WD 2010/ 088573PCT/ US2010/ 022675 CYCLOSPORI N ANALOGUES FOR PREVENTI NG OR
TREATI NG HEPATI TI'S C I NFECTI ON I nventors: Yat Sun O, Quogi ang Wang, Ji ang
Long, anow#unio/ 883735 RELATED APPLI CATI ON Thi s appCirastéion2miai ns t he
benefit of U S. Provisional Application No. 61/148,583, filed on January
30, 2009. The entire teachings of the above application are incorporated

herein by ref e¢geqSEORESAN SAOEUESROR PREVERTIRGEORTREAENG On 1 el at es
to novel cycl osporin anal ogues having antiviral activity agai nst HCV and

useful in the treatnent of HCHERXEHISANENFREMdOMrti cul arly, the invention
relates to novel cyclosporin anal ogue conpounds, conpositions containing
such conpounds and nethods for using the sanme, as well as processes for

maki ng such 15 conpemdesYBAGKORGINGi&E Wik, IDNMENGhENNd Xuri Gad nf ection with
HCV is_a major cause of human liver disease throughout the world. In the
US, anPestimted 4.5 nillion Americans are chronically infected with HCV.
20 Al though only 30% of acute H@E<&TEB@§HQJ%Aﬁﬁﬁﬁ$°”at'C greater than 85%
of infected individuals devel p—égronrc——persrstent i nfection. Treatnent
costs for HCV imhfsepplicaiohalemb derbeasfit ofal 8dP@tiskmalt&pplidatiboiNof or the US in

1997. Worl ' 200 m |l jon people are est.imted to be i nfected

chroni cal ﬁg)M 49@8 fﬁ?‘éeftl 1BRanss G é@@% hayprdirg tsachipesetfoh o rboye aPRfagAN @19 i ver

di sease a f@:&h %g% gansplants. Chronic HCV infection accounts 25
for 30%0?Q ﬁ& c?rr OSI f -stage liver disease, and liver cancer in the

U S. Jhe CDC estimates that the @Egggg%% ths due to HCV will m nimally

i ncrease to 38,000/ year by the There are consi derabl e

barriers to th%dpmbmpmtlomtelalst lmtd@ted dyebysp@eniiatepuenhaiig amsiinatie, but
are not limted to, the persi t ﬁ, the virus, the genetic diversity of
30t he vi r BEMAraCAEST GV eéﬂtseﬁ% tﬁeatm?et of HﬁX 1ﬂfe§h048né\ﬂ%rem@ﬂt%{aé1%f t he
virus dev

i nfecti ouglegg}'ét}%lrog %3?% ?nﬂtl;&;gﬁg}; A%Ptﬁﬁ‘g%}l E@%Pé&?gorrﬂ repFnlll[‘(%!'sltl'ti)[%l on and
pat hogenesud. compoandssindré¢thiodsf foc ases thegame rastvid] as\iocesses for making such

2010/ 088573PCT/ US2010/ 022675 m |1 d course of the infection and the conpl ex
bi ol ogy of °PR&M%ver, careful consideration nust be given to antiviral
drugs, which are likely to have significant side effects. Due to the
hi gh degree of variability in the vi ral surface antlgens exi stence of

mul tiple viral genotypes : 5 EONy of imunity, the

devel opnent of ‘ accine | futur unl.i kel Only
two appr oved t HEFRISTaEts BF Vesg" AELOER R LG Shty ol s Sl
original @Rt nh k@R n sganesAhericiiselry esofic@ly hfedid@nifih elgwr.se of

i ntravenous i nterferon-a (IFN-a), while a new_ approved second- %eneratlon

t r eat Ant Althoeeh ey 38% ofasnivantcctignsirg SINRIORAGC. tZFa ey dhsy 8% ahiTested|
nucl eosi d?nd@lﬁhaﬁg gé\!eto% QA JobdhsterB O Betn. TRERR Y &RETEEEVSHEEbn hiam

interferonre
been estimated at $5.46 billion for the US in 1997. Worldwide over 200 million people

are estimated to be infected chronically. HCV infection is responsible for 40-60% of all

chronic liver disease and 30% of all liver transplants. Chronic HCV infection accounts
25  for 30% of all cirrhosis, end-stage liver disease, and liver cancer in the U.S. The CDC

estimates that the number of deaths due to HCV will minimally increase to 38,000/year

by the year 2010.

There are considerable barriers to the development of anti-HCV therapeutics,

which include, but are not limited to, the persistence of the virus, the genetic diversity of
30  the virus during replication in the host, the high incident rate of the virus developing

drug-resistant mutants, and the lack of reproducible infectious culture systems and small-

animal models for HCV replication and pathogenesis. In a majority of cases, given the



10side effects as well as |ow efficacy against HCV infections. There exists
a need for the devel opnent of effective antiviral agents for treatnent of
HCV i nf ecwDen1oises730 t he poor tolerability and di sappoi rtitng2ebiemasy of
exi sting therapies. Cycl osporin A (CsA), a neutral cyclic
undecapepti de isolated fromthe fungus Tol ypocl adi uminjlaturn and
current !y jrdet iNRHS ol SBRRITHHIGE ENRYALL! SarpftP bat
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rejectionnnﬂ%kegnnnﬂwwmawﬁhahh§xhmnmUMehkdynnhswmnmﬂﬁganmdacﬁhnsty of
cyclosporin A and c rin an S. b with the passive diffusion
of the cyclosp@ FH’%@g§ apﬂgngﬁéﬁgEW?suﬁﬁﬁﬁﬁﬁﬁ SoP< I Hg to its
intracel | yhiplé eﬁa@eﬁsnypgsyﬁﬁ@@&héﬂs&aéd(s@&ﬁa @{%&%&Oﬂﬁgaeif&o@n&ﬁmhy of
pr ot ei ns that catalyze cis-trans peptidyl - pronI i sonerization, i.e
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cal nodul i n- dependent seri ne-t hreoni ne-specific protein phosphatase,
caIC|neurgﬁwnﬂwntmmehﬁﬁ1nwﬁwmmdnngnm@nammﬂﬁhhapn@ﬂeqﬁaﬁabmunmnl|ncrease in
i ntracel | ul 2 actlv 25cC r whi ch subsequent |

dephos phoP‘;‘/‘?}%ﬂs phiger [ VTR a%ﬂt'h 033@66? trgaimeaty Stlﬁgr fominiarteaceigicdor

acti vag edgilz Qﬁ‘eé@ ad wNrA ol crReRRORARRT LSRR NFAT THAdRKGReshR( T8l |eul ar

change, e.g., honodinerization that allows it to cross into the nucl eus,
and pronod@@kum@menbﬂﬁsywoammﬁﬂﬁag%msﬁm@tﬁnamt@HHQEne&cn@$¢wamdh@pmgr

i rMmunosuppressi.ve cyecl ospo rivatives |nh|b|t cal cineurin which results
i the t RIERESE N RPRLLE s SR B Rehea: o g - i nterl ouki no3
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i nmunosuppr essi ve acti vi t Q/C| osporin A and certain derivatives

have been e@pml@@ama@ﬂmm g caentlyfoerketad asiNgpral aad sangimamncrayNayartis,

Doro) Dokt s B Brdien BRacty i igb i RKAISNEr @bt Brasplant ricgtgn.
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Transpl ant Congress, Abstract No. 648 (Anmerican Journal of Trans Iantatlon
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vi ral prot erfmﬂ}auﬂprbwnnswhattwlataﬂmIczsemnmpndqujrobrﬂ)momendmanyaet | Ri¥asdhavi ng HCV
activity are known fromlinte ti Publ i cati on No's 2005/ 021028, WO
2006/ #06HHEC- DR BIBOEH PRSS %@g Cyvbs%wnﬂ)@g@zbm%ﬁ o8

2007/ 112357, 3907h AL 2R NS IRRA0EAQGT B3 1A SUPRFRUER o aRnt rol | ed

clinical trial showed that a combination of cyclosporin A 10 wit

i nt er f er omhagon ef Gy PBidseattiviy. ﬂmammgﬁﬂéﬁh®€@%(b®ﬁoumaﬂ@pya(éSpeC|aIIy in
patients w,th hi viral | oad terf.eron.a2b nd
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J. Gast r oepdIRedpondiB 26 dntiéa &Qﬂﬁﬁ&aaHGEm&ﬂE@iﬂ@&t&R&h(Bétﬁﬂaaﬁﬂb|Icatlon
No. WO 2006/005§m0 recently escri bed the 15 use of a conbi nation of

cycl o&hor Falcincein whedysubsesyenthy dephesmherylafes theé@pmg)tlﬁé peatertqaiedthgi r al

i nfection o a i
2005, 027094 TP ARy T BhEL AL LI AR BERNERT BB (o
t r eat ment moleckH@Y chlingoy g Bomé’dlﬁﬁrlzﬂaﬁﬁhal)aiilaweht talcrqss o tlentuckns aBel ecti ve

I nhibition of Hepatitis, C Virus. Replication by the Non-Inmunosuppr.essive
Cycl ospor PIMQies By GerrersEneefosell achiyation gspcs- apsl‘hé%aﬂ]@hl%(‘%wﬂm@ss(‘%%)

recently | ogue,
B O 095e RGP RE At ERHLL Rbltflc:RiflAA THEPRUBR! B3R! KRNI ORRRELT0RBR O
vi r us3@ eptytokine gnnes]jegl or@ R koo 6l pY)sbegsopotes tcelli actdvatmpnaiflipnolifyrafiom,

cyclophllln A. 25SUMVARY OF .THE | NVENTI ON
, Immunosuppressive activity.
Cyclosporin A and certain derivatives have been reported as having anti-HCV

activity, see Watashi et al., Hepatology, 2003, Volume 38, pp 1282-1288, Nakagawa et



The present invention relates to cycl osporin anal ogues represented herein
bel ow, pharmaceutical conpositions conprising such conpounds, and net hods
for the tweabrmsssef viral (particularly hepstitis C virah)usbobeetsron in a

subj ect in need of such therapy with 30 said conpounds. Inits

principal enbodi ment, the present invention provides a conpound of fornula
(1), (L) . 8%91 2 HiPhd 3 19058 8- dnd ShidGloRifib G f r om
1) Hydrogen; m@?‘{e BXO |uﬁ]kbsoto 5 OLEQ%&Q %n st%otute Cl-C8

al kyl ; 10K) WRasB8 ZQDkém}drl;caﬁ)Fra@sblsnu (Emngfd;s mbmcame@ﬁ (An?e)rchBQJ(@Rna?lldfy nyI

?)2 (?;gisgia Ut Edlal%tlé%? 2€d4 x/ryurne 4? )Issue sgllgagegl ? 6%?) k}(he au 50]1?9 gf tﬁu %aklagtga%aeed C

al. paper state that certain chaperone activities, such as those of cyclophilins, may be
5  crucial for the processing and maturation of the viralproteins and for viral replication.
Cyclosporin derivatives having HCV activity are known from International Publication
No’s. WO 2005/021028, WO 2006/039668, WO 2006/038088, WO 2006/039688,
WO 2007/112352, WO 2007/112357, WO 2007/112345, and WO 2007/041631.
A subsequent controlled clinical trial showed that a combination of cyclosporin A
10  with interferon a2b is more effective than interferon monotherapy, especially in patients
with high viral loads (Inoue et al., "Combined Interferon a2b nd Cyclosporin A in the
Treatment of Chronic Hepatitis C: Controlled Trial," J.Gastroenterol. 38:567-572
(2003)).
PCT International Patent Publication No.WO 2006/005610 recently described the
15  use of a combination of cyclosporin A and pegylated interferon for treating hepatitis C
viral infection. In addition, PCT International Patent Publication No.WO 2005/021028
relates to the use of non-immunosuppressive cyclosporins for treatment of HCV
disorders. Also, Pacshuyse et al., "Potent and Selective Inhibition of Hepatitis C Virus
Replication by the Non-Immunosuppressive Cyclosporin Analogue DEBIO-025,"
20  Antiviral Research 65(3):A41 (2005) recently published results for a non-
immunosuppressive cyclosporin analogue, DEBIO-025, that exhibited potent and
selective inhibition of hepatitis C virus replication. Debio-025 does possess potent

binding affinity for cyclophilin A.

25 SUMMARY OF THE INVENTION

The present invention relates to cyclosporin analogues represented herein below,
pharmaceutical compositions comprising such compounds, and methods for the treatment
of viral (particularly hepstitis C viral) infection in a subject in need of such therapy with

30  said compounds.

In its principal embodiment, the present invention provides a compound of

formula (I);



11) Aryl; 12) Substituted aryl; 13) Heterocycl oal kyl; 14)
Substituted heterocycl oal kyl; 2015) Heteroaryl; and 16) Substituted

het er oar Wo 20)o/088X78) OR11, where Rii is as previously depcmagoop22¢%0) Rii,
where Rii is as previously defined; d) -C(0)0CH2-T-R12, where T is -0- or
-S- and R12 is selected from WO 2010/ 088573PCT/ US2010/ 022675 1) C -C8

al kyl; 2) Substituted Cl1-C8 alky15 3) C2-C8 al kenyl; 4) Substituted C2-C8

al kenyl ; 55) C2-C8 al kynyl ; ubstituted C2-C8 aIkynyI 7) C3-Cl12
cycloalkyl 8) Substituted C3 cycl oal kyl; 9) Aryl; 101 0) Substituted
aryl; 11 ) Het er ocyad oa yI 2)oSub tltuted heterocycloalkyl 1 3)
Heteroaryl; o Me
10 N K
9 £
B H
NMe 0] N/R3
A8 J\rﬂ 61 H\H/LH/KW\RG
< 7 5 4 %,
$ H ! Me 4 n R, Rs
()
where:
X 1s OH or OAc;
R R1 R4
J or J or .‘?
S , where R is selected from:
5 a) Ry, where Ry; is selected from:

1) Hydrogen;
2) Deuterium;
3) C;-Csalkyl;
4) Substituted C,-Cs alkyl;
10 5) C,-Cg alkenyl,
6) Substituted C,-Cg alkenyl;
7) C,-Cg alkynyl;
8) Substituted C,-Cg alkynyl;
9) Cs-Cy; cycloalkyl;
15 10) Substituted C3-C; cycloalkyl,
11) Aryl;
12) Substituted aryl;
13) Heterocycloalkyl;
14) Substituted heterocycloalkyl;
20 15) Heteroaryl; and
16) Substituted heteroaryl;
b) —C(O)OR;,, where Ry; is as previously defined;
¢) —C(0O) Ry, where Ry is as previously defined;
d) —C(O)OCH,-T-R,,, where T is —O- or —S- and Ry, is selected from:

4



14) Substituted heteroaryl; 15e) -C(0)N(R13)(R14), where R13 and Rl14 are
i ndependently selected fromRii and Rii is as previously defined or R13 and
R14, togewbeniwisgivit he nitrogen atomto which they are attrasbedp2460s m a
substituted or unsubstituted heterocycl oal kyl ; f) -C(0)5R11, where
Rii is as previously defined, g -C(S)0 Rii, where Rii is as
previously defi ne@; %—%)al' 0) OCH20C(0) R12, where R12 is as previously
defined; i) -C(9) (R;ll ere Rii is as previously defined; j) R15, where
R15 is sel ected fA)oRubstifuteddRCL alkwhere Rii is as previously defined and M
is selected from,.i - | kyl; 25ii. Substituted C1-C8 al kyl; . C2-C8
Ce oot

al kenyl ; 3) ituted C2-C8 al kenyl; v. C2-C8 al kynyl :

vi. Substituted @&- gigbﬁluhy@@%_'cgiﬁﬁ&hﬂ C3-Cl12 cycloal kyl; and viii.
Substituted C3-Cl12 cycloal kyl; 2) M NRL6R11, where R16 is RI1 Or R16 and
R11 tdyet her wit )t he-Griatkyogen atomto which they are attached forma

substituted or unsulstituyt t erocycl oal kyl, Mis as previously defined;
3) -MS(0O)nRii, @esgb%t[&iﬁ(?ei'?eggﬁqﬂng and R11 are as previously defined,

54) -MORL1, wherp WhandcRidaliane as previously defined; 5)
-MC(0) R11, where Mand R11 are as previously defined; 6) -MO0C(0) R12,
where M and R12 dPeSubstigited Colisi %’%@Eli%ed'

9) Aryl;
10 10) Substituted aryl;
11) Heterocycloalkyl;
12) Substituted heterocycloalkyl;
13) Heteroaryl; or
14) Substituted heteroaryl;

15 ¢) —C(O)N(R;3)(Ri4), where Rz and R4 are independently selected from R;; and Ry,
is as previously defined or R;3 and Ry4, together with the nitrogen atom to which
they are attached, form a substituted or unsubstituted heterocycloalkyl;

f) —C(O)SR;i, where Ry is as previously defined;
g) —C(S)O Ry, where Ry is as previously defined;
20 h) —C(O)OCH,0C(0) Ry,, where Ry, is as previously defined;
1) —C(S)S Ry1, where Ry is as previously defined;
1) Rus, where Rys is selected from:
1) -M-R;i, where Ry is as previously defined and M is selected from:
1. C-Cgalkyl;
25 ii. Substituted C,-Cg alkyl;
iii.  C,-Cg alkenyl;
iv. Substituted C,-Cg alkenyl;
v. C,-Cs alkynyl;
vi. Substituted C,-Cs alkynyl;
30 vii. C3-Cy; cycloalkyl; and
viil. Substituted Cs-C); cycloalkyl;



7) -MO0C(0)0 R12, where M and R12 are as previously defined,

8) - MNRL7C(0) R12, where R17 is R11, Mand R12 are as previously defined;
109) - MNROBRC(0Qses7812, where R17, M and R12 are as previrgualsgodmbicned;

10) -M C(O)NR16 R11, where R16, Mand R11 are as previously defined; 11)
-M C(0)N(R16) - OR11, where R16, M and Rl1l are as previously defined; 12)

M 0C(0) NRL6 RL1,,whey as. Ppevi defined: 13)
_M NRL7C(0) NRL6 HI1, o eRrIIQ%éMwﬂﬁﬁ&%%{llg(ﬁg{lﬁ%%cpg%letbgés{ﬁéﬁ?{xé@? %?ﬁ 30 &Bdef i ned

or R16 and R11 t ogettoertowliibh theg ard dttaokyeh fatoasubstitvhddatr unkebstiante at t ached
forma substituted or, unsybstitufed hetero |.oal kyl ; 14) -MC(S)S
R11, where Mand Rl etslioéy‘ﬁg‘j‘s%}”ew B&éPfﬁVb%ﬁSByn‘ge@}ledo 15) -M0Q(S)S R12,
where M and R12 @&i_@ﬁsmﬁmp%aé el I‘,QQ?Z;MandR5 are d9revivhMRIAEHLQ) S R12,

where M R17 and 2 are as previously defined; 0 17) -MSC(0)NR16 R11,
where M R11 and R16MaPRiasvhereeMiand R 1y age ipravaowsly ®RIiedind R11 t oget her with

the nitrogen atomto I they are attached forma substjtuted or

unsubsti t ut ed hegérﬁw@k%RyW¥ereﬁané )ar?mﬁﬁqgﬁugyﬂfﬁ?e%ere M and R11
are as previ ousl %)deM_-o ) Riz, wherkM anwmg—awayﬁa&ida@gﬁdemg@e M R11 and R16
are as previously defined or 25R16 and Rl1 together with the nitrogen atom

to which they aré&)atVaPhéd)? BnmvdicsuMsandiRye aig a5 pravieushbsdafingded

het er ocycl oal kyl ;ozA s 83 h - ye | apl r r.:n- 1. Wand
V are each i ndepegﬁderl}? I@%%é@n%{bh%é%{r?ﬁ&&%t’M %ﬁ?é)ﬁ%ﬁ%gérlées 1%16\2%;8{' ??ﬂ%erd, 2, R2
is RIYOwhere Rl i% aMNReNI(0VS IRY,,deictaRd, M3HRAR |, arcss|peetiedly ddimedet hyl or
ethyl or allyl or B)ropyl' R4 and R5 are independently sel ect eg from
hydr ogen or met hyl® ()‘M&(QQ]NRMR@’IW re Ras Myppspiiii areyps Prewigkdlpietingds s Ri,

where Rl is as prﬁ‘fi %&é@)@l&fdﬂ@ﬁ“%&re Ris, M and R, are as previously defined;
12) -M-OC(O)NR ¢ R11, where Ry, M and Ry are as previously defined;
13) -M-NR;7C(O)NR s Ry, where M, Ry, Ry7 and Ry are as previously
15 defined or Rj¢ and Ry; together with the nitrogen atom to which they are
attached form a substituted or unsubstituted heterocycloalkyl;
14) —M-C(S)S Ry1, where M and Ry, are as previously defined;
15) -M-OC(S)S Rz, where M and R, are as previously defined;
16) -M-NR;7C(O)S Rz, where M, R;7 and Ry, are as previously defined;
20 17) -M-SC(O)NR s Ry;, where M, Ry, and Ry are as previously defined or
Ris and Ry together with the nitrogen atom to which they are attached
form a substituted or unsubstituted heterocycloalkyl;
18) -M-CH=N-O R;;, where M and R;; are as previously defined;
19) -M-CH=N-NRs R;;, where M, R}, and Ry¢ are as previously defined or
25 Ris and Ry together with the nitrogen atom to which they are attached
form a substituted or unsubstituted heterocycloalkyl;
A is ethyl, 1-hydroxyethyl, isopropyl or n-propyl;
W and V are each independently absent, -O-, or —S(O)y,-, where m =0, 1, or 2;
R, is Ry, where R, is as previously defined;
30  Rjis selected from methyl or ethyl or allyl or propyl;
R4 and Rs are independently selected from: hydrogen or methyl or ethyl or allyl, or
propyl, or isopropyl;

Re is Ry, where R, is as previously defined; and



WO 2010/ 088573PCT/ US2010/ 022675 n and n' are each independently 0, 1, or 2.
I n anot her enbodi nent, the present invention provides a pharmaceuti cal
conposi t iwo 20mm88373i ng a t herapeutically effective amurctafs2aooempound or
conbi nati on of conpounds of the present invention, or a pharmaceutically
acceptable salt 5form prodrug, salt of a prodrug, stereoisoner, tautoner,
sol vate, Qr,gaMy.nati Ade éﬂﬂérﬁﬁrfo 1i Br sonbi nation with a pharmaceutically
acceptabl e carrier or excipient. fn yet another enbodi ment, the present

i nventi on provide®tlergeibhddnat, thaypickdnt invgntidreproeples e aharoracaftican

RNA- cont ai ni n(?.vi rus co ritzlisna conhacﬁfi ng said virus with a

t her apeut FYRPIYIWF FORUISTE LRBFREUISE ]| 8%‘8’8&%“8?0é‘@6?ﬂﬂuﬁ%9fon of
conpounds c&hbihBonl HRoaHROAdd SMBOpIOht iflienBorl Bk PRESHCEGiRlallY ad&pRBlAhlte
salt, prodrug, salt of ‘a pro drug, stereoisoner, tautoner, solvate, or
conbi rfgti tmm, hendeed, salPaf 4 prodiugy btgreotshinest,itanfemet, oelvits, aficogbinsdion tharetthods of
inhibitin theb.r fliciﬂiioﬂ. of hgp itis Cgl\/i rus. . Itn still another
enbodi nen ,C%éﬂ%ogs% ap %}Eﬁf?“ﬁ%%w% “&*WET RoE ' V't eat i ng or
preventing i nf acydt@notBatshdie@NthRNfese @ ThAdntiion roviiddsS BORPd bSinAbiting
admnistering to a 15 patient in need of such treatnment a therapeutically
ef f ect i vethgrreRiiration ohaRNpotMdiBNE Vb FEPTORS eanteding sadddrusvithie present

i nvention - r t I - Lt of a
prodrug.  SteEiosf PR Tl 4 PESERNA E 1 b SbATbr LA is oE B

Par t i tul aptegenttimicatiom\oe atphamadcsutiatlgat@ptabie $ak! prodsigofalt sfeairb rigur
preventing infection caused by hepatitis C virus. 20Yet another. epbodi nent
of the pr&SERISOMSLLHIPHAT BRIYHE RISCOMbENtign thepeof %%Hﬁéeriﬂ this INSAHPMEL | on of
compounds q@beit s REASRF iYRAL I vepRlaiBn LIREAREVT GAL| v acceptabl e salt
form prodrug, salt of a prodrig, sPerem soner or tautoner, solvate, or
conbi nati on t hérgdf gnodter debbdiettnh ehepmsit exvention proeidps & pethedioftreafingor

medi cament _for.the t{.eat men# or venti.on of infecti.on caused.b

RNA- cont aPTY Ry P{RSTon fsised by at RV HEPUHPMEs s pmpusisg a@@i&\%@“ PA LED
DESCRI$°TI ph¥idabinThded bNVENkFdehhent a thétageutibalStc Q&b Bt oPh cobRPoMESENt
invention is a conpound of formula (1) asillustrated above, or a

phar maceut¢obinhijoraefieptrabnds afdhe presgnt grventiorp oo d phermasewntacstly Regsptablertalit i ve
subgenerafof th re%§n% in\éentiton i ncl ude; Ct%OOo ququ of Eor la (1)
whi ch ar e FBpPESER 84" B P18 & PP RO 5T G ?ﬁl‘frg?o; Vaipg" combnation

2010/ 0885#h3R4aT/ Rd&Z&llﬁl}Q 246 iiventidial (diMBJted to methods of treating or preventing

infection caused by hepatitis C virus.

20 Yet another embodiment of the present invention provides the use of a compound
or combination of compounds of the present invention, or a therapeutically acceptable salt
form, prodrug, salt of a prodrug, stereoisomer or tautomer, solvate, or combination
thereof, as defined hereinafter, in the preparation of a medicament for the treatment or
prevention of infection caused by RNA-containing virus, specifically hepatitis C virus

25  (HCV).

DETAILED DESCRIPTION OF THE INVENTION

In a first embodiment of the present invention is a compound of formula (I) as
illustrated above, or a pharmaceutically acceptable salt, ester or prodrug thereof.
Representative subgenera of the present invention include:

30 Compounds of formula (I) which are represented by the formula (I1a) or (1Ib);



wherein Rl, R2, R3, R4, R5, R6 , V, and Ware as defined above and .
represents a single bond or a double bond; 5Conpounds of fornula (I) which
are represoenvsnbskyst he fornula (Ma) or (Md); (H a) (M) pcT/uspdiengions RlL, R2,
R3, R4, R5, R6, V and Ware as defined above and . represents a single 10
bond or a doubl e bond. Conpounds of fornmula (I) which are represented by
the formula (1V); WO 2010/088573PCT/ US2010/ 022675 (w) whergein, R3, R4,
R5, R6, and Ware as defipctl above. Conpounds of fornula (I "whi ch are

represented by the formulg (V) or (VI): wherein R3, R4, R5 and R6 are as
defined above. Represent ati ve species of the presem paventi on
include the follo of forrmla(\/) %r ﬂné Bxa gl:
Conpound of o f dfarua V: R5=CH3 a 'N V=R
Conpound df or Yul &V, "RR5=CH3| an % anpl ‘3: 2
Conpound VO R8=CH3, H R5= benzyl &xa
Conpound of f VH R3 : H%\Ig& =CH3 an )l\rmg/ 2 [f2 0
O S
§ O RiRs N 7(8\7
(ITa) (IIb)
wherein R, Ry, R3 R4, Rs, R, V, and W are as defined above and = represents a single
bond or a double bond,;
5 Compounds of formula (I) which are represented by the formula (I11a) or (I1Ib);

(I1Ia) (I1Ib)

wherein R, Ry, R3 R4, Rs, Rg, Vand W are as defined above and == represents a single
10  bond or a double bond.
Compounds of formula (I) which are represented by the formula (IV);



15 Exanpl e 5: Conpound of formula V: R3=CH3, R4=H, R5=CH3 and R6 =\

k., NEt 2. Exanple 6: Conmpound of formula V. R3=CH3, R4=H, R5=CH3 and R6 =\,
rl. Exanpie 26i0/088svpound of fornula V: R3=CH3, R4=H, R5=@d3/umpeioRt267s Exanpl e
8: Conmpound of formula V: R3=CH3, R4=H, R5=CH3 and R6 = \FI ?110H OH CH
Exanmpl e 9: Conpound of fornula V: R3=CH3, R4=H, R5=CH3 and R6 = \H/ 5
Exanpl e 10: Conpound of fornula V: R3= , RA=H, R5=CH3 and R6 = V.
.."*.0Boc; Exanple 11: Compound of formyla V: R3=CH3, R4=H, R5=CH3 and R6 =
\ON L.A / Exarrple 12: Oorrpound of fgrmula V: R3=CH3, R4=H, R5=CH3 and R6
=ro 3\,......". ... /. NG )H_ 10 Exarrple 13: Conpound of

av)

wherein, R3 R4, Rs R, and W are as defined above.

Compounds of formula (I) which are represented by the formula (V) or (VI):

wherein Rz, R4, Rs and Rg are as defined above.
Representative species of the present invention include the following compounds
of formula (V) or (VI):
10
Example 1: Compound of formula V: R:=CHj3, R4=H, Rs=CH3 and R = Ac;

Example 2: Compound of formula V: R;=CH3, R4=H, Rs=CHj3; and R = allyl;

Example 3: Compound of formula V: R;=CHj3, R4=H, Rs=CHj3; and Rg = benzy],;

\/\/\@
Example 4: Compound of formula V: R;=CHj3;, R4=H, Rs=CHj and R = ;
15 Example 5: Compound of formula V: R;=CHj3, R4+=H, Rs=CH3 and R¢ = \/\/\/OAC;

Example 6: Compound of formula V: R;=CHj3, R4=H, Rs=CHj3 and R = \/\/\’NEtz;



Exanpl e 15: Conpound of formula V: R3 2,,ro v...... g..). , =CH3, R4=H,
R50H3andR6-,,33 .......... ---- 0" UV OAe. CH3 R4=H, R5=CH3 and
V3/ ( 3Elwo=20tdassR4=H, R5=CH3 and R6 = Exanpl e 16prcCarspomonc2604

forrrula V: R3 15 Exanple 17: Compound of fornula V: R3
N LAY L ,CY . 0, =CH3, R4=H, R5=CH3 and R6 = =CH3, R4=H,
R5=CH3 and R6 = Exarrpl e 18: Conpound of forrnmula V: R3=CH3, R4= H CI—|3
and R6 = \/./OyNHWe 03 Exang)le 19: Conpound of formula V:
R5=CH3 anEXReplﬁKCOmp.ound of formula V: Riz§gHs, &ﬁfhdﬁsﬁﬁ@%@sﬂpcﬁu 20 0/ 022675
Exanmpl e 20: Conpound of fornmula V: R3=CH3, R4=H, R5=CH3 and R6 =

Example 8: Compound of formula V: R3=CH3, R4=H, Rs=CHj3 and R¢ =

H
\/\/\/N\EOH
OH

oOH
Example 9: Compound of formula V: R;=CH3, R4=H, Rs=CHj3 and R = \/WOH;

5 Example 10: Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R¢ = \/\/\/OBOC;

Example 11: Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ =
\/\%\/O\/\N/\

@)

2

Example 12: Compound of formula V: R;=CH;, R4=H, Rs=CH3; and R¢ =

\/\/\/O_

2

10  Example 13: Compound of formula V: R3=CH3, R4=H, Rs=CHj3 and R¢ = \/\/\/OAC;

Example 14: Compound of formula V: R3=CH3s, R4=H, Rs=CH3; and R¢ = \/\/\/OH;

Example 15: Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R =

e(\o
D

\/\/\/

Example 16: Compound of formula V: R3=CH3s, R4=H, Rs=CH3 and R¢ = \/\/\/Ns;

15  Example 17: Compound of formula V: R;=CHj3;, R4=H, Rs=CHj3 and R¢ =
$
o.__N
\/\/\/ \g/ ;
Example 18: Compound of formula V: R;=CH3s, R4=H, Rs=CH3 and R¢ =
[o) NHMe
\/\/\/ \IC,I)/ ;
Example 19: Compound of formula V: R;=CH;, R4=H, Rs=CHj; and R¢ =
~N

X\ o\n/-\NHBoc
20 0 ;

10



Exanpl e 21: Conpound of fornula V: R3=CH3, R4=H, R5=CH3 and R6 5
Exanpl e 22: Conpound of fornula V: R3=CH3, R4=H, R5=CH3 and R6 \CN;, JN
Exanpl e 280 2€mmsesrad of fornula Vi R3=CH3, R4=H, R5 =CHPcang2036/0=¥75

Exanpl e 24: Conpound of formula V: R3 Exanple 25: Conpound of fornula V: R3
Exanpl e 26: Conpound of forrmula V: R3 2 100; =CH3, R4=H, R5 =CH3, R4=H, R5

=CH3, R4= mQ@ ﬂ—g@ _Exanpl e 27:
Compound o H?mﬁ@regug}_goaggﬁgp%lﬁg 4@@R§ﬁ[ﬁ-ﬁ an RgHRglll—FE‘Xanpl e 28: Conpound
of formul M—*ﬁﬁ@"ez R4=H, R5=CH3 and R6 =H ;

Example 21: Compound of formula V: R;=CH3s, R4=H, Rs=CH3 and R¢ =
N~

\N\/O\II/-\NHZ_

o )

5  Example 22: Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R¢ = \/\/\/CN;

N=N
Example 23: Compound of formula V: R3=CH3s, R4=H, Rs=CH; and R¢ = \/\/\’N‘N’ ;
=N
N
Example 24: Compound of formula V: R;=CH;, R4=H, Rs=CHj; and R¢ = \/\/\/N\? ;

Example 25: Compound of formula V: R3=CH3s, R4=H, Rs=CH3 and R¢ = \/\/\/NHz;
Example 26: Compound of formula V: R3=CH3s, R4=H, Rs=CHsand R¢ =
SO e

10 T

Example 27: Compound of formula V: R;=CH;, R4=H, Rs=CHj; and R¢ =

108
\ O
Example 28: Compound of formula V: R3=CH3s, R4=H, Rs=CH; and R¢ = /\/T ;

Example 29: Compound of formula V: R3=CH3s, R4=H, Rs=CH3; and R¢ = \WN\OH;

15  Example 30: Compound of formula V: R;=CH3, R4=H, Rs=CH; and R¢ =
\SFNone.

Example 31: Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R =
2 Noph.

Example 32: Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ =
20 \/WN“OBn.

Example 33: Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R =

\/\/VNNO XD
| .

0

N/ -

11



Exanpl e 29: Conpound of fornula V: R3=CH3, R4=H, R5=CH3 and R6
Exanpl e 30: Conmpound of fornula V: R3=CH3, R4=H, R5=CH3 and R6
W\ /\ %Ns Oigp 2Baospd78 31: Conpound of fornula Vi R3=CH3, Rérhis280m8dd3s and R6
= Nce%s/ N..|liNsOPh. 3 Exanple 32: Conpound of fornula V. R3=CH3, R4=H,
R5=CH3 and R6 = 20 3 Exanple 33: Conpound of fornula V: R3=CH3, R4=H,

R5=CH3 anﬁxﬁﬁgl&_él @gmﬁ&;q%ﬁgqr@sggl%agg@mcﬁxwkg _34: Corrpound of

\OH 15

formula V. R3=CH3, R4=H, R6=CH3 and R6 ="\.....72"". . ... J.N.o ;
Exanpl e 35Ot oNfornula V: R3=CH3, R4=H, RSCHBandRG:
\ "."4 )-14H2 o, Exarrple 36: Conpound of formula V:
R30H3 R4=H, R50H3ando —\, ........................ 1.N..O

Example 35: Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ =

D N
X o’\©: H—NH,
o ;

Example 36: Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R =

2o I o

~

N = N
S
A
\ OEt
Example 37: Compound of formula V: R3=CH3s, R4=H, Rs=CH; and R¢ = /\/\gﬂ ;

Example 38: Compound of formula V: Rs=CHs, R;=H, Rs=CH; and Rg = X"~ She.
10  Example 39: Compound of formula V: R;=CHj3;, R4=H, Rs=CHj; and R¢ = \/\/\’SH;

Example 40: Compound of formula V: Rz=CHs, R;=H, Rs=CH; and Rs = X" > OMS;

Example 41: Compound of formula V: R3=CH3s, R4=H, Rs=CH3 and R¢ = X\ Sme;

\/\/\IrOH

Example 42: Compound of formula V: R;=CH;, R4=H, Rs=CH3; and R¢ = o

Example 43: Compound of formula V: R3=CH3s, R4=H, Rs=CH3 and R¢ = 0 ;

15  Example 44: Compound of formula V: R;=CHj3, R4=H, Rs=CHs and Rs = 0 ;
Example 45: Compound of formula V: R3=CH3s, R4=H, Rs=CH; and R¢ = \/\/\’F;
Example 46: Compound of formula V: R3=CH3s, R4=H, Rs=CH; and R¢ = \/\/\CN;

Example 47: Compound of formula V: Rs=allyl, R4=H, Rs=CH3 and Rs =
(%
\/\/\/N\) )

20  Example 48: Compound of formula V: R;=CHj3, R4= CH3, Rs=H and R¢ = allyl;

12



NH2; Exanple 37: Conpound of fornmula V: R3=CH3, R4=H, R5=CH3 and R6 =
Exanpl e 38: Conmpound of fornula V: R3=CH3, R4=H, R5=CH3 and R6 = 10 Exanpl e
39: Conpowodonfosgsnul a V: R3=CH3, R4=H, R5=CH3 and R6 PCEABIPL®22%40s
Conpound of forrmula V: R3=CH3, R4=H, R5=CH3 and R6 = Exanple 41: Conpound
of formula V: R3=CH3, R4=H, R5=CH3 and R6 = Exanple 42: Conpound of fornula

V: R3=CH3 =H.10R%= = L 5 0 forrul a V: R3=CH3,
R4=H, R5:%§3§ﬂglr'él|é‘ 9%%%@@5%31%?@60%%’%%ﬁg?@f gtrqdﬁ% R Hacoe. rach

R5=CH3 = B [ 45: dp, of \: = _R4sH, R5=CH3 d
R < Dranbiatyz B e MRS dPo GRIRYI SR Flcu ORI R SOt - Aigh 2= an
Ex | 47: d of f | V: =al_l , 4=H, 5= and ) =

PS4 B B TR Y SRR R o KBl ~rsmt and

R6 = allyl; WO 2010/088573PCT/ US2010/ 022675 Exanpl e 49: Coppound of
formula VI: R3=CH3, R4=H, R5=CH3 and R6 = H; Exanple 50: Corfpolnd

formul a VExaRBeCR3CoRpethd HothidadHdRRECH:, Rl+H| Rs-FB&EnpldRS1: Conpodnd of

formula VI: R3=CH3, R4=H, R5=CH3 and R6 = benzyl; Exanpl e 52:
Conpound r.neyl ; = R4AHR . 7 CHB-ANR. -RE =y [EXaNTe 8394,
Corrpoﬁd g%ar%@re rrrggl goék?u%;%%ﬁ?u R‘}gH, 3@%@ MR 1 ’

Example 54: Compound of formula VI: R;=CH3;, R4=H, Rs=CH; and R¢ = \/\/\’NEtz;

Example 55: Compound of formula VI: R;=CH3;, R4=H, Rs=CH; and R¢ =
(o]

\/\/\/N\) .

Example 56: Compound of formula VI: R3=CH3, R4=H, Rs=CH3 and R¢ =

\/\¢\/H OH
-
10 OH |

Example 57: Compound of formula VI: R;=CH3, R4=H, Rs=CHj3 and R = \/\/\/OH;

Example 58: Compound of formula VI: R3=CH3s, R4=H, Rs=CH3 and R¢ = \/WOBOC;

Example 59: Compound of formula VI: R3=CH3s, R4=H, Rs=CH3 and R¢ =
NSOy
9!

2

15  Example 60: Compound of formula VI: R3=CHj3, R4=H, Rs=CH3 and R =

\/\/\/N\) .

2

Example 61: Compound of formula VI: R3=CH3s, R4=H, Rs=CH3 and R¢ = \/v\/OAc;

Example 62: Compound of formula VI: R3=CH3s, R4=H, Rs=CH3 and R¢ = \/\/\/OH;

Example 63: Compound of formula VI: R3=CH3s, R4=H, Rs=CH3 and R¢ =
e

o ©
20 \/\/\/gg\) :

N3

Example 64: Compound of formula VI: R;=CH3s, R4=H, Rs=CH3 and R¢ = X

13



Exanpl e 54: Conpound of formula Vi:
Compound of formula VI: R3=CH3, R4=
\". ... ., W0.2010/088573. . ". ... "", N

VI R3=CH3, R4=H R5=CH3 and R6 =

Exampl e 5
.?2...r..0
R5=CH3 an

R4=H, R5=

Exampl e 6
R3=

10

15

20

7: Compound of fornula VI:
" * k% k %k .
le'65: fSortful
ppls 65 CombgRbrtoghnia o1
CH3 and RGF=ACN L. A /

R~Compyiof formuila Vi

o )

Example 66: Compound of formula VI:

\/\/\/O NHMe
T

H

Example 67: Compound of formula VI:

g

o. <
X\ NHBoc
0 )

Example 68: Compound of formula VI:

\/\/\/O NMe,
™

Example 69: Compound of formula VI:

Y
\/\/\/o ~ NH,
0 ;

Example 70: Compound of formula VI:

Example 71: Compound of formula VI:

N=N
N

H

Example 72: Compound of formula VI:

N=N‘
]

N
\/\/\/Nw )

H

Example 73: Compound of formula VI:

Example 74: Compound of formula VI:

XSO e
T

Example 75: Compound of formula VI:

W 9
\/\/\/N\IIN\) .

Example 76: Compound of formula VI:

R3=CH3, R4=H, R5=CH3 Exanpl e 55:
H R5=CH3 and R6 = ro

.) . | Exanple 56: Cowrpowsdoiofo2feos mul a

10 \....". .. 421.72?2....... , ... 14 OH.
R3=CH3, R4=H, R5=CH3 and R6 - V./

oung. @f —fogm 'n R3=CH3, R4=H,
‘reTR%9: 360?‘4@%8%“&0% ?\ngl}r%l a VI: R3=CHS3,

Exanpl e 61: Conpound of forrmula VI: R3=
R3= Exanpl e 63: Conpound of fornmula VI:

R3:CH3, R4:H, R5:CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

Ry=CHs, Ry=H, Rs=CH; and Rs = X"

R3:CH3, R4:H, R5:CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

H,
Rs=CHs, Re=H, Rs=CH; and Rs = X"

R3:CH3, R4:H, R5=CH3and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

A

R;=CH;, R4=H, Rs=CH; and R¢ = H ,

14



Exanpl e 64: Conpound of formula VI:

R3= CH3, R4=H, R5=CH3 and R6 = CH3,

R4=H, R5=CH3 and R6 ="......,........ \OQAc; CH3, R4=H, R5=CH3 and R6 = CH3,
RA=H, R5¢BRoan@sB = CH3, R4= H, R5=CH3 and R6 = EX&WDIPGTﬁSZOl@DMEQ;‘Und of
formula VI: R3=CH3, R4=H, R5=CH3 and R6 = (o \........ -- y,.) :
Exanpl e 66: Conpound of fornula Vl: R3 CH3, R4=H, R5=CH3 and R6 = \ Oy NHwe
3 5 Exanpke,fdie 79008 Lot HahiM 1133 G, R Acﬂ* e CGH3 and R6 = \/
V0) . ( 7NHBOG oéegfo %H%"s Conpoum RS TCHY, R4=H, R5=CH3 and
R6 = \... ../.\./.\f/.‘.oﬂ. .ynme2 Exanpl e 69 Oorrpound of for mula VI: R3=CH3,
R4H R5=CH3 and R6 = \/,F\/\/\)rNHZ. 3
Example 78: Compound of formula VI: R3=CH3, R4=H, Rs=CH3 and R¢ =
\/WN‘OMe.
5  Example 79: Compound of formula VI: R;=CHj3, R4=H, Rs=CH3 and R =
S ~FN~opn,
Example 80: Compound of formula VI: R;=CH3;, R4=H, Rs=CH; and R¢ =
\/\/VN‘OBn.
Example 81: Compound of formula VI: R;=CH3;, R4=H, Rs=CH; and R¢ =
S zho I N
10 N/
Example 82: Compound of formula VI: R3=CH3s, R4=H, Rs=CH3 and R¢ =
S~zh~o
X ®
N 2
ONN/ ,
Example 83: Compound of formula VI: R;=CH3;, R4=H, Rs=CH; and R¢ =
2N
\/\/\/ o’\@"{)_NHZ
o )
15
Example 84: Compound of formula VI: R;=CH3;, R4=H, Rs=CH; and R¢ =
S zho N
I N/ 3
s
NH,;
\ OEt
Example 85: Compound of formula VI: R3=CH3s, R4=H, Rs=CH3 and R¢ = N\gst ;
Example 86: Compound of formula VI: R;=CH3, R4=H, Rs=CHj3 and R = NSNS
20 Example 87: Compound of formula VI: R3=CH3, R4=H, Rs=CH3 and R¢ = \/\NSH;

Example 88: Compound of formula VI:

Example 89: Compound of formula VI:

Rs=CHs, Ry=H, Rs=CH; and R = X"

R:=CHs, Ry=H, Rs=CH; and R = X"

15



%"..... . .CN. Exanple 70: Conpound of formula VI: R3=CH3, R4=H,
R5=CH3 and R6 = N3 Exarrpl e 71: Conpound of fornmula VI: R3=CH3, R4=H, R5=CH3

and R6 = w0.2010/088573. . . . . . . T, ". Ni;) 3 Exanple 72cT@sopounrn7of
formula VI: R3=CH3, R4=H, R5=CH3 andR6:Isi=Nt 15\, ./2,..."/"..".,NN. 3
Exampl e 73: Conpound of fornula VI: R3=CH3, R4=H, R5= CHB and R6 = Exanpl e
74:. Conmpound of fornmula VI: R3=CH3, R4=H, R5=CH3and R6 Oé OHZO
Exanpl e 7Exa&a@muoam95uﬁop6mhan¥m B%iﬁlr?m% “Rl=CaEdR ro \,, y
I ,ro Exanple 76 Corrpound3 of forrrula VI =CH3,
R4= H R5= CH3 and R6 H Exarrple 77: Compound of forrrula VI R3= %R-g R4=H,
R5=CH3 and R6 = :  Conmpound_of formula Vl: =
and R6 F&(‘MPPIF\% 69/@13015110\9&%%16% Ra%b@ﬁaHoRﬁQ#md&%w R3 eHs RA=H,

R5=CH3 and R6 = yN-"OPh; Exanpl e 80: Compound of for rruI a VI : Cl—g R4=H,
R5=CH3 and R6 Exanpl e 81: Conpound of formula VI: R3=CH3 5

and R6 = YW Qre%h! compound of formula VI: Ryx=CHs, R,=H, Rs=CH; and R6 =
Example 93: Compound of formula VI: R3=CH3, R4=H, Rs=CH3 and R¢ = \/\/\’F;
5  Example 94: Compound of formula VI: R;=CHj3, R4=H, Rs=CH3 and R = X",
(\o
Example 95: Compound of formula VI: R3=Me, R4=H, Rs=CHj3 and R = \/\/\’N\)

Example 96: Compound of formula VI: R3=Me, R4=H, Rs=CHj3 and R =

\/\/\/'O .

Example 97: Compound of formula VI: Rs3=Me, R4=H, Rs=CHj3 and R =
S
10 \/\/\/N\)

H

N
Example 98: Compound of formula VI: R;3=Me, R,=H, Rs=CHj; and R = X ;

Example 99: Compound of formula VI: R;3=Me, R4=H, Rs=CHj; and R =
)
XN N\) /V

Example 100: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

~

15 \/\/\/N\)

H

Example 101: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

\/\/\/N\)\ )

H

16



I NN 3 | 10N? ; Exanple 82: Conpound of formula VI: R3=CH3, R4=H, R5=CH3

and R6 =\, .................... 4....N. 3.0 ; Exanple 83: Conpound of
formul a o 2R3788833 R4=H, R5=CH3 and R6 = 15 \??.,..... PCT/UR2010/062675 N. . O
Exanpl e 84: Conpound of formul a VI R3=CH3, R4=H, R5=CH3 and R6 =

\ 2, 4..1,Nabo NH2; \,...-......... --yoEt Exanpl e 85:

m@??ﬁé.?&?&@ﬁ%b%éﬁ%ﬁ?& %%wn%%%r%RE@H %R%I-B R4=H, R5=CH3

\/\/\/N\)

H

Example 103: Compound of formula VI: R;=Me, R,=H, Rs=CH; and R¢ =

\/\/\/N:/< .

H

5  Example 104: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

Example 105: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =
_CHO
N

\/\/\/N\)

H

Example 106: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

B

10 ¢ ;

Example 107: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

N,Bn

\/\/\/N\)

H

Example 108: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

H

15  Example 109: Compound of formula VI: R;=Me, R4=H, Rs=CH3 and R =
0

\/\/\/?:)

H

Example 110: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

\/\/\/?:f _

H

17



20Exarrp| e 87: Corrpound of formula VI: R3=CH3, R4=H, R5=CH3 and R6 =

\ ... "33, ... " .SH. 3 "....,,,,?. Exanple 88: Conpound of formula
VI: R3= CI‘WOZRﬂPﬂﬂSMEE CHS and R6 = V. \,s,Ow 3 'SMe. Exaophs289/025605pound
of formula VI: R3=CH3, R4=H, R5=CH3 and R6 = N3 WO

2010/ 088573PCT/ US2010/ 022675 Exanpl e 90: Conpound of formula VI: R3=CH3,

RA=H, RS5=gH3,5xaqp! %ﬁ?@lﬁmg Q/fl Iﬁor IRa_MI RE%FI R4 H, R5=CH3
Exanpl e 92: npoungooﬁo or mu % RAZH; "rC]—I and R6 = O
H\rNandR69§l:503I e 3yN"O—IandR6 =0. 3

XA

Bn :

H

Example 112: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

A

Bn :

H

5  Example 113: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =
()
\/\/O\n/N\)

(o}

H

;
Example 114: Compound of formula VI: R;=Me, R4=H, Rs=CH3 and R = \X"™"cHo,

o%
N
Example 115: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = ™~ ;
Example 116: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

N

Q\(NHZ
\/\/\/ \N .

10 N/

H

Example 117: Compound of formula VI: R;=Me, R,=H, Rs=CH3; and R¢ =
o

4
\/\/\/q

H

Example 118: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

C oy
\/\/\/N\{/:(NH

NH2 -

H

15  Example 119: Compound of formula VI: R;=Me, R4=H, Rs=CH3 and R =

NHAc
\/\/\/N~(
[o]
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Exampl e 9
5 Exanpl e
VI :
97: Conpo

Exanple 9
\ o
Corrpound
101: Conp

3: Conpound of fornmula VI:

94: Conpound of fornula VI:
R3 BExsopbe/@8s73Conpound of formula VI:

R3 =CH3, R4=H, R5 CH3 and R6
R3 Exanpl e 95: Compound of formula
PLY/US2010/0226F% anpl €

R3 \.

=\F, -

und of formula VI: R3=Me, R4=H, R5=CH3 and R6 = rS ..... .. N.)
10N3 Exanpl e 98: Conpound of forrmula VI: R3=Me, R4=H, R5=CH3 and R6 =
r nd R6 =
FraibP2Y Coffbol oyt 30 RENR., IFHEER-TERCR RP T8 ol ¢ 100,
of formula™: R3=Me, R4=H, R5=CH3 and R6 = rN-L 15\NI), Exanple
ound of fdkmula VI: R3=Me, R4=H, R5=CH3 and R6 =
NS~

10

15

(o}

H

Example 121: Compound of formula VI:

NHAc

K] N
):N
\/\/\/0

H

Example 122: Compound of formula VI:

\/\/\/%:«fH

H

Example 123: Compound of formula VI:

\/\/\/N\© |

H

Example 124: Compound of formula VI:

\/\/\/N\@

H

Example 125: Compound of formula VI:

\/\/\/N\©\ |

H

Example 126: Compound of formula VI:

NN N\©\0M6 |

H

Example 127: Compound of formula VI:

NN N\©\CI |

H

RgZMG, R4:H, R5:CH3 and R6 =

R3=Me, R4:H, R5:CH3 and R6 =

R3=Me, R4:H, R5:CH3 and R6 =

R3=Me, R4:H, R5:CH3 and R6 =

R3=Me, R4:H, R5:CH3 and R6 =

RgZMG, R4:H, R5:CH3 and R6 =

RgZMG, R4:H, R5:CH3 and R6 =
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r(o, \./N?./.."""; [Exanple 102: Conpound of fornula VI: R3=Me, R4=H,
R5=CH3 and R6 = re y.?./N ) Exanple 103: Conpound of formula VI: R3=M,
R4=H, R5¢Bomndss’® = 5 Exanple 104: Conpound of fornmulpaTs20168=vks R4=H,
R5=CH3 and R6 = Exanple 105: Conmpound of formula VI: R3=Me, R4=H, R5=CH3

and R6

rNO ,N..) Exanple 106: Conpound of formula VI: R3=Me, R4=H,

R5=CH3 ang 591 12 £ 1 N REprrrR IJIOJ npound of formul a
VI: R3=Me,  RAZH ésc%%ounddp fgrmula Vi 4‘&"’ TR =CH dnd Exanpl e 108:

Conpound o\f/\f/owyhlaVl R3=Me, R4=H, R5=CH3 and R6 = 0 \N.

10

15

20

25

F-

H

Example 129: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =
|

SN
QL
I
Example 130: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =
|

NN N\C(C'
¢l; and

Example 131: Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =
I

\NVNO\CF

3 0

A further embodiment of the present invention includes pharmaceutical
compositions comprising any single compound delineated herein, or a pharmaceutically
acceptable salt, ester, solvate, or prodrug thereof, with a pharmaceutically acceptable
carrier or excipient.

Yet another embodiment of the present invention is a pharmaceutical composition
comprising a combination of two or more compounds delineated herein, or a
pharmaceutically acceptable salt, ester, solvate, or prodrug thereof, with a
pharmaceutically acceptable carrier or excipient.

Yet a further embodiment of the present invention is a pharmaceutical
composition comprising any single compound delineated herein in combination with one
or more HCV compounds known in the art, or a pharmaceutically acceptable salt, ester,
solvate, or prodrug thereof, with a pharmaceutically acceptable carrier or excipient.

It will be appreciated that reference herein to therapy and/or treatment includes,
but is not limited to prevention, retardation, prophylaxis, therapy and cure of the disease.
It will further be appreciated that references herein to treatment or prophylaxis of HCV
infection includes treatment or prophylaxis of HCV-associated disease such as liver

fibrosis, cirrhosis and hepatocellular carcinoma.
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, 15 Exanpl e 109: Compound of fornmula VI: R3=Me, R4=H, R5=CH3 and R6 = 0.-0
\/N E. Exanple 110: Corrpound of fornmula VI: R3=Me, R4=H, R5=CH3 and R6 =

0,---0 \"wo0.2010/088573. " . . " .. ... ... ,N.,...?; Exanpl e 111pcCuspaunckeos
formula VI: R3=Me, R4H RSCHBandRG 0---0 V.?./.?/N?? Bn ; Exanple
112: Conpound of formula VI: R3=Me, R4=H, R5=CH3 and R6 = 0.--0 V.\/./"?,)

100 2 Examphy o e b g St B a0 7

R5=CH3 andofRin=ono or more asymmetric carbon atoms and may exist in racemic,
diastereoisomeric, and optically active forms. It will still be appreciated that certain
compounds of the present invention may exist in different tautomeric forms. All

5  tautomers are contemplated to be within the scope of the present invention.

It will be further appreciated that the compounds of the invention, or their
pharmaceutically acceptable salts, stereoisomers, tautomers, prodrugs or salt of a prodrug
thereof, can be administered as the sole active pharmaceutical agent, or used in
combination with one or more agents to treat or prevent hepatitis C infections or the

10  symptoms associated with HCV infection. Other agents to be administered in
combination with a compound or combination of compounds of the invention include
therapies for disease caused by HCV infection that suppresses HCV viral replication by
direct or indirect mechanisms. These include agents such as host immune modulators (for
example, interferon-alpha, pegylated interferon-alpha, interferon-beta, interferon-gamma,

15  CpG oligonucleotides and the like), or antiviral compounds that inhibit host cellular
functions such as inosine monophosphate dehydrogenase (for example, ribavirin and the
like). Also included are cytokines that modulate immune function. Also included are
vaccines which comprise HCV antigens or antigen adjuvant combinations directed
against HCV. Also included are agents that interact with host cellular components to

20  Dblock viral protein synthesis by inhibiting the internal ribosome entry site (IRES) initiated
translation step of HCV viral replication or to block viral particle maturation and release
with agents targeted toward the viroporin family of membrane proteins such as, for
example, HCV P7 and the like. Other agents to be administered in combination with a
compound of the present invention include any agent or combination of agents that inhibit

25  the replication of HCV by targeting proteins of the viral genome involved in the viral
replication. These agents include but are not limited to other inhibitors of HCV RNA
dependent RNA polymerase such as, for example, nucleoside type polymerase inhibitors
described in WO 01/90121(A2), or US 6348587B1 or WO 01/60315 or WO 01/32153 or
non-nucleoside inhibitors such as, for example, benzimidazole polymerase inhibitors

30  described in EP 1 162196Al1 or WO 02/04425.

Accordingly, one aspect of the invention is directed to a method for treating or
preventing an infection caused by an RNA-containing virus comprising co-administering

to a patient in need of such treatment one or more agents selected from the group
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---0 Exanple 115: Compound of fornmula VI: R3=Me, R4=H, R5=CH3 and R6 =
Exanpl e 116: Conpound of forrmula VI: R3=Me, R4=H, R5=CH3 and R6 = 10 H2
\N' N ' Nvd20iossszsanpl e 117: Conpound of fornula VI: ReeWas2R4mbie7HR5=CH3
and R6 = \............... e ".N--"4(NH O ; Exanple 118: Conpound of
formula VI: R3=Me, R4=H, R5=CH3 and R6 = ro..... N

i i o A, SRR P L
Conpound Gferdodrwiitih a thékapeRBcally, cfiRdtit, anREmEChiBa asrdp&RidorcbmbMation of
AEEEEEEEE compounds '0} fhlél-ir_l\\fe'nﬁog,;or a pharmaceutically acceptable salt, stereoisomer,
tautomer, prodrug, salt of a prodrug, or combination thereof. Examples of the host
5  immune modulator are, but not limited to, interferon-alpha, pegylated-interferon-alpha,
interferon-beta, interferon-gamrna, a cytokine, a vaccine, and a vaccine comprising an
antigen and an adjuvant, and said second antiviral agent inhibits replication of HCV either
by inhibiting host cellular functions associated with viral replication or by targeting
proteins of the viral genome.

10 Further aspect of the invention is directed to a method of treating or preventing
infection caused by an RNA-containing virus comprising co-administering to a patient in
need of such treatment an agent or combination of agents that treat or alleviate symptoms
of HCV infection including cirrhosis and inflammation of the liver, with a therapeutically
effective amount of a compound or combination of compounds of the invention, or a

15  pharmaceutically acceptable salt, stereoisomer, tautomer, prodrug, salt of a prodrug, or
combination thercof. Yet another aspect of the invention provides a method of treating or
preventing infection caused by an RNA-containing virus comprising co-administering to
a patient in need of such treatment one or more agents that treat patients for discase
caused by hepatitis B (HBV) infection, with a therapeutically effective amount of a

20  compound or a combination of compounds of the invention, or a pharmaceutically
acceptable salt, stereoisomer, tautomer, prodrug, salt of a prodrug, or combination
thereof. An agent that treats patients for disease caused by hepatitis B (HBV) infection
may be for example, but not limited thereto, L- deoxythymidine, adefovir, lamivudine or
tenfovir, or any combination thereof. Example of the RNA-containing virus includes, but

25  not limited to, hepatitis C virus (HCV).

Another aspect of the invention provides a method of treating or preventing
infection caused by an RNA-containing virus comprising co-administering to a patient in
need of such treatment one or more agents that treat patients for disease caused by human
immunodeficiency virus (HIV) infection, with a therapeutically effective amount of a

30  compound or a combination of compounds of the invention, or a pharmaceutically
acceptable salt, stereoisomer, tautomer, prodrug, salt of a prodrug, or combination
thereof. The agent that treats patients for disease caused by human immunodeficiency

virus (HIV) infection may include, but is not limited thereto, ritonavir, lopinavir,
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Exanpl e 121: Compound of fornmula VI: R3=Me, R4=H, R5=CH3 and R6 = y-?.10
., 5 Exanple 122: Conpound of fornmula VI: R3=Me, R4=H, R5=CH3 and R6 =/ 0
. Exanpl ewd2810/088svpound of formula VI: R3=Me, R4=H, R5=@d3/mpeioltes V?./\.)
Exanpl e 124: Compound of fornmula VI: R3=Me, R4=H, R5=CH3 and R6 = y.?./.7?2/1
Br; Exanple 125: Conpound of fornula VI: R3=Me, R4=H, R5=CH3 and R6 =

2. 2.1 | . 4sie. Ra=CH3 and R6 =
§\ /.21 gza%ﬁ{m ri%é%?%vﬁ’g? it . @ Feg%ﬂg ?afzy'{*agrlﬁua?%vlﬁ R3= I\}Ei RA~H,  RS-CHB

and R6 = fosaﬁpre;nawExzaxiqyludlnEZEml\@milmmodraidn(msﬁna‘ stanudine, WinofdREs Welcitidmd), R5=CH3
:Eg Sg _ é]?a%ﬁxlfir,l)quavl%%(e%gp nleglra]fpzlge dcﬂl b 1nedTMfC E%’ TJé’/aOSYE S I1Q§6dveenqu1rtlye ("FS =CHs

20) or T-1249, or any combination thereof. Example of the RNA-containing virus
5 includes, but not limited to, hepatitis C virus (HCV). In addition, the present invention

provides the use of a compound or a combination of compounds of the invention, or a
therapeutically acceptable salt form, stereoisomer, or tautomer, prodrug, salt of a prodrug,
or combination thereof, and one or more agents selected from the group consisting of a
host immune modulator and a second antiviral agent, or a combination thereof, to prepare

10  a medicament for the treatment of an infection caused by an RNA-containing virus in a
patient, particularly hepatitis C virus. Examples of the host immune modulator are, but
not limited to, interferon-alpha, pegylated- interferon-alpha, interferon-beta, interferon-
gamma, a cytokine, a vaccine, and a vaccine comprising an antigen and an adjuvant, and
said second antiviral agent inhibits replication of HCV either by inhibiting host cellular

15  functions associated with viral replication or by targeting proteins of the viral genome.

When used in the above or other treatments, combination of compound or

compounds of the invention, together with one or more agents as defined herein above,
can be employed in pure form or, where such forms exist, in pharmaceutically acceptable
salt form, prodrug, salt of a prodrug, or combination thereof. Alternatively, such

20 combination of therapeutic agents can be administered as a pharmaceutical composition
containing a therapeutically effective amount of the compound or combination of
compounds of interest, or their pharmaceutically acceptable salt form, prodrugs, or salts
of the prodrug, in combination with one or more agents as defined hereinabove, and a
pharmaceutically acceptable carrier. Such pharmaceutical compositions can be used for

25  inhibiting the replication of an RNA-containing virus, particularly Hepatitis C virus
(HCV), by contacting said virus with said pharmaceutical composition. In addition, such
compositions are useful for the treatment or prevention of an infection caused by an
RNA-containing virus, particularly Hepatitis C virus (HCV).

Hence, further aspect of the invention is directed to a method of treating or

30  preventing infection caused by an RNA-containing virus, particularly a hepatitis C virus
(HCV), comprising administering to a patient in need of such treatment a pharmaceutical
composition comprising a compound or combination of compounds of the invention or a

pharmaceutically acceptable salt, stereoisomer, or tautomer, prodrug, salt of a prodrug, or
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5 Exanpl e 130: Conpound of formula VI: R3=Me, R4=H, R5=CH3 and R6 = |
y.?2./../INCl ; and Exanple 131: Conpound of fornula VI: R3=Me, R4=H, R5=CH3
and R6 = wo.2010088576€F3 . 10A further enbodi nent of the presastoionysnsi on

i ncl udes pharmaceutical conpositions conprising any single conmpound
delineated herein, or a pharmaceutically acceptable salt, ester, solvate,

or prodru 90&191%5@% vhﬁ%@iroﬁ *eé)rr%g ggf}%éér?g%g#teﬂs CRfihdd REGRRIAE] &d%?ﬂahﬁéce%cally

exci pi ent. Yet anot the present 1nventi
phar maceutéceplableaapasi ti on 15 corrprl sing a conbination of two or rmre

conpounds del i peat ed herei or a rmaceytical L.y acce bl e S ester,
ol vat o or - pr SRIGIPHEMEER 2 e R B e et 1 REBb B ATTBIEES 7Y or or
exci pi ent separate conf§dsitfonk WHidledre @IRAGL IBRAME kinfd R WARES & PredeRVBIHcE PRribS 2
pharmaceutical conposition conprising any single conpound delineated herein

i n corbi naf iioa, thhehth@raee@t@: ztgentmra@belgven@m@mgwwﬂttrdmmgq formhe art, or a

phar maceuti cal | ept sal ter u ereof wth
D oaceut cAPHETSEREAR sfrEbtucd TRt Kiin S0 BlfyipRlonthtShy fehydE hERLs

appr eci at e@nipdahdy &fteslepeels hbaeird ctfectiviaas aﬂﬂblathd/f@frmattﬂbﬁahmmepnleaidﬁctﬁs but
is not limted to prevention, retardation, prophylaxis, therapy and cure of

the di seaddruy i aympmitalipg]ading dubpslisticdtte agqrﬁSafthafr iafoatcEnv Bl chigrdiopt aro
treat ment, or cﬁ%X %&ées%{%g%% @%h%fa{?&&é orjr lﬁﬂc‘é%&?{f%%%ﬁ%m% al.

prophyl axi s o associ sease suc iver rosis, cirrhosis and
hepattﬁ:el Butteageaarcan meﬁaecte&\ﬁoﬂm&ﬂﬁ%ﬁ?m égﬁﬂ&h&ﬂMﬁlﬁﬂﬁtor an HAVt w || be
eciated that 'the conpounds of the present invention may contain

further r
one or "g“té ARdtan B Y dplyBitoTat ors and may exi st in racenic,
di ast er eoi Sorreb'ﬂ?er aﬁpq{@@ta% n\élu@@ttﬁo\é;@ a% tdhat a{rE ei%ét Ve%f' Jilhll §hlﬁggf eci at ed

that certain conpounds of e present invention may exist 1n différent
t aut oner i prefvemtimg théptog&ssmubﬁhqraﬂtlaﬂefetamnit@nmlttanm diseabe Snch hgamts he scope

of the present .i nvent be further. reci that the
conpounds T hal W deh RS oo el EAP S S SR S5Pe. sal (o,
ster e% S OByt Sase, okt PRARbiors Bf H@W@oﬂyﬁérﬁ@hﬁm@ﬁmr@ opamﬁ&garg&qﬁe&f HCVAlYe be
adm ni stered as the sole active pharnmaceutical agent, or used in

conbi nat i eyelekndotbeicensrHENragenigeineluding but veftlinitedipeibenirinhapanthding C

I nfecti On?evovmnhand viramidine.
Immunomodulatory agents include those agents (compounds or biologicals) that
are effective to enhance or potentiate the immune system response in a mammal.

20 Immunomodulatory agents include, but are not limited to, inosine monophosphate
dehydrogenase inhibitors such as VX-497 (merimepodib, Vertex Pharmaceuticals), class I
interferons, class Il interferons, consensus interferons, asialo-interferons pegylated
interferons and conjugated interferons, including but not limited to interferons conjugated
with other proteins including but not limited to human albumin. Class I interferons are a

25  group of interferons that all bind to receptor type I, including both naturally and
synthetically produced class I interferons, while class II interferons all bind to receptor
type II. Examples of class I interferons include, but are not limited to, [alpha]-, [beta]-,
[delta]-, [omega]-, and [tau]-interferons, while examples of class II interferons include,
but are not limited to, [gamma]-interferons.

30 Inhibitors of HCV NS3 protease include agents (compounds or biologicals) that
are effective to inhibit the function of HCV NS3 protease in a mammal. Inhibitors of
HCV NS3 protease include, but are not limited to, those compounds described in WO
99/07733,
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10 synptons associated with HCV infection. Oher agents to be adm ni stered
in conbination with a conpound or conbi nati on of conpounds of the invention
i ncl ude twenrapimss’Bor di sease caused by HCV infection tlpatr/seppnesses HCV
viral replication by direct or indirect nechani sns. These include agents
such as host inmmune nodul ators (for exanple, interferon-al pha, pegyl ated
interfero @'99}@@734 WENJorsR3EDRITa0 bOSAL LRD 80s9350Ry OLBMRGapH] gonucl eot § des
and the i or antiviral conpounds that inhibit host cellular functions
such as |M|Oa@6ﬁmmm%ﬂé5@éﬂﬁ@cﬂ0@g/@ﬁ%’ﬂ) Woroe4asmss, W bavirin and the

i notuded S0 GREER G S B DA TR ORI 36 L vant

conbi nat i onEs/gg56¢ ! Wi 2@RIERH55IGV0 AosW0b0S, wledasoaaRind Weat i nteract
with host cellular’ conponents to 20block viral protein synthesis by

i nhi bi® i ng0AtRO77A8 €alhby Botlyoponingettiy), VO 2(00FER), WQIi08/(e884P.t r ansl ati on

el oase wiapERAR BEPASNACI doPkEY i) PR A O MR

protei ns swghoeso46Tr, W(armbﬁosllziw WO m/amsm {(HEby BMBY Wap U430 1204 be
administered in conbination wWith a co nz(musnd the present invention

i ncl ude aWéQ%@%ﬂr%cm%%/iW%fW <0 HORA? (qlhl}’ﬂ BrantpsWhe repl i catl on
f HCV b
0 yzé@sr@ﬁ%z'lﬂ%n% tuﬁé ncI v gtft@%ﬂ@éo ﬁ%p&ﬁf% {%‘éigh%/ gﬂldkc%tésqge \Hﬁ%

replication at "are er Tnhibrtors
of HCM RNésVKp%ﬂjél’lMl\RM mlsmnrsaseszsuch as, for exanple, nucleoside type
pol ynerase inhihitors described in WO Q1/ 9012 (A2), or S 634 87B1 or WO
01/ 60315 or WOHMbitery aHEY RPE)‘F‘?FGE‘? i96g 85 HicBmPBYRds O H)%&lca Péhatesanpl e,

benzi m dazglg;ve Q(l) Wl%@ ﬂ?tﬁlﬁ'o}? N FICQQ{)&gﬁl%faﬁQ &dich Bitoks ﬁi@ﬁ%l% Gt oy VIO

02/ 04425. Accor di ng one aspec e tnvention is directed to a
met hod f onottlimedtd tognar- mmlmehtalndgualnomdﬁ mbtbitors fAUSENIHB polyRBlAscont ai ni ng

virus conprisin mn toa ent in ed aof such treatnent
one_or - moPs e ELEE Y shfeirded BT s oBa i ip B ts001 0/ 059675
COHS'%' NBorR oﬁd@@@sicnb@&‘ﬁan(')‘OQWMQ?rW@'”tFB/(ﬁ)?@%CW@) @ndviomupalvargent, or a
combi nation thereof, with a therapeutically effective anount of a conpound

or conbi n83/0bkl 4t Wﬁﬁ%ﬂ@@%fW@léOQ%Q@ﬁ%VoWO 23(?054)&%% m&&% cally

t abl
conti nat1 opOTNo3 AT BEROMEeer b hEMRL WO S s R e frsP B P
linmted tQQ03/0Or4HB ¢Japhn Tbhdao), mymm@mgm@éﬁem@pwomememmr(meM) bet a,
interferon t oki ne a vaccCl ne a _vaccl ne conpri sl ng
ant i gen aN‘é(SJQﬁ Rupdhoccrn) S0 SEsna GRS SR bdBsd (o Bobeo)
"epl 50t i oy Qo BEMEL NSantor B Dl RO RS Gelibbakr] w1ssi gy RRSRET at ed

wth wra? replcat by tar etlng pro the viral geno
10Furt her 16XpaciN®f2&3he i nvention is directed to a nmethod of treatl ng or

preventing infecti.on caused by an RNA- taining virus conprisin
co- adni ni steri Hgﬂlfl&s)r%\o Fheh argqt Hﬁ&@&{éngfaewl% %I’éﬁtdﬁéa?ntwoa@@ﬁ?g r

combi nat Bf&légl%a?%%t%ret éT?ctctl% RAhn DIt B fo‘i’%ﬁhﬁ&?arﬁi)/éﬂ%%@'fﬁ%ﬁ@ o {r¥ v fih&et 1 on

including cirtr is and | ammat i on of 1 ver a therapeutically
ef f ect i vethambynuohibiting tlmmfmpommdofdhe HE6VONRA prateasef Swbrmgents dwy ofitetfbie with

i nve or . a 15 rmaceutical ly acce bl alt, stereois [ aut oner,
T T R T e e B e S N e

the i nvenyicon 1RKiBM64$ afothBLQE: i@fthd HEAt [iRGEyOlk iRFIEXKEBL £8 nbiiBREd QN caused
by an RNA-containing virus conprising co-adnmnistering to
entry inhibitors, agents that inhibit a target selected from a helicase, a NS2/3 protease and
an internal ribosome entry site (IRES) and agents that interfere with the function of other
viral targets including but not limited to an NS5A protein and an NS4B protein.
30 It can occur that a patient may be co-infected with hepatitis C virus and one or
more other viruses, including but not limited to human immunodeficiency virus (HIV),

hepatitis A virus (HAV) and hepatitis B virus (HBV). Thus also contemplated is

combination therapy to treat such co-infections by co-administering a compound
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a patient in need of such treatment one or nore agents that treat patients
for di sease caused by hepatitis B (HBV) infection, with a therapeutically
ef fecti vewermownissaB a 20 conpound or a conbi nation of coeopaspes/onofe7s he

i nvention, or a pharnmaceutically acceptable salt, stereoisoner, tautoner,
prodrug, salt of a prodrug, or conbination thereof An agent that treats
patients i - ttd i I Yy Béhibi

exanpl e, %%[Oﬂﬂggﬁf@g' f%gﬁ'? ﬂvee?%lto %W@-* géggtx%e(ﬁ?%yﬁlxg?ﬁgggf?g%l r, arlrllB 1\%rdi ne
or tenfovamnd amHBAwhibatobi nati on t hereof. Exanpl e of the RNA-containing
virus includes, but 25not limted to, hepatitis C virus (HCV).

Anot her aspect of the invention provides a nethod of treating or preventing
i nfecti onpgapsds by an RNA-contai ning virus conprising co-admnistering to
a patient 1n need of such treatnment one or nore agents that treat patients
for disease calsed tjovhareedelinmons otledriceis éaroy vsed oglegibg)thismieotipon, with a
therapeutical l y.effective, amount of .a 30 co und or .a comhi nation, of
conpounds TBreaTisTE SRS Hps gh sRveioe GRATEPEn S ol ST B

st er eoi sopRIms, LakbOEMErwiRY 10diietDin spadific AstAce, OfilfidtIndiCidusIONdH RPhit@ at her eof
The agent that treats patients for disease caused by human i mmunodefi ci ency
virus (Hi qufﬁf@@ti on may include, but is not limted thereto, ritonavir,
Lopi navi r, VIO 3040/ Q3ARTSRCTLISA010/,08265, 4B N YL vy IR BB Eic ring

saqui navir, anpreénavir,” ‘atazanavir,’ tipranavir, - , tosanprenavir,

zi dovi@li neystdnamcludiig) ®ut bt diarieditoehesylanaphiing, tetrgydfarphthylz aldanylabi ne,
abacavir,  efavirenz, nevirapine, delavirdine, TMC 125, L-870812, S-1360,
enfuvirti Hjé’nﬁf- 20) or T-1249, or any conbination thereof. Exanple of the
RNA- cont ai ni ngui ey e km . Lk :r us
(HCV). In addi tT }{éo%&ﬁlt ﬁ%@gdraggg’eidts u?ﬁ%%?%’oﬂr?%p% {oo\e/aiqélggo t#geﬁfs?gélgfarg}n\égénpound or
a conbi natddoral bivicgopoumndsreaingtateniseleend from S,dD axl Nhexdthe u¢rhaainigying

acceptable salt form stereoi soner, or .tautaomer, prodrug, salt of a
prodrug,  BPTEGRBIHAL SHCFHEFBOR O RPnEHRs o T s ik O6 aPBRIRE 11 om ¢ he
gr oup1 & ongkidiAAH&Eroaryl aRlude SIS dTRtuliRl 08, RRding 1, $9e00H1 3 inMimgl, agent,
or a conbination thereof, to prepare 10 a nedi canent for the treatnent of
an i nf ect bpmolyhpsesdolyl imrdapnlal, dloazadylnpxryolyilrisepxiarolal, guadierelyl, pradiazelyl.ar | y
hepatitis, ,C virus. EX l.es. of .the. host, i nmun ul ator_ar but not
hited © Gorishd? i iAol sl mafEl. bR EPERb &SRR ort er on- bet a,
i nterferoguigaxamyl.a cytokine, a vaccine, and a vaccine conprising an
antigen and an adjuvant, and said second antiviral agent inhibits

replication of IHEgoulaperawithfhejinynsiop; sy aidkg aryls) substtedsrylpdictaspayls
assochmt e | VA ' j j . I NS he viral
genorcr%(fl gnd,\g&bsw\gherduse tgé@%fs@%%d@%%%re@%’ C%@Eew a[r}grgtg t{lé’%r,‘[%gﬂ égé%fgtgti on of
conpound groupoopoheidstithitet lve uhsubstituiedn, together with one or nore agents as

defined herein_above, can be enployed in pyre formar, ere such forns
exist, in phar E@lﬁ‘?lfcél'p? ol et a%u-glzsaé!?ﬁ,”@éwﬁd hsr s rt%%agﬂfraf&_g, a
prodrug, S’t'faigl‘i{[‘@f El%ﬁélféﬁ-cﬁlgﬁ{jlﬁr@focar‘ﬂoh‘%%dléélé é’(ﬁltéénin Wehvefl oﬁlgﬁié’d(l) ﬁi%h{, gp_of

t herapeutic agents can be a nistered as a pharmaceuti ca osition

cont ai ni ngnaartcherchpaathonaltdnys, efspecivielse Eaamples 06 € 4h @lkyd raplocahsdnoude, but

conbi nation of ..co nd f |nterest, or their pharmaceutical] ccept abl e
Sore A8, AR LR et sy SropRE sy b Sl BETBEL bR i GSE o
nor e agenhptsand@fciylegiifgyd: ahdakavsles &MU -@,,RMa) RGeS incRlk YouaaraRk abl e

carrier. S_uc_:ﬁ1 phar maceuti cal conpositions can be used for 25inhibiting the
replicati bmited tagthiNAremhtiadmppg. vhexd, oghdr décylildad¢ay] Fdiratsitis C virus
(HCV), by contagcting.sai i rus,wth,sal d phar eutical conposition. In
St on such 16 I8 REGHIGYE B AR RIS AL B b RTRE AT on o
an i nf ect hpdrocabsieehditylsannfaiin € ABaW0Ito Gight EdtBon Pafisihavihakt adtepatitis C

viruggﬁkmxo. Hence, further as&gct of the invention is directed to a nethod
of tr&ati Ayber-cabondaydebeibby Hesemnpvh of asdels ygrogsn riom.cOHeay rawPSyi r us,
particul a i ths . ir , [ Sd 1 Qi st el NG 1

Dot ont |l MERR A ifed X WE AR, ol AR PITEA, BB, FRRINIESRR, g
conpound o+l deptenplabctonylpindcthapkeinds of the invention or a pharmaceutically
acceptabl e salt, stereoi soner, or tautoner, prodrug, salt of a prodrug, or
WO 2010/ 088573PCT/ US2010/ 022675 conbi nati on thereof, one or nore agents as
defi ned herei nabove, and a pharmaceutically acceptable carrier. When
adm ni stered as a conbi nation, the therapeutic agents can be fornul ated as
separate conpositions which are givemeat the sanme tine or wwthin a

pr edet er mi ned peri od



50f tinme, or the therapeutic agents can be given as a single unit dosage

form Antiviral agents contenplated for use in such conbination
t her apy iwol2anh@ssegsnt s (conpounds or biol ogi cals) that acewbiwoticve to
inhibit the formation and/or replication of a virus in a mammal, including

but not limted to agents that interfere with either host or viral

mechani sns Necefs iy 4Qlc Le 0P HBLI A AR/ Ofor [EPlal Rt hrRaRhedclfdif Us 1N a
manmal . 10 Such agents can enfyse ecteeg1 Fen'g% glrrloot earéhantrl t eag%er%t; an HV
i nhi bi t or hydmcdiban raldiuatsldontamlmgnﬂomrtwidB&'elghhcd:rbd)maton@hhemganlehstldﬁk/ agents

includetho t are effective for ni shi n reventing the
e aesi e S Ty Bond e R hEr RetciyTitc Bed? QR RNt s P el e
but are antk%zh VIBrb @A ihQuddNBUNREREUlALE %, REQRASple! AR R fp9i‘1 yIHEV N53 15

pr ot ease her  inhibitors of HCV polynerase, inhibitors anot her target
in thed HC‘dutb'nYIeh@NYil}é eotichybtandithealitd. - HCV agents, including but not linited

boent o i nel uie TR BV Rt B Ao g R @a?cmﬁedthﬁaefné?%r55322?73?

to enhanc;hoabcmbaflpb@bﬁclﬁc@@tutmmu%@ysn@ﬂhge@ﬁpmﬁla iBxapBorak-Cs20
| mmunonodul at ory agents include, but are not limted to, inosine

nonophos phytlealkdn Wgéhfa@é linnter 9.ty e9PEWE h CxeloRnty  gyclppasty nesiicryl. Ver t ex
Fgf‘reg?g reghgé&%e% vl aﬁJi ?i@ ety 1INhEf SGH gﬁg%atf? Et%ﬁ : gélPélﬁ%l%&ﬁaé) "t n&?ﬂﬁfé&sus

asi-al fons pe ns and conj ugat ed
i nterf@r ot pyctlﬂplbp}ZlL ag:ldhuttylnqtcldpemyﬂ egtclobextyhttesfoby [ﬁ&l}:lmpjtﬂgatdaﬂcwld h ot her
proteins incl ud| ng but not limted to human albumn. Cass | interferons
are a 259[70%5 8k nterferons that all bind to receptor type |, including
both nat ural | yrapftrayet el ehicin v goced &&@15&%}1 NGLLERORE, rtbishe ol ass
Il interferons a bind to receptor type : les o
interfer onmnomlliudepollyuycharcerhmoyclimrmgtc@mnoond hatlpg]at]least phxed:eapen ca[rtiexi ta] -

BTN T A ot e U A R Y P A nsHcv

N53 pi®t eaﬁc@owﬂéﬂym ct%a@g&ﬂé@l(@@mh%g@ QEloRERERY] @@b&teﬁﬁa&n@m ligéfpat i ve

to inhibit the funcfion of dproteaselnamamra I nhi bitors of HCV
N53 prot ea@énplmcbf&heCulﬁmloak@lyr}umcm cnbutawt timited kp sEclopiopouidyclhbstsnibed i n

00/ 09543, NSOIB8b5 IS B, DIER R f GfBubano B B oeause, o

2004/ 030670, \\Qi20RHH-H3TBHE: arQIRAOA 98By WA LERMALGL 62ty WQcribed
2004/ 101605, WD 2004/ 103996, WO 2005/ 028501, WD 2005/ 070955, WO

2006/ 0000BFcingeN 2b0drE0 ZTiphetisrEoNIDAE aharsic GIRTOY A hetqrogyeliBEEND: rger

2001 03265 P08 200 DaT5Is T ey o8B T a8 EAY B iy BTk GO oo

2005/ 0514 40ms\¥3 205/ &Ad Ialogah htobns, B&g@:n, ML 20t/ oDhe2 2663 s, YW @RMHHAANY3798,

WO 2004/ 113365, WO 2005/Q10029 (all 2005/ 037214 (] nt er nune)
and WO 208%1E8PH80T [ISEhWH S ns W&“?Ihé’ %éﬁ&i’@a’tﬂé@o IR PPRdse @0 pHPAIO/X- 950,

| TMN- 191 I gents
(conpoundgﬂﬁp bi otfrég%%gi“ ghamei%iabllaggﬁeéae&fr? gcézltlc?%/ned W%fe?%ﬁywﬂﬁf%ét?%%%jﬁgﬁ of an
HCV pol ynmé raaé ebousdd [raiboh |atnrm$ mer¢ typlaatie between abait cind Iabmtt l@ctatbmn atoms.

non | e e .and si de i.nhi bitor f .HCV NS5B rreras Exanpl es
o e B R e oS et SR e R BB e nosa 5

cormounds slosikbk R 14 Ruch/iR hAQLAY, WO
03/010141" 3\0 2004/°064925, %Q% %2\4867%% 200{5/%0,;%8 and WO
2006/ 00769>smqrel¢| Smh%tpéhtnq grgepsmngbt futhey SubADURG05/ 049622 (Japan Tobacco),

WO 2005/ 014543 an. fohacco 2002/ Genel al 087714
(RN - 0 03/ 103053 eNEngEn e MR oloBsas Y CaRelt Sy §9 600505 ( Sapan
Tobacco) , mddo@antic m&%w&&aa&d amacianb a@g@pmpaitl bhtheebmova al a cimgtli dat es
XTL-2125, HCV 796, R1626 and NM 283 I nhi bitors of another target in
the H&V | hydfogwrt@rm AR Iges arfdwrcs byt hsisdso.syclopwylicrdpaytyk hat ar e

ef fective han by
AR R SR St e L R A Sl Tl
w th 25 egﬂh@SthbbﬁmﬂmH@MxMhﬂai mechani sms necessary for the formation
and/or replication of HCV Inhibitors of another target in the HCV life
cycle include, but are not Iimted to, entry inhibitors, agents that
inhibit a target selected froma helicase, a N52/3 protease and an interna
ri bosonme entry site (IRES) and agents that interfere with the function of
other viral targets including but not27limted to an NS5A protein and an
NS4B pr ot ei n.



30t can occur that a patient may be co-infected with hepatitis C virus and
one or nore other viruses, including but not limted to human

i munodefwoizervmgssrsrus (H V), hepatitis A virus (HAV) ardthspabioticss B virus
(HBV). Thus al so contenplated is conbination therapy to treat such
co-infections by co-adm nistering a conpound WO

2010/ 088573PCTh} a O nﬁ&%%@dﬁegpr‘% c}c@oaﬁ)ﬂ?’ Peirfat?eeﬁktedh'ﬁ_% ﬂr%ﬁg%wah@ at

| east one of an tor |nh| I"tor and an tor
Def i ni t i ongerr&l fosit rea-dvednatic angodebi- or tri-oygicgroyafusalisysteer, vehers@deach

describe this invention. These definitions apply to t terns as t are
used t hr ofi§&SYXCT FPLIS aticrst OBF ATRICAIE &Y 8? p %ﬁ?eg%cée%o‘?%row&eél f“ilﬁ'\r%/ed in

speci fic hRFHABESS (11)eéam%g ispAbMicanBe batw@iedat R@thraR (B) |tl%ﬂﬁr6g@{éﬂélp
The term"aryl,™ as used herein, refers to a nono- or polycyclic

car bodycl Bldfurihﬁtyrmysmmph@laﬁdlbﬁ@xubmd (o) the iniagend hﬁ@roatﬂmmﬂly napht hyl ,
tetrahydronac%é11 él dancyil g . . The ter tete %t " as used
her ei n { &u%ﬂlz (rV)S?}Yy &]}‘SFP%V arsiat e er g&ﬁ c IR bcrbl?'?e or nore
ring at omuselverthe eerhdifit BingQtdRdartica®of aldd® WIBOR iy optidghlBlaxas ar e
carbon, wherein any N or S contained within the ring may be optionally
150xi di zetubsppites septgbylserocyslic gr%uma@cludwwe%e fet llrpgt?d i@ hyt

I |yl
izl vt CioBYh TRl biny RYLEOLNb, HEAINA Sk AR, Mok ASE Yt
qui nol0 nybl,penamgummkaznwll,,oxbmlﬂilmlﬂa@ca}zylhdmjdeﬁmqﬂmanpﬂ ;Hlazoqmmyt;xal i nyl .

In accordance with the invention, any of the aryls, i tuted ryls
het er oar y[5€t %OHW&YL&B%F% s pyrideapeaiyand %fé@é’?i’foé% %h?erwﬁ he any

aromatic gfo%?Pmaf%@@ﬁrtﬂe?s%s@MRéd.ca” be substituted or unsubstituted.
The ternms " Cl-C8 al kyl," or "Cl-Cl2 al kyl," as used herein, refer to

saturated, st rihgtﬁrm ‘tsubshinacﬂihe&rs:ttmesiuhsthyuimdo,}amldqwndetdirqahcﬁmnbﬁd)rwi, ng

bet ween one an or. one twel ve carba res ect|

et o Bro- &1 gt S iyic 014l RPaon iR el o i SRS R DR ot et byt
et hyl 15 pr apyted td, sprlmnyalr Ind@ptpyétect&@wdrm?t yNoer@pemg,y INH Npld@e¥dd. heptyl
and octyl radi cal s and exampl'es of CIl-C radi cal s include, but are

not |im temmaoxmtlmwo -Dtb PyHC 12- ialé:mbrlﬁﬁy(ﬂz-CnaeraxAl -Nid€hyTs-al s -Nfﬂﬁdecyl

radi cal s. The re Q.straight- or

br anched- gllfa? 1811 ﬁ?%%’rlf mﬂ%tgﬁogry@oﬁ% T’erog?y? P%H']rﬁéﬁe]&fagméﬁﬂt car bon

at ons havufagylahmbeaﬁﬁet@aay&@mﬁar 000 -CH-41RY, OUBLE-dRAY1bY-Che Lyl of a

si ngl e hydrogen atom_ Al keny b 8rou ps include, but are not limted to, for
a

exanpl e,  Erhehytrcychabpdmi-arybuPdipyiroaryl, n@th‘?ﬁo%’ﬁkﬂﬁil@hrcf@) Cirépr-alyl. ;
b e%d E@g E/Fh%gé‘i‘?&&é\ﬁ@r e?gogﬁ%ﬁ gfﬁ@%r al’c %%l%@ﬂ%l g??c?{gpecﬁ in
hydr ocar bbﬂelroatyl c81(6)-hottaaycloagyf, F@@NHQD—(I(M\IHL(gthqu]{}prC@NHF& davi ng at
2t o RO SSENLHPhe, BB, e LEINAL OB STy o0
exanpl e,  gLiBAW1, -CoNMT MR yclohtkyRRBCONVE et NcoLeL Y ¥lkendf)d the i ke.
0C0,-C,-Cs-alkynyl, -OCO,-C;-C;,-cycloalkyl, -OCO,-aryl, -OCO;-heteroaryl, -OCO,-
25  heterocycloalkyl, -OCONH,, -OCONH-C;-C;-alkyl, -OCONH-C,-Cs-alkenyl, -
OCONH-C,-Cs-alkynyl, -OCONH-C;-C,-cycloalkyl, -OCONH-aryl, -OCONH-
heteroaryl, -OCONH- heterocycloalkyl, -NHC(O)-C,-C;-alkyl, -NHC(O)-C,-Cg-alkenyl,
-NHC(0)-C,-Cs-alkynyl, -NHC(O)-Cs-Ci,-cycloalkyl, -NHC(O)-aryl, -NHC(O)-
heteroaryl, -NHC(O)-heterocycloalkyl, -NHCO,-C,-Cy,-alkyl, -NHCO,-C,-Cs-alkenyl, -
30 NHCO;- C,-Cg-alkynyl, -NHCO,-C;3-Ci,-cycloalkyl, -NHCO;-aryl, -NHCO,-heteroaryl, -
NHCO;- heterocycloalkyl, -NHC(O)NH;, -NHC(O)NH-C,-C,;-alkyl, -NHC(O)NH-C,-
Cs-alkenyl, -NHC(O)NH-C,-Cs-alkynyl, -NHC(O)NH-Cs-Ci,-cycloalkyl, -NHC(O)NH-
aryl, -NHC(O)NH-heteroaryl, -NHC(O)NH-heterocycloalkyl, NHC(S)NH,, -NHC(S)NH-
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The term "C3-C8-cycl oal kyl ", or "C3-Cl2-cycloal kyl,"” as used herein, refers
to a nonocyclic or polycyclic saturated carbocyclic ring conpound. Exanples
of C3- C8-woyoiommsbicyl include, but not linmted to, cyclopcepskeiooystobutyl,
cycl opentyl, cycl ohexyl, cyclopentyl and cycl ooctyl; and exanpl es of
C3-C12-cycl oal kyl include, but not Iinited 10t o, cycl opropyl, cycl obutyl,

cycl opent w&:g%%%%%gﬁtk%)ny. ¢ S_aﬂ( PNM' ,-@n ?Ik? ﬁy%@c SéN?I é octyl .

The term' or "C3- C12 cyc eny as used hereln,

refers toCﬁaacwbqadi{ych\H{CQSaNHeqmll HEHEES dt-heteroaryli NHC@EWOND havi ng at

e RO R Bt SR e e

cycl ohexegbnylCXaOMaRINIX . CLMRIBICNGNV(INH Likgalkand exanpl es of
C3-C12 cycl o%l kenyl i ncl ude2 gbut*ﬂr?[gt limted tggrtgf/c}]op? o%eny

%gl loﬁg eNﬁC(_I\lﬂbNngle'ht éﬂﬂﬂ(NH)Mi bﬁew@rg&,l -NPL@(NPb)h&bﬁletngdCzcloylggegt glngiil kalnd
noi ety deyﬁqm%z]eﬁ %Egaﬂ\&@?@%ﬁgﬁ g‘Jﬁ ﬁ?ﬁ\’%ﬁ ﬁﬁ@@ﬁ%?ﬁ %ﬂ(%ﬂ MK cyc?/l c groﬁp

or a het eN@IIS/(NH)OCQCQL@cloQ\IkyPQNTM(N@DBJr%IC “NHCQUH)-hste®aRANNHOME)-C moi ety

that may contain any conbi nation of carbon atons, hydr y3en at ons, hal ogen

at ons, ox?@éWCYﬁP%lkﬂgéFﬂ\Hi)l\Hi ferCratbs, Cﬁﬂd)}@étqzo(ﬁfa@ kgnyd ot HANBNE2-65- nor e

uni ts of phatic group
may be strli}?%h al ng i€ rléng%&%k ctycﬁlf\%fél I@‘fﬁg\q‘gbq Oc%kffai ns between
igouﬂ% a@dNHb)Nchei’ﬁiiiroQ&(tjdgd{ylalS(m)scl @{ﬁlkyypsgiajdd:ycbetmﬁ@ln 80LC,- ﬂ:lgand about
carbon atons n addit phati ¢ rocar bon groups, i phatic

gr oups ine $é? -“exSrpive Oaﬁai y§|%95> D 43S pg%ege{%yl sS@r%ferw%ﬁékq

gl ycol s, _)fgqn force e. I groups nmay
be further su Sztlt N@@d & a)/kly"lll‘1 gé?}éﬁn% S %51%@95%1 S,O%’Ugi; Cﬁzséeggaﬁgéﬂrl}gl n, denotes
a nonoval S@bNﬂF@jﬂﬁlzekaMoaH«ylf -SOpNH- amlneﬁﬁmﬁlmemroabjrlcﬁﬂzil\ﬁi slatanocaztchxalkyl

car bocycl i j.ng, conmpound h vaI Si e

Eanpl oo MEPRAE: Gupibr NS e FoRe gyl SHRR L YR B O e apent v

cycl Ofexy bycIQIENCNASE, Ryl %ﬁ'ﬁ@@ﬂleﬁert@iﬂ?l by 180). ol cfoc cRbIIGELEHNRYCH

alicyclic groups may be further subs ut ed

2010/ 0885¢ 8RO US20a9), 623 Bifle/ L, -heteroamHe-hetgransy laligt, eh%@y@yqlwﬂ(ﬁr -C3-Cip-
"het er ocycl gal ed | ercha eabl and re err

non- ar omaty €% rlf{(%gpoé}'ﬁgo’ﬁ'alkyi potb?ai 05‘9/'(31 | c gygl thXﬁ’séI&e Wity r?lxy\/\ﬁglre (i) each
ring systemaealkal, iS-BICL dRslyl, osaszt@graksa@lamcp@@p@mmmﬁlyswylecs ed from

oxygen, sul fur and nitrog each ring system can be saturated or

unsat ur at Beferorpily- Sth?éefﬁ%tclmé‘@ﬁu Qeethyldhiom ylhét srwdesieed ikay theptrylsnal 1y be

oxi di , onal 'y be quaternized, (v)

any o thg&k%%9gp§%ﬁ%}5ﬁ9&£1&%%§£g§ oegﬁ%gﬁﬁkgtlc ring, and (vi) the

remai ni ng r|ngTaéammﬁhabgaaTmgmeahamalmhhﬁhoaﬁyuhexﬁ@imnmahMmoana-

substituteq._Re%resentatlve het er ocyclic groups include, but are not

limted FB@O@?% rﬂ?ﬁ&ép%ﬁﬁhm%yrrolldlnyl pyrazolinyl, pyrazolidinyl,

I m dazolinyl, irf} dago :y&’ﬂofil%f 'actléa@ﬁﬂ%%%dgd'a{&ﬂsed RiRRI ?e%ér?i’d a la‘Bﬁ@%HérMéhlny'

i soxazol i dinyl, norpholiny i nyl, 1sothiazolidinyl qU|noxaI|nyI
y[) i dazi nmw;ﬁtywdnndhls knwwhydﬂhofattgg hctw@tmmtht)grhgwm socthgnbwﬂbdapay dlueng urt her

subst he term "substituted" refers to substi

.ndep% demnﬂ?eémpé%eﬂm S i Satag s g fariodregn lii@ﬂm??fr gen at ons

t her eon WhidrogWRstil 4@ trsup 1|ﬁﬁl|uHQ|Hﬂlgnoth%1té'&pﬂ'o ﬂqé!; 140 86y 148, trifllte, p O, - Br,

-1, -OH protected hydroxy, , protected am no, oxo,

t hi oxo, Ntromnzm@, alnqsphona-tmd@ne @Be al kenyl - NH- C2- C8-al kynyl, - NH C3-

Lz eyl oal K9 Bt S RO o DA BT

- 0- C2- C8- Whﬂh%ﬂﬁdroxy@a@ﬂfaﬁﬂg gﬁdapmsl deﬁne@a@eGﬁZﬁdﬁ@rﬁ@MﬁYé, tosylta tiyflate,

- 0- hg&?roaryl -0- heterocycl oal kyl, -C(0)-C -Cl12-al kyl, -

p-niitrobenzoate, phosphonate groups, for example.
The term “hydroxy protecting group,” as used herein, refers to a labile chemical
moiety which is known in the art to protect a hydroxyl group against undesired reactions

during synthetic procedures. After said synthetic procedure(s) the hydroxy protecting
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20C(0) - C2- C8-al kenyl, -C(0)-C2-C8-al kynyl, -C(0)-C3-Cl12-cycl oal kyl,
-C(0)-aryl, -C(0)- heteroaryl, -C(0)-heterocycl oal kyl, -CONH2,

- CONH- C1-Wd20aldsyd73 - CONH- C2- C8- al kenyl, - CONH- C2- C8- alpkynyshko10/022675
- CONH- C3- C12-cycl oal kyl , -CONH aryl, -CONHheteroaryl,

- CONH- het erocycl oal kyl , -0CQ2-Cl-Cl12-al kyl, -0CQ2-C2-C8-al kenyl, -

E)(?(?ZOZCZZgg %O%k)ie%( gééi;gb(e)cgf%@ i %ﬁ%ﬁkf&%ﬁ\lﬁ% %@?% %otecfllqgg?%up?&ser oaryl,

- 000NH- C2kBvmlrkthayit are dmd—gféﬁelﬁﬂyai K yHh yGreercC:OdNHG CSE ms QBrateoidtekyl

o 0) - s T 0NN SR 3ededmni ey Sko N o (199 ny 1

NG oy o R MO o
NHCO2- cznmsxbammgybarbommm@@ot@mﬂgymadmky H-methpiotRuzgdycarbonyl,

- NHCCR- het het | |

NG 0) N b i SR Cp‘éé‘ﬁ S Ruoi T SRS SR st ey ny 1
- NHC( 0) NH2 G- @ﬂeztow&h&@lckﬂbbn 1— Wethox &HyIN& hetieylerysatbonyl,

- NHC( 0) NH- het er ocycl oal kyl , C( - NHC( S)N
2010/ 08854':1%#@13/0@@2@1 pozPlsismal, < b@oww |tr1ﬂuwp|@( lNﬂe@meﬂaﬂ kenyl ,

-NHC( S) N |,

NG ) NI gy B LR £ Sy ep A9l Qe LAl 21

i Nﬂg(m) “H h}gﬂg?b&wl > S NH@Ecéaﬂ%baMygl@ggai_k 5 NHC(NH) N+ ar |
- NHO( NH) NFe é?%y@qulenﬂﬂ@émt@wh@?% »Wﬁhy%ﬁqné(mpbhommgﬁ L. al k§| i

- NHC( N %jn&%%g)l
NHC(C(NH)I_D C3- CIS%t cycl oal ?(enzﬁb‘%m 1&)%-2% frféhﬁf@é{hoxymeﬂhy teroaryl, -NHC(NH)-
het er ocyc(tuaieﬁ;yllsllyl)alluk&mlbﬁl@ln@ﬂﬁmaswk&)hyl p@@Nb{)JNhésﬁn“e@S tallrrleetrwsl],yl,

LN %@%}ﬁ{;ﬁw@@&%ﬁﬁ%ﬁ?ﬁﬁ’sﬁ%zﬁf%yél&?&{?@f irajepymich e ookt
S( 0) - {2 - Bredéit eMMhiion are@dty (s Cg@kyﬂw benzoyt(BL O%@)%BH%E#HQ‘?-' kyl, -

S(0)-aryl, - S$(O0)- heteroaryl - eterocycloalk | "SO2NH2
- SO2NH- G trm@hﬂsm(TMmmmm aI kenyl, -SO2NH C2-C8-al kynyl -

ﬁgtz gl Ir_l-og c |Cé§| %,f al hé&%ec&%%,’%g' aryl %ﬁ use(‘? %ENBF‘E h%re ! Oa;%ggﬁ}/f Igroup protected

NHS02- C2- G§hal Hy)dmédy protoiBierodp, @ 3.eﬁﬂed5acb)b% ,aa¢1K¥ihg beNdSNAc@yly| |
- NHS02- het eroaryl , - NHS02-het erocycl oal kyl , - CH2NH2, - CHZSOZCHS -aryl,
_aryl al kyfrmethgsiyloicghylsilyhanashesgmattyl gydups. feeexedecl oal kyl, - C3- C12-

CY RV BNl KUKy B B v PRGN o BRAPENS! o

- S- C3- C12whyetl mahdwﬂl in thSaany thangSkiet ghysiaogHemiedh- diﬂtlﬁhﬁfﬁt)he Ibadbdiydl, or

met hyl thi omethyl. It is (ﬁ_gderstood that the aryls, ter aryl s, al kyls,
and the | PYOBCRtish of DRTGRY rug g Bansiqn magner YCOVGPF‘P%OTt@F‘ F ﬁ@i‘?"y as used
herein, r S At ) and
odi ne, B R e Ry S LR L Sy arhaenant
to a | abi hmst:ﬂmecmp@ldb oﬁmvettylg\kiaclctv h}@ir@ryog/mup mﬁtlh@ Hytroxy pastrigy gioepsas

o B ERU e b s dsrhacestray i B aRn. Siigitodgs Hepambag s~ *" °°

activati ngcglapBud DEliRee, (DRks Adthd Pﬁarﬁﬁeﬂeuh@al JERSUEANDIUhOSY), Maocl LTI T | at €,
pni trobenzoate phosphonat e and the |ike. The term™acti vated
hydr oxy" , Dgkkarslog., PspeYork 189Drs to a hydr oxy group activated with a
hydroxyl activ gr.Qu ef i ned.ahove,. i ncl u osy
trifl at e. 30 pﬂﬁle Pe?%lb élﬁm?d aQrO%CQ%%rOHBhaatS use¢ %elljem re?ers anﬁil%%f? ghermcal
term " hy daisty Mhatheis khévgn ¢f thuart'to pfotets el aﬁﬁfcﬁgrﬂup aefist Snd&irad k@bndng
chem cal noiety which is known in the art to protect a hydroxyl group
agai ¥ udearg Haihetie REACOHES. A FPIG ERFEE PECSH e s theesningpiaiectiag; d
synt het i c herei n may
ﬁ%ﬁ«‘ﬁ%‘&%é& hérE@ dﬂéé%@%¥ecﬂ@8§r?&hb% N éﬁ@ﬁ &%Cérb ds

be sel ect Pve renoved rotecting groups a n e art are
descri bedkmemaﬂhb yirtiare désbhbe@r@aamll@mdﬂl’l Greddc ANHPSG. M. OV tHrvectika oups i n

Exanpl s bRy 88 DS GHlesis i GRG0 e Bobe Doy ek
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5 nitrobenzyl oxycar bonyl, 4-bronmobenzyl oxycarbonyl,

4- met hoxybenzyl oxycar bonyl, mnet hoxycarbonyl, tert-butoxycarbonyl,

i sopr opoxwoantisyizz di phenyl met hoxycar bonyl, 2,2, 2-tri clrcomeslooxyesr bonyl ,
2-(trinmethyl silyl)ethoxycarbonyl, 2-furfuryl oxycarbonyl, allyloxycarbonyl,
acetyl, fornyl, chloroacetyl, trifluoroacetyl, nethoxyacetyl,

phenoxyacgt il bgp { W ihe, bt Are Fiot fifa Rl R ©
2-trinethy%g#?ﬁgge%ﬁ%*}ﬂ&ﬁéﬂ&! Hﬁ% %M% %aprgpgny? Q%Q; SE£¥§mem%h enyI
allyl, beﬂnmhnprMamyaﬁb@Qdwhmmybkﬂmﬂmmmyhn@ﬂhymp trlphenylnethyl (trltyl),
tetrahydrofury neth neth . et hylthio th |, benzyl oxynmethyl ,

o ot i ohl or OB HESy e HALIUE" TRt Il HRBT IO ey b

met hanes Uhfs?l@}z’éd b}pﬁfo@hetr Ph@BRA Wrb ot atorh ik H@ﬁ%ﬁ{&ioh%acn&ﬁ is@bid 81yl

trllsgfropy silyl, and the like. Preferred hydroxyl protectlng groups for
the 1% pr ee@mphulm/@lhstutohorareectaue@y wiyhof ovampl, 0yiCeRntative tﬁawlg g@ipsor

-C(O)CBFE n | s rot ect ed
nycir by s Sl R o7 o A0yt SNieslst STy ki suph o1 depebSPIARG
hydroxy pobeisglatd, ﬂ@syﬂit@bmi tha sikelefnidnedior exips.isuch iidexbemizoytoacace) y! |
trlnethyIS|I I, trlethyI5|IyI met hoxynet hyl groups, for exanple. 20The
term’ hydm%k @k@drug group", as used herein, refers to a pronnlety group
which is knownp e R S e the

bi ol ogi cal propggf%%%pﬁ#&n&PMﬁﬂﬁ leﬁng&@%,egggg}gkﬁﬁi ﬁ%ﬂ& y coverlng or
maski 1@ thehhmdhﬁmyp@m@mpggﬁmpe@dsﬁnddﬂyméhet|c procedure(s), the hydroxy

prodrug group aﬁ descri bed herein nust be capabl e of revertlngeb%ck to
hydroxy group i ¢ {fPo aPialig PRI Gt rag e ‘ﬁ@@uﬁ’mﬁg)?g)Rﬁﬁﬂﬁnﬁﬁe f¥cl¥rt are
describ eduﬂ:ﬁqg g?dtl)ﬁ’ aétﬂiltgeﬂﬂ eﬁd? aBin Lﬁ% Oaal?}otoﬁrd&ib{" gExa P§ 1ﬁeilud?rlﬁilt a%lﬂo@r Drug
Del i very, s and armaceut 1 cal Sciences; ume 53 Mar cel
Dekker, | hrmtpd e Wy tockrbpd9 8@dh. as hexane aiﬁld&ohema;fbraaxamplephdbgmaterdg group, " as
used her ej

Lo b ot ectREEHTRosUsP gy oA TLE. Tribucrs BHonisetblshs <hBatriprarbhe ?Et

procefBir egad MLURE, &@érgcfc}‘i% ?b&nd@rﬁ%ﬁgy 6 Sdandpke t@HhD@roBIRh 864 NG group as
descri bed herein nay sel ectively renoved. Am no protecting groups as

known in trwélyélmrroelmdmoaie,sa@meﬁ@ajs fglehes dicthyl pthefrbH-m@heeﬁeetaﬂlcPﬂRrGSum Wit s,
Protective s in ani c 3rd e tio & Sons,
Mo or k. EaBaoni® i Dy ThREBLE I R iRy & 280 b 1 el o BRyy Yo fses

protecti nwlué@mﬁe bt €hald livibud] salventd oF nimmets Qlﬁbrédf mdy tirefkyea lfchcs@yélﬁc 9-
quorenyInethoxycarbonyI benzyl oxycar bonyl, and the |ike. The term

"] eavi ng §PBRTIdFraRhECARIGN Goad|tionsl dogensting wronaushagkare s basolbiliey ebl aced by
t f 5
e R R T R e L e
| eavi ng gdBuypsionsof adetic il vimes mby berfouaddn btgdﬁlc@memm*y textbdakiiot irest er

groups, such sylate, tosylate, brosylate, posyl.te and the |ike; and
acyl oxy gﬂ&ﬁ@zege ﬂoegpf&eﬁqr&a@mplﬁr

ganic, Solvends K calPropgrtics gnd Methods
The term PpAS@RGHEH ANLHOeditedDyUdRH ANRI Rtk o] %F If@nf’h@ T%@hxﬂ&;eg;ro?‘lp
protectedQIU__“Tﬁ_én an?n%lgroyectlng gréuﬁzas def'i ned above.

t erm " apr GhemissylSeeins, JohraWileg&d Shies, 8%, 198éf ers to a solvent that is

rel at eI ne o Joton t ot act r ot on-.dqonor.
Evnatte Y nel orhe pR R BEh Mt Sn i witbats R fall Seradene, and
tol uene, hRJoRXAMRIaE an a@bmemfegﬂnm%%&moaﬁan& q%pa%l 1§0%‘fop%ﬁ@l”p| e,

net hyl ene chl ori de, ethylene chloride, chloroform

het er ocycbut@n@loh’pﬂd@mnjsandsf,h@ hkesSuCﬂlcsplvemﬁm:ﬁ well k@@WlahDy‘f(hﬂ%ﬁf hilkad intkr aqt,
gﬁ]g)rll p)éLLOA I dl OHVI%HQ toethgﬁeers?{kl%dqg tlf‘esar{j %gtt 1rﬂé{1vk(ﬁ1|arseogven sI S hrrglga(aurrosX ygﬁé h?/![
w il be omeresa)lﬂsnatymetﬁﬂa’eﬁe@ kirlsh&dfi¢ corhpsinds ind M&tldﬂ%ﬂditl@ﬂ@ﬂdeﬁ@idﬁ@ﬁ]@nor
m xtures thereof may be preferred for specific conpounds and reaction
condi 3G onsuchdagiarsdis ty sobsmnlity o Feazgeis gractiyity oh cagents BRd piojersd toppaaiyent s,

|r:5 ?tCLIeYI t YanBbs, FEAKGALR. ANGB! BL&ILiSH SEBRLAIY SEVEADERS be FRindGH ARG

chemistry textbooks or in specialized monographs, for example: Organic Solvents
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di scussions of aprotic solvents may be found in organic chem stry textbooks
or in specialized nonographs, for exanple: Oganic Solvents Physi cal
Propert i esoanth/dggt7sdods of Purification, 4th ed., editeechusioon2ass R ddi ck
et al., Vol. Il, in the Techniques of Chem stry Series, John Wley & Sons,
NY, 1986. 25The term "protic solvent' as used herein, refers to a sol vent

that tend , : haly; =38 anol ,
ethanol - DB B e, A e B P P ek B

sol vent s ok Iyeh thekifeohmqtes dfifdeenistki $dreed, John WideyaktSonadYj 1986i | | be obvi ous
to those skilled in the t that indjvidual salven . .m xtures thereof
my be.pr of er r LATPORHEELE HPNRGHH UL Ry PSR bRy CenarAare Blend ng
upon 30 syl fRACLRNIS irAHe FEithatioh BPLthbIk YoRboiRRIEIY @rm FQabIb? ik e créigagent s
and preferred tenperature ranges, for exanple. Further discussions of

pr ot ogeni tefes to eemnpoundy whechfrogseds stabibhygsudiigcniiie pllew myanuéaetiso akdwbichi n
speci al i zed. npnogr aphs.,.. far, exanpl e; -Organi.¢c Sol vents. .

2010/ 0885 T B CRs LoF 2R A SRR B o S DM ETAP it Ry vasful for the

Puri fi cat peiposcdtdataddd hereh (c@d thytapalio o_f\Frdﬁhgildb@d(acﬁﬁin@kraﬁod/@I a subject)i N the
Techni ques of Chemistry Series, John Wley & Sons, NY, 1986.

Conbi nat i ons offhe siyshastzgd sempandsan baptreitehiipmiagrediopynirre apdipsthes on ar e
only thoseg t t i e j 5. The term
"stabl e", 8%@%@ i ﬁ”g?hé’fir?pc%&rceoﬁer S 1188{(:&60%%33&312&%%&@%%@%255 stability

suf f i 10 enthromatigrapy D@t gethllizeti@n dA swundie appiasiaaddisy thbekillod egisad, Yudlicrt he
conpound for sufficient period of, ti to be useful_ for the purposes

det ai | ed H’@F‘&%ﬁo yngfiesiingdng pempends pf gwee&m}l@é}er%n N M S 2t '&"JWS@ eF a
subject). inary skill§n ﬁ%weﬁ&cﬁﬁ&aﬁf@m@ﬁﬂfgﬁs RehREc Wgﬂpéﬁ&%@ ih gRCt1 on

m xture and further purified by a’ietho uch as co omat ogr aphy,
hi gh pr essltareatk isepicdccl@ahidoraogrtbptigsired compoungdst Siyhthetat ¢hemistAs can be
appr eci at ed the ski]Jled artisan, further t hods of nt hesi zi n he
conpounds TamEtBES i BIoIaREs oup et i adRotop R SBpeET eyl ki 1
in thes ar in syRedkizingnaé Lompdudes Y&LHBMPh &Y tAEkASy B InaRS affBid BRIUR! fopr med i n
an alternate sequence or order to give the desired conpounds. Synthetic

cheni st r ycxangne fthesesttlonsdeserbadrio Re daiagl, i vefegianigi Toansformations.i on

and depr otRGt | Jny synt hesi zi C ounds dscri e herein
are knovvn&i rcﬁdr %}G§WE%9§%CFSME§WTGB? 4 ‘ﬁé@%ﬂ%&tﬁﬁg—&ﬁ—%ﬂa&@w uhexCis HEd in
R Lar ock Syftaequ, 8ReRg| YshnGvaay bed 63 H9N) MBI Fiegts and Ml Fisher, WidselyandCH (1999) ;
T.W Geene and P.G M Wits, Protective Goups in O ganic Synthesis, 3rd
Ed. , Johnﬂﬁwrés\,Re&a%nt&fm@rgamoS,Vr,lthﬁsmﬁp@swﬂear@adﬁpnﬁlg%}; ang{eBrucpd

Fi esesn s a f.or i i Ny W1 94); and L.
paquerd o, “opeigeiongls oEREALE B PaRT Sulalitaolly BPIR SR IDIT S

W | ey andsBsaguchil&Btgns therdoSubsequent editions ther eof The term
"subject"” as used herein refers to an animal. Preferably the animal is a
mamal . Nore phBF BYELPYIEHG BRI er_ﬁéﬁwﬁham?maL L%Fgé%blhﬂ?é‘&n%r@%la 8 to,
for e?‘a”phfamn@ﬂgifiorgg’Ee‘feraﬂlgrtﬁ@ﬁLam%‘{‘%alﬁllrﬂén. AYHES a@g,g?fersftbsﬁr bi rds and
the like. 25The conpounds of this invention may be nodified by appending
appr opr i atenfiplaciogeralsi horess, tove phmngensepigs tfishebibisand gicclaie. properti es.

Such dificatipns are known.in the art and may include.those which

"nor é2%e. bi of od FEEPTBHEE PADILR S Ta R BRI PR GP e Sa bl g.

bl ood, |yrpRabhAitBY &S @Mun&eRlkac RBIOLRUS pRYsii8MSuch MIdEREoN &t known

avai lability, increase solubili tg_ to allow adm nistration by injection,
1l

al ter net boF rgmndny30elhdethosarbichinesase balegical penctratiph ente 8 gpounds

descr i bed ARl SLR COMMALD. RIS ARG AIUITELALE (SERLELS AL IS, ghive 1 se
to enanti omer%, & a8t r‘%‘bmars’, Y ERAM Gt HeT st er g0 SonEr 18 T or E tha may be
defined, hwikbilitg ifrcabselubiliey &t flovosdieifisghtioh byfhjdcBbn, @fer S)aboligh adé (D) -

or (L%- for am no WO 2010/ 088573PCT/ US2010/ 022675
0  alter rate of excretion.

The compounds described herein contain one or more asymmetric centers and
thus give rise to enantiomers, diastereomers, and other stereoisomeric forms that may be

defined, in terms of absolute stereochemistry, as (R)- or (S)-, or as (D)- or (L)- for amino
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acids. The present invention is neant to include all such possible isoners,
as well as their racemc and optically pure forns. Optical isoners nay be
prepar ed woamawdssi’s respective optically active precursecs/usyotohesrs
procedures descri bed above, or by resolving the racem c m xtures. The
resolution can be carried out in the presence of a resolving agent, by 5
chr omat og Y l; f
e e R A e L T e R L e
details r eeganndii angl apgisalyupure i nsaObiealfiseme's inmydaqueresed £omaheir refjpanive onmer s,

Racemat es, Resol uti ons ohn Wley & Son 198 t he conpounds
dosor | bed RGPy ACGBrRIE oG BY TGOSt duBR AL EoGh @ X ArSale iRy BRemgr
ot her cenhf¥iirlf TIHERERidiLcADBARIdDout dlle %5%5@1@0% &Q%B%lﬁ% gsbn@iier wi se,

is intended that the conpounds include both E and Z geoneiric isoners or

ci s- dnd thranmstograpbper by refickiedicswstallagation aubpsemé corhbinatgoraefehedeso i nt ended

oy ear ol e O BRI Mk Befike i e aft ARURE iaiy BER3R L anan once,

only and i&ohébnd dneedeend @ Jd&ﬁieg,rkabﬁ EnapébinklRaenedif hglUR&oh@idonkinl ess the
text so states; thus a carbon-carbon 15 doubl e bond or carbon- het er oat om

doubl e bofkehe it &Soas.bioBiarWhgn Rercemponrdstdesgiibefrdigrapecantan olafigis, or a
m xture o r i m

Tohar mmcode THEPHER, SRAMAERBR o) Ml conrers o BpIBE RS, 4 WS
t he stpespdifdwticervid] ic & injeudgimbat the sompalids ifddidettseh Emnddrgeaﬁtetm th the
ti ssues of humans.and | ower ani mal ligvm t hout undue toxicit irrjtat

al l ergi c POMCESHEis N4 fany iromark eLikgwise 4l blapiomesis dormstase afse iten eé%%am e
benefi t/rigk,de ﬁt 'Hutd%ﬁ% Hﬁ?%@tuﬁ Ey?éhc%r% Rt ghl ‘Eoéﬁ’é&éﬁo%rcﬁf aﬁ?'cbrb%ﬂo""” in the
art. For exanple et escri bes pharmaceutitcally acceptabl e
salts in deben tiou‘tn\e Bond%mammgahﬁmmad seﬁmt@irfoesqnvemendc-drﬂy @ﬂ@ﬁh)ot infdneledal t s

b d tu d I t ficat f th
Compounds ch el e o BT PRSIy Bt Dokt A cirtaneetiite ©

funct{®n whivle BorkbsrtatRBLIR Qb ABR dbu@lé'%nd BsioRb iRl hl%fd‘iﬁﬁse#&ﬂzscrﬁb y
acceptabl e salts include, but are not limted to, nonfoxic acid addition
sal ts ar ebgailstisant mamn@zrﬁlmfgheom m@mmwmw i norganl c acids such as
hydrochloric a dr.ob om c | oric "S aci.d and
porchiortc aci dosediRohe R MiacBURRAV R Gl fr e W dbef G Ta.
tartaric agidhar§ivithi€ ttmlcdpe &Us@ﬁhdlm@dﬁ@ll Jddglﬁeﬂfadu@tﬁbl@ fecisd iPtolyctwating ot her
met hods used in the art such as ion 30exchange. Qt her pharmaceutically
accept abl thedipyas of h@lmaefeandﬂewe%ﬁ%mﬁbwm% wdpettexicifyjisgation, allgipisat e,
ASCOT AR CresBARRLNENR 1RSAEERE S LARA . A RRLS RIRHLA AL & e al &
butyra orate orsulfona trate, cyclopentanepropionate,
di gl uconaPEamdodﬂrcyllﬁ aktcfepﬁabl,e selthan el Hmmtle the @t NBdresxampleas atie Berge, et

gl ucohept on gl ycer ophaosphat e, 2010/ 088573PCT/ US201Q/ 022675

gl uconat e ey bt Phgrmacoypyl rﬁfﬁ%gf\gﬁé%%?dﬁéﬁ@l L drhgrmgsicyacal Sciences, 66:

2- hydr oxy1 §oNROPAUITHORAICun bBGHAALRNA A bR Bk Final BUEAPand AiKiig! Fat e,
mal at e, mal egt g@m& onatse . ?hﬁ)qesu foyrllatlgﬁéZ nréls tﬁla enzéns ongtle

ni cot i nat ef thaicomavendseif ehaat igycrioal @t separplynbyt @eeingrhebar baserfemtlonamdl, a

O eara o, Sbiehlebreis PaLERATRR pEPTPRRG SRt v S ndh e L ERpERA ¢

undec anoahﬁutea@d fbatoRicSRld fiditthalt grel shkPof FRONiBS RSBt bMBeBW KR idor&inic
alkaline earth netal salts include sodium [ithium pot assi um cal ci um

magnesi unpcidngichie hydneehlofepeidelry dprhapmiccasid, |pba$nhyrla@@1épsllé®né agidland i ncl ude,
BRIl e ot s G S U P G RS e
formed us count'er™ ons C&eh h (51 oxi'de, carbox e, “suf f at e,
10phosp hatuﬁd JuctinRtaeid ¢ rha/lbmh atﬂdng bfyrugmgbtﬁ@ nietigds heed lfﬁttE@EI‘t S6aH afstSlﬁt e and
aryl sul f onat e. used herein, the term "pharnmaceutically acceptable
est er30 r efuhangs Q@?%P@W‘F%IHCHV&CWR}%@G ptsypelpda byt sraapudeitthigse t hat

O eak o ER Kkl LiBMUBROMA) tho SR B BACHLPATRNAY of 2 sal

t her eof table ester groups 1 nclude, fTor exa ose deriveéd from
pharnaceubm@a#éwmapbmp&ahkqﬂaﬁm@haﬂngnﬁabngykmnmaqndppnmanhyuuhmkiy 15
al kanoi c, cl oal kano and_al kanedi oi.c aci ds i ch each
al kyl or Q‘P‘}é‘éﬁ(}}l fofi haposiy ﬁ&eatfé@a@r @%@eréchbﬁp@nﬁtﬁe&lwwﬁﬁm Gt ons.
Exanpl es of particular esters include, but are not limted to, fornmates,

acet ates, propionates, butyrates, acrylates and ethyl succi nates.
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The term "pharmaceutically acceptable prodrugs” as used herein refers to

t hose 20 prodrugs of the conpounds of the present invention which are,

wi t hi n t hwoomysssy8 sound nedi cal judgnent, suitable foprcwas2ewioemns act
with the tissues of hunmans and | ower animals with undue toxicity,
irritation, allergic response, and the |ike, commensurate with a reasonable
benefit/r ﬁlléoﬁa%,'hgmi teeflé é:t{o'a é)&h?étgedgfdrdﬂ&lﬁ@%e ?)?y §né§ﬁl|fé)na%§ the
zwitterio orns, ereé possi conpounds’ o he present

i nvent i onlactoBradtey tittatQ tavaste Llsumyl hefaed, mManﬁaleate,anqjdmmd mdthapigsulfonate,

convertible in,vivo net aboli c ans rolysis) to a .compound
S he | p bR GufttnlE esinn® Ea e alb s L xelle BB paihal-op T
exanpl e, Bssdlicse @smylp@oﬁymﬁq%gt@ha{eeﬁmte [Pasil 48 p%pls’ﬁa@éi lsk@fate, El sevi er

(1985); dder, et al thods I n Enzynol ogy, vol. 4, Academ c Press
(1985)5 Krungagteasafatar tgdrate,élnlowanate(ledc)luenbslelﬁmgtﬁ, andtcappitd, valeraonsads,

Pr od . 113-191
(1061) 2 pnEkaRe  Rebreiir i B ke PR e FE RO TS hie bR Y. T o5)
Bundgaar dpotdssiwth, Glaimb@esticstal, afe NS FutherdHarticcafehlly(atO§Bable Higuchi

and Stell a eds ?1 Prodrugs as Novel Drug Delivery Systens, Arrerl can
Cheni cal 86 mmqpnaéﬁa@ogeﬁwwmégmaq@t%%r@m%%r and'3gige ol ysis In

5 ochen s rlyo%R#Sf"%ﬁ?%% OB OGRS BE ™ = o
presetd i ph@phatomiahtspalkglihavieg from $0b Gatben afonis)sultwanamddsylehifferaul a (1),

for exanple hydrates. 5This invention al sr enco sses,_ pharmaceuti cal
Iy V‘gll'“ﬁhou
gh

conposi tions cOAATHIHED B TR PREMAce il AESREDIS GSE Tigra dq sHieTe

adm ni st eh&cﬂgl ZPHRY Sr?d‘ﬁl'cﬁl% ko @%?Bk@?h&wﬁ&&ﬁﬁlg%t&fhuﬁﬁm%w%le%e the
i nvention.” For exanpl e corrpounds of the 1 nventi having free am no,
am do, hydm@ayemcommmrdwlwsalt@remqfs Suﬂablbestcrcgmep@adud@t&»r qraoghta) gmse

Pr odrugs incl unds. erel n pol ypepti de
Chai nor 48 eidrass DB Ricalty sopa bR Bhtg ety i€ B gl Bei Hoes | s

coval et | yikh&did %Iikénhrcoewom@m 4R ManBSbRT acRRNE WiRicR cddhefkyA B BRenyly dr OXy

or carboxylic acid group of conpounds of the invention. The am no ‘acid

resi dues meddty dévaptagcesty hastnot meire han parbioa amnmaﬁwmlftwf@@d@ml&r [8fc@M no
aci ds comnp d ted y t etter al so_include
v oxypr DU, ST aRIR) e OhEfisy Fhefer R BB &R ai ne,

norval i n, etlngrtsaccmal@g al ani ne, ganme- am nobutyric acid, citrulline,

honocyst ei ne, honoserine, ornithine and nethionine sul fone. Additi onal
types of prodr hhe tcame PhpEmceicsHp acesatablomspdivgs  asreed heremactery 96keAe gr oups
can be
Gori Va1 1 2 lpias %t A AR e oSl iREREST I 38, S ZIE SRS Y
phosphat enedicer J&dglder[tﬁilhtytbhrﬁ)maﬂbaﬁte&,wﬂﬂﬁe tissues of humans and lower

phosphor vyl oxyrret hyl oxycar bonyl s, . as utl ined in 2 vanced Drug Del jvery
Revi ews, #99B!s wigh undus. to’@é#%éﬁﬁﬁtémp?‘ dgwggsmmwd? Bs?ﬁlkan@r%rﬁ?%ra& m}bs are
al so_incl Hq&gona"’éfe BhEAPRNAANG! MARFREAHIR: HRH &@ﬁ@é@us%%s%al Aylcsul fate
esters of hydroxy groups. Derivatization of roxy groups as

(acyl oxy) mtttwlbnlgarfdrn(lsaa&&ﬂemqu)ssbhybf tht hempowqieloéth@ mMnamwntgmoLﬁrodmg”,be an

al kyl . ester, tionally substit th s i.ncl udi t not limted
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Prodrugs o iS type are described in J. Med. Chem 1996, 39, 10. Free
am nes cathealrs forissamelei yedibrestdas Banilgrasd, (sdi), ﬂbﬁ%ﬁ@@dﬁug%ﬁ&pﬁbnam des.

of th 8 u e L Ngor porat e Ups. {.ngl d|n not
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pharmaceuti cal conpositions of the E)r esent invention conpris

t her apfeut PesiRn ynéPredeppentaGinier Sofl 13r18b A0 hdwHsead, %ﬂés&wamﬁ@ﬂfﬂg on

f | at h t
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carrier O(l9€88);|H1gm‘lﬁ andrbeils (alsrdredrogd @va@éi}rugbbh@bryé;gsthms%mdnmn l'iquid

filler uent enca for atig uxi liary of any
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acceptabl e carriers are sugars such as Iactose gl ucose and sucrose;
starches such as corn starch and potato starch; cellulose and its

derivatives such as 10sodi um car boxymat hyl cellul ose, ethyl cellul ose and
cel lul ose acetate; powdered



tragacanth; malt; gelatin; talc; excipients such as cocoa butter and
suppository waxes; oils such as peanut oil, cottonseed oil, safflower oil,
sesane 0iwo 201i0088s78i |, corn oil and soybean oil; glycol scsush@s2mropyl ene
gl ycol; esters such as ethyl oleate and ethyl laurate; agar; buffering
agents such as magnesi um hydroxi de and al um nun hydr oxi de; 15al gi ni ¢ aci d;
pyrogen-f Hali SO ENUG lg:R8; R ; LOR; I , and
Phosphat e Do Yoy up R OB Ts B phenBPRRd EnsahibkOT tof Wiley B SR

| ubri cant &t @@02as sodi um | auryl sul fate and magnesi um stearate, as well as
col oring agent rel easi ng.agents, coati agents, sweetening, flavaring
ondper funtng. TheRrsST sagurOar puutSRro b Rat Meoronsi diddmsle Y Bbn? i
the conpogidhQ8nyd@akerding to the judgment of the 20 formul ator. The
phar maceuti cal conpositions of this invention may be adm nistered orally,
parent®ral |y, Bhisiimralian alsn csgmanassasphimadckyticat eampasitions gestaining, apdiccal | y,

vagi nal ly or via.an inmplanted reservoir,. preferably by oral. adm nistration
o “aan n Beieth 8RR AL oR S a  n SRR E el LR BRI 1

i nvent i onpARYu S @fc@inpowditly of GivieidntioRaFoN&RmipdXicémpounds of the invention

25phar maceutical | y-acceptabl e carriers, adjuvants or vehicles. In sone
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el i xirs. becuati 4rhimo acols chenaaty designeted byribiee [dtiee syrbpls enddsageludos 45 may

contain ipert diluents co nly, used in 2010/ 088573PCT/ US2010/ 022675 t he
art such Btrorgrob g b BRI B et AR nt e OSBRI JERG Hodit and
enul s{4 i egBnHECihnAfia-8hobuBlrRMA, cittuffR! BiMbeyRlctRN BbmoRbRY] orfAKIROBRE €,

ethyl acetate, enz¥l al cohol, benzyl benzoate, propylene glycol,

1, 3- but y| ewthignigesiliondi Aelditipnaloypesrafdeodrogy are glsa cpenmpassddartor gstaneniseed,
groundnut ._cor er alive, casto and ses oils | ycer ol
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conpositions can al so include adjuvants such as wetting agents, enul sifying
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usi Ng sui hiablogerdiuspes siso thobudededstare arbgreind srodngs,subpeatd estgrsageé viilgate The
sterile injectable preparation may . also be a sterile injectable solution,
suspensi oSt Ogﬁwﬁgm BIOURS- aDRROYRIBRHQN MAMEHYYrAPYRP a3 daitapnethyl adent or

sol vent, 108 =N R A3 oty nad U] %%H%M% t AGegpt abl e
vehi cl es gﬁgcgg v n?geﬁﬁgﬁxﬁaﬁmiéggﬁﬁﬁgye lgie matgg%n ngerygng%lﬁ%?on,

U. S. P. anwithpregsomiledisg titumt diniedital ethsip hotincomd darboaglé adidfiyncsvealitice, fi xed
oils e conventionally enpl oyed as. a sol vent .or suspendi hg nmedi um For

Chi 5 Br pOCRIGRYMERINEORP ot HRoaRiA 5" &by Bt TSPl HGO STHERTE: rono-
or di gl ycerdde@s- ofkiis 8iatd @cribtihy. Mel/dsh&i a3 olel erGhfn@l@nufsgd in
the preparation of injectables. The injectable fornulations can be

steri | i zebs d¢rpratisxhagpineidesd yulforianyidasi aywhosphongnidas. 20D &€ thes¢ piedrugt ai ni ng

filter, or_by.incorporating sterilizin qgg?ts M) tﬂe f orm of sterife solid
!, . moietie maﬁl corr'p(gate .rouéas includin i 1mited to ¢t eli, amu}e and carboxylic

conposi tions Whi'Ch ¢4 e ssolved © i'spersed in sterile water or other

steril e injiecimbbealirRd]i um prior to use. In order to prolong the

effect of a drug, it is often desirable to slow the absorption of the drug
from subcut aneous or intranuscular injection. This may be acconplished by
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25 the use of a liquid suspension of crystalline or anorphous material with
poor water solubility. The rate of absorption of the drug then depends upon
its rate wb2dismsed7ati on, which, in turn, nay depend uporcerysssdlozzize and
crystalline form Alternatively, delayed absorption of a parenterally

adm nistered drug formis acconplished by dissolving or suspending the drug
in an 0'|Pﬁﬁﬂh9&ﬁﬁmﬂ@bﬁﬁ5§@¥§ depot fornms are nade by form ng 30

m croencapsul e natrices o e drug in biodegradabl e polyners such as
polylactldepolTgépbmhwdenwEbnemmﬁm@nupﬁmephsmnaanMoﬁcdmpgai@ pol yner and

t he natur of the i cul ar | yrer the rate.of . dr release can
e cont r ofeaeu AT se NG RERY BT GneuRA SR bony e S ey

pol y(ort hﬁ%%ih%f thdnd opﬁlbYeg%}thQé’duﬂgaﬂ aceSRBle Wriers or excipients.

2010/ 088573PCT/ US2010/ 0226 injectabl’e fornulations are also prepared by
ent r appi ng theAdruagi hareini @oé@@@h@mm@m@émb@pm@ talaer aireacipionpanédnbe wit h
body tissues og&ti ns for1 ect d a& adntqustra%rqg are

pref erabl § 8‘&6?58%#‘86 Toldh Gl Qp gl Sllt@rya é‘&n VAP RE S RE Cbibounds of
thi s i nverivamtiohtabixiith GG tfiRN-Sonke dxamplddlolf RGit@Ne PhieRten Yiveay ri ers such
as cocoa butter, polyethylene gl ycol or a suppository wax which are solid
at anbi en? atretrﬁerﬂa@tlor gecgpiableicgiyicss %P? SHesdsy such #p daciasar uense anhErsdssi e nelt in
the rectu e i d dosage
forms. for "B Sana R a8 § RIS o RS ERMRRE R T Crs

and gt@nub@iumlcarbongiethol ¢edlludxssa@1eylfcelﬂtﬂese dndechelbse/ecctamarpowderets m xed Wi th

at 10l east one | ner oharnaceutroally acceptagle exci pient or carrier such
as sodi unfegacAahemalt: ealvuy Qle R EREERHAERa%FRIOS PutT)and SPPRASLOTI WA Her s

such a5 SLAHOAERandh 8AL %G, SHEHO3M0 ObUARS LamTRANDO) o 30h 5] hi1 ¢ aci d, b)

bi nders such as, for exanple, carboxyneth |'ul ose, al gi nat es, gelatln
pol yvi nyl pybead oidti giprods sushas popylcan glyaokaestau;s sagh ill'ﬂ.ﬂ’th?yitOﬂiﬂf}Ilt$aIEiﬂﬂlﬂylas

| ycerol, d) disintegratin s such r-. cal ci ntlSc rbonate
Ot ot o or Lk gea bidrre MnBRRM s RraTes i B P R LufRLR

car bomgt eglofiic 8QH W rOFbnt BEAK Ste R GoRGBOFinS IR ES: sraﬁrtetlf &thyl Jléoh%bsaﬁﬂ pt i on
accelerators such as quat ernary ammoni um conpounds, Lﬁmettlng agents such

as, for epl@rrﬁphete buﬁftnysohetto@o,rvolweélrﬁt ogllle}@enotxwmmmtééfr gcariyy sughbsior bent s
such as ka %% Ept %m,? " P cant.s suc srta c, calcium
stearat e, éasll f Pgtnéagng% dpoh %zé‘t Plvﬁ SREO G 8PS SE61U 201 aur y!
sul fate, amtm&tmrgegeﬁtb%eetenin@ fiberigsad pbricanpdgests, Itratblretnszeamﬂ pills,

the dosage form may also conprise buffering agents.

conposi t | atoxatants G HYoDe PRt ifdle eInaRpsEwNesgsPEsREOAEC rudlgnensofthe soft and

hard ?q (gﬁﬁﬁL Stin capsul es using such excipients as |lactose or nmilk sugar
nol ecul ar wei ght pol yet hyl ene glycols and the |ike. 25The

sol id dos age f @hephamatahicet @mpdsdigaest thzapsdities m4yi b glminkdrgraally,es can

be prepared with coatings and shells such as enferlc Oatln@ﬁ and .ot her

coatings RAPPCRGWRY inhaleHen pHaY-HeRiedlty, extallyoParalluthuRer iy Yae Ty oriyan
opt i onal | ¥nReREatAeRRAThIK:Ay BI8RY %dartgs[ta%n%l §anlql¢statloﬁtbg HTRQRIt TRD t hat

they rel ease the active ingredient(s) or preferentially, 1n a certain
part of tpbmnmtesmahakmmmmmnsoﬁ@umowaMbypuwnmadeMdemVmﬁwmehnm3®XExanples

of e ddlg trons rat can e used [ c“odﬁ?g nerlg ﬂﬁ g nces and
nexes25 DoBBE RO REY B eP Bl car o SR KA Gt MY FREr dhe onpound
of this i RyBIAIBA nhd)Od LRIPusRIdN R PhtmaBASk BBy abRARE acld9Ya9&or LBk to
powders, solutions, sprays,

enhance the stablhty of the formulated compound or its delivery form. The term

parenteral as used herein includes subcutaneous, intracutaneous, intravenous,

intramuscular, intraarticular, intraarterial, intrasynovial, intrasternal, intrathecal,

30 intralesional and intracranial injection or infusion techniques.
Liquid dosage forms for oral administration include pharmaceutically acceptable

emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the

active compounds, the liquid dosage forms may contain inert diluents commonly used in
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WO 2010/ 088573PCT/ US2010/ 022675 i nhal ants or patches. The active conponent
is adm xed under sterile conditions with a pharmaceutically acceptable
carrier amoamysgeeded preservatives or buffers as may Ppernsguionesss
Ophthal mi ¢ fornul ati on, ear drops, eye ointnents, powders and solutions are
al so contenplated as being within the scope of this invention. 5The

Of Nt MENC S oRASLER s, G R drolllo? olFRY sA00H & Bubi Biridilhd Afd bR AL | ve
conpound of thi's invention, exciplients such as aninal "and vegetable fats,

oi I s, waxesh apatiel hlicolgl, so@opYl, altahal atdeyhtérborcd, lethyd sectdericuatlialebol,

pol yet hyl ene col s, silicones, ntonites, sil.icjic acid,. tal.c and zinc
b . or SitirP bReSe P DS G ety el o Bl 11 on s o

t he conpopfdsulaf, chftbiScdd) S5 HntIRR, com,e%@gnpbm SastC P sARE RS elyE AL,
silicic acid, alum num hydroxide, calciumsilicates and pol yan de powder,
or mi x2 ur ttrabydrofwesBieylsidedphmolysthyBpre ghywolsand daith adibesé¢rs pf swhitan, andust omar y

propel l ants_such as or.of | uarohydrogcarbons. .. Transde | pat ches
Rave the Tuats St BsSg RO ECHPF onnesisions et 855 M saBhitng «o
the body. sk v&@t&%eﬁ@[éﬁul@ﬂﬁgﬁ@n@&@@eﬂn@h@%@, YWwederdhg, dlasOERASIaRG the 15
conpound in the proper nedium sorption enhancers can al so be used to

i ncrease PREUMINGagest he conpound across the skin. The rate can be
controll ed by ej. i.di cantr.al 1] r .y di spersing
t he conpound iﬁhégﬁ%?gﬁ@%hﬂgﬁgﬁﬁ*%g&ggrggﬁhq%e&E@Fgg%%w§§§P§5%§¥?bery, a

t her ap@ut kpediigBsmty b6 famuldial advyeiiigd rthé Bndvod antusihg duiasdit dsparsingber ed t o
the patient jn solid or liquid particulate formby direct adm nistration
20e. g., i WSHINGASEHS ARt speidlingagsnisatIdeypiesienggefabsopreppration may plge 88t i cul at e
forms of Loflcdfiiol461cSOMRBHI s RS RATGE S RiorPh Ao i BRI F 36Rb bR ent | on
i ncl ude particles of resplraB e size: that 1s, particles of”a size

suf fi ci entlilyens ma$dlvant, foassiniphe, asgloluhen mo LB butamddiohr Axmeong germceettailat i on and

into the bronchi and alveoli of the |unpgs. livery of aer i zed

{her apoat PRS0 i T e e TS lontT R bk ke PR b rfhe ar
(see, 14 or jBHAINoRitP bhiSridEuth. 17.248ifi0R0Bcri18, MR A &nveitiddklly U. S.
Pat. No. 5,508,269 to Smith et al., and WO 98/ 43650 by anngonery, al |l of
whi ch ar ecinployepay asduertier suspensling mkdiugn céor thia pdipsswiansi Wanofixgsidiheandrey
delivery of antihiotics i so found in U S. . Pat.No. 14,969 :
ot por b BaNe Bl winhelts Rbao Ritab Bty 47 B SHBE GO asibisn o
the presendidiafengdd idihe pydpasdtioh f aGédtalss. 30 conditions are treated or
prevented in a patient such as a hunman or_ another animal_ by adm nistering

to the pati ent Tae itegtapeffrmakitioys efrbectsrifzedipueranyte. dyddHpunbrarhene

i nvendd ony., i.0. . S I [ r . jeve the
dosi 1oy r ba Rl SRRl It DB g et ASRERRANF AR E )
ef f ect i vecanpesitionsafhich emrtralissdivell oi dBpémateintsiile ivatcrdantheadicrdoount of t he
conmpound whi ch confers a therapeutic effect on the treated subject, at a
reasonabl &Y ?F?ﬁWW%%“F&PP&’appIicable to any nedical treatnent. The
therapeutic ef feetc /MRy, biene MeRELVSr drug: it is/TRRR WeaRIL%: BXIGPIR dbSsihtioy

mar ker) or subjective (1.e., subject 5 gives an indication of or feels an
effect). afthefdferfromeubentancbundr intremeenpoinjcctoas dhisreay bbascempliyhaddiyge from
about,,0.1 ng/ Kg.ta about 500 ng/K referably from.apo 1 to about 50

o/ K2 e gy 065 addathuennon PEe Yak e Ge SERETHY: BREFRUVE 8FORGHER, ot rati on,
as wel | agoltibi@ityP Omtl el dftasRptidiPo U@ digWhéd PR uRE R Ste of Hiswillioe

under st ood, however, that the total daily usage of the conmpounds and

conposi t i vhhein tuive npyalspend unenenystad nizgiand chetallmedenn dadicmptively, delayeddi ng
physi cian_w thin the sc of . sound di cal judgnent . e specific
Phor apeut ot het e RBRRRo Lt RERE I FEk i PTRRlhsd EBRER | depend
upon a vagusptiydied tHealel®inSani JICY dhelil O gInfdeeablld Spod fyrmbatngadd Bafoefirgnd t he
severity of the disorder; the activity of the specific conmpound enpl oyed;
the sPfeci Prgoensapuds MaBisceabihe daig intredegipdabls palymgss gieh as galybacifc-heal t h,

sex and dj : he ' : J, £ el i 5 of
i ot st 1 20y B3 colidhs BEch R uphl ek oRin g bAALE fid A nakBEng - Poyea:
t he dur at panicabr pdiemer @aploped, thednategs dusetidage canri coatrolbed. dExamples of

cont enpor aneousl i t he specific co und enpl.oyed; .and. like factors
ool | “RnovAtEnb Pt gl mpRanc ude po(fy{%ﬁﬁ%%%anegpggawgad@?- ﬁﬁ%otconpounds
of this invention adm nistered to a human or other animal in single or in
di vi ded doses can be in anounts, for exanple, fromO0.01 to 20 50 ng/ kg body
wei ght or nore usually fromO0.1 to 237g/ kg body wei ght. Single dose
conpositions may contain such amounts or submultiples thereof to nake up
the daily dose. In general, treatnent reginens according to the present
invention conprise admnistration to a patient in need of such treatnent
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25The conpounds of the Formul a described herein can, for exanple, be
adm ni stered by injection, intravenously, intraarterially, subdermally,

i ntraperiwonealdsys73i nt ranuscul arly, or subcutaneously; ectasadilop22ehsiccal |y,
nasal ly, transnucosally, topically, in an ophthal mc preparation, or by

i nhal ation, with a dosage ranging fromabout 0.1 to about 500 ng/ kg of body
wei ght , every 4 to
120 hourslﬁgéﬁgigbrh¥ﬁgﬂ$%g? éw%?gonéﬁ%gﬁmgtéﬁﬂgég??ﬁaéﬁgﬁggrug The

nmet hods hena@bemulswne tak aﬁe@oaqbahlvies:nﬁwngmsafesan ef fective anount of
conmpound or conp ound .CO 05|%hon to ge i eve the de5|%%%%or staied effect.
Typi cal ly, the RRPHERBUT Bsial Ob i A BHUSTEop RfSPre Y PHRON QI be

admi ni st e%fbhfdaﬁ%?%ﬁﬁedjbytrﬁlxwé coMBO AL OF ARSI SRiel Wa2OkALRIRAIS 6 tines
per day or alternatively, "as continuous infusion. Such adm nistration can
be usell agritatingreaeipentsror gewices ok papycoa Phdcrapelyethylshe glycohae aisngpesitoont t hat

Cinale doSRsaet Rl s iRt T e oRbe ERpFaBl ot SRR °

particul aﬁlemﬂﬁlecr%ctaﬁmrmagﬁlamgvﬁgaand\retwa@b e acBvpe wddi on wi Il contain
from about 5% to about 95% active conpound (wWw). ternatively, such

preparations nmagli¢deness Formsdes epbadmipoys e Bplyde capveadtblse. Ripound.

Lower or a 0 I fic
dosage ang&&@%%taﬁﬁ%ﬁﬁ}ug%i T E&%Ss%h& 88&&8%:?{%&%{1]% adfiVe \?o%l rﬂ%ﬂg\n ﬁf rﬁﬂﬁg?@% tupon a
vari ety ofeaftanicdiest, pm&rﬂanedtuﬂlly\gcdebabtecdxmpndny ooéartlaesuspa@sddlmmmn@omd

enpl oyed, the. age body general health status sex, diet, tine of
admi ni st r dicplgipm P]a?s@h%fF ap elfé%if" Y#rs og eHignasnBich 6 iSBRChos, H%ct%»“é‘qus? and
cour se 0f okl i RS, NG hAR WLiRIIRGLRASS, biGaREd ent s disposition to
t he dlseaé condition or synpto t he judgne of the treating
physiciancmb@nmnmnﬁcdhmmenﬂgmmmagpanmenmygnymydnhmnnneaumaunmmhamcm/dbse of
a conpound, 15 co sition or cC i nat.ion of this invention may be

s ot oPECHS Rgas Shyro I ER R RS e Ph b Sa b Gt FlgUBhey - of

adm Mt r adrbihte %Btalﬁpbﬂapl'@%’st%hr aomeethid, %@rtaﬁnfsﬂﬁﬁtreb Ch'ﬂd@f)dlhﬂlecaw{eons to
a level at which the inproved condrtion is retai ned when the synptonms have
been al | ev) wlwwntrotardies aigonis sagh aewafﬁnpé)tabwmgowelehﬁmwmh ay @ugiarnasy

intermttent treatnent ter S upon_a ce of di sease
ot s SOEARLRT ETEP S o B SR AR AS R B e R O ot oo
of a conpglydetoPiohbiedrite )tabdibEles Gidhle ttabiet &dbeatshite REayPind M hebriRaetst i onal

t herapeutic or prophylactic agents, both the compound and the additi onal
agent shotitdh asdalpraalianm stgaragio Srgacsiw slearayt, splid prlxsihusprigly0l.00dm0%, and

mor e gy ef il llefQQtMﬁ%xﬁgéﬁt}geéggCﬁ%ﬁe/ﬁa}gg of Qeﬁ)sgl%§ qg&gﬁ%ﬁ@lfgﬂh@ﬁ@%a{g‘r stered

i n a nonot her apy regi nen i'tional "agents may m ni

separ at el qua&ajaalscb cmhplaserhﬂffehpgagmbse regi men, fromthe conpounds of thi s
i nvention. tively, se a ents may be part a single dosage form
m xed toget her iy Fpmwltwﬁﬁgaﬁ%l OIS § ?R/E%?malﬁ%%afs léfirmﬂ witand

conposi ti -G ?a'th ca@sqgé tds%cﬁ PeLARRYLY facR)rse Bf ﬁ’ﬂﬂ@é{l?agtak GefOSMich

i ncl udes but not |n1te ne therapies ( interferon), therapeutic
vacci nes, n@h&hhrbmqmmpdaq@mhs¢gbmbkan@ﬂuﬂﬂ&lannatory agents such as

corti ster0|d 1#@@)D5 br ong % tors suc ﬁeta 2 a rener

agonists and x ?fﬁ‘? Spes fgrmy f&g ’iaﬁéﬁjs ‘e F;PE a%‘b%’i‘i‘fl o5 can

anti - Wsc?fe;pﬂﬂeﬁ%ltlﬁd&h SHHIRhENLREGE as MBI DEBHEs Ald @Béd coaf#ﬂfg%abamﬁo%g | CAM
ant agoni st s anti-oxidants (eg N-acetyl cysteine), cytokine agonists,

cyt oki ne @mthagbmimgceyticelifegmslatingertaithey Al potionadlijtconiaby méyma [gcEnt i - vi ral
agents (e i.bayi rin and amant i di The sitiaon to the
Cavent i ongnn% glan \{so bebof% conl os%mr&%h ?ld}eé/trlelg%sew %TEC(%IVG négrec%eli%gﬁ A Prg t her apy.
preferentlally, Ina certaln part of the intestinal tract, optionally, in a delayed manner.
30  Examples of embedding compositions that can be used include polymeric substances and
waxes.

Dosage forms for topical or transdermal administration of a compound of this

invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,

38



Unl ess otherw se defined, all technical and scientific ternms used herein
are 5 accorded the neaning comonly known to one of ordinary skill in the

art. Al wokbiwmssizens, patents, published patent applicatirassoioanms7ot her
references nmentioned herein are hereby incorporated by reference in their
entirety. Abbreviations 10Abbreviations which nmay be used in the

descri Pt | A1l o RO N0k LORGHARLAR ATt A ANeA S0 Ao fips acety!:

Boc20 for |-tert car bo Boc or t - but oxycar bony 15Bz for
benzoyl ; BmrimcecltienallyhcceBobiNidatict ond by teced ylesddvitvas oxyaffarbasmmbpg bet - BuOK

! bonpot ?.S%"ﬂ?ﬂrpe% BBy R T I AFTR oS LENOH: DSBS fos phat e

Brine foragodotbmplatards BRingQlittih H deBpd6d Bisiin{datiohOr carbonyl di'i m dazol e;
CH2C12 for dichl oronethane; CH3 for nethyl; 25CH3CN for acetonitrile;

Cs2COP f or ces Fhwm&n@dnalaetes,dmnfswmd@ﬁbequn@emen additiomts anggspiye f or
3 pheny! gL %M e O bl BT R RSB B A0S SR e
DEAD for diraffingl @ZI@BU b by, Icdll@ose derivatives, polyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.
Powders and sprays can contain, in addition to the compounds of this invention,
10  excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants such as chlorofluorohydrocarbons.
Transdermal patches have the added advantage of providing controlled delivery of
a compound to the body. Such dosage forms can be made by dissolving or dispensing the
15  compound in the proper medium. Absorption enhancers can also be used to increase the
flux of the compound across the skin. The rate can be controlled by either providing a
rate controlling membrane or by dispersing the compound in a polymer matrix or gel.
For pulmonary delivery, a therapeutic composition of the invention is formulated
and administered to the patient in solid or liquid particulate form by direct administration
20 c.g., inhalation into the respiratory system. Solid or liquid particulate forms of the active
compound prepared for practicing the present invention include particles of respirable
size: that is, particles of a size sufficiently small to pass through the mouth and larynx
upon inhalation and into the bronchi and alveoli of the lungs. Delivery of acrosolized
therapeutics, particularly acrosolized antibiotics, is known in the art (see, for example
25 U.S. Pat.No. 5,767,068 to VanDevanter et al., U.S. Pat.No. 5,508,269 to Smith et al., and
WO 98/43650 by Montgomery, all of which are incorporated herein by reference). A
discussion of pulmonary delivery of antibiotics is also found in U.S. Pat.No.6,014,969,
incorporated herein by reference.
According to the methods of treatment of the present invention, viral infections,
30  conditions are treated or prevented in a patient such as a human or another animal by
administering to the patient a therapeutically effective amount of a compound of the

invention, in such amounts and for such time as is necessary to achieve the desired result.
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DI AD for diisopropyl azodicarboxylate; DI PEA or (i-Pr)2EtN for
N, N, - di i sopropyl ethyl am ne; Dess-Martin periodi nane for
1,1, 1-triwbaomioskrsy) - 1, 1- di hydro- 1, 2- benzi odoxol- 3- ( liecTarseo10obsRs f or
di et hyl am nopyri di ne; 5DVE for 1, 2-di net hoxyet hane; DMF for
N\

di met hyl f ormam de; DMSO for di nmet hyl sul foxide; DPPA for
e

4
N
di phenyl phosph )ﬁlut%%g far: ¢ & y .
N- ( 3- di net hyl ant nopr opy %IC@% Ry ec%rp%unél P ¢ mpou(l)lglgc I—elcllllwefn jon is mean

N- ( 3- di nethyhanmitrod }ﬂteoq:wﬂpouhﬂ Mémdhlydooﬁarbmdlelrapedm bﬁ@ht ou Itheardatke, sque@Aat for

ethyl acetate;  FEtOH et hanol 20 for th eth

0 ( 7+ o bbb [EF B T TRy Dl © oo e RO i Horapettic ffec
15Hexaf | ugy, %B%ﬁhﬁ@@@ eHGJea&ﬁablewrs@&@ ResE BF RIS, orHﬁE&tmr(l e., subject

1- hydr oxybenzotrl azol e; K2CO3 for " potassi um carbonat g; for met hanol ;

20Ms for gesyhn mdicagon ofmFeclveroffed). Aeeferibsaniooni of t_lam h@rdmtu@ dgseribed
Car bonat ers3eb Bbarom SarBbh AR L EHF o el ety dPhoraa 8t iasos for
sodi um suhbak 80 mg/Kg. Effective doses Wlll also vary depending on route of administration, as

well as the possibility of co-usage with other agents. It will be understood, however, that

the total daily usage of the compounds and compositions of the present invention will be

10  decided by the attending physician within the scope of sound medical judgment. The
specific therapeutically effective dose level for any particular patient will depend upon a
variety of factors including the disorder being treated and the severity of the disorder; the
activity of the specific compound employed; the specific composition employed; the age,
body weight, general health, sex and diet of the patient; the time of administration, route

15  of administration, and rate of excretion of the specific compound employed; the duration
of the treatment; drugs used in combination or contemporancously with the specific
compound employed; and like factors well known in the medical arts.

The total daily dose of the compounds of this invention administered to a human
or other animal in single or in divided doses can be in amounts, for example, from 0.01 to

20 50 mg/kg body weight or more usually from 0.1 to 25 mg/kg body weight. Single dose
compositions may contain such amounts or submultiples thereof to make up the daily
dose. In general, treatment regimens according to the present invention comprise
administration to a patient in need of such treatment from about 10 mg to about 1000 mg
of the compound(s) of this invention per day in single or multiple doses.

25 The compounds of the Formula described herein can, for example, be
administered by injection, intravenously, intraarterially, subdermally, intraperitoneally,
intramuscularly, or subcutaneously; or orally, buccally, nasally, transmucosally, topically,
in an ophthalmic preparation, or by inhalation, with a dosage ranging from about 0.1 to
about 500 mg/kg of body weight, alternatively dosages between 1 mg and 1000 mg/dose,

30  every 4 to 120 hours, or according to the requirements of the particular drug. The
methods herein contemplate administration of an effective amount of compound or
compound composition to achieve the desired or stated effect. Typically, the

pharmaceutical compositions of this invention will be administered from about 1 to about
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NaHS03 for sodium bisulfite or sodi um hydrogen sulfite; Na2S203 for sodi um
t hi osul fate; NH2NH2 for hydrazi ne; NHAHCO3 for amoni um bi car bonat e;
30NH4C1 fwo 281o88878m chl ori de; NWMO for N-net hyl nor phol ipoe/ds2@wioohss;ys Nal 04
for sodium periodate; OH for hydroxy; 0s04 for osm umtetroxide; TEA or

Et 3N for triethylamne; TFA for trifluoroacetic acid; THF for

t et rahydr gf.; : : P Sy A { Lne. t osyl
o - 505 R Gy Yemal eyl P e PG RO en il Be L 105
for p-tol g sdirbowior aade therdy. flde apmiuhbali achye Pherddoent tae maly ;be toPBR(edba) 3 f or

tris(di benzylideneacetane). di pal | adium (0); Pd(PPh3)4 for .
et aki oI HETANGEDR KB BE Tt Ol SS e fepes fypyyill vary
di net hyl suépéaaingrupaﬁ/ﬁlefwst fr&dieidiths g\éﬁﬁéﬁlaﬂ_ﬁ{@@of AmihfstARSDW §hlovl
chloride; and 15CsA for cyclosporin A Synthetic Methods The
conpounds prnarapen velt sergaipfiranh ebqut §Setotabomh b agnvewiohipobed Getvt)er under st ood
I n connection wth the foll ow ng synthetic sch that iJ.Lbustrate the
et hods. b0 REEK DouER et ParlShfey ¥R SEAE ZB% haBbudobt BhFeq
The novel c&pd@gpori n anal ogues of the present invention are derived from
cyclosporin A As shown in Scheme 1, a key internediate of fornula (1-3)
was prepared bjower eidtighes dpegydhar thete rapiadlbars may he pemiiref o Apgcdig desage net hy|
| euci ne o | . - . ' sto
NEt Xaad- Cgl/% %%%@%thrzélﬁéeﬁls \@/02{,?1?13 Eg}tf;é{slﬁr %?e%?@vﬂ?ﬁe&lnd up§1¥ Qtvgl%tﬂl Gf fa%'tbtrg

10  including the activity of the specific compound employed, the age, body weight, general

health status, sex, diet, time of administration, rate of excretion, drug combination, the
severity and course of the disease, condition or symptoms, the patient’s disposition to the
disease, condition or symptoms, and the judgment of the treating physician.

Upon improvement of a patient’s condition, a maintenance dose of a compound,

15  composition or combination of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced, as a
function of the symptoms, to a level at which the improved condition is retained when the
symptoms have been alleviated to the desired level. Patients may, however, require
intermittent treatment on a long-term basis upon any recurrence of disease symptoms.

20 When the compositions of this invention comprise a combination of a compound
of the invention described herein and one or more additional therapeutic or prophylactic
agents, both the compound and the additional agent should be present at dosage levels of
between about 1 to 100%, and more preferably between about 5 to 95% of the dosage
normally administered in a monotherapy regimen. The additional agents may be

25  administered separately, as part of a multiple dose regimen, from the compounds of this
invention. Alternatively, those agents may be part of a single dosage form, mixed together
with the compounds of this invention in a single composition.

The said “additional therapeutic or prophylactic agents” includes but not limited
to, immune therapies (eg. interferon), therapeutic vaccines, antifibrotic agents, anti-

30 inflammatory agents such as corticosteroids or NSAIDs, bronchodilators such as beta-2
adrenergic agonists and xanthines (e.g. theophylline), mucolytic agents, anti-muscarinics,
anti-leukotrienes, inhibitors of cell adhesion (e.g. ICAM antagonists), anti-oxidants (eg

N-acetylcysteine), cytokine agonists, cytokine antagonists, lung surfactants and/or

41



25potential anti-H V | drugs", Tetrahedron Letters, 2000, 41, 7193, which
is hereby incorporated by reference in its entirety). Thus, cyclosporin A
was reactwd 2oiddsssrget i ¢ anhydride, optionally in the presenseowf2mwysi di ne
or DVAP in CH2Cl12 to give acetylated internmediate (1-1), which was foll owed
by sel ective cl eavage of the am de bond between position three and position

four amn j 1 I I : thﬂ%r i : Cl2 to
af ford thgnt?ﬁftcgorb\{n\delg?%%%ﬁ_ﬁglggeﬁég%ﬁﬂ%‘ggé g@a%rlﬂ%ﬁ 0 )'?Iil?eZ‘%dﬁl aglg the key
i nt er medi atcerdidg B) the inABn@aHL 0K 8B6 B8 REK 0SR20 0RR 6vith gsabespdactment

Schenme 2 i llustrates a process of the invention for the preparation of

corrpoundstl]gﬁaé’éfrdi ng to the invention. The internediate of formula (1-3), i

S
then convertedyn®st bdcRAPQMR I feokdTtti and SeidatifRMeyisel ¥elcm Aeomot ed with
i norgani c base such as but not 20 limted to sodi um net hoxi de, potassium

car borfat eacoopttidihe maaiog aeremoalydknoha thjoke of qidenaresiotlimtheiast. ddiri ed our in a
sol vent such.as but not limted to,nethanol, e nol . THF, DIVE CN. The
vost - or of DrisAey buRet nbiei el TN s e AR SR e s oy £ om
0C to aboh¢rehOfre herd6y 22dHoLAEDTBRETEMRAA UYiORBAD. Scheme 2 (1-3)(2-1)
(2-3)(2-4) (2-5)(2-6) Then the conmpound of formula (2-1) is coupled wth a
protected am no acid of the

Abbreviations
10 Abbreviations which may be used in the descriptions of the scheme and the
examples that follow are:
Ac for acetyl;
Boc,0 for di-tert-butyl-dicarbonate;
Boc for #-butoxycarbonyl;
15 Bz for benzoyl;
Bn for benzyl;
BocNHOH for fert-butyl N-hydroxycarbamate;
t-BuOK  for potassium tert-butoxide;
BOP for (benzotriazol-1-yloxy)tris(dimethylamino)phosphonium
20 Hexafluorophosphate;
Brine for sodium chloride solution in water;
CDI for carbonyldiimidazole;
CH,Cl, for dichloromethane;
CH; for methyl;
25 CH;CN for acetonitrile;
Cs,COs; for cesium carbonate;
dba for dibenzylidene acetone;
dppb for diphenylphosphino butane;
dppe for diphenylphosphino ethane;
30 DBU for 1,8-diazabicyclo[5.4.0Jundec-7-ene;
DCC for N,N’-dicyclohexylcarbodiimide;
DEAD for dicthylazodicarboxylate;
DIAD for diisopropyl azodicarboxylate;
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5 formula (2-2), where R6, R3, R4 and R5 are as previously defined to give
the conmpound of formula (2-3). The coupling regent can be selected from
but not |woizberhsgsr3DCC, EDC, di-isopropyl carbodiin de, pPBORSEH10/0P6EOP,
PyAOP, TFFH and HATU. Suitable bases include, but are not limted to,
triethylam ne, diisopropylethylamne, DBU, Nmrethyl norpholine and DVAP. The
coupl i ng react ipgpg} ab K i NH; | vent 10 such as, but not
limted to, CHZ012)}%6@?72%%&%%&}%‘%%?%%@?1% i:?Euglﬁrr%’erature can vary from 0C
to about 50C. D¢@-RAH( E8RYHRRCIIrUSR 0-16d(0Q2EILy)-1,1-dihylihe 1 Brleneiotiexblam no
acids of fornula (2¢1))-@ce prepared by the nethod described in Hu, T. and

Panek, J.S.; J,._Am. .Ch 0G. 2002, 124, 11372. The nethyl ester of
compound of fop%‘ggf?rfﬁg;tnq%@ﬁ%ﬁ\?gﬁl@ae;to t he correspondi ng acid conpound
of forgula (2- hMyig 2d-HahdhexAUARS! ysis in protic solvents. Representative
5 al kali compounds include |ithium hydroxide, sodium hydroxi de, potassium
hydr oxi de, anleMlEfdriNka.-di&ﬁhyéﬁ@haami}%Vents include, but are not linmited to,
net hanol , et ha i.sopropanol.. butanol, THF, 1, 4-di oxane and m xtures
there of. The ﬁi\%&%?lf n(B{I]gﬁlé'E?l&foﬁ?(ge’i s preferably 00 to 35C. Conpound of
formul a (2-4) Dypgomy@qul@l@d%ﬁbsbﬁ@ypmund of formula (2-5) by 10acidic Boc
deprotection. The acid can be sel ected fronLﬂbUt not limted to, TFA, HCl

in di oxane, nmeER4n©®sN-CodimetiadirainoproppheN tathyaghodiimidassi on of the

precegyres, re condj ti - f oV | i roups I s
Gesor bed i n 1 EPa AE LA NS ARoB B AP BL RSl R, |
"Pretective G BupAc far eygacsteteSynt hesi s" ried., John Wley & Son, Inc.,
1999. 15Conpound of forrmula (2-6) is prepared by intranol ecul ar am de
formation reacﬂ%.foﬁfﬁ]éaqoégent can be selected from but not limted to
DCC, EDC, di-i iimde, BOP-Cl, PyBOP, PyAOP, TFFH and HATU.
Sui tabl e basesﬁﬁg:@ggig,ﬂgggﬁggre not limted to, triethylam ne,

di i sopropyl et hiAAdY feer, O-DBlkzabish zoetidwpl el pNON NN atediraDei lurdhienc oupl i ng

reactjon is carried _out.in an Ig@iqtic sol vent such as, but not limted 20
to, Cl2, DWF and Fﬁﬂuo’iﬂgl°§ %ion tenperature can vary from OC to about
50C. An gic esBldkyRnRAReRASS for the preparation of the novel

cycl osporin anal ogues of the present invention is also illustrated in
Scheme 3. WO PORY 6895m3RcHbos20i@ot22675 Schene 3 (2-1)(3-1)

K,COs for potassium carbonate;
MecOH for methanol,
20 Ms for mesyl or -SO,-CH3;
Ms,0 for methanesulfonic anhydride or mesyl-anhydride;
NaHCOj; for sodium bicarbonate or sodium hydrogen carbonate;
Na,CO; sodium carbonate;
NaOH for sodium hydroxide;
25 Na,SO4 for sodium sulfate;
NaHSO; for sodium bisulfite or sodium hydrogen sulfite;
Na,S,03 for sodium thiosulfate;
NH,NH; for hydrazine;
NH;HCO;3 for ammonium bicarbonate;
30 NH4Cl1 for ammonium chloride;
NMMO for N-methylmorpholine N-oxide;
NalOj4 for sodium periodate;
OH for hydroxy;

0504 for osmium tetroxide;

43



(3-4) (3-2) (3-5)(3-6) Ris hydroxy protecting group P The am no group
of conpound of fornula (2-1) is protected by reacting wwth 5 Boc20 in the
presence wb w10088®3such as, but limted to TEA DI PEA, PURRS2@pnemne and
the like. The reaction can be carried out in a variety of organic solvents
such as CH2C12, toluene, Et20, EtOAc and chloroform Then the hydroxyl
group is prote kot il I .reagents such as, but not limted to,
TMSC1, TBSC1, $E%gof\%tﬁﬁwé%lt{;1¥%lgﬁh%&o bi s(trinethylsilyl) acetami de in the
presence of anTéAdanirdluvasecticrad;er ably, the 10silyl ating reagent is TMSCl
and N, O-bis- imet hyl si acetam de, the organic base is 1-

| e B e bl '

nmet hyl i m dazol di scussion of the precedures, reagents and
condi tions forTppotephi ﬁgt‘lgy@\f}%ig%s gieuUp i s described in literature, for
exanple, by T.W G eene an 20f0/ 088573PCT/ US2010/ 022675 P.G M Wits in
"Pretztive G dupa tosyl or g30i-€Csldyiihesi s" ried., John Wley & Son, Inc.,

1999. Th n f fornmula (3:1), i onverted to the conpound of
formula (3-2) ﬁyﬁﬁ%?@y@gl&%m\cma?wg%&ogélﬁ%@gﬁng%m condition described in
t he conver si onTeOH(fdr prolyBulf@rid heidd Further coupling of (3-2) with a
protected am no acid of tfornula (3-3) is proceeded using essential sane
condi ti on descPibadalladivme conversion of (2-1) to (2-3) to give the
conmpound of fo?ﬁ}l’&aph(eﬁ'l'd')' Conpound of forrmula (3-4) is converted to
t he conpound o ormu %’(3- 5) by acidic N-Boc deprotection followed by
est er1@epr ot ecPigdba)ot frisddigénzglidaicasitent) dipatladiuthQOpr ecedur es, reagents and
conditions for r ving protecting groups is described in literature, for
exanpl e, by T. W&gﬁé)éf%t%{ wﬁnﬁhﬁﬂyl&%}sghlflﬁ)mlﬁ"’é‘ﬂr@é%ve Groups in Organic
Synt hesi s" redgpg Jfgf‘i}rt\-’ﬂdtﬁydiﬁet‘ﬁ?ﬁﬂ?i- R¢., 1999. Conpound of fornul a

I |"ar " ami

(3-6) is prepared by i1 ntranol ecul af 'am de formation reaction, which is
descried in t heMSforénsetbplsdfl, (2-5) to (2-6). 15Schene 4 illustrates a
process of the,_i ion for .the prepargtion of conmpounds according to the
i nventi on. RedEW@&I%WW%%V@B'MB@HE&O@& ornula (1-3) with a reduci ng agent
such g, but netalfhndycedpben NaBH4, fol | owed by protection of the am no
group with Fnoc affords Fhe conpound of fornula (4-1). The reduction is

carried out in a protic solvent such as, but not linited to, nethanol,
et hanol , g%%gtci)col@lrg%lodgr tert-butanol or a

The compounds and processes of the present invention will be better understood
in connection with the following synthetic schemes that illustrate the methods by which
20  the compounds of the invention may be prepared.
The novel cyclosporin analogues of the present invention are derived from
cyclosporin A. As shown in Scheme 1, a key intermediate of formula (1-3) was prepared
by selective removal of amino acid in position four — N-methyl leucine of cyclosporin A
(see Roland Wenger et al, “Synthetic routes to NEtXaa'-cycloporin A derivatives as
25  potential anti-HIV 1 drugs”, Tetrahedron Letters, 2000, 41, 7193, which is hereby
incorporated by reference in its entirety). Thus, cyclosporin A was reacted with acetic
anhydride, optionally in the presence of pyridine or DMAP in CH,Cl, to give acetylated
intermediate (1-1), which was followed by selective cleavage of the amide bond between
position three and position four amino acid with trimethyloxonium tetrafluoroborate in
30  CHCl; to afford the intermediate (1-2). Edman degradation of (1-2) gave the key

intermediate (1-3).
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20 m xture of two protic solvents. The reaction tenperature can vary from
0C to about 50C. Protection of the amno group with Fnoc-CO in the presence
of an or gwoi2010bBse3such as, but not limted to, triethylpamuses10/02267s

di i sopropyl et hyl am ne, DBU, N nethyl norpholine or DVAP, gives the conpound
of fornmula (4-1). The reaction is carried out in an aprotic solvent such
as, but not limted to, CH2Cl2, DMF or THF. The 25 reaction tenperature can
vary from OC to about 50C. Further rearrangenent of the conmpound of formula
(4-1) in the presence of an acid, fobdhewed by acetyl protection gives the
conmpound of forrmula (4-2). Suitable acids include, but are not limted to,
nmet hanesuf oni ¢ aci d, toK enesul fonic acid, and canphorsw fonic acid. The
rearrangenent reaction j)s carried out in a protic solveht such as, but not

limted to, netha ol nal , 30i sopropanol or tert-Qytanol. WO
2010/d28573PCI£ Qf@ 675, scherme 4 e@meet rotection
reaction |s H ' protic solv ~§ﬁb 51limted
to, CHZCl 1,7 DIVF STHE, ~wi-t-h ace | drﬁde*l tlhe presence
of base. SU|t baﬁes i ficl yde)™ put are no ed, to, ¢ri&thyd am ne,

di i sopropyl e hy a Y 0 88573PCT/ U /E%ZB%Eb \T/L'ji

N- et hyl nor phol i ne an& The conpound of #or'hulla [soconverted to
t he conpound of faeeaula (4- 3) wi t h sodi um et hoxi de |n met hanol . Then

the conpound of fornmula (4-3) is coupled with a profécted di peptide of the

formnA@ (4-4) to give tfie conpound of fornula (4-5). The coygling regent

can be selected 5 from but not limted to, DCC, EDC, di-isgpropyl

carbodi i m de, BOP-C ,g PyAOP, TFFH and HATU. Suitable ses incl ude,
o Tt r epﬁylanlne di i sopropylgthy wm@ 0 Upe

but are not,_| yem t )

N—nethylggiggo;lnm nd: e coupling react? i

aprotic ch ab @uf Qi | i ntted—tor iIERFoorHTHF %;Z
reaction tequf_/ﬁiﬁ\ran an 0C to about 50¢, he pr ot ethdOW

di pepti des of ¢ or ) e n be prepared by tHKey 3jﬂ§§£§£§éd in Hu,
T. angs Panek, J.S.; em Soc. 2002, 124, 11372. 0} conpound
of formula (4-5) |s converted to the conpound of fornul? (4t6) by acidic
Boc deprotection. Th® acid can be sel ected from but not i mit ed to, TFA
HC1l i n di oxane di.scussi on of

b ocedures. 1 oSgomer 18N L bRg PR R Pl Pr g bt BE LT R B Bluns <

descri beda¢d@rdmg & @t bﬁ\%ntlcﬁrpl’l"h%XﬂBiﬁlheﬁhat@MffBrMﬁla@lﬁfﬁfh@ tihctobvéatdltoWE S i N
"Protective Goups in C}gfnlc Synt hesi s" ried., John Wley & Son, Inc.

1999. compopmdrad fprule - bt byohy dolpo pranesed Fihigraania bey sueh e @pt ed t o

t he re u ysis in
prot i 2 sol e 1S ih hoRAREL Bika Giorh Bufihate i Bt Bt AR VTS
hydrOX|deraﬁbdimmmbyﬂkmmndegﬂbat@&&umﬁmhmdnﬁﬂmammrmnmnbheﬂbnkaTﬂMitable

sol vents |ncI%g but are not %{&é to, thaq1 et hanol , isopropanol,
ey ¢

but anol , FICN. o 5,00n PERfeft thoba IHHEOP dBRIHHI SHper at ur e
is preferag xhganj§@%0uggp@ound of formul a (4 8) is prepared by
i ntranol ecu am de formation reaction. The regent can be selected from

but not Ilnlted to DCC, EDC, di- 25 isopropyl carbodiimde, BOP-Cl, PyBOCP,
PyAOP, TFFH and HATU. Suitable bases include, but are not limted to,
triethylam ne, diisopropylethylam ne, DBU Nnethyl norpholine and DVAP. The
coupling reaction is carried out in an aprotic solvent such as, but not
limted to, CH2C12, DMF and THF. The reaction tenperature can vary from0C
to about 50C. 30
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Exanpl es The conpounds and processes of the present invention wll
be better understood in connection with the follow ng exanples, which are

i nt ended we 2an/iskd7astration only and not limting of tlperasepenefs7s he

i nvention. Various changes and nodifications to the disclosed enbodi nents
wi || be apparent to those skilled in the art and such changes and

nodi fications including, wthout |imtag}gp.,those relating to the chem cal
structures, substituents, derivatives, ‘fW%atl ons and/or nethods of the
invention may be made 5 wt hout departlng fromthe spfrit of the invention

and the scope of the appehded cl ai ns. Al t hough X he inventiom h § been
described with respect e arious preferred enbodi ne it 1s ng¥NARttended
to be limted thergt r tk)eer t hose skllﬁ N H t oy | recm)gﬁ'nze
that variati N may b Net, are wRf hi*n t he
spirit of t and t edl ¢laipgh. 10 Edhple 1:
Conmpound of for VH R3 H R5 CI-|3 \and{ RG; = Stceﬂpl a: Conpound
of formula (1-2 g 0. 4nol ) was) )Ljd” Nanhydrous CH2C12
(1.8 L). Acetlc‘anhy r|<d .3 g, 16rmI)Was owed by DNMAP

(48.86 g, 0.4nol) at roo terrperature under nitrogen! The reaction m xture
was stirred for 36 hf'8) The reaction nixture was @il uted with 6 L of

i sopropyl acetate, followed by 8 L of water and stirred for 30 mns. The
organi c | ayer was separated and washed with saturated HCOB8 (4 x 6 20 L)
and brine (6 L). The organi c phase was dried over Na25Q4 and concentr at ed.

The resulted white foa s dried under vacuumto aff d the conpound of
formula (1-1) (Sg 1HO PLC purity). I\/B(EI z(lVH) St ep
| b: Conpoun c%F ],f‘fﬁf 25Conpound ofMef /g( g, 0.2

nol e) was gla n arﬁhy rouso“@HZC12 _

Tri met hyl w etraf ucHo bBratee (89 12 OV\ﬁ'S added, &t 0 —C and

t he reacti onO R4at room te S&. Met hanol
and wat er (11m+xtu fsadded waadl 3‘3; er 15 mns
at 0 C and then sti rre V\D 210/ 088573PCT/ USZOlO 0 T 00m

tenperature for 3 hrsz,s)Reactlon m xture was further diluted with 2 L of

CH2C12 and 2 L of water. The organic |ayer was separdf®d and washed with
saturated Na2C33 (2 L) d brine (2 L), and then dried oyer Na2SO4. The

sol vent was renoved and{the residue was purified on silica gel colum to
afford the conpound of Aornula (1-2) (170g, 92.5 %5 HPLC purity).

*Iw 1 A u“rf' "y
La8it9eR3 ’IH‘

(2-5) (2-6)

Then the compound of formula (2-1) is coupled with a protected amino acid of the

5 formula (2-2), where Rg, R3, R4 and Rs are as previously defined to give the compound of
formula (2-3). The coupling regent can be selected from, but not limited to DCC, EDC,
di-isopropyl carbodiimide, BOP-Cl, PyBOP, PyAOP, TFFH and HATU. Suitable bases
include, but are not limited to, triethylamine, diisopropylethylamine, DBU, N-
methylmorpholine and DMAP. The coupling reaction is carried out in an aprotic solvent

10  such as, but not limited to, CH,Cl,, DMF and THF. The reaction temperature can vary

from 0°C to about 50°C.

46



M5 (ESI): 1276.8 mlz (M+l). Steplc: Conpound of forrmula (1-3):

Compound of formula (1-2) (230 g, 0.18 nole) was dissolved in anhydrous THF
(1.5 L) am0 2pheosyd7st hi oi socyanate (24.35 g, 0.18 nole) was/@daed2myer 15
mns at O C. 10 The reaction m xture was stirred at roomtenperature for 2
hrs and diluted with 1 L of water and 2.5 L of ethyl acetate. The organic

| ayer was sepa Ia%r]ﬂ

Na2504. and congg%?%é%ﬂ%?tgggd%fg '111 erz()\%gé_%mlr)n&? &hb@g Sgﬁgéedm due
was di ssoinidd, T.and Rhnydks dlSsJ(]%Oﬂiher@ZS‘oﬁiﬁZ(u)z 174,A18455 ) was added at 0C

over 30 mns a th eactlon mxt S red at te erature for 4
oo s 18 reacfiemiint Stidharonnd i oRRa 2o e inerreene C18 Ths CHRSTaME 11,0

organi ¢ | 88oMBsuksabahad Vl\a@ﬁ&ﬁqe W drB1RIs1iR 9rc(n% sbbven@ndeﬁr@&ﬁta@m ed

g0
over 504. Concentrated ané 'ge resi due” was purif on silica gel colum
t o af fr dalkhle comnpaonds dnabideflghwm by draxigy, sod_@Ogl)ydrcwsdf( ESta)SSIumM@romdﬂ z (Mr1).

Stepld: Co 11.6 g, 10
mon)) wadhgingdne Pl Mhiphadiinabit TRo s or e B et diothas  added
sodi um nmeisbpipaitol (Butérl, TRE 1Mdidxaad dnd hiittiRd e b0 THL FQIPEH Bbipetatirer 6
hrs. The m xture was di|uted with ethyl acetate (200 m) and quenched with

1IN HCl (pH-myierabhe0'dpgarfic | ayer was separated and washed vmth sat ur at ed
NaHCO3 and bri eS| due
25 was pur 11 eGoBROLR SEal'ER) Rty Y o R B R B AR D

(2-1)1@ 9. 8glic B c{eﬁﬁitéctloﬁlme z&ldnéah HeMelkekted Stoam | bart n@diﬂi}mﬂld ”D]FAfIQChimI a
(2-3): Ta.a 250 orred f ask were added the conpound from step
id (0.91 éloxdl%ﬁleﬁh?ﬁ‘%u gpﬁea%({) r@flg elrsmﬂS@n(O% pregdures 1Ra2§NES st hy !l |
R4 1s H, %dl%ﬁ%%hm%&@&@%?%ﬁﬁﬁ@ is Ggs%ﬁb@m llltg}ﬁ'ﬂ%ré » fol E A (b%GF W) BOP
(437.9 ng, 0.9 respectively. The
sol ution @a&nstand PédMaWummmRremrpmeaﬁr‘Wﬁs fno@rg]zﬁzch?ystheﬂsl at'ed), Johh Wiks2C12,
washed WIE} : I{oCltr c acid, water, saturated NaHCO3, WO

2010/ 0885 /022675 brine and dried over Na2SO4. Concentrated and
the residue wa@:owbhﬁd@fdfoﬁdutﬁl(@%bnsca?%v@dgpﬁﬁﬁﬁw&wwdnm foiR&Hot, 0 - 20%
v/iv) to afford a white solid 1. ESI 1364.8 mz (Mrl). Step if:
Conpound tfactiair. itk gegent opn: be ssipgted r’dut H(PtdumtbdﬁgtH(EﬁEneED‘EJ @stkomem added

?ﬂh.e) C?gggg%ﬁ?@ ife  ThPiHeP 0 By GIEPEORR AT Buitabid Basds APl

not limited to, triethylamine, diisopropylethylamine, DBU, N-methylmorpholine and

DMAP. The coupling reaction is carried out in an aprotic solvent such as, but not limited
20  to, CH,Cl,, DMF and THF. The reaction temperature can vary from 0°C to about 50°C.
An alternative process for the preparation of the novel cyclosporin analogues of

the present invention is also illustrated in Scheme 3.
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C followed by the addition of |ithium hydroxide nonohydrate (100 ng, 2.4
nmmol ). After stirred at 0 Cfor 3 h, the reaction m xture was dil uted

wi t het hylwecetoalses7650 ml ), washed with 10%citric acid eoruiscen,24s7s ne and
dried over anhydrous Na2504. The 10 sol vent was renoved to give the desired
product 1.0 g as white foam which was used for next step reaction w thout
further purification. M5 (ESI): 1350. 8%@/&1) St epl g: Conpound of
formula (2-5): To a 50 nmL round- bott offe ask were added the conpound
fromstep if (380 15 .26 mmol) fromstep if were ded CH2C12 (3 nmi.)

and the solution was cool dto 0 C fol | owed by the addition of TFA (3 nl)
dropw se. The reactl on ure was stirred at O C ';p and t he
sol vents were repo ﬁ&g a qﬂeand t he resi (;Lue',w S di & edvwi n CH2C12( 30
m.). Washed CO3 brine Fiad Jover Na rous

Na2504, The vva>s ﬂfeer \f@s purl foi e . fl ash

chr omat ogr aphy JL Oﬁ 10% v/v) t Q‘er s.0i | 380 ny.
M5 (ESI): 1250. B¢ nﬂz St epI h: Conpound of forlmu®¥"{A6): To a 500 ni
round- bot t oned fl ask eqw wi th a dropping funnel re added BOP (141.5
ng, 0.32 nmol), CH2CLE ( 250 m) followed by additig@y of a solution of 25
DVAP (39.1 ng, O0.32 mml) and the conpound from step Ig (200 ng, 0.16 mmol)
in CH2C12 (100 m.) during 2 hrs at roomtenperaturjé The sol ution was

stirred at roomtenper re for 16 7 The reacti oy was quenched with
saturated NaHCO3. The opPganic | ayes separated a

dried over anhydrous 04, The sol went was benowe
o] raephy ( OI—V&
) NM -
+0f

purified byflaes chr

white solid

2010/ 08857 A )10/ 022@7% arrpl e 2: f rnul a& R3 CH3,
R4=H, R5=CH3 BQE 5 St ep 2a: Foa (‘QRGZ) where R3
is HR4=H R5=CR3 Ha \@

(3-2)

washed with brine
the resi due was
a_Rto give a

(3-4)

3 0 0
NMe NMe\ﬂD O\ R,
R, 0. O7N—N N
?—Me)‘:( 3 " § H \[r:\Me H
Re
(3-5) (3-6)

R, is hydroxy protecting group

The amino group of compound of formula (2-1) is protected by reacting with
5 Boc,0 in the presence of a base such as, but limited to TEA, DIPEA, DMAP, pyridine

and the like. The reaction can be carried out in a variety of organic solvents such as
CH,Cl,, toluene, Et,0, EtOAc and chloroform. Then the hydroxyl group is protected with
silylating reagents such as, but not limited to, TMSCI, TBSCI, TESCI, TMSOTf and N,
O-bis(trimethylsilyl) acetamide in the presence of an organic base. Preferably, the

10  silylating reagent is TMSCI and N, O-bis-(trimethylsilyl)acetamide, the organic base is 1-
methylimidazole. A more through discussion of the precedures, reagents and conditions

for protecting hydroxyl group is described in literature, for example, by T.W. Greene and
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To a solution of NNBoc threonine (2.19 g, 9.98 mvol) in DVF (35 nl), sodium
hydri de (60% di spersion in mneral oil, 0.88 g) was added at -15 C. After
stirred fwo2810m88s57at -15 C, allyl bromde (1.33 g, 10.9%cmush)iomesradded
and the m xture was stirred for overnight at roomtenperature. The reaction
m xture was poured into water (100 nl), 10 extracted with diethyl ether (2

X 100 ml) p e wARUSOUS. r C » 30% Ciohh 6l epkracted
with et hyF acetate (3 ie%‘%(r%y%s %hg@g%%b%? lgréaen{?"cjo a;weilr 8\7&?3 vvgshed
with wated99% x 100 m ), then br| ne (2 x 100 m), and dried over anhydrous

Na2504. Th t th d

chr omat ogr:pﬁg&ggg@@g‘%ﬁ@ ve‘g% g‘ ﬁg&‘%ﬁélﬁi# egfioglé’ (L%ﬁlfﬁ I(g% BQ/’rup
2.09 g. (Hy(ﬁbgfsm%ﬂ&% ess%ﬁtlﬁs%c&&ggo&/&&cn%%?tﬂe ccﬁw@rs?o% c(ﬁl 3‘%’6 %211)—
Hz), 1.46 (s, 9H), 4 (dd, 1H, J = 5. H) 6-4.14 434

(dd, 1+, § uﬁhez couplmg)bﬂé&aZ) Bith7 grdigcted Hmldo wd) 0©f0r181u51 (B|z3)) s Broz®d5d BSilng m

1.5 30 (Gl et F b S et oy RGP AR AP oend O

sol uti on eémphigdedreeunsdF-4pm step 2a (1.96 g, 7.57 nmmol) in mxture of 20
THF: DVF (17:1, 24 ml) was added sodi um ré?;grl de (60% di spersion in mneral
oil, 1.0 g) at Compouns efciorngyliar3-dd isteonvertednp thagongpoandef FFmubBd® by1. 41 nd

22.7 nmol Tl hrs,
then at r %%&d{%tﬁqe%gﬁg rgﬁ%ﬁ?ﬁ ?OE}%%\} ﬁ%g @Sﬁ%%pﬁgac ?%ﬁtﬁoxghagscgssgn Oqﬁ'lrl%d into
ice wed er p(eﬂ:&ﬁlréﬁ Jeagaws aind eaditidnt fork@ftoeink rpirteetirigtyrouneh 1§&ésrcﬁbéd§ﬁh with ethyl
acetate En?sx 100 _nml). The conbi ned oa(rglganl c layers were washed with 25 water

(3 x100 nftieratyic g cxample byl Graene ek MoJbits dhinkfestise SHAPSM sul f at e.

The sol vepl.,Wasst,ghRYedpd jihews ey Yas gpi fied on flash colum (25%
et hyl acet a% nyhexanes) to give pa| yéllow'syrup (1.6 g, 77.3 %9. WO

2010/ 088573PCT. Cbﬁ@@ﬂ]ﬁﬂ Op61bla I%Nmrém&i WHmtra@oC8)ar afide. fB0ndtion 3H, J =

6.5 Hz), 1.44 J =75 H 3.89-3.93
(1) o S dessiitd i 0pdersigh SRS odRiely ) “a%e5 L Soo6 3 =
5 Hz)15 5. 12 (ddehchtd 4 ﬂlustche:Qa pl%cgss%ﬂhe iavefion-18otht 'jﬂrepllﬁhonéf 8@mpoifs (M

1H). Then the conpound of exa e 2 was prepared using essentially sane
pr ocedur ea@ofdingricsthe prveationy B E@twmof&he chappueheirfatda (b8) with agedgsmmd of

exanmple 1 hec and th nd_of fornul 2-2
where ra PEh SR GRABREARG! [PRBHGRR I G0 mPBTRTRCHR dufl SSLTHA (Esi).
1230.7 m Em()Milﬂﬂ)rdslﬁb Eonagpuhe oSforﬁiMQJ(qUI)dTﬂé reld @&t i cMrieR3FGHI, dpr%H, R5=CH3
and R6 = benzyl. The conpound of exanple 3 was prepared using

essenti al ﬁg}V@aﬁ@cfp%Sob@dm émrltﬁ@ﬁﬁ snchpnod cthangl, isgpTopane] of Kat-pytapdl04ei on of
the ceyp f h
conpoun d 0 I(C)érorm%f8 q%t?czf" l‘ylxghnes r gfl a?tgdpntg%gﬁaﬁe g&ﬁg&? tﬁ%gne nz y‘l%nd%ﬁgh( ESI) :
1280. 8 m 30MPigtectionarfphecardino @&mmnldmeocf(ﬁnﬂﬁﬂie@ré&enRSGiGﬂBJrgMbhse R5=CH3
and R6 = . . . .. ,

such as, but not limited to, tricthylamine, diisopropylethylamine, DBU, N-

methylmorpholine or DMAP, gives the compound of formula (4-1). The reaction is

carried out in an aprotic solvent such as, but not limited to, CH,Cl,, DMF or THF. The

25  reaction temperature can vary from 0°C to about 50°C. Further rearrangement of the

compound of formula (4-1) in the presence of an acid, followed by acetyl protection gives

the compound of formula (4-2). Suitable acids include, but are not limited to,

methanesufonic acid, toluenesulfonic acid, and camphorsulfonic acid. The rearrangement

reaction is carried out in a protic solvent such as, but not limited to, methanol, ethanol,

30  isopropanol or tert-butanol.
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O HN ONNHyp. NiLsi NO) Ille0O 1 $HI W 2010/088573PCT/ US2010/ 022675
To a 2 nL vial were added the conpound of exanple 2 (10 ng), bronobenzene
(100 IL),wBa(0As323(4.5 nmg), PPh3 (25 ng), CH3CN (0.5 merr/usb@ivot639 il L)
under N2 and the vial was sealed and then the m xture was irridiated on

m crowave reactor at 150 C for 5 mn. Solvents were renoved and the residue
was purified by colum 5 chromat ograph 0 OHin DCM to give desired
product. ESI M5 niz = 1306.91 [ M+H] '.% 5. t/? [? ,/ QAc. Conpound
of fornmula V: R3=CH3, =H, R5=CH3 and R6 =N - - 121:::,,N/INM)Plie
010 M N

(4-7)

The acetyl protection reaction is carried out in an aprotic solvent such as, but not
5  limited to, CH,Cl,, CICH,CH,Cl, DMF or THF, with acetic anhydride in the presence of

base. Suitable bases include, but are not limited to, triethylamine, diisopropylethylamine,
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(:) Ny's:"WOAc 0 2 Step 5a: Conpound of fornula (2-2) where R3 is nethyl
R4=H R5=CH3 and R6 is vQAc: To a 250 nmlL round-bottoned flask were
added t hewoaommsssisof step 2b (1.8 g, 6.59 mmol), 1, 4-dipazatsexipro22ehsit ene
(16.2 g, 56.2 mmol), Hoveyda- G ubbs 2nd 15 generation catal yst (413.6 ng,
0.66 mml) and the flask was capped with a rubber septum stopper. Vacuum

was appl i | VP L RSof (5985 8£9) Lcoftv
di chl oroe?ﬁ%ﬁg@f‘%o ntbﬁ{/%vgggea%é}e% andtr'?ag&gl %.Ct | ofn m X?E‘Fg) lélzggg\éetr%egrtoed at 40
C for 16 hHresonmponekof foanelkl (430 wathasodmch micthoxidatie me(hb@ol. m.) . The bi phasi c

m xture was cogled.,to O C foll owe ddition of 2 N NaOH.(6.. . The
e e SO ThStue Ramnaidy O og5 & CobpRR athafpriiE i 5 iga Aot | x 2).
The aqueosinudy@ts M8 giveahdidhsshnwior forud HR). gthe Bou 'ggr_ hi @mtRGeldctch Et 20

(250 nL X 3). The conbined organic |ayers were washed with brine, dried,
concerf r afret, but it Vimifgdite DEGWADEydidisoropylgart®dinyde BOP-Th&yBOre conpound

f | ' i al d f : |
atep thi BvRRE BB PEHATY e DEE T bR RS Gk ' ° O
conpound fiipr&iyERhylemarIDBIE NoaRRE UG pAblif CmADIAFZTRY coMpeing r&d3tibsisnet hyl

R4=H, R5=CH3 _and R6 is \OAc , which was prepared in step 5a. ESI MS nlz =
1302. 8 [ Meficd out inwnapLig/sol8BAYACT. bsgwdm@zlav&%aﬂfw@r THE. Tegnpound

of: Tor mul g, Yo RmpetnurReat ba R B AR5 5000 - 7?7 NEt2 MeMe /C NN) E g

H(:) N
10 The protected dipeptides of formula (4-4) can be prepared by the method

described in Hu, T. and Panek, J.S.; J. Am. Chem. Soc. 2002, 124, 11372.

The compound of formula (4-5) is converted to the compound of formula (4-6) by
acidic Boc deprotection. The acid can be selected from, but not limited to, TFA, HCI in
dioxane, methanesulfonic acid. A more detailed discussion of the procedures, reagents

15  and conditions for removing protecting groups is described in literature, for example, by
T.W. Greene and PGM. Wuts in “Protective Groups in Organic Synthesis” 3"ed., John
Wiley & Son, Inc., 1999.
The methyl ester of compound of formula (4-6) is converted to the corresponding
acid compound of formula (4-7) via alkaline hydrolysis in protic solvents. Representative
20  alkali compounds include lithium hydroxide, sodium hydroxide, potassium hydroxide,
and the like. Suitable solvents include, but are not limited to, methanol, ethanol,
isopropanol, butanol, THF, 1, 4-dioxane and mixtures there of. The reaction temperature
is preferably 0° to 35°C. Compound of formula (4-8) is prepared by intramolecular amide
formation reaction. The regent can be selected from, but not limited to DCC, EDC, di-
25  isopropyl carbodiimide, BOP-Cl, PyBOP, PyAOP, TFFH and HATU. Suitable bases
include, but are not limited to, tricthylamine, diisopropylethylamine, DBU, N-
methylmorpholine and DMAP. The coupling reaction is carried out in an aprotic solvent
such as, but not limited to, CH,Cl,, DMF and THF. The reaction temperature can vary
from 0°C to about 50°C.
30
Examples
The compounds and processes of the present invention will be better understood

in connection with the following examples, which are intended as an illustration only and

51



NIVIT)Ple 00 HO H O N A-NAT-NI-1,(1.,?NEt2 HO )Ie0O = To a solution of the
conpound of exanple 5 (22 ny), Pd2(dba)3 (18 ng), dppb (16 5 ng) in THF (2
m) was awldediodisgs7dy! anmine (0.6 nl) under N2. The m xt ureTwasodegmssed and
refluxed for 4 hrs. The solvent was renoved and the residue was purified by
col um chr omat ography to give light brown foam (20 ng). ESIMS nfz = 1315.9

Ve g R R OESEBRTERE pF lo AR Py T gnpotiac o o O =
conpound dfsclexajrmhtmd?mmm wll bp apedent $o thgseesishmt mahet yrt sadmicpreogegsaed i N t he
orepar ol on ol Lhe camuound,of, XA e £ W5 he sompolnd of exmie s ant
formul a Vi,iR8aeh3; ddfdativesRRratiitisAdarddforthdthods of the invention may be made
5  without departing from the spirit of the invention and the scope of the appended claims.
Although the invention has been described with respect to various preferred

embodiments, it is not intended to be limited thereto, but rather those skilled in the art

will recognize that variations and modifications may be made therein which are within

the spirit of the invention and the scope of the appended claims.

10
Example 1:
Compound of formula V: R;=CHj3, R4=H, Rs=CHj; and Rs = Ac.

Stepla: Compound of formula (1-1):
15 CsA (481 g, 0.4mol) was dissolved in anhydrous CH,Cl, (1.8 L). Acetic
anhydride (163.3 g, 1.6mol) was added followed by DMAP (48.86 g, 0.4mol) at room

temperature under nitrogen. The reaction mixture was stirred for 36 hrs. The reaction
mixture was diluted with 6 L of isopropyl acetate, followed by 8 L of water and stirred
for 30 mins. The organic layer was separated and washed with saturated NaHCO; (4 x 6
20 L) and brine (6 L). The organic phase was dried over Na,SO4 and concentrated. The
resulted white foam was dried under vacuum to afford the compound of formula (1-1)
(520 g, 95.5% HPLC purity).
MS (ESI): 1244.8 m/z (M+1).
Step1b: Compound of formula (1-2):
25 Compound of formula (1-1) (250 g, 0.2 mole) was dissolved in anhydrous CH,Cl,
(2 L). Trimethyloxoniumtetrafluoroborate (89.12 g, 0.6mol) was added at 0° C and the

reaction mixture was stirred at room temperature for 20 hrs. Methanol and water (1:1

mixture, 2.5 L) was added via a dropping funnel over 15 mins at 0° C and then stirred at
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WD 2010/ 088573PCT/ US2010/ 022675 MeMe /LG IN. Pl N (:) N NWPile 00 HO
Hhl- yl.,ONHO The conmpound of exanple 8 was prepared using
essent i alwg 2amBspsocedure in the preparation of the corpowsdowofzexsnpl e 6
wi th the conpound of exanple 5 and tris(hydroxynethyl) am nonethane. 5 ESI
M5 mz = 1363.9 [MtH ' . Exanple 9: Conmpound of formula V: R3=CH3, R4=H,

R5=CH3 an%oﬁ@teﬁlp\erat% fbil Phis. Reaction mixture was further diluted with 2 L of CH,Cl; and
2 L of water. The organic layer was separated and washed with saturated Na,COs (2 L)
and brine (2 L), and then dried over Na,SO4. The solvent was removed and the residue
was purified on silica gel column to afford the compound of formula (1-2) (170g, 92.5 %

5  HPLC purity).
MS (ESI): 1276.8 m/z (M+1).
Steplc: Compound of formula (1-3):

Compound of formula (1-2) (230 g, 0.18 mole) was dissolved in anhydrous THF
(1.5 L) and Phenyl thioisocyanate (24.35 g, 0.18 mole) was added over 15 mins at 0° C.

10  The reaction mixture was stirred at room temperature for 2 hrs and diluted with 1 L of
water and 2.5 L of ethyl acetate. The organic layer was separated and washed with brine
(1 L), and then dried over Na,SO,4 and concentrated. After dried under vacuum for 24 hrs,
the residue was dissolved in anhydrous CH,Cl, (2.66 L). TFA (455 mL) was added at 0°C
over 30 mins and the reaction mixture was stirred at room temperature for 4 hours.

15  Reaction was quenched with saturated Na,CO; (3 L) at -15°C. The organic layer was
separated and washed with brine (3 L), and then dried over MgSQO,. Concentrated and the
residue was purified on silica gel column to afford the compound of formula (1-3) (130g).
MS (ESI): 1149.7 m/z (M+1).

Stepld: Compound of formula (2-1):

20 Compound of formula (1-3) (11.6 g, 10 mmol)) was dissolved in anhydrous
MeOH (100 ml). The solution was added sodium methoxide (1.62g, 30 mmol) and stirred
at room temperature for 6 hrs. The mixture was diluted with ethyl acetate (200 ml) and
quenched with 1N HCI (pH~5). The organic layer was separated and washed with
saturated NaHCOj; and brine, and then dried over MgSQO,4 Concentrated and the residue

25  was purified on silica gel column to afford the compound of formula (2-1) (9.8g).

MS (ESI): 1107.8 m/z (M+1).
Steple: Compound of formula (2-3):

To a 250 mL round-bottomed flask were added the compound from step 1d (0.91

g, 0.82 mmol), the compound of formula (2-2), where Rj3 is methyl, R4 is H, Rs is methyl

30 and Rg acetyl (276 mg, Immol), CH,Cl, (20 mL), BOP (437.9 mg, 0.99 mmol), and
DMAP (241.9 mg, 1.98 mmol) respectively. The solution was stirred at room temperature

for 16 hrs. Diluted with CH,Cl,, washed with 10% citric acid, water, saturated NaHCOs,
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NMe O H))/le O AANATNyrN $ HO re 10To a solution of conpound of exanple 5
(47 my, 0.038 mml) in MeOH (2 nL) was added K2CO3 (30 ng, 0.22 nmol) at
0C. Afterwetwiwmss7at 0C for 2 hrs, the reaction m xturepgaaseawoets at ed
and purified by HPLC to give a white solid 25 ng. ESI M5 mz = 1260.8 [ MtH|
" . 15 Exanple 10: t/? /? ..***** Conpound of fornula V. R3=CH3, R4=H,
R5=CH3 ang,. =\ diad 2 N : : . 0 N-
ONKr Nyp- N IEI{E%?. a%)l,d?%%%i;; ow%%\(?%o'\@ozr{cgnﬁat% Tn8 BeMreBidudQv pu&ﬁé\&v%y fIEE
chromatography (MeOH in CH,Cl,, 0 ~ 20%, v/v) to afford a white solid 1.1 g.

MS (ESI): 1364.8 m/z (M+1).
Steplf: Compound of formula (2-4):

5 To a 50 mL round-bottomed flask were added the compound from step 1e (1.08 g,
0.79 mmol), THF (7 mL) and water (3 mL) respectively and the solution was cooled to 0
°C followed by the addition of lithium hydroxide monohydrate (100 mg, 2.4 mmol).
After stirred at 0 °C for 3 h, the reaction mixture was diluted withethyl acetate (50 ml),
washed with 10% citric acid solution, brine and dried over anhydrous Na,SO4. The

10  solvent was removed to give the desired product 1.0 g as white foam which was used for
next step reaction without further purification.
MS (ESI): 1350.8 m/z (M+1).

Steplg: Compound of formula (2-5):

To a 50 mL round-bottomed flask were added the compound from step 1f (380
15  mg, 0.26 mmol) from step 1f were added CH,Cl; (3 mL) and the solution was cooled to 0
°C followed by the addition of TFA (3 mL) dropwise. The reaction mixture was stirred at
0 °C for 2 hrs and the solvents were removed in vacuo and the residue was dissolved in
CH,Cl; (30 mL). Washed with saturated NaHCO3, brine and dried over anhydrous
Na,S0s, The solvent was removed and the residue was purified by flash chromatography
20 (MeOH/ CH,Cl,, 1-10%, v/v) to give colorless oil 380 mg.
MS (ESI): 1250.8 m/z (M+1).
Steplh: Compound of formula (2-6):

To a 500 ml round-bottomed flask equipped with a dropping funnel were added
BOP (141.5 mg, 0.32 mmol), CH,Cl, ( 250 ml) followed by addition of a solution of
25 DMAP (39.1 mg, 0.32 mmol) and the compound from step 1g (200 mg, 0.16 mmol) in
CH;Cl; (100 mL) during 2 hrs at room temperature. The solution was stirred at room
temperature for 16 hrs. The reaction was quenched with saturated NaHCQOs3. The organic
layer was separated and washed with brine dried over anhydrous Na,SO,. The solvent
was removed and the residue was purified by flash chromatography (MeOH/ CH,Cl,, 1-
30  10%, v/v) to give a white solid 134 mg.
MS (ESI): 1232.9 m/z (M+1).
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9 (330 ng, 0.26 mml ) in CH2C12 (10 m ) was added Boc20 (114 ny, 0.52

mol ) ,

tenperature for 4 hrs,

V( )N L. AE i%OThe co

[ MeH

DMWB 2010f088573g) at room tenperature. After stirre@catuse@ome267s
the reaction m xture was concentrated and purified
by flash chronatography to give a white solid 300 ng. 5 ESI
Compound of formula V. R3=CH3, R4=H, R5=CH3 and R6
nmpound of exanple 11 was prepared using essentially
sanme pr océ&dmpeundof foempladpd:aCiHanR ofH, tRheCtlhhnpdRad abfyl.exanpl e 6 with the

conpound of exanple 10 a 2- norpholin-4-yl-ethanol. ESI M5 mz = 1373.9
15 Exanple 12: np Conpound of formula V: R3=CH3, R4=H, R5=CH3 and
R6 = 0 ylleO 2LO (H H+ ep 12a: Conpound of formula (2-2) where R3 is

met hyl R4=H R5= cu§
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Step 2a: Compound of formula (2-2) where Rz is H, R4=H., Rs=CH3 and R is allyl:
To a solution of N-Boc threonine (2.19 g, 9.98 mmol) in DMF (35 ml), sodium
hydride (60% dispersion in mineral oil, 0.88 g) was added at -15° C. After stirred for 2 hrs

at -15° C, allyl bromide (1.33 g, 10.98 mmol) was added and the mixture was stirred for
overnight at room temperature. The reaction mixture was poured into water (100 ml),
extracted with diethyl ether (2 x 100 ml). The aqueous layer was acidified with 10% citric
acid, extracted with ethyl acetate (3 x 100 ml). The combined organic layers were washed
with water (6 x 100 ml), then brine (2 x 100 ml), and dried over anhydrous Na,SO4. The
solvent was removed and the residue was purified by column chromatography (40% ethyl
acetate in hexane) to give a pail yellow syrup 2.09 g. (yield: 80.8%).

'H-NMR (500 MHz, CDCl:): § 1.23 (d, 3H, J = 6.5 Hz), 1.46 (s, 9H), 3.94 (dd, 1H, J =
5.5, 7.0 Hz), 4.06-4.14 (m, 2H), 4.34 (dd, 1H, J = 2.0, 7.0 Hz) 5.17 (dd, 1H, J = 0.9, 8.5
Hz), 5.23-5.27 (m, 1H), 5.30 (d, 1H, J = 8.5 Hz), 5.81-5.86 (m, 1H).

Step 2b: Compound of formula (2-2) where R; is methyl R4=H. Rs=CHj3 and R is allyl:

To a solution of the compound from step 2a (1.96 g, 7.57 mmol) in mixture of
THF: DMF (17:1, 24 ml) was added sodium hydride (60% dispersion in mineral oil, 1.0
g) at 0° C, After stirred for 20 min at 0° C methyliodide (1.41 ml, 22.7 mmol) was added,
the reaction mixture was stirred at 0° C for 2 hrs, then at room temperature for 17 hrs. The
reaction mixture was poured into ice water (100 ml), acidified with 10% citric acid and
extracted with ethyl acetate (3 x 100 ml). The combined organic layers were washed with
water (3 x100 ml), brine (2 x 100 ml) and dried over anhydrous sodium sulfate. The
solvent was removed and the residue was purified on flash column (25% ethyl acetate

inhexanes) to give pail yellow syrup (1.6 g, 77.3 %).
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r? 20 WD 2010/ 088573PCT/ US2010/ 022675 To a solution of conpound of
formula (2-2) where R3is nethyl, R4 is H RS is CH3 and R2 is / QAc,

whi ch waswprepaisesizi n step 5a (2.76g, 8 nmol) in anhydr eg$/UkkiHow2s78dded
nor phline (6.76g, 80 mmol ), Pd2(dba)2 (460 mmol, 0.5 mmol) and dppb (424
ng, 1 mmol) at roomtenperature. The m xture was degassed and heated to

650C. 5 Af td t gt act,l X b Uy

concent rat% l\élﬁd(lsp gg‘ﬁr{%s(;lgggyvéag&gg“} |’eJd E?/ '?‘?)ag%“g riﬁn%tltl)hgf(g’;fvﬁ?)’ t3000gi ve
col or |l ess(dQi3H, g 2.85 dJz), 58{9—31925b(m,@®m z$.ogmct3qh1,f391);m§sa(<20§3m@rseo Ha),i4]§85rret h 1
R =H R5=CH3 and R6 is rO\,....... o2, N . 10A m xture o
conpound ot OsofndiT 2 I#Z%P\thrlg’ k3 0% %Hﬁbﬁ-z&rﬁjzﬁéﬂi ) §.82-5.88 (m, 1H).
v-.LLoazlto ot . ' r i 10%
pal I adi um on CEP otnhe(cé%1 pron}gl ' })ﬁgxl\?\bp%ﬁie ?fgé%ﬁ{rjg&\%gu%% rgsr%éﬁa 611 rglg:?%cee?rlg%r ature
under 32 from 8p hiresto Jthp I xt theepmpsrafiod toértkel compough ofl epadplef 1 oelli tle and
the filtrate was concentrated to give .t titl onpound .as ¢ol orl ess oil
(350 rg) . CABRHEH f?%s@aﬂkg&aﬁaheowﬂm|og?q@%§2-§}§§qﬁ lweﬁal' St Bty ol | y
sane procgynrehifl R ﬁ&ﬁﬂea%gtgp step I'h in the preparation of the conpound
of exanple 1 wth the conpound fromstep id and the conpound of fornula

(2-2) wheMS @1):d2pefmyl (M42H, ro ,,.N."....) R5=CH3 and R6 is ', which was
prepared in step 12b. ESI M5 niz = 1331.9 [ MtH|

10  Example 3:
Compound of formula V: R;=CHj3, R4=H, Rs=CH3; and R = benzyl.

The compound of example 3 was prepared using essentially same procedure from
step le to step 1h in the preparation of the compound of example 1 with the compound
15  from step 1d and the compound of formula (2-2) where R3 is methyl and Re is benzyl.
MS (ESI): 1280.8 m/z (M+1).

Example 4:

Z
Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R = \(V\@

20 o
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20 Exanple 13:

%..". . ... .. e OAc. Conpound of fornula V: R3=CH3, R4=H, R5=CH3
and R6 = wo 2WMses7BleNN yA" 00 A H OO NMve 0 HOn H N Orricrugspotodes74e10Ac $
HHE O ) Ille0 - WD 2010/ 088573PCT/ US2010/ 022675 Step 13a: Conpound of
formula (2-2) where R3 is nethyl R4=H R5=CH3 and R6 is

------------- 0- AP vial Were %(Rleﬁ tl?é)édfﬁﬁcﬁfﬂd%ff eﬁ%ﬁﬁ@@vﬁm‘){&gi&%ﬂ%@en&gﬂ@)

where R3 is metlglyl and R4 is \"UTo oo S prepared in

step 5a (200a6d.), Bd(r@mt)) (45\@)hyPhga(Qétrﬂg)eC(PHONndO)5 w9, Bt;Edded ubyupddrinedi um
on carbon (400 nq The m xture was stirred under H2 (1 atm at 0oC for 2
hrs and ffullc% Beedd twwghﬁd&n%a@ndhe duKiuFewWasHEdfiqd eramecrouyavecisactentl Bled and

purified b(?’ fiol a5 n %eﬁ% IRAY & 9&#’ &@nli ht‘ﬁetl‘e&fge C&é@guﬂﬂe@% %1‘& n©SS

oil (2.0 g Then e conpoun exanpl e repare u3|ng
essentd al tyrosamergphg¢eduvieOHrioMESYe p giee tlesietigpodut.i n t he preparati on of

t he conpo xa e ] the 10 conpound fromstep id and the
corrpound ngj?‘/g Ia [?d?%)l[]\&%% e R3is nmethyl R4=H, .s
Voo oot . 0Ac5 R5=CH3 and R6 1 \which was prepared in step 1l3a.
ESI NB mz = 1304.8 [MH—I] "

Example 5:

Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ = N0

NULI(M * /g(Me
N*n"\N)i‘n)\’o\/\/\OAc

Step 5a: Compound of formula (2-2) where Rj is methyl R4=H, Rs=CH3 and R is
A0,

10

To a 250 mL round-bottomed flask were added the compound of step 2b (1.8 g,
6.59 mmol), 1,4-diacetoxy-2-butene (16.2 g, 56.2 mmol), Hoveyda-Grubbs 2nd
15  generation catalyst (413.6 mg, 0.66 mmol) and the flask was capped with a rubber septum
stopper. Vacuum was applied and backflashed with N, three times. Degassed 1, 2-
dichlorocthane (70 mL) was added and the reaction mixture was stirred at 40 °C for 16
hrs. Concentrated and charged with water (100 mL). The biphasic mixture was cooled to
0 °C followed by addition of 2 N NaOH (6.5 mL). The mixture was stirred for 10 min at
20 0 °C, extracted with Et,0 (100 mL X 2). The aqueous layer was acidified with 2 N HCI
at 0 ° and extracted with Et,0 (250 mL X 3). The combined organic layers were washed
with brine, dried, concentrated to give pale brown syrup 2.2 g, 83% yield.
Then the compound of example 5 was prepared using essentially same procedure
from step le to step lh in the preparation of the compound of example 1 with the
25 compound from step 1d and the compound of formula (2-2) where R is methyl R4=H,

Rs=CHsand Rg is XA , which was prepared in step Sa.
ESI MS m/z = 1302.8 [M+H] " .
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Exanpl e 14: 15 Conmpound of formula V: R3=CH3, R4=H, R5=CH3 and R6 = \C)Fl:
A sol ution of conmpound of exanple 13 (1.3 g, 1 nmmmol) in MeOH (20 nL) was
added K2G8 20i72ssvg, 1.1 nmmol) at OC. After stirred at ©€rfuseoidobress t he
reaction m xture was quenched with 10%citric acid (5 ml). The m xture was
added saturated 20 NaHCO3 (50 ml) and extracted with ethyl acetate (50 m
X2). The ggﬂ%@%d organic | ayers were washed with saturated NaHCO3 and

bri ne, n dried over anhydrous Na2504. The sol vent was renpoved and
the resi d@gm\ﬁ@,gm(pwfo{arh@q\bmgt 2,1{3 qga@pgra E}g—t e Mhe title conpound
as white solid (1.0 z = 1262 (% 25 Exanple 15 /.....
o'ryCorrpoundoffor aV R3=CH3, R4=H, R5=CH3 and R6 = WO

2010/ 088573PCT/ USZOlO/,Q 675 To a solution of conpound of exanple 12
(40 nmg, 0.03 mml i 12 (1 m) was added m CPBA (0.033 mmol) at 0 C.

The reactio % Ost[rmed at 0 Cfor 0.5 hr and diluted with CH2C12
(10 n), Y Yo brine and dried over 5 Na2SO4. Filtered
and the fi = °s°cohc t Pat & and then purified by HPLC to gi ve the

title corrpou es i 2 II\/Sn12=12788[|\/H—I] Exanpl e
16: 10 Corrpog)ndr cffwfi"or W’Fﬁz R5=CH3 and R6 = \ N3. To
a 4-drumvial were ado% oﬁnd of exanple 14 (100 ng, O. 079 mml ), THF

(2 m), triphenyl phosphine (excess), DEAD (excess) and DPPA (excess)
respectively afd atshhltisoloﬁthemmmmsn@bf exapplad (B0mE), Pde(dba)ghit8 mFhdppl (Ide was

15 t t | |, ut t | MeOH i
G2 e (0™ 185 Hind Peh “FortREt dGDiiiEa 0 st SPr P TRETEY e |
conmpound (&fs8) and EHuNG 6F 2 1irs. 128 s@lvEdtds remoFXPAR] e ¥ésidue was purified

by column chromatography to give light brown foam (20 mg).
ESIMS m/z = 1315.9 [M+H]".

'ﬁ

10  Example 7:

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = XA

\
H
Me @ l\% o Me
T
oﬁ_yHJkrNrN)iﬁo\/\/\L )

The compound of example 7 was prepared using essentially same procedure in the
preparation of the compound of example 6 with the compound of example 3 and
15 worpholine,

ESI MS m/z = 1329.9 [M+H] .

Example 8&:
H

\/WN\@OH
OH
Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R = OH .
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(o \. . Oy N,) 20 Conpound of fornula V: R3=CH3, R4=H, R5=CH3
and R6 0 To a 1-drumvial were added conpound of exanple 14 (100
mg, 0. 079%ormiogessEsi2Cl2 (2 nl), CDI (25.6 ng, 0.158 mmolprTnsspeoticvel y and
the reaction mxture was stirred for 1 hr atroom tenperature. Morpholine
(100 iut) was charged and the reaction 5 was heated at 40 C for 16 hrs. The
crude product m xture wayg passed through a short colum by eluting with a
m xed sol vent MeOH in Cl2 (0 - 10% and then further purified by HPLC to
afford the title conpdw (30 ng). ESI MBS mz = 1375.8 [M+H '. 10 Exanple
18: vOyNHWE v Vi R3=CH3, R4=H, R5=CH3 and R6 =o.

The conpouna epared using essential sane procedure in

t he preparatiloniofme nplei E = 1319.8 [MtH .
Exampl e 19: N mpou Ia V E;;Egﬁ R4 H, R5=CH3 and R6 =0.
WO 2010/0885 ZEthU e of conmpound of exanple 14
(50 ng, 0.040 ﬁnﬂi %t 43 ng, 0720 mmol), HATU (75 ng, 0.20
nmol ), DI PEA (34. 5 |ut 0 20 mol ), DVAP (4.8 ng, 0.040 mmol) in CH2C12 (1
m.) was stirre t xture
was directly pSP?% @&gﬁxggggggﬁg a%@%%53@ﬁan%%§%ﬁ 1 qgmgltﬁgagggggg%d
(13. 6 ng) preh&latiMb ofiftlze corhd@ihd 7of] ddakfiplé 6 viaxiamhpd eor@fbund. of. example 5.and.tris- , . . .y

Me 2 10 ﬂy%%g%%éﬁw§§£gghgﬂmneRS:CHS, R4=H, R5=CH3 and R6 =0.

5  ESIMS m/z=1363.9 [M+H]" .

Example 9:

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R¢ = \/\A’OH.

\
H
o
)\I S ;A \|=°
- e L1
NMeY o O H o —_

10 To a solution of compound of example 5 (47 mg, 0.038 mmol) in MeOH (2 mL)
was added K,CO3 (30 mg, 0.22 mmol) at 0°C. After stirred at 0°C for 2 hrs, the reaction
mixture was concentrated and purified by HPLC to give a white solid 25 mg.

ESI MS m/z = 1260.8 [M+H] .

15  Example 10:

Compound of formula V: R3=CH3, R4=H, Rs=CH3 and Rs = A OBee
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MeMe /C)N:NNNM OHyi e0Ogl OHOO HIN r,0 -11N""'WANW2 or 0 = :
The conpound of exanple 18 was prepared using essential sanme procedure in
t he prepawetzommsef7zexanpl e 19 (18 ng). ESI MS mlz = 134Pce/shblo23e67s 15

Example 21: ?2,..... " E Cbnpound of fornmula V: R3=CH3, R4=H, R5=CH3 and R6
=0. \"."...... e .01r...N H2 WO 2010/ 088573PCT/ US2010/ 022675 MeMe
; X

To a solution of cornpound of example 9 (330 mg, 0.26 mmol) in CH,Cl; (10 ml)
was added Boc,O (114 mg, 0.52 mmol), DMAP (16.5 mg) at room temperature. After
stirred at room temperature for 4 hrs, the reaction mixture was concentrated and purified
by flash chromatography to give a white solid 300 mg.

5 ESIMS m/z=1360.8 [M+H] .

Example 11:
\/\f“\/QV/\wﬁﬁ
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R =

Ni)LiI;yl Q J;}Me
Nme NTr«NJEI;\W*\/O\/A\/ﬂwyﬁ\/ﬁ::j

10 The compound of example 11 was prepared using essentially same procedure in

the preparation of the compound of example 6 with the compound of example 10 and 2-
morpholin-4-yl-ethanol.
ESI MS m/z=1373.9 [M+H]".

15  Example 12:

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = \/\/\’N

\
H
o
(o] % O
Me M Me
O N AL AN NJ;%
H e q H \|=0
/ijtnmar% O H 0 f=C

Step 12a: Compound of formula (2-2) where R3 is methyl R4=H, Rs=CHj3 and Ry is

(o]
20 \Aw¢\«“x):
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gl NHO 1=0 N NIVYPileN- AieNIT,: NOcoNH 2 ' HO re O A sol ution of
conpound of exanple 19 (4 ng, 0.0027 mmol) in TFA CH2C12 (2.4 nl, 1:2, v/v)
was stirrwd 2afo/os85yn t enperature for 20 nmin. The sol vent pgaase@omysds and t he
residue was purified by flash chromatography to afford the title conpound
(3.5 ng). 5ESI M5s mz = 1361.6 [MH'. Exanple 22: Conpound of formula V:

(I?gnpagﬁnngf Hexanpal%li %mngpo\ughloolfgsfgﬁ?r%?)é2$%ykal3%{]&12% SII1 'Eosphl ne

(55 my, OCRd 2Rl )s \mv(%? Bhithvas gre%&rem Lp 3R, %ft&ﬂ&ogﬁﬁaﬁﬁsydiiéﬁsﬂ
(43.9 iut, 0.48 nmol) respectlvely and the solution was stirred for 0.5 h

at 50 C. THE wmweie@ muatpldtnertoxogr &0 nm;)lpﬁidba)lz fdugmod Gshomoly @rlldjdppbby

| uti nt . MeOH i 2C1 0 - 0o° L
o Sar 14 R itel? RS iR S (oot fotbsed Efhe o 6508 ve
m z = 527 Af@r ki at 6-50@{31"740 h8s, 53 reddNon mixtue Q@ﬂb@&b@ﬂtr&%d e g lrasidic \%—C"B

R4=H, R5=CH3 and R6 = To a 1-drumvial were added the conpound of
exanpl e 1nu1(di®lwgﬂas@o@acenmpphytpquqolw)ssoﬂr@érgénw phosphi ne (55 ng, 0.21
mol ), DEAD (32.6 iut, 0.21 mmmol) and tetrazole in acetonitrile (0.48 mmol)

respectively and the sol ution was stirred for 0.5 h at 5 50 C. The crude
product nBputzd: asnpasdest fonmolagf?-2) shektRco urrhyid\R eHUtR sAGHAidnld R i xed
solvent MeOH in 8;12012 (0 - 10%. HPLC purification afforded the title
conpound as whité ffoam (8 ng). ESI MS mfz = 1314.8 [M+H] '. 10 Exanple 24:

10 A mixture of compound of formula (2-2) where R; is methyl and Rs is
|/\o
\/\/\/N\) , which was prepared in step 12a (350 mg) and 10% palladium on carbon
(40 mg) in MeOH (10 ml) was stirred at room temperature under H, for 13 hrs. The
mixture was filtered through a pad of celite and the filtrate was concentrated to give the

title compound as colorless oil (350 mg).
15 Then the compound of example 12 was prepared using essentially same procedure
from step le to step lh in the preparation of the compound of example 1 with the
compound from step 1d and the compound of formula (2-2) where R; is methyl R4=H,

Rs=CH; and Ry is \/\/\/N\) , which was prepared in step 12b.
ESI MS m/z = 1331.9 [M+H]'".

20
Example 13:

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = \/WOAC.
H
f)L \’gr 1% gr“"e
wa)"e o H \|=°
kf"‘?’l ISRA
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NN 11, .."........ ,/,... Conmpound of formula V: R3=CH3, R4=H, R5=CH3 and
R6:' %,...N-....r To a 1-drumvial were added the conpound of
exanpl e Mo(zﬁﬂ)/asgsno 016 mmol ), THF (1 L), triphenyl phesphiso&o2H75y, 0. 21
mmol ), DEAD (32.6 iut, 0.21 nmml) and 15tetrazole in acetonitrile (0.48
mmol ) respectively and the solution was stirred for 0.5 h at 50 C. The

crude progigt g fou S O OLEG 3R S ROLT P RIDH ti?}’—jqj%’ agﬁ$g[ idh a

m xed sol ve puritication

title corrixﬁbn’d\a%‘“v\hlte f oam (6 rrg) ESI MB mz = 1314.8 [ MH] .20
Exanpl e 25: (Torrpound of formula V: R3=CH3, R4=H, R5=CH3 and R6 = \ NF12.
To a 1-drum vi 2P awseltigndedcarapmodnef Simelea e WiBrq 5o lﬁgmetbybagd rfls)
PPh3 (20. ¢ Q@A 0078 mmol ), THF (1 nl) respectively and then the sol ution
was heated at 60 G WBichtvas Pr@mff‘éirm(s'@ Se4g. 768, &@Hml%m)et%@%reé@ BhdVshe

reacti®n 6 r

r esi d:}g m@%ﬁ??pﬁgdﬂ EI)I} Cﬁ §arﬁm{ Erogg%l?)dgrhg?ﬁ;yﬁﬁlb%@ﬁ% uﬁ%;/ﬁ?(gggﬁl\}%agfhe
title conpedrfdr ashmkunﬁeﬁh%@achnl(réﬁglﬁ anpd. of EGHIitd/BInd filtratd 264 . cbnfdvitdaffed’ and
Example 26: .\, . .-, of fo6rrul a Vv

n
ROSCrD, RIS B iR © SR SURROETORPICTIee o
Then the compound of example 13 was prepared using essentially same procedure
from step le to step lh in the preparation of the compound of example 1 with the

10  compound from step 1d and the compound of formula (2-2) where R3 is methyl R4=H,

Rs=CHj; and R is \/\/\’OAC, which was prepared in step 13a.
ESI MS m/z = 1304.8 [M+H]".

Example 14:
15 Compound of formula V: Ry==CHs, Rs=H, Rs=CH; and Rg = X"~

\
H
o
oo Me o mel © Me
)\IN: b ¥ ; ; N\|=°
= e L1
NMe 0 z H 0 N—

A solution of compound of example 13 (1.3 g, 1 mmol) in MeOH (20 mL) was
added K,COs3 (152 mg, 1.1 mmol) at 0°C. After stirred at 0°C for 2 hrs, the reaction
mixture was quenched with 10% citric acid (5 ml). The mixture was added saturated

20 NaHCOs; (50 ml) and extracted with ethyl acetate (50 ml X2). The combined organic
layers were washed with saturated NaHCOj and brine, and then dried over anhydrous
Na,S0,. The solvent was removed and the residue was purified by flash chromatography
to give the title compound as white solid (1.0g).

ESI MS m/z = 1262.8 [M+H] .
25

Example 15:
'S

Compound of formula V: R+=CHs, Ry=H, Rs=CH; and Rg = X"
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NMYle O A-NATNL .r.rNsirlOANH 2 0 )1e0 1 H The conpound of exanple
26 was prepared using essential sane procedure in the preparation of
exanpl e Wwo(aossy73 ESI MS mz = 1305.6 [M+H '. 15 Exawplrass2oio/obts7s Ny N
Compound of formula V: R3=CH3, R4=H, R5=CH3 and R6 =0. WO

2010/ 088573PCT/ US2010/ 022675 MeMe /1: . N. NNMO Heye On H 0o NO

A- NLr

10

15

20

z NTrl,,,OrS|A

H

\H"e 0 e
o}
oA N Ny A RS 0\/\/\,5
To a solution of compound of example 12 (40 mg, 0.03 mmol) in CH,Cl; (1 mL)
was added m-CPBA (0.033 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for
0.5 hr and diluted with CH,Cl, (10 mL), washed with 10% Na,COs, brine and dried over
Na,S0,. Filtered and the filtrate was concentrated, and then purified by HPLC to give the
title compound as white solid (32 mg).

ESIMS m/z = 1278.8 [M+H]".

Example 16:

Compound of formula V: R3=CH3, R4=H, Rs=CH; and R¢ = NS

\
H
o
0 % O
Me M Me
o N A N
)\I S x H |O
= e o
NM% H ° =

To a 4-drum vial were added compound of example 14 (100 mg, 0.079 mmol),
THF (2 mL), triphenylphosphine (excess), DEAD (excess) and DPPA (excess)
respectively and the solution was stirred at 50 °C overnight. The crude was passed
through a short column by eluting with a mixed solvent MeOH in CH,Cl; (0 ~ 10%) and
then further purified by HPLC to afford the title compound (20 mg).
ESI MS m/z = 1287.6 [M+H]".

Example 17:

\/\/\/O\IrN\)
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = 0
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N,?g. re 0 =Hc)) s HO To a 1-drumvial were added triphosgene (19.2
ng, 0.065 mmol), CH2C1l2 (1 nlL), norpholine (16.6 iut, 0.19 muol)

respect i webyommssise turbid m xture was stirred at roomprengsesainees f or 20
mns foll owed by addition of the conpound of exanple 25 (20 ng, 5 0.016
mol ) and DI PEA (50 iut, 0.29 mmol ). The m xture was stirred at 40 C for
1.5 hrs. Solvents were r ved and the crude product m xture was purified
by HPLC to give the titl% conmpound as white foam (6.0 ng). ESI Ms niz =
1374.7 [M+rH '. 10 Exa& 28: v..?ro Conmpound of formula V: R3=CH3, R4=H,
R5=CH3 and R6 =Ho 1-drumvial were added conpound of exanple
14 (100 ngy %%L M (2 m.), Dess-Martin periodinane (40.3 ng,
0. 095 nmol res § andothé=d5 reaction was stirred at room

t enperature f D%umedeth CH2C1 washed wi th saturated NaHCGCS,

brine, and d \Kﬁ% rated, purified by HPLC to
foam(47 ngk,cESI M mz = 1260.6 [ M+tH '.

give the titles cd‘hp unol
20 Exanpl e 29:

k/.?..?2."--0i f : = =N WO
2010/ 088573PCT;F B§§8%%%]6‘%e aaaé%"%ﬁ’o “35?1? %rﬁlgﬁib ﬁﬁmﬁts

conpound @Hzélﬁa(mmﬂe) 281 (2306 myp, OOSQ&YrEOIr)rmbéqtivEtyCHﬂd(tHﬁ mhict;oﬂ-iﬁl‘zﬂﬂarEIw@:k

excess) res tive and the reaction wa room.tenperature for
(1 hr . T%es‘[b‘?%dé éée IO AR HPES- 3&?%9@@&% IELW?%? ages‘fnmﬁﬁrcg%ﬁﬁw@ ve 5
the tigl evﬁ?ﬁ@ﬂéﬁ‘ﬂ 403 X089 hrsESihe Mﬁldyp%odncg-gﬂ@fm@ \{I'M'ﬂiussed thI%ﬁQlﬁTQ kor0:

\' Nl oMe. Conpound of formula V: The

conmpound ocblummdzymllau@omﬂas npx%b@tl@dt B@Oﬂgme@Hﬁ(Eib (0511~ IQ%)Bnqb theoduthe i n t he
preparati 8]91‘1 ied b33( ﬁﬁfb%o a?for(d9 threT%he compound (30 mg).

ESI MS m/z = 1375.8 [M+H] .

10  Example 18:

\/\/\/O\n/NHMe
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = 0

The cornpound of example 18 was prepared using essential same procedure in the
preparation of example 17 (30 mg).
15  ESIMS m/z=1319.8 [M+H]".

Example 19:
~

\/Wo\n/:\NHBoc
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = 0 .
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ESI M5 mz = 1289.8 [MtH '. 15 Exanple 31: Conpound of formula V: R3=CH3,
R4=H, R5=CH3 and R6 = MeNMe /O:0O Ni e 0O .7 n HOON.1 NwO9HNMN

coNi Lr Ny pMp,2bkovosgN3H2OPh 0 yile $ HO i The conpeumsedopzmnpl e 31
was prepared using essential sanme procedure in the preparation of exanple
29 (10 ng). ESI M5 mz = 1351.8[ MtH]. 5 Exanple 32: Conpound of forrmula V:
R3=CH3, R4=H, R5=CH3 and\ = MeMe O NN (:)

A mixture of compound of example 14 (50 mg, 0.040 mmol), Boc-Val-OH (43
mg, 0.20 mmol), HATU (75 mg, 0.20 mmol), DIPEA (34.5 uL, 0.20 mmol), DMAP (4.8
mg, 0.040 mmol) in CH,Cl, (1 mL) was stirred at room temperature for 2 hrs. The crude
5  reaction mixture was directly purified on silica gel column to afford the title compound
(13.6 mg).
ESI MS m/z = 1461.7 [M+H]".

Example 20:
\/\/\/O\IrNMez
10  Compound of formula V: R3=CHj3, R4=H, Rs=CHj3 and R¢ = 0
\
H
(o)
(o] % O
NIRE: Ngr“"ﬁ:
H = H o)
)JM AL .

The compound of example 18 was prepared using essential same procedure in the
preparation of example 19 (18 mg).
ESI MS m/z = 1347.6 [M+H]".
15

Example 21:
Y
SN N,
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = 0
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hl,iel.,
essenti al

01.1HO00 Ni NwO

procedure in the prepar

[ MtH]

10

15

ON,OBn 8 E

A solution of compound of example 19 (4 mg, 0.0027 mmol) in TFA/CH,CI, (2.4

mL, 1:2, v/v) was stirred at room temperature for 20 min. The solvent was removed and

the residue was purified by flash chromatography to afford the title compound (3.5 mg).
ESI MS m/z = 1361.6 [M+H]".

Example 22:
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = SN

To a 1-drum vial were added the compound of example 14 (20 mg, 0.016 mmol),
THF (1 mL), triphenylphosphine (55 mg, 0.21 mmol), DEAD (32.6 uL, 0.21 mmol) and
acetone cyanohydrin (43.9 uL, 0.48 mmol) respectively and the solution was stirred for
0.5 h at 50 °C. The crude product mixture was passed through a short column by eluting
with a mixed solvent MeOH in CH,Cl, (0 ~ 10%). Prep TLC purification afforded the
title compound as white foam (12 mg).

ESI MS m/z = 1271.8 [M+H]".

Example 23:

N
Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R¢ = \/\/\’N

Z

66

The conpound of exanple 32 was prepared using
sane procedure in the preparation of exanple 29 (10 ng). 10 ESI
MS Mz —WBQEHVOSBM&H] ‘. Exanpl e 33: Conpound of fornul acYuskssobidys R4=H,
R5=CH3 and R6 = \................. /.N.... MNN3 NJ's . crMe Me /0:0 NI
0 H NONkrNy _PNJLN'--Nn 1 $ HO )
I11e0 2 15The conpound ofy exanpl e 33 was prepared using essential sane

ion of exanple 29 (11 ngy). ESI Ms mz = 1432.8

e



Exampl e 3
The conpo

Exampl e 3
conpound
preparati
36: \....
R5=CH3 an
M31 e HO

10

15

20

4: 20 Conpound of fornmula V: R3=CH3, R4=H, R5=CH3 and R6 =

und of exanple 34 was prepared using essential sane procedure in
t he prepawetzommsef7zexanple 29 (11 ng). ESI MS mlz = 1433c8/1 shblo21675 5

5: Conpound of formula V: R3=CH3, R4=H, R5=CH3 and R6 =

The

of exanple 35 was prepared using essential sane procedure in the
on of exanple 2 (11 ng). ESI M5 nmz = 1421.8 [MtH '. 15 Exanple
1.,........ .0. 1 Conpound of formula V: R3=CH3, R4=H

d R6 = V\D 20‘1 / 88573PCT/ uUs2010/ 022675 Me /C IN, gl NH
Me
0

°&”J\|’”m’=“~ ”‘n’\’°\/\/\n—w
$ 3 rN
$ H o)ﬂ? o) N>/

To a 1-drum vial were added the compound of example 14 (20 mg, 0.016 mmol),

THF (1 mL), triphenylphosphine (55 mg, 0.21 mmol), DEAD (32.6 uL, 0.21 mmol) and

tetrazole in acetonitrile (0.48 mmol) respectively and the solution was stirred for 0.5 h at
50 °C. The crude product mixture was passed through a short column by eluting with a
mixed solvent MeOH in CH,Cl, (0 ~ 10%). HPLC purification afforded the title
compound as white foam (8 mg).

ESI MS m/z = 1314.8 [M+H]".

Example 24:

N=N

1] \

N

Compound of formula V: R;=CHj;, R4=H, Rs=CH; and R¢ = X\~

\
H
o
o Al
Me M Me
/LjE[N\)LN N NJ;}
i Mego B H O \¥=0
TGS ES.

To a 1-drum vial were added the compound of example 14 (20 mg, 0.016 mmol),
THF (1 mL), triphenylphosphine (55 mg, 0.21 mmol), DEAD (32.6 uL, 0.21 mmol) and
tetrazole in acetonitrile (0.48 mmol) respectively and the solution was stirred for 0.5 h at
50 °C. The crude product mixture was passed through a short column by eluting with a
mixed solvent MeOH in CH,Cl, (0 ~ 10%). HPLC purification afforded the title
compound as white foam (6 mg).

ESI MS m/z = 1314.8 [M+H]".

Example 25:
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = \/\/\’NHz.
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A-N) Lr NY.

essenti al

PN' HO y\le The conpound of exanple 36 was prepared using

sane procedure in the preparation of exanple 29 (11 ng). ESI

\%S3

mz = 146@0%20foMsk73' . 5 Exanple 37: \roEt Conpound of fecmuisao1v024835CH3,

R4=H, R5=

CH3 and R6 =OEt . To a 1-drumvial were added the conpound of

exanple 28 (10 ng, 0.0079 mml), 10 EtOH (1 nL), Et3NOFICl (excess)
respectively and the reagtion was stirred at roomtenperature for 1 hr.

crude reaction m xture

s directly purified by HPLC to give the title

The

conpound (8.5 np). ESIH mz = 1334.9 [M+H] '. 15 Exanple 38: .?2.../72.,
Cbnpound of f = mP4=H, R5=CH3 and R6 = v" \AAC. MM /I
. Me0 NN LA JNIT.D.N.IL,N....tek.e.0."..,..."..".".
SAC ore, H H o o
N\[(\E/o\/\/\NHZ
o -

10

15

To a 1-drum vial were added compound of example 16 (50 mg, 0.039 mmol),
PPh; (20.4 mg, 0.078 mmol), THF (1 mL) respectively and then the solution was heated
at 60 °C for 1 h. Water (14 uL, 0.78 mmol) was added and the reaction was heated at 60
°C for 0.5 h. Solvents were removed and the residue was purified by flash
chromatography (MeOH/TEA, 4/1) to give the title compound as white foam (46.8 mg).
ESI MS m/z = 1261.4 [M+H]'".

Example 26:
\f\¢”\/°erW
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = o)
\
H
(o)
Y N Y N
H o H o)
)\INMe oe O H o \l\|l=— o)

The compound of example 26 was prepared using essential same procedure in the
preparation of example 17 (20 mg).
ESI MS m/z = 1305.6 [M+H] .

Example 27:

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = 0
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$ H WO 2010/ 088573PCT/ US2010/ 022675 The conpound of exanple 38 was
prepared using essential sanme procedure in the preparation of exanple 29
(11 ng). WBholMBsssd = 1464.9 [MrH '. 5 Exanple 39: Compounss:@b/obmrsul a V:
R3=CH3, R4=H, R5=CH3 and R6 = A solution of the conmpound of exanple
39 (10 nmg, 0.0076 mml) in 7 NNH3 in MeOH (2 nL) was stirred for 0.5 hr at
roomtenperature. Concenyrated and purified by 10 silica gel colum (7%
MeOH in CH2Cl12) to give Whe title conmpound as white solid (6.0 ng). ESI M
mz = 1278.8 [ MtH . | e 40: 15 Conpound of for mula V. R3=CH3, R4=H,

R5=CH3 and R6 7 o€ M\éEHO kO NM O 4 A0OHN

NATNI rtw I)\Nj( 'JZ;EN /ﬁr
NM\H"G O H

i fVN @)

To a 1-drum vial were added triphosgene (19.2 mg, 0.065 mmol), CH,Cl; (1 mL),

morpholine (16.6 uL, 0.19 mmol) respectively and the turbid mixture was stirred at room

temperature for 20 mins followed by addition of the compound of example 25 (20 mg,

5 0.016 mmol) and DIPEA (50 pL, 0.29 mmol). The mixture was stirred at 40 °C for 1.5

hrs. Solvents were removed and the crude product mixture was purified by HPLC to give

the title compound as white foam (6.0 mg).

ESI MS m/z = 1374.7 [M+H]".

10  Example 28:

\ |

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = H
\
H
(@)
Me Q val Q Me
= e 1
NMeY o H (o) o H

To a 1-drum vial were added compound of example 14 (100 mg, 0.079 mmol),
CH,Cl; (2 mL), Dess-Martin periodinane (40.3 mg, 0.095 mmol) respectively and the
15  reaction was stirred at room temperature for 20 min. Diluted with CH,Cl,, washed with
saturated NaHCOs3, brine, and dried over Na,SO4. Filtered, concentrated, purified by
HPLC to give the title compound as white foam (47 mg).
ESI MS m/z = 1260.6 [M+H]".

20  Example 29:
Compound of formula V: R;=CHj3, R4=H, Rs=CH3; and R¢ = \/\/\4N~OH.
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$ HoMs 0 )1lile8 = To a 2-drumvial were added the conpound of
exanple 14 (100 ng, 0.079 mmol), CH2C12 (1 nmL), TEA (48.4 iut, 0.35 mmol)
respect i webyorngsi7sae sol uti on was cooled to 0 C fol | oweeclyusasidioticon of
mesyl chloride (13.5 iut, 0.174 mmol). The reaction was 20 stirred at 0 C
for 2 hrs and then quenched wth water. Extracted with CH2Cl12, dri ed,
concentrated and a porti of crude product 13 ng was purlfled by S|I|ca
gel colum (10@6NEOH inWH2C12) to give the title conmpound as white powder
(10 ny). ESI Msmz =} .7 [MEH . WD 2010/ 088573PCT/ US2010/ 022675
Exanpl e 41: Coppeu reola Vi R3=CH3, R4=H, R5=CH3 and R6 = \SlVie. To

a 1-drumvi e ound of exanple 40 (45 ngy, 0.034 mol ), 5
DMF (1.5 gL%ﬁén fiexcegs) E@spectively and the reaction was stirred
at 0 Cfo SN¥&Y 0 DI ut e mnﬁhwGHZClZ and then quenched with acetic acid.
Ext r act ed mnmﬁkcmﬂé% Tﬁ%&%&f§}?\ﬂ1w%ﬁ%ﬁ\NﬂW|ed concentrated and purified
by Prep TLC to¥gitvelt he orfpound as white powder (26.2 ng). ESI M
mz = 1292.6 [N%Fﬂ ' Exanpl e 42: v.roFi Conmpound of formula V: R3= CH3,

xaml o 26 (100 ﬁd‘b‘qb’éﬁl ers BRI S0 SR ROTPIE ane

(0.5 nm), E&)IHF(E&{Il)pr)N}DﬁHQIﬂ (&@LssH kdpeddifve Y mntdBhe reaction was stirred at room

temperature for 1 hr. The crude reaction mixture was directly purified by HPLC to give
5  the title compound (5.5 mg).
ESI MS m/z = 1276.6 [M+H]".

Example 30:

Compound of formula V: Rs=CHs, Rs=H, Rs=CH; and Rq = X" ""F"~ove

NULI(M i g(""e

g
NMe N—
O&NJH/NTG\N N O -OMe
s H O>EP o

The compound of example 30 was prepared using essential same procedure in the

10

preparation of example 29 (9 mg).
ESI MS m/z = 1289.8 [M+H]".

15  Example 31:

Compound of formula V: R;=CH3;, R4=H, Rs=CH; and R¢ = N~ ~FNoen.

\
H
o
Me @ mal Q Me
/LjE[N\)LN N NJ;}N
H e ﬁHo\|=0
NM}r% H H N—
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(0.4 mol ) of 80% NaCl102, 45 ng (0.3 mmol) of NaH2PO401-120, and 1.5 nlL of
H20. After stirred for 15 mn at 0C, the reaction was diluted with CH2C12,
washed wiwb 2brooses73Dri ed, concentrated, purified by flasboTasconmbmgs aphy
eluting with MeOH CH2Cl12 (1 - 10% to give the title conpound as white
foam (70 ng). 20 ESI M5 mz = 1276.6 [MtH '. Exanple 43: H\rN, OH
Conmpound of fo 3, fil he
conmpound of exgnp @m%un?% 3 plgﬁTmasm%@%em%lciﬁ%r?Eé&?e’ 1{ﬂoﬂ.lém
mol ), HAptdpaeGoBofeganipld BO (ﬂrﬁmg) and DI PEA (56iut, 0.32 mmol) in CH2Cl12 (1
m.) was stji t erature for 0.5 hr. Concentrated and purified
by HPLC tﬁlsgf\/&”‘%h_eiﬁq{g[&ﬁ npound as white foam (4.4 ng). ESI MS mz =
1291.6 [MtH . 0,0 10 Exanple 44: 1 \..."....... TrN, OH Conpound of
formula V: R3=CH3, R4=H, R5=CH3 and R6 =0. 0,0 The conmpound of
exanpl® 4EX&mBIe|§|2epar ed usi ng essentially the same procedure in the

preparation of exa 5. .15 ESI M5 mz 5NZ E[I\/Hrl—|] ". Exanpl e
5+ ConpoLREIPERG o RENEIY: RsCHAR R B CHE S0t % T8 2\ 7

2010/ 088573PCT/ US2010/ 02 75

j; o
NMe N—
¢ H o}Me

o

The compound of example 32 was prepared using essential same procedure in the
preparation of example 29 (10 mg).
10 ESIMS m/z=1365.7 [M+H] .

Example 33:
SN

A/

Zz—Z
L

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R =

15 The compound of example 33 was prepared using essential same procedure in the
preparation of example 29 (11 mg).
ESI MS m/z = 1432.8 [M+H]".

Example 34:

S S
P

N —
20 Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = o~ .
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To a 10 nL Schl enk tube were added the conpound of exanple 14 (15 ng, 0.011
nmml ), CH2Cl2 (1 nL), and the solution was cooled to - 78 C under N2

f ol | owed Wy 2andists7en of DAST (6.1 iut, 0.046 mol). Thepceasbiwnwas war ned
to roomtenperature 5slowy and stirred overnight. Quenched with water,
extracted with CH2C12, dried, concentrated and purified by Prep TLC (4%
MeOH in CH2C12) to gl ve e t|tIe conpound as white foam (7.0 ng). ESIMS
rﬂz:12644[M+H] 10\ anpl e 46: Conpound of fornula V: R3=CH3, R4=H,

R5=CH3 and R6 = To a 1-drumvial were added the conpound of
exanmpl e 29 (10, e CH2C12 (1 ni), CDI (3.8 ng, 0.024 mmol),
TEA (11 iuto ively and 15 the ution was stirred at

room t enpe atur ghrs. gCo ntrated and ri B’éd by Prep TLC (5% MeOH

in CH2C12 thystl eHCON"pOUI’ld as Whlt/f am (6.2 my). ES IMS Mz =
12578[M+H] \ Gorethet® Prula V: R3=allyl, R4=H,
R5=CH3 and R6 = CT/ US2010/ 022675 Ste 47a: Com ound of

forrrula22vvhereR3|s R4HR5CHsandR6|s\OAc 5To a 500 nL

round- bot t oned t ﬁﬁgg 0f,« 28 is H
and R6 is all yITLé\%??Jﬁ% wgosf%gag ar%gwlCS tgp g‘{g(%géf% gaiél %rerm| 5&%?:52 1, 4-
Di act oxy- grcpuitadoeof dniyde 2241 mppl ), Hoveyda- G ubbs 2nd generati on cat al yst
(770ng, .ask was capped with a rubber septum stopper.
Vacuum mggiﬁ’?’@d g&ﬁ %Q@?{" ashed with N2 three tines. Degassed DCE
(250myg was added and the 10 reaction was heated at 40 C for 18 h.

Concentrated and charged with water (100 nlL). The bi phasic m xture was
cool ed toE®arﬁ1)1bdl5t owed by addition of 2 N NaCH (12.4 nL). The m xture was

stirred f 10 n r to a separational funnel.
Water (15 OWII_’))u% %If%r%la%d% ﬁfgzh@er% @agbg %&é “ether |layer was discarded
and the agmeousz extracted again with Et20 (200 nL). The aqueous
| ayer was poured W XMl ask and acidified with 2 NHCL (20 nL) at OC.

Extracted with Et20 (250 X 3) and the conbined organic |ayers were
washed with brine, dried, concentrated and purified by flash chronmat ography
to give the title conpou as a yellow foam (6.5 g, 79.5%vyield). ESI M

m z 332. 25[|VH—I] ‘. 20{ Step 47b: Conpound of formula (2-2) where R3 is H
R4= H R5=CH3 and i's m

] 0 7_
10
The compound of example 35 was prepared using essential same procedure in the

preparation of example 29 (11 mg).
ESI MS m/z = 1421.8 [M+H]".

15  Example 36:
o

=
S

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = NH,,

=
Z

N

N
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\N) . To a 100 nL round-bottoned flask were added the conmpound of formula
(2-2) where R3is Hand R6 is \ - -which was prepared in step 47a (3. 4q,
10. 2mmol )woPRd@jmk=as3 (748 ngy, 0.8 mmol), dppe (650 ng, pce/usembop226T8F (50
m.), norpholine 25 (8.7g, 100 mmol) under N2 and the m xture was stirred at
65C for 2 hrs. Solvents were renoved and the residue was purified by flash
chromat ography to give t title conpound as yellow foam (3.4 ¢
(cont am nated with norphwline). WO 2010/ 088573PCT/ US2010/ 022675 ESI M5 ni z
359.30 [MrH' . Step B{c Corrpound of formula (2-2) where R3 is H R4=H
R5 CH3 and R6 |hé5° fyeCOMpound of formula (2-2) where R3 is H and
tep 47b (1.7g, 4.7 W and 10% Pd/ C (110
room t enper H2 for 20 hrs

R2|s 5Wno '
in I\/EO
foIIovved p tmrouﬁgeﬁof celite. on en?ratedto give the title

conpound as 361.35 [M+H] Step 47d:
Conmpound of form!'l |s al lyl, R4:H R5:CH3 and R6 is r0 10
To a 25 m. round-bottomed fl ask were added the conmpound of forrmula (2-2) o

where R3 is H i S, i

mmol ), THFE (2 ygf‘ﬁﬁ?ﬁﬁ‘&?\@%@@%vpﬁ%{f S?“gs %gg’(téggﬁ“égé‘gf)@mﬁtﬁ 066
gméla,)’ dpp&@%tiﬁnnﬁexaﬁlpléﬁ%]ll)mg?nd aljl y![i (7:5tce][t bgt ng c_zla_[]bonat et_(418 ny,
: no stirred a or 0. : e reaction

m xture w)g§ {Vﬁdﬁ} g(’g‘odﬁ@ ﬁ@im tenperature, diluted with Et0OAc, filtered
through a pad of celite. The filtrate was concentrated and purified by

fl ash chromat ography (Acetone/ Hexane, 0-10% v/v) to give the conpound as

an oil (1E8ample331% vyield). ESI MS miz = 441.27 [ M+H 20To a sol ution of
t he above conpound (138 ng, 0.31 mml) in CH2C12 (\3

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = OEt .

To a 1-drum vial were added the compound of example 28 (10 mg, 0.0079 mmol),
10  EtOH (1 mL), Et;NeHCI (excess) respectively and the reaction was stirred at room
temperature for 1 hr. The crude reaction mixture was directly purified by HPLC to give
the title compound (8.5 mg).
ESI MS m/z = 1334.9 [M+H]".

15  Example 38:
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = Nt

\
H
o
(o] =~/ O
Me M Me
o N\)LN\/qu N/g(
H e 2 H j:o
)\INMe o O H g i
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added TFA (2 nL) at O C dropwi se. After stirred at 0 C for 2 hrs, the
sol vents were renoved in vacuo and the residue was dissolved in CH2C12.
Washed wiwb 20006sd&y3CO3, brine and dried over anhydrous ReZaB4o10fbisrer ed,
concentrated to give the title conpound as yellow oil (111 ng in 100%
yield). 25 ESI Ms mz = 341.27 [MH Step 47e: Conmpound of fornmula (3-1)
where Rp i s TMypj leut.| : - 3.5 g,
3 16 mol ) and B BERPY S S PR SR PN AT e gt e
sol uti on pfepBatddof dxadiplg?29 6L13Aghmol ) 30 in 1, 4-dioxane (30 nM.) at 0 C
dr opwi se. ti t .C for 10 mns and room WO
2010/ 08855%’@%20%@8%%?§]tenper ature for 2 hrs, the reaction was
guenched with MeOH. The solvents were renoved in vacuo and the residue was
di ssolved in Et0Ac. Washed with saturated KHSO4 sol ution, brine and dried
over anhylroupleN22S04, the sol vent was renoved and the residue was purified
by flash chromat ography (MeOH_ CH2C12, 0-10% v/ V) L0 Qi the 5 conpound
3.3 g as @Rmpeunbaiformulg ARreiHy. RES RvsChls and R 708, 37 TmeH] . To a
solution of the above coppound (1.2 g, 1.0 mml), 1-nethylim dazole (246
ng, 3 mol) and N, O-bisftrinmethylsilyl)acetamde (2.03 g, 10 nmol) in
CH2C12 (2 nmL) was addefl ({TMSCL (107 ng, 1.0 mmol) at 0 C dropwi se. After
stirred at O qnf@r i end roomtenperature for 1 hr, the reaction
vents were renoved in vacuo and the residue
£kd h saturated KHSO4 sol ution, brine and

was quenched
was di sso@' Ofc, fwashgd
dried ove nh s Na2502, 4f i N+ered, concentrated, and purified by flash

chr omat ogr aploy™\ £; N §hVv) to give the title conpound as
white foam (92%f iy ) % i . %15 ESIMS mz = 1280.45 [M+H'. Step 47f:
Compound of formula (3-2): To a solution of conpound of fornula

(3-1) where Rp, 15 ' ( (5 n)
at 0 C was addé%dgSO IEI}E@ (gg[flg??rg 0“?9.%6%He gg‘@'ﬁggéﬂ g%%k%g%p&%l Y%W%S %ater).
After sti Me€IH & nl))Gvdsaitirtd Hor 0.6ér rea®in emprratingr €Conasntehitddidreidpusifidd Ut OAC,
washed with saturated KHSO4 solutjon, brine and dried over anhydrous
Na2500 Fpiliee gelgcolyme (710 MeQHeinfado(clohoative thectifls eprgpapmdian evhitsesolidi(pd
conpound ,a}% a white foam (603 ng). ESI MS mz = 1194.21 [MH '. r? 25 Step
47g: Conpo %’d of formula (3-4) where R3 is allyl and R6 is To a solution
of conpouR8I dfS marm2 7.8 BM2M] . whi ch was prepared in step 47f (500nmg, O.40
nmol ), conpound of formula (3-3) where R3is allyl and R6 is r0
N - VN ). , Which was prepared in step
47d (110mgxa@pR2ommol ) and DVAP (138ng, 1.12 nmol) in DMF (2 i) was added
HATU (307 ng, 0.81 mmol) at room 30 tenperature. After stjrred at room

t enpetHt uCempoundisf forrauland RECH.f Ri=Ht Ry Htahé Ry eaXT ™o~

To a 2-drum vial were added the compound of example 14 (100 mg, 0.079 mmol),
CH,Cl; (1 mL), TEA (48.4 uL, 0.35 mmol) respectively and the solution was cooled to 0
°C followed by addition of mesyl chloride (13.5 uL, 0.174 mmol). The reaction was
20  stirred at 0 °C for 2 hrs and then quenched with water. Extracted with CH,Cl,, dried,
concentrated and a portion of crude product 13 mg was purified by silica gel column
(10% MeOH in CH,Cl,) to give the title compound as white powder (10 mg).
ESI MS m/z = 1340.7 [M+H]".
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m xture was quenched w th aqueous saturated NaHCO3. The resulting m xture
was WO 2010/ 088573PCT/ US2010/ 022675 extracted with CH2Cl2. The organic

| ayer waswoastadsswst h sat urated KHSO4 sol ution, brine ardTdisb@d/o2es
anhydrous Na2SO4, filtered, concentrated, and purified by flash

chromat ogr aphy (CH2C12/ MeOH, 100-90% v/v) to give the title conmpound 120
ng as whi Eg% anmin 25%yield. 5 ESI M5 mz = 1516.71 [ M+H Step 47h:
Compound o rrrula(S 5) where R3 is allyl and R6 is: To a solution of
conmpound gBmfp@ﬁﬁﬁld)iafoﬁﬁulé)v where; R, raElY; aaa e RONTS Wi *¥Hh was prepared in
step 47g (60 ng, 0.04 muy)), Dlrredone(112ng, 0.08 mml) in THF (1 nl)
was added Pd(Ph3P)4 (4 6\ ng, 0.004 mmol) at room 10 tenperature. The
reaction mxture was sfifred at roomtenperature for 20 mns and dil uted
with EtOAc. Filter d ta gh a pad of celite, the filtrate was concentrated
and the resi d%e p ¢ flash chr omat ogr aphy (CH2C12/ MeOH, 5% v/v)

to give th in 40%vyield. ESI M5 mlz = 1476. 47

[ MkH] 15T R o\" t e°ab corrpound (24 ng, 0.016 nmmol) in CH2C12
(1 n) vvasa A 1 dropuise. After stirred at 0 C for 2 h,
t he sol vents we’r ’ v cyo and th%’v'erem due was dissolved in CHZC12

t hen washed with satur% a uBous Nai i CCB solution, brine and dried over
anhydrous Na2504, filtered, concentrated to give the title conpound as a

pal e yeI | ow f oAma(ltdrumpyialbaeieyiddédie conpagid (hfSXﬁlﬂlzle'4OJ(35 &gl P.03KtepfoISt ep

47i : - S: 0 To a
2ol ut o BT ERptg SR N @hoct eyt Bl HiacPR it i 'Gyor 0034
mol ) in GE1DILERA wikh Cres,addetnCGuenaieadvitd acbes Bl AEkBaddd MEUHB% is
allyl and R6 is \1?1N) 5 which was ared in step 47h(14 ,. 0.010 nmol )
i n CH2C12 Wasbedwithiwateit dfi*@@ﬁf?ltcéﬁ%é?(g% rlfnqdé)YsPdengﬁo\g@@ B¢ file ed at room
tenperatu t m xture was then washed with aqueous
KHSO4, 1ng%éuengl]1agvﬂfatf%de @%21?’1@)(1” ed over anhydrous Na2504, filtered,
concent r aESHMSamd p1292f6 pd+HY . HPLC to give the title conpound 2.2 ng as a
white foam 16% yield. ESI M5 mz = 1357.54 [MH 30 Exanpl e 48: Conpound of
formil®& v: R3= CH3, R4= CH3, R5=H and R6 = allyl. WD

2010/ 0885%;35,%"/ 452010/ 022675 The conpound of exanple 48 was prepared

usi ng essent |y same procedure in the preparation of the conpound of
exanple 2 with the conpound fromstep Id and the c\v’r?pﬁtrﬂﬁ of formula (2-2)

wher e R3=Cp@ypomad-ofiiognulRsz i ahdil: Res=H, dlsF¢Hs and Rs = 0
\
g
Q AL
)\IN;%e H RO \|=0 o

To a 2-drum vial were added the compound of example 28 (104 mg, 0.083 mmol),
15  acetonitrile (2 mL), 2-methyl-2-butene (0.5 mL), a freshly prepared solution of 45 mg
(0.4 mmol) of 80% NaClO,, 45 mg (0.3 mmol) of NaH,PO4eH,0, and 1.5 mL of H,O.
After stirred for 15 min at 0°C, the reaction was diluted with CH,Cl,, washed with brine.
Dried, concentrated, purified by flash chromatography eluting with MeOH/ CH,Cl, (1 ~
10%) to give the title compound as white foam (70 mg).
20 ESIMS m/z=1276.6 [M+H]".
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M5 (ESI): 1230.7 mlz (M+l). 5 Exanple 49: Conpound of formula VI: R3=CH3,
R4=H, R5=CH3 and R6 = H, Step49a: Conpound of forrmula (4-1): Conmpound of
formul a (Weo3P10(@8g3 53 nmol e) was di ssol ved in isoproparo/uysd&@oifs7sd ) and
met hanol (50 nl), and NaBH4 (9.0g, 266 mmol e) was added during 1 hrs 1 at O
C. The reaction m xture was stirred at roomtenperature for 2 hrs. Ethyl
acetate (RQ, gMas added and the mixture was stirred at roomtenperature
for 30 mn and then quenched with 1N HC1L at 0oC. The pH of m xture was
adjusted to pH 9 by addi ng saturated NaHCO3 and Jact ed with

et hyl ace hegat Wir nd bgine. Dried over
Na2504 anga‘tnﬁe so %ﬁ?ﬁl\%a\ém%ge%{\%’e ﬁl‘ﬁg ;ﬁgﬂ; ue Was dried on vaccumto gl ve
t he al cohol conpound (5%
DCM (500 nt). FrmocCl (]
added at 0 C. The (e Cbl
with DCM (500 md X aifid

79). Then the resulted conpound was dissolved in
? 79, 45 mmol e) and DI PEA (12.9g, 100mmol) were
mxture was stirred at 0oC for 2 hrs. Diluted
Wet h 10% citric acid, saturated NaHCO3 and
brine. DrigeQ v*c-z'rlL the sol vent was renoved. The resi due was
purified t® gél obummR o gi vQ)the conmpound of forrmula (4-1) (46
g). Ms: (ESI) 3"'8 Ngt@ CQ,rmpound of fornmula (4-2):
Conmpound of f°or 1 mml was di ssol ved in isopropanol
(100 ni). Met hanesulfo‘?ﬂ d°(I00 nmol e) was added at room tenperature.
The reaction mxture was stirred at 50C for 8 hrs. The reaction m xture was
condensed to - AQnﬁdtur@@ﬂth@&ﬁ)ﬂiﬂiohhd eﬂemptre 42 (w)l m@,coemmlﬁn(oﬁ)oﬂoNHonm
quenched with saturated the m xture was fu

adj ust%ﬁ tld mg, Bio H’ﬂ@%@@é@tﬁ@‘bg @H% Rlé@mob'ﬁi@ P& {36 Hafe}2 %‘@Dsléper a’:] ed
o5 due wabiGRdL BN Hral AUT-IPERits RS BE OB AR pETRIGE T

(2. 04q, ZBIPmb)glemﬂhbﬁﬂedompoﬁﬂﬁas(\ﬂhlfé@am4@4m‘@l) The m xture was stirred
at roomte S:;\tﬁ rel%? E ., and quenched with saturated NaHCO3. The
organic I§§ 6a1\é?ilH nd 10 washed with brine. Dried over Na2SO4 and
concentrated. The residue was purified on by silica gel colum to give the
conpound of fornmula (4-2) (10g). Ms: (ESI) mz (MtH) 1385.8. Step49c:
Conpolfhd Ekarhpleddt a (4-3): 15Conpound of formula (4-2) (6.99g, 5 mmole) was
di ssol ved in nmethanol (50 nl). NaOMe (2N in methanol, 25 M) was added at
roomtenperature. The reaction mxture was stirre /at/xg,mngHterrperature for
of th

18 fr's andofyBRgheionh il \&aLUC, ol NaHQOBH, Fie ROH m xture was
further adj usted to -9 by a d| ng saturated Na2CO3. Organic |ayer was

seperated and washed wlt brine. Dried over Na2SO4 and t he sol vent was
renoved. The 20 re5|du,$ s purlfled on by silica gel colum to give the
conpound of forrrul Zg) Ms: (ESI) mz (MH) 1036. 7. Step49d:
Conmpound of fdvl

The compound of example 44 was prepared using essentially the same procedure
in the preparation of example 43 (5.0 mg).
15 ESIMS m/z=1305.7 [M+H] .

Example 45:

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R = \/\/\’F.
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WO 2010/ 088573PCT/ US2010/ 022675 To a 250 nlL round-bottoned flask were added
t he conmpound of formula (4-3)

Y2 Owo0{(0l0s®F3g, 1.0 mml ), the conpound of fornul aciArsd)ontses e R11
is N (475ng, 1.1 mol ), CH2C12 (20 ni), BOP (531 ng, 1.2 mol), and DVAP
(241.9 ng, 1.98 nmmol) respectively. The solution was stirred at room
tenperature for 16 hrs. Diluted wwth CH2Cl12, washed with 10%citric acid,
wat er, saturated NaHCO8,\\ brine and dried over Na2SO4. Concentrated and the
resi due was purlfl ed f ash chromat ography (MeOH in CH2C12, 0 - 20% v/v)

to afford a | meVB (ESI): 1450.8 m'z (M+1l) Step49e: Conpound
of formul a 50 nL round-bottoned flask were added the
conmpound o for -ﬁ) oO 50 mol) fromstep 2d were added CH2Cl12
(3 nb) an t||.pn q;. edtoOCfoIIowed by the addition of TFA
(3 n) dropWICLJés—N \Eh“ F15 stirred at 0 Cfor 2 hrs and
the sol vents vvéré" el cdo and the residue was dissolved in CH2C12

(30 nmL). Washed vvlth saturated NaHCO3, brine and dried over anhydrous

Na2504, The so i f

chr omat ogr ap hy#%@ﬁ%@%ﬁ%%gg&&\%ﬁ \}'g‘g? 19%6?1\1}}2%28?%{1 lésl gq%élo?ag,?ggﬂ;g
(ESI): 13b0nd@), @Mt IhL R @ndtlepéfition Garrooled tof 78 W& ondea N 4ollywed by To
a 50 nL ro d bo d fl re add t he .conpound from ste 675ny,
0.5 nmol )a g ?E 15%5)% @Ad%g%(ﬁ% I{l@oﬁtef?‘F E4sten W%Wﬂa‘?ﬁ[ﬂwﬂﬁ@ﬂé@rmrmﬁe was
ool ecs L0y Ll 4Rk bt e QRGRIHkl Al LR Wik X1 e, nphyar at e
(100 ng, . After stirred h, the reaction nixture was
di | ut ed vwdnt@enﬂngtbd ankpuatfeddDy(P5op fFL)Z (4WaMI¢@dH w@ﬂiz(ﬂ@% givterthe tide beimpaindt i on,
brine and drj dfove nhydrous Na2SO4. The sol vent was renoved to give the
desi red p?%‘éfh]g? Oé‘gb Z white foam which was used for next step reaction

W t hout fgsIMgrm/purpztguqe[Mm M5 (ESI): 1294.8 mz (M+1l) Step49g: Conpound
of formula (4-8):

10  Example 46:
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = \X""en,

To a 1-drum vial were added the compound of example 29 (10 mg, 0.0078 mmol),
CH,Cl, (1 mL), CDI (3.8 mg, 0.024 mmol), TEA (11 uL, 0.078 mmol) respectively and
15  the solution was stirred at room temperature for 19 hrs. Concentrated and purified by
Prep TLC (5% MeOH in CH,Cl,) to give the title compound as white foam (6.2 mg).
ES IMS m/z = 1257.8 [M+H]".

Example 47:

20  Compound of formula V: Ry=allyl, R=H, Rs=CH; and R = X~
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10 To a 500 m round-bottoned flask equi pped with a droppi ng
funnel were added BOP (141.5 ng, 0.32 nmmol), CH2Cl2 (250 m) foll owed by
addi ti on wb 281080883181 on of DVAP (39.1 ng, 0.32 mmol) andptChascowpeénsl from
step 2f (200 ng, 0.16 nmmol) in 15 CH2C12 (100 nlL) during 2 hrs at room
tenperature. The solution was stirred at roomtenperature for 16 hrs. The
reacti on was quenched w saturated NaHCO3. The organic | ayer was
separated and washed wi t\ brine dried over anhydrous Na2504. The sol vent
was renoved and the reifdie was purified by flash chromat ography (MeOH
CH2C12, 1- 10%,, ¢ t,@ ' gehite solid 134 ng. 20 MS (ESI): 1276.9 mz
(M+1l) The co. N 0 to Exanple 131 were synthesized using the

general nejhgdsidesery bgd H noEx\%}és 1 to 49. 25Wile this invention has
been partfc a'@[ haywn a gesytrbed with references to preferred

enbodi nent s td?ty_a;ﬁj/'\i W Nj’iﬂﬁmm those skilled in the art that
vari ous changes ith ormhﬂ? ai¥l s may bé\;mde therein w thout departing
fromthe scope of the imvention enconpassed by the appended clainms. CLAIM
VWhat is clainmed is: 1.A conpound represented by the forrmula: (1) or a
pharmaceutically acceptable salt, ester or prodrug thereof, wherein: Xis

OH or QAcStepai7a: GompBimdaf fwmare (2-Rlwheae RelieHt Rg=H rRymCH: and Ry is
AN,

5 To a 500 mL round-bottomed flask were added the compound of formula (2-2)
where Rz is H and Rg is allyl, which was prepared in step 2a (6.4 g, 24.7 mmol), Cis-1,4-
Diactoxy-2-butene (42.5g, 247 mmol), Hoveyda-Grubbs 2™ generation catalyst (770mg,
1.23 mmol) and the flask was capped with a rubber septum stopper. Vacuum was applied
and backflashed with N; three times. Degassed DCE (250mL) was added and the

10  reaction was heated at 40 °C for 18 h. Concentrated and charged with water (100 mL).
The biphasic mixture was cooled to 0 °C followed by addition of 2 N NaOH (12.4 mL).
The mixture was stirred for 10 min at 0 °C, and then transferred to a separational funnel.
Water (150 mL) and Et,O (300 mL) were added. The ether layer was discarded and the
aqueous layer was extracted again with Et,O (200 mL). The aqueous layer was poured

15 into 1 L flask and acidified with 2 N HCI (20 mL) at 0°C. Extracted with Et,O (250 mL
X 3) and the combined organic layers were washed with brine, dried, concentrated and
purified by flash chromatography to give the title compound as a yellow foam (6.5 g,
79.5% yield).
ESI MS m/z = 332.25 [M+H]".

20  Step 47b: Compound of formula (2-2) where R3 is H, R4=H, Rs=CHs and R, is

\/\/\/N\)o :

To a 100 mL round-bottomed flask were added the compound of formula (2-2)

: . ~__OA
where Rsis H and Rgis N 2 "

Pd,(dba); (748 mg, 0.8 mmol), dppe (650 mg, 1.6 mmol), THF (50 mL), morpholine

, which was prepared in step 47a (3.4g, 10.2mmol),

25  (8.7g, 100 mmol) under N, and the mixture was stirred at 65°C for 2 hrs. Solvents were
removed and the residue was purified by flash chromatography to give the title compound

as yellow foam (3.4 g (contaminated with morpholine).
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a) R11, wherein R11 is selected from 1) Hydrogen; 152) Deuterium 3) Cl-C8
al kyl; 4) Substituted C1-C8 al kyl; 5) C2-C8 al kenyl; 6) Substituted C2-C8
al kenyl ; WROB)10@RsG8 al kynyl ; 8) Substituted C2-C8 al kynylr/ 32010825612

cycl oal kyl; 10) Substituted C3-Cl2 cycloal kyl; 11) Aryl; 12) Substituted
aryl; 13) Heterocycl oal kyl; 14) Substituted heterocycl oal kyl; 15)

HeteroaryIE_ISI %9;3%§§_t[w]ed heteroaryl; b) -C(0)OR11l; c) -C(0) Ri; d)

C(0) OCHz- where Tis -0- or -S- and R12 is selected from 1) C -C8
al kyl ; Step 47c Compound of formula (2-2) where Rz is H, R4=H, Rs=CH3; and R¢ is
(%
\/\/\/N\).
(%
A mixture of compound of formula (2-2) where R3 is H and R; is \/WN\) ,

5  which was prepared in step 47b (1.7g, 4.7 mmol) and 10% Pd/C (110 mg) in MeOH (50
mL) was stirred at room temperature under H; for 20 hrs followed by passing through a
pad of celite. Concentrated to give the title compound as an oil (1.7g , 100% yield).

ESI MS m/z =361.35 [M+H] .
Step 47d: Compound of formula (3-3) where R; is allyl, R4=H, Rs=CH; and Rg is

(o)

10 \/\/\/N\):

To a 25 mL round-bottomed flask were added the compound of formula (2-2)

o
N
where Rs is Hand Rgis X > \)

mmol), THF (2 mL), 'BuOK (78.5 mg, 0.70 mmol), Pd,(dba); (60.4 mg, 0.066 mmol),

, which was prepared in step 47¢ (238 mg, 0.66

dppe(52.6 mg, 0.13mmol), and allylic tert-butoxy carbonate (418 mg, 2.64 mmol). The

15 solution was stirred at 75°C for 0.5 h. The reaction mixture was then cooled to room
temperature, diluted with EtOAc, filtered through a pad of celite. The filtrate was
concentrated and purified by flash chromatography (Acetone/Hexane, 0-10%, v/v) to give
the compound as an oil (148 mg, 51% yield).

ESI MS m/z = 441.27 [M+H]'".

20 To a solution of the above compound (138 mg, 0.31 mmol) in CH,Cl, (3 mL) was
added TFA (2 mL) at 0 °C dropwise. After stirred at 0 °C for 2 hrs, the solvents were
removed in vacuo and the residue was dissolved in CH,Cl,. Washed with 10% Na.COs,
brine and dried over anhydrous Na,SO,, filtered, concentrated to give the title compound
as yellow oil (111 mg in 100% yield).

25 ESIMS m/z=341.27 [M+H]".

Step 47¢: Compound of formula (3-1) where R,, is TMS:
To a solution of compound of formula (2-1)(3.5 g, 3.16 mmol) and DIPEA (1.22g,
9.5 mmol) in 1,4-dioxane (140 mL) was added a solution of Boc,O (1.37 g, 6.32 mmol)
30 in1,4-dioxane (30 mL) at 0 °C dropwise. After stirred at 0 °C for 10 mins and room
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102) Substituted C1-C8 al kyl; 3) C2-C8 al kenyl; 4)
Substituted C2-C8 al kenyl; 5) C2-C8 al kynyl ; 6) Substituted
C2- C8 al kyoybio/0s853 C3- Cl2 cycl oal kyl; 8) Substituted cPcriR2eipobmas kyl ; 9)
Aryl; 10) Substituted aryl; 11) Heterocycl oal kyl; 2012) Substituted
het er ocycl oal kyl ; 13) Heteroaryl; or 14) Substituted heteroaryl; e)

-S40 ML a0 RS Bt gsRandonc s selepl st oqmat ! on
whi ch at t acveedo 26d theirssiduthgds dissobatdon EtDAubdusttedtvath haatrecd &ft3@al kyl ; )
0 S Sl Al O o ot S 20 )
Cl- C8 al kydsidukiwas PHRAL b tigch Gloogtabdy (McOH/ CH,CL,, 0-10%, v/v) to give the
5 compound 3.3 g as white foam in 87% yield.
ESI MS m/z = 1208.37 [M+H]".
To a solution of the above compound (1.2 g, 1.0 mmol), 1-methylimidazole (246
mg, 3 mmol) and N, O-bis(trimethylsilyl)acetamide (2.03 g, 10 mmol) in CH,Cl, (2 mL)
was added TMSCI (107 mg, 1.0 mmol) at 0 °C dropwise. After stirred at 0 °C for 10
10  mins and room temperature for 1 hr, the reaction was quenched with MeOH. The solvents
were removed in vacuo and the residue was dissolved in EtOAc, washed with saturated
KHSO; solution, brine and dried over anhydrous Na,SO,, filtered, concentrated, and
purified by flash chromatography (Hexanes/Acetone, 90-50%, v/v) to give the title
compound as white foam (921 mg , 72% yield).
15 ESIMS m/z = 1280.45 [M+H]".

Step 47f: Compound of formula (3-2):
To a solution of compound of formula (3-1) where R, is TMS (0.66 g, 0.52 mmol)
in THF (10 mL) and water (5 mL) at 0 °C was added LiOH solution (2.0 mmol, 4 mL 0.5

20 M solution in water). After stirred at 0 °C for 1 h, the reaction mixture was diluted with
EtOAc, washed with saturated KHSOj4 solution, brine and dried over anhydrous Na,SOj.
Filtered, the filtrate was concentrated to give the the title compound as a white foam (603
mg).

ESI MS m/z = 119421 [M+H]'".

(o]
25  Step 47g: Compound of formula (3-4) where Ry is allyl and R is A :

To a solution of compound of formula (3-2), which was prepared in step 47f
(500mg, 0.40 mmol), compound of formula (3-3) where Rs is allyl and Rg is
o
\/\/\/N\) , which was prepared in step 47d (110mg, 0.32 mmol) and DMAP
(138mg, 1.12 mmol) in DMF (2 mL) was added HATU (307 mg, 0.81 mmol) at room
30  temperature. After stirred at room temperature for 48 hrs and 40 °C for 4 hrs, the reaction

mixture was quenched with aqueous saturated NaHCOs. The resulting mixture was
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iii. C2-C8 al kenyl; iv. Substituted C2-C8 al kenyl; v. C2-C8 al kynyl; vi.
Substituted C2-C8 al kynyl; 5vii. C3-Cl2 cycloal kyl; and viii. Substituted
C3- C12 cywbaealokghs732) - M NR16R11, where R16 is Rl11 and Rti/ussod®2pmrevi ously
defined, or R16 and Rl1l, taken together with the nitrogen atomto which
they are attached is substituted or unsubstituted heterocycloal kyl; 103)

-M5(0)", ] : : ) -M0OC(0
R12: (73 i &WWRE%C Oﬁﬁnlﬁlﬁaﬁ)&o%%a Wl esragMéRt% 3%10 ! 1ﬁ)go)n’ MO
I\/I\NAR(% & cg g)?\l Brﬂé&gfldlr&)d ovivk @(l@)it\dim NAERQ;, fﬂtgjed- M@eﬂ)m@gﬁ pfnﬁegedlby flash)

- e an are as

pr evi ous| §UGBRGES @%&%@Mﬁw@a %eﬁ@g@'% tifiecRMPARG 10 888% at om to

whi ch they,hﬁg%a@g{@gwgleld orma substituted or unsubstituted
het erocycl oal kyl ; 14) -MC(S) S R11; 15) -MO0C(S)S R12; 2516) - M NRL7C(0) S
R12; 1¥) ES’IMS(@JZNRILﬂﬂll IMreiE. R11 and R16 are as previously defined or R16

(o)

\) .

To a solution of compound of formula (3-4) where R is allyl and R is

Step 47h: Compound of formula (3-5) where R is allyl and Rg is X """

o

\/\/\’N\) , which was prepared in step 47g (60 mg, 0.04 mmol), Dimedone (11.2
mg, 0.08 mmol) in THF (1 mL) was added Pd(PhsP), (4.6 mg, 0.004 mmol) at room

10  temperature. The reaction mixture was stirred at room temperature for 20 mins and
diluted with EtOAc. Filtered through a pad of celite, the filtrate was concentrated and the
residue was purified by flash chromatography (CH,Cl,/MeOH, 5%, v/v) to give the
compound 24 mg as an oil in 40% yield.

ESI MS m/z = 1476.47 [M+H]'".

15 To a solution of the above compound (24 mg, 0.016 mmol) in CH,Cl, (1 mL) was
added TFA (1 mL) at 0 °C dropwise. After stirred at 0 °C for 2 h, the solvents were
removed in vacuo and the residue was dissolved in CH,Cl,, then washed with saturated
aqueous NatiCOs; solution, brine and dried over anhydrous Na,SOy, filtered, concentrated
to give the title compound as a pale yellow foam (14 mg, 64% yield).

20 ESIMSm/z=1376.47 [M+H] .

(\o
Step 47i: Compound of formula (3-6) where Rj is allyl and Rg is X~~~ N :
To a solution of TFFH (5.4 mg, 0.021 mmol), 2,4,6-sym-collidine (2.5 mg, 0.021
mmol) in CH,Cl, (50 mL) was added Compound of formula (3-5) where Rj is allyl and

o
Rs 1s \/\/\’N\) , which was prepared in step 47h (14 mg, 0.010 mmol) in CH,Cl, (20

25 mL) at room temperature. The solution was stirred at room temperature for 16 h. The
reaction mixture was then washed with aqueous KHSO,, 10% aqueous Na,COs;, brine,
dried over anhydrous Na,SOy, filtered, concentrated, and purified by HPLC to give the
title compound 2.2 mg as a white foam 16% yield.
ESI MS m/z = 1357.54 [M+H]".

30  Example 48: Compound of formula V: R;=CHj3, R4= CH3, Rs=H and R¢ = allyl.
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and R11, taken together with the nitrogen atomto which they are attached,
forma substituted or unsubstituted heterocycloal kyl; 18) -MCH=N-0 R11;
3019) - MWb=bkoR3G3R11 where R11 and R16 are as previ ouscy/uwedioned7or R16
and R11, taken together with the nitrogen atomto which they are attached,
forma substituted or unsubstituted heterocycloal kyl; Ais ethyl,

1- hydr oxyet hyl 5.l I ~ar, ; : gﬁ%% 675 W
and V are eachTPﬁggggn eﬁ#%%mg @é§5¥£fﬁq%§?ﬁgé%%%§§?%ﬁ er%gﬁgéﬂggﬁﬁ, or 2;
R2 i s R1; tlRYre¢mramneditiedcdmmmmdef bydmplef with thakbmpownidrgm egeyplld and the R4 and

R5 are independently selected fraom hydrogen, nethyl, ethyl, allyl, propyl
and 5i sopf 1W%§6ﬁ%§“§ﬁgbghﬁhﬂe ac BH%Fgﬁﬂaéﬁ_hﬁ%ggﬁﬁdgﬁ@ly 0, 1 or 2.

2. A conpepndqagaosalizng-0r+ahai m1 which is represented by the fornula (Ha)
or 10(Ilb): (Ha)(Ho) wherein Rl, R2, R3, R4, R5, R6, V and Ware as

defined in claiml. 3. A compound according to claim1 which is
represent Egargﬁ’let4'3?c‘ér%{oghjﬁ£ of(flgprklulg "\/IlﬁA@@, R;;Zfl?ﬁ?%) and R = H;

Step49a: Compound of formula (4-1):

Compound of formula (1-3) (61g, 53 mmole) was dissolved in isopropanol (450
10  ml) and methanol (50 ml), and NaBH, (9.0g, 266 mmole) was added during 1 hrs 1 at 0°
C. The reaction mixture was stirred at room temperature for 2 hrs. Ethyl acetate (50 ml)
was added and the mixture was stirred at room temperature for 30 min and then quenched
with 1N HCI at 0oC. The pH of mixture was adjusted to pH~9 by adding saturated
NaHCO; and Na,COj;. Extracted with ethyl acetate and washed with saturated NaHCO;
15  and brine. Dried over Na,SO4 and the solvent was removed. The residue was dried on
vaccum to give the alcohol compound (59.7g). Then the resulted compound was
dissolved in DCM (500 ml). FmocCl (11.7g, 45 mmole) and DIPEA (12.9g, 100mmol)
were added at 0° C. The reaction mixture was stirred at 0oC for 2 hrs. Diluted with DCM
(500 ml) and washed with 10% citric acid, saturated NaHCO; and brine. Dried over
20  Na,SO4 and the solvent was removed. The residue was purified on by silica gel column to
give the compound of formula (4-1) (46 g). MS: (ESI) m/z (M+H) 1343.8.
Step49b: Compound of formula (4-2):

82



WD 2010/ 088573PCT/ US2010/ 022675 wherein Rl, R3, R4, R5, R6 and Ware as
defined in claiml, and --, represents a single bond or a doubl e bond;

4. A conpwondioasssdi ng to claiml1 which is represent edpboy/usheofoorsml a
(I'V): 5 0 MM (IV) wherein R3, R4, R5, R6 and Ware as defined in claim1.
5. A compound according to claim1 which is represented by the formula (V)

o 10001, Vo3 ko5 1 0y 500, 5 bl

claiml1l. 6. A conpound according to ciaimb IS se
gr oup consilysMeatgpnefulfoBormed Od0ofimble) mak addéd aRBso@HEMRAate. RicoEhi3icand R6 =

Ac; Conpound of fornula V., = , ~R4=H, R5=CH3 and R6.,= allyl:
2010/ osssw/wﬁﬂeﬁg%@%aﬁa FipbAIAIHE U IR [ L oy
and R6 = Qepaihicd MR dc@te i S00MbhanY quERhcdRithRdmbhic RRaH of
formula V: R3=CH3, R4=H, R5= npound of fornula V: R3=CH3, R4=H, R5= CH3
and RE® the mixture was further adjusted to ~9 by adding saturated Na,COs. The organic layer

was seperated and washed with brine. Dried over Na,SO,4 and the solvent was removed.

The residue was dissolved in DCM (100 ml) and was added acetic anhydride (2.04g, 20

mmol) followed by TEA (4.04g, 40 mmol). The mixture was stirred at room temperature

for 3 hrs and quenched with saturated NaHCOs. The organic layer was seperated and

10  washed with brine. Dried over Na,SO4 and concentrated. The residue was purified on by
silica gel column to give the compound of formula (4-2) (10g). MS: (ESI) m/z (M+H)
1385.8.

Step49c: Compound of formula (4-3):

15 Compound of formula (4-2) (6.9g, 5 mmole) was dissolved in methanol (50 ml).
NaOMe (2N in methanol, 25 ml) was added at room temperature. The reaction mixture
was stirred at room temperature for 18 hrs and quenched with saturated NaHCOs. The pH
of the mixture was further adjusted to ~9 by adding saturated Na,COj;. Organic layer was
seperated and washed with brine. Dried over Na,SO4 and the solvent was removed. The

20  residue was purified on by silica gel column to give the compound of formula (4-3)
(4.2g). MS: (ESI) m/z (M+H) 1036.7.

Step49d: Compound of formula (4-5):
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CH3 and R6 CH3 and R6 , . NEt 2. Conpound of fornula V: R3=CH3, R4=H,
R5=CH3 and R6 =; Conpound of fornmula V. R3=CH3, R4=H, R5=CH3 and R6 =
Conpound wb 2bovessd7a V: R3=CH3, R4=H, R5=CH3 and R6 = % POBas20100pw0sind of
formula V: R3=CH3, R4=H, R5=CH3 and R6 = Conpound of formula V. R3=CH3,
R4=H, R5=CH3 and R6 = Compound of formula V: R3=CH3, R4=H, R5=CH3 and R6

= Conpound of #gr A Y: dﬁﬁ&- B sk RRECHHR1Ae RBrmip &fH'BPfHF& pf (4L9y mul a
V: R3=CH3, R4=H, R5=CHB an ol i Ferihiticd egg?rlﬁ?)und oo 2 v
R3=CH3, R4=H, R5=CH3 and R6 = 15Conpound of fornula V: RB:G—B,/\R/AfitL,ACRS:CI—B

and R6 = {IN} g, 1.0 mmol), the compound of formula (4-4), where Ry, is X0

(475mg, 1.1 mmol), CH,Cl, (20 mL), BOP (531 mg, 1.2 mmol), and DMAP (241.9 mg,
1.98 mmol) respectively. The solution was stirred at room temperature for 16 hrs.

5 Diluted with CH,Cl,, washed with 10% citric acid, water, saturated NaHCO;, brine and
dried over Na;SO4. Concentrated and the residue was purified by flash chromatography
(MeOH in CH,Cl,, 0 ~ 20%, v/v) to afford a white solid 1.4 g.
MS (ESI): 1450.8 m/z (M+1)
Step49e: Compound of formula (4-6):

10

To a 50 mL round-bottomed flask were added the compound of formula (4-5)

(725mg, 0.50 mmol) from step 2d were added CH,Cl; (3 mL) and the solution was cooled
to 0 °C followed by the addition of TFA (3 mL) dropwise. The reaction mixture was

15 stirred at 0 °C for 2 hrs and the solvents were removed in vacuo and the residue was
dissolved in CH,Cl, (30 mL). Washed with saturated NaHCO3, brine and dried over
anhydrous Na,SO4, The solvent was removed and the residue was purified by flash
chromatography (MeOH/ CH,Cl,, 1-10%, v/v) to give colorless oil 730 mg.
MS (ESI): 1350.8 m/z (M+1)

20  Step49f: Compound of formula (4-7):




N Conmpound of formula V: R3=CH3, R4=H, R5 =CH3 and R6 =3 Conpound of
formula V: R3=CH3, R4=H, R5 =CH3 and R6 = Conpound of forrmula V. R3=CH3,
R4=H, R5 wOH8102385786 = 1. (NHBoc 03 WO 2010/ 088573PCT/ UBR@ABLOBD80655
Compound of formula V: R3 =CH3, R4=H, R5=CH3 and R6 = \-,-,..."."0oyNwe 2
Compound of formula V: R3 Conpound of forrrul aV.: R3 Corrpound of formula V:

T R T o L M
of for mul &NmgChipomnt, ﬁHFf(@n[h)laadWat@(ﬂﬁrmd@ndsp@ttleaby and the Wolution was

cooled to 0 °C followed by the addition of lithium hydroxide monohydrate (100 mg, 2.4

mmol). After stirred at 0 °C for 3 h, the reaction mixture was diluted withethyl acetate

5 (50 ml), washed with 10% citric acid solution, brine and dried over anhydrous Na,SOs,.

The solvent was removed to give the desired product 650 mg as white foam which was

used for next step reaction without further purification.

MS (ESI): 1294.8 m/z (M+1)

Step49g: Compound of formula (4-8):

10

To a 500 ml round-bottomed flask equipped with a dropping funnel were added

BOP (141.5 mg, 0.32 mmol), CH,Cl, (250 ml) followed by addition of a solution of
DMAP (39.1 mg, 0.32 mmol) and the compound from step 2f (200 mg, 0.16 mmol) in

15  CH,CI, (100 mL) during 2 hrs at room temperature. The solution was stirred at room
temperature for 16 hrs. The reaction was quenched with saturated NaHCOs3. The organic
layer was separated and washed with brine dried over anhydrous Na,SO,. The solvent
was removed and the residue was purified by flash chromatography (MeOH/ CH,Cl,, 1-
10%, v/v) to give a white solid 134 mg.

20 MS (ESID): 1276.9 m/z (M+1)

The compounds of Example 50 to Example 131 were synthesized using the general

methods described in Examples 1 to 49.

25 While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.
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Corrpound of formula Vi HrO\".. y ."...) . =CH3, R4=H, R5=CH3 and R6 =03

| .y0 =CH3, R4=H, R50H3andR6-H; 15
N W02010/088573 .4..1, N.4. O ---al Nrii3 N--

formula V: R3=CH3, R4H RSCHBandRG:\." N

Corrpound of formula V: R3=CH3, R4=H, R5=CH3 and R6 =
VLN ,00:. N...O0  CLAIMS

What is claimed is:

1. A compound represented by the formula:

@

or a pharmaceutically acceptable salt, ester or prodrug thereof,

wherein:
10
X 1s OH or OAc;

R4 R4 R4
J or J or ?
B is , where, R, is selected from:

a) Ry1, wherein Ry is selected from:
1) Hydrogen,;
15 2) Deuterium;
3) C,-Cs alkyl;
4) Substituted C;-Cs alkyl;
5) C,-Cg alkenyl;
6) Substituted C,-Cs alkenyl;
20 7) C,-Cs alkynyl;
8) Substituted C,-Cg alkynyl;
9) Cs-Cy; cycloalkyl;
10) Substituted Cs-C;; cycloalkyl;
11) Aryl;
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WD 2010/ 088573PCT/ US2010/ 022675 Conmpound of formula V: R3=CH3, R4=H, R5=CH3
and R6 = v"....... [?2,...1,N.O0 NH2 ; Conpound of forrmula V. R3=CH3, R4=H,
R5 =CH3 awmd 2Bfy/088573 Conpound of fornula V: R3=CH3, R4=HpcRwsz@bid2zmnsl R6 =
Conpound of forrmula V: R3=CH3, R4=H, R5 =CH3 and R6 = Conpound of formula
V: R3=CH3, R4=H, R5 =CH3 and R6 = Conpound of formula V: R3=CH3, R4=H, R5
=CH3 and R6 = @Wﬁﬁt fa%prmjl a V: R3=CH3, R4=H, R5 =CH3 and R6 =
10Conpound of r mul : ZCH3, R4=H, R5 =CH3 and R6 = Conpound of fornula
V: R3=CH3, R4=H3}) R&croCiHdoaky; R6 = Conpound of forrmula V. R3=CH3, R4=H, R5
=CH3 and R6 = \F; d of formula V: R3=CH3, R4=H, R5 =CH3 and R6 = \CN
. Compound of )&%&%{J@&% _8‘?310@1&, YR4=H, R5 =CH3 and R6 =5

Vit 120" Ny Heteroaryd§ompound of formula Vi R3=CH3, R4= CH3, R5=H and
R6 = allyl; Conmpound of forrmula VI: R3=CH3, R4=H, R 5-CH3 and R6 = H;
Conpound of f oleu$ubstifutedAB+e®pBYl;R4=H, R 5-CH3 and R6 = allyl; Conpound of

formula VI: |§?f R4=H, R 5=CH3 and R6 = benzyl; Conpound of forrmula VI:
R3=CH3, R4:I-l?, = >and R6 20Conpound of fornmula VI: R3=CH3, R4=H, R
5-CH3 and R@)\C(O)Ryj;- -« - .- OAc. , WD 2010/088573PCT/ US2010/ 022675

Compound of formula VI: R3=CH3, R4=H, R5=CH3 and R6 =\
d) —-C(O)OCH,-T-Ry,, where T is —O- or —S- and Ry, is selected from:

1) C-Cs alkyl,
10 2) Substituted C;-Cs alkyl;
3) C,-Cg alkenyl;
4) Substituted C,-Cg alkenyl;
5) C,-Cg alkynyl;
6) Substituted C,-Cs alkynyl;
15 7) C3-Cy; cycloalkyl;
8) Substituted C;-Cy; cycloalkyl;
9) Aryl;
10) Substituted aryl;
11) Heterocycloalkyl,
20 12) Substituted heterocycloalkyl;
13) Heteroaryl; or
14) Substituted heteroaryl;
¢) —C(O)N(R13)(R14), where R;3 and R4 are independently selected from R;; and Ry
is as previously defined or R;3 and R4 combined together with the N which attached
25 to is substituted or unsubstituted heterocycloalkyl;
f) -C(O)SRy;
g) —C(S)O Ryy;
h) -C(O)OCH,OC(O) R2;
1) =C(S)S Ry;; and
30 J) Ris, where Ry is selected from:
1) -M-Ry;, where M is selected from:
1. C;-Csalkyl;
ii. Substituted C,-Cs alkyl;
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Compound of formula VI: R3=CH3, R4=H, R5=CH3 and ro RG\N.,,...... J /
Compound of formula VI: R3=CH3, R4=H, R5=CH3 and Corrpound of formul a VI
R3=CH3, RA&oHp10R8sx36I3 and 5Conpound of formula VI: R3=CHpcTRAZHo/0BREFCH3 and

Conpound of forrmula VI: R3=CH3, R4=H, R5=CH3 and V..(e. L. A /

Compound of formula VI: R3= CHB R4 H, R5 Compound of formula VI: R3=CHS,

R4=H, R5 10Conpound of;; f gr R3=CH3, 64:H, R5_Corrpound of_ f ornmula VI:

R3 CH3, R4=H, R5 Conpoun I a VI: R3=CH3, R4=H, R5 ro, =0-13 and R6

=\N?9. / =CH3 andl_VRGSiletlﬁH’ﬁd andsRkenyl2, r? =a, and R6 = =CH3 and R6 =

\Ng; v. Cp-Cy alkynyl;

vi. Substituted C,-Cs alkynyl;
5 vii. C3-Cy; cycloalkyl; and
viil. Substituted Cs-C); cycloalkyl;
2) -M-NR6R 1, where Ry6 is Rj; and Ry, is as previously defined, or R and
Ry, taken together with the nitrogen atom to which they are attached is
substituted or unsubstituted heterocycloalkyl;

10 3) -M-S(O)mR 11, where m =0, 1, or 2;

4) -M-OR;;

5) -M-C(O) Ry1;

6) -M-OC(O) Ry2;
7) -M-OC(0)O Ryz;

15 8) — M-NR;7C(0) Ry, where Ry7 is Ryy;

9) — MNR 7,C(O)O Ryy;

10) -M-C(O)NRs R1;
11) -M-C(O)N(R6)-OR1;
12) -M-OC(O)NRs Ry1;

20 13) -M-NR7C(O)NR 6 Ry, where Ry and Ry¢ are as previously defined or
Ris and Ry, taken together with the nitrogen atom to which they are attached,
form a substituted or unsubstituted heterocycloalkyl;

14) -M-C(S)S Ry1;
15) —M-OC(S)S Ry3;

25 16) —M-NR;7C(O)S Ry2;

17) -M-SC(O)NR s Rj1where Ry; and Ry are as previously defined or R
and Ry, taken together with the nitrogen atom to which they are attached,
form a substituted or unsubstituted heterocycloalkyl;

18) -M-CH=N-O Ry;;

30 19) -M-CH=N-NR s R;; where R;; and Rjs are as previously defined or Rys
and Ry, taken together with the nitrogen atom to which they are attached,

form a substituted or unsubstituted heterocycloalkyl;

A is ethyl, 1-hydroxyethyl, isopropyl or n-propyl;
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(.o \-. ,?%,..OyN ....... ) Conpound of fornula VI: R3=CH3, R4=H,
R5=CH3 and R6 =03 y' OyNHWe Conpound of fornula VI: R3=CH3, R4=H, R5=CH3 and
R6 =03 15@ompmmssb7ef formula VI: R3=CH3, R4=H, R5=CH3 amrdTRS2610002675
N L0y /oL NHBoc 03
N OyNMe2 Compound of formula VI: R3=CH3, R4=H,
R5=CH3 anqv Q, chA Q f mul.a, R4 H R5=CH3
and R6 B&bgo{% aossﬂ%ggaf%ugqg& yogzg sé@?h’)ouﬁéé ofﬂfornu R3=CHB,
R4a=H, R5 R@Eﬂ{ﬁnd R6 =C\\,....??? ; 14=N Conpound of fornula VI. R3:CHB,
EﬁaHi%Ri R3S seflectedl??om rne’chyl e'ﬂlyclbaqgf?an pr%];pylf ormuila V- R3=CHS, R4=H, RS> =0
R4 and Rs are independently selected from: hydrogen, methyl, ethyl, allyl, propyl and
5 isopropyl;
R 1s Ry; and
n and n’ are each independently 0, 1 or 2.
2. A compound according to claim 1 which is represented by the formula (I1a) or
10 (IIb):
Rq Rq
Me O Hl\(%é Q Me Me I HI\(/)I'é' a Me
OxN N NG Ve O NN NNy WAR,
)\IM aHJ\-‘R )\IsMeoﬁHog\
N'V'e\ro °n g% n-Ra WeY o o 90 -R3
N N N N W.
o NJkl/N N N —W.R o] 3 NJl\r N % "Rg
§ W@e O RiRs ° < o\ O Ry Rs
(Ia) (Ilb)
wherein R, Ry, R3 R4, Rs, R, Vand W are as defined in claim 1.
3. A compound according to claim 1 which is represented by the formula (I1la) or
15 (1lIb):
R R
) HOW[ Q Me | el ¢ M
H H B Me = H
)\I 3 )\iNMe © H OO R;
N’R3 T g a N
J’\( wo Y YO T
s m s ’ R5 < o) e O R; Rs
(I1a) (I1Ib)
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Conpound of formula VI: R3=CH3, R4=H, R5=CH3 and R6 = Conpound of fornmula
VI: R3=CH3, R4=H, R5=CH3 and R6 = Nr\/'\; 14sOH. Conpound of forrmula VI:
R3=CH3, R&eHMp10RssGs3 and R6 = Nr\\: 14s0Me. 10Conpound ofcfrarsoatom2iéhs
R3=CH3, R4:H, R5:CH3 and R6 = Compound of fornmula VI: R3=CH3, R4=H, R5=CH3
and R6 = Nr\,".:NsOBn. Conpound of forrmula VI: R3=CH3, R4=H, R5=CH3 and R6
= NN? Cg%p@ A® e CHET ¢ Conpound
of fornmula Vi H{]ﬂR@q{ Be Rgzk?ian\{‘g gﬁs %Hﬂmﬁ% oungreg%twgﬂﬁ a \Y/ I
R3=CH3, Rhmidlor%dz(ﬁl’di}:lmmd R6 = WO 2010/ 088573PCT/ USZOlO/ 022675 N, ..
s ,, N... 0. ---1, ....)...... r...\, ....... - . NH2

Corrpound of forrmula VI: R3 CH3, R4=H, R5 CI—|3 and Corrpound of forrmula VI:

R3=CH3, R4=H, R%%uﬁ&'ﬂcc‘é?déﬂigwmaﬁilfvﬂﬁdﬂ% fepYtsenfRd B folhatd, (1Wp=CH3 and
Conpound of fornula Vi = , R4=H, R5=CH3 and Conpound of for mula VI:

R3=CH® R4=H, R5=CH3 and
\
Y i g(
)\I= JM
JH/K R4R56

wherein R3 R4, Rs Rg and W are as defined in claim 1.

5. A compound according to claim 1 which is represented by the formula (V) or

10 formula VI:

*’EJC’

%) (VD
15 wherein Rs, R4, Rs and Rg are as defined in claim 1.
6. A compound according to claim 5 which is selected from the group consisting of:

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R¢ = Ac;

Compound of formula V: R;=CHj3, R4=H, Rs=CHj3; and R = allyl;
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Compound of formula VI: R3=CH3, R4=H, R5=CH3 and H\,.."..... ".".1.,.N, OH
Compound of formula VI: R3=CH3, R4=H, R5=CH3 and R6 =0; | O H Corrpound of
formul a o 263783 R4=H, R5=CH3 and R6 03 10Conpound etTfuseemwiozeevs :

R3=CH3, R4=H, R5=CH3 and R6 \ ...--..... . F ; Conpound of fornula
VI: R3=CH3, R4=H, R5=CH3 and R6 =\ ro Compound of formula VI: R3=Me,
R4=H, R5=CH3 a = f =Me, R4=H,
R5=CH3 and R6 CEpfgBure %Efo{rﬁﬁlaévur% gﬁf%‘%l% HOHRGRS \ﬂeﬁz H R5=CH3 and R6
=\N) . 3 O 15Compound of forrrula VI R3=Me, R4H R5-\ R6 = \N. 3
Corrpound of formula VI: R3=Me, R5= CHB and R6 =
Compound of formula'V: R3 CHg, A, Rs=CH; and Rg = :

Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ = \/\4\/0Ac;

Compound of formula V: R;=CHj3, R4=H, Rs==CH3; and R¢ = \/\/\/Netz;

) Compound of formula V: R;=CHj;, R4=H, Rs=CH; and R¢ = \/WN\) :

H
\M\z” OH

OH
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = OH

Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ = \MVOH;

Compound of formula V: R;=CHj3, R4=H, Rs==CH3; and R¢ = \/WoBoc;

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R =
\/\%\/O\/\N/\

10 o

2

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R¢ = \N\’N\) :
Compound of formula V: Ry=CH, R;=H, Rs=CH; and Rg = X",

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = \/WOH;

e
o, \)
Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R¢ = X8

15 Compound of formula V: R+=CHs, Ry=H, Rs=CH; and Rg = X"
\/\/\/O\H/N
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = ) ;

\/\/\/O\IrNHMe
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = 0 ;

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R =
N

\/\/\/o\n/-\NHBoc
0 )
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,Nr,-D--"v WD 2010/ 088573PCT/ US2010/ 022675 ril-( Conpound of forrmula VI:
R3=Me, R4=H, R5=CH3 and R6 = r(j Conpound of fornula VI: R3=Me, R4=H,
R5=CH3 anwloR6107s8343-n' , re Conpound of fornula VI: R3pbkuskHimioR2cRE=CH3
and R6 = \N.) ;

rN, cHo Conpound of fornula VI: R3=Me, R4=H, R5=CH3 and R6 = \N.) Conpound
of formula VI: R3=Me, R4=H, R5=CH3 and R6 = \-...... 01. Bme. Conpound

of fornmula VI: Cg‘ﬁgﬁ“d ?fgeﬂnuﬁéﬁ%gm’ ,;R#N'H)g an@RQHpound of Forrmula Vi:
= = \N. o\....-

R3=Me, R4=H, R5 an s I 03-33,...."0
Conpound of forrmula VI: R3=Me, R4=H, R5=CH3 and R6 = --0 ~~
/\/\/o A NH,
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = )

Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ = \/\/\’CN;

s~z

=N

~

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = XN :
N

I N
5 Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = A ;

N
\

Compound of formula V: Ry=CHs, Ry=H, Rs=CHz and Rg = X"

\/\/\/OTNHZ
Compound of formula V: R;=CHj3, R4=H, Rs=CH3and Rs = o

v %
\/\/\/N\n/N\)
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = 0

A

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = H |

10 Compound of formula V: Rs=CHs, Ri=H, Rs=CH; and R¢ = X\ """ ~0H,
Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R¢ = \N\?N‘ome;
Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R = \wNmph;

Compound of formula V: R;=CHs, R4=H, Rs=CH; and Rg = X~ % N~osn.

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R =

S zho
15 19,

H

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R =

X\ Fho I X

Z
N =

o/

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R =
\/\/\4N~o’\©:"\>_NH2
d
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y"?/?Ni ?i) Conpound of forrmula VI: R3=Me, R4=H, R5=CH3 and R6 =3 ---0

\ -, N,"y) Conpound of fornmula VI: R3=Me, R4=H, R5=CH3 and R6
=Bn ; N.wO 2010/088573. , . . . . . "..".."Nest) Conpound of formpca/ogkoroiS3zmie, R4=H,
R5=CH3 and R6 = Conpound of forrmula VI: R3 Conpound of formula VI: R3
Compound of formula VI: R3 =Me, R4=H, R5=CH3 and R6 = =Me, R4=H, R5=CH3
and R6 = =Me, R4=H, R5=CH3 and R6 = ro N,,...0,J N11, O

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R =

2o I o

P
N —d

s/N

NH,;

\/\/\rOEt

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = OEt
5 Compound of formula V: R;=CH3s, R4=H, Rs=CH3 and R¢ = \/WSAC;

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R = \/\/\/SH;

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R = \/\/\’OMS;

Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ = \/\/\’Sl\ne;

Compound of formula V: R;=CHj3, R4=H, Rs=CH; and R = o

10 Compound of formula V: R;=CH3s, R4=H, Rs=CH3 and R¢ = 0 ;

Compound of formula V: R;=CH3, R4=H, Rs=CH3 and R¢ = o) ;
Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = \/\/\’F;

Compound of formula V: R;=CHj3, R4=H, Rs=CH3 and R = \/\/\CN;

Compound of formula V: Rs=allyl, R4=H, Rs=CH3 and R¢ = \/\/\’N\) ;
15 Compound of formula V: R;=CH3, R4= CHs, Rs=H and Re = allyl;

Compound of formula VI: R3=CHj3, R4=H, Rs=CH3 and R = H;

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and R¢ = allyl;

Compound of formula VI: R;=CHj3;, R4=H, Rs=CHj; and R = benzyl;

\/\/\@
Compound of formula VI: R;=CHj3;, R4=H, Rs=CHj; and R = :

2

20 Compound of formula VI: R3=CHj3, R=H, Rs=CHj3 and Rs = \/\/\,OAc;

93



R6 = / NH\-/."..
and R6 = Worpomusss7ef formula Vi:
Compound of formula VI:
\ o

R1 = A :
S=CH8 el N2 NC\ornpound of formula VTI:

10

15

AL

Compound of formula VI:

Compound of formula VI:
Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

\/\/\/O\/\N/\o

2

Compound of formula VI:
Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Y
\/\/\/o\n/-\NHBoc
o .

H

Compound of formula VI:

Compound of formula VI:

......... "N',); 5Conpound of forrmula VI: R3 =Me, R4=H, R5=CH3 and
A" U N-¢( Conpound of fornmula VI: R3=Me, R4=H, R5=CH3

R3=Me, R4=H, R5=CH3 an@cRaiszo10/0d s

R3=Me, R4=H, R5=CH3 and R6 = N
....... N -1( 03 10Conmpound of formula VI: R3=Me, R4=H,

R=CH:, Rl R 1Y, DRSO Ditc
(o]
R,=CHj, R4=H, Rs=CH; and R = \/\/\/"\);
\/\/\/H\EOH
OH
R3:CH3, R4:H, R5:CH3 and R6 = OH N
R,=CHs, R,=H, Rs=CH; and Rg = X2

RSZCHg, R4:H, 1{5:CH3 and R6 — \/\/\/OBOC;

R3:CH3, R4:H, R5:CH3 and R6 =

0
R;=CH3, R=H, Rs=CH; and R¢ = \’\/\’"\);
Rs=CHs, Ri=H, Rs=CH; and Rs = X",
R;=CHs, Rs=H, Rs=CH; and Rs = X\~

20

R;=CHs, Ri=H, Rs=CH; and Rg = X\ """,
Rs=CHj, R4=H, Rs=CH; and Rg = X"
(o
\/\/\/O\IrN\)
R3:CH3, R4=H, Rs=CH; and R = 0 it

\/\/\/O\IrNHMe
R3:CH3, R4=H, Rs=CH; and Rg = (o] s

R3:CH3, R4:H, R5:CH3 and R6 =

\/\/\/O\IrNMez

R3:CH3, R4:H, Rs=CH; and R = (o] it
Y

\/\/\/O\n/'\NHZ

o .

H

R3:CH3, R4:H, R5:CH3 and R6 =
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)7-) ?17?"..
Compound of formula VI:
PCT/ USZOkObQﬁﬂﬁ)%%ﬁonpound of formula VI:
, N Conmpound of fornmula VI:
R3=Me, R4=H, RSCHBandR6:

= ?
RG] R

\

Corrpound- of forrrul a Vi:

R3=Me, R4= Hompour%_B f f%rrnulRQ/I

VI :

10

15

Compound of formula VI:
R3=Me, R4=H, R5=CH3 and R6 =

"\,

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs = \/\/\’N N ;

Compound of formula VI: R3=CHj3, R=H, Rs=CHj3 and Rs = X\~ :

Compound of formula VI: R;=CHj3;, R4=H, Rs=CHj; and R =

R3=Me, R4=H, R5=CH3 and R6

R3=Me, R4=H, RoF@<3018nc26RE
R3=Me, R4=H, R5=CH3 and R6

=\0 /03
WO 2010/ 088573

Compound of formula

111,1115=CH3 and Rg = X"

=z

Nz
\ 2

N=N
\
‘N

\/\/\/NHZ.

H

\/\/\/OTNHz

Compound of formula VI: R3=CH3, R4=H, Rs=CHsand R = o

Compound of formula VI: R;=CHj3;, R4=H, Rs=CHj; and R = 0 ;

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs = H

Compound of formula VI: Rs=CHs, R4=H, Rs=CH; and Rg = X" "% N=oH.

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs =
Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs =

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs =

\/\/\?N“OMe.
H)
\/\NN‘OPh.
H)

_ \/WN‘OBn.
H)

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs =

\/\/\?N‘o’\(j

P

5
N/ -

H

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs =

o I o

~
N =

oY

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs =

SN0 N
X /\©: S,
d

Compound of formula VI: Rs3=CHj3, R4=H, Rs=CHj3 and Rs =
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5 Ow ; Compound of formula VI:

of formula VI:

10Conpounsioahidfosssmal a Vi :

10

15

R3=Me, R4=H, R5=CH3 and R6 = y\/?./1!I

2o

Compound of formula VI:
Compound of formula VI:
Compound of formula VI:
Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:
Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

Compound of formula VI:

\/\/\/"‘(\)‘l/V :

R3=Me,

R4=H, R5=CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =
R3:CH3, R4:H, R5:CH3 and R6 =
R3:CH3, R4:H, R5:CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

R:=CHs, R4=H, Rs=CH; and Ry = X"

R3:CH3, R4:H, R5:CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

R3:CH3, R4:H, R5:CH3 and R6 =

R3=Me, R4=H, R5=CH3 and R6 =

Conmpound

\/?2./'"?.11 d
200/US2630/022675

\/\/\ro Et .

OEt

S
XSS

O,

H

H

H

H

H

R:;=CHj, R4=H, Rs=CH; and Ry = X"

R3:CH3, R4:H, R5:CH3 and R6 =

X

(o]
R;=Me, Ry=H, Rs=CH; and R = \/\/\’"\);

\/\/\/O _

RgZMG, R4:H, R5:CH3 and R6 =

RgZMG, R4:H, R5:CH3 and R6 =

R3=Me, R4:H, R5:CH3 and R6 =

R3=Me, R4:H, R5:CH3 and R6 =
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Conpound of forrmula VI: R3=Me, R4=H, R5=CH3 and R6 = y111 CF3 . 15 7. A
phar maceuti cal conposition conprising a therapeutically effective anount of
a conpounstoabiopises7m 1 or a pharmaceutical | y-accept abl e salrtus2@sters7or
prodrug thereof, in conbination with a pharmaceutically acceptable carrier.
WO 2010/ 088573PCT/ US2010/ 022675 8. A nethod treating viral infection in a
subject in need thereof, conprising adm stering to said subject a
t herapeutically-effective anmount of a pharmaceutical conpositi Néﬁcording
r

to claim7. 59. The nethod according to claim§8 mherien\ i '

infection is SQPEEPE%ﬂ?ﬁQ%ﬁH4€0H3ﬁB%ﬂeH&V*hﬁH:ﬂﬁvaP%Beftion. 10.  The smet hod
of claim@8 further conprising coadm nistering one or nore additional
anti-viral agents. 10 11. The nethod of claim8, wherein said di ti onal
anti-viral agents include peg-interferon, ribavirin, viral-enzggﬁréargeted
conpounds, V|r@bﬁ@_&gﬂgﬂ%ﬁﬁ@gkngygqgggkgﬁJgg@@HQQ@RQHJhfbf?Va ehts and

Tol | -receptor agoni sts. 1512. The nethod of claim1ll, wherein said
additional anti-viral agent is selected from peg-interferon, nrﬁﬁb-enzyne
targeted conpounds, viral-genonre-targeted therapy, i onnd \9ﬂory agents
and t ol | - r ecepCompaguhéorronladdnBirdei Rird, RieCleind R3= Yhe nEt hod of cl ai m
12, wherein said viral-genonre-targeted therapy is seleted 20from RNA
interference and RNAI. 14. The method of claim 13, wherein said

i mmunonodul atory agent is selected fromrib avarin and interf

Compound of formula VI: Ri=Me, R;=H, Rs=CH; and Rg = X ">">"

5 Compound of formula VI: Rx=Me, Re=H, Rs=CH; and Rg= X """ :

N,CHO

Compound of formula VI: Rs==Me, R4=H, Rs=CH; and R = \/\/\/"\) :

Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

B

(o}

H

2

Compound of formula VI: Rs=Me, Ry=H, Rs=CH; and Rg = X """ :

@)

10 Compound of formula VI: Ri=Me, Re=H, Rs=CH; and Rg= X """ .

é

Do

Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = ;

_g{

Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = ;

-écf

Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R = Bn ;
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OYO

XSS
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = Bn ;
3
\/\/O\H/N\)
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = e ;

|
Compound of formula VI: R;=Me, R4=H, Rs=CH; and R = \™~"cro :

Qﬁ:js
Compound of formula VI: R;=Me, R4=H, Rs=CH; and R = X~ :
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =

N

Q\(NHZ
\ NN \N .

N=/ ;
(o}
7.
S
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = o
Y
\/\/\/N\e/\(NH
=~
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = NH, -
NHAc
7 \
SN
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ =
NH2
S~
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = o
NHAc
7N\
(o}
Compound of formula VI: Ri=Me, Ri=H, Rs=CH; and Rg= X >~ > ;
(o}
7 NH
SN
Compound of formula VI: R3=Me, R4=H, Rs=CH3 and R¢ = o
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Compound of formula VI

Compound of formula VI

Compound of formula VI

Compound of formula VI

\ N
5 T \©\0Me :

H

Compound of formula VI

Compound of formula VI

Compound of formula VI

\/\/\/N\©\

-
N
|

H

10 Compound of formula VI
and
Compound of formula VI
I
\/\/\/N\©\
CF; .
15 7.

\/\/\/N

. Rg—Me, R4—H, Rs—CHg and R6 = : :
\/\/\/N. :

. Rg—Me, R4—H, R5—CH3 and R6 = Br;

\/\/\/N\©\
: Rz=Me, R4=H, Rs=CHj; and R = .

: Rs=Me, Rs=H, Rs=CH; and R¢ =

\/\NNO\
: R3=Me¢, R4=H, Rs=CHj; and R¢ = Cl*

: Rs=Me, Rs=H, Rs=CH; and R¢ =

: Rs=Me, R4=H, Rs=CH; and Ry =

PCT/US2010/022675

\/\/\/'!l

H

LS

\/\/\/N\©:
: Rs=Me, Rs=H, Rs=CH; and R¢ =

: Rs=Me, R4=H, Rs=CH; and Ry =

compound of claim 1 or a pharmaceutically-acceptable salt, ester or prodrug

thereof, in combination with a pharmaceutically acceptable carrier.
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10.

11.

12.

13.

14.

A method treating viral infection in a subject in need thereof, comprising
admistering to said subject a therapeutically-effective amount of a pharmaceutical

composition according to claim 7.

The method according to claim 8, wherien said viral infection is selected from

HCV, HBV, HAYV and HIV infection.

The method of claim 8 further comprising coadministering one or more additional

anti-viral agents.

The method of claim 8, wherein said additional anti-viral agents include peg-
interferon, ribavirin, viral-enzyme targeted compounds, viral-genome-targeted

therapies, immunomodulatory agents and Toll-receptor agonists.
The method of claim 11, wherein said additional anti-viral agent is selected from
peg-interferon, viral-enzyme targeted compounds, viral-genomre-targeted therapy,

immunomodulatory agents and toll-receptor agonist or combinations thereof.

The method of claim 12, wherein said viral-genomre-targeted therapy is seleted

from RNA interference and RNA1.

The method of claim 13, wherein said immunomodulatory agent is selected from

ribavarin and interferon.
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