bi-2-naphthol and 4 A molecular sieves. In some embodiments, the oxidizing
reagent 15 WO 2007/109080 PCT/US2007/006493 comprises urea-hydrogen peroxide in the
presence SFitisidER iy HARYHEE Xi06 i iisprmeermbddiniRpies Re2isQF; i some embodiments,

R'2 is -NRBU&82 In some embodiments, R'2 is -OF. In some embodiments, RY is “WHE,.

1062] in some embodiments, the method further includes hydrolyzing the compound of
Formula ii to give an acid and then converting the acid o an amide compound of Formuila ii
wherein R' is -NHR..

{063] In some embodiments, the method further includes oxidizing a compound of Formula

iv

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

1064] In some embodiments, the method further includes reducing a compound of Formula v

RI/\)\ R,

¥
to give the compound of Formula iv. In some instance, the compound is reduced with Red
AI% and then quenched with deuterium oxide. As known in the art, “*Red-Al®" refers to the
compound [(CH;OCH,OCH,).AlH, Nz, 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 disclosure is a process for preparing a compound of
Formula |

NH, O
Ry N,Rg
Ry om A

1

wherein:
Ry is H, optionally substituted aliphatic, optionally substituted cycloaliphatic,

optionally substitsted arylaliphatic, optionally substituted heteroaliphatic or optionally
substituted heteroarylaliphatic;

R’ is deuterium,
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(062) In some embodiments, the method further includes hydrolyzing the compound of Formula ii to
give an acid and then converting the acid to an arnide compound of Formula ii wherein R'2 is
-1\11-1R2. 10631 In some embodiments, the method further includes oxidizing a compound of
Formula iv R ©H%%1§280%y to give the compound of Formula ii. In some in8tafb&2afiosderation is
conducted by using manganese dioxide. 1064) In some embodiments, the method further includes
reducing a compound of Formula v OH V to give the compound of Formula iv. In some instance, the
compound is reduced with Red-Ale and then quenched with deuterium oxide. As known in the art,
"Red-Ale- refers to the compound RCHJOCH20CH2)2A1H2]N2, which is commercial available,

generally as a saolutio tolue )é 4 10% V\\i}f\/}Ql For ore| for@ﬂupg Eﬁ) tg) see, e.g.,
Bates R ot ot Bt sl A e sy A RS A e o
process fﬁﬁﬂ@ﬁéﬁﬁg‘%@@ﬁ?&o@ﬁ&ﬁbﬂ%ﬁneﬁwmﬂz W‘F%S)Wt'qq IREpehihgtic or Optloﬁaﬂy
substituted heteroarylaliphatic; and
the compound of Formula 1 has an enantiomeric excess of greater than 55%.

The method includes the steps of :

a) oxidation of an unsaturated compound of Formula i

to provide a compound of formula i

it
b} reacting a compound of Formula i1 with an aminating reagent to provide a
compound of Formula in

NH, O
R,

R R

O :
iii
¢} forming a salt of a2 compound of Formula iii with ao optically active organic acid;
and
d} crystallizing said salt {o give a compound of greater than 55% enantiomeric excess.
[066] In some embodiments, the compound of Formula 1 is (28,38)-3 -amino-?s-demerwl\l- :
cyclopropyl-2-hydroxyhexanamide. In some embodiments, the organic acid is L-tartaric acid

or deoxycholic acid.

DETALED DESCRIPTION OF THE INVENTION
I. Definitions
A. Terms
{667} As used herein, the term “aliphatic” encompases alloyl, alkenyl and alkynyi.
[068] As used herein, an “alkyl” group refers 1o a saturated aliphatic hydrocarbon group
containing -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



1 wherein: 121 is H, optionally substituted aliphatic, optionally substituted cycloaliphatic,
optionally substituted arylaliphatic, optionally substituted heteroaliphatic or optionally substituted
heteroarylaliphatic; is deuterium, WO 20071109080PCT1US20071006493 R2 is H, optionally
substituted afl$h3te/'$Mi8nally substituted cycloaliphatic, optionally substitdtet &¥3#aliBtele, optionally
substituted heteroaliphatic or optionally substituted heteroarylaliphatic; and the compound of
Formula | has an enantiomeric excess of greater than 55%. The method includes the steps of : a)
oxidation of an unsaturated compound of Formula i Rl 0 122 to provide a compound of formula ii Ri 0 0
RiiFRIZ ; 1I

be optionally substituted with one or more substituents such as alkoxy, cycloalkyloxy,
heterocycloalkyloxy, arvloxy, heteroaryioxy, aralkyloxy, heteroarylalkoxy, amino, nitro,
carboxy, cyano, halo, hydroxy, sulfo, mercapto, alkylsulfanyl, alkylsulfinyl, alkylsulfonyi,
arninocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamine, cycloalkyl-
alkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino, heterocycloalkyl-
carbonylamino, hewmcycloalkyl—aikyicarbonylamino, heteroarylcarbonylamino,
heteroaralkyvicarbonylamino, urea, thiourea, sulfamoyl, sulfamide, allkoxycarbonyl, or
alkyicarbonvioxy.
{069] As used herein, an “alkenyl” group refers to an aliphatic carbon group that contains 2-8
{e.g., 2-6 or 2-4) carbon atoms and at least one double bond. Like an alkyl group; an alkenyl
group can be straight or branched. Examplcé of an alkeny! group include, but are not limited
1o, allyl, isoprenyl, 2-butenyl, and 2-hexenyl. An alkenyl group can be optionally substituted
with one or more substituents such as alkoxy, cycloalkyloxy, heterocycloalkyloxy, arvioxy,
hetercaryloxy, aralkyloxy, heteroarylalkoxy, aming, nitro, carboxy, cyano, halo, hydroxy,
sulfo, mercapto, alkylsuifanyl, alkylsulfinyl, alkylsulfonyl, ammocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino, cycloalkyl-alkylearbonylamine,
arylcarbonylamino, ara]kylcarbonﬁflamino, heterocycloalkyl-carbonylamino,
heterocycloalkyi;alkyicarbonylamino, heteroarylcarbonylamino, heteroaralkylcarbonylamino,
urea, thiourea, sulfamoyl, sulfamide, alkoxycarbonyl, or alkylcarbonyloxy.
[070] As used herein, an “alkyny!” group refers to an aliphatic carbon group that contains 2-8
{e.g., 2-6 or 2-4) carbon atoms and has at least one tripie bond. An alkynyl group can be
straight or branched. Examples of an alkynyl group include, but are not limited o, propargyi
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, cyane, hale, hydroxy, sulfo, mercapto, atkylsulfanyl,
alkylsulfinyl, alkylsulfonyl, aminocarbonyl, alkylcarbonylamine, cyclealkylcarbonylamino,
cycloalkyl-alkylcarbonylamine, arylcarbonylamino, aralkylcarbonylamino, heterocycloalkyl-
carbonyiamine, heterocycloalkyl-alkylearbonylamine, hetercarylcarbonylamino,
heteroaralkylcarbonylamino, urea, thiourea, sulfamoyl, sulfamide, alkoxycarbonyi, or
allcylecarbonyloxy. | _
f071] As used herein, an “amino” group refers o ~NR™R" wherein each of R® and RY is
independently hydrogen, alkyl, cycloalkyl, (cycloalicylalkyl, aryl, aralkyl, heterocycloalkyl,
(heterocycloalkybalkyl, heteroaryl, or heteroaralkyl. When the term “amino” is not the
terminat group {e.g., alkyicarbonylamino), it is represented by -NR*-. R* has the same
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b) reacting a compound of Formula ii with an arninating reagent to provide a compound of Formula iii
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. 10661 In some
embodiment3¥¢hEEBHE8UNd of Formula 1 is PCT/US2007/006493
(28,3S)-3-amino-3-deutero-Ncyclopropyl-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.
10681 As used herein, an "alkyl" group refers to a saturated aliphatic hydrocarbon group containing
1-8 (e.qg., gﬁga%&,gﬁeég ggg%%a alams. An alkyl group can be straight or branched. Examples of art alkyl
group include, are not imited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, KEpEntya ussHdptainaag xethymewyrArsaiRyiigrodpeanteyl wie benzofused group

2&07/ 109@%0%%?%32&@@40%4%@%%@%&@&@5@? with ReREMDressdhetiiusnissteh as
alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroarylgxy, aralkyloxy, heteroatylalkoxy, amino,
nitro, carb W,Céég?%, gﬂjc, b%%%,é;%‘l‘fé{,’ %éfc%ﬁg%ﬁ?g s%%f%lr%?f aii%‘gé“m r%} ,yé%%} s%%’rl;y?
aminocardbrykralkylsarbohyd aptinms by cldalkijeabotytanironeye dikyiatatcmdiomn dmino,
ary'carboqylk@mmﬁ@a@@wam?m?wgﬂ:ta;i,emmg%l@pma@ BYRMiRQomethyl), alkenyl,

heterocycloalkyl-alkylcarbonylamino, heteroar Icarbon?/Iamino heteroaralkﬁ)g\carbonylamino, urea,
thiourea, ﬁ%ﬁ&?ﬁbﬁ}f%ﬂ@ﬁmd&ygieaiésﬁéﬁ%%ﬁezﬁrﬂa% eatisghiissroros R aled- fsrdin, an
--alléenyll" gwaaa;m}e,rakmsﬂ 39@1@@1@&&(%&;:@5%@%&&3(%&&}mﬁé&fe&gg&ﬁﬂpiﬁﬂagkbm?ﬁtgms
and at least one e bond. Like an a roup; ar raight or branched.
Exampleo oA T 0o T Dot e A ey, and 2-hevenyl

An a|kenyagmearbaﬁ%@%p%mmiuﬂ&@ﬂm%w@wm%@a&&mweﬁ%mkoxy,

cycloalkyloxyeiBgteyosyeitalivdaxyaanixyyhatesasniexs, arlkylexbhstermary)alkoxy, amino, nitro,

carboxy, cyano, halo, hydroxy, sulfo, mercapto, alkylsy|f kylsulfinyl, alkylsulfonyl, .
aminocar BRSBTS SRR earbomyramino,
arylcarborhdemisgy | caddkyidanbony letsimerdieidcatyoighihcasemyl dmn gydroxy, acyl, mercapto,
heterocyclgalifl:pliodcatnenyiamino (sieraasyieatkamdamingaheleroaraliigahanylamino, urea,

thiourea, sulfamoyl, sulfamidé; alkoxycarbonyl, or alkylcarbonyloxy.
[673] As used herein, an *‘aralkyl” group refers to an alkyl group (e.g., a C4 alkyl group) that

is substituted with an aryl group. Both “alkyl” and “aszl” have been defined above. An
example of an aralkyl group is benzyl.
[074] As used herein, cycloaliphatic encompasses cycloalkyl, cycloalkenyl and cycloalkynyl.
[0375] As used herein, a “cycloalkyl™ group refers to an gliphatic carboeyclic ring of 3-10
(e.g., 4-8) carbon atoms. Examples of: cycloalky] groups include cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl, adamantyl, norbornyl, cubyl, octahydro-indenyl, decahydro-
naphthyl, bicyclo[3.2.1Joctyl, bicyclo{2.2.2]octyl, bicyclo{3.3.1nonyl, and
bicyclof3.2.3 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_daubic bonds.
Examples of cycloalkenyl groups include cyclopentenyl, 1,4-cyclohexa-di-enyl,
cycloheptenyl, cyclooctenyl, hexahydro-indenyl, octahydro-naphthyl, bicyclo[2.2 2Joctenyl,
and bicyclof3.3.1]nonenyl. A cvcloalkyl or eycloalkenyl group can be optionally substituted
with one or more substituents such as alkyl {including carboxyalkyl, hydroxyalkyl, and
haloalkyl such as trifluoromethyl), alkenyl, alkynyl, cycloalkyl, {cycloalkyl)alkyl,
heterocycloalkyl, (heiemcyc!oaikyl)aikyl, aryl, heteroaryl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyvioxy, heteroaralkyloxy, aroyl,
hetercaroyl, amino, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy, arhinocarbonyi,
alkylcarbonylamino, cycloalkylcarbonylamino, (eycloalkyhalkyicarbenylamino,
arylcarbonylamino, aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
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10701 As used herein, an "alkynyl" group refers to art aliphatic carbon group that contains 2-8 (e.g.,
2-6 or 2-4) carbon atoms and has at least one triple bond. An alkynyl group can be straight or
branched. Examples of an alkynyl group include, but are not limited to, propargyl and butynyl. An
alkynyl group*éhHBE 88 nally substituted with one or more substituents sHERAS2KGHp193
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, heteroarylalkoxy, amino, nitro,
carboxy, cyano, halo, hydroxy, sulfo, mercapto, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl,
aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino, cycloalkyl-alkylcarbonylamino,
arylcarbonylamino, aralkylcarbonylamino, heterocycloalkylcarbonylamino,

heterocyc@%@& g%lg%rﬁ9@%;}@;@3@@&{3@{&[&@@&@@@%;gglg%oaralkylcarbonylamino, urea,

thiourea, sulfamoyl, sulfamide, alkoxycarbonyl, or alkylcarbonyloxy. 10711 As used herein, an "amino”
group refdreteeraxpicrtsRpRIET B FGPRaHY RPThdeybineay Ry ey ar fami seyersalkyl,
(cycloalkyhalkyhasearalkul-botesogyslaalkyk dhateraeyeloglkyl)alkyl, heteroaryl, or heteroaralkyl.
When the "aming," is not the terminal . group (e.g., alkylcarbo ino), it is represented by -NRXx-.
R s th LB R 20 OB LB DA et o Ho R R T Hhs used
herein, anttaepttgebupknsielsie pivdrirmaphiig corcaderikollisedgrotiprhdvimg-2ed & ey et
example, %g‘?,@ﬂ@%%ﬂ&ﬁ%%!ﬁ%{ﬁﬁﬁm Liised:with QREQLMQChaioyaiRaliphalisrmaieties,

e.g., 1, 2, 3, 4-tetrahydronaphthyl, indanyl, dihydroindanyl, or fluorenyl. An aryl is optionally substituted
with one JI5ETE! ST StRuMS SAER -5 I ORI EETBORPHIRY BT i 83 ik P B Fatbalkyl such
as trifluorqspetaylhyalkemyhyalopyyhneycleadkyli{cfcidatkybatkylhetaratidilod|Kybox azolidiny,
(heterocycloalkyhalkyl, ary eteroar alkox §I,o“acl oxy, he Ig_ Vil aryloxy,
heteroarylrgfﬁg%% b?(?/{,gﬁ %e?%?%ﬁﬁ‘&%;’fé}%ﬁ gteggé)aro%ﬁ;yqéﬁ%%%ﬁyﬁﬁ&%ér odgf% Koxycarbonyl,
alkylcarborsfriwifirariidetarisstiiy dikytransbnylafsing y eyrisairyliarb 6iAMsirD,
Eﬁydoaﬂky{gl@ilﬂiiﬁkﬁlﬁfﬁ%}ﬁ@?iD@%ﬁ@ﬁﬁ@&‘éﬂﬂﬂ?ﬁﬁ?&@iﬁ!aﬁﬂmﬁBﬁ?ﬁt@(ﬂ,iﬁjrl])c;tylg Smazian ot
eterocyclpalkyl)carbonylamino terocycloa rbonylaming, heteroarylcarbonylamino,
Mbsloh < b v R e e e pRiERah il By ek G et
thiourea, sulfsmbltrsinfasfideicoxd; or tanbamibyieddZ31 Astodet: trotairedandaralkylaigromg refers to
an alkyl giHR. A& Dnadifzd )Y HECHBS TBRAL B AHDSIHYGH IR e AV LaHRLEY ROt Al aRd "aryl”

have been defined above. An example of an aralkyl group is benzyl. 10741 As used herein,

cycloaliphBHE RS 5885 B@batk(t, 5/ ETBSHERIKEhSr Qo amkyTSA TS FREREE Kerein, a
"cycloalkybpgrow pefeisstimand alihatic earboeyalictimonod 3:340 {ealjky4(8)ctadbonatbmsaBsdmples of

cycloalkyl ' | X 0 [, norbomyl,
oubyl. ot g(%%%%@ggﬁ%gﬁg%%&%%%&%&%%&gﬁ YhGYglohe 1.,3%?%&94,

naphthyl, bicyclogwoctyl, bicyclo[2.2.2]octyl;
bicyclo[3.3StepNAY ﬂic%ﬁf{&%éﬂﬁ‘gﬂ&lﬁhﬁm&‘aﬁ Aalpdy ,i&ﬁ%ﬂ%&%@@fﬂs to a
non-aromatieicanbacyelie4iseofcdodilk (fogy, 418) warhef-alampbRAVIAG IOe:Q! Mesedeuble-kends.
Examples of cycloalkenyl groups include cyclopentenyl, 1.4-cycl a-di-enyl. cycloheptenyl
o SRS R A e AR e S S
A cycloalkgikyiceayblrslienifiayoistratiy iserbptvlaaipe sy stordey el daerbemmby@isgbstituents such as
Cyoa (el Ferero o, ettty oS,y heloa, Aoy,
cycloalkyl, (cycloa , heterocycloalkyl, (heterocyclo [, aryl, heteroaryl, alkoxy,
cycloalky 88 o SRR O P GRS AP AAIGHY heteroaralioicry. aroyl
heteroaroyictamielinitrer tearijemyinal korycahabmyl ydtkyicaatad nyloseppaen lbebmbéampll, sulfoxy,
alkylcarbogylaming. ey cloatodsar bmMARRIN (S Y& Qalkyralky aarbany aiing aricatbondaraino,
aralkylcarbonylamino, éheterocycioalkyI)carbonyIarninﬁ, WO 20071109080PCT/US20071006493
(heterocy NG HRRYREASAIERTRE, HEtRREHHHC AR SAR G, S Y OUF AIRGIRRGH A, Gfano,
halo, hydroxyeeieraereapte) alkyl shificry] resulfoxy subeti e breapsutfiamibyl, ulfamide, oxo, or
carbamoyl. [0761 As used herein, heterocycloaliphatic means_heterocycloalkyl, heterocycloalkenyl and

octahydro-chronaenyl, octahydro-thiochromenyl, octahydro-ipdolyl, octahydro-fyrindinyl,
decahydrdieigieinida ey obary SRgthsisHerys-2-oxa-bicyclo[2.222]octyl, 1*aza-bicyclo[2 2
23octyl, 3azaiisycieldrd-ockbuaNacha & diesanienelols SudoddetinaniAcheterosygloal kepy!l”
group. as ueed NeTBinseTers 13,2 0 0 membRrRr. 6,y f: 1 fIEMoRtee) nanaiomale o

structure having one or more onds, and wherein one or more ering atoms is a
heteroatom, e.g., N, 0, or S. A heterocycloalkyl or het€rocycloalkenyl group can be optionally
substituted with one or more substituents such as alkyl (including carboxyalkyl, hydroxyalkyl, and
haloalkyl such as trifluoromethyl), alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl,

(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
hetarnarviovyy aralievylovyy heternarallev/lovyy arovl heteroarovl amino nitro carbovy allkkovyvvearbonvi



heterocycloalkenyl is a spiro ring system, e.g.,OF [077] A "heteroaryl" group, as used herein, refers to
a monocyclic, bicyclic, or tricyclic ring structure haying 5 to 15 ring atoms wherein one or more of the
ring atoms is a heteroatom, 20 WO 2007/109080PCT/US2007/006493 e.g., N, 0, or S and wherein
one or more VGG t¥Hicyclic or tricyclic ring structure is aromatic. SomePEX4MpeEh+fdteroaryl are
pyridyl, fitryl, pynrolyl, thienyl, thiazolyl, oxazolyl, imidazolyl, indolyl, 2,3-dihydroindolyl, quinolyl,
1,2-dihydroquinolyl, 1,2,3,4- tetrahydroquinolyl, tetrazolyl, benzofuryl, 2,3-dihydrobenzofuranyl,
benzthiazolyl, xanthen thioxanthene, phenothiazine, dihydroindole, and benzo[1,31clioxole.- A
heteroaryl is optionally substituted with one or more substituents such as alkyl (including carboxyalkyl,
hydroxyalkyl, and.-haloalkyl,such as trifluoromethyl), al .alkyny. oalkyl. (cycl halkyl,
heterocycf:d%ﬁ(yl’,d((q'ggt%%o%%%%ﬁﬁﬁ%‘a?ﬁﬁ 0 éﬁfﬁ%&é%g}gﬁ{g ﬁ%%%y%%%%§&%e%§%§é%£l kyloxy,
aryloxy, hatereigloRymeraiayimlys RETSEEmEIA 465 Wéféﬂg}l,%&r@ﬁff@%ﬁa&%ﬁ@ﬁnﬁr@?@ boxy,
alkoxycarony Alkvcareny|exs BMMacatian-aledsaraemdaming - sxslealiiearbonylesmino,
(cycloalkyl)alkylcarbonylarnino, ar)%%aébon gilm{'no, a{% Ikgl;(;%rbonﬁlgmirli‘ob .

(neterocy SRR TAHBBRY &2 R RFSE SE s DB ATB RO PARNTER e SR Ay oo,
heteroarakiytcabeytapiang tbyemos, by dnyidrnty, ael/hanerChpidieliddsuifdmeydrerifoxy, urea,

thiourea, sulfamay), SWIAMINE-0%0.0L SRR dARLA DetrioarierouR 23 gedhgrein. refers
to an alkyl group (e.g., a CIA alkyl arou ) that is substituted with a héteroaryl grogj%gérBoth "alkyl" and

a

"heteroan/IYfare Bkeh ke 75| REvrEE HEn 2eserke PHoMEK)Y ficiaadseycloalkyl,
heterocyclegiyhiryploalkenylhetenoeyolndlkendc arda tiviateroanyy each-edwhishdas been defined
previously.. [80].As used herein,.an.'acyl" gro xref IS 10 a formyl group or alk I}C =Q)- where "alk
has been 8%?[%%]5 %?Pé‘\?ibuesﬁ?‘?&%‘éiﬁ/%% ?ﬁ\?ﬁgﬁ r’eﬁeiamp e%ng %’%&f%ﬁ%}@{@ﬁéﬁs aléy(i}ayherein, a
"carbamoykegtoupiasiaeytosmiroup et tre. stiverrarongg. Ny benKweoroiREhrrein W
and RY h@n@[ymgl?fm(ﬁmm;%%ﬁ}bmuﬂl (@loanaligiiatenacysioaliy, heteroaryl, or
heteroaralkyI 10821 As used hﬁégin, %"c rboxy" and a "su\?'égrﬁu efer!to -COOH and -S03H,
respectivelly TS T AR LS RV AR PP IE o B S PSR O 7Y ca%éﬂr@' Yrétk where "alkyl" has
been defir{ectprensiciesiiyladicabuspdhemincarsulfmeyborpiamiefers to -O-SO-R' or -S0-0-R>,
where Rx pas been defiped, %}9%,/%?%9&}8@,%@vyaexbw,%pérﬁtﬁ%gq,-éa%x here Rx

has been defined above. 10861 As used herein, a sulfinyl group refers to -S(0)-Rx; where X has been
defined aBB&e. foavsAssHEa T AR FanuidRoPyP b6 PER?E Yo -S(0)2R<, where Rx has been defined

above. {078] A “heteroaralkyl” group, as used herein, refers 1o an alkyl group (e.g., a2 C;.4 alkyl

group) that is substituted with a heteroaryl group. Both “alkyl” and “heteroaryl” have been

defined above.

[079] As used herein, “eyclic moiety” includes cycloalkyi; heterocycloalkyl, cycloalkenyl,

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

[080] As used hergin, an “acyl” group refers to a formyl group or alkyl-C(=0})- where “allcyl™

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

[681] As used herein, a “*carbamoyl” group refers to a group having the structure -0-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 hetercaralkyl.

1082] As used herein, a “carboxy” and a “sulfo” group refer to -COOH and -5043H,

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 -O-SO-R* or —80-0-R*, where R* has

been defined above.

[083] As used herein, a sulfanyl group refers to -8-R* where RX has been defined above.

1085] As used herein, a sulfinyl group refers o -S(O}—RX, where R” has been defined above.

{087 As used herein, a sulfonyl group refers to -S(0):-R*, where R™ has been defined above.
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WO 2007/109080PCT/US2007/006493 [0881 As used herein, a "halogen” or "halo" group refers to
fluorine, chlorine, bromine or iodine. [089] As used herein, a "sulfamoyl!" group refers to the structure
-S(0)2-NWRY or -NW - S(0)2W wherein W, 1V, and W have been defined above, 10901 As used
herein, a "suldhfitfE 1 §#ito refers to the structure -NR' -S(0)2-NleRz wherel§ RXSIEEMEART have been
defined above. [091] As used herein, a "urea" group refers to the structure -NRx-CO-NRYRz and a -
"thiourea" group refers to the structure -NRx=CS-NRYR -X, KY , and Rz have been defined above.
1092] As used herein, a "guanidino” group refers to the structure -N=C(NWRY)N(WIV) wherein Rx and
Rz have been defined above. [93] As used herein, the term "amidino group” refers to the structure

~C=(NW)NQURY) ‘Q{&%E}éﬁ%& and R v bean, gmdf@égpsvsa A984A USSALNLTEBmIRE form

"oximino group” refers to the structure -C-N-OW wherein fe has been defined above. 10951 As used
herein, arf@4féetive amount is defined as the amount required to confer a therapeutic effect on the

treated patignt, anddsdtypicallydeigrmiaet based eferge, muriacearess Weighy, adteondition of the

patient. The.intertelationshi dos for animals.and humans (based on milligrams per meter
squared og%sc?ﬁi%sﬂ fé%?%gécr%‘gm %l%%eéeigh g{%?% &gé%%ee‘r Chemotf;{er. Rep,, 5(3: 2219 (1966).
Body surfétdrhreausial/ivecapprisitiatelied etenpirdd fronthiseightand-WRighe 6P thei Baliént. See, e.qg.,

Scientific Japles, feeigy Pharmegeiticals, Ardsleydiew York, 537 (1970). 10961 As used herein,

"patient” refers to a mammal, including a human. 10971 An anta%%ni,gt as used herein, is a molecule

that bindstft5 The FeesstBFRith Gut-ARHY ST dRETFa LB SR UEBhetes iR e énd8§&rous ligand(s) or
substrate(shfonleinting sitelE) o the seceptar-airl MBsiRNIkits #ie RD|litycok fHearedeptodtdtednsduce
an intrace] (Ij%signal in response to endogenous ligand binding. 10981 The phrase "optionally
substituted" is Used interchangeably with the phrase "substituted or unsubstituted." As described

herein, colfipbuhassriherriventigwmdine paaraefecsubnserwardRCH Rdte ¥ dHittents, such
as are illugirated; gehesally‘abane; @nassxemplified by particular classes, subclasses, and species of

e e A RIS Ao 0040 42020 DS PR o e oL . 2R R 3. R4 and
wherein R* and RY have been defined dbove. '
[094] As used herein, the term "oximino group” refers to the structure -C=N-OR"* wherein R*
has been defined above.
[095] As used herein, an effective amount is defined as the amount required to confer a
therapeutic effect on the treated patient, and is typically determined based on age, surface
area, weight, and condition of the pafient. The interrelationship of dosages for animals and
humans (based on miiligrams per meter squared of body surface) 18 described by Freireich et
al., Cancer Chemother. Rep., 50: 216 {1966). Body surface area may be approximately
determined from height and weight of the patient. Ses, e.g., Scientific Tables, Geigy
Pharmaceuticals, Ardsley, New York, 537 (1970).
[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 compstes 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 intraceliular
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 generzally 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? R* RY and R® in formula {) 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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be optionally substituted with one or more substituents described herein. Each substituent of a specific
group is further optionally substituted with one to three of halo, cyano, alkoxy, WO
2007/109080PCT/US2007/006493 hydroxyl, nitro, haloalkyl, and alkyl. For instance, an alkyl group
may be substittittd WitbPakylsulfanyl and the alkylsulfanyl may be optional f$STSa0IT&W&#h one to
three of halo, oxo, cyano, alkoxy, hydroxyl, nitro, haloalkyl, and alkyl. As an additional example, an
alkyl may be substituted with a (cycloalkyl)carbonylamino and the cycloalkyl portion of a
(cycloalkyl)carbonylamino may be optionally substituted with one to three of halo, cyano, oxo, alkoxy,
hydroxyl, nitro, haloalkyl, and alkyl. 10991 In general, the term "substituted," whether preceded by the
term "optignally or.nel iefermioNsdepasementolivdragen adienls Ing e siuclirgth the

.’ i | iBed above in the defniti

r
radical of ayspec%’eof substituent.’Specific substituents are describe the definitions and

below in the destrprbingfiee mppisitarandaxampreionieorbeiidss vieaistoindrRatddobh

opr)]tional |y<§&!ﬁ$¥&ﬂ§9&ﬂ{@#ﬂ AR I et %&EH@@I},aésﬂaélla}ﬂugv@&iﬁﬂﬁmﬁt_nﬁﬂii%ﬁéﬁi&? & @H@g and
when more than one position.in a veq sfructure may be substituted wijth more thap one substituent
selected ﬁ%?ﬁ%esﬂ%’éﬁ%ﬂér %Ré%ﬁ?&i%%’é%ﬁf%ﬂ%%‘ﬁ{m@tﬁb& SXRRR B LR gfavery position.
A ring sulistitiesik \dichtas: @ hetecoopslbalkytimaljsbeibsimd:-dosariothe tsidgrsudthas agyoioalkyl, to
form a spggz}gi%@{%@%ﬁrﬁiﬁgm@%&wgﬁémnone common atom. As one of ordinary skill in

the art will recognize, combinations of substituents envisioned bé this invention are those combinations
that result i Terrérnsabiss stanicdrcheRicalkP i Bretsispbu s ro ot i ghrisetstable or
chemicallydeasiblen: assused bereirs yefegsiecpsapaundsi thatsare:net substastiali-aliered when

S“b"?‘:t?dsﬁt}?e&%?e%'tég Siioalow for, ce%fgé% uction, a tggﬁ £l aé‘cﬁjv@@%fﬁ{eag!éﬁ%ﬁ%g rseCOX%réi?w
purificatiort, and Use for one of more of the purposes disclosed herein. [n'some e_mrbo Iments, a stable
compoundroheltensicatiyfedsiblercontisoinsdersamdethiieiselot dolssearthianyiattéréiaiebrikept at a

temperatg A0 G et iR PRENeR ShMishieRrpthen chsmicalbiderstive-conglitions, for at
least a week. 101011 Unless otherwise stated, structures de%ifted herein are also meant to include all

isomeric (B 5 PeABRTGIRR MOTEi 4B RISTRERE Ui GRS Tt B C B dtforss Foliss S i Wucture:;
for examplegrithvedsad S aonfitpetat drsHier ewcHiad \armpelticcceteitugs) anag He)aibsblbdongeisomers,
and (2) ang gEconfarpationaldsamens Heraiors. Sl dle flerearhemical ISae s A5 welhasd o

enantiomeric, diastereomeric, and geometric_(or confoimational) mixtures of thie present compounds
are within¥PRISEGHREoFHAR R dentitr? IOAIdS S et wRsE Stitetl Gl 18 fioHEH E @rmeBr e cBAiounds
of the invendamaiaithinthe scepe dbithmanyehiibin 22102 L-Addiigmally, dniessoihersise stated,
structures_depicted herein.are also,meant tq.inclu ounds that differ only.in the.presence of one
o more S B R a B LRl i enaes
compoun@é #ablagisagsricsdin satiblareyw@aptsior the replacement of hydrogen by deuterium or
tritium, oriirgotgpiacanest ofaahambyRal8CGe4iH4C-apiichedcarhoarare Withingbenseqrs: of this

invention. Such. compounds are usefyl, for example, as analytical tQols or probes in biological assays.
101031 AR OSY R HETATY & b7 S S SR el SR B bR Bunds of

formula (I¥#$estsenwindpthierablp ghofrthisanen tion fcel exangleseafritogon miegeatd theofitheopeidazole

Or pyrazolg Lereeingk kA @Hrggﬁ@&Q@&@h&k&ataﬁ%s%wég@ﬁ@@%%égrm@&mmwm
presence of a suitahle OXidiéiﬁ%gré%%&igt%ﬁUCh as m-chloroperbenzoic acid or 14202. 101041 A

compound®SPYorfirs 5 ths FHSH AR §EPhAL I T RRERSE T of HaifBliERy S group) can
foil's a phabsaceuticatiis areeptaibie shitrsiehl ascactodivanduatassionst éedsiunwazkgold salt. Also within
the scope;gt #1¢ inyeRlion ake:salis famed with Phanmnaseitisally asrenialia amingsaugh as

ammonia, alkyl amines, hydroxyalkylamines, and N-methylglycamine. A compound of formula (1) can

be treated IHFAA Edd TS BHAHTIE 40RO R CaRE e RARIER TS (RhREiFETtione Ryaratbieacid,
hydrobromsicsaaick; Pfyf_imh:ﬂiﬂeaama, R_uifm?:& anﬂ,gmthmésu&aﬂmaﬁlﬁknphﬂspéma@ emjd_md (E) _
p-bromopReyisYianic 46/t CarNqRiL AU S UGGRIGAGE, AT 261, %Q&Q&&C@!Qﬂf%a"c acid, malonic

acid, salicylic acid, malic acid, fumaric acid, ascorbic acid, maleic acid, acetic acid, and other mineral
and orgarfite BRI kFOMS TorhtEE Sk HPIRE I PRIESEIH Atfd trshusanastan (58 prepared by
treating a esirpatusd afl forvaadd bindits free-hasentpommuithra wufficien! ameust sl-anasidde.g.,
hydrochloyi cidé} o produce an geid addition salt (e.g,, a hydrochloride salt). The acid addition salt
can b con e S e e R, e SR L R B S basi
solution (éhg. seeriianthydrosidiersodium bicarbonate, potassium carbonate, or ammonia). Compounds

of formulag§ihepn @lsedag fonaxamplge i adoreef AchiralLompowads, tacaric Bxtues optically

active co unds, pure diastereamers, or ixture of diastereomers. B. AB VIATIONS
nn]xpc(?ude cognpoun 8 t}d&t (8 er oty iati E@ne presence 0? one or more Fsotopx%a Yy enr-zl:che
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101051 The following abbreviations have the following meanings. If an abbreviation is not defined, it
has its generally accepted meaning. [01061 BEMP = 2-tert-butylimino-2- diethylamino-
1,3-dimethylperhydro-1,3,2- diazaphosphorine 101071 Boc = t-butoxycarbonyl 101081 BOP =
benzotriazol-#4 IV i imethylamino)phosphoni um hexafluorophospha®C018gD ebst4sroad
doublet 101101 bs --- broad singlet 101111 CD1 =carbonyl diimidazole 101121 d r doublet 101131 dd
= doublet of doublets 101141 D1C = diisopropylcarbodiimide [0115] DMF = dimethylforrnamide [01161
DMAP = dimethylarninopyridine [01171 DMSO = dimethylsulfoxide 101181 EDCI =
ethyl-1-(3-dimethyaminopropyl)carbodiimide [0119] eq. = equivalents 101201 EtOAc = ethyl acetate
101211 9 atctna For example, compounds having the present structures except for the replacement of
hydrogen by deuterium or tritium, or the replacement of a carbon by a *C- or "*C-enriched
carbon are within the scope of this invention. Such compounds are useful, for example, as
analytical tools or probes in biological assays.
[01903] An N-oxide derivative or a pharmaceutically accepiable salt of each of the compounds
of formula (1) is also within the scope of this invention. For example, a nitrogen ring atom of
the imidazole or pyrazele core ring or a nitrogen-containing heterccyelyl substituent can form
an oxide in the presence of a suitabie oxidizing agent such as m-chloroperbenzoic acid or
HyO:. | A
- 18104} A compound of formula (I) that is acidic in nature (e.g., having a carboxyl or phenoclic
hydroxyl group) can form a pharmaceutically acceptable salt such as a sodium, potassium,
calcium, or gold salt. Alsc within the scope of the invention are salts formed with
pharmaceutically acceptable amines such as ammonia, alkyi amines, hydroxyalkyiamines,
and N-methylglycamine. A compound of formula (I} can be treated with an acid to form acid
addition salts. Examples of such acids include hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, methanesulfonic acid, phosphoric acid, p-bromophenyl-
sulfonic acid, cérbonic acid, succinic acid, citric acid, benzoic acid, oxalic acid, malonic acid,
saticylic acid, malic acid, fumaric acid, ascorbic acid, maleic acid, acetic acid, and other
mineral and organic acids well known to those skilled in the art. The acid addition salts can
be prepared by treating a compound of formula (I} in its free base form with a sufficient
amount of an acid (e.g., hydrochloric acid) to produce an acid addition salt{e.g., 2
hydrochloride salt). The acid addition salt can be converted back to its free base form by
treating the sait with a suitable dilute aqueous basic solution (e.g., sodium hydroxide, sodium
bicarbonate, potassium carbonate, or ammonia). Compounds of formula (¥) can also be, for
example, in 2 form of achiral compounds, racemic mixtures, optically active compounds,
pure diastereomers, or a mixture of diastereomers.
B. ABBREVIATIONS
{0L05] The following abbreviations have the foliov#ing meanings. If an abbreviation is not
defined, it has its generally accepted meaning.
16196} BEMP = Z-tert-butylimine-2- diethylamino- 1,3-dimethyiperhydro-1,3.2-
diazaphosphorine
{0107} Boc = t-butoxycarbonyl
[0108] BOP = benzotriazol-1-yloxy-tris {(dimethylaminojphosphonium hexafluorophosphate
[0109] bd = broad doublet |
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10122] HOST = 1-hydroxybenzotriazole [01231 DIPEA = Hunig's base = diisopropylethylamine
101241 L = liter [01251 m = multiplet 101261 M = molar 101271 max = maximum [0128] meq =
milliequivalent [0129] rug = milligram 101301 mL = milliliter 2101311 mm = millimeter 101321 mmol =
millimole [0138} MEIC20ethoxyoxycarbonyl [0134] N - normal 101351 N/AETO8202#86183101361 ng
= nanogram [01371 rim = nanometers 101381 OD = optical density [0139] PEPC =-
1-(3-(1-pyrrolidinyppropy1)-3-ethylcarbodiimide [01401 PP-HOBT = piperidine-piperidine-
1-hydroxybenzotrizole [01411 psi = pounds per square inch 101421 Ph = phenyl [01431 g quartet WO
2007/109080PCT/US2007/006493 101441 quint. = quintet

[6110} bs = broad singlet
{0111} CDI = carbonyl diimidazole
[0112) d = doublet
{03113} dd = doubiet of doublets
16114} DIC = diisopropylcarbodiimide
{01151 DMF = dimethylformamide
[(116) DMAP = dimethylaminopyridine
[D117) DMEO = dimethylsulfoxide
[61 18] EDCI = ethyl-1-3-dimethyaminopropyl)carbodiimide
I0159] eq. = equivalenis
{0128} EtOAcC = ethyl acetate
{0823] g = grams
[G122) HOBT = 1-hydroxybenzotriazole
{0123] DIPEA = Hunig's base = diisopropylethylamine
[0124] L = liter
[8125] m = multiplet
{06126] M = molar
(8227} max = maximum
1@128] meg = milliequivalent
{0129} mg = milligram
[9130] mL = milliliter
(8131} rom = millimeter
i8E32] mmol = millimole
[8133] MOC = methoxyoxycarbonvl
[6834] N = normal
[0135] N/A = not available
[6136] ng = nanograrm
[8137! nm = nanometers
{6138} OD = optical density
[{@139} PEPC = 1-(3-{1-pyrrolidinypropyl)-3-ethvicarbodiimide
{0140] PP-HOBT = piperidine-piperidine-1-hydroxybenzotrizole
(0141} psi = pounds per square inch
{0142} Ph = phenyl
[543} g = quartet
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[01451 rpm = rotations per minute 101461 s = singlet 101471 t = triplet [01481 TFA = trifluoroacetic
acid [0149] THF = tetrahydrofuran [01501 tic = thin layer chromatography 101511 p.L = microliter
101521 UV = ultra-violet IL Compounds of this Invention 101531 Generally, the deuterated
compounds SfEiiHEEHbN can be synthesized by methods known in the &€ &8 $#08istHE%Izing their
non-deuterated forms, except that a deuterated starting material or a reacting reagent is used during
the synthesis process. Examples of applicable methods include those described in U.S. Application
No. 60/711,530; WO 02/18369; WO 07/022459; Advanced Organic Chemistry, 2nd Ed., p. 204, J.
March, McGraw Hill, New York, NY, 1997; and Synthesis of A: Elernes and Ragnarsosson, J. of
Chem. S 61448" imlt,_ ;9&%{%%.7. 101541 All publications cited herein are incorporated by reference in
their entireties. [01551 Compounds of Formula | are prepared using known methods, for example,
such as illfdttale@BEToR f SERSHBTEeheme | [01561 Referring to Scheme |, the acid of Formula i
is reactedygiths pdedtggaied aminoalcohol-amide of Formula ii in the presence of a condensing reagent
such as, fgg rp;_glte, l?DtCI and HOSu to provide the hydroxy-amide of Formula iii. In some

embodim n%s, e pg’r%gnt deuterium (D) enrichment as shown in ii is greater than 10%. In other
embodiméht$tha EArrchmibrtrimdroimat0yo to 99.95%, 40% to 99.95%, 50% to 99.95%, 60% to
99.95%, 8@%Yad9 PRO P Yule22:95%, 93% to 9935%, 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 FAgRhtE méRindayer SuampiasseR¥-Martin periodinane or WO
20071109086PG I/ USANABE6493

[0152] UV = ulira-viclet

1. Compounds of this Invention

[01583} Generally, the deuterated compounds of this invention can be synthesized by methods
known in the art as for synthesizing their non-deuterated forms, except that a deuterated
starting material or a réacting reagent is used during the synthesis process. Exampies of
applicable methods include those described in U.S. Application No. 60/711,530; WO
02/18369; WO (7/022459; Advanced Organic Chermistry, 2™ Ed., p. 204, 1. March, McGraw
Hill, New York, NY, 1997; and Synthesis of A: Elemes and Ragnarsosson, 1. of Chem. Soc.,
Perkin 1, 1996, 537.

{0154] All publications cited herein are incorporated by reference in their entireties.

[0155] Compounds of Formula I are prepared using known methods, for example, such as

iHlustrated below in Scheme [

Scheme I
OH OH Q
NHI R NH R; NH
R/COOH + ).:/l\rNRaRs_____.,, ’Y ?'/\/NMR:. o \Tor o NR4Rs
. é_ O ;,,’ £
i D R3 O ¥ R} O 3] R3 Q
i

I 155 i

[0156] Referring to Scheme 1, the acid of Formula § is reacted with a deuterated amino-
alcohol-amide of Formula ii in the presence of a condensing reagent such as, for example,
EDCY and HOSu to provide the hydroxy-amide of Formula jii. In some embodiments, the
percent deuterium (D} enrichment as shown in ji is greater than 10%. In other embodiments
the enrichment is from 10% t0 99.95%, 40% to 99.95%, 50% to 99.95%, 60% to 99.95%,
80% to 99.95%, 90% t0 99.95%, 93% 1o 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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TEMPO and sodium hypochlorite. [0157] The deuterated amino-alcohol-amides of Formula ii shown in
Scheme | can be prepared by using known methods and, for example, as illustrated below in Scheme
11, 'Ti [0158] Referring to Scheme II, conversion of the glycine iminic ester iv to the deuterated
sultarn of FoMfuFAY I Ednducted according to procedures previously desdHBEH A Bledss and U.
Ragnarsson, J. Chem. Soc., Perkin 1, 1996, 6, p.537. Consecutive treatment of compounds of
Formula vii with acid and base as previously described (L. Lankiewicz, et. al., .1. Chem. Soc., Perkin I,
1994, 17, p.2503 followed by treatment of the intermediate amino acid (not shown) with
benzyloxycarbonyl chloride provides the protected deuterated amino acid viii. Reaction of viii with
methoxyrnﬁg@/%a ine ig%é\h/e{ﬁ esence of the condensing reagent COI provides the Weinreb amide of
Formula ix. Ré lﬁé]ﬁﬁﬁg A ith Hor e?i%tr%‘ple, ditsobutylaluminum hydride or lithium aluminum hydride
provides tl@i&lticAyel danttdsing provedisessinmilictosthoseplevichsty des8ibed {demnd:g., WO
02/18369),,Ihyepldehvde x isconvartachin the cxanahudiin i angiheneedo ihe.Riolested
hydroxy-amino acid Xii. The acid xii is converted to the protected amide xiii which is deprotected to
provide the amino-amide WO 20071109080PCT11JS20071006493 01591 Alternatively, the
deuterated; samaine-gmide ii depicted in Scheme |, wherein R2 is H, may be prepared, e.g., as illustrated

in Scheme Ill. Scheme llI
CH, CH,$8 CH;S

g o) O T s
%N\/u\ ﬁN ; e >T;N><'u\\f P,
CH,S ) OCH CH4S e OCH, CHLE s N
Y
¥ : vi

CH;S 0 NH ?
e I 505~ -
s >_“ ! %, CBZ ?)J\
CH,S st o, OH
D R,
R,
o hd 8
Vil R
0 0 OH
NH _NH
CBZ'W})'L\N,ocm CBZ }AKH cBZ XKCN
Y p’ pf
v R; CHj R3 Ry
ix X X1
OH
oH o L NH NR R
. CBZ'NHXK CBZ NR.R; 5
COCH s Dbz 0O
3
R3 R} -

(01581 Referring to Scheme i, conversion of the giycine iminic ester jv to the deuterated
sultarm of Formula vii is conducted according to procedures previously described (Y. Elemes
and U. Ragnarsson, J. Chem. Soc., Perkin I, 1896, 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 intermediate amino
acid (not shown) with benzyloxvcarbonyl chloride provides the protected deuterated amino
acid wili. Reaction of vili 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 02/18368), the aldehyde x is
converted to the cyanchydrin 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

i.
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101601 Referring to Scheme lll, the propargyl alcohol xiv is reduced with sodium bis(2-
methoxyethoxy)aluminumhydride, followed by genching the reaction mixture with deuterium oxide to
provide the deuterated allylic alcohol xv. Oxidation of xv with manganese dioxide provides the
aldehyde xvithi®i 13 ®i¥her oxidized to the acid xvii with sodium chlorite (REERS2Y4HUHEBresence of
sodium phosphate and 2-methyl-2-butene. Reaction of the acid xvii with isobutylchloroformate (1CBF)
in the presence of N-methylmorpholine followed by reaction of the intermediate mixed anhydride with
the amine 1-1NR4RS5 provides the amide xviii. Epoxidation of xviii to provide the epoxide xix may be
acheived with urea hydrogen peroxide (UHF) in the presence of trifluoracetic acid and
p-toluenesgyiiagic, acid..Reaction abxixwith sedium.Azide; Rigyides the dntsrnediate.aziflo sgampound xx
which is subsequently reduced to_the racemic-aminoalcohol xxi by catalytic hydrogenation in the
SFRIERAT B Etb R G et R ETFoilcohol xxi may be resolved using known
methods sueh;as tiiral chromatography, preparation of optically active derivatives or the formation of
salts with an optically active acid HA followed by crystallization from an organic solyent, Suitable
optically active org /' ids for prepasing salts inng%e/.Lor examphe;@-tartaric VM
2007/109080PGF/TS2007/006493g0id, L-malic ¥cid, [S)Mandelic acid, (18)-(¥j-10jcanibhorsuifonic
acid, (-)2,2:4,6-di-0- Bdpropyl idiene-2-keto-L-gulonig,acid hydrate, N-acety-L- leucine, g€oxycholic
acid, (+)- 0,01-dibenzoyl-D-tartaric acid, 0,0'-di-(4-toluoyl)-D-tartaric acid, S-(+)1,1-binaphty1-2-2-
phosphoric acid, L-lactic acid, D-Gluconic acid, lactobionic acid, dipivaloyl-L-tartari gﬁf&;@mzo
S-(+)-0-acetylmandelic acid and S-(-)2-(phenylcarbamoyloxy)propionic acid. Exam %sggggimw
organic solvents for recrystallization include dimethylacetarnide Rethykacetate and CEibne’ [01611

The deuterated compounds thus ohjained can be ghargcterized by{-‘tonventional a[glaly jcal methods,
e.g., NMR and /@Epegdroscoge;FNMR can be Usedito dgtermine a cqmpounc‘l')\%ﬁgure, while
Mass Spectro&&opy caribe used todetermine the amourit of déuterium atom irkfhe ompBund by

comparison with its honf8euterate@1e#im. [01621 Thé' defiterated c@ﬁ ounds of thisi"ii_r_]vention are
generally more stalsle and less inclined to epimerize:thian their norcdmg;gerated analdgs. Thus, they can
be used in applicatipnwelere specific steric configuration in the compounds of this invention is desired.
For instance, the deulg@fad compounds of formula (I) may be used to treat or prevent infection
caused by HCV or th&HHev protease-mediated condition, as they are capable of inhibiting HCV
protease. fheir inhib_ig)ry activity can be measukgeNd gy gaditional emiyame inhibition essays, some of
which are descriied ift the, publications rited ab&g.\lsﬁg exg., PETHT RH. et dfsManfinicrobial Agents
and Chemoth&fapy] 2006 (marcls*80 (8): 899-809.

01881 Additionally, the deyté Gompbtinds of
formula (1) can be HEedas biological tool to studx{}ﬁ%‘ gﬁarmacological properﬁes their
non-deuterated arfélogs. Accordingly, these uses are also within the scope of this invention. Example
1. Preparation of (1S,3aR,6aS)-2-((S)-2-1(.5)-2-ey&iohEkyl-2-(pyrazine-2- e a r boxa mido)ac etami
do)-3,3-d etsy hefkta noyd Fohd(S)HE; (Gyotoppropy! alenhobiil, 2-e-iloxaBvete sotbiwerhie(X-an-3-yDoc
ta hyd fo%%tgg%?é%r}&%ﬂ%}sﬁ&y}&gdﬁgéafsn&S{M"M&%QQJ!%Q&%%%&%A%R%/Qf%%@ﬁm1
Preparation of 101641 The deuterated suItqmégéSer., compound vi shown in the scheme below) was
prepared ByRASWAFatOHS deiekralstibdinatehntein Pridaiveciry WiREGRERSSH SR B Chem.
Soc., Perkirokid896etmibaydd/ ;0ppaieanHfivheordAea 1011894 . #br A3 63ihysdRiAgcterite
correspongi ubstituted sultam and propyl iadide. 101651.17.32 g.0f compound vi-(45.8.mmol)
and 230 e e e

and N2 inketiiTrishissivndosinponing oY b threesnacrBEh ybearrbrline Solrssddon in

hexane, 5R:&:NYRQN Wasmededimith3 S Bae/BHIMP-AYe RN HNR Jespiingiyeievaaalgion was

aged for 3>9viii. 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 azidq 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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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 D20 (50 mL) was added to the mixture. The reaction mixture was then extracted with
EtOAc (400 i #Hd/ iR¥¥rganic layer was dried over MgSO4 and concentrBfEdtefa0ides1.3 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 1H NMR. Step b: Preparation of

(S)-2-(benzyloxycarpon utero d viii,[01661 Com {15399, 32.1
ramol) from}/étg’p 3 \}\?as% a gé(%l o Fﬁcéé}g%: -!8 ? éir g%l ‘ﬁ?@ ? \gffi{h]% dlegr?{)ulslon was
stirred ovawmtdmwébﬁmmper@mmaaﬁd&mmwmﬁedwe%\ﬁ&'@afdﬁh@&wéwd@ér thick oil.

The oil was dhendissolys Q RV82007/098493-41:00-Biki ARG tosthe
solution Waétj]edded Wa‘%/grgi (é%%gaaﬁiqlfgjﬂ{ggg ﬁQP%@ mmol), This s qu(liglv‘as sUr?é%?ﬂovernlght

again at tREGBORT R ARG dlre i then ?3‘?1%&3%% iﬁ%\’m%@ ﬁ“ﬂi N hAS gt A5 Siftulsion
remainedsThis Drasedilittecdeite watom(2S-() Gereitrabtedayltx DpRGIa(Hride BmespB8 afil each).

The aqueg gag Qg !%%Mﬂme tg%%%) Ao goaled o 0. Couhilgstirring.rapidly and

CBzZ-C1 (S}j mmo was adde opW|se over 15 minutes: After stirring for an hour at 0 C, the
TI-IF solvé?ﬁi% removed in vacuo and the residue was acidified by addition of IN HCI (50 mL). The

solution was @xtracied-with&t0Ae s Hﬂ&ﬁ&h&@@!ﬂh}@&@ﬁh%@ﬂ&%&r@m phasevemsodeed over

Na2S04 and concentrate Th re5|due was |n EtOAC mL) and heptane
(150 mL), sg & 8%?#(% §\7ern|g (ﬂﬁe ro% %?hsp% a’[ure esoll sw%re%gﬁec{éd on a fit,

rinsed Wltmkmpmné (3ombyrandhile died el BaE {7 Ry eiicerfpeamdiihsfevmIi e scheme

above. The. deHiGHUTLRSRRLTAIARNAS @@&ﬁﬁ&%@ﬁﬁ%@%ﬁ%@@% Preparation of
(S)-benzyl 1- é-rﬁpetho(%(methyDamlno )-1-ow-2-cleuteropentan-2- Icgrbamateﬁ%sz N-C) 101671 To

a flask coHt&fifh S BERIVRRETES YARHRG) 25 RETHERL B PTARSIRARAPES'SF mmol) in 20
mL of dlcmmmﬂea@em@anmamﬁd}aﬁﬂsﬁaWaﬁadmthﬁdBo@q G étey rao ighedinkif/700 ul), 1.5 eq.

of N,O-dimet (?Jover M&ﬁ@%&ﬁg@%dﬂ% %@c%é;%%naé ERs (il éh@)n iBRLGARLION

mixture was stlrre g rom 0C to the room temperature. The reaction mixture was then diluted

in dichlorditethdaacanth striRraret Iy ahfPBRkk FheerFaHeshR FACHREY Ser MgSO4.
The crudadtixiide wasawified bycdashee Bromategeaghyn taibyaceiatackh s65%e jrehexan@sy td afford

814 mg of &uge am'ﬁ%(}'%%%nag ( )“%b = 296 JEJEESCM %gfgmas MR g?b gipgggnfnpyg,%the

structure. repar enzy uteropentan ylca amate W
2007/109@8‘9%@@&90@7#9@@4@3@@%%6%@ in the publications cited above. Sw €8

Perni, R.B. et al., Antimricrobial Agents and Chemotherapy, 2006 (march), 50 (3): 899-905.

{91533 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. Prepaﬁ-atﬁen of (15,338,625 2-{(5)2-{(S}2-cycliohexyl-2-(pyrazine-2-

carboxamideolscetamido)-3,3-dimethyloutanoy}-N-{($)-1-(cycloproepylamine)-1,2-dioxo-

3-deutero-hexan-3-yhoctahydrocyelopentajc]pyrrole-1-carboxamide

E]YN\)LX(% \(u\m .
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101681 Using procedures described in WO 02/18369, the Cbz-protected amino acid of Step c is
converted to the title compound. Specifically, into a flask containing 1.0 eq. of (S)-benzyl
1-(methoxy(methyDarnino)-1-oxo-2-deuteropentan-2-ylcarbamate (810 mg, 2.75 mmol) in 10 mL of
dry TI-IF mam@HEd WEeHE (in an ice bath) was added slowly 1.7 eq. of a softGioRSesItifthss
borohydride (1.0M) (4.67 mL). After about 10 minutes, the ice bath was removed and the reaction
continue for an hour. The reaction was quenched at 0 C by adding 5 mL of a solution of KHSO4
(10%). The solution was then diluted by the addition of 10 mL of HC1 (IN). The mixture was stirred for
30 minutes, then extracted 3 times with dichloromethane. The organic phases were combined and
washed with a solution of 110 (I &\gégvater ang brine. The organic phase was then dried over MgSO4
and the volatile evaporated. The ald%@e%v}a\%md»@ IS in the next step. ES+ = 237.1, ES- = 235.2.
Step e: Preparation of benzyl (35J!£(cyclepropyla hydroxy-l-oxo-3-
deuterohexan-3-ylcarbamate. OH 101691 Cycloprdpytisonitrile was prepared according to the
scheme sgown below. B 3N,&-TSC| Na2003H100C, 20 mmHg OEtOH, 0 -> itNHtraped at -78C 11 The
cyclopropyiaigoaﬁi riGhvAS then coupled with the aldehyde product of Step d to give the title compound
as descrithetei. T Reipltedsall20(.c.epmpooe! 2 38y 276e sehemmbalay Orgs erenied1981, 46,
3668". ESity ke InattRR:sBERATAIRR @scribed in Y. Elemes and U. Ragnarsson, J. of Chem.

(38)'3'am'no'N'@%Jgg%#igb%%g%@%%@%@a%)iafr}gm'%iyny %cm.ﬁ 1994, 25: 2363, by using

20071109080P¢

the corresponding unsubstituted sultam and propy! iodide.

‘ e
o NaZCO3 O G C}\\‘?SE/M
MeODID,0O
/SYN%LO/ Rttt el /S\F’N%}\O/ /SYN#\&
5 f‘f H .8 B D _§ B D .
i W Wi
o O
e ChzHN
—_— 5 i i RS . Ot

/. Y ._“ Y e A

g D
-~ < vii viii

[8165] 17.32 g of compound wi (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, 56.3 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 1t
over 30 minutes. The mixture was allowed to warm to the room temperature over 8 hours
and then cooled to -20 °C before 0O (50 mL) was added to the mixture. The reaction
mixture was then extracted with EtOAc¢ (400 mL) and the organic layer was dried over
MgSO4 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 vil as a white crystalline solid. The deuterium incorporation was

93% as determined by 'H NMR.

Step b: Preparation of (S)-2-(benzyloxycarbonylamine}-2-deuteropentanoic acid, viii
{0166} Compound vii (15.39 g, 32.1 munol) from step & was charged into THF (100 mL) and
1IN HCI (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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101701 Hydrogenolysis of the Cbz compound of Step e was achieved by using a palladium on carbon
catalyst in the presence of hydrogen to give the title compound. Shown in the following schemes are
Steps c, d, e, and Step g: Preparation of (1S,3aR,6aS)-2-((S)-2-((S)-2-cyclohexyl1-2-(pyrazine--2-
earboxamidoj4E&tariie5e3, 3-dimethylbutanoy1)-N-O3S)-1-(eyelopropylamf{s)3s2067/666493
deutero-2-hydroxy-1-oxohexan-3-yl)oetahydrocyclopentalipyrrole-1-carboxamide 101711 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., EDO and HOSu. Specifically, in a
flask containing 1.2 eq. of (1S,3aR,6aS)-2-((S)-2-((S)-2- cyclohexyl1-2-(p

yrazine-2- oxarnido)acetamido)-3,3- di %51 Ibutaneypectahydr. nta rrole-l-carboxylic
T (1 SO R e D e e e 8
N-hydroxybaniotrigasottrrstiears it gt dhe Ded. SrEpeIEss W) canecestmirdiies onstifring at

the room temperaiis, 1000 R 3IMoBRMIRA:NAeHCloBIORYs Jitlebtered? vdroxyhexanamide
hydrochloride (500 mg) was added to_the mixture. After another 24 hours, the gﬁ@gg\%n |xé%§ was
itH RICT(

diluted into A3 L O it aedtates PRERLAIE SREYe STRATRIRHR BRI WS IN).
water, satif@tedisodidrpbiedrinoh&te wbllatkitripdmepidiyd ahe CBFed133 . ANMEL, 54 mmol} was
200711090808 ¢ [\ 4:320074006493 uer MaRQa-Thedruds prodyel wasuripd fy chromatography

on silica (ethyl acetate 70- 100% in Hexanes) to give 1.31g of the tile compound as a white solid. ES+
~ 6816, ESTOBE Y THE RIS EST GORTAACE RE ORI ST P HApaSRiBT o The sofotion
(1S,3aR,6a8) e2 1693 (D) -2royeiofexyik2 (PyrazinecRy and the organic phase was dried over
carboxamjdo)acetamido)-3,3-dimethylhotanoy1)-N-((S)-1-(cyclopropylamino)-1,2-dioxn3-deuterp-hexa
PO R e gy i I TRt e e ey
oxidation bfntaptditict ol Stepag with Wxet ayrrb iz cegiesuenay O cbkenvalita yerodinane or
TEMPO and;sadivp: hypechladiewaneiicalyo A lpskcor @nine: 1345 s g (70%) of
(1S,3aR,6aS)-24 S)-2,—_4§38)-2-c c@he yl-2- - . . : 93

(Pyrazine SR AU e B RS SRty B TN SR P B8 S -
3-deuterod2tbyrdimed/by -dkdid®an-3-ypoctahydrocyclopenta[c]pyrrole-1-carboxamide in 40 mL of
dichloromethane was added at room temperature 1.06g of Dess Martin periodinane. After 2 hours of
stirring, 50 mL of sodium bisulfite (IN) was added, and the mixture was stirred for 30 minutes. The 2
phases W§F§%E‘°’p§fﬁ%ﬁf‘ﬂ‘féﬁd@m Wabmeth ey matey Bordn phhe Xtid e EIRINER S04, The
crude progheirvaspierified by chromatography on silica (ethyl acetate 20-100% in Hexanes) to give
1.079 of the title compound as a white solid. ES+ = 6§4,.5, ES- = 680.0. The 1H NMR spectrum
confirmed the structure. 101731 Deuteriunbg prporatipn was determined by MS to be 93%. The
diastereoisome ratio was determined by chiral HPLZ norta phase and was higher than 99% d.e.

D "L\
[¢1467] To a flask containing 1.0g of (8)-2-(benzyloxycarbonylamino)-2-deuteropentancic

acid (3.97 mmol) in 20 mL of dichloromethane maintained at 0 °C, was added 3.0 eq. of N-
methyimorpholine {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 MgS8Q4. 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 (3)-benzyl 1»Oxa-z-dewter@penﬁan»l«yﬁcarhamaté
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101741 The following scheme shows the reactions of both Steps g and h. WO
2007/109080PCT/US2007/006493 Example 2: Preparation of

(2S,3S)-3-amino-3-deutero-N-cyclopropyl-2- D li ND hydroxyhexanamide O N H 6 Na N3 MgSO4
MeOH 0 Redt&ig7/109480 PCT/US2007/006493

O
CDZSM "

[0168] Using procedures described in WO 02/18369, the Cbz-protected amino acid of Step ¢
is converted to the title compound. Specifically, into a flask containing 1.0 eq. of (S)-benzyl
1-(methoxy(methyljamino)-1-oxo-2-deuteropentan-2-ylcarbamate (810 mg, 2.75 mimol) in 10
mL of dry THF maintained at 0 °C (in an ice bath) was added slowly 1.7 eq. of a solution of
fithium borohydride (1.0M) (4.67 mL). After about 10 minutes, the ice bath was removed
and the reaction continue for an hour. The reaction was quenched at 0 °C by adding 5 mL of
a solution of KHSO, (10%). The solution was then diluted by the addition of 10 mL of HCI
(1M).. The mixture was stirred for 30 minutes, then extracted 3 times with dichloromethane.
The organic phasés were combined and washed with a solution of HCI {1 N), water and brine.
The organic phase was then dried over MgS0, and the volatile evaporated. The aldehyde
was used as is in the next step. ES+ = 2371, E&- = 2352,

Step e: Preparation of benzyl (3S)-1-(cyclopropylamino}-2-hydroxy-1-oxo-3-

OH
Cszngé
D kc} \V

10169] CyciOpmpyi isonitrile was prepared according to the scheme shown below.

deuterchexan-3-yicarbamate.

Bu;N, p-TsCl
NH o NasCOsy - 100C, 20 mmHg
p . EiOH, 0 -> o N, H traped at -78C ® &
; ‘/\O'J\H v/ \‘i;g’ ! e WSO

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; Lumima
W.,J. Org. Chem., 1981, 46, 3668, ES-+=322.1.

Step §: Preparation of (38)-3-amino-N-cyclopropyl-3-deutero-2-hydroxyhexanamide

32



hydrochloride Deuteration t Red-AIMn02 DO 3 iNaC102 NaH2PO4 21-120 75%2-methyl-2-butene
tert-BuOH DO OH 4 NH2'DCA . i D 0 --A 90H Salt

WO 2007/309080 PCT/US2007/006493

OH
HQN})\WQ
i %”LC} \{7

{8170} Hydrogenolysis of the Cbz compound of Step e was achieved by using a palladium on
carbon catalyst in the presence of hydrogen to give the title compound. Shown in the
following schemnes are Steps ¢, d, ¢, and .

e EDCI, NMM O o

MeNHOMe-HCI ch LiAlHg, THF 2HN
ChzhN \(LLOH DCM, G -> KHNS{LL‘N’O% 0->nt CozAN

o |

- o
oK CH
PA{OH),/C
p%% CszNhﬁ “2»{ Me)C%H HQN\{&H' ,
D STV

ZI

Lutidine, TFAA 0 O
DCM, 0 ->1t

Step g Preparation of (15,32R,6a5)-2-((S)-2-((5)-2-cyelohexyi-2-(pyrazine-2-
carboxamido)acetamido)-3,3-dimethylbutanoyl}-N-{(35)-1-{cyclopropylamino)-3-

deutero-2-hydroxy-1-oxohexan-3-yloctabydrocyclopentafclpyrrole-I-carboxamide
N sy
E ~ H\i ' -.:7 oM
o A" o Y™
@ o P o

{6171} The title compound was prepared from the hydroxy-amino amide product of Step §
by condensation with the appropriaie acid in the presence of a coupling reagent such as, e.g.,
EDCI and HOSu. Specifically, in a flask containing 1.2 eg. of (33,3 aR,6a8)-2-((S)-2-((S)-2-
cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-3,3-
dimethylbutanoyi)octahydrocyclopentalclpyrrole-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 (38)-3-amino-N-cyclopropyl-3-deutero-2-hydroxyhexanamide
hydrochloride (500 mg) was added to the mixture, Afier another 24 hours, the reaction
mixture was diluted into 400 mL of ethyl acetate. The organic phase of the mixture was

washed with HCl (1 N), water, saturated sodium bicarbonate solution, brine, and then dried
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2. D2090% 95% 2 Direct Epoxidation U1-OPDO H2N--<1  TFAA p-TsOHHIBCF CH2CI2ZHNMM

WO 2007/109080 PCT/US2007/006493

over Mg8U,. The crude product was purified by chromatography on silica (ethyl acetate 70-
100% in Hexanes) to give 1.31g of the tile compound as a white solid. ES+ =683.6, E§-=
682.2. The NMR 'H confirmed the structure.

Step h: Preparation of (15,3a8,625)-2-((8)-2-(($)-Z-cyclohexyi-2-{pyrazing-I-
carboxamideo)acetamido)-3.3-dimethvibutanoyl)-N-{{5)i-(cyclopropylamine)-1,2-dioxo-

Z-deutero-hexan-3-vHoctakydrocyclopente|clpyrrole-l-carboxamide

[0172] The title compound was prepared by oxidation of the product of Step g with a suitable
oxidizing reagent such as Dess Martin periodinane or TEMPO and sodium hypochlorite,
Specifically, in a flask containing 1.31g of {18,3aR,6a5)-2-((5)-2-((S)-2-cyclohexyl-2-
{pyrazine-2-carboxamidojacetamido)-3,3-dimethyibutanoyl}-N-({35}-1-(cyclopropylamino)-
3-deutero-2-hydroxy- i -oxchexan-3-ylloctahydrocyclopentalclpyrrole-1 -carboxamide in 40
mL of dichloromethane was added at room temnperature 1.06g of Dess Martin periodinane.
After 2 hours of stirring, 50 mL of sodium bisulfite {IN) was added, and the mixture was
stirred for 30 minutes. The 2 phases were separated, the organic was washed with water
twice, brine and dried over Na2S0O4. 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 diasterenisome ratio
was determined by chiral HPLC normal phase and was higher than 99% d.e.

10174} The following scheme shows the reactions of both Steps g and h.

Ot
H E0C1, HOBt
( lr”\/u‘ﬁgr%w A N\v OIEA. OMF.R

Do

E lwﬂ?«% 'y B [Hétiﬁ\v
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CH2C12 66%)5 65% Chiral Resolution H2N DO"Deorycholic add H2 (3 atm), Pd/C ...... "y
OH 7 25C, 5 hrNL HTHF

WO 26807/109080 PCTS2007/006493

Example 2: Preparation of (28,38)-3-amino-3-deutero-N-cyclopropyl-2-
hydroxyhexanamide hydrechloride

Reductive Deuteration

o D O
/\/\OH i RednAﬁ___@_ /\,)“\7/\@ MO, - /\M "
i
2. Do & 80% M

5%

! ‘ ‘ 2 3
NaCng
o N3H2P04 EHQO
5% | 2.methyl-2-butane
tert-BuH
Direct Epoxidation
I3 8 UHP s 8]
{} /:E [ |
M “oTsOH T ©H
M CH,Chy MR H
5 B6% CH,Cly 4
65%
NaN:;
M9804
ek
° Chiral
Resolution MH,DCA
H,N B O o :
/A Hp (3 atm), PA/C 4\ Deoxycholic acid )
Apeon N Dt cad H D
28°C, 5 hr H THE WN /A
70% (2 steps) OH 40% H ‘
OH
T B )
Racemic Sale
75% HCH IPA
1=
N HC!

/A

é

OH

[6175] The scheme shown above illustrate the total synthesis of the title compound. Each

step is desrcibed in detail as follows.

Step /: Preparation of 3-deutere-(E)-hex-Z-en-I-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, 8.1 mole) and THF {100 mL, 10 vol}). The
resulting mixture was cooled to 05 °C and then Red-Al (65% in Toluene, 32 mL, 1.6 eq)
was added slowly under a nitrogen atmosphere between ¢ °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;0 (8.2 g, 4 eq.) was added drop wise between 0 °C and
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70% (2 steps)OH 40% 13 Racernic 754 HCI / IPA IPA NH2HCI 0 D N OH 101751 The scheme
shown above illustrate the total synthesis of the title compound. Each step is desrcibed in detail as
follows. Step 1: Preparation of 3-deutero-(E)-hex-2-en-1-01 101761 To a three-neck 250 mL round
bottom flask B§UipédR#h mechanical stirrer and reflux condenser was chBfgéeS20AE8A4% 0l (10 g,
0.1 mole) and THF (100 mL, 10 vol). The resulting mixture was cooled to 05 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 -55 C and D20 (8.2 g, 4 eq.) was added drop wise between 0 C and

15 °C. To the resulting mixture was charged IPAC (50 mL, 5 vol) and saturated NH4Cl]
sclution (50 mL, 5 vol.). Afier stirring the mixwre for 10 min, the white solid formed was
filtered out. The organic layer from the filtrate was separated and the agueous layer was
extracted with IPAC{30 mL, 3 vol). The organic lavers were combined and washed with
water (30 mL, 3 vol) and dried over MgS0, and concentrated to afford 9.8 g of the product
(compound 2) as a colorless oil. The crude product 2 was used for the next step without
further purification.

"H NMR (500 MHz, CDCh) 8§ 5.66 (t, 1H, J=5.0 Hz), 4.12 (d, 2H, T = 5.0 Hz), 2.04 (1, 2H,
J=5.0 Hz}, 1.38~1.46 (m, 2H), 0.93 (¢, 3H, J=5.0 Hz)

Step2: Preparation of 3-deutero-(E)-hex-Z-enaf 7

[BE771 To a three-neck 250 mL round bottom flask equipped with mechanical stirrer
containing 3-deutero-2-hexenol (10 g, 0.1 mole) in CHCl (150 mL, 15 vol) was charged
activated MnQ; (87 g, 10 eq) at room temperature. After vigorous stirring for 1 hour, another
portion of MnO» (16 g, 2 eq) was added and the shaking was continued for 4 hours. The
reaction sohution was filtered through a pad of celite. The solvent was removed in vacuo (25
°C, 100 mmHg) to give 8.8 g of the crude aldehyde product (compound 3} as a pale yellowish
oil. The crude product was used for the next step without further purification.

'H NMR (500 MHz, CDCL) 8 9.54 (d, 1H, J=10.0 Hz), 6.14(s, 1H), 2.34 (m, 2H), 1.55~1.60
(s, ZH); 1.00 (1, 3H, J=5.0 Hz)

Step 3: ?repamﬁan of 3-deutero-(E)-hex-Z-enoic acid

[6278] 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), tere-BuOH (90 mL, 9 -
vol), and 2-methyl-2-butene (30 mL, 3 vol). The resulting sclution was added with a freshly
prepared agueous NaClO, (27.4 g, 3 eq) and NaH;PO4 (62.9 g, 4 eq) in water (200 mL) over
3¢ minutes, The reaction mixture was stirred at room temperature for 2 hours, The reaction
solution was cooled down 1o 0 °C and was added with saturated Na;S0O5 aqueous solution
until the reaction color becomes colorless. The stirring was stopped and the organic layer
was separated and the aqueous layer was extracied-with EtOAc (3 vol x 3}. The organic
layers were combined and concentrated in vacuo until the total vohume becomes 3 vol. The
resulting solution was extracted with 1N NaOH (3 vol x 3} and the remaining organic layer
was discarded. The combined aqueous selution was acidified with 6 N HCI until the pH

became |.0. The solution was exiracted with CHCly (3 vel % 5). The combined organic
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WO 2007/109080PCT/US2007/006493 15 C. To the resulting mixture was charged IPAC (50 mL, 5
vol) and saturated NH4C1 solution (50 mL, 5 vol.). After stirring the mixture for 10 min, the white solid
formed was filtered out. The organic layer from the filtrate was separated and the aqueous layer was
extracted witl{PAC(BGWIL, 3 vol). The organic layers were combined and RasR&ao#ittwater (30 mL,
3 vol) and dried over MgSO4 and concentrated to afford 9.8 g of the product (compound 2) as a
colorless oil. The crude product 2 was used for the next step without further purification. 1H NMR (500
MHz, CDC13) 5 5.66 (t, 1H, .1=5.0 Hz), 4.12 (d, 2H, J 5.0 Hz), 2.04 (t, 2H, J=5.0 Hz), 1.38-1.46 (m,
2H), 0.93 (t, 3H, 3=5.0 Hz) Step2: Preparation of 3-deutero-(E)-hex-2-enal [01771 To a three-neck 250
mL round_ bottom flask equi ith mechanical stirrer cantaining 3:deutero-2-hexenol (10 g, 0.1
moley in CHEETB Rt BB 8 L oo S0Eh R AOTMIED ( o P s (GOt e,
After vigorsusvdtiteinglfdr 1 hour, another portion of Mn02 (16 g, 2 eq) was added and the shaking was

continuedioi.4 ho f@eﬂf’i%?@%@@?@'5‘1&%’}@%!@@%@"&%93@@%9& aglite sEhe,setyent yeas

removed in vacuo (25 C, 100 mmHg) to give 8.8 g of the crude aldehyde product (compound 3) as a
pale yellog\t/igﬁ{@igl.“ fd&lde product was used for the next step without further purification. 'H NMR
(500 MHz, CDC13) 5 9.54 (d, | H, J=10.0 Hz), 6.14(s, 1H), 2.34 (m, 2H), 1.55-1.60 (m, 2H), 1.00 (t,

3H, 1=5.0417) 515 3, Preparaion Al 0 el (ARt ,SARlc Ack (9171 To a three-neck 500 m

round botto sk equippe mechanical stirrer and réflux condenser was charged

3-deuterofdl H8xEna thiserog ki havleiowed-Brion Bokhwarops “Hiuerety2plitased30 mL, 3
vol). The egulting-sehitionwasaddathwithkadsashiyiprepaces aqueoeNagd02 (2.4 9, &ea) and
NaH2PO4 (62 4 eq) in water (200 mL) over 30 minutes. The reaction mixture irred.at room
tomperat o HELTELT L 6t b T SO T B L AR et o S i turated
Na2S02 agjiebes)sohstioldehslahvérbactiordblioe Bedsmpsreditrless cPhd sirtidg WasStepped and the

organic laygs \vas,senaraiad: apd dhe.adueopsdaveivas sxiraste dnwith E10Ac Buplex 8), dhe organic

layers were combined and concentrated in vacuo until the total volume becomes 3 vol. The resulting

solution WAEEKBEBE RN RESSHEYS TBT P BREPEHE refaliri TP TGRAE RYYBY PR HisERded. The
combinedfafp @eous: SAltitienawasacidified wathvG:tdd GAchiritl tNe(PH (Jevaime? ], ONTHEISGlwdr was

exracted i, GHAEIZ Gl o TGP aiganie, WO AN TI0BEAR GOSN 05493

layer were dried over MgSO4 and concentrate ord 8.7 g of the" product (compound 4) as a white
solid. NRR ¢speeRirEdCDeiiyrd e rudenraivg os ol Jhs erpds producy wes dissolypdordth (¢, 3H,
J=5.0 Hz)13iemé (Preppsaticn okd-deutete=(E)-N-eyelepremghama srampitecOdl AlvEr aitbreadieck

250 mL round, bott I eqguipped with mechanical_stirrer reflux condenser was charged
2-Hexeno%’g%i%—ﬁg%%g%go%yéﬁgl85?%8@&%@%%S(jq?fslr? g’ﬁg slel 100 mL, 10 vol). The resulting
solution wib SdERetF BB WH to. BXVEHR) RIVHIE (B3 HH, 125 &) ibis 266cd &fdmy 1)) cdf¥dhirgline

temperatureshetyeen $kand 20+ 2then, ghe mixtuteswas-allowedtahe maronesh Up.40 (0om,

temperatuye, '% tirred for 1 hour. To the resulting solution was added cyclopropyl amine (5.9 g, 1.2
eq) and thjé%%gl1 n was stirred for 2 hours. The reaction mixture was washed with IN NaOH (3 vol x
2), 1IN HCI (3 vol x 2), and brine solution (3 vol), and water (3 vol). The organic layer was dried over

MgSO4 arglcancentiatediiafiordithe SBlae HaapR S50l Fhsyehuee RLOdULt Mas slisgolved with
heptane (5 vﬁol and cooleé downto -78 C Witﬁ}girﬁnﬁhe%rempimed solid was filter and dried to

afford 8.7 Bi0h& bR (ESpo0 AL SPHELRRHRED bl cavipped with mechanical sirrer and

containing (E)-N-cyclopropylhex-2-enamide-3d (i.é., product from Step 43} (16 g, 0.06mole},
vrea hydrogen peroxide (25g, 4 eg), and p-TsOH (12.3 g, 1 eq) in CHCL (100 mL, 10 vol) at
0 °C was added trifluorcacetic anhydride (40.9 g, 3 eq) in CHzCl (50 mL, 5 vol) over 30
minutes. The reaction mixture was heated to 40+5 °C and stirred for 3 hours. After cocling
to 0°C, the reaction mixture was quenched by adding 6 W 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 MgSQOy4 and solvent evaporated to
afford 9.;7 g of the epg;'mide product (i.e., compound 6) as pale yellow oil. The crude product
was used for the next step without further purification. A
"H NMR (500 MHz, DMSQO) § .01 (s, 1H), 3.09 (s, 1H), 2.63~2.65 (m, 1H), 1.39~1.54 (m, _
4HY, 0.91 (¢, 3H, J=5.0 Hz), 0.60 (¢, ZH, J=3.0 Hz), 0.45 (1, 2H, J=3.6 Hz)
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1H NMR (500 MHz, DMSO) 57.92 (s,5.78 (s, IN), 2.66-2.68 (m, 1I-1), 2.08 (t, 2H, 1=5.0 Hz), 1..38-1.42
(m, 2H), 0.87 (t, 3H, J=5.0 Hz), 0.63 (t, 21-1, J=3.0 Hz), 0.40 (t, 2H, 3=3.0 Hz) Step 5: Preparation of
3-deutero-N-¢ clogro 9/1-3-propyloxirane-2-earboxamide [01801 To a three-neck 250 mL round
bottom flask u%%&é%f}) With mechanical stirrer and containing (E)-N-cycloprgﬁﬁﬂgg{‘z%@ﬂ%‘ﬁﬁde-?,d (i.e.,
product from Step 4) (10g, 0.06mole), urea hydrogen peroxide (25g, 4 eq), and p-TsOH (12.3 g, 1 eq)
in CH2C12 (100 mf_, 10 vol) at 0 C was added trifluoroacetic anhydride (40.9 g, 3 eq) in CH2C12 (50
mL, 5 vol) over 30 minutes. The reaction mixture was heated to 405 C and stirred for 3 hours. After
cooling to OC, the reaction mixture was gquenched by adding 6 N NaOH (100 mt, 10 vol) slowly and
stirring for 30 minutes. The organic layer was separated and washed with brine (5 vol) and water (5
vol). The washed organic |ayer was d ieg ver MgSO4 and solvent.evaporated to affgrd 9.7 g of the
epoxide prédutt § & ﬁﬁ%ﬁ'ﬁéﬁdgﬁzgé% Tgiﬁgﬁgﬁ}“%ﬂ?ﬁ%%@fﬁﬂég %F%ﬁ‘gg} ¥ }ée %ﬁs%a&@g%gthe next step
without fujghéit plixifictition nedidMRE {B0OLMEIEDMSE) 8858 lc¢s i) w0 (sethahinbBiza5umh, IN),
139184, S0 0L BHTR 0 HHABR B03 11853 0 802004 % B0 LT NO

20071109080PCT1US20071006493 Step 6: Preparation of i _ .
3-azido-33taterd Klaycidhrapin Masytroheanhirfe 1o1 894°¢ sttt a2kt 280t RIctbiihd
bottom flask-amHnpedwihsngahanicatsirerandedliossesdensed contaifing theuepoxide-3d 6 (10 g,
0.06 mole) and anhydrous magnesjym sulfate (14.1 .0 eq)i 0 vol) was.added
sodium af)iec?‘gta%.‘? %‘Fﬁ%“é%%%oo?%%%ﬁér%ﬁ? %I(:aenr‘Yi é‘%?t%fgﬁ ﬁa"%ét%g §v Zh]%%géﬁgo B¢ %I’% %tirred for
5 hours. Hre thactiomansixtassiivess dovkewlerthd roomitsmperarirdupdv e Alised Ohipudiogsidvas

added angthemiRiurewas stired.ine anethan 10-minvies: Themidiswas fillgredhwoughapad of
Celite(r) to remove insoluble salts and the resulting clear S(%Iution was concentrated tp 3 ?I. To the
i ik it

resulting SAHEASTAL SRR PABREFBIRT [ Hol) A8 the MRAFRAVAR THFRAE f8PLH 0 minutes.
Again, theselttionOwais filteretighirgubh mipadrof@efilestodffort the: practuict;die Szidetadi (dempound

7),asacl hﬁ%&u{i%ﬂaﬁdgé\&(@bx%&%%m,a%m@ WaRsilsed fPnihe Ayt siepyithout further
purification. IH NMR (500 MHz, DMSO) 8 ‘7.9%#;, IN), 6.00 (d, 1H, J=5.0 Hz), 4.03(d, 1H, J=5.0 Hz),

2.66-2.6745A4 [fpn)the 3054 et TseHPeiiBYS™ Hz), 0.60 (t, 2H, J=3.0 Hz), 0.48 (t, 21-1, J=3.0
Hz) Step THRueparatiomef3; Insn3siege(a-NgysloprepyH2ikgdrsxyhexanamide [0532HER a 500
mL of autqclav rogenation re equ ith hanical stitrer containir ide-3d 7 (200
L, 0.05 BT 8 (R A e e A s Rt e 2oy s T
(10% Pd, 3¥&té=509%20.8 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 d stirred for 5 hours. After relegsing the hydrogen , the solution
BT AR S A TRE o s Rr L i RO g oA RTEORREBREL. 5 von
the reacti¢®i@iktlireaf86 hdatdthtosBvE Lydrbeeratononavistreipasditeieditiviongirlaspadrof celite to
afford a clear solwioRe THE RAROHGLURS, SIS dRY SN eL AkALNG IS SRIIORAL SR atsuRtl 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 tifl ESPEERY téaﬁfﬁo‘ﬁﬁ%‘é?%ﬁf‘é%%ﬂé\{&ﬁf’a‘fﬁﬁé%%ﬁ:‘% N (5OBNRSPIMED) 8 7.70 (s,
IH), 5.31(shtdd3:68 (sitdkd) ( 2464&@13@%?1“&3’;%):&1@&&5@6@1@4 e BArfed d«ith ByBroddz ) 30059
(t,3=3.0 H}Qﬂ?&ﬂ’% gai@%s’éd d‘ﬁ"éeotilg@s.sﬁpe §ééﬁiﬁ-R§&%§9ﬁe‘&f was charged with hydrogen (3 atm} and

(28,38)-3-amino-3-deutero-N-cyclopropyl-2-hydroxyhexanamide deoxycholate o
stirred for 5 hours. Afier releasing 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, DMSQ) 8 7.70 (s, 1H), 5.31(s, QH), 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 & Preparation of (28,38)-3-amine-3-dentero-N-cycloprepyl-2-hydroxyhexanamide
deoxycholate
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WO 20071109080PCT/US20071006493 [01831 Deoxycholic acid (15.7 g, 0.75 eq.) was charged to a
three-neck 250 mL round bottom flask equipped with mechanical stirrer and containing the racemic
(2S,3S)-3-amino-3- deutero-N-cyclopropyl-2-hydroxyhexanamide of step 7(10g, 0.05 mole) in THF
(100 mL, 10 WO 88 %on mixture was heated to 655 C and stirred for 1 HeTUSER& f86¢AEiNg
homogeneous mixture was cooled to 232 C over | hour, and left at the same temperature range for |
hour. The precipitated solids were collected by filtration, washed with TI-IF (50 mL, 5 vol), and dried to
give 12.4 g of the salt compound (compound 9) as a white solid. The product has an enatiomeric
ratio(ER) of 2:98: Step 9: Preparation of

(2S,39)- 3@%@ : -deu CNM%X y&% &(ﬁg 5 %%@/&f%%@é@ﬁ@&&%@&&%%@@m

three-nec mL rou otto U|pp anical stirrer was charged the

dihyd roch%ﬁl@egammém@wmw@ ﬁ#ﬁ”ﬁﬁﬁ%ﬂi @ZHDIE Vo) TP KoldftelP g Wételt to 755 C and

Sto6N HQ&&M}@@@{H%W%&&@M%@%@&@W X\&lﬁ@”g@@ﬁﬁ)gﬂmﬁ?r{@ﬂ@%ﬂlmg
solution was stirred at the same tempe ure or Iég gl ﬁ %}él { own t 232 C The reaction
or pit

mixture was YraintsiFEE AR SaiTe % (R (LIRS 85% 8ollected by
filtration, Wwasheednwiths 2nistopanaet @&m;m; Wiedeto! g1ver3$@n@ lefithettit saconipopathture
(enantiomerig| %&onmo%%ﬁr@cvgyg%ea%&u@e%%ﬁm 'Qge;%o@{@&wé@ww@m@ IRP% as
determined by MS and NMR (500 MHz, DMSO) 5 8.07 0, | H), 7.97 (s, 3H) 6.25 (d, 1H,
J=5.0 Hz)A8 (eha#1d J5 Bl pivse s ﬁd’fﬁh@ﬂ%@ PEEnd (RPMPYOE oS 3P iEsif RS 61 (t
311, J=3.9dd2) 018 4h SthidmdAizlicdexampe 8gAssay for Measuring Epirnerization Rate 11185]
The deuterated compounds of this invention undergo slow epimerization as follows: WO
20071109080PCT/US2007/006493 101861 The epimerization rate was measured according to the
following &s%aY: Spepdicdiny O0LH, FREdigmigrftele pitstrmyciaogonabmay sr eromerrprIgiHS) was
added intg@@@ewﬁl}@ep plate. To the plasma was then added 10 pL acetonitrile solution containing a

test compound (1S 3 6aS) 2%(% clohe ne- car oxam| jdo)acetamido)-
3,3-dimethIAH aﬁ% S5 % p?] AT ﬁ% aio %ﬁ’ dl e STREXENS SR
yI)octahyehimgetbﬁ@rﬂﬁ[gﬁ:uycimma sajt (foxaniad 6 ) atd vt aran ol (FY) maid 1200. I\/%eﬂm%ﬂa%tate into

the 96 degpwpll Ripts $2md) ey Msing.a TorideGlighid handlingwqeksiation.(Hlamasnsicd ) SA). The

plate was then covered tightly and shaken with a vortex for 20 minutes before it was centrifuged at

3000 rpm#oGSATRETSE ARG, (ERTRRIEND6DILER tes Stierhatahe et aReRsAdEEa e -shape
96 deep-wial platecusing doam e and themidriedasadeninitiog engasiilamedte dfe6@rhAmin) at 25C for
about 30 mutes The residue was r Vi e d I was again
transferre%m?omhe glg)é? %glei?t:iﬁr} t r%g %5%%@2‘%%% i%h%%‘e%%ﬁ%%te% Q%%gi%%ﬁnﬂ\/%g?l njected
into LCM®vissidéfermbing YAE R0k 8 the Qpﬁrﬁ%?%@ FHe tenRrSV SeapRENBMEtErHBEd a
ChiralPakoAR§s abiniHideGx 120 mms dtkOprmasbbipiriaiisopiopang! mad sohepianre:£40:908 150:50, or
90:10) as Iggg mahil e, and isopropanol as the washing solvent. Also used in the MS

spectrometer Was d deutsrated analog of the test compound containing 11 deuterium atoms in the
cyclohexylHistR COSMH2MEOBS BT 690.17) 780 1873HNE - Bstdohipduhd Had &-hess [RH, m/z)
of 681.36, while its Nonsdentasaiadanalpgs(witbthesame sy different chiral cendigurations-atdhe
deuterated carban centeré_had a mass (MI-H, ink) of 680.36. Their LC-MS/MS spectra showed a
fragment 8?%2%53‘0%% Buteh ) and 322.30 (non-deuterated). 101881 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 d%gﬁé@g§og@%r}gm%m}yﬁgh§ﬁg§gﬁgﬁmﬁg§p|merlzatlon rate than its

non-deuterated form buffer, rat plasma, and plasma; and a much slower epimerizatign rate in
human pld&Hi5! ﬁ?ﬁeﬁ%‘f&?{é&f’dlﬁ%ﬁ?ﬁ?ﬁé‘gﬁ%‘éséﬁd%*iw%f%%‘R)l" fraryatray et d8hifpstind
epimerized for about 30% in 180 minutes, whereas the non-dcuterated form epiméfizeq for almost
40%. In addition, in human plasma, the deuterated compound epimerized“éha”l' 3 180

minutes, while the nondeuterated form showed an exponential rate of epimeTizati<">n fn the Tirst 60
* 2

minutes before it leveled off. _ OH 2
S ST U S
I)lf \v slow \fr i \7
H g 'H
}s‘ M . M
T ?Kg v
3

HyO*

D< O fe)
1
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Example 4: Assay for Determining IC50 in HCV Replicon Cells 101891 (15,3aR,62.5)-24(S)-2
-((.5)-2-cyclohexyl-2-(pyrazine-2-carboxam ido)acetam do)-3 ,3 - 40 WO
20071109080PCT/US2007/006493 dimethylbutanoy1)-N-((S)-1
-(cyclopropy@@iHy/1¢28loxo-3-deutero-hexan-3- yfloctahydrocyclopenta[d]p¥HSRMTEHIExamide
and (55,8S)-3-(5-chloro-2,4-
dimethoxypheny1)-74(S)-2-(2-cyclohexylacetamido)-3,3-dimethylbutanoy1)-N-((S)-1-
(cyclopropylamino)-1,2-dioxo-3-deuterohexan-3-y1)-1-oxa-2,7-diazaspiro[4.41non-2-ene-8-
carboxamide were used in this assay as described in Lin, C. et aI Biol. Chem., 2004, 279:

17508-17?931% K et al., Antlr‘ich&gl%&r A%entsC emo%@em % %4784 -4792. [ 1%(;)1 IélaLllpJ cells
harboring'an a tonoﬁ?ouéqy rep(flcalng, subgenomic |con of the Conl < ?Ffal ere maintained

in Dulbec¢6's i "ﬁﬁﬁ@l@é&m@dﬂkmm@,mmlam% hehvinactileted fetd bbladénserd§-(REb), 2
mM L-glut mm%@ﬂ%&}%@%ﬁ&%&% &ACldBd 1B BIOSAIRARRS b RRABKA RInRILS 0 ma/m

G418 (Enwtgg Car e su genornic HCV replicon also encodes a neomycin

phosphotreamsteresk! \WhieR. aiéivs $Sledtite growtiesr Y- tapirsonccontaivirg Himer damsder HCV

replicon- n@@@&h&%&%&&%@jﬂ%@vp@@%@@%%&ﬁ@ conRRtratiensof- H&@a@sﬁcompound at
which the HCV RNA level in the replicon cells is reduced by 50% (IC Béé%ﬁﬁ 90% (IC9 rthe cell

viability isHeetieBYBSs6P e EEI el bisrshnigddn v A 44 C78PidoRtEE s (19)
using 4-parameietcuheofiting(SeftaxeRre) ] be teiliceT callBevarg it cubdted withithetiest

compoung AliEd P MM contaping i @5&%9@@%%9&%&&%&&%%@%& Jptal cellular

RNA was exiracted using an RNeasy-96 Q1AGEN, Valencia, CA), and the copy number of the
FICV RNAnvesed defarineddn e@q@ﬁna@étﬁxé%mm&mmtwm&é’@tmeﬁmpﬁw(@RT PCR,

or Tagmap)-aseaYna 8 GHOIeHisILRheem a@wndssm@%ﬂge ﬁ@é’@%ﬁ@ﬂ&ﬁgﬂ@dﬂﬁ%&u ked wager the
same experimental settings usm% he tetraz based ¢ IL b||| 1019111{% e re ults show
that both (FAFEEMHISE HHIREREFEH ‘é’ffr%%s"ﬁiga%rﬂéﬁ‘mmﬁsd § \3? BiFHE) %§§Sf 4f 10.0
uM. OTHER&M:BQ;‘E){M&I\W&[m@aLIbieﬁbdaetamdmﬁtﬁmkdmﬁwhmmgammﬁamimahadescribed
in conjunct on W|th ]jtks) dt tﬁa&g eﬁs petlo thErg%Ihé pe% 991%? Qn |§1Lnge%pgjqot%@ustrate

and not |Ir%l'[ he sc scope of the invention, w e scope o he appen claims. Other
-aspects, %ﬁ/&ﬁ%@e&eﬂaﬁﬂimﬁﬁ@aﬁ@ﬁgcﬁr@@xﬁ@fmﬁe -' oMt Mol enirrpEIaim S ssl e

200711098R0RE A/ 437 BQMBAAOB M Adnd St @%IMEB;L&Q@ &@%ﬂ&%ﬂ%ﬁ%ﬁ%ﬁgmketoamm

compound of the formula D denotes a degterlum atom;
{10:90, 50:50, or 90:10) as the mobile phase, and isopropano! as the washing solvent. Also

used in the MS spectrometer was a deuterated analog of the test compound containing 11
deuterium etoms in the cyclohexyl group (CisHapDy (N7Og, MW 690.473.

1813;7! The test compound had a mass (M+H, m/z) of 681.36, while its non-deuterated
analogs (with the same or different chiral configurations at the deuterated carbon center) had
a mass {(M+H, m/z) of 680.356. Their LC-MS/MS spectra showed a fragment of 323.30 (with
deuterium) and 322.30 (non-deuierated).

f0188] At both concentrations (I uM and 10 ubM) 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% 1n 180 minutes,
whereas the non-deuterated form epimenzed 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.

Exampﬁe 4: Assay for Determining ICq in HUY Replicon Cells
[0189] (15,3aR,6a5)-2-((5)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-3,3-
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is an optionally substituted monocyclic azaheterocyclyl or optionally substituted multicyclic
azaheterocyclyl, or optionally substituted multicyclic azaheterocyclenyl wherein the unsaturatation is in
the ring distal to the ring bearing the R2' moiety and to which the -C(0)-N(R2)-CDR3-C(0)-C(0)-NR4R5
moiety is att¥tHede RITII03-w-Qz_w2_ Qi; wherein Each of WX 4Ra0N$8293
independently a bond, -CO-, -CS-, -C(0)N(Q4)-, -002-, -0-, -N(Q4)-C(0)-N(Q4)-, -N(Q4)-C(S)-N(Q4)-,
-0C(0)NQ4-, -5-, -SO-, -SO2-, - N(Q4)-, -N(Q4)S02-, -N(Q4)507N(Q4)-, and hydrogen when any of W2
and W3 is the terminal group; Each of Q1, Q2, and Q3 is independently a bond, an
optionally substituted aliphatic, an optionally substituted heteroaliphatic, an optionally substituted
cycloaliph %@g&&%@%% yisdand, Ananiepaly. sibsinied Braigarlsan optionally
substituted aralkyl, or art optionally stitutéd heteroaralkyl; or hydrogen when any of Q3, Q2, or Q1
is the term?h@@@mﬁ?mﬂmﬂﬁé@m%hﬁﬁf?%ﬁﬁ‘ﬁmﬁgﬁéﬁa ﬁaﬁgdgwgﬁ’r%sﬁ‘resent; and Each of

R2, R3, apgiRéJndanendentlysis ixosaichefalodi=ando)-3, Risdsthlialohosycwaligliaryl optionally
substituted with 1-4

Ikyl groups,.alkylaryl, aryl, aminq, optignall bstituted wi or 2,alkyl groups.

WO 2007 EXHROPE BRI0H TGOS S B B oL o A T RHETTAT Y RGO n which

each of Réagntk RBiizindependantipis assay as described in Lin, C. et al., J. Biol. Chem., 2004, 279:
17508—17514; Lin, K. et al., Antimicrob. Agents Chemother., 2004, 48:4784-4792.

10190] Huh-7 cells harboring an autonomously replicating, subgenomic HCV replicon of the
Conl strain were maintained in Dulbecco’s modified Eagle’s medium (DMEM), 10% heat-
inactivated fetal bovine serum (FBS), 2 mM L-glutamine, and nonessential amino acids {JRH
Biosciences, Lenexa, K.S), plus 0.25 mg/ml G418 (Invitrogen, Carlsbad, CA). The
subgenomic HCV replicon also encodes a neomycin phosphotransferase, which allows
selective growth of HCV replicon-containing Huh-7 cells over HCV replicon-negative Huh-7
cells in the presérzce of G418. The concentrations of the test compound at which the HCV
RINA level in the replicon cells 1s red_uced by 50% (ICsp} or by 90% (ICe) or the cell viability
is redizced by 50% {CCs), were deterrined in HCV Conl subgenomié replicon cells (19)
using 4-parameter curve fitting (SoftMax Pro). The replicon cells were incubated with the
test compound diluted in DMEM containing 2% FBS and 0.5% DMSO (without G418) at 37
°C. Total cellular RNA was extracted using an RNeasy-96 kit (QLAGEN, Valencia, CA), and
the copy number of the HCV RNA was determined in a quantitative, real-time, multiplex
reverse transcription-PCR (QRT-PCR, or Tagman) assay. The cytotoxicity of compounds in
the HCV replicon cells was measured under the sarﬁe experimental settings using the
tetrazolium-based cell viability assay.

[0191] The results show that both test compounds have a Ki of less than 50 nM, and an ICs
{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 conjunction with
the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which ié defined by the scope of the appended claims. Other

-aspects, advantages, and modifications are within the scope of the foliowingcia'ims,
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‘a bond; or optionally substituted (1,1- or 1,2-)cycloalkylene; or optionally substituted (1,1- or
1.,2-)heterocyclylene; or methylene or ethylene, substituted with one substituent selected from
the group consstmg of an optionally substituted aliphatic group, an optionally substituted cyclic group
and an OptIOWﬁ (&ttted aromatic group, and wherein the methylene of éﬁﬁ?@ﬂ@ﬁ%ﬂfﬁ?

optionally substituted with an aliphatic group substituent; each of R7, R9, and R" is independently
hydrogen or optionally substituted aliphatic group; Rl is an optionally substituted aliphatic group,
optionally substituted cyclic group or optionally substituted aromatic group; L is -C(0)-, -0C(0)-,
-NRIIC(0)-, -S(0)2-, -NRIIS(0)2-, or a bond; niis 0 or I. 3. The compound of claim 2, whereinnis 1. 4.
The compgund.of.¢laim 2. wherein R6 is methylene substituted with one substituent selected from the
group consisting of an optlonallysubstltuted allphatlc grou n optlonally substituted cyclic group, and
an optionally & sutiEn-Sro S &5, wherein R6 is methylene
substituted with isogutyl. 6. 6he con'@@und of clalm 2, whereln R7 is hydrogen. 7. The compound of
claim 2, wherein R8§|s meth Iene sulpstituted with one substituent selected from the group consisting

of an optioRally substi] hati group, an optionally substituted cyclic group, and an optionally
substituted arolfiatic groxf
optionally S Y

. 8. The compBund of claim 7, wherein R8 is methylene substituted with an

D R O (D), wherein:

[} denotes a dewterium atom,

R!is R* ™ in which

jf‘- T isan optionally substituted monocyclic azaheterocycliyl or
optionally substituted multicyclic azaheterocyclyl, or optionally substituted multicyclic
azaheterocyclenyl wherein the unsaturatation is in the ring distal to the ring bearing the R*!
moiety and to which the -C{O)-N(R*)-CDR’-C(0)-C(0O)-NR*R” moiety is attached;
2 s QP-WA-QR-WAQQ'; wherein
Each of W? and W? is independently a bond, -CO-, -CS-, -C(OYN(Q"-,
-COs-, -0, N(QY-C(O)-N(Q*)-, -N(QY-C(S)-N(Q*)-, -OT(OINQ'™-, -5-, -80-, S0, -
N@Q"-,
“N(QHSOs-, -N(Q*)SON(Q"-, and hydrogen when any of W’ and W? is the terminal group;
Each of Q', Q% and Q7 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 @' is the terminal group, provided that Q® is not a bond when both W2 and
W? are present; and _
Each of R%, R®, and RY, independently, is H or a Ci.6 alkyi; and
R® is H, alkyl, cycloalkyl, aryl optionally substituted with 1-4 alky! groups, alkylaryl,
aryl, amino optionally substituted with 1 or 2 alkyl groups. -
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.substituted cyclic group. 9. The compound of claim 8, wherein R8 is methylene substituted with
cyclohexyl. 10. The compound of claim 2, wherein R9 is hydrogen. Il. The compound of claim 2,
wherein is -CO-. 12. The compound of claim 2, wherein le is an optionally substituted aromatic group.
13. The comPéUHd Bf¥tn 2, wherein le is selected from the group WO PCT/US2007/006493
20071109080PCT/US2007/006.193 WO 20071109080PCDUS2007/006493 17. The compound of
claim 16, whereinis pyrrolidinyl substituted at C-3 position with heteroaryloxy, wherein the heteroaryl is
further optionally substituted with 1-4 halo groups.

| ®o9
R“’/LfNﬂRWN\RS’JLs&*
n
2. The compound of claim [, wherein rR% is ‘E%g G , in which
each of R® and R® is independently .
a bond,; or
optionally substituted (1,1- or 1,2-}cycloalkylene; or
optionally substituted (1,1- or 1,2-}heterocyclylene; or
methylene or ethylene, 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, and wherein the methylene or ethylene i
further optionally substituted with an aliphatic group substituent;
each of R7, R’ and R'' is mdependently hydrogen or optionally substituted aliphatic
group,
R ' is an optionally substituted aliphatic group, optionally substituted cyclic group or
optionally substituted aromatic group;
L is -C(O)-, ~OC(O)-, -NR''C(O)-, -S(0)z-, -NR'S(0)s-, or 2 bond;

nisOor .
3. The compound of claim 2, wherein m is 1.
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 optionally 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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19. The compound of claim 2, wherein azaheterocyclyl. 20. The compound of claim 19, whereinis

22. The compound of claim 2, wherein R2 is hydrogen, R4 is hydrogen and R5 independently is
hydrogen or cyclopropyl. 23. The compound of claim 2, wherein 12.3 is propyl. 24. The compound of
claim 2, wherein n is 0. 25. The compound of claim 2, wherein L is -NR C(0)- and RI' is hydrogen. 26.
The compound of claim 2, wherein R' is an optionally substituted aliphatic group. 27. The compound
of claim %@béﬁlhﬁé@@y@llé%{d& tyl. 28. The compound of claim 2, wherein the compound is WO
20071109080PCT/US2007/006493

9. The compound of claim 8, wherein R® is methylene substituted with cyclohexyl.

10. The compound of claim 2, wherein R® is hydrogen.

11. The compound of claim 2, wherein L is -CO-.

12. The compound of claim 2, wherein R' is an optionally substituted aromatic group.

13. The compound of claim 2, wherein R"Y is selected from the group
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A\N 29. The compound of claim 19, whereinis174-N , in which A is -(CHX1)a-; B is -(CHX2)b-; ais O
to 3; bis 0 to 3, provided thata + b is 2 or 3; each of X1 and X2 is independently selected from
hydrogen, optionally substituted C. 4 aliphatic, and optionally substituted aryl; each of Y1 and Yz
is independefh2AYdHEYEh, optionally substituted aliphatic, optionally substiGEeHZM kb, or -0Q4;
wherein each Q4 is independently hydrogen or an optionally substituted aliphatic; R22 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 R21 is optionally substituted
alkylcarbonyl. 31. The compound of claim 30, wherein R21 is aminoalkylcarbonyl, haloalkylcarbonyl,
aryl alkylcarbonyl, arylalk .1 cycloaliphaticalkylcarbonyl or heterocycloaliphaticalkylcarbonyl,
each of which is optionally s %gltuted with 1-3 substituents comp . of clalm 31 erein
R21is heterocycloalkyl oxygGar onylamlr&galkylcarb oj‘r" e

:_ -carb@l nino-alkyt

aryl-alkoxy-carbon 9%1 Rz ayT, 2 M
iphatic- ox%% &%% ino- aIkyI canon yI cyclballphatl ca IkyI -am i noéarbo n yI am ino-alkyl -carbo
nyl, cycl oal phatie v
amino-alkyl-c
cycloaryl -

8/

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 }t" ™ is substituted monocyclic

azaheterocyclyl.
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WO 2007/109080PCT/US2007/006493 each of which is optionally substituted with 1-3 substituents. a
1,21(CLJIN"--R6 33. The compound of claim 29, wherein R21 isR90in which each of R6 and 128 is
independently a bond; or optionally substituted (1,1- or 1,2-)cycloalkylene, or optionally substituted
(1,1- or 1,2-)W&tE8&yeRfdne; or methylene or ethylene, substituted with on8&TIBSHHERtEalected from
the group consisting of an optionally substituted aliphatic group, an optionally substituted cyclic group
and an optionally substituted aromatic group, and wherein the methylene or ethylene is further
optionally substituted with an aliphatic group substituent; each of R7, R9, and R11 is independently
hydrogen or optionally substituted aliphatic group; R19 is an optionally substituted aliphatic group,
optionally substituted cyclic group or optionally substituted aromatic group; L is -C(0)-, -0C(0)-,
-NR'IC(0)-, -S(0)2-, -NR'IS(0)2-, or a bond; niis 0 gr 1,

17. The compound of claim 16, wherein ;Li s pyrrolidinyl substituted at C-3
position with heteroarvloxy, wherein the heteroaryl is further optionaily substituted with 1-4
halo groups. ‘
N
M \ / <l
N
. . . o
1&. The compound of claim 6, wherein &L"ﬁ s \ or
N=" i
O R /
%N
s
Ead
s L | o
19, The compound of claim 2, wherein is optionally substituted multicyclic
azaheterocycivl.
(>
A J\!‘J“’
20. The compound of claim 19, wherein ‘LL“ s \ or
SN
e

\
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34. The compound of claim 29, wherein R22 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 R22 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 XI, X2, Y1, and Y2 is hydrogen, each of
aand bis |. 37. The compound of claim 36, whereiR22 is an optlonaﬁy sgbstituted aI| rL tic,
optionally WO 20071109080PCT/US2007/006493 substituted heterd |ph tic, opti Su stituted
cycloaliphatic, optionally substituted heterocyclahphatlc opti Stituted or ptlonally
substituted heteroaryl. 38. The compound of elaim 37,4 erelnr% optlor%f\r tituted
phenyl, dptidmallsostlestitditea ! aapmhyk%mpimna by substltutecis;anthracer“dlg/;l1 optionally sstituted
naphthalene, or optionally substituted anthracene. 39. The compound of claim 38, wherein R2l is
heterocycloalkyl- oxycarbonylaminoalkylcarbonyl
heteroa% ce}rl? 5@8 d’% 43%b3n% mlno 1glzk Ica({ on
aryl- alkox& en eﬁ{ ning-a car bon ? a Ao-a yII carboryt. &

allphatlc ox car amln% a(f eImcarl(j’\g %Yoahphatlcalkyl -aminocarbonylamino-alkyl-carbonyl,
cycloah@% alk Ic%{il%%n a }lrrl'l,& kﬁ/carbigmys

heteroaryl-car ony mino- aIl%yal carbony amino- a&ﬁpgarbonyl alkylaminocarbonylamino-alkyl-carbonyl,
or bicycloaryl-aminocarbonylamino-alkyl-carbonyl, each of which is optionally substituted with 1-3

substltuggl]tsf ﬁ@c&ﬁﬁo%%@“@?&lggn@f Qlaim.29,, wherein  41. The compound of claim 40, wherein the

compound is of the Sstructure: O

q:ﬁiycl%ar Isulfonx g@no alkylcarbonyl,

25. The compound of claim 2, wherein L is -NRYC(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
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42. The compound of claim 1, wherein the deuterium enrichment is at least 50% in the compound. 43.
The compound of claim 42, wherein the deuterium enrichment is at least 80%. 44. The compound of
claim 43, wherein the deuterium enrichment is at least 90%. 45. The compound of claim 44, wherein
the deuteriurtf 8AfeAMAEIis at least 99%. 46. A pharmaceutical compositiB EGRIAEHG 43
pharmaceutically acceptable carrier and a compound of any of claims 1, 28, 41, 44, or 45. 47. 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, wherein the deuterated
compound thus obtained is a compound of any of claims 1, 28, 41, 44, or 45. 48. The use of a
compound of any of claims 1, 28, 41, 44, or 45 in the manufacture of a medicament for inhibiting HCV
protease. 49. The use of a pharmaceutically effective amount of a compound of any of claims 1, 28,
41, 44, or 45 in the manufacture of a medicament for treating a pati ; suﬁggring from HCV infection or

in a condition mediated by HCV protease. vi_ /T
¥ ©
A\ B
, h—
_ A ~. o S
28. The compound of claim 19, wherein is , in which

A is -(CHX -

B is ~«(CHX%)p-;

ais 0o 3;

b is O to 3, provided that a + b is 2 or 3;

each of X! and X is independently selected from hydrogen, optionally substituted C;.
¢ aliphatic, and optionally substituted arvyl;

each of ¥' 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% s an optionally substifuted aliphatic, an optionally substituted heteroaliphatic, an
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an

optionally subsiituted aryl, or an optionally substituted heteroaryl.
30. The compound of claim 29, wherein R? s optionally substituted alkylcarbonyl.

31. The compound of claim 30, wherein R s armincalkylcarbonyl, haloalkylcarbonyl,
arylalkylcarbonyl, arylalkyicarbonyl, cycloaliphaticalkylcarbonyi, or
heterocycloaliphaticalkylcarbonyl, each of which is optionally substituted with 1-3

substituenis.

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-carbonyi, alkyl-
carbenylamino-alkyl-carbonyl, aliphatic-oxycarbonylamino-alkyl-carbonyl, cycloaliphatic-
alkyl-aminocarbonylamino-alkyl-carbonyl, cycloaliphatic-alkyl-carbonylamino-alkyl-
carbonyl, heteroaryl-carbonylamino-alkyi-carbonylamino-alkyl-carbonyi, alkyl-

aminocarbonylamino-atkyl-carbonyl, or bicycloaryl-aminocarbonylamino-alkyl-carbonyl,
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each of which is optionally substituted with [-3 substituents.

R?

i O
R‘U’Lfm”gs\[ﬁ/m\ﬂﬂiéi
: n
33. The compound of claim 29, wherein R* is !'L‘-‘ C in which
each of R® and R? is independently
a bond; or
optionally substituted (1,1- or 1,2-)cycloalkylene; or
optionally substituted (1,1- or 1,2-}heterocyclylene; or
methylene or ethylene, 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, and
wherein the methylene or ethylene is further optionally substituted with an
aliphatic group substituent;
each of R7, R?, and R'! is independently hydrogen or optionally substituted aliphatic
groug, .
R'® is an optionally substituted aliphatic group, optionally substituted cyclic group or
optionally substituted aromatic group; ‘
L is ~C{O)-, -OC{O)-, -NR''C(O}-, -8(0)z-, -NR''8(O)-, or 2 bond;

misOorl,

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 anthraceny!, optionally substituted naphthalene,
or optionally substituted anthracene.

36. The compound of claim 29, wherein each of X‘, X2 Y', and Y7 is hydrogen, each of a
and b is 1.

37. The compound of ¢laim 36, wherein R* isan optionally substituted aliphatic, optionally
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substituted heterocaliphatic, optionally substituted cycloaliphatic, optionally substituted
heterocycloaliphatic, optionally substituted arvl, or optionally substituted heteroaryl.

38. The compound of claim 37, wherein R* is an optionally substituted phenyl, optionally
substituted naphthyl, optionally substituted anthracenyl, optionally substituted naphthalene,

or optionally substituted anthracene.

39. The compound of claim 38, wherein R is heterocycloalkyl-oxyecarbonylaming-
alkylcarbonyl, heteroaryl-carbonylamino-altkyl-carbonylamino-alkyl-carbonyl, bicycloaryl-
sulfonylamino-alkylcarbonyl, aryl-alkoxy-carbonylamino-alkyl-carbonyl, alkyl-
carbonylamino-alkyl-carbonyl, aliphatic-oxycarbonylamino-alkyl-carbonyl, cycloaliphatic-
alkyi-aminocarbonylamino-alkyl-carbonyl, cycloaliphatic-alicyl-carbonylamine-alkcyl-
carbonyl, heteroaryl-carbonylamino-alkyl-carbonylamino-alkyl-carbonyl, alkyl-
aminocarbonylamino-alkyl-carbonyl, or bicycloaryl-aminocarbonylamino-alkyl-carbonyl,

each of which is optionally substituted with 1-3 substituents.

REZ
e
¥ \E:)
YE
A
\

% ﬁisé{j r‘{i.

46. The compound of claim 29, wherein

41. The compound of claim 40, wherein the compound is of the structure:
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42. The compound of claim 1, wherein the deuterium enrichment is at least 50% in the

compound.

43. The compound of claim 42, wherein the deuterium enrichment is at least 80%.

44. The compound of claim 43, wherein the deuterium enrichment is at least 90%.

45, The compound of claim 44, wherein the deuterium enrichment is at least 99%.

46. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

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

47. 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,
wherein the deuterated compound thus obtained is a compound of any of claims 1, 28, 41, 44, or

45,

48. The use of a compound of any of claims 1, 28, 41, 44, or 45 in the manufacture of a

medicament for inhibiting HCV protease.

49. The use of a pharmaceutically effective amount of a compound of any of claims I, 28, 41,
44, or 45 in the manufacture of a medicament for treating a patient suffering from HCV infection

or in a condition mediated by HCV protease.
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