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WD 2007/ 015787 PCT/ US2006/ 027573 TI TLE OF THE
I NVENTI ON HCV NS3 PROTEASE | NHI Bl TORS The present
WO paei13781 rel ates to macrocyclic conpounds thhBCT/ERM06/027573

useful as inhibitors of 5 the hepatitis C virus (HCV)

NS3 protease, their synthesis, and their use for

treating or preventing HCV infection. BACKGROUND OF

THE | NVENTI ON Hepatitis Cvirus (HCV) infection is a

maj or health problemthat | eads to chronic liver 10
TITLE QF J&BsIVENIdANas cirrhosis and hepatocel | ul ar
HI“rNg@pﬁb@gggEDggﬁﬁTgﬂbstant|aI nunber of infected

I ndividuals, estimted to be 2-15%of the world's

popul ati on. There are an estinmated 3.9 mllion

I nf ectTad pfee@p indeitidn rélftes tblﬁtiabmdycﬁb abrepovallotha areacefnl g imtgbitors of

the hep%tq‘srg’] Vigug Q%%Vﬁgi prote]asept(lelgrr) ?y% 1esis, < C?td%g uSef {g)?#%iﬁln% o{]}%g\?entmg HCV

infectionnmunodef i ci ency virus (H V). According to the Wrld
Health Organi zation, there are nore than 170 mllion
infected individuals worldwi de, with at least 3 to 4

BACKGROPVNBYPH BHEJUNFETEN ng i nfected each year. Once

i nfec Erﬁ‘ﬂgtltﬁ@#ﬁus 0&veirRaepisa nﬁ‘dj &&éalﬂhﬁoblérﬁ th‘it ledldto EHrénic liver
rest ar nor

disease gt THE 8P PFORT B P BB R O BUgfegid ndviduas,

estimat@ite bt 0l Yyofademedriis popitagon. deheteranyanngtinated ho siikion mfected people in
the Unlfgaa A6 eds: aloye] eac%’dr%lg% odtheS (SR dAt%I £l ﬁﬁéa';% g{)rﬁgl Qa[gﬁf}tfﬁire &l the number

cont am’na
of peopdmnfeatmi with € hveew] r@sunomﬁcs@mams;(ﬁ&ﬁd Aseqreling & thy WorlgHealth

Orgamiaﬂt)@ @ﬁe?éjargﬁﬂ)mﬁél 190 nfifNoh hrﬁéctedrm&hl@ﬁaﬁs ‘&f@fldvh@é K?Vlth at least 3 to 4 million
ring. 20 Current treatnents

people mpgjlﬁ egted eqxc@g@@rr Opegyinfegted wgp%é}fgﬁgpl‘%%/qﬁ the V1rus but the rest harbor
HCV tHe@6s0 6hthéiafites] Meehfit@éNpacalt oftbrdicallninordiinttidals eveitinlly develop

e U EL £S5 20050 L 8 bk A i o
and blovdipoilees, bartanki@ed Godise quentdlly,and hatieally Sroarinfeetgémothers or carrier

herNB8Hif ol fpr oved therapeutic agents that effectively
ot Onbat cf#rrgqgl c HCV infection. The current state of

t he arQurient tregtmantsdar HEW infeqtiopiovhiplre restrigied fuigmymgiherapy with

recomb?ﬁa?tﬁﬁﬁﬁ@x@nh@tl&n@ Br fn@bmBnhitG: Wit 18 ARIRSide &alo@xﬂwﬁhn, a2dof limited
“Novel approac

. et al. of
clinicalhepefyti Moreoger fhpigds e R R R {perg Is an urgent
need foﬂiﬂim\tehel{e@@yutm]akent? DatOhie AR ombh. chiRa&aHCY @tfecgibn., The current state

of the aﬁtr% gstéré%@sé dlr,l\? %?eézg éjrhha% rl])genucps%sgs%%]%qgé {3 \?%g deference:S' B. Dymock,

et al., “Nodﬂyppr@ach@g@ tl@g@amgtgg)lepa[gtls Qtyrrg_sjpfﬁq‘ﬂon ‘efntiyiral Chemistry &

Chemo 9& q 79341@(62(%3] NI Ked, @ﬁﬂ a@l&ﬁtﬂflm viEP &l eh 1§nd§\standmg and
roent ero ato 11: 118
prospeqtswg o fieropiee MM@% Ha0E 3?%18%?)5Df MPradpour etal,
“Curreﬁﬂ%{a@tex}oﬁ\h ﬁer%@nemr ?ﬁ fisf &2 EARbanilJr @Jistr'cmﬂefralgﬂepato?.ou 1189-1202
AP

r Vi r %@ fl g‘g e O\P‘ﬁrug SRFCa% n,élimwral BieRpy,”

(1999) \& g?nsclﬁwg ane
Intervirvidy, 40338:-393 11 9B72); GZUONLjuer B1dW.DDWatkek [ Heratiey G iVigs Infection,” N. Engl.

O T

_mlg;m@m,e@ 1542 (200 aid @riaphb, éfﬂ%rdnwﬂefb@tameﬁ §parlcExcitement about Hepatitis

c,” Sm&‘deem&_m%gﬁl)'sw (2001). Several virally-encoded
T enzynes are putative targets for therapeutic

i nt er v%qwr@bﬂrallsanoﬁeq FAY AT 25° PHERLYP F%%ff%f% grapqupigtegyention,
includlﬂ%\lAﬂléﬂaH@)r&Eé%E @3@2&‘2)( N@Bhe pdtdasd (INSA% @ hélNas) (NSa)y) dndan RNA-dependent
dependent 007/ 015787 PCT/ US2006/ 027573 RNA

pol ynmerase (NS5B). The NS3 protease is |located in the
N-term nal domain of the NS3 protein, and is
considered a prine drug target since it is responsible
for an intranol ecul ar cl eavage at the NS3/4A site and
for downstream i nternol ecul ar processing at the

NS4A/ 4B, NS4B/ 5A and NS5A/ 5B junctions. Previous
research has |dent|f|ed classes of peptldes such as

g, - a
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5in U S patent applications US2005/ 0020503,
US2004/ 0229818, and US2004/ 00229776, showi ng degrees
wo@Rooao1i7sity in inhibiting the NS3 protease. TPEeT/ab106627573
the present invention is to provide further conmpounds
whi ch exhibit activity against the HCV NS3 protease.
SUVMARY OF THE | NVENTI ON 10 The present invention
relates to novel macrocyclic conpounds of forrmula (I)
and/or pharmaceutically acceptable salts or hydrates
RNA polsmerase (NSSHBe Nmyeteatd s legated s b if-tepmingldempintel fie (S protein, and

is consu%fred ag;g‘M]e(d?%i@f okt dite Gt ¥ Fspbh §1bié|%°r do@RRmldctiet d6aahged) the NS3/4A site
ase revent [ On %f@ﬁE& é@ (ﬁN@%r‘e oD,
and for gamnsien B PHBEIBT BIOoREERENBIAHE. Ry JHhGH

Prev1ou§’fesetal‘bﬁ|h’és fabaifFacRtkes 6RJchtydes Goepisabtapesies & voull as tripeptides discussed

nUS. dr al f?qt%‘ﬁ@ﬁﬁygﬁg@f)g(ﬁtog atﬁ%o%/ﬁiw@gxr Qﬁ%{?ﬁ%‘é%éﬁ@% showing

degrees @Dmmvmaim inhibivihg the OISR @rot¢d®V Bhetainy p¥ the present invention is to provide further
compou%@st\kfhlézlpgxﬁ%tﬁé&ﬁty aggﬂ | w has ?fo%easémt i biotics or

he present invention
relates to a conpound of fornula (1) and/or a

UMMBR& R qﬁvgﬁtymgacceptable salt or hydrate thereof:
(2 Rg ) Il T%%ré'gﬂél} er@gﬁ bela&ﬁs&o aovg} 1é1a<58¢tyﬁhc_[compﬁun4\l g?’[]brmga (I) and/or
pharma@@ilﬁllg) Séfanle Eiﬂts IoS hydrat&Ghabdfy Thee c@RpdBbdsdr& eseful jn the inhibition of

HCV (hgxaag s n 3 3 3\% &ra@%ﬁgn%!ise t&%&%%ngpﬁg%amen of one or more of

the symﬁIém@Sf H@&'I 1m%¢tk)}al e1th§§$}15|cgmppunggor|:l@eni @a@ga.cgglc@%ch%gtq@g salts or
hydrates Vth%n %prépnate;'o? QA pha%éc%utgll'%oﬁl&y hﬁ@(ﬁelﬁi \x(ﬁgth@]& not in

each 1.S i ndepen ;g éy or Cl -6
combm@uomﬂ ophepHCY iy el ?Btrmtﬁéﬁimsﬁmf)@? SU e Npocines.
More pétrﬂé’lﬁzmyl e pf—‘gsél@ idvB@od e stepb arcompR it io€ Rlrmaia ) @ﬁd/ b1 aqthsrmaceutically

cont a 31 a]il ound of the present invention and
a“*WBWEFﬂUH YR EAri ng such phaggraceuti cal conpositi ons.

The present invention further 'fncludes nethods of

treating or preventing on nore synptoms of HCV
i nfection. M

wherein:

p and q are both 1;

R' is CONR'SO,R’;

R? is C;-Cs alkyl or Cy-Cs alkenyl, wherein said alkyl or alkenyl is optionally substituted with 1 to 3 halo;
R® is C;-C; alkyl or C3-Cg cycloalkyl,

R®is H;

RS is C3-Cs cycloalkyl;

Y is C(=0);

Zis O;

M is C;-C1, alkylene or C,-C), alkenylene; and
each R' is independently H or C;-Cs alkyl.
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O her enbodi nents, aspects and features of the present
invention are either further 5 described in or wll
wheooappEsent from the ensuing description, exap@l/gs20a6027573

appended cl ai ms. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON The present invention includes conpounds of

formula | above, and pharmaceutically acceptable

salts and/or hydrates thereof. These conpounds and

their pharmaceutically acceptable salts 10 and/or

hydr atldis presant ingsation else inshidpsiiapacetisalcemgositiqgegontggning a compound
of the pi%rséHt ?rﬁr\%ﬁloh'ﬂﬁd fﬂbﬂlQ&sSc)f re?ﬁl@ng@ﬁ&ﬁﬁﬁhndc@ﬁfcﬁﬂlt doﬁﬁoﬁﬂl&l@ The present

i ncl udes. conp Enso ormulae .Il-a and |

inventicg|Tprheg eI B S 05 SeA4BE PR FURE TR {PEE P OR T HG Y Infection.
R5) 1- Dthrmbodifakds, akﬂi‘dhiﬁlairdl\feamres bIf 123 pfdsdﬁimﬁaltﬁl AteRitherf@ther

nbo o] r t .
dGSCrlb?(fnl{} &R R%b?]e a'pgar%nt é‘rgﬁlptg% ensuing g?scr1;|5]truqn éxla Ff g%de%gghdﬁl glgll,ms.
or a pharmaceutically acceptable salt or hydrate

DETAIiﬁﬁ]%‘fORIW‘I@ hiTRE INGERPIPC2RE, and al | Ot her

vari a are as originally defined (i
def i neideiPrpsen @V%Wﬁwdé? cquppeuitdspé Frmai ) aquﬁ» indphprgpceutically

acceptaBiR REEtan®br ﬁ}lﬂ%tér'sltﬁe‘iéof empé bd‘fﬁ;i&mds@lad |t1&1r§@ihﬁ%ﬁ@ally acceptable salts
andlor B ST L pgee PIRTaG Err oY ST Gt RO helhe propt mventon

also inciudbeatmpoendsfof fonaulhe Hst a rﬂiﬂea:tvh@'émtaﬂ garfidbies tireewidefihieddortiormula L.
Rl rs, ,CONHSO2R6 wherei nryR6 is cyclopropyl; and all

r variabl es are /eflnedlntheflrst
M iment. A seco di ment of the present
/N tlonlsacc%n‘poun f formula I, Il-a or Ill-a
wti

/Z 20 op=@ phar mace cal | y a@ceptabl e salt or hydrate

Y  thesftof, whereim(R24s &-C6 alkyl or C2-C6 al kenyl ;
F}N\)\ad aII ot her v \i}hles are as originally defined or
: gf i ned in any éne o ihe, precedi ng enbodi nents. In
R® a TN aspect of Rt hegde d enbodinent, R2 is d-C4
al kyl C2-C4 al kenyl; an aII ot her variables are as

ori gi naRf ;l-ajefl ned or as deff AHer i n any one of the

T
a pharmeacitiadllyesceptableaslt orrhygraltmﬂhélyofdwhﬂnledl ovCQNHEQR  rred all nther variables

o o o008 05, IR 8 JABEP O TR B 8ol 2 e i
embodigiepty R lsquRowh@Pm\Paﬁ GFsexclapleylpand aBofise vrriaplet 47g as defined in

the ﬁrs@ é?ﬁlfoglnfeﬂp qflb FRAkre O th@ﬁrssz%foédﬁ 86khé ArsBEMbAARLen® R iNEONHSO,R® wherein
precedi ng a?rrbodl nen ect of gthe second

. AL r
s cye}?sf%rvh@m {ger variaples sz aaf‘%med in iy MeF b
var i abA egolt @ntddineht ¢fithaprbsenietdntiedis (arcompomhéfof foadulia §, IT-a or I-a,

oraph%%ﬁm%fhe@e BT B L LA

all othepfarfahles tiias origimably defimedtor aRRfingd intahy pne it ragdedipg h@bodlments Ina
first asﬁ/e@{ 6&@1%! 'éﬁlb@xﬁmglﬁf R7E @1_bn aﬂ(ﬁ%r @;‘ CE glker@mﬁgj hlﬁ'@tﬁ&r v@fiables are as

in any onhe of precedi ng enbodi nen A
Oﬂglnaﬂil‘]iiq'fﬂle@ﬁ%éP%ﬁtm ¥ awpel t&? Bxseting GRPSARICEH: s Sgcond aspect of the

second @ﬁiﬁ&ﬁﬂﬂ@ﬁi ©fis CPCMkéhyl and 41t @h&@vatidblesare as @hglaally deﬁned or as defined in

s o Rl 8L 5 S S 0 L1 LR imen 1

is vmylahrid it dtiesr varablealnk as defined asthothirdiemabdiyperdef asiedingt in asy one of the
precedllng em%1 %dméngsctetrrl% Fln & e&etchétl?lgﬁ ﬁ?{gﬁlﬁ%ﬂ'ﬂbgg n%l'{{b%dls '&e%gl&:’%ll Ehd®1l other
variablesyacd @anlrigyllallsodefmd @g:s dbfngt in anyopng pf the pieedingzanibagimess g foea feature of
as defined in the third enbodi nent or as defined in
any one of the preceding enbgdinents. In a second



10

15

20

25

30

35

aspect of the third enbodiment, R3 is C5-C6 cycl oal kyl
or C1-C8 alkyl; and all other variables are as
waledo7ioed8T n the third enbodi nent or as defi nedPCTUS2VP6/027573

one of the preceding enbodinents. In a third aspect 10

of the third enbodinment, R3 is propyl or butyl; and

all other variables are as defined in the third

enbodi ment or as defined in any one of the precedlng

enbodi nents. In a feature of the third aspect of th
the third dspectofthibthitil kmhedimes, R’gs ety gyl other wariahles o a8 dafinedin the third
embodnﬂ%g otaes deﬁﬁé?l% aMﬂe%?th@%ré@&ﬁngaén%@{rﬁeﬂﬁd in the third

or das defined in, any one of the ecep hﬁ I
enbod Aﬁbﬁ@ gmbqdiment pifhe Prﬁseégtﬁgg{thfs ato[qupf)tm 9 formula I, H-a or III-a,

ora phaeﬁn@@ttoaﬂﬁtccepﬁﬁlé &lt@yﬁpl'cﬂaemetébf (Whelféymsdhégégli ¢ychalttyladr IC;-Cs alkyl;

and all %‘&56 éfeﬁl 4 Itaraega:s %gglgéglfqa ﬁté% qr @s g%gleg in ang ]p}n{] tlﬁfr tﬁie pérgcedl(rjtig embodiments.
Ina ﬁrsEiﬁb@:d bhthathérd eAbbdimetthR'anbedi oeialkyf orttheCsphiak end all other variables are

as deﬂnecp it tﬁgg erhﬁoﬁPgnQ g?#%ﬁne%fm Igr (fﬂglo?t e {prejc!:dtﬁ’g Ghbolitnlen®: In a second

ar naceu accept rate
aspect o Frsrtliot emhnﬁemeet,ﬂi MGCoay gl L ar t%y%’«ﬂléyl{ﬂn eﬁoe%vaﬂables are as

deﬁned‘fi’ﬂ tﬁ@ ﬂﬂt‘d‘%ﬁt%oéthtlgﬁtl df Q;T. Ninkd iﬁ%ﬁfl o thy peehiag eﬁb@in’ﬁents In a third aspect
| ene or al keny] e

ofthe U5l SRSPT GRaR] § PGBV HOHObAIGE! b SRS Bl g
embodiRERGE N db@n@ﬁh@ﬂy OERNE the préteding emistdinsioe dh a Gaturdel thoird hspect of

the thlr% erﬁl&qrgbmnﬁge S It rPé%Hyll g tl)Pra tr-]blﬁ}lﬁhang%g oler %Ia@ Q"L: gf&)f' In@(f]ﬁ‘l the third

embodimbitenyd defiedd inanylomel df tt@tm@pdmmmmre@taa dea é@rfbrﬂﬁRthrﬂf theythird
f n SR vfablel e RE 8GR Bhe third
embOdlgln% 13319 C&ﬁ?@ﬁ?ﬂ&gé@%ﬁ%da@% ect gf alt he f eourt e
embodime 9el phdsfined iyany oot Hielytcedias sPLEMH K eny| ene
(incl lﬁdfoﬁﬂh elnbdi@Bént 8Nle Eﬁe@dﬂt@ ﬁl@@h’tﬁh & dcoddplsyrldedt ﬁorﬁllula I, II-a or Il-a,
er. var.l es

| k d all
or o PR epUY Ao TR e XReT IR thesay RSo e
alkenyl@fegineiting hﬁcfﬁbé)tdi lffﬁmh&i chhin alkyldne poaleegiplens); @kl atlleghef vaniablas are as
orlglna%y %ez'n%é) or an?lnf.ttried gés tathgﬁllegégﬁtg%htbg{ﬁml@{}tg SN fﬁgt%spect of the fourth

ding |near Bran hal n
embodigiekteiik élné?) allkedens calCb-Coplhenylepa finglpdiag h%aaear&@%tqdwéan ipHylene or

alkenylgll%z @M Btlﬂete\;mmesrﬁ?@és o 1n§§y @e?i‘nbcp&das ldBfiRA Y 8R®NO S thé PRceding

cedin nbodi nent s. ourth_as t of
embodifngust 1 CRTOAATREFHOL T fpetltoanbafimlte Nisgpa len%?r@ﬁyte@ft@e (including
linear ahd B&hdnddl Blﬁuﬂ dlRgéte od Aileryleatl; MeThiCdiiRdr Rarddbley bene defined in the fourth

embodi?n:quftteqq éé %3'%?(} i a@ﬁﬁ‘beo‘?fﬁéetﬁ?ee%gl\r/lgr ! b ﬁ%%letsg " raltzt‘ﬁ;i%d aqggc't Qtec?e fourth
embodmiaﬁt M ie Cle allkylgneentﬁb ellknte/tfftns (in¢Indiag fmefat mdmamb@lei@@m efkylepeor
alkenyl ne alnd a ﬁd\l}a{:{gﬁgs’ ar ﬁﬁyd 1ﬁ lt}gyd)tﬁ'ﬁl nﬁfodﬁ?en@oriﬁg BRA% any one of

near an ranc | ene or
the premdkxe nyxb@heynts alna feurth aspaseet thaforl Plé%Od&F@t 24 iferaliylsge prC

alkeny bR idc Rl hm@ﬂ@f?cdbﬁ?dﬂted &fauﬂﬁkﬂ&@ P gedyene )i dlinEhedbartadbRs are as
precedi ng enbodi nent

defnedGngisdpaHeTooRIcS: €8 STGT Erfed 5P Ol HRdRprER o bt om
aspect &ﬂ tHECfoUﬂlh élﬁbddﬁdik&l@,IM arw alkyiene hed; atlteai/ lanea(incitldéngdinear and branched chain
alkylenF ﬂr 5E%lyﬁ8§ %rﬁla@r?glga}/aﬁ%h es %rre \ég ééf%% Elsth(?‘foﬁrtﬁgmbcglﬁflén@ 81das defined in
any ond dfehqprecdulz rybatibeds. e atsixth 4spech obhy ﬁmrth e@@oda@gg,cM 1q)€g alkylene or

Cs alkeh#;lgne ;ylofu'ﬂng he ?hmgﬁohecMHaﬁl a%lé'ﬁle Ky b1 ﬁleﬁé) o all other variables are as
0

ene”(1 ncludin I near and branc % Wg
definedig AR/ m@mommpwzogﬁloéwz ongpicht erfeedgyg embodiments. Ina seventh

aspect EERYHE Yo diRdH Md C,liRhe ¥AC AngRnaHR isngddbarned biafiched chain
the fourth embodi ment or as defined in any one of the
precedlng enbodi ments. In an eighth aspect of the
fourth enbodiment, Mis Cto 4l kylene or Cl10
al kenyl ene (including linear and branched chain
al kyl ene or al kenyl ene); and all other variables are
as defined in the fourth enbodi ment or as defined in
any one of the preceding enbodinents. In an 5 nineth
aspect of the fourth enbodlnent M |s selected from

T o o o o o 1 r o



I I 1" Afifth enbodi nent of the present invention is

a conpound, or a pharmaceutically acceptable salt or
whyaralest hereof, sel ected fromthe group consPCI/UAY0EH27573

the following compounds. N NO 0 1-O0O0 O oN N nN

@W-NH 0O ON~S~HOH~H oNN HOON ONHDO

io11I11r-2111-2MM21 NOOO 1 -00 111 1-O0O00 100
-NOO N, Nn NO-N OON..(f HSOONHSOON, H
Ollr-5111-8111-9 5 W 2007/015787

alkylenPGRINIBPAOBH, 08 7 Fther varigbles gre a§ defingsl in the fourth embodymenpor@s defined in
any oneQf %Iﬂrge&fn%\k%d%hﬁn% o) ghﬂgﬂtﬁ) aslﬁglztgf e fod@hNmbodmentNViHs 8 alkylene
or Cyp aﬂ@y]@e”qc]gdlﬂg linggr gpd branched chain alkylene or) all%n}glene) ang aﬁ)other variables
are as defined in the fourth embodiment or as defined in any one of the preceding embodiments. In an
nineth aspect of the fourth embodiment, M is selected from the following; and all other variables are as

defined in the fourth embodiment or as defined in any one of the preceding embodiments.
|

frmyrmww

A fifth embodiment of the present invention is a compound, or a pharmaceutically

acceptable salt or hydrate thereof, selected from the group consisting of the following compounds.
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10 Other embodiments of the present invention include the following:
(a) A pharmaceutical composition comprising an effective amount of a compound of

formula I, IT-a, or III-a and a pharmaceutically acceptable carrier.
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H 3CH3 3CII11-200 111-201 111-202 H3C O NO,, 0O 1J
HO//0O HBCNOS -~~- NNHN,;:r HSV 0O NN HNO
wWQ@20®76i57870 Y HBC ON O 0 O No H CC H 3 NS\ BCTULHd86/027573
CH3 HH3C/\ CH Jr OH3C I CH3 ' 5 H3C CH3 CH3

[11-203 111-204 111-206 N OO~ OHICO NH3c OOO
HO/WOOoO~-NNo/ NNNHSHCHNNHOpp ON/OHJI, - ~
30‘/p\V/SOOHOHSCCHSN-SNOHSCIIIf “Jr N

CH HOO CH3 HBC HCH3 H W H3CG-'NH, 3 W CH3 CH3
[11-209 || CheparmaceutikgBeompigitiorofidn), ﬂrth@m:ompnslwgsecq_@ therapeutic
agent segc{%ﬁ %ro&@@&%ﬁﬁ?%§lstgfg Jraga ﬁfﬁ@ﬁ‘&l ab Y. 6R i SBndnialidEbe, bl en anti-

OW ng A pharmaceutical conposition conprising
mfectl"%ﬁgeé‘ffectlve anmount of a conpound of formula I, Il-a

Or ;':1 ante ghaexhadeamem podlibyofaby; eftailte: Eav rahtéiral ddnt is an
LKL I O T -
inhibitoA second t her apeut ic agent selected fromthe group

consi gt ng aé :
I nﬁ?od u IA haﬁ? é: Qﬂ%h%lnaﬁén o ets: t(? \Q/ gorg%ounctl of formula 1, Tl-a, or
III-a and (ii) a second therapeutic agent selected from the group consisting of a HCV antiviral agent, an

immunomodulator, and an anti-infective agent; wherein the compound of formula L IT-a, or Il-a and the
second therapeutic agent are each employed in an amount that renders the combination effective for
inhibiting HCV NS3 protease, or for treating or preventing infection by HCV.

(e) The combination of (d), wherein the HCV antiviral agent is an antiviral selected
from the group consisting of a HCV protease inhibitor and a HCV NS5B polymerase inhibitor.

® A method of inhibiting HCV NS3 protease in a subject in need thereof which
comprises administering to the subject an effective amount of a compound of formula I, II-a, or I-a.

(2) A method of preventing or treating infection by HCV in a subject in need thereof
which comprises administering to the subject an effective amount of a compound of formula I, IT-a, or
¥-a.

(h) The method of (g), wherein the compound of formula I, II-a, or III-a is
administered in combination with an effective amount of at least one second therapeutic agent selected
from the group consisting of a HCV antiviral agent, an immunomodulator, and an anti-infective agent.

@) The method of (h), wherein the HCV antiviral agent is an antiviral selected from
the group consisting of a HCV protease inhibitor and a HCV NS5B polymerase inhibitor.

G A method of inhibiting HCV NS3 protease in a subject in need thereof which
comprises administering to the subject the pharmaceutical composition of (a), (b), or (¢) or the
combination of (d) or (e).

&) A method of preventing or treating infection by HCV in a subject in need thereof
which comprises administering to the subject the pharmaceutical composition of (a), (b), or (c) or the
combination of (d) or (e).

The present invention also includes a compound of the present invention (i) for use in,
(ii) for use as a medicament for, or (iii) for use in the preparation of a medicament for: (a) inhibiting
HCV NS3 protease, or (b) preventing or treating infection by HCV. In these uses, the compounds of the
present invention can optionally be employed in combination with one or more second therapeutic agents

selected from HCV antiviral agents, anti-infective agents, and immunomodulators.
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(c) The pharmaceutical conposition of (b), wherein the
HCV antiviral agent is an 5 antiviral selected from

W0 b@791398p consi sting of a HCV protease inhi bi pCT/USIV6/627573
HCV NS5B pol ynmerase inhibitor. (d) A pharnmaceutical
conmbi nation which is (i) a conmpound of formula I, Ha,
or Ill-a and (ii) a second therapeutic agent selected
fromthe group consisting of a HCV antiviral agent, an
i mmunonodul ator, and an anti-infective agent; wherein
t he conidsiond cbodients bethe invention incide fhepharmaprities} gompgpsitions,

comb1n§t?oq'19 gﬂl 1{1{} JRR& Lf&ﬂtlﬁn%&ﬁﬁ} ARl EarRdkd s8N RL Y8 Gh he p@Bedmg paragraph,
renders conbi nation effectiv

Wherem th, pquﬁqupfbofpmprmgt IBY%‘?%%IEPIO theggin tsraég{npw@ﬁ& one of the

embodilieftY %\?\%}dc@,%ldsﬁgs EfubicBBseh)or f@dres(&)he?bﬁp&mﬂbddsaihed abayk. In all of these
ereln i viral ent i S.an _an

embodé’@%té,&bee@mpppmetyhogn&?ailﬁE; 8%?.%‘?2‘? %61 &a pha u&:a\{l a@éegtable salt or
hydratel a8 Bpgaogriate. and a HCV NS5B pol yner ase i nh| bi tor (f) A

met hod squed 1%?% tﬂ%ﬁt@&i pNeRr b gﬁyegfr:é% 6rq)r§1cﬁ’é&mhﬁﬁ talkéﬂgroup

need t%er €0 “C1-Cé

{
having 3 Bl o SHBRISLT 16 SBIFCFLETSF- LD Bolth B o fC FoF R
alkyl”) beferk bo A of ¥e He!ql'l “afkeyl %{xﬂ)p f@lﬁ}h‘ 2dmers 2pHE 8W-1 88, RE- and t-butyl, n- and

coronk B B C AR e 5 R B -

isoprop8f, Eﬁhﬁf‘ldnklmeﬁﬁpunt of a conrpound of formula |, Il-a, or
- h Wh
f or mul 13'1(3 grml {ljlelgriﬁ%l e;}efrf o) a%%lky&@ro \%hgxlelé?Zly&gégﬁ%gpgeeﬁfreplaced bya

halogerc OFtieiterat ‘laliaxyfireflarsamaefflet-OFygoempunt of at | east one
secondr ﬂen%a?&gfehg‘ r8RERS a@qhﬁ&tcﬁ @ranf:ﬂe@ Rhdif SiRlERURoup having a

st RS B P B RSP o s ot
Ci to (Igatdamdx Bfamiﬂaal alkylegsse iArcldsh ef 4ikNeran vl particalar mgeeem witls regpect to the

ven TS  65 SLE fcJEs OUPLSRBP RS- el SY (.

2-, andj- @H]Z-blﬁﬂ@roflr(t?r):stm thealldencoCH(G/bI t i ng HCV NS3 pr ot ease
it i alid [divhfedit alkenyl
ad i QR o/ R SR 1R St ahesten o
having e anpberiof p@bpraftor(lsal)m the(spyci 1Q§1rra1(gg,) or the combination of

(d) o rTl(eetérms v d%‘lk?ptr%q t@gn @%ermg'o@ 8n Dlkarfelof AlkéldGhaving a number

o585 LS Bt s D B S pgATe 48S ctuor

refers @Q%Wtcy@l&iutﬂ Qﬂ@l@ﬁén&}*l ayclohexyRrycldhptyl, ad dyclooayl. Theterm
tion “of 30 The present invention

CYCIO%W‘%’ f 5 Dfesyd a@%’ﬁ% of the present invention (i)
f or usEhdterm "h@]og@n"f(m‘r“hailsé) refsrsao freating antomine.foospming and iodine
eRar of a medi canent for:
(altem%twe ret%Q%d t? %gﬂﬁ&ﬁé@%@% étgﬁeag(gb or (b) preventing or
treati Hglesswmreﬂymtatwo Itkwomrwataﬂé%ew@é hergpgre inclusive. For

exampféoéfrpé?éf'WI Bk dbREibeds %@ﬁﬁhﬁm‘g P6aNt 1O B h&3RateRt'l A&Ak the r#E can contain
| oyed” 1 n conbi nat i one or no

[h
1,2, on %@f%@é«mﬁ dt igglspiode vg P TSR e i l?gﬁldes within its scope all
of the @&Qﬁig@s willilh that RhGC tThe exidgedfsms aftte hettoaioros dod Siteraso included
i é ,‘Pgﬁ /015Z87 PCT/ US2006/ 027573 Addi ti onal
within GSERRCRE RE &7 PHE™ Buent i on i ncl ude the .
phar ket ayalrigdefeesiR ' onsys monithanaté tne ineany constiferfsr in formula
fo t
L tagf ol il L%l‘e%%orm* O e S ehd ol the:
deﬁnltpn@semh OCPIISRgS 1B @??pd@y@ﬂtﬁdﬁﬁmépmaﬁegera o@sh%%@%f Iso,
one of the enbodi nents, aspects, classes,
sub-cl asses, or features of the corrpounds descri bed
above. In all of these 5 enbodi nents, the conpound nay
optionally be used in the folmof a phar maceutical ly
acceptable salt or hydrate as appropriate.
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As used herein, the term"alkyl" refers to any linear
or branched chain al kyl group having a nunber of
w@a0opors78t ons in the specified range. Thus, f oPCT/US2006/027573

exanple, "Cl-6 alkyl" (or "Cl-C6 alkyl") refers to

all of the hexyl alkyl and pentyl alkyl isoners as

well as n-, iso-, sec- and t-butyl, n- and 10

isopropyl ethyl and nethyl. As another exanple, "Cl-4

al kyl " refers to n-, iso-, sec- and t-butyl, n- and
combinatiswymnf eyhstituenss ngfor aipritbles @mpermw@e oy i Sﬂﬁ%ﬂ%&’l‘ﬂ@?“ result in stable
comPOI&gfers to an al kyl group wher ei n a hydr ogen has been

replaced by a halgﬁ The ter aJk% y" gf s.to ted
"al kypn@s exer,eﬁsbbstat te tl@eeqomrar&i sebstigyiion by a pamed sy st%t 1s perm1 e
on any akdn[‘ﬁ@lrrn%r(e Br &91} B ﬁ&ex@bk@mﬁtlc&linkg{ benangstedliptdedychgring) pvided such

ring sub?tg?tloél)&%la:ﬁfnécaﬁy gl%iveg ang Tgﬁlﬂtg AR stslﬁee (?:Cl)enfrlplsc)%?% r % Egaeol?n-lc-;?ﬁgound isa
compoufidl whioh € Heipnepared aud isolatad hreldwizlsk yf@weasand/ﬁmﬂeﬁlssremam or can be
caused tg l éﬁy an e&?éshtlglfl &?%?&4025 pér{btdgﬁ ﬁﬁlb sWeERntt§ §1Wﬁseto?th'é |3§mpound for

[ asses partl CU ar
the purppms é@segbech h@temf@@ tHeaRRYIE- %prophxleﬂilz)aim@lsﬁaﬁ%’éﬂzf& jech).

and - Gki2 resullt\t)ﬁtﬁe §€clec't19ﬁ st sﬁEJtltdeﬁtstaﬁ@s@ktﬁ'&ém@ﬁa&ten@"l(eﬁhﬁ)of the
The term "al kenyl ene" refers to any |i.near or br. esgg

compoupdsegf fhedrepgtt AREntanCan Ve A TYPLTHCnSE eGP W HdHD
sterems&‘rﬁ&frk} @R aihQiREudl diskleRompB cirfehatiomang All isbierit &rms of these compounds,

whetheréf(%ag?ﬁio {:Il‘lﬁlg 1xﬁud£se];r%rws h‘inothe‘:?l gc%pg gfctt%é ﬁregebﬂgve%mr?n al kane or
speC|%ﬁ&@uwdng@mgﬁhﬂéyOhgpﬂgwaﬁwﬁbﬂlﬁ@Baﬁﬂ@V@PééﬁﬁyvamﬂmsOf

the presérﬁ 'il}vexgi\f’iaot ¥ L?%ug#ters) ’Fof &t ?ﬂrﬁos‘e@oﬁﬂ? Elgfégﬁgw{mo? a gerﬁerence to a

compoug ef fomeuly L. H“Tﬁ@ IH@rlﬁﬁT?f%!l%é‘P ];k]@)@mpqug Pt B t%l ny one of its
tautomer@é@ toad tKYIJ%IXtQ'eS {)ﬂrwf@lld)@ mo?&taﬂfblﬁex{s erm"h a| ogen" (or
rerers uori ne
e oahe F SRR b o Seic R B S P PR gy e
(e.g., HOV OV88 ,praede)i andl tie pravahteadr exqnes of ylf@.;tla‘_[ edHEY. fhreexample the
compoung ngf rﬂ?alg %Ven%joll fnre%rs]gﬁlslfl ‘Erje{ttﬁlg {l}g&ﬁh 'B%glr At Ldé?éc‘t’e% paﬁ Qﬁposure to

roar escri as contal ni ng
HCV byf sughm%@sta@b@odw@aneﬁ@lanmmhanm@rbgdx Aeids; pitgs iR Beipstick, or

exposur;l,.to Uelgrblo%dlagltl@grsgpgtegns is also to be understood
any range cite hereln i ncludes withi.n its scq

BT 30 Do U 7S RS YBE oNE NP LR G BFSRHIGHOn Sl Sectbi of sereening
assays Mn@bﬁﬁ@oﬁlﬁédﬁ&s Hor Eihﬁlpk@tlﬁrcﬁl?p@igﬂs O this thvéntinarealsefol for isolating
enzymew}gwl‘fl ngc{} are; eécbelnlgnt (sgregncn? t%ilg or%nogeu eﬁ%lpgentltklﬁﬁ%nﬁlh%ds
Furtherthbngethe norﬁm)ymdsmﬁ #id ivetibn are upefulfin ps’a]jhahmg or defegmingng the bmdmg site of

okt ¢
ot BV B, B A 5 18 ot i
wBcomowauﬂPEﬁE@9W§eﬁﬂé@§éh§éﬁWP®$S|ts definition at every

ot her 1q¢ Q&iﬁ%ﬁﬂ&%eof tHY @ entlinv e MERINAAL M QlifiBslered in the form of

PCT/ US2006/ 027573 conblgftlons oﬁ sub %%tu nt? and/of -1
pharmacegticallyjaeceptabls sqlisy g tep B RPapRAcgUticr D RFER E AR Ca
possesséﬁﬁéléffectlﬁbn&is@b‘che paegpmpodsl. andnhieh $s ex piokgshly atoticedise
unde51r?b§ {?&e ,ﬁcl%{l] hg%%%ncg 091 %lelltseuéel&g}logy toarhg%g%gntstﬂg’%f:) t éiﬁt%le salts

include leitl edditonosatts wigicl mayy, fomxalaplg,d:[elfplateé Y eting @W@}@l@f ]ah{e efppound of
the pres@{ith\(\'f'egtgcq @?Qso@ut{oh 382 El%’ﬁ&éeﬁt%all? Qccleﬁtalﬁpgdﬂ 6Rh laé’ hydrochlorlc acid,

resu | e conpound. A %
sulfuriccagidpanatieiacids traﬂuommsxs@ﬁlé QRheRaRiccask- Bany oL fhs campaiige of the invention
carry arl &iGhSRy2AIIICES SitiBIEblakBacBattaly QREftALI eIt heRblcadlinclude alkali

can be caused to remain essentially unchanged for a

period of time sufficient to al l ow use of the conpound

for the purposes described!Rerein (e.g., therapeutic

or prophylactic adm nistration to a subject). As a

result of the selection of substituents and

substituent patterns, certain of the
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10 conpounds of the present invention can have
asymmetric centers and can occur as m xtures of
wgar@reai’soner s, or as individual diastereoner SPCDUS2006/027573
enantioners. Al isomeric forns of these conpounds,
whet her isolated or in mxtures, are within the scope
of the present invention. As would be recogni zed by
one of ordinary skill in the art, certain of the
conpounds of the present |nvent|on can exi st as
metal salta (¢ @rodivm Eoptagsian palis) aikaline orrth Mefalsalise gy crlpyBf PgRpegivm salts),

and saltE ﬁﬁﬁ&?&ﬁﬁ sdlﬁblé org'liﬁlc GO URE 29 fudk @b hrambniuttsdis. (A[lso in the case of
|-a 1s arefere ceto the co oun

anacid GROCED o elGolo kOB BT BB B G R T RECRR: 6 i B pnpioved
modify (Hers6lubifitit dimiﬁcﬂr‘élysﬂ_h%rﬂ‘mﬁﬁwﬁmﬁ &e@ﬁmpdnmdp resent

I nventl ons ar u - t he 1 OR

oror edp oy oS Yyt B & el g pgpoua i
referenarto & Feapaued bf tbé inverftion me@mplbyld}ﬂ@the quPOIdeam‘rp prodrugted the compound to
the 1nd19{a{:m Qg oﬁ‘frea‘ﬁﬁéﬂ% Welfy Ednbufd @f thS Rl dhkioh Br 4 ﬁr@@h% ﬁﬁreof is provided

ection susp ected gast exposur e
in comEHIO IS QEOn TR GBI ABENE (P HETbASen %é‘ﬁ‘élrf@"em’@fmg HCV

infectioRR S¥nfihistkAdn" AHdti S/arlﬁﬁs(?dréjﬁﬂﬁ ahdened |t@1n8md£{|f_qﬁlcmfent and sequential
exposure to patle uri n Surgery e
va‘s‘%kfﬁlﬁ&mﬂ’?o'ﬂ’ﬁi q ﬁ‘?l%&’f Wéﬂﬁ‘s aaﬁ é?r a%ﬁlg%f ul in the

pr eparfatisediheacinl tixemutdompositions ¢y igendedgo creempass a poxduct comprising

t I t .
i oo LM Bt AUROHA S AL Sty R EOTRRNONS. B combinin

qwmﬁWMMaﬂhgﬁSmhlch are excellent screening tools for nore

power fgyf » ﬁ&ﬁﬂa&uﬁ@dﬂy%@&ﬁﬁbﬂedﬁ medt thi Eﬂehﬁg'rém&ﬁs oftﬂkkﬁ)harmaceutlcal
conpounds of this_ invention are

est ab] g
composongBiySHOMPAEPIE HER BAoR AL Roboenagt e SRp R hepy’
t o HCOVfheh&@ine'adtect' E(a@ematf&yly eﬂ'ﬁ’ﬁﬁlttb héreia ab f';hltlbnt.t)lae nsed hlatgs refers to

. the conmpounds o conmmer.ci al
an ning] GERRRRDY B 318 P L it Qe T s Bt st
observatibn bhexppriresnent i nventi on may be adn1n|stered in the

f orm Off' he tHHla’f g}?(iqf%g Lih Gl % u?&l%f&@lﬁlleﬁs 88t {rfount mcﬁ\%r c%}npound or

"phar naceut| c accept ab refers to a sal
pharmaggyitie#] ag%mﬂ}gb@@é%@é blo@%@abcfrfr@étqmﬁbmsedﬂ attﬁ%lep%(ﬁt@m animal or

human FR BLAL scﬁl@ﬂt B&’Qﬂ rEJEaﬂcﬁer n@terlﬂhﬁﬂnoﬁb(ﬁail Hyctétfor 6thBedlicsd. In one
undesi r apl I.C nor Qq

(e ; i the

embodgiia e eERiEe £80 i & erPUiEIn HEF Utrroued rordrs Ugafe! e
symptolnd of thel @isadse dr cﬁiﬂdﬂtlbn beingtadated. Whamothenayhodfngent, ¢heafifobtive atmount is a
"prophyﬂ?cégglﬁrt ek%ﬁy (I;IR/ grl;]ta \g\ﬁ 3 l?)i,]ou gylg%}f ui{the %}%&?omoqlﬂ{eqhs%];se o¥ b&ldmon being
prevempdha’fhfawuilscclaﬂhges hermphadmanef aatlmf@mpa@dhyﬂ‘weém dpikit HCV NS3
proteas@gﬁcfjﬁxere&“%fcﬂ bl eGre@ohdd ’beﬁ%actdgﬁ ?Q' sh "1ﬁ}ﬁ151f1<l>ﬂ'@fe@§xfeeatrﬂoﬁnt") When the

cid, enzoi ¢ acl d t he conpounds of
acive GomMPEMI . BV RIEieg B s AP IRTTALAS RS St PSS g gount o acive

ingrediSiitlafedB R FRBALITVE B BaSol othe ethgah@ sal ts thereof can

inclu | kal i 787 PCT/ US2006/ 027573

ot ol o e iaese 0T MG HC S GUASEE f RENTLJE o ekihg HOV
infectical thakomgouady ctfhhermé@ht isahtion, Opticgally inabeciormpir saltmgm bgiratencan be
admmlsfsfereé lr%'%any 5 ds t?lgtl %%g%{cﬁﬁt??‘@%ﬂ%gﬁﬁ”eﬂ?@t Gith %&Zalréerﬁ's sLte of action. They
can be adwnxs‘aseé bmfany amvamoaal meancryilable fat weo mongmetm@ vy nbgmaceutwal&
either a@ 'ilﬁﬁ\%\fal th%ﬁ&fﬂi@ g&#ﬁ:s' & @ 4 donPEGERh @ﬁh&aﬁeﬁﬁ@&g%n@ al‘hep 8an be

yed t he solub I|t or hag g )

admmlgprgql g\lepe@ pptstymgagly@fe W@ll%@'ﬁ%w ap 1a3mq(h=,ét1q gagrier selected on the basis of
the chos@ﬂﬂh‘c@ lbBSidnahik@Mion andstmdbidphhmat i 4 factie. The compounds of the

"adm ni stering" a conpound) in reference to a

conmpound of the invention megn provi di ng the conpound

or a prodrug of the conpoun&- the individual in

need of treatnent. Wen a conpound of the invention or

a prodrug thereof is provided in conbination with one

or nore other active agents (e.qg., antiviral agents

useful for treating HCV infection), "admnistration”

and |ts varlants are each understood to |nclude

o o o, - o "
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the specified ingredients, as well as any product
which results, directly or indirectly, from conbining
wo b@7/0s39eTi fi ed i ngredi ents. By "pharnaceuti caPCTUS2006/027573

acceptable” is nmeant that the ingredients of the
pharmaceutical 15 conposition nust be conpatible wth
each other and not deleterious to the recipient
t her eof . The term"subject” (alternatively referred to
herein as "patient") as used herein refers to an

inventioa ganyéir exameé, & adinipisteredenreiin parerserellyincfusingsrieutaneayidHections,

intravendRO i@ uRE B ﬁttﬁ@teﬁ@l ﬁﬁ:ﬁtldﬂfor ﬁﬂf@s@&ﬂ@é’lﬁuqueé? h@ﬁﬁh&ﬂ’dﬁbﬂ BpréY, or rectally,
exp eri nent. he term e fective anount' E#J thCaI’IleOIll’l ol}the

in the for‘f@z?ﬁ 3 u’@‘h%aﬁﬁ% aRpargeceyteal GIMROSHigB GoiRBRe 2%
compoupd &{deaeRktibrtdhondgLio ﬁ)hirhlaéeuﬁl:allmabc&ptahle chirietspagijuwants ad vehicles.

Liquid mﬁﬁﬁeﬁlo?%lgltalﬁ% 068ﬁaﬁadmmlsltrathio§ eyg sus eegma Cﬁ}?@ n&'ilerQ ind the like) can be
prepared edcendingae teama,lquwelquml in d@@r@nd o emmhyrany fof ‘th gsughmedigsuch as water,

glycols, %ﬂ% alc%ﬁ@?% | a{'{d{e tSP?d gxf P:ﬁ&t‘dny §uidbe ':f'cﬁtordl Sdinistration (e.g., powders,

eu ve amount” for the alleviation
pills, capgules tablyma@rbs prsparedh accgrding4e ichpaues h’é‘i‘”ﬁfi B et 3¢ can employ such

solid exbipRAk @lstarbibs adil@&rb %olﬁﬂ‘ﬁibﬁbdﬁ%nbmdérh disghdeefing u@na:maw tHe like.

paratc g Aot o Sl i F SRl b s s oo
sterile veDdnds 4 tamrieraad ogticAallyputiear dnpraiibntsThveh tea solwlilgp aidn ddjendbde solutions
can be pQ%£%%f§o%ﬁa@e%odg o?ﬁlég Ylgen Q%gerlﬁg e% 1|E1’Ccf5h1‘f)ﬂﬁestagaline solution, a
glucoserselgiarse sblstlmgcosmrgm a hixtuge of sahine 4nd g %P%er Shrtier flesetiptins of methods

sultableeffﬁotiég ﬁn Prepa 8 PhaiSocu@Gl LS oSIABRAMAR prdse® inved§dn e of ingredients
ngre |ent) 'S adm ni stered_as, the ﬁlt ref renceslg@

su1tabletfﬁ@s3 mgrﬁltcog]posatéqqs VT OYlﬁeQ]r B
edited BTA. Rl G€nrads ®akloPiBIBhing 06, @Mpound For the purpose of

Fnhi blél'th %&qup%’“?%}t Eé‘&)f% as eanabézs T ne1%{?e1rg é)rg f:r)lrat&osaeggg‘éngg 0f 0.001
to 1000Inligllqr_tf in@mmab (¢ g..Gradah)ybodp Wbight feoday inh smgbalme agin givided doses. One
preferrelaydg%%e Fa’ng& 219 Otf %? 5 %)?rﬂ%/ﬁ%ﬁ&%rvﬁ%hl?g erdY oA hS sﬁr{é"f’é dose or m divided

ces®contac ent wth the agent'’
doses. én@tbermvfefquud@wge Tl?hlé?ls Oclatn 1B@madai ﬁ‘iys‘l"@gl@@ewyé y in Smgle or

d1V1dedQ1‘8§E¥ b 2 3lim FRARGor2MBich BPdsRichOEanbs @rdviled Qﬂﬂhél Rzinl B hblets or
th pharnaceutlcals ei ther .as

ndi vi d
capsule FrBBAIL-D & SR s St i QB RITTLR G A B3y 2025 50
75, 1ooag%nm) 2500800, 260) afxbs(adillpiahsaif et aatiariagrediet fonthe syaiplopatic
R
any particiidr phtént mby bavasind ast willdiapaid pherr areacietytdf Sasforpingleding the activity of
the spe%@%r%%%%&"%%@%ﬁ th@ﬁe&ﬁol%@agﬁiyénqji&éﬁ%f actlonI of tha’E) compound, the age,

I nvention can, .for exa €
body weih grnemBiealih, 6PaRiel MOde s Bl HINSUHEPTs gt excretion, drug

combinStRCHE %@H@%f |tHéJ p@ﬁkbl@f‘&mdmbﬂ tah @the Med Snddrgineadietagul ar
|ntrastern%I %c ion or inf UP on .t echni
vgyt e SO

S
| nhal AAST5H b Gvieoy Ao fussis AP gf niybfipe oy N3
proteasél,ﬂﬁiﬂlgﬁlgﬂf{c*d rﬂhﬁﬁtiﬁﬁpﬁtﬁrﬂ@ﬁhng&fb trpaBigtH@hinGstivmwith agomsppund of the
presentﬁnbvlenttlc%l 11\1/ gom Héar 1r<1)1151l (\:Kglflljltoslgg 1inc9rg DHRO ggﬂlc%%%ﬁ%%{dr eﬂgﬁﬁrﬁ@&l‘ucal composition
comprlang umm)gnchqfdhwbﬁeuﬂ imgention a_ndqu: gr Tpere gma@pmtmergme@eg@ﬁ drom the

group co{?srxstiﬂg 8ta ﬂg{ﬂ aﬁhvﬁ}arl & enPln (n?mlﬂlomoaﬁﬁt&e BRd %ﬂ—lﬁﬁé&%fagent Such
S an can. be prepar ed accor

n
therapepie:4gaRte AEYC REAHIHH FiP( ltlﬂedeahtt ket Elaﬁedetﬁpqﬂwlr’&ni? %fmb Kigamidine,
thymos h-1TREI3 (ShiGIRaRSd WMadrRfon (REEWEDOInGerfodinl B3 intafeedhn lpsgylated
the |ike. Solid preparations suitable for ora
adn1n|strat|on (e.g., powders, pills, capsules and
tabl ets) can be prepared acdérdlng to techni ques known
in the art and can enploy such solid excipients as
starches, sugars, kaolin, |ubricants, binders,
di sintegrating agents and the |like. 10 Parentera
conposi tions can be prepared according to techniques
knomn |n the art and typlcally enploy sterlle mater

o o -

edition,
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suitable for use in preparing pharnmaceutica
conpositions of the present invention and of
WO pgretiZent s 15 suitable for use in said conmpoRCT/URING6/027573

is provided in Rem ngton's Pharmaceutical Sciences,

18th edition, edited by AL R Gennaro, Mck

Publ i shing Co., 1990. The conpounds of this invention

can be adm nistered orally in a dosage range of 0.001

to 1000 ng/ kg of nanmal %e.g., human) body wei ght per
interferaiany(peginterfapmg), @ cefoBivation of mtetferdnceanddbenn, aggmbination of
pegmterpe;(ﬁlf (ﬁﬁr{derﬁ)aqg\ﬁ azﬂc%nfbﬁﬁﬂ@n 6§nt@rf&3n—ﬁ@n(5ﬁoom léﬁ!d @&Qﬂbmatlon of

or al in_a sing cl ? D

pegmter@@oru%@réﬁevomet ﬁ@?rfeﬁ?ré? Ercludes, H?}éa@‘é lF’étﬁ%E’ fegmabl&anfal A frepo-o2a

(such asqir%/fé?&l iagaﬁéronavatame Bk maﬁnmalamchemwdygme pzylathil Uitet€gon-02a
or .ora r QRO G

(Pegasy% e) br',tggqr %?% f‘luCP ﬁ%{yfr %1 %rtjfrog Fvatllal?le%r m cﬁer&qg%‘?p I@leworth N,

S Or capsu
pegylatedGitbididron-ath (Pe@nﬂr@%@ recbinbingt apnsewsfis mteefemt(mc@ as interferon alphacon-

1, albu%ﬁr(%ﬁé&&x%%ﬁgég%ﬁbgg Eéﬁéré ’albgmllg(?!unéﬁ e §c§’encg§%5 and a purified

and 500 m| |
interferasfo. praduch cAingen’s maeselinasheonsepsuspigrfargppsdhlrand nam@ Inlergen®.
Levovuﬁlqh HR T 0Bt oRer Emadﬁfﬂaﬂﬁcht}@s Eﬁbﬂlnﬂﬁinhﬁcﬂﬁodhﬁtdiﬁ adtiveabidlar to

speci fic dose | evel re for
e\ BRI BB T i O e S 10N
Pharma¢Haéhls). Hﬁctcﬁ&aﬂc@ﬁwﬂﬁ &etnmﬂﬁ)dloﬁﬂﬂe ekiserg itviigioacthe inidivwduaf components of

the comé{ﬁgtbqnl c%{f \)e <ﬁ1& tn}%glél eqyat%\llﬁe(;ent G]?%H[F&g k?l%l doﬁrse of th%rapy or

TGt action o npound,
concurragb1nd1bmid(j/olvmggd'ﬂ0mbg@h@r@m5health sex, d| et, rmde and

time @f, tﬁgﬁréa%ﬁ{t Bf‘ﬁtvrimfegt%hetllé’éorﬁﬁ&ﬁﬁ(ﬁtdf @ préiEﬁthventlon may also be
conbi nat1 on e Sever|t{ rthUl?r condi ti

administerell in embieaiion w8 ep gemnhBatinap albgbl’mf Hof Ng° spigaroteare & HCV NS3

serine th@a%@ﬁ:an ERYERL Vie elﬁzlyﬁlg ah®hRbes deserided@tdad exdellent target for inhibition
bi ti

1 i.bit
of HCVrrg]?)l}catécgnt q%gﬁx suBetraﬁTaélg ?L{]Potrag?a gas’?%lgﬂ%ﬁors p@@\lﬁﬁé CQro‘cease inhibitors
are discWsédinavo @meaﬁdwo:f 98/46830, K © He0f 7339“@199/ OHY3¢.AWO 99/38888, WO
99/5025&,@6 5’9284425‘ to'('i/o%‘z% o 86?5@29 r@é 3peYkl Gva9sNk sl 6anb /48172,

eutt’ mprising a conpound
and U.S, Reep™Nos 6,813, I&Qventl on and one or nore therapeutic

agent SRﬂ'J:’zﬁirﬁlC feShidis, QR LiBBnididE QU ekcBBdiSdnkilFIC Wk ffectd ¥yMnodulating

antiviral agent, an i mmunonodu ?%Of, and, an . .
intracel e popl P AR DRI iSERLes VL /EHDOR el G Bl LGB RS PS¢
monop lafSdehydedbehd3e (VDD MVPBHES thetraté-lifiting@nzyme on the biosynthetic route

avirin, |e rin am di
e g3 ST 0 Sy MIRBLA 8L By nd e
monoplioglatd derictiva js ap aghititt etMPIBLVDnBo0Fb0ws pEMPDH represen’fs another
useful tzﬁ)rgr/ %ﬁ? 9 géog%% [';hplbll P F h@w%lg:a{lcﬂle g[*h@lteﬁfnf: Qﬁeod@n@))undﬁl of the present

Pt bavirin,
inventigrondyi aimhmMGrﬁstertﬂe@cnm@mt&ﬂonﬂwaﬁﬂ ifop B%W]?Iﬁ’ sugh as VX-497, which

is dlscl&gm Wwatd7eno plf and W rOfl)@O@ZZ (Bssfrel doaneprek) iufd)theaINdP]aH inhibitor, such as
evovi

cut i e B e B o S et ot e AC.
Alhsonraﬁ@Eﬂ@lEh@fﬂE Agcﬁﬂtsﬁfﬁtﬁ pﬁﬂl(&ﬁ@l) (1$61¢1992)3. Rof er on

| nt er pFS) gn ér?e%tgle{lt Q?IH%\; m?enllé'bfgfeg%%@odnﬁg@ﬁﬁlg relNdf nGohtion may also be

eron-a
admmlstasrbémfoembmatamm@stbc mtivgrall agent emaptadivg @ ranemﬁalaananp)a[@r@

compreB&g 8438& &g)gﬁf(?él’j nt é%%ﬁ'li&&ﬁmm N1, ProRRIPHA RS, 12: 1-36 (1983)].
ero | htron reconbi nant consensus
| nt r flor R tEwment SAVCHOGRR di CAIBMREGH o jresea) BLAEPRRaY also be
admlmgtér@& &I HEhRAR R VRS adtRirBbIFBR pSBMdiikEin b bR 11 BRI (Rudhe).
CGenone Sciences)), and a purified interferon-a
product. Angen's reconbi nant. _consensus interferon has
t he brand nane Infergen(r).lGLevovirin is the
L- enantioner of ribavirin which has shown
i mmunonodul atory activity simlar to 10 ribavirin.
Viram di ne represents an anal og of ribavirin disclosed
in WD 01/ 60379 (assigned to ICN Pharmaceuticals). In
accordance mnth the nethod of the present |nvention,
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serine protease is an essential viral enzyme and has
been described to be an excellent target for
w0 ndo7loii78on  of HCV replication. Both substrat PCEOS2006/027573

non- substrate based inhibitors of HCV NS3 protease

inhibitors are disclosed in WO 98/22496, WD 98/ 46630,

WO 99/ 07733, WD 99/07734, WD 99/38888, WO 99/50230,

WO 99/ 64442, WO 00/09543, WO 00/ 59929, GB-2337262, WO

02/ 48116, WD 02/48172, 20 and U.S. Patent No.

6, 323 Th8ChmRuhdndr tHierprestraimeitiqomayzksg be combines fﬁrathﬁﬁwﬂnent of HCV
infectioft &ﬁﬁ%nt“?r@i% @%hﬂl%ﬂfb&fuﬁl@&ri&s Bic16RA W RUE Hhery-O’kury, et al., J. Org.

uani ne nucl_eot

Chem. SHRTHEA TR BORS. Walte ) s tdse 3 QL] AE4 (1995); US. Patent
No. 3,480618RR6% B at989 Rt cht o8& PabiRatibdRidder Wmprbm (IShIéovember 2001);

sy SR LT A8 LB AELTH e o 8ol

Numberr Wadi2l329ph@s pipait 3002); @od Intrmationd] [Publwamgn I‘&umber Mé) %’002999 (8 January
2004); a.rfrlﬁ %&Qx%%?o%gbﬁut%h&?gﬁ ﬁﬁt{nk%g}{'b%tw%ﬁ?, dO@ I'(‘fi Pinh&}& 2964 | MK %matlonal

resents another usef ul
Publicatioi Njestbet 8O PHEOZ (okraayy S04 i domieose §f eh pioyhich are incorporated by

referencre(?ﬂj(ﬂeﬁ @ﬁﬂlr@@' suderef- Eiﬁl%he& Aot 6IBRALH Hhisuaé, biftee poteseRd to, 2°-C-

I nvention y al so be ad tered.ip c i nati.on
et SR b PR ST RS e o4 B c-
methyl- gimﬁb(ﬁ&@ﬁlosyn-z\w&ﬁhéﬂﬁié, aadh dle‘éﬁr&pdddﬁ@&ﬁﬁm( asbisgnefthe gbose C-2,

g lb ; QLI C t anediol esters o
C-3’, aral]-e(%g ﬁ)é)ggogﬂg ﬁnci}% 687?%0}:5%'1{; (ogp ong g% &gst%tﬁtléé zit§ 613 ePSd ol esters of
the 5 pﬁthhbﬁan@nwwnycophenolate nnfetll [see A C

Alis ASRALiGh ASF A1 %bﬁx&llﬁplhe)tr tment of HCV
165 (1313152 %/Slr %sfréa{t ms%t 11gg}ll—lcvelcn fecti.on, he O

infectiog mmﬁg Slfiﬁa‘élaﬁllné g@hHCmeW;e&ﬁuM thgse 61sggsed in W% 02/51425 (4
Tuly 2069 rﬂs@g@d@é RtshiisE PRARin R 8bipQ Woiol 1192450 Wano1/3290.e] Wage 8 165 (20 June

o, SOSROARE L SORIGRICh G0N o S gt
methyldytidihe, |seewiDisugmBolbss 3-62n pdge3l) 45288) th Phixorssehbtd.; WO 01/68663 (20

Septemé?rggéﬁegsglﬁrged t?@f\l i’ﬂgn%%e}lg&isbw&%%%? @ﬁiezyt 959 Jhﬁ] 0 02/18404 (7

ention na dmni stere )
March 2093 ISa0053M30740 Feth&7 280 wnd 3OMGERH P s 52096), including 4*-azido

1 B¢ / 63 (14
s B RS PSS AR 16 0 WAL s v

Feb. 20050 B SUALS B ME BT BSE S0 Ao DSz © Avr
2003); WV03/09308E (1B MoV VEdoRY;: A 200310286226 (X3-IecaZ0RRA'S 2004/0006007 (8 Jan.

2004); }yob@ﬂ@ '4%’% P%%dpg wcggzﬁ&'&a;go 5%.}955 2?%9% gotﬁ%dé%ﬁ%t(l Apr. 2004);

and WON/OZR488(8 Apr. 2007 ttheaoptentont ehabtis ingorB@ated Berdin b teference in its entirety.
(199 5)Fotr %e%refﬂfr%hﬁc{f &{C\}\Rfecﬁ ﬁ%’c§ﬂ1§\l)1fnhp¥f thgéeseil@lﬁ%ntlon may also be

| nter I'ona |cat|on N&
administigedintrembRa@n) witican agens r&r@atﬂamﬁ&lpbﬂpmﬁ HEeYNSSR priymsese-\jyeh HCV

NS5B Mn%a?sg PhitrolRER 'ﬁﬁ? be 882833 consishtibiiherapR tncRB&lbut are not limited to,
s dpou e SR STl P S5 A8 Gt Ay #¥osossaca

WO 20@410@(358 Wo0aAD3133aad WU 2004407 tinathe Bt ofdaciois ildordoeated herein by

04/ 003000 (8 2004 n
rferengi i 30T g ONTRBED ) BA009% 24 r LT Ok SRR timd o
valoplcuainnee(mn\s -287; Idemid) anf 2’vﬁa2’d1¢taamethylmdnpésreata1§d iy 20 5/003147, assigned to
thnws r@yce in their entirety. Such 2'-GC branched
onucle05|des include, but are not limted t -C
10 netIhyne @?qumlfﬁ’é nu@eos@_e,{ﬁ\ﬁyﬁﬁlﬁl p@lmnprése 111111b1tors ﬂ1at are used in
combm%tlorg’vﬁﬁﬁlg ¥}es§1@ﬁ@w $¥protéase EnhiiiioRydre QYRRAFoMEhe RMEwing compounds:
9-(2-C nethyl-(3-D-ribofuranosyl) -2, 6-di am nopuri ne,
and the corresponding am no acid ester of the ribose
C2, C3, and G5 hydrodyls and the corresponding
optionally substituted cyclic 1, 3-propanediol esters
of the 5'-phosphate derivatives. The conpounds of the
present invention may al so be conbined for the
treatment of HCV 15 infection with other nucl eosides
havi ng antl-HCV propertles such as those dlsclosed in

VAN AT A ASe— NN NN\
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met hyl cyti di ne, shown as conpounds 33=6 on page 77)
assigned to Pharnasset, Ltd.; WO 01/68663 (20
w®epremyer 2001), assigned to | CN Pharnmaceut i ceCHUSA5/027573

99/ 43691 (2 Sept. 1999); WD 02/18404 (7 20 March

2002), US2005/003 8240 (Feb. 17, 2005) and

W2006021341 (2 March 2006), including 4'-azido

nucl eosi des such as R1626, 4'-azidocytidine, assigned

t o Hof f mann- LaRoche; U.S. 2002/0019363 (14 Feb.
4-aminc2B@2)-methgl-B-B)- ar@lﬁmqf&a@@gl)ma@yr@bﬁzz% dipygingigrep s emeg-73-C-methyl-p-

—r1bo 208+ p&;lé%%ﬁ Emmozf)@%—me @@L@%&%syl) TH-
pynolo[@@%ﬂ%m@i%’;gg @et@g]ﬁmxzn%%gl@%z-r%e [bﬁrrg@ﬁwsﬁ)sgﬁ:)@%no 2,3-

dlpyrimf84d < %l)é(? %/léi)rﬂlgtﬁd Cl%eil/ﬁ@@-D-ﬁBﬁéﬁmosW%m%@&r@jdme; 4-
an
R i N LN T —
D-ribofirtufos @M HFp trylo[2, Falpytitiliter £amimeTt(2¢F- ﬂlk@m¢tl’mflé361't>1ﬂbnfuramh%’1) ~TH-
pyrrololégiﬁﬂo o delrng,]::ﬁ %n:i: %—g r]f%%fﬁg% (ﬁ @Vrﬁ&fl)ﬂ %rb %Xﬁlﬁi‘ln&gfl)bﬂ-l-pyrrolop 3-

d]Pyrnmdnhﬁ Wiatngro- BE-CI@¢thEER- p@Wﬁ@Sﬂ%éH-PSHe%[WPYWBw S-carboxylic

acid; 4- ? - @%%@7 | f]b," xpétltl}q 33D tib&dral l)biﬂ MERIb[AS-IRHARINERS, 4-Ahino-5-

era nc t _are no ted.to,, those
o e g o S {95; blpymisys: +ipe Dy G5 Cmethy

B-D-1ibbiBrad @D/ BOSARILE2, 33%%)}&3{6%1633 241411an?ﬁo WR-200eth ) PAB 5B o fukAosyl)-7H-

pyrrolo?ln’z %P)ﬁ”gpépggéj ﬂgﬁng%r{&g‘{/me@ 5— épgfgcglraﬁlﬁgh)% gﬁiol@[@%%]ﬁy?mﬂme

2- amm@-hﬁﬂo@@lﬁnh@ﬂ—@aCym@hMé)-nmﬁJﬂgnqsm}f)gHrpy@;qo19&3 dmlmg]rlr@, 2-amino-
el s np=

e e

rlboﬁua@wl)gﬁénym®0[2ﬁwﬂpﬁﬁt§§@?= i Y- Cr-Qtindptibd HaefranosyD-7H-

yrrolo%{ij]ﬁ%hﬁﬁlem @@@ﬁlyﬂlﬁlﬂﬂ&ff@r&&)sylﬁlh%ymrogﬁ prrlrafdﬁl-él(?;H) one; 2-

In 35
amino- GBS HDEIPOR fP Eoabet B PaTIA PR A D-ome: 4
amino- ﬂ@%ﬂﬁd& methyl- Bl@rﬁﬁﬂl?drﬁﬂgﬂi)?ﬂ—? pﬁ@é[%@@@ﬁﬂ@ﬂ@ﬂ&mmo -7-(3-deoxy-2-

7- h f | -B-D-

_methylz[?gl n% lférﬁxfoa?llﬁf{ [%rroﬁ][ @]?ﬁ%ljﬂﬂ% e %}ﬁ?-\é %uo?ﬁ PYE! rn%ltlﬁll D
r1boﬁ11ﬁosyl)aﬁﬁ-pymio[gﬂkc)]pﬂi-mlpylp,rébamjpg7 143 @}Whylﬁrlaﬂh@ﬁlranosyl) ~TH-pyrrolo[2,3-
d]pyrlrrﬂ&ﬁgtf%igﬁg-@ zméﬂ:?y'l g—lﬁr—ﬁhgﬁﬁkan()?yi)t)f}f bﬁﬁflé{ﬁ BLIgS ¥imididéH4-amino-7-(2,4-

yri m d
di.C-maghylifRT 9fum@pwél7ﬂ P g ings i oy P Lo Cmethy -
-D- B Igcll r3-AjpChim R d th ding 5'-triphosphates; or a
B-D r1b¥f'u'ié?15§j[l)27 pyredi &g, ﬂ]_})?(lz Er:lerr%nt hyel coge%)_o?llrtl)%f s

pharmacwwlm aﬁfe??% ec?]inilﬁgﬂe’feﬁf di ne;
ami no- "ﬁlre(camfibunklnyﬂ th@pl’é)selnt moénumam@ﬁgdlsc) betdambiped &ir diegregtmggnt of HCV

infectl(%_\%/ hbl}g]n—u Paﬁ%sécél 15?11%}&% of I-E@Y gﬁ%)ﬁ%%%@&f%sl%ﬂd cl:: gfgclosed in WO 01/77091
(18 Octd 2001, nssighe( B rnlarﬁku brco Mé@ AYH 1883 0 ihllble/‘?q}? apengtl fofapan Tobacco, Inc;
WO 02M4£§4%9h§m%g%926f A% dr’c§ BoehrmFer IngD}helm WO 02/06246 (24 Jan. 2002),

assignegltq b]Zﬂ@EOZdl glcegﬂhﬁgylﬁ }aﬁ\goleculare P. Angelre’lctlb SOE 9{ %98%% 22)497'?-3 Riarch
2002); 47 @DV03M1 39;(72(1@amtay hTKa)a pagmgme& torJapeasiobjecd Hapythe aintfnRof each is

mcorpQ{atg(ﬂﬁl%lo% gg’n[#l ?ﬂ?’e% sze O)II(% %IC??9%_(YH%R_})1 rlﬁr}aan 0S

yr r ol an2p3edhqayméntsindir-meslecsidamriGIONSSH folymerase 1nh11¥1tors that are used in

comblrgﬁ?ﬂ W tzln,ia ése%t ﬁ%ylﬁﬁf éﬂote?e #ﬂﬁioysr z@@ %e;éé foh fl%ﬂ' 1ﬁé’ fdiBRlgZompounds:

14-cycloBexpl- 61[b6ﬁmctbyi@@ylp)eﬂwﬂl=7p§?ﬁ0r5@ﬁ Bﬁﬂeﬁ:ahidijl?}quq{?ﬂTaﬂ{@f5]benZ°dlazocme -
carbox 1104%1091' Z%@o‘l@xﬁ% (@n‘f@ﬁlﬁ)‘f hlyBetlRy-5,0 0B UERNGE Y indol St 1-
yrrol o] I'pyri m di ne;

2 am no-7-(2-C methyl - (3-Dribofuranosyl)-7H pyrrol o[ 2

, 3-d] pyri mi di ne; 18

2-am no- 4-cycl opropyl am no- 7- (2- C-net hyl - p- D-ri bof ur an

osyl)-7H pyrrol o] 2, 3-d] pyri m di ne; 2-am no-

7-(2- G- et hyl - p- D-ri bof uranosyl) - 7H pyrrol o[ 2, 3-d] pyri

i ni di n-4(3H)-one; 4-am no-7- (2 Cethyl-(3-D 15

r| bof ur anosyl ) 7H- - pyr roI o[ 2 d] pyr| m d| ne;

o T . Y [E——
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20 ri bofuranosyl)-7H pyrrol o[ 2, 3-d] pyri m di ne;
4-am no-7-(3-C net hyl - (3-D-ri bofuranosyl)-7H pyrrol o[ 2
WO 360701387 i m di ne; PCT/US2006/027573

4- am no-7-(3- C net hyl - (3- D- xyl of uranosyl ) - 7H pyrrol o[ 2

, 3-d] pyri mdine; 4-am no-7-(2,4-

di - G- et hyl - p- D-ri bof ur anosyl') - 7H pyrrol o 2, 3-d] pyri m

di ne; 4-am no-7-(3-deoxy- 3- quoro 2 C |nethyl

P-D-ri bof uranosyl ) - 7H-pyrrol o[ 2 , 3- rimdine; and
a][2,5Tberredigmeined powbivndc seidt ItrqypleByibe- é2s dumt amino)ethyll-3-ethoxy-5.6.7,8-

tetrahydm'fﬁfom%ﬁ: ) @]%'eh%dﬁﬁ&:%{ét abafog@lctactdhes @Qfohey%@-?u Thehoxy-6-methyl-
ounds of  the present jnv

nt
5167, - GBABRREEO PGy 1RGP FREE LY AR i rprolohems! -
methoxy1@frethy 5.6, OSLtét&hymbinthbm sa]fff, 5] biavodimdoyineiiase such as

yl)carboggg%“aﬁg‘a Sfes gl Olllgh%%o‘g}%’g"i%éjm‘f%%f %’y 2001),

tetrahydasmdogrﬁ%di-al[@ﬁ]bamdla'z’ml:b}d)carhwnyl Jamingdsfohplpeets: qeidy 14-cyclohexyl-N-
[(dlmet}é'ga/%@ @cgyuéi%ggizﬁne%§%g%ﬁ 9 6%&&!&%@&%&%?? EQ BlbeMBtiazocine-11-

I
carboxapiidse}-ghlerodi4-agplohasyl-érl l@iﬁﬁ%@oﬁhyﬁ%&?éﬁ? 8 §“P{1yﬁlr°md°1°[2 -
a][2, 5]b¥i@o@i§£c%%9? cﬁrﬁ £ 661d;30-( 206D ixy WP.cR ¥k A1 6@ dihy rb46 H-indolo[ 1,2-

t I to.J b I nc. ;
R A A e e A e
14- cyclmf;ﬁnemmeydrmmlsdoem Lved{ll yp]beaumataddCivie-1 9 6arbsivtio ptidir Inferyclohexyl-6-
methyl- z 87“3 25,8?7382%&' %rog;[a?ﬂ Ik ?:{]; Qr[]zbﬁ]ih!fol glgsl'l q E!%l '§§§Bl4 cyclohexyl—3-

are use
methoxymmtlwhéopw B6TH- te&@vdmgiop{%t eﬁ%éﬁbﬁrrmdlamc@ﬁs} laﬁréoxyhc acid; 14-

cyclohe§ﬁ|6e[§t(3ﬁjne @%1&33&191%&%%0@7%%@ Q@UIHIBirahydroindolof2,1-

ycl ohex di pet hyl am n
AR R RA R IR L O s D R
tetrahyd%é‘ih&ﬂé@'llaq?p@ Jeflzodiazocine-1 l-carboxyhc acid; 14-cyclohexyl-7-ox0-6-(2-piperidin-1-

e Ss HLERGESlaa ettt BGB  B it

morphoiih B3 Bhshehaadi,67 Beétrebydroindalai2blead {2, S]benaediayocine-11-carboxylic acid; 14-
cyclohexf;l %%c(fif%{ﬂsﬁﬁllm&? ﬁ]&& ?J{(F?% ?X%l t?ﬂh?@ll)ﬁﬁi@lx [l A baRssadche-11-
carbosyi2 a6 eldhekr e et s By Eoscs 67, -tetrahydroindolof2,1-

al[2, S]b]cﬂzog}ﬁ J)Q&eﬁydarb%xﬂf‘cu&iaxﬁ By BN N[ dlmethylammo)sulfonyl] -7-0%0-6-(2-

5, 6, t et h
SRR DR I T TR
6-[2~(dinRt RN ndetie]- N—)[dduﬁetﬁylﬁnﬁe)isﬁfdnaﬂ-yiehxms[6db$ ehahytrapdolo[2,1-

all2, 5]1%:8??1 beﬁq Zeglg—%ag og:(arpudg:' ll4-cy¥102>en%rl %ctg)(c]h]n%ﬂ&}no)ethyl] 7-0%0-5,6,7,8-

tetrahyc(r{)@ddld{Qdylj [2cﬂjbeny¢d1&one¢ hbsarbdyheadids | 145y dohpxgl-5,6,7,8-
tetrahy({rgtng?g[é gf&@i@n%dgaz%mﬁé 1 1-carboxylic acid; 6-allyl-14-cyclohexyl-3-methoxy-

ocin-11 carbonyl]am|1£
5,6,7 8-§q§qahxdm,1pc}o&1{étl1aa;[2,§&}qegzod@49c61}ﬁc] oqq%yh%m 14-cyclopentyl-6-[ 2~

(dlmet}{y(a?ﬂu@&@l 8817 QQ}'@éllllyﬁI@ﬁMb]}Jfﬁl' S, S1exivoBadveinby [ -clrbiylic Beitl;
14—cyclg]téqrxglo -&rﬁoéagegci}?yllan[nno)ethal]]-ii 627 ? eg‘el'py 90%'1 ofo?f aﬁZ %j’benzodmzocme-ll-

carboxﬁrc@bﬂdpfﬁeﬂcl@hwt-ls{n’mﬁwn 565, T-Baflyidroiitrbip|, 2 0d7Hb, )4@42?@]10[?;8@&1@013 10-
carboxy%f ag gf IDS g?/cfoﬁexy? E)&j Ecﬁllngtﬂgltiﬁ[n%)eﬁlyl]aﬂ-&%%g’} §) 6! @é&ﬂ&&& Q&R lo [2,1-

dl[2, é]wangmiazmandabz@arumbwqub Héxey¢lolex-Soneyt. &2 bxtrahyrieP Hindoo[2,1-

ajl2, 5] ine-12-carboxylic acid; 13-cyclohexy1 6-0x0-6,7-dih dro—5H~1ndol 1, 2-
1 enzoxazocj n-7-yl yl et anes 1

d][1, 4]1?ﬁnmﬁ19§p]§y(1q-}q sy iinacid: 3{1 Bhglmaceutlcaltly accepta salts ﬂlereo
14- cycl ohexyl -7, 8-di hydro- 6Hi ndol o[ 1, 2-e] [ 1, 5] benzoxa
zocine-ll-carboxylic aci d; 14-cycl ohexyl - 6-
nmet hyl - 7- oxo- 5, 6, 7, 8-t et r ahydr oi ndol of 2, 1- a]
[ 2, 5] benzodi azoci ne-1 | -carbdxylic acid;
14- cycl ohexyl - 3-
nmet hoxy- 6- net hyl - 7- oxo- 5, 6, 7, 8-t et rahydr oi ndol o[ 2, 1- a]
[ 2, 5] benzodi azoci ne-| 1- carboxylic acid; 14-
cycl ohexyl - 6-[ 2- (di et hyl am no) et hyl ] -3
nethoxy 7 0X0- 5, 6 7 8- tetrahydr0|ndolo [2 115
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15

pi peridin-1-ylethyl)-5,6,7,8-tetrahydroi ndol of 2, 1-a]

[ 2, 5] benzodi azoci ne- 11- car boxam de; 14-cycl ohexyl -
wW®@2¢02/0{xI8met hyl am no) et hyl ] - N-[ (di et hyl am no) BTi/U82096/927573

-7-0x0-5, 6, 7, 8-tetrahydroi ndol o[ 2, 1- a]

[ 2, 5] benzodi azoci ne-11- car boxam de;

14-cycl opentyl - 6-[ 2- (di et hyl am no) et hyl ] - 7- oxo-5, 6, 7,

8 25

t et r ahydr oi ndol of 2, 1- a]ga , }ibenzodl azoci ne-11-car bo>% yl .
i c acTlg abmﬂet@ywdm.m@qle- CHNS5B polymerase inhibitors may be obtained

followin grf E y Aol érbqﬁing& gelc;w a?}herem different variables may be selected in accordance
enzodj azoci ne- I'1- carboxyllc aci d;

with the gpegifioypirapyelicyrdolsropppung tobe Prahayed:
Method &, 6, 7, 8-t etrahydroi ndol o[ 2, 1-a] [ 2, 5] benzodi azoci ne-1

I-carboxyllc acid;, 14 cyclop {yl-6[2
(digret hyl am no) et hyI ] -\'\6 6, @g" et rahydr 0|W1¢ I o[ 2,1-a] [
bgnzodi azo i iohy Ar
RO %cl ONEXYI ex @f%t hylgami nos(@g ~7,8-tetra
hydmroi Rtitel} {92“ 1-a] [2,%] benzodi azoci ne- 114 30

car boxyl i c aci d; Functional

13-cycl ohexyl -5-net hyl -4, 5, 6, 7-t et rahydr @%oupr 0o[3',2':6,
7111, 4] di azoci no[ 1, 8-a]i ndol e-10- car bop{IRuEtoaci d:

15- cycl ohexyl - 6-[ 2- (di net hyl am no) et hyl |[2Fnodeeres, 7, 8, 9
-tetrahydro- SHi ndol o[ 2, 1- a][ 2, 6] benzodi azoni ne-
12-carboxylic acwbl*v A

15-cycl ohexyl - 8% \ox0- 6 7, %brqecoetrahydro S5k

a] [ 2, 5] benzodiazx - li cq@ .
' X Q 7-di hydr o- é

pi ne- 10- car boxyl i c aci d,Aand

13- cycl otfeSyi - 4
d] [ 1, 4] benzod az\

phar maceutj.cally acce
2 BromiplT BRSPS ORI GORT TS PSRl dUETE P piay Bpfsetion
WozooumKﬂIol@-vd&afﬁllaitllcbe}\{zeNSﬁ Brefindofenstrogs to imkrbice pres:umﬁyﬁmgﬁonahty WX
n oW .
to eﬁhewép{gﬁ ﬁ% nts E(ch?lill [,}% grs /fbrc%gn ee%g%%s‘s @&g) c}p? Qﬁﬂod?logy (eg,
Suzuki, sunmtd)ahwdarowght im the@2 gpmetic beermgenrm@rwlﬁl@tlpwa Z/Y’ to either or both

of the e&?z\%{g %ﬂd%fttﬁe @ﬁlep rﬁlﬁ@tfoﬁgl gr%ytlﬁlé?lq)uﬁtlbh Hllowddb y ﬁné\&és@fe afforded the

tetracycjc S)Wtenh dstsg é?prgj;eetp&glen xleged ﬁ}ﬁ:ﬁ%’rg?tm*e%%omh; acﬁlé with the C2
aromatifBHeRUdI i@ the @oledlitrdgend cl osure W/ X -\ Z [ X-Y\ Z
deprotection HO2C 1 Ar RO2C Ar 5 A A 2-Bronoindole
MethodBht er medi at e (prepared as described in publ i shed
I nternational patent %jppl i cajrsmna W2004087714) Twas

urmctl onal i zed on then ndol €71 trogen to infrod
ROgC——p rser—f—u-ncﬂolmé/l\ﬁy“ f‘?g%‘tr%' E‘;@e_ J@of
ether Pd nez

el emENt"gesRY X of "the tet B&Emoly
cr 0Ss- coupl i ng net hodol ogy (eg.erSuzuki, Stilde etc)
then brought in the C2 aro Jpearing premgursor
functionality Z/Y to either or both 10 Efng&olafae
el ements Z/Y of the tether. Functional grolip
mani pul ation followedxey ring closure affordﬁ&Y\t he

tetracyclic system E\‘lst ez deprotection t heny \Yi efded
bo | C d@Ck@®, W t C2
&™) ndoT e nltrR(9@°e O )

the target indole
Following tether assembly out to the appropriate 2-haloaromatic, Pd—1ned1ated ring closure afforded the

C

aromati c t et hid

fused tetracyclic system. Ester deprotection then yielded the target indole carboxylic acids, with the C2

aromatic tethered to the indole nitrogen.

20
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Method B X-Y- X\ 1) Functional i Z HIiNgroup WNi N
mani pul ation Br Ar  R02C _C H Br RO2C HBr N 2) tether
wWeOBT01578 Br X' - W -hal ogen A A assenbly Br A PEF/UR00¥/(127573

Pd Lg" ring closure XY /X Y\ WZ Z deprotection

HO2C Ar RO2Ci / Ar A A 15 Follow ng tether assenbly

out to the appropriate 2-hal oaromatic, Pd-nedi ated

ring closure afforded the fused tetracyclic system

Ester deprotection then yielded the target indole
Method€ar boxyl i ¢ acids, with the C2 aromatic tet‘nered to

the indole nitrogen. 20 WD 2007/ 015787

PCT/ USZOOQ\A %27573 Met hOdYC Wﬁ@?@!} Metal Y 1)\

t| Br Z CA Ar
RO,C—1! oY RRY, ARl L ganipAation) tReICh-E-F\ §« y A
| cI o%f.e XY 4 Weser deprote C Ar

RO2C/ Ar A A The C2Aarorratsse@blwas |ntroduce°d at the
outset via Pd-nedi ated cross-coupling nethodglogy
(Suzuki, Stille etc). The tether was then bgllH up,
with cyclisation ont ox_t_pe i ndol e nitrogen fi n;@L{(y
closing the ring. w w

deprotectlon
HOZC—— / @ RO.C—j— / @

The C2 aromatic was introduced at the outset via Pd-mediated cross-coupling methodology (Suzuki,
Stille efc). The tether was then built up, with cyclisation onto the indole nitrogen finally closing the ring.
Ester deprotection then yielded the target indole carboxylic acids, with the C2 aromatic tethered to the

indole nitrogen.

Method D
X! 1) functional group X—,

W'/ \Z' manipulation w/ \Z

\ \

N 2) deprotection SN

! A - AL A
RO,C—; P Y r HO,C—; P Yy r

A A

Fused tetracyclic intermediates arising from Methods A-C underwent manipulation of the functionality in
the tether prior to ester deprotection to yield the target C2-tethered indole carboxylic acids.
Method E

X—Y, X—Y,
/ /
w \Z carboxylate w \Z
\ manipulation \
AN > R
! Ar g [ Ar
Moy Ry
A A

C2-tethered indole carboxylic acids arising from Methods A-D were further derivatised through
manipulation of the carboxylate functionality to give compounds bearing a carboxylate replacement or
carboxamide. During any of the above synthetic sequences it may be necessary and/or desirable to
protect sensitive or reactive groups on any of the molecules concerned. This may be achieved by means
of conventional protecting groups, such as those described in Protective Groups in Organic Chemistry,
ed. J.F.W. McOmie, Plenum Press, 1973; and T.W. Greene & P.G.M. Wuts, Protective Groups in
Organic Synthesis, John Wiley & Sons, 3rd edition, 1999. The protecting groups may be removed at a

convenient subsequent stage using methods known from the art.

2]



5 Ester deprotection then yielded the target indole
carboxylic acids, with the C2 aromatic tethered to the
WO p@oloes7eT t rogen. Method D X -Y, 1) functional PQr/osmos027573

Y~ W Z manipulation WZ 2) deprotection \ RO2C Ar

H®2Ci / Ar A A Fused tetracyclic internedi ates

arising from Met hods A-C underwent mani pul ation of the

functionality in 10 the tether prior to ester

deprotection to yield the target C2-tethered indole

car boXhd HEV a3 psoteasp/mbipdigryRCfivty- of thg pygsentjcompounds may be tested using
assays kfé&zwrp %é AL Q)n\évs&ch argﬁ?'lpﬂtﬁtNSSrbrﬁgﬁQtlﬁé-resoﬁéd ﬂudreséénce &TRF) assay

ered 1 ndole car OX #C acids arjs

as descrijped wd‘d@mpke Bowether Pxapples PL BIER PSR EArS TP E?ge'ng '[Rtetnational patent
pubhcatféﬁmvmlioislou@nzOtomb@maaﬁieﬁﬁ yé HCW NS}rmdateasn adhititprstvooudyi hame a Ki less

5 than 50 5%8%}% Bﬂ?ﬁ%ﬁl@l&ﬁg{ban? by A Kotk geée%ébyﬁe {8l 100K,
seque Whelsreseht 1nw]1t1mealspemelg¢qrpyoca$$gb/ for mefeing ¢omtpiopnds gf formula I, Il-a,
or ITI-a! pﬁ“fl) ? Cot oSt b )gl%s ki n%gﬁlﬁﬁ)h 'céﬁ?be%eﬁf'lp Ere@@re@ Q%oQifmgttB he followmg

es conce be achi eve
reactionelrpmef eidorramples: of 1@@@1#‘19@10@& t@gﬁgf usingpadily ayzﬂlaélg startmg materlals

reagentsda%g QBﬂv@ﬁ%nhl&gBﬁ&'isﬁﬁ&de&&eﬁ 18 ¥i2Se fehctiohg &nd zﬂs@lﬁﬁﬁlle & thyke use of

10  variants &vlmhgr%hcrvﬁvg%%tg l&h(%?el'/l 1%%% gkqu tﬁ%aant?ﬁt 8re not men%oned in
greater @yl FRgh@mokpbther tildieyls fr Brpsaring3otkpedids dithe iny@BOn wilhke readily

appareng{?géee}%% Igﬁ %honu Sy thl%%rtrlﬁ H%\f %Eth@?olﬁ)rgr% r‘é&:‘ﬁx& EUh@Iﬂés and examples.

usi n he art
Unless MRr 0o hdasa.aM Wﬂlwem@/eﬁ@ebsveﬁée ﬁ(ﬂvwmseaﬁflelt @Q%Iées and

examplésrépllvp dﬁlg foYinfGlatethd Mv@kioh R B RREH. TRIERANINESaré Ry tdi8 construed as

sing assays known in the art. One such assay
15 hmltathn§ Oﬂwsmsobﬁpé‘tlteﬁg@”@‘feﬁ‘é%esol ved fluorescence (TRF)

Generalm&i/ptmﬁ@f%ﬁféglb :bed in Exanple 56. O her exanples of
such s ar scri bed in.e. Int 0
pat e nt %‘Eﬁ ‘ggtoiqgff‘? %5?‘36%‘73 BuE %’X be eosbzg((%l !és (8121 Equ f the general

SchemekiC¥ndNS3 pr ot ease i nhibitors woul d have alii less 5

SCHE I@qn 50 M nore preferably |l ess than 10 pM and even
preferably |ess thags100 nM The pregg

i nvention al so | ncI ud% ocesses for ng conpounds

of forrrulal -a. The co
Bresent i nt|

§. can éédv.wcaslﬁ@ g )660%&‘33@&'"&&.”9
/%{2& f okJ.Hwk ng _Leagt i on mes—and»exanpl es0
X dificati t her eof ng readi ly avai \abl e
120 g ¢ ng 9raterials, ggagents and convg nal
synthesi s procedures. |n\these reactions, 5/ is also
possi bl e to make use of 1 vari ants whi cH are Rz

t hemsgd yes known to thosergf, ordinary skill in tHbA
rtg7Hut are not nenti in greater det ai |~ )
npre, other )f r N9 co ( 2
, doént Maahééfsll_ gr]@( Fegx a0 | ]godplersoéfp
r y—ski+ t
§_reactlon schemes d ex Ies 3f\§jﬁ§L S Hsb-
o” N _ARy ted, all va re ad defl ned above R3Th R
frol I LJ1g reacti on s@he &nd \@
RZ
20

Scheme 1 (n=0-9) outlines the synthesis of a representative molecule. An appropriately
protected 4-hydroxyproline derivative (for example, a carbamate protected nitrogen and an ester
protected acid can be reacted with carbonyldiimidazole or equivalent reagent and then reacted with an

appropriately substituted isoindoline or tetrahydroisoquinoline. The alkenyl functionality may be

22



exanpl es serve only to illustrate the invention and
its practice. The exanples are not to be construed as
wa2oorjors78at i ons on the scope or spirit of the PCT/US2006/027573

i nvention. General Description of Synthesis: The

conpounds of the present invention may be synthesi zed
as outlined in the general Schenmes 1 and 2. SCHEME 1
(R5)1-2 (R5)1-2 (R5)1-2 .OH X )1,2 111"2 )1,2 1) Boo
removal  CDI 1,2( N Vinyl Coupling N 2) Am de coupli

introduckd At this Bog Mter Sla@ by)palladin Ggtalydd reaction, of @ hpjidecnipsiRpisy ElN:lS chloride,

brom1de%/é1%1 %dhde 0, Rt }tlon(iﬁg )s&z;h%s Q%ajce witlfarl oréﬁnoﬁ@fallﬁﬁ‘edﬁent such as a

vinyl or p&}ﬂtr@lkyltm Aligrnativedy, gae a]d&qmdéurgg 1’Fyrf@ay(§el{gq %uﬁe% pNPIr to the reaction
with procdBR IR R3 0/ R3O o 00 20 R2 Scheme 1 B

n=0-9) o ut t h
5 mol ecfiem %Fsotg? s, flflg ¢ %]F{'m o qal 1 hs nglgé ?(é)}% ¥(§Tlon An amino
acid (extdafdomaietc«ﬂly(aﬁ/mabke»ampy by prapamkrbahﬂumen@k@w@gn@@pds in the art) in which
the amd{i}u}c% IEy ldolteg{‘éd &5 i ee!stelr gfﬁg%&%g%%%étgylféﬁ b0 €orlvEASH 18 dmides A by

azo ent’” reagent and
coupling ievicfirdectieyli achl wiizing pridianget el Pyptide Bl ipg pgegts known fo those

skilled 1@%‘ HAQLH RO EE, Ersﬁ B@Pg@B@US&& L'Pr@ﬁ&réti@ﬁ of B eulfdnk@fays B can be

unctionality 200 .
10 accomn{bp SFORERORPIREER R A HIEOM HoVER P pEss gy (3o ) wit
amine b a8 @ialvéﬂéblu IUIGziiH@ivytZ\&d Crne@z(bta ipeepared byarchetinigdle aminoester W1th a reagent

such as gzlt'lr kg q% @e‘z?l%,n c?r{nyan én glélFe és%cgmg{g]égga@mjﬁ laf d\!\/'6%3/0(35192)

followe® bg adiitivet flalsecond elafjeerintadnivhansige. aAltarpath f:lyd;hosgene diphosgene or
e y
trlphos%eu 2 C Bé l?s g%ﬁ )};lécg of %ﬁoﬁ%ﬁ%ﬁdﬁ%lg , CYah6zudhili@B Yérivatives D can be prepared

ona t roduced prior . to t he reaCtH
15 by reactimt df ﬂme@tl@twbesmr ith dishenyEC sy MOREDLIRISat R HREResolvent, followed

by addiBN$R&SERd Blefih Iagnteﬁfuﬁé hrﬁln@ OQh®BAridE @eralﬁﬂnfb@ Eafdycbe peaphied by reacting
An ami no _ aci ilable \

an olefip éorﬁziu%gp]@aho[l @’&g oraf 1 %ﬂlﬁ&?{ h%%/gﬁ Gy H1pROSEERG Of dlp;l{? giene) in an

organicWbliveh, folléveedasyiadditivineftthoamaiho tgferi s prot ected as an ester

SCHE E E 9 exanpl e, R=nethyl) can be converted to am des A

H,N__CO,R |
O
O:§'—‘O
HN. _CO,;R
~ %
| %,
)n R4-N O
Ré-N.__NCN . COR c
HN__CO,R RS
%
20 b

Following functionalization of the amine, the ester can be hydrolyzed under a range of
basic conditions known to those skilled in the art (Theodora W. Greene, Protective Groups in Organic
Synthesis, Third Edition, John Wiley and Sons, 1999).
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coupling an ol efinic carboxylic acid utilizing a w de
range of peptide coupling agents known to those
wakozloextsi n the art such as DCC, EDC, BOP, TBTRLT/E52006/027573
Preparation of the sul fonam des B can be 10
acconpl i shed by reaction with the appropriate sul fonyl
chloride in an organic solvent (e.g., THF) with an
am ne base as scavenger. Urea derivatives C nay be
prepared by reacting the am noester with a reagent
such Bsprowriimmfitei carvantate orosectindarber on thaPioHReparies Bayebe carried out

by a var%;épﬁﬁlg%‘ﬂ?kﬂ Q?ltté bé}%s @fﬂll@d in the'i (Q ﬁé&l@l%]‘ﬁ QGreeﬁeOPﬂo&m Groups in

a _second ol efin_containi ng am ne.
OrganicAlyp@psial pydFfition Heag¥He) 2diSshoddehe or  tri phosgene
may  beods@plete fheyaBesindf tl(é&fob@&)ﬂdd bf this d:arzﬁﬂicel the amino acid derivative

can be c?)ﬁ&c{) ﬁ%gl}ﬁm gllrt%re&igg%ﬂv%glg 2 &@e TRRgEL o? pc\ala%tdﬁ r% ﬁtlegtst;&:h as DCC,
EDC, BOPLTRING etarn(ize Stlvnad!) e Marrogyelizatiga isi then@@hlvmdtby afp glefip westpthesis using
a range ?%ca%%g{sttﬁag av%fbeé’h REGR 1th§flﬂBﬁn§@fyi ﬁﬁs‘Buﬂ%s@ MABis stage the olefinic

erlvatlves repar ed I‘G&Ctll’]%11
bond preduces s therinecisiigmatribesis sk oF omicnpbOaBAAc? BvaasEated linkage

or functioRbliZed BSARAG v v(ldyﬁ’ Q\%Q@ BRIFopdhatidR. S'Ql%}ﬁbhﬂeféstaﬁs then hydrolyzed

under b%;o? cggl 1%@%%%1}2% )Wlﬂl ge @%Rg% ddl t A&}Wé&ﬁpr e alkglyl or

alkylcydoprigih&patfon H3hdimBecl¥Gmbe pitiseiR i deRSlbed]pIRdloﬁWleas—Brunet etal.,

USé6 32@?}&@%]“%'\'%@%\? ? %%dftlotnﬁg’(%?n h@?ly%?%sé es?éor': ?dé: gfge\'\{)rglg cfompounds. The
proline bsyetcan glzeisk hydohéyzedandatingetlyofouplediiao apypriatdbofsctioneliasd t o

cyclopré;??a?rﬁnc?‘&iid z; g%uﬁ@némge ghtlch(czlhﬁ@%y a?edvélccﬁlﬁ f¥Wang X.A. et al.

trve ani c nt hesi s, h|r
W02OOE@P?276NOps@wmfwcwu%s 1999). 23 WD 2007/ 015787

PCT/ U@i&ﬁﬁﬁ&&ﬂ&?ﬁ:ma@%@ﬁﬂﬂﬂéttﬂe&'ﬁlldﬁlng Rétheniind 858d epecies: F: Miller et

an _t rolin a
. 1 S T BB R4 A% O o 0 S
al Org. Léxt. tlb&!) a,r%.%(HMgdboa*tm V$2002/0 6078 38; B @usakr stel. @r@lgp@hqrrn1999 64,

8275. T%g@ e ca elgrst in rlr% cﬁ&mﬁ% tédgl%grs 15*]\94] th GYthé ﬂ%ra%ﬁ@%e g. Trnka

o E6 of t e compounds
andGrltbha;,slcq: rﬁhemtR@nZOOﬂrﬁé & no acid derivative 5 can be
coupled to the proline defivativelvia a w r of

0 ide c i reagen . EDG; BTU
PCy (see Sc ;@ cITza fs thenZeEfeved
C"R— y an ol efl thesis usigg| a range of cat qﬁ‘?rbs
Cl'pcyg hat have cbpgp described in 'ﬁ‘é‘ ature for thi's”
pyr pose. At tgl s stage the o é”FYSnl J

@
00

c@&@ ,Q( e

Zhan ruthenium metathesis catalyst RC-303
(Zhan catalyst 1B, RC-303, Zannan Pharma Ltd.)

o
List of Abbreviations
BOP Benzotriazole-1-yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate
DCC Dicyclohexylcarbodiimide CH;CN Acetonitrile
DBU 1,8-Diazabicyclo[5.4.0Jundec-7-ene
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bond produced in the ring closing netathesis may be
optionally hydrogenated to give a saturated |inkage
wo@eoo7n8T onal i zed in alternative ways such asPCT/US2006/027573
cycl opropanati on. The proline ester is then hydrol yzed
10 under basic conditions and coupled with the
cycl opropyl am no acid ester (the appropriate al kenyl
or al kyl cycl opropane portion of the nol ecul e can be
prepared as described previously (LIinas-Brunet et
DCE al., US 6DgdBro@baneand subj ected t BCHh addi t Péshiprometbane
basi c hydr glysi i ovi de t hgpfdgal  compgspasiSethylamine
DMAP The prol i%y‘éét?’él?‘h@gﬁy‘g‘f@% be hydrgl zed and_di rﬁqtlﬁgy d
DMF coupl ed t oDimetaiorepnifat el y functi ofifiQeq — Dumethyl sulioxide
Epc  cycl opr opy hagipiReBglhdindpisbylp Nt-tyladbalitimidehi ch can be
pr epar ed acc,oro{l ng to Wang X A. et al 5 15 Diethyl pther
BN \Wp2003/ 09927 #BM8r ovi de t he fi nal ~€onpounds. e
EtOAc et at hesi sEg@t @bt s i ncl ude the foEl@ki ng RuBenelum
based speciges:, F Jer ety ar alarda RPRexd®Bephosphate
HATU 115" 9606: 0@%&%652%%23‘ LD R e R 13%9, pROSP
HBr 121, 791; Hyd®bieofidaced al Org. Lett. 1999, 1, 953;
gep Hoveyda et rdcRRPR2C[107138; K Fupmimer et @ceticlacid
O g. Chem 1999, 64, 8275. The uti |It(¥ of the & hium hydroxide
HOAt catal ysts iAbidroRy/cazeRenrrisreeat hesi S8 wel | Bk 1
Meor t he literatugnéle. 9. Trnka 20 and ®GigHths, Acéag@brium Sulfate
Res. 2001, 34, 18). F-\ NFN P C R I . ;
NaHCOgy Ry u O |§8d19mcjéf°)arb|98f§7% F Cl, PCYs @‘g 3/ ngh&é‘%fate _
NaOH . caP, RU, P' Godiul h@okidé O ClI . RluCl o6l N-"  @xgnomigp chloride
ut heni um eS| lyst RC 30 t han calpddngh on carbon
NH“O}{lB, RC- 303; aﬁ’E@%h’zﬂﬁg’?&r{ﬁ Ltd) K %.dg of
PA(PPhAbbr evi at i datekis(Ephenylphosphine)palladium (0)

PhMe Benzotriazgfeds Y1 - oxXy-tris- (di met hyipam no) - phiphéryiyhasphine

m hexaf | uorophosphate 25 DCC Dicycl xyl car L4
RT  CH3CN Acet 67t FPEBEy iy ity oflfan

TRTU 1, 8- Di azabi@pedz0ffazdt10JNNdaEN ZeamaethPdroWBnO@uomb a8 R
PCT/ US2006/ 027573 DCE Di chl or oet hane DCM
Di chl or omet hane DVAP 4- Di net hyl ami no pyri di ne DI PEA

A
1

kei.fa 2 PyAdeddn YA S it .
benzodgk%zgt‘:ﬁmmeﬁ-car oxamide (I11-1)

Step 1: 4-Chloroisoindoline

QQNH

cl
A mixture of 3-chlorophthalic acid anhydride (9 g, 49.2 mmol) and formamide (100 mL)
was heated to 125 °C and stirred for 3 h. Water (300 mL) was then added and the mixture was cooled to
25
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HATU
O (7- Azabenzotriazol-1-yl)-N N N, N -tetranethyl uroniu
w0 pooiexsaB8T uor ophosphate HBr Hydrobrom ¢ aci d PI/US2006/027573

Hydrochl oric acid HOAc Acetic acid 10 HOAt

1- Hydr oxy- 7- azabenzotri azol e Li OH Lit hi um hydr oxi de

MeOH Met hanol MgSO4 Magnesi um Sul fate NaHCO3 Sodi um

bi car bonate Na2SO4 Sodi um sul fate NaOH Sodi um

hydr oxi de NHACI Ammoni um chl ori de NHAOH Anmonj
room temyatatonei Tbe Mik@e Pas filketed anddhe resltingrvhits spii wpey hpd Wit water and
dried to %RIE El%hioﬁ{—iﬁ '1%%%11%%0&6@)79 %l tadi.em.(0) PhMe Tol uene

phen
Tetr aﬁ9 OB T te- [ b Hhd &P 23 b ko Whs added borane-THE

complex1 BeNZHt 88. 8&0) 89.1 shroly,dbbpWiseNyitht sitring ity theradditicurwvas complete, the
reactlon(nal%/té%fvlva%%eateg f ref?uxQ(QO %Aand Lt[i:Tre%l f(gr5€ﬁ1 7&3%%210&81%@ lyad¥hen cooled

to 0°C, M&harbl (2§ wi:c3Sopmwpl) westdramlly 3dded dropwise bl Jeagtion npytigeyvas
warmed%!(vS Pog{engg%x éatul% C% ?6 lgf g&xagdéd 1§1t1?th9 nﬂ-)gurls Jwag- 3013-16 aﬂcﬁthen the mixture

ro-5 di net hano-

was conpenrzisdi BRaerrdearedupicyasidiselvedtn M éﬁ%%ﬁ%ﬂaﬁe@k "l“i“ie viifh qpydether and

twice w@1 Qlcﬂ-lgyron{gthglél N'lh%I o8 oftheChqudNualbr vds @djhét&d- tb pH251 1Stvﬁlpsolxd NaOH and
Iormsg}I I|ne chloro ht

exnr iy G ihoT v e SoMHERH1 Bty S OBE Pt s,
filtered Bl doncenasted @adiedt-thbordi2Gindoliaa . &¢,i58 Yoedeld)o rLRM$1(ES¥WtI/e|154 [(MHH)';

) s then added and the mi xture was cooled to
°a1°df°%§%d6%f015787 PCT/ US2006) 027573 | 1 oom t erper ature.

olidfVRS] W -Qgg( tgh mater and drled to give

-chloro- I'soi ndol e-1, 3(2 dione (7.7 g, 86%
yield). To solid 4- chloro-lﬁgﬂgoindole-1,3(2kb-dione
(4.0 g, 22.0 mmol ) was added rane- THF conplex (1
M THF, 88.1 nL, 88.1 nmol) drogw se with stirring.

When the additi on was co heg§2dthe 5 reaction m xture
o)

was heated to reflux (8
reaction m xture was then coq|

tirred for 6 h. The

To a solution of N-Boc proline methyl ester (2.87 g, 11.7 mmol) in DMF (15 mL) at 0°C
was added carbonyldiimidazole (1.9 g, 11.7 mmol). The reaction was warmed to room temperature and
stirred for 30 min. A solution of 4-chloroisoindoline (1.8 g, 11.7 mmol) in DMF (10 mL) was then added
and the reaction mixture was heated to 50 °C and stirred for 2 h. The reaction mixture was poured onto
ethyl ether and 0.5 M HCI and the layers were separated. The organic layer was washed with water,
dried over Na,SOy, filtered and concentrated. The crude product was purified on silica gel (gradient
elution 10% to 90% ethyl acetate in hexanes) to give 1-tert-butyl 2-methyl (2S,4R)-4-{[(4-chloro-1,3-
dihydro-2H-isoindol-2-yl)carbonyl]oxy} pyrrolidine-1,2-dicarboxylate (3.3 g, 66% yield). LRMS (ESI)
m/z 325 [(M+H-Boc)+; caled for CisH;sCIN,O4: 325].

Step 3: 1-tert-Butyl 2-methyl (2S.4R)-4-{[(4-vinyl-1.3-dihydro-2H-isoindol-2-yl)carbonylJoxy}

pyrrolidine-1,2-dicarboxylate
\ 2
N
0>=°
S
[e] 0/
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to OC, nethanol (2.8 nL, 88.1 mmol) was carefully

added dropwi se and the reaction m xture was warnmed to
wo o@moiERperature. HCL(6 N) was added until theCTUS1006/627573

was acidic and then the m xture was concentrated. The

crude product was dissolved in 1 MHCL and extracted

twice with ethyl ether and twice with

di chl oronet hane. The pH of the aqueous |ayer was

adjusted to pH =11 with solid NaOH and 10 extracted

t hr eeAtsphutien of Irfariduty) b-metiot @SSR FHEAER Aetibydfqghl-isoindol-2-

yl)carboﬂﬁﬁ)tz@};ﬁn%ﬁ&ﬁ@@ t2§hé%ﬁfo§yl§t€ (R 900 nhifed 56y trifnhﬂylyﬁtﬁﬁﬁnél@d mg, 0.11

o) g e Pl P55 i g S b i 38 Br 15 min
Bls(tr1b@§)&ﬁ§ﬁﬂe) llfaﬁ]um(ﬁﬁ @ mg20.005 abl) WBs thﬁh adtletretdthb rea@Bndsel was sealed

and heatgd é d¢ orgl'ﬁg égtlerncd)8 1ng2 tl‘gt/a r3a8t611? 1 ny rT was c}oncentrated and purifed by silica
gel chrofRgtopablyd(1A%-td 90%atihybhackieevih hexends) I, glve:leertfbutyl 3-methyl (2SgR)-4-{[(4-

vinyl-1,3 T {inSar3 9 %H}‘xéﬂ&bl—%w}% ?@fy “jﬁ I{J(ﬁmﬂﬁ%/\l/amsdhgﬁﬁ&?[ate((ao &%, % % yield).
LRMS E&Den3l Td(YirHBeed ealqdforCiflaNL:B ol ). The reaction
Step 4: MRSy VR BB 4L Sy IR PBAb SN AT-Rdr1e66y1-84F)-4- §t4-vih@d . F-éihyd#0-2H-isoindol-2-
main. A sol ution of 4-chloroisoindoline (1.8 g, 11.7
Mﬁﬁ%@éﬁ—‘%ﬂéﬁﬂ—e‘(lo m.) was then added and the reaction
m xture was heated to 50 Castlrred for 2 h. The
reaction m xture was poyred ontp 20 ethyl ether and
0.5 MHC1 and the Iayers wer e sfﬁarat ed. The organic
| ayer was washed with i ed over Na2SO4,
filtered and concentrat edl/ \’FLe cpude product was
purified on silica gel (gradjent’ elution 10%to 90%
ethyl acetate in hexanes) to give 1-tert-butyl

2-met hyla f(aa&&a)imf)% {-ketAougsh quh;h (1%411) 4- {[(4-v1nyl 1,3-dihydro-2H-

isoindo]g’él-{;liq% él ; 2}%)(% %26%‘29(%)9 ;é()-l Néﬁ% ; w94 e{aﬁed %%%4 solution
of HCI {n(deIahdiam)E) Afat e, E@Msahslmsmﬂm@nco@ﬂs]: com@@mBicaef the starting
matenal%an&? ggn é{J g&e@ﬁécﬂ@?}c P gd% Ak Sorkdink éor}{{)/({ﬁ)éﬁts Were then removed in

|50|n carbony
vacuo, qmyuthemrmdmmpéerml@awleeamwx @mL)O 26 WD 2007/ 015787

PCT/ U%Qﬁ@ﬁ%é%@as adicd sl%ﬁeh@ﬁe@ﬁ-yﬂox )@Elbof@‘l[lt]y horfeubit (Milmg, 0.17
(2S,4R)-4-{[(4-vinyl-1

mmol) (yrep@rgii Wﬁmlrjgotﬂ y}ewq)clegﬂr? B?l?]\%) %%ZEO%%) %g,xgqlgtngno(l)éf nggFg(M mg, 0.28
mmol) AdREOANBA dng, 028 inol)r Abrert yikritptaann &80 (B comple@.chdsumption of the

o
amine VS 8%8?%6% bla g%m@" &gu 2 élog énsygfgre %P r;]h%&éﬂo%ﬁ%h %m'hr(!) 5 N HCI and EtOAc.
The orgBis (dyer veastwasiddosith sy pad dr@dpwr(l\@gSC(Q ThesolGnpess thepm]el)noved in vacuo

and the € V\@lg ﬁgﬁ{\] égg? glgrfgeg%&ts#ﬁ@a (18 @@t% E@N%ﬁles)%%qeﬁﬁétﬂhrﬁg(ﬁ% yield) of

ter coolin

methyl Nelfrent-benyiaxxicarbenyiis- neréweélr{ﬁ%ﬂ é&4-aw1-b§ndilwéfa %ﬁlsomdo%
yl)carbHyl ]| b£y’s} L-BRlinf8 ' OME QESTRAAY; S J@MH)D, BT RO NOR5aRke
Step 5: Il\/Ir;ﬂwf(Xﬁ?{n ?SSBQSB ?0 % le3 & £—tr10xo q%t%@ 1(? 1 1”?2t ﬂty fS 16-decahydro-5H-2.22:5.8-

dxmethaﬁbmwl3 2]8 Bl-ﬂbnhm&mtri&kﬁcysmmml&rhdxwam bonyl ] oxy} pyrr ol
i di ne-1, 2-di carboxylate (10 i 25 %yield). LRMS
(ESI) nz/z 317 [ (M+H Boc) d for CL7H21N204:
317]. Step 4: Methyl
N-[ (pent - 4- enyl oxy) car bogyl | - L- O%T)H eucyl - (4R)-4-{[ (4-vV

i nyl -1 3-di hydro- 2H | so(gghggl)t?
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30

10 yl carbonyl]oxy}-L-prolinate I N >=0 OO O/N I |
0 OO To a flask containing 1-tent-butyl 2-nethyl

W@ 2874Ry787- { [ (4-vinyl -1, 3-di hydr o- 2H PCT/US2006/027573
I soi ndol - 2-yl ) carbonyl ] oxy} pyrrolidine-1, 2-di car boxyl a
te (60 ng, 0.14 mmol) was added a 4 Msolution of HG
in dioxane (2 nL). After 1 h, LC- M5 anal ysis indicated
conpl ete consunption of the starting 15 nateri al and
formati on of the desired Boc product. The vol atil
conpoAsnh@owwﬁnﬁﬂmﬂéthqaﬁbmadmwwmﬁ@aﬂhqudﬁ&ykMBJéﬁﬂ&@“wl13'

dihydro- 1%1{1{%'1—%— §artz ﬂQX}p}KL bl%h% (6() %gnt})ll m}{bl)tlﬂ DEERX ol &as degassed

with N, fqﬂ 1@5@1) CHF%\W m@h@lq%mpté@6§1wtaéy§&Rﬁ.ﬁ01 AT Cafﬁ.}%tl I)(deplcted as Jon
page 43§§§mr%nm&ﬂa D@ (Dm0 IDhm61 Shias meﬁ) addadv) TheBoREAn was then

heated t i @M‘c tbls Mﬁﬁfﬁﬁ% 2 Iﬁl? }ndwated g&R}Ll%te %&gum%tbon of the

starting mat%rlal@mﬂmrm‘aﬁaormf msartypt singte p]‘bdllchehl@l@h@rthm@esmgbnass The solvent was
then remove(gglgf cuo, g&%@@qﬁo%ﬁsﬁgﬁhé@& JicaL _F':'r' W@“AV@@AEIH%M) to yield 45

he organic

mg (79%/ayldha§mthylv(ﬂ(ﬁsﬁ9$hlé) -3k ReEoXsy b TR 81 Lithd > 16 b Ry aro-st-

2,22:5, 89<91n¥1ﬂ£}{o MBS b *ﬂﬁeeﬂzsma%zh@cwﬁayﬁb 73480y nge. CIRMIS (EST) m/z 514
fied on silica (10-90 % Et OAc/ hexanes)

(M+H)tac9a1)91i§1r&zé'b61ﬁ8 7CH8bs yi el d) of et hyl
Step 6: NR[?(&)E)M 1mBeﬂqume\mnb@nvélbnrhmmxﬁbmmmu@&b_ﬂ}ﬂ (4-v

25 Step 5

g’it g%ﬁ%ﬁ%&%@tﬁﬁ@s@% iS’)QIO-%u%'g3 bﬁ!z%&%alh ng g éﬁ 1L02,14,15,16-
decahydrg-SH- ?82215 %rémeg@ﬂ@%é? 8&2&@9@#@#@8@4&% WC%E‘Fﬂﬂ%ﬁF s (45 me, 0.09

mmol) %@ sﬁo 6/ 4 75(% g @Mg) a%alvMQr (21QQL)( Wds5d84 LiOH (21 mg, 0.87 mmol). The
SOl U
reactloq\p{x{%%wgs Iﬁzatg m @X)?) aélg F%‘Hﬁfj P]I'I_ aﬁgHEé t1§1 cm(xﬁlﬁ)e can g’ﬁ)ﬂon of the

methyl bdtdtlstakting material was observed by LC—MS The mixture was then worked-up with 0.5 N HCI

and EtC%hy[%r f&gmll_{-c Ila}s ol @%‘%‘beaé{ %gé%?é?@@}/ Ialll&)%y\}en@wz%rr%éﬁﬁtlrﬁva@@cp The

degasse
cndepﬁder@snkﬂlmﬂhéﬂﬁﬁéthhthen|un1netathe5|s cat al yst

RC-3 Of, 410 %tﬁ)lnmts a&deﬁ@ 85113{3[( oﬂro@ﬂsuliﬁﬂﬂﬁnﬂrﬁ))]carbonyl} -2-

RC- 301, Zannan Pharma
vinylespapaERTHS SR 4RGP b %Ugg%ﬂ el Voed 4 0 o o2
mg, 0. 1é‘tmn‘ich') $BIrUN®1 me®. Minﬁhﬁlj ald OPEARDYS1 SL), 0.dd matodcind the reaction mixture

was stnfr%{%ﬁqe : eﬁqr%ﬁ%%’%&{)q @1 g%g rre:?gﬁ?o mle’JL‘lr ! %H@@%ﬁ[ﬂﬁﬁé %ﬂgverse phase
HPLC wesbier( ER]7806%)- 10THuey1-96((1R23)- l\f\ﬁ@yclopropylsulfonyl)ammo]carbonyl} -2~
vinylcyclopropyl)-3,9,12-trioxo-1,6,7,9,10,11,12,14,15,16- -decahydro-5H-2,22:5,8-dimethano-
4,13,2,8,11-benzodioxatriazacycloicosine-7-carboxamide (27 mg, 47% yield). '"H NMR (500 MHz, ppm,
CDCl3) § 10.01 (s, 1 H), 7.27 (m, 2 H), 7.12 (d, 1 H), 7.04 (5, 1 H), 6.40 (d, /=16.1 Hz, 1 H), 6.08 (m, 1
H), 5.76 (m, 1 H), 5.44 (s, 1 H), 5.36 (d, 1 H), 5.25 (d, 1 H), 5.14 (d, 1 H), 4.80-4.68 (m, 3 H),4.59(d, 1
H), 4.44 (m, 2 H), 4.38 (m, 1 H), 4.28 (m, 1 H), 3.95 (m, 1 H), 3.77 (dd, 1 H), 2.94 (m, 1 H), 243 (m, 2
H), 2.29 (d, 2 H), 2.06 (m, 2 H), 1.94 (m, 1 H), 1.78 (m, 4 H), 1.45 (m, 1 H), 1.38-1.06 (m, 5 H), 1.04 (d,
2 H), 0.92 (t, 3 H) ppm. LRMS (ESI) m/z 712 [(M+H)+; caled for CssHisNsOpS: 712].
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then renoved in vacuo, and the crude product was

purified on silica (5-70% Et OAc/ hexane) to yield 45
worgoog/pemyi el d) of met hyl PCT/US2006/027573

(5R 7S, 10S) -10- butyl -3,9,12-tri oxo-1,6,7,9,10, 11, 12, 14

, 15, 16- decahydr o- 5H 2, 22: 5, 8-di net hano-4, 13, 2, 8, 11-

benzodi oxatri azacycl oi cosi ne- 7- car boxyl ate. LRVS (ESI)

rn/z 514 10 [(MH) +; cal cd for C27H36N307: 514]. Step

6: (5R 7S 10S)-10-Butyl-N ((1R

29) - 1- {[(cyclopropylsulﬁ@h¥ﬂ§hﬁ?nolcarbonyl} 2-

R 7S, 1OS) 10- butyl-3 2-trioxo-1,6,7,9,10,11, 12,14
, 15,16- 15
decahydro 5H 2, 22: 5,)8- di hano- 4, 13, 2, 8, 11- benzodi oxa
triazacycl oi cosi ne-{7- car boxyt at e (45 ng, 0.09 mol)
in THE (2 nl), M (05 ), and water (1 nL) was
added Li OH (21 ngye \gi\ ). The, reaction mxture

was heated to 40 C aD%Tsti [e ﬁp¥51 h, at which tine
conpl ete consunption the Twmef byl ester starting

mat eri al was observed by LC The m xture was then
5 worked-up with 0.5 N HOJ and Et OAc.Ilffhe organic | ayer

was t %@%@?%ﬁﬁ%@gpm%mlﬂg% tﬁ@bﬁé@éﬂlﬁre\’i@é‘d HOERRUBLPLIEN except

vacuo roduct was taken 3 DVF (1
that 3-methyl- Nf@epq—ﬂeergmyga@@qy@ﬂﬂ -SHIngARreRaRiAgeording to the procedure below) was

used in ﬁl;gé o%ﬁ)—f(%e - h@ﬁﬁ@l&@)’c@f&h}ﬂyt—fu@ﬂwc)nam $rep ¢.altbNNR (50@MHz, ppm,

coct G TR LT DA AR LR SR, 570 o
10 H), 5.43WHR)H), TBT, ( H;L S0, (4,01 FIJ5 477l 6 (nSIIDMFISAC( 0D #28 .| H), 4.41-4.35
(m, 2 H? 4@21@;%1& Y 3 Pfl()), eﬁlc(h& %ir}g”k 33 gh'i 8 H)"‘@%S %& bf}f)e%ﬁm 2 H), 2.10-

m xture

1.95 (mgl2 Fipdt My(mp U fidmby H),e]\,gr@ez Fhake (25) iR, tremgs\g@sn m/z 712
[(M+H)@5$Rlcﬁ%r X5, éJUM]' -N-((1R, 29)-1-{[ (cycl opropyl sul fon

i noJ’car bon nyl }

vi nyl cycl opr opyl ) - 3 9 12-trioxo-1,6,7,9,10, 11, 12, 14, 15
15 , 16- decahydr o- 5H 2, 22: 5, Bxdhnﬁﬂnano-

7 $ :_i‘ LR Y b1 I A o) |
15.15- ditﬁ)atlﬁﬂ—3(93.2—tﬂ10 6.7.929.1 12,181 6-da 202 8d1 ethanq-4.13.2.8.11-

1 H, 6.08(m 1 H), 5.76
£9% ; “36 (d, 1 H, 5.25 (d, 1
514(d 1 H, (m 3 H, 4.59 (d, 1 30
4.44 (m 2 H), 1H, 4.28 (m 1 H, 3.95

(m 1H, 3.77 (dd, 1 4(m 1H, 2.43 (m 2

H, 2.29 (d, 2 H, 2/96 (¢ H, 1.94 (m 1H, 1.78
(in, 4 H, 1.45 (m 1;ﬁ,ﬁ£\pﬁ-1.06 (m 5 H), 1.04 (d,
2 H, 0.92 (t, 3 H ppMh?; (ESI) mz 712 [ (MHH) +;
cal cd for C35I—I46N5098”°7§IE*}N’?<& 2007/ 015787

PCT/ US2006/ 027573 EXAMPLE 2Y(5R, SIHlOS) 10 tert Butte

20 Stepl: (1( Bn62)s-tis {n[o(n%}fﬁih Apyksul fonyl ) ami no] car bonyl } - 2- vi
yI'cycCl opr opy trioxerl 6 7 9 10 11 12 14 15
16- decahydro-5H2 22.5 8-di hano-4 13 2 8 11-

benzodi oxatri azacycl oi cosi /-carboxamde (111-2) ~ N
)--O 00O O),NNOON"'8ljl~=5111-2
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EXAMPLE 2 was prepared according to the procedure used
for EXAMPLE 1 except that

w@200e03787 N- [ ( pent - 4- enyl oxy) car bonyl ] - L- val i nBCT/US2006/027573
(prepared according to the procedure bel ow) was used
in place of

N-[ (pent - 4-en-1-yl oxy)carbonyl]-L-norleucine in Step

4. 'H NWR (500 Mz, ppm CDC13) 6 9.90 (S, 1 FD 7.28

(m 2H, 7.13 (m 2 H, 6.31 (d, J= 15.9 Hz

6. 04 Anmspbndin of3-brdmg- mxyltn61096-l¥ 1.05 ma), @ﬁ?rowowcmw%377 g2.15
mol) an% c;lyl rﬁ)él r§h€6626(1éj 1 O:lnrh_gl) m%al%Zn f&tr@(ﬁ’xl&f&lb (1330 d%'?]va@ﬁea(dd ito reflux

2
under nlpqygengfmg@ I hhe porgnts g tl;eqreec@@n ﬂiskpyerr% %)ogg) %l}ﬁre ar'_%tm: té&r&ge

evapora{eg Datitild crdde3Ratériil urledigh Zachfin. Maﬁﬁ fraetiondiktiljed bethder( 88 °C and

152 °C. @Qwe{eééﬁg %Er/eina?ef}_%l E%e(zm%r%fz &sht kgly fcru(c)ie %ﬁeﬂz}gﬂﬁ%}b@qm be used in

the followki) reaction EXXBNPIRE CDIH R (Sl 7. sces)i -J= 8.0y t HR(:3} (AN §-8 Hz 1 H),
726 (s, f?%cyc propthUﬁ?%ﬁfﬁ)SZI{ gde§ll-2 vi nyl cycl opro

Step 2: pyRenzyl-aibramoigtindsling | 39 12-trioxo.r 6 7 0 10 11 1214
15 16-decahvdro-5H2 2 L et hano-4, 13, 2, 8, 11-
benzodi oxatri azacycl oi -7 --rboxanide (111-8)
AHC HO Oy ~CHN O Hag o1 ¢ B HS CH CH I111-8

20 Step 1: 1 -Brono-2 3-bis(br onnnethyl benzene Br Br
Br 29 PABROOTiGHHTSE (PEE USL00B /02 MBFAdn nupsperisilon 24 and the

m1xture%ga? E}Qg@d' tg 'qu(ll e@cﬁvt?olig B¢ QB 13]110 06;. mb)mno%e%?ﬂé?ééiﬁ:@w g10@e mol in

enzoyl peroxi de

500 ermqwl)xtrﬂqi apdbaseyiamie (Heh: Aridee! fmBYonIndopiapid Eadle afieg goneureenty

via addifi6d hiﬂﬁels e ‘h Hhi fe@&ﬁ)ﬁ nflﬂtﬁre]v@s Btirrdde 7T amioe IIIB}S "ﬂfe cbiitents of the
reaction fJ ool.ed

reactonpapeeied B FRLe Sy ALY AP pegisecioh B8
partitioded Gitw¥en M IQCOE ﬁﬁbEtD(Ams Thé atgaﬂwsemhrmashe@mts Bru@, diigdl vgith anhydrous

over e r d e %
Nazso“sﬁs%eé% F@e V?%O&ate er| ) R]\ll;\{ll’(]:lﬁrg EB{OEF#)%L%T use 1%0% hél)% t 10%
EtOAc fndieptond) mgver afac ¢viaporatiohHhaNifik compard)as Spglp ity HZNB@ @Chjﬁ (ppm)

7.41-7@(%35@) iféd 41%? 32]H)§ @'32 4*27§m02h¥,7 18- 7*@3}&) 2 1), 4 02 (s 2H) 3.97 (s, 2
H), 3.915fseptR @éﬁ%lglrn!zm loRgDsn escrr.cﬂ%i Ny
Post agsipReitcAChamat BC(/RROHY AdReDMITHBE ahd ittered ssidengdiee 118 g of
in acetonitrile (12 L) and the mxture was heated to
productgg the Hdsplht j ons of 1- br ono- 2, 3- bi s( br omonet hyl ) benzene
Step 3: (228&hzgl-4-Gn@Rofmbliien 500 nil acetonltrlle) and

benzyl am ne (87.5 g, O. in 500 nL acetonitrile)
wer e added concurrently aso tion funnels over 1
h. The reaction m xture yas d at 77 C for 16h.

The contents of the reactlon f ask were cool ed, .
filtergeblads otflz&)eﬁ@l-mmmsenﬂvm (b:7 e\Esonmbl) emi tribhig!(vinyl)tin

(20.3 m%f g&l g Wa léeélﬁ Pf’brg It Ivs%g ﬁg ags%%%gﬁﬁ%g Jﬁ?r%%ﬁ &?{ﬂffnﬁ? the solution
for 0.25N Wdﬂhﬂﬁlphm%aphlm)mtl@n@m (0) &h3D s dp @mgqlbﬂas adfledsand the resultlng
solutlolig%mn & DRk AR ARRY: r(n%g%g kPl eTid doRRnts BEME AAtdnTlask were

cooled, evaporated and subjected to flash column chromatography eluting with hexane/ethyl acetate 95/5
to give after evaporation the title compound as a pale oil that turned pink on standing. LRMS (ESI) m/z
236 [(M+H)"; caled for Ci7H;sN: 236].

Step 4: 4-Vinylisoindoline
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Et OAc i n heptane) gave after evaporation the title

conpound as a pale oil. 1H NMR (CDC13) 6 (ppm
wQ@2e1075780 (m 2 H), 7.37-7.34 (m 2 H), 7.32-FCRVUSI0$/027573

2 H, 7.10-7.03 (m 2 H), 4.02 (s, 2 H, 3.97 (s, 2

H, 3.91 (s, 2 H. LRW5 (ESI) nz/z 289 [(M+H)+; cal cd

for C15H 5BrN. 289]. 20 Converted to HCl salt in

HC1/ MeOH. Added MIBE and filtered solid to give 118 g

of product as the HCl salt. Step 3:

2- Benzyl - 4-vi nyl i soi ndol i feN-b A sol ution of

2-benzy|-4-bronnisoindoli € (16.7 g, 58.0 nml) and

tributyI(V|nyI)t|n 25 (26.3 nL, 69.6 nmol) in tol uene

(400 1?22 %yﬁ%%?%s&ii&@ﬂné 03 dhd1h ROEN 4GRS LMERUDL0 mL) was

the so |on

placed ife ik amné betiqnpfeslsyin s aistorem iqdhis Madpitadhqdo additiapfugnel containing a

solutlonjfrf 1—@hlgméj[ 1 Mﬂ?%roi%ﬁﬁlﬁéj 7351(}'11E [%8.6rm@861) fnl 1P diclotobthi@0 The reaction flask
heat e N a

d t
was cooleg it @hies baih artdﬁtge FQuLRDES; og ég%ne nelé wreg %gﬁecfoc&opwme over 553 min
keepmg@h/eaﬂ@ﬁlat esttion enfuhhect B, t Aftd Hrsddidoh wancomplete the reaction flask was

allowed%%wmtt (%gr & LCr Imer(?ilrulrJ g%rhg?héﬁd[eh (#%ﬁ?’?%%? 41?111'11[}" ’Ji“_)}%%gﬁt@ﬁtgoigfﬁé rRaction flask
were cooledl totrherh tqmperagde ‘ijem the solvent zampiverdyby q_v%at(cESMethﬁngl (2§me) was

36 Bh. 4h flask
added aff e “i%s e %%i(vvw%%%%%of%%%fm PCl US2 %18857218%0% 73
cooled apheROLBRETRORA BT cvappratony | Waren (POR LS B ASEF ﬂtesfgsu ting mixture
washed Wi ledhyl zﬁ:etlﬁe%? 5“2(50 b0)) OBhd R ouk e wils)made asiqolvietc B4 sadiunahydroxide
e xBTS TS Sy b B i wit
anhydrohs eddiva mﬁaieyﬁltardsd o otfedfiltrate eva@c‘z’na@d firhe reﬁ@ln@grrmdtye vag subjected to
flash co?‘u’mn c‘ijnro hl or %glﬁ?&ew;ﬁbﬁle %Aréﬁﬁnoﬁ/aﬁ‘ﬁﬁnﬁlﬁﬂ{ﬁﬁ)xicﬁ 97/3/0.3

conte tS O dition funne 0
t0 95/5/0r Evmua@m aif fepsiipesezaus /e tl‘Q@CQﬁmun‘kaééﬁF‘?Yg“ ¢ih&-00a{%driramol, 71%

yield fof %%Eépgb” TIRAAP & Ay M/%Q40<?N§H)“Af:z§1&f fok U}%H@ﬂ]d 460N was
| et’e the reactlon d 3 warmto

G

Step 5: Butxl 2<me Sed R4 Al (dexinyl=143-dih ll !_--

H Fot—45 nmin. The
vl)carb&@ﬂﬁ@b&&ﬁm&h@ dieasdxiyare f | ask were cooled to room

tenperature then the _g renoved by evaporati on.
Met hanol (200 niL) was and the contents of the
reaction flask were heated reflux for 30 mn. The

reaction flask was 10 cool gh-tthe sol vent renoved

by evaporation. Water (20 owas added and the

resul tjng m x h t late (10.1
m) . eogutl(:cl)lrjl é%g éer bﬁ@gi ISQ}SI»WT([%SI;MIS 4“?&0@(&?}51%&1&11& 4 2Xd1c?a?&>xy ate (

g, 41.4 toyht) ox DYE? (99 hdn under m@g@dwzw copledriotdiy Sabid élluI'C@FHOH)éld’(“ﬂld%ZOle (6.70
g, 41.4 &ﬁﬁl)g%)s added %0 &e E’é&bﬁ&d TRE SARnEs it B4ckidn ﬂ@s‘k@ve@ef Wathetd Bom
rous sodiumsulfate, filtered and the b&hﬁgSmL
tempereévap@raeﬁeéah THE P ATvET Hpindalipf§ 00 gadl %E‘B}OQd‘B ) was
added. fih@&hcteR g Refdd i@ ABD 0g bA Phty f@lzuttheﬁgomed Mdrpetuey iremeater and 5%

s G e L AR A8 05, D130 45,49 ot
orgamc@ Ofﬁﬂamﬁlobdazﬂtha)rine alnied eiith anlfy/dBQs) sc(dmm dulfatepfilterqliand eyapotaged. Flash

columné%j)ﬁf%\% a?)&f @?&ngg%%g&é@ﬂ%yl Egeﬁtel”fb% ol %M" ) fiile &91112&)QHJ £a white

ent -

foam, 13 R)z-(33.¢ nfnfod.- &Vmeldn IRNP (5 02 2 {(wfﬁd@ﬂc%for 227Ho9N2Og: 417].
Step 6: Yi]é %rst?w{ok%%onﬂyﬂv?@h&ﬂiﬁ\@ 1. Lindt-0B GRVRRXA-abR dMNE-2Q4rboxylate

>~0-"--0

Hydrochlorld
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20 A solution of 1-tert-butyl 2-nethyl
(2S, 4R) - 4- hydr oxypyrrol i dine- 1,2-dicarboxylate (10.1
w@2004018mmol ) in DMF (90 nlL) under nitrogen WeST/TSWE027573
to 0 C Solid 1,1'-carbonyl diimdazole (6.70 g, 41.4
nmmol ) was added to the reaction. The contents of the
reaction flask were warnmed to roomtenperature and
after 2h a solution of 4-vinylisoindoline (6.00 g,
41.4 mol) in DMF (10 nL) was added. The reaction was
heated in a 60 C oil r 2h then cool ed and
poured into water an%?ggg pot'dssi um bi sul fate. The
resulting mxture wasAext racted with ethyl acetate (4
x 250 nlL). Conbi ned organics reciashed with brine

dried wi th anhydrous sodium sul fate, filtered an
evapoiabbdion 5 heh-Butd|2umethyd K2Rt dHapmy)- 18- @lﬁYqﬁﬁ'Z%IQ‘W‘dOI’Z"

yl)carbo’ﬁ?&ﬁ&?é@xt p}ﬁhe @9%&?&)}&@{63% L) Q\B@ 4trﬁ§ol intéﬂ%/l G&:‘[’G@@MUO‘IH@waS cooled

i anicq ) the oo V¢h iy donage hiogidy e 16 reesélf? ﬁzgﬁ%éeh%*ﬁ allowed to
warm toSB@rﬁ t&ﬁ ef 23R SBker3-Thivid oBoeyCadskatiylell py evapbiatiomtoZivelthe title

B

7.32-734Chn, 1 ), 7. 6CRTHe, A EBb.18-5.35 (roif | s 689+ 5.Biryd 1 ), b6 Ky L FD), 5.41 - 5.38
(m, 1H§’%{%04I?f)72§m {ﬁﬁ 3\913§/|3]Jf)r P74 ?89@93%”5@' Lt ?Hi 231246 (m, 1 ).

) Ccarbo i carboxyl ateé (
LRLﬂ;G@dehﬁﬁlKNETDeﬁﬂyima@eHQF@J%?b@-nL) was cool ed |n an

Step 7: MefyPRER 2 bhEm SR bR LRy TRaibyell g aRisL SalydeIRyAS (4T tiey]-1.3-
react| on Tlask was seal ed. and allowed to 5 warmto

afzay o earbonylloxy i laprosnale  ne 5ol vent was renoved
by evaporatlon to give t he e conmpound as a gray
solid, 11.2 g, 95%yvyield)_ I\/R(500 VMHz, ppm

cmoo)s747745(m%5§ c7>=c32731(m 1 H,
6.73

7.26-7.21 (m 1 H), 6.7 1 H, 5.79 - 5.73
(m 1 H), 5.46 (s, H)xc (&L%;BS (m 1 H, 4.80 -
4.72 (m 4 H), 3.91 (s, {374 - 3.63 (m 2 H),
2.77 - 2.71(m 1 H, 2. 51ogaigl(n1 1 H. LRVs (ESI)
mz 317 [(MtH) +; cal cd for H2, N204: 317]. 10 Step
7: Met hyl

N-{
2" i R RSy By o DR PYEoH ek Wy iy -2
1501nd0(e42?aa'rl§ox{/Ia{e4ry&ﬂothbﬂde (300 g, 5.67 mmol) and N- {[(2 2- d1methy1pent—4-

enyl)oxpgjgle%on 1.30m. -H IE]}S kldd&fé'zf' ) & @_ﬁ%g 111 DSOI 00 JnLWv?J ddﬁ@é EDC (141 g,
137 SRALS HiowpoR bR 16 61l 87 A mEaq The raction mixture was
stirred 4t'R;I|r L dtgéMﬂ{e‘a At etﬂyfl; Meelodng a%le%ﬁsr REXYO At layers were

or| mol nd
separat z{np(d@ rgaigayes Wabgﬁﬁ%ecjfwgg water and)brme dried over Na;SOy, filtered and

concenﬁﬁb!cl )"Fﬁé)é}lﬁi@ FRQRY whs PrriTRE by kitiba gﬁitgrﬁﬁeni dlufich 195 tb5087 ethyl acetate in

hexanciFie e g (2G0TSR R o ey -1

vinyl-122di8,drevRiil)isoindhie2-ygactonglioxy} -i,tpnolma’wa@ 75 g1 8504 vieldhas aphite foam.

Lmsgm;;ygsq&g@%@h%ﬁhﬁﬁjh{ ¢ 20 NOL B 6 ';g' acetate and

_mere arated and the
Step 8: Mgz i(TR.7h1080)-1 e t-hitulnisg 5 dimethy, A AV

decahy@b6HH- %2?§@Adnm£th4nt)ﬁlr1@d2 @Pldbenﬁmﬁiaﬁa@ ﬁ@lcos_ﬁiw é‘dﬁbtﬁk late
esidue was purifred on silica gel (gradient elution
5% to 50% et hyl acetate in 20 hexanes) to give nethyl
N-{[ (2, 2-di net hyl pent - 4- enyl ) oxy] car bonyl } - 3- et hyl - L-
val yl - (4R) - 4-{[ (4-
vinyl -1, 3-di hydr o- 2Hi soi ndol - 2-yl ) car bonyl ] oxy}-L-pro
linate (2.75 g, 85%yield) as a white foam

32
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LRVS (ESI) miz 570 [ (M+H) +; cal cd for C31H44N307:

570]. Step 8. Methyl (5R 7S 10S)-10-tert-butyl -
wa2sodionsshyl -3 9 12-trioxo-1 6 7 9,10, 11, 12, 14pABUSB06/027573

decahydro-5H 2 22.5 8-di nethano-4 13 2 8

11- benzodi oxatri azacycl oi cosi ne-7-car boxyl ate 32 WO

2007/ 015787 PCT/ US2006/ 027573 N H CHC-~O O'o O

O HNGC-i--CH, CH, A solution of nethyl N

[ (2, 2-di et hyl pent - 4- enyl ) oxy] car bonyl }

- 3-met hyl - L-val yl -

(4R) - 4-{[ (4-vinyl -1, 3-di hy H- i soi ndol - 2-yl ) car bony

| Joxy}-L-prolinate (2 46 g, 4.32 muol) in anhydrous

di chl or omet hane (450 mc)/ was Furged with nitrogen for

15 min. A solution of k¢ 5

bis(tricyclohexylphosphlﬁ nyl -1 H i ndene- 1-yl i de

ner ut heni um di chl ori de ( oI 6 ML catal yst purchased

fromStrem) (0.40 g, O. 43“ﬁﬁﬁﬁ) i n degassed, anhydrous

di chl oromet hane (50 nlL) was then added _dropwi se oy

30 i A solptien plrmethyldh{[H. Xk dimetyipgat-senyPpsdcagbonydy- 3-laEFP¥1r¥gvalyl-

(4R)-4- {‘f@'—\ﬁﬁ‘yl-tl' Mh&rgzﬁ-lwdbl ,@ggcar%yrq&@}wralhﬂa&t (2B zes 3l gebl) in
&fOX|nate ever% &gctlon 1§3§§¢§ of

anhydrop P gROBRUBYE (A TLMeS Mireed Ut inee? PR Lo

b1s(trlcy4ﬁhexy]ﬂhesphﬁfé) BinEeMoBBH-mﬂené i-glldenyrufhkmisin didhicpidea (MNgptsaply catalyst

purchasaf ﬁrlcgn %fkflﬁb@ 40'g, c} 93 Fmd ) in gegassgé'] a&l%/dZle{ dghl%%e'fﬁﬁ@(% mL)Qvas then

added d{cPRjs? Sydr O8)mifl. 0Themactibu myiture 57ag Siretid weR Bydurigg whiph time 0.2 g portions
of the cz}t%l#rsq mﬂe]adﬁedap?rogzgma]:éy g'\%ryltf]' 134D ReBct 8 pRIYAE Radbbriiofed b3 HPLC until

the reachiemyecHoBRIRte At é%kac%u@ﬁu&'s yap aurificd by lash Ahupraptoerarsy of silica gel,
elutmg \Zﬁﬁ’/‘l()’ T8k BroAHBMRnE ESkve Aty SR, 7B 0ter bty ds, 15-dfmethyl-3 9,12-

07: 5 o 0S) But yl -
e R Ll o e o
benzodidLatriadblpitosine-1-barbbkyPitd@. 85 287 6% wiztdahBMA (ESD 2’1/8542 [MAH); caled

I oxatriazacycl oi cosi ne-7-carboxylic acid 1 ko
mrcmnggﬁ O O O V- 7- CH - CH3 To a solubyﬁnzoflg%thl

5H-2.27>5 8-dimethano-4.13.2.8.1 1-benzodioxatriazacycloicosine-7-carboxylic acid

, 0, 7,9, 10, 11,17, 14,15, sahydr o- 5H 2, 22: 5, 8-di neth
ano- 4, 13, 2, 8, 11- benzodi oxat .acycI0|COS|ne-
7-carboxylate (0.9 g, 1. 67] ’Q in THF: H20O (2:1, 45
n) was added LiOH (0.40,—16. 7oThnol ). The 20 reaction
m xture was heated to 4. C an tirred for 1 h. The
reaction mxture was di'f qg caqueous HCl, and
extracted with Et OAc. The costdi ned Et OAc | ayer was

washed with water, brine, Hdﬁfﬁa over

To a solution of methyl (5R,7S,10S)-10-tert-butyl-15,15-dimethyl-3,9,12-trioxo-
1,6,7,9,10,11,12,14,15,16-decabydro-5H-2,22:5,8-dimethano-4,13,2,8,1 1-benzodioxatriazacycloicosine-
7-carboxylate (0.9 g, 1.67 mmol) in THF:H20 (2:1, 45 mL) was added LiOH (0.40, 16.7 mmol). The
reaction mixture was heated to 40 °C and stirred for 1 h. The reaction mixture was diluted with aqueous
HCI, and extracted with EtOAc. The combined EtOAc layer was washed with water, brine, dried over
NapSO4, filtered and concentrated. The product was used with no further purification. LRMS (ESI) m/z

528 [(M+H)+, caled for CogH3gN3O1: 528]
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Na2SO4, filtered and concentrated. The product was
used with no further purification. LRVS (ESI) mz 528
wQ eodriol 5787 cal cd for C28H38N307: 528]. 33 WO 20PCT/08H68727573
PCT/ US2006/ 027573 Step 10: (5R 7S 10S)
10tent -Butyl - N-((1R
2S)-1-i[(cycl opropyl sul fonyl)am nol car bonvl } - 2-
vi nyl cycl opropyl | 15 15 dinethyl-3 9 12-trioxo-1 6 7 9
10 11 12 14 15 16 decahvdro 5#—2 22: 55 8- dlnethano 4

vmvlcyﬁgidﬁ&h%ﬁfdmemvl -3.9.12-trioxo-1, 6 7 9.10,11.12, 14 15 16 decahvdro—SH 2 22:5.8-

10S nt-but yl 15- di rreé ,9,12-tri oxo
dlmetha -4.13.2.8 11—benzod10xatr1azac C 01c051ne-’7 carboxami

1 6, 7A%08er df (3&7@403)5101@:45&@&@:13 _OinfathyR3,9.22 Fidodi met h

1,6,7,9 l-p i al@;&%%;ﬁp 616%%}/(&0 §M§( AL ?@% QX?,;Z%I 19 Oo%hﬁﬁ1oxatr1azacy0101cos1ne-
-carboiyltRa&&Il-O])-n{gr, 049 einapy W&Mﬁ(@y@dﬁmﬁsn@@é)%@ﬁ%&bowd} -2-

' ekl wo 09}1099274 76
vmylcy%%y %ﬁ:’lg c(ﬁp ?@g glnﬁy gh{ﬁgt] Vg\% 5101@8913257 ﬁ?ﬁ(\%ﬂé o ﬁ ) (
mg, 0.23mymmb}), O-(7- azabenzotrlazo -1-yD)-N,N,N',N'-tetramethyluronium phospho shexaitluoride

(HATU%%?ngaé ezt DirEz0to-ols WD), o b h&nl\dl) diidﬁtcﬁxhétaﬂﬁhiﬂyﬂ)yﬂdﬁmmm mg) in

d1chlorqg}eﬂgg§ gr?lbl%galg%{u%clbﬁgél &.ﬁ:ﬁ |1;11H§‘£8 reactlon sgﬁtlon was dlf“F‘a V)lﬂ’l aqueous
saturatet NAHTBY, i axtia0@ With GitOc. (Therginbined B layek yroweshkdnish water,
brine, dl(i?q Jﬁe) Ig%%)fﬁ%&%@ﬁd%tmc%gtrgecf Afhe desiiiue FAEpUrERE by BRsh chromatography

uted wth aqueous saturated NaHCG3,
eluting @il 3% MeGI/CEHClai to BivE(TBAES, 1 0B 0-smbitdH(ERBAL 1 ayer was

{[(cyclcﬁg?oz)gﬁglf&\% Rmnwgfcgr%or_?l}bﬁ 'vﬂ@lcyc%ﬂr@;g/l)oMelrS dﬂa&ﬁ% 9, iz-{rto%ed

conc resi due was purifj.ed 3/ | _
1,6,7,9 &}bmé;]ép:}qyahy@]oéﬁ %62 ‘S 1dEmetoanRE Ay decga‘gia%ﬁgyc oicosine
7-carbokatitded T‘so KBy 1491l Br tH M{A,ﬂmw(}(zlﬁbxﬁ’,ss)pals){s 748 (s, 1 H), 7.23 (s, L H), 7.12

@ 1%%23/@59%%%%@#' oéq%f rffﬁtf]rf"a(;‘?b?%l 3 50, 2B SUSLOPHOR 24 (d, 7=
16.6 HZ 1 61),5.19, (@01 Y, 47D (4,2 HD54 dB(ddEHaW@r(ms 5HD.24.33d5! B). dilded.H H), 3.74

1-
@& 1HF5%, dbii’é %(1 é%ﬁ”ﬁ?@géﬁﬁ @yfﬂﬁj'l%%nn?m 1.89 (dd, 1 ), 1.43 (d,
1 H), 1.9p(m, 3CDC18Y (63 H)AJ806((§ 9 H), 9986 <s73 LRMS(E m/z774i)z[(M(H> caled for

23 (d, J= 15.9 Hz, 5. 94 1 5.76

C”H”I%O@f“ , 5 8 (in, 2 H, 5 Ly (s, 1 I—|§m5 220(d, J=

16.6 Hz, 1 H), 5.11 (d, 1 H), 4.70 (s, 2 H, 4.61 (d,

1H, 448(m 3 H). 4 IBXAUPLEH), 4.14 (3 1 H)

: LR @4 (i, : .(

WFH) ‘ 740] . EXAMPLE 4 (5R
7S 105) 10 tert BULyN ((1R

2S) -1 -{[ (cycl opr gpyl sul fc[rgb)( m na;fcar bonvl } - 2-vi nyl cy

clopropyl)- 25 ¥9 12 tﬁ ﬂ 11 12 14 15 16

17- decahvdr o- 1H 54 i n thano 4,13, 2,8, 11-
benzodloxatrlazacyclohﬁghQQS|neCW carboxan1de (rrr-12)

NA Oii',,.. HNNOGS" H*" /N-0 0 IGA2H CI-CH3
-1 cd\RSorng RAHE ro@é‘dﬁ%&ib@ﬂ)rEXAMPLEB
t he p%ggg 3%@5h egggpﬁgggA mf g excg t ot

except Sapimhiyl- M@l@héﬁnﬂo@ﬁwww éa\iahlben(yrepaqg Q%i’lofcﬁég to the procedure below)
was usédh %&@é 91017\/ AReE, Qfdﬁhéﬂ&ylls&t 1Ry PR PICABHYE -Deledy) L-vaheumStep 7. "HNMR

(500 M i AR AP 1Ty (D T2 o KB sl B4y 7= 164 B
1 H), 6\(oal(innﬁ—3), R78LEN H), 53&|(§\||m)(5mdm—ﬁ) sppral, 1ICDRODY (8 191)14373 4.63

7.26 (t, 1 H), 7.23 (d, 1 H, 7.16 (d, 1 H),
6.39 (d, J= 16.4 Hz,
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1 H, 6.08 (in, 1H), 5.76 (in, 1 H, 5.38 (s, 1 H,
5.29 (d, 1 H, 512 (d, 1 H, 4.79 (d, 1 H), 4.73 -
wWa2@3/0848W0 2007/ 015787 PCT/ US2006/ 027573  ( m PAT/HY2006/027573
4.41 (s, 1 H, 4.37 (g, 1 H, 4.24 (d, 1 H), 3.96 (dd,
1 H, 3.77 (quin, 1 H, 2.94 (m 1H), 2.51 (q, 1 H),
2.29 - 2.13 (m 4 H, 187(dd 1H, 1.8 (m 2 H),
1.53 (quin, 2 H, 1.44 (dd, 1 , 1.25 (m 2 H), 1.05
(s, 9 M LRV (ESI) mz 726 é HZ? calcd f
(m, 4 HCB8HESNEDIS 7 (726H), 484 EXANPLEIS (A5 RHRS.77 (quin, lH) 2.94 (m, 1 H), 2.51

R 1.53 2 1.44 (dd, 1 H), 1.25 (m, 2
(q’lH)#S)%@ EL?; oir\)?gédli 1}]1? 1Q6rt1;y(m %lr}nD naol c(g?mon QJ} 2(VI n;I/{I)cy .
H), 1.05d5.9d0e (E§D v/ 2o YikEh: %‘10?1 foy GoglugMsOp> 7% 15 16

17- decahydro-1H 5H2 23.5 8-di nethano-4 13 2 8 11-

benzodi oxatri azacycl ohe 7- car boxam de
(111-133) \d HOi0 N %’%@’@5

O~I\UI -0 00 CHZ H3C
(5R.7S. ldSb-la%tvlM(Tﬁlﬁ)tlﬂr(o&clo arbonpld-2a ¢loprs

. Vﬁ#%ﬁ 5, seaiﬁl@n%n&b?é 2.8. 11-

Donylj -norl eucl ne
patrEaz A Bl XANYI¢Y a@ekdur e beI ow) was used
in place of N- |mst hyI pent 4- enyl ) oxy] car bonyl }
-3-nmet hyl -L-va |n08t 7. 1H NWR (500 MHz, ppm
CD3CD) 8 7.24 (4, 1 H), [??5{( Nlis" , 715(d 1H,
6.91 (d, 1 H), |6. 370(dH 1 <1HHz 1 H, 6.07 (m
1H), 5.75 (m 1 ,529(d 1H, 5.12
(d, 1 H, 4.77 (d, 1 ,466 ,457(m1
H, 4.47 (q, 1 H, 4, (q 1H, },i[(]%;l
(dd 1 H, 3.77 (quin, 1 ,296(m 2. 49 ,1
. 2729 tifleondpotld wik. j2ébafeiac@rdifrg tothe§odedere udedHpr EXAME?LE 3

except %@3 TetE%l ]Y ﬂhhex:LS %ploxX)c}i%; };r%:{ ]?ilorl @}ni ?p(s? zledjacgb?dlﬁgio tRe procedure
below) fvis us8d ) place Rﬁ,@-{((&gfc)lmﬁthylpeny -4 gnyl c(xy/}pp]}xpny bé-prge&g% grvallne m Step 7.
0%} é?)’dg@ﬁ@ 8{§ ﬂ%ﬁi)m?ﬁ EWPEE3 01, (3R 778 ddOBH), 6.91 (d, 1 H), 6.37 (d, J=

16.1 szeraldq{((rbw} %&5 68y} BUSB8Ky LHaithish & BProlfyifa L B i 77 ffd H)- 4.66
(m, 3 Hy QﬂS@anOPYJ!)% 473 91 AR 4B30@XaD14.67 @, 9H)LB.90L(dd,2 H)¥3 I (dufn, 1 H), 2.96

(m, 1H5@n4%)§ﬂ’:jloa)a§§9 ’a%@l:?ggggb%ﬁﬁg 8g(ca\rb kg#%%%(% ?i}% H), 152
(m, 2 ENMQINTOS 61,02 7QumH1 H), 10185 0 H), 1.09 (tn, 24F), @94(LGHD. (s (BST) m/z 726

[(M+H) 5 caled for C36H43N5098. 726]

EXAMPLE 6
(5R.7S.108)-10-Butyl-N-((1R.2S)-1-{[(cyclopropylsulfonyl)amino]carbonyl} -2-vinylcyclopropyl)-
3.9.12-trioxo-1.6.7.9.10.11,12,14.15.16.17.1 8-dodecahydro-5H-2.24:5.8-dimethano-4,13.2.8.11-

benzodioxatriazacyclodocosine-7-carboxamide (III-198

H,C II1-198
The title compound was prepared according to the procedure used for EXAMPLE 3
except that N-[(hept-6-en-1-yloxy)carbonyl]-L-norleucine (prepared according to the procedure below)

35
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H CI111-198 25 The title conpound was prepared
according to the procedure used for EXAMPLE 3 except
W b@t/0N7BT hept - 6- en- 1- yl oxy) car bonyl ] - L- nor | euRCT®S2006/027573
(prepared according to the procedure bel ow) 35 WO
2007/ 015787 PCT/ US2006/ 027573 was used in place of
N-{[ (2, 2- di net hyl pent - 4- enyl ) oxy] car bonyl } - 3- met hyl - L-
valine in Step 7. 1H NVR (500 N+E ppm CD3CD) S 9. 26
(s, 1 H, 7.39 (d, 1 H, 7.24 (t, 1L H, 7.15 ( :
was usedinPlhcé df NJ§(2,]7,Shlﬁethilzlpent—&-ehﬂl)OXﬂCQf@OI(YI}ﬁ] -3- m;hyl- 'V?lgle(lﬁ’ﬁteg.% "HNMR

(500 D 8 6'?9, L?) 3o 1—1%7"294(’:5}127651@ 1H7963o4(d70 15.9 Hz,
1m?§ﬁ%ﬁ?§@j 1232 H), 5453 (gl-}géf%]bq%ng % gPrghﬂ(ﬁ](m,lﬁgﬂ ha3 a1

H), 434%m9i 27 J(q,H)H) 29$%dd( M), B (hin, 12H22 3(1mm BHNR,97 (m8DH), 2.31 (m, 1

6
H), 222@1 3@§g.99((pﬁl 181%,_,5 ggnfgl')x)( iln%6§n %ﬁ’i 136 g IIJ_R ?gs(ﬂ;ﬂs%)éﬁ(m 1
H), 1. 09(<Iny 2 81), 10194 (¢, BIVS. LESSYESID hz: TR Q-(HURHpled fQIzﬂzd‘BoNs@BS 740].
7H50N509S: 740]. EXAMPLE 7 (5R 7S 108) 10 tert

Butyl N((IR 28)-I-{[(cyc|oprqg | sul fonyl
am nol car bonyl } - 2 vi nyl &FAMBE é

yl)- 10 15 15 di et hyl
&@na;ﬁmmamemhmfr@hmonmpu

2.23:5.8-dimethano-

4.132. 8(1'1lﬂenﬂo‘a&}(aﬂaﬁcﬁl&en1Ebshl(e~7Qar1HxﬁnﬂbNH=19Q)O O HCO =
CH, HaC' CH, 31 ggThe title conpound was prepared
e

according to the ure used for EXAMPLE 3 except
t hat o

N-{[ (2, 2- di net hyfhex- 5- dijﬁ &g#%onyl} 3-nethyl -L-v
aline (prepared d cordHNELt 13?’ é ¥5 procedure bel ow)
was used in plaé

N-{[ (2, 2- dlnethylpent Aﬁgmyl)ofy]carbon | }-3-net hyl -
valine in Step 7. 1H N¥R (500 Mz, ﬂ%h{ 9CD30D) 6 9. 17
(s, 1 Tﬂ%&lﬂg %&ipé)(l d wis] Jprgpa{:_éd'ﬂéoorc@mé")oathe?prgéed(u% ,useli?or?EﬁAMPLE 3

Hz, 2
except thpt N- IR~ dln@ﬂg{]ﬁe((rﬁenll)w]ca@ow} (E‘vrﬁei’zlby’l h)va 1ge é»éep?rmi acforlq)mg to the
procedtée ﬂéow)(\{»rcls udedh plafle SV-4(X7-dlniBthylpeht}4-e1)62y]darbony(}F3-méthyl-L-valine in

Step 7. Eg*NM%(@@M#F PPEKED@%%JPW 1?1'19 72% (‘;955"921{%;[ 1%)27 f%(t F=75Hz2
H), 7.160d, 7 273512 1 1B, 4 38 (d4J )6 H, 189), 6168 (m Hil). 57949, 1H23 .32, $H), 5.13
(m, 1}[5')@22497]7}(?15%5 ?MEB(“H}F% 4?839?§’8H52%5%5é Ho (d]LRMl?ZHZ 1 H),
3.96 (MEXANPLIG (&, 5R)755%DS) (n1,0 He?85-Bd2 ¢n N}, A fRRA sz 1§49-1.23 (m, 6 H),

r | % i+ etdnd foy ClBRNARS: 754].
151-0.94 (Y T4 OB/ QEN 844l Ay LRM@BOSA DI Byetdd By Cl

18- dodecahydro-5H 2 22:5 8-di net hano-4, 13, 2,8, 11 25
benzodi oxatri azacycl oi coBKa®PLEAr boxam de (111-200)

5R.7S. 1OOS)-’?I(£)1-tert-§|ut8- -( (X 1&918—){ NT (QV(%Dropvlsulfonvl)amino'l carbonyl}-2-ethylcyclopropyl)-
3.9.12-triox0-1.6.7.9,10.11,12.14.15.16.17.1 8-dodecahydro-5H-2.22:5.8-dimethano-4,13.2.8.11-

benzodioxatriazacycloicosine-7-carboxamide (IT1-200
o)

_/<

Ly er

% C/VCH

nI-200
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H'CTh H CH 111-200 36 WO 2007/015787

PCT/ US2006/ 027573 A sol ution of EXAMPLE 2 (0.32 ny,
w@2eh3/0m781 ) and pal | adi um on carbon (10% wt ., PCDBSIN6/027573

in EtOAc (10 nL) was vigorously stirred under a

hydrogen balloon for 1 h. The reaction mxture was

filtered and concentrated. The residue was purified by

rever se- phase HPLC (Del taPak C18 columm), running

40-65% CH3CN in water (with NH4QAc 1 g/L). The .

f r act AoolstioeafE X OMRIERE (B %as, Ot mmelyans reHadium gp eben (10% wi.,

0.03 g) i)ﬁ( ﬂ%&fg})ﬁ ﬁ%@%o&gﬁy Sred 3RELr 8% Ar3Edn @11 0¥ntfbr TG Zeatton mixture

s oot i T ARy S S A ot
running 40698 WH;@Nesl whier @VtheNH,OAc 1 g/L). The fractions were concentrated, diluted with
5R 7 -10-tent - but y| - N- - . . L
aqueous%%ﬂ?@?&éﬁ% %@Lﬂ“ﬁo © _%r# 4 31;@% f??% ?]7 gglcle“t) h%l CyC bé“p? fl g p})I cl
layers wyie)washed with water (50 mL), dried over NapSOg4, filtered and concentrated to give
75 R Rty S
3.9,12-tlien Ao, ox &l 1.1 A ALY L Gt Sulonprabyrre ai e anf-timethgnost: 14y2,8.11-
benzodi%&?&ﬂcgé19i)fosiéet*7-§!hfiiéxéﬁﬁ%@Da 1}5,@0:% ygela). gﬁ NlMR (aD;rm,Pzﬂ))m) § 7.23(t, 1
B0, 714591 Hy 738 (0. V50007 nt 5 53724 (gt 0, 4% 36T, 4 1,

3.88 (d, 3 1883.154s, TEDH).99 G, 15X 3.62 (o)1, H)22.99 (1R FL 2 B (m211921.7m, 1 H), 1.65

— 151 (I;? quidz% rﬁ(ln}é; (%b, YS_DHi,. 120;1(_%, dll[ﬂl 8%?'#% 3 g).?_ﬁl’ﬂ(/l?(%%l) '(ﬁ’gz: 7 1%5-[&)5:&1—1& caled

for C3sHNROoY: 71613 H). LRMS (ESI) nz/z 716 [(M+H)+; calcd for
C35H50N509S: 716]. 15 EXAMPLE 9 (5R 7S 10S) 10 tent
Butyl -N-((1R
2R) - 1- {[ (cycl opr opy! sul fEHYF P nol car bopyl 1- 2- et hyl cy
(5R.7S. ]]P,dEBSQ? 0-22¥Bdtyl-B-(Q RER)11F §[@¥Eofopk 11 fddy DhhinbRafbvbnlls-2dehylcg clopropyl)-

9.12-t¢jo jEnEx '_{:9-2d0g1§c:al? dro-1H,5H-2.23:5.8-dimethano-4.13.2.8.11-
benzodibemiaakivolhdnidosinad caibokreridc@di208) 7- car boxam de

(ffi-201) O L2 OHO0O NS NH OYN-~OO0 H30
CHH3 OH3 3 11 .The title conpound was prepared

from EXAMPLE 4 Uisi ng thé_plogedlir &/ descri bed for
EXAMPLE 8. 1H MR (500, MYz, pﬁ%iﬁﬂj&ﬂ)) S7.23 (t, 1
H

Z.

H, 7.14 (d, 1 A2l M), 7.02 (d, 1 H), 5.36
(s, 1H, 471 (m 3474 64 (84 1 H, 4.56 (m 1 H),
4.40 (m 2 H), 4.24 (d, H), 3.96 (ddp-201H), 3.72

in, 1 H, 2 98 1 H.. 2. _ ibod for
L D empg fl conspopa W pegpatdhfrofPRAMPLE s g St aeribed £
EXAMPE 8.1 HORMRS(50@ Mz, pin, ¥80:0D) & 3.28/t, L RS- Y4ES ) Hh7/1 (§:30D, 7.02 (d, 1
), 5.36{ ég;lg‘) %&;El%a%ﬂé&%tl(%@g‘%ﬁ&% $1) 7B (m, 3T EXAVRL EHDG 96 (dd, 1 H),
3,72 (quR)1 s 268 9 WP GHEUIE 39 1 hin 16 &5 BERYH 422142 (15D 109

1R ORM) 0.38 &, L) TRNX @SS 17z F301PME D)1 2aldod 6, BN, S 1B 0].
(m’lHi’glfbgédeca%vdrg’- 1l>2—? 5H 2 395" 8. di et h%mo-4, 13,2,8 11-
benzodi oxatri azacycl oheni cosi ne- 7- car boxam de

(1r11r-202) EXAMPLE 10
(5R.7S.10S)-10-Butyl-N-((1R.2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl} -2-ethyleyclopropyl)-
3.9.12-tri0x0-6.7.9.10.11.12,14.15,16.17.18,19-dodecahydro-1H,5H-2.23 -5.8-dimethano-4.,13.2.8.11-

benzodioxatriazacyclohenicosine-7-carboxamide (II1-202)
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37 WD 2007/ 015787 PCT/ US2006/ 027573 0 N4 V OH

0,11,0 ;:~HNNS- O /INNOOOCH HCIII-202 The
wo 2aoz@1venpound was prepared from EXAMPLE 5 usPeyus1ve6/027573

procedure described for EXAWPLE 8. 1H NWR (500 MHz,

ppm CD3CD) 6 7.23 (t, 1 H), 7.14 (d, 1 H, 7.09 (d, 1

H, 6.99 (d, 1 H, 539 (s, 1 H, 476 - 4.61 (m 4

H, 4. 43 (n1 3 H, 429 (d, 1 H, 3.92 (dd, 1 H), 3.69
(qui n, , 22995 (m 1 H, 257 (m 1 H, 2.51 (m
2 H, 2 19 (tt, O1 77 (n1 1 H, 1.70 -1.30 (m 20
H) , 1 17 (m 2 10& 2 FQNJO 99 (t, 3 H, 0.95
(t, . LRV ESI) y +; calcd for
C36H52N5098 730] 1“‘C5R S 105)-10

am nol car bonyl }-2-eth ycl opropyl) 10 3 9 12 trioxo 1
6 79 10 11 12 14 15. 17 18 19 TI1-202

20-tetradecahydro-5H 2 24. 3,
benzodheat FMPLURY HASEDEE s e S AR Dot i“e(Prf?%d%%ﬁs"“bed for
EXAMBLE 8.~ @15 60mH-Gprh, GD,0D) £728i(t, pHIX314H8,a 1), 70208 1THHe6.99 (d, 1

. 5oL PR T B8 S SRR B 13400 B 110,299

(m, 1 HRP7 (GDBBRR.53 (B, 28),(2419 (& H), 177 08, { H), 170H)1.307m 20 Fy 1.1f (m, 2H)
1.10 (m;rg 1308%( ; ?t,%%&%df&% 9ﬁ9( rIﬁR‘i\%§ %ﬁﬂlé/zgz (M+4I)‘4%?_|)16dffor &36HLN;0,8: 730].
(qui n, 1 H) , é Ob (m 1 H, 2.63 (quin, 1 H, 2. 51 (m
1H, 2.38 (m 1H) 2%9(A(NIPLE11H) 1.76 (quin, 1H)
1.68 - 1. 9
7S. 1G5 0B 328 .

Butyl -N-((1R 2R)- 1- {[&ggclopro yl sul fonyl
c

3.9. 12-t¥16£d 1.6 E)SSAM:IILEZ.IZ 12@6 (Iﬁll% mmﬁﬁadewm@qm@m -4.13.2.8.11-
.I am nol car bonvl }-2-et hyl cy
12 trloxo 1 6 7 9 10 11

HiC 113-203
The title compound was prepared from EXAMPLE 6 using the procedure described for
EXAMPLE 8. 'H NMR (500 MHz, ppm, CD;0D) § 7.25 (t, 1 H), 7.15 (d, 1 H), 7.11 (d, 1 H), 5.55 (s, 1
H), 4.70 (m, 4 H), 4.49 (m, 1 H), 4.38 (¢, 1 H), 4.29 (m, 2 H), 3.94 (dd, 1 H), 3.73 (quin, 1 H), 3.00 (m, 1
H), 2.63 (quin, 1 H), 2.51 (m, 1 H), 2.38 (m, 1 H), 2.20 (i, 1 H), 1.76 (quin, 1 H), 1.68 — 1.07 (m, 24 H),
1.00 (t, 3 H), 0.95 (t, 3 H). LRMS (ESI) m/z 744 [(M+H)"; calcd for C3:HssNsOoS: 744].

EXAMPLE 12
(5R.7S5.108)-10-tert-Butyl-N-((1R.2R)-1-{[( cyclopropylsulfonyl)amino]carbonyl}-2-ethyleyclopropyl)-
15,15-dimethyl-3.9.12-trioxo-1.6.7.9.10.11.12.14.15.16.17.1 8-dodecahydro-5H-2.22:5.8-dimethano-

4,13.2.8.1 1-benzodioxatriazacycloicosine-7-carboxamide (11E-204)
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FO HCH3CO Oy N, HNOp// pp\/O HCCH3 HS
CH3 CH, 111-204 The title conpound was prepared from
WEXNPLESB usi ng the procedure described for BEX&NPIBR6/027573
S. 1H NMR (400 MHz, ppm CD3OD) 5 9.06 (s, 1 H, 7.22
(dd, 1 H), 7.13 (d, 1 H, 7.07 (d, 1 H), 551 (s, 1
H, 4.72 (d, 2 H, 4.68 (d, 2 H), 4.44 (d, 2 H), 4.28
(m 2 H, 3.87 (dd, 1 H, 3.28(m 15H, 2.98 (d, |
H, 2285 (m 3 H, 252 (m 1H, 2.43 (m 2 H, 2.15
(m 1 H, 1.15-1.17 ( 3 H, 1.41 (m 2 H), 1.30 (m
1H, 1.22 (m 4 H), 8l(m 1 H, 1.06 (s, 3 H),
1.05 (s, 9 H, 0.98 (f, )Jal), 0.81 (s, 3 H. LRW
(ESI) nn/z 744 [( +; gal cd for C37H54N509S: 744].
EXAMPLE 13 10 (5Ru -10 est-Butyl - N((1R
2R) - 1-{[(cycl opropyl° f am nol car bonyl } - 2- et hyl cy
cl opropyl)- 15 15 d| {J( \\/‘/12 trloxo 6 79 10 11
dagecattydr

12 14 15 16 17 18 19-
5H 2, 23: 5, 8- di net hano- 4 13
benzodi oxat ri azacycl oheni cosi‘ne- 7- 1Elé'ﬁ%"oxam de

(rn- ?%ﬂtleNoQggﬁ% wablpHpited ok EXAWMPIE B)umh@h@pﬁlcﬁiurd-&@rlbed for

a5, LU FLTRRLIE 158 LN 98 701

1 H), 5. SXANBIDE 82 (dl BNV @ODHNMz4 (y2nkD), €28 Gm)2 19), 9.809dd, ¢ H);13.28 (m, 1

H),298:§§'1§) %gSE 3131‘;252@{5}1)% 5}{%52 16 ‘ém 131%171551 e, 31, 141 (m,
2 H), 1.3,(50 1 [y 1.20 (e, 4 EB, 0B (m, 4 EB71.p¢s. BHM)!. 054s Qd{)(gps(j PH), 081 (s, 3 H).
'z S¢a 5 : 1 2
LRMS (%é_?'ﬁg/ %%ﬁ%mﬁHﬁ %Eb%rzd l,-lfgmN;UJs 734}% (1m H)H) i 23 2 265(() m
(m6H),1.37-118(m7H) 1.15 - 0.96 (m 16 H),
.80 (s, 3 H. LRVS (ESEXAMELE 1358 [ (M+H)+; cal cd for

0
5R.7S ..‘:3" . [ ] O c tlrrgtlqufgn la% gvuvﬂ -2 (]:loro D)-

15.15-di 1@@7&5775810 11 12.14.15.16, 17 18.19- dodecahvdro—lH 5H—2 23: 5 8-dimethano-
4.13.2.8.11-benzodioxatriazacyclohenicosine-7-carboxamide (I1-205)

o
’-_ O
H QA /A
N N ,S\\
H (o]

%4 C/I\CH

H,C
H,C
I11-205
The title compound was prepared from EXAMPLE 7 using the procedure described for
EXAMPLE 8. "H NMR (500 MHz, ppm, CD;0D) § 9.09 (s, 1 H), 7.24 (t, /= 7.5 Hz, 1 H), 7.15 (d, /=
7.5 Hz, 1 H), 7.10 (d, J= 7.5 Hz, 1 H), 5.53 (s, 1 H), 4.75 - 4.59 (m, 4 H), 4.44 - 4.37 (m, 3 H), 4.20 d,J
=12 Hz, 1 H), 3.95 - 3.91 (i, 1 H), 3.31 (m, 2 H), 2.99 - 2.96 (n, 1 H), 2.62 - 2.46 (m, 3 H), 2.17 - 2.13
(m, 1 H), 1.67 - 1.50 (m, 6 H), 1.37 - 1.18 (m, 7 H), 1.15 - 0.96 (m, 16 H), 0.80 (s, 3 H). LRMS (ESI) m/z
758 [(M+H)"; caled for C3gHssNs00S: 758].
Alternative Preparation:

Step 1: 1-Bromo-2.3-bis(bromomethyl)benzene
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Br Br Br To a suspensi on of 3-brono-o-xylene (999 g,
5.40 nol) in chlorobenzene (9 L) at RT was added
woOkWronosucci ni m de (1620 g, 9.1 nol) and benzpgi/US2006/027573
peroxide (2.6 g, 10.8 mmol ). The reaction m xture was
heated to 80 C and stirred under nitrogen for 18 h.
The reaction mxture was 5 cooled to 70 C and an
addi tional portion of NBS (302 g, 1.7 nol) was added.
The reaction mxture was heated to 80 C and stirred
under nitrogen for 22 h. The fgaction m xture was
cooled to RT, diluted wthxbheptane (6 L) and
filtered. The filter cake 5 washed with heptane (4
L) and the conbined filtratfeésy were evaporated. The
crude product vvas di ssol ve@ri Brheptane (2 L) and

hi d t '
o 00l 114 480 AT QAR A e o1 w0
was addeé ptiaoosudeitijnider(#620re 9.1 Guod)omi beredylfpietoxida (a6 gk §mmol). The
reactio ﬁ{% 3185 @qu%atte% 10 a%% r‘[”«JfolIlg?1 %1’:;:85@1( RE ‘?grﬁ n’?ﬁé"ﬂé!ic)tl@ﬁ Hﬁ}&ﬁ% was

used wi thout further,
cooled ‘rpu’ﬁ i°€ p@(hzm z@lﬁmogzﬂ ppm;qqn @02 1§ t 55}9}) was géde(ld Thejreagiiog mixture was

heated t’6|3§0 °é and'gtlrrea uider ﬁﬁlro e]Ffo&ZZch MHehe rdactibn mktd®&8whScooled ) RT, diluted with
epuncl 1 s, oyttt bre iy ol R s

were evél?clﬁ?&ﬂbd Bie crifde picﬁiugmaaaswmdbm hapane (L. panfl 6BlBraform@ 2GBmL) and
i 17 t '
s i 56 SRS P BEPSE  b PORL U LA e

Irons O
combindd filtratee were 3vigiosatdsrto Hﬁﬁétﬂﬁﬁ@%@ﬁb&ﬁ@?%@lﬁ’en@nﬁg T6fbg, crude

Welght)l\@&&as u%’cﬁbl)c Pﬂnﬁ&@ﬁﬁh&ﬁbﬁ SHRER @DCL) §3p®!7.96Md, U 48.0 Hz, 1

vverea concurrently via add| Lon f

0,73 baor 8 e 0 S| O e vr 0 190, 6B LDIRes p0p

Step 2: 2-Bergh-b0BBiscadIRd hi@oflor@ed stirred for 16 h. The
contents of the reactio ask were cooled, filtered
and the sol vent renov @ y-apor ati on. The 20
reaction was partitioneg betweepr—water (6 L) and Et OAc
(2 L). The pH was adjusged to X9 by the addition of
1M K2C03, the |layers were 8eparated and the aqueous

P RS LA 008 B BN e

was hedléd 030 W t Bolatidng df aude Na2BO2,3-bif(btotremethyl)bamdene (900 g, 2.63 molin 1 L

evapor a ed. cf t ' .
e R i 00 W LU LD i o
over 2 li. iEherraction misfers wagstitied at 700 fonikl aWhMFBEleé TORT gad stigigd for 16 h.
The coxﬁtgﬁig’ d H:E&loﬁ PRUCHLE goole%ﬁﬁfté?&ﬁanﬁttﬁer §oﬁ)@ntfr@rﬁ0\gea bgi ev%ﬁ&on The

ed and the m xture was

reaction BRI e BTETAHO LIS G s oDy RIS 9 by the
additio® 6f 1M K4@O,, M laybid Wdle bePa@icl @nd the aqueous phase extracted with an additional

i R S50 SRR e IS SR Ao

ﬁlteredg:ﬂﬂceemormd athe ofudé hid wasbitubeglrwithi 4O (800 le@d(CESBc}l tonq"ﬂz Methanolic

el wiPRae M it Sths gl AR N Vlon sy e mixure sgnicated,
then stioghFgr Bf h. MABE (td) avas eddgd prshihemixture was ﬁltered and washed with 20% EtOH
in MTB%E Qﬁ%é’d b)AMlTBEnq\hé EHIH%E hip @rnklthg I %b'—lﬁﬁ%: -biddoi@ind3ad 6

was adde
hycrochipgiq 2 kHRdy an addHonghPRrEn o praie) D63 UL A BRI o the
mother3R 6 ALRILS (BB Hah 8o [Ny saRd f6HC, g4 ;mXer8Anhydr ous

SO4 an ol vent evaporated to an oil which was 5
Step 3: e with toluene (50 nL). The oil was

di ssol ved in chl orobenzene (50 nL) and 4A
40
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nol ecul ar sieves (5 g) added to the stirred sol ution.

After 10 mn, 1-chloroethylchloroformate (5.6 nL, 51
wonwip1318s added dropwi se over 5 nmin. The reacPCDNS2006/027573

m xture was then heated to 90 C for 2 h, cooled to

roomtenperature and filtered. The solids were washed

wi th chl orobenzene (5 nL) and nethanol (40 nlL). The

filtrate was heated to 70 Cfor 1 h., allowed to cool

and stirred at roomtenperature overnight. 10 The

solids were filtered, el Wi th chl orobenzene (2 nl)

and hexane and dried t veNEi84gof title

conmpound. LRMS (ESI) n 8.1 [(MtH) +; caled for

C8HOBr N: 198.0]. Step 4:gfl t Bufyl 2- et hyI (2S

4R) - 4[ (4- brono-1 3-di hvdro-2H-i soi ndol - ylgcarb nyl ]

oxy} pYo & edlititinrod 2-beaytii-bemiviseipidaling hyﬂtoclgprligﬁl g-3086pneyl) in 200

mL EtO.%e%;v S ?cﬁeé ﬂd%a@%@@ mig %ﬁﬁg mﬁi%e étllr@ﬂ%lo?%ﬁﬁlofﬁ&ﬁ§anlc layer was

separate; wealsedaﬂﬁ)elumm dyjed exgr @glpwlrcms Nﬁq 20 %)lxtegt:gevgaorgte ] 011 qulch was
azeotrop@Hth)e wnllf{@lu&{%é{% mOR T %11 Wa@dmsw&&d $t dhlldrétbnadne (39aAL) and 4A

moleculﬁrlsmee%(%tgga%eﬁfpotps stgp?& so]BB{lci? dol L;kﬁ%r&xg%lolflg%?@ngﬁ? (5.6mL,
51 mmoD4hs BOAR Hropeise oﬁﬁdi&d]na'ﬂté redveion mamtre s tireibaated th 2R 1Cefgr 2 h, cooled
to room{tegxilpﬁgalng f eﬁlgeF]egl Tl{le srogcé 3 %g g&?&e& Qv{cﬁ g@hro%&zé&o@‘mL) and methanol (40
mL). Thirifittkae wamsteqbwm °Cifomiel, @bm@twvgelrﬁnéﬁw 3t o) te@ﬂ?iatm%vemlght

HEOoMB a[n@'h@)&{né asd @ebdwb kike 6.84 g of title
The soh&?%%r% %qunh) ohlc;rg'&nlf’e%e?pl ) f?ggllj’as 6 V\ﬁS%le%

compougl. tLIRM; @Esém/éé%l NM#é@ecalsﬁi f"ﬁ@sﬂ Na2SO4 and

Step 4: 15913 URDS-meVAROLRY- 2] (4 Brénd- D3l aBLHkoinddRIB (ESI) n 2
i | d f{ C20H26Br N2C6: 471 1]. Step 5:

BEPEEUR) 4- ([ (4- Vi nyl -

[ ) rbonyl]oxylpyrrolldine-

1 2-di car boxyl | ate 7/ 015787 PCT/ US2006/ 027573

OO_ N Op OTo a gol utlonoof 1-t-butyl 2-methyl

(2S,4R)-4-{[ (4-bronoBt, 3-di h r -2%|30|ndol 2-

yl) carbonyl ] oxy} pyrrolidi ne- arboxyl at e (10.0 g,

21.3 mmol) in ethanol (200 /gwa added - potassi um

vinyltrifluoroborate (4.28 g~3@ mmol) and

triethylamne (4.5 nL, 32 |) followed by 5

di chl oro[ 1, 1- bi s(di phenyl phosphi no)ferrocene] pal | adi um

1) chloride djchloronet hane add
ol ) Terfel R e o R hPCuT & g U Y S PeP g erge TanoD n
DME (960 099Gt @€ s ddaenNNepdbaldiingidazdiel (8. £idg, bl § mo)0¥be reaction mixture
was stn*iz;1 ua\(’; g%%btggigﬂ%mrggglre%ﬂ torrrlxgln cg)llndglﬁgﬁycﬁgch%ﬁdgggﬁ% §‘L5' fdol) and

vl)carbonvL ox:i}. '\mroh

S re extract
diisoprdgly(@fiyylatick ©H& ndr, gammmoprm@ammdhwmwb piiFere hegteddg 50 °C for 6 h

then allowec[ Hp’g%é%g%o Stgﬁaﬁ,%%re%@ %eﬂtoggngﬁln Q\h&feh@%n Rli@g#Gas partitioned

on silica elutin

ra
betwecH BIBDIGED ORI OohesteR G 61 T abFs Fe'@‘&réﬁtg‘il HithBipac @ 1y and e
combinbdErahili bl@as&%ﬁ%&ﬂﬂﬂ{ B9 &uddus Na%3,(lﬁﬁb )driet bzer NhASQ, and solvent

M)+ cal cd f F2ON2O Ste
evaporz[geg‘btpg) _f?%&a% %%I LRM 4 (%f}) f/% 96 (]aﬁ 3 cza%d for bﬁﬁf %H_Ngbg I:Sf71 1].
Step 5: 3=ty At 1 SRy (Jl deviRyl e mwmww

1.2-dicarboxylate
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90 CN Hp .HCO 15 A mxture of 1-t-butyl 2-nethyl
(2S,4R)-4-{[ (4-vinyl -1, 3-di hydr o- 2H i soi ndol - 2-

w@ kgocarisenyl ] oxy} pyrrolidi ne-1, 2-di car boxyl at eP(L/BSD0g927573
43.2 mol ) and HC1/di oxane (4 M (43.2 ni, 173 mol)
was stirred at RT for 2h. The reaction m xture was
concentrated to renove the di oxane followed by
concentration fromEt20to give
(3R, 5S) - 5- (et hoxycar bonyl ) pyrrol i di n-3-yl
4-vinyl-1,3- dihydr dol e- 2- car boxyl at e
hydrochlorlde as a NTe solid (15 g) which was
used wi thout 20 furt purl@catl on. LRVM5 (ESI) rn/z
317 [ (MtH) +; cal cd 4: 317] Step 7
Met hyl N-{[(2 2-dinethyl hex-
) oxY] car bonyl } - 3- net hyl - L- val W ) -4-{1(4-vinyl-1, 3-
di hydro-2Hi soindo 1-2-yl)cas oxy} -L-prolinate
42 WO 2007/ 015787 PCT/ USZOO 02 573 o N O ON'CO2Me
OYN~-O O To a solution of

3R, 59) - 5- (et h honyl L G 3014 0 ol 5 3
o S RS B 0 U St
yl)carbcﬂlyl]a;é'}l%lrm[ﬁﬁin)s lalitﬂca%okﬂrléfé (2. Oig,rmt?:hyﬂnh@méihanol (200 mL) was added

i A S P B s 0 Mo s

dichlordl4, l-2>1s(dmﬂe)1ylpEBp}u(1®feﬁogane@gllaﬂumrﬁl) yhlogdmdlpmpmetj}a@ agduct (175 mg,
021 mn:l‘cﬂ{J T hg}EQJ:t on r@gﬁt%ﬁarwzgs Gefled BEARAG B romad(fol%&n teﬁ@'érature diluted with

and extracted W|th

10% aqa@uéwoh @}déh olbanobsemP YRk RYFVROF %IOEﬂfd&Euo & HCI A residue was
extractcd WA IO A c BADAB bfgathlaglﬁ'séwm&@w%ﬂsm diMéd dverNNSOIkolvent evaporated

wat er and The or gani
and cm%gpd%@m& c]frﬂxgatg%r 2 e]lug ilall(? %(?’/\E} g&%@ S hgyaang 9) give,
after evaodiidn thodilictonpasndi(BB §). MI\rﬁh(E§i[)l /e 417.7 BEBEREE eded fon CoHsNoO:
hexanes) to yield 4.2 g of the title conmpound as a
thICk 0|I LRI\/B(ESI) n/z 584410[.M+H)"'_ cal cd for

sgingdglex2-carbox: late

hydroc%%c;eent but yl - 15 15 d| met hyI 3 9 12- tr| oxo-6 7 910 11
4 15 16 17- deca dro 1H%H—2 23.5 8-di net hano-4 13

2 8 11-benzodi oxatr cy_Q{henl cosi ne-7-carboxvl ate O
NN O HNco2me Qu ¥

417.2].

.HCI

A mixture of 1-t-butyl 2-methyl (2S,4R)-4-{[(4-vinyl-1,3-dihydro-2H-isoindol-2-
yl)carbonyl]oxy} pyrrolidine-1,2-dicarboxylate (18.0 g, 43.2 mmol) and HCl/dioxane (4 M) (43.2 mL,
173 mmol) was stirred at RT for 2h. The reaction mixture was concentrated to remove the dioxane
followed by concentration from Et,O to give (3R,58)-5-(methoxycarbonyl)pyrrolidin-3-yl 4-vinyl-1,3-
dihydro-2H-isoindole-2-carboxylate hydrochloride as an off-white solid (15 g) which was used without
further purifcation. LRMS (ESI) m/z 317 [(M-+H)"; caled for C 7HxN,O04: 3171
Step 7: Methyl N-{[(2.2-dimethylhex-5-en-1-yl)oxy]carbonyl}-3-methyl-L-valyl-(4R)-4-{[(4-vinyl-1.3-
dihydro-2H-isoindol-2-yl)carbonyl]oxy}-L-prolinate
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I I O To a solution of nethyl

N-{[ (2, 2-di met hyl hex-5-en- 1-yl)oxy] carbonyl } - 3- net hyl -
W 203/015787 PCT/US2006/027573

val yl - (4R)-4-{[ (4-vinyl -1, 3-di hydro- 2H i soi ndol - 2-yl ) c

arbonyl Joxy}-L-prolinate (4.7 g, 8.05 nmol) in

degassed (nitrogen bubbling for 30 mn) DCM (1410 nl)

was added Zhan 1B catal yst (Zhan catal yst 1B, RC- 303,

Zannan Pharma Ltd.) (0.591 9 0.805 mmol ). The m xture

was then stirred at an N2 atnosphere. After
19 h, the reaction was \ete and DVSO (57 L, 0.805
nmol ) was added. Thex 'xtur% s stirred for 2 h and
the m xture was concentrated daruUOo to -70 nL. The

crude product 20 mas directly purified on silica
(gradi ent elution, %JEEOAC I n hexanes) to yield

4.4 g of the title conpoundqas an oil. LRVB (ESI)
na/ z 55@ s&u{l&rM'f%b S% Galnfethok Partorfditd 2DBAH-3-yb B &iny]-1 3811@!&0-2]1—
Gods OI’é 310

10 tent | -
soindole 3-ARPEgE b &z”fzef&&%‘? Ty R -2
enyl)oxgedBagtyHimethiH5hlhe 280 b, 13-2oiumsl) helPBEF420@1)2t BT was added DIPEA (2.5

o 1 B Y RSO REILCB8 0P TR PP o mivr
was pould@ntO BT, andGotrattedwito NEEIh g[]he aqueous layer was extracted with EtOAc, and

1 e9 nic layer
the comgligii Jrg%r&ocﬁgér?%zre%sl%e@%ﬂlglﬁ ?L‘ﬂgl ]faa:teg % fﬁ{(‘f@t v brid, Tﬂe20r§a[ lay

was drled@vsf ME$@4{ and ths-salvens was gemoyedia 2o S%Era&“"t was P““%%d on silica
(30% E@Mﬁ«J 12 RONh&Y & AEd 42GashiBeilcedotpbdindds @ thidk AR RIS YESIhwn/z 584.4

7 ded Pd/C (0.421 g, 0.396 5 mmol).
[(MHDA ¢ §§86§(?%ﬂh%gﬁgﬁfﬁ n placed on the reacti on fl ask.
Step 8: Mghyil [ HEKS, WSS €Y B teartbaty1-d 51il S-Rimetlyhd. Of iR tttiend-6. 7010 1 1P2.14.15.16.17-

decahyqr\%-'j%réfllﬁpS &td%tﬁaﬁggltlb (QI’}; mnf&ﬁ@( %ﬁc@ﬁol@ﬁfc@sﬁﬁgﬂ%b&ylate

fe Pd/ gl ass wool, and
t he crude product mas rN ed on S|I|ca (gradi ent
el ution, 0-60% Et CAc | hexampes) to vyield 4.01 g of
t he t|tIe conpound as 7a whit owder. LRMS (ESI) rn/z
558.4 [ (M+H) +; cal cd g@ﬁ&ma@7 558.3]. 10 Step
10: (5R 7S 10S) 10 te q% 15-dinethvl -3 9
12-trioxo-6 7 9 10 11 12 14 35 16 17 18, 19-
dodecahydro- 1H5H 2 23.5 8-di nmet hano-4 13 2 8
11- bermaackoxiad 61'Trﬁétﬂyl)h@{[()Zmednineﬁ)sflhmeé%ﬂd@ﬂb@)(]ydtrbmyb}@—methyl-b

va1y1-(42é§ﬁ{{§<8vp&)1 '§’1dbhyt et inQ?l-zc%g) %@%@%ﬁh%@&é&@%?% 05 mmol) in

degassed (nitrogen bubbling for 30 min) DCM (1410 mL) was added Zhan iB catalyst (Zhan catalyst 1B,
RC-3 0362%“\%1 atnné% ﬁ{]dr%? (6‘%9 11§ 0]8@5 %01)8 Iﬂh% 1HRHRGAI Y Qridéd £ RTinder an N,

atmosplsen bHr Rt HF eﬁz@teowaé em e sphBMBOS7 HbxQ Pl amply wogadged- The
mlxture]\%s%grrm} i h |afﬂd thEliftdrd was BdncentMBdih (ablo & +T0)mL. aliek crude product

was theﬁf;}g?c)ﬂy p}g&lfl@, onf qb%qa%%raﬁ%m@?gﬁ %%i)g IIF"F]O%E' ug ﬁexanes?to y1qu’ 4.4 g of the title
compound as an oil. LRMS (ESI) m/z 556.3 [(M+H)"; caled for C3oHyaN3O7: 556.3].
Step 9: Methyl (5R.7S,108)-10-tert-butyl-15.15-dimethyl-3.9,12-triox0-6,7.9.10,11,12,14.15.16.17.18,

19-dodecahydro-1H.5H-2.23:5.8-dimethano-4.13.2.8.1 1-benzodioxatriazacyclohenicosine-7-carboxylate
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as judged by LC-M5, the reaction was worked up by
partitioning between Et20 and 1N HCI. The aqueous

WO 2021013785 t hen extracted with Et OAc. The conbPeEUS2006/027573
organic layers were dried over MgSO4 and the sol vent
was removed in vacuo to yield 5.53 g of the title
conpound, which was used w thout further 20
purification. LRV (ESI) nl/z 544.4 [(MtH)+; cal cd for
C29H42N307: 544. 3] . Step 11 5R 7S
10S) - 10-tert-Butyl -
2R)-I-{1(cyc|opropy| h;i)alnlnolcarbonyl}-Z-
et hyl eycl opropyl) 15 25 dim&thvl-3 9 12-trioxo-6 7 9
10 11 12 14 15 16 17 18 19-d d ghgdro-lH 5H 2 23.5
8-di net hano-4 13 2 8

11- benzodi oxatri azacydal ﬁéﬁfﬁé@lne 7- car boxai ni de
(111-205) To a solution of {PR 7S, |

??L;LI %gggcr)ltg‘ganugf ethy?(f}i%sdlbg? %y 0- te;’*t%hfly? 1§ B 8methy1 Z 9%2 Fioxo-
6,7,9,10114,12341 6,,1 4,77-28al Bl OHSERRAT, -dinkdfiGib-2,12 3,85 18hed i adtisthiings-

cyclohegy%sgngﬁz glai%zm_%% %OX b 4) FBOAC (79 ?L%%Ias adde% Pd1/C73 (0.42 1I , 0.396

acl
mmol). sk, l@allRQIQR)stherarhqq@ opNthe G“iﬂé‘l@pﬂ@byr@lﬂ@b WW 3v_ag;_ated quickly’and filled

with Hy, %Jﬁ%ll EME ltl‘f%%a%ﬁmgsacroﬁlgié?erﬂs ABtehyia, e(gMA,SAj, & hé $d2Bwd filtered through

glass wobomd Bresge prdygtyas eweﬁeéf?sﬁlsx?gﬁid@ékelﬁoni Rvﬁ/" EtQfo in hexanes) to
yield 4.0TPbHthet JIAPbhrdms @ Ihe pddde? 2L RISI(EST) Af4 £58 4 [(WHH)'; caled for

on (I'h), the reaction mxture was partitioned
Ch&hﬂﬁg ﬁg%%fEtCﬁc and 1IN HCI. The organic |ayer was washed

Step 10W(3RY7.S0I0ISR E0-tebwr Bagryl- 1 2atvioxo- 64 S0. 11334441 $£,46.17,18.19-

dodecaqsyﬁrovﬁ%gH%%g sr,lgfﬁ%‘éﬁ’u ' d 15] 1Y 9@ Y. ber%&oﬁtﬁﬂ&'ac%ﬁ&ﬁé&éinemrboxvl1c acid
r@ Ient elfutron, 20-80%

Et OAc i n hexanes) to .8 g of the title compound
as a white 5 powder. NPLEol4 (5R 7S 1 CS)

10-tert-Butyl -N((1R 2S)-1-{ [@& clopropylsulfonyl
am no] car bonyl } - 2- V|nylcyclepﬂbp% 12 trioxo 1 6

7 9 10 11 12 14 15 16 cahydro 5H2 22.5
8- di met hano-4 13 2,8, 11 10o

RE”Zﬁdh°%%&1%€5farﬂ%ﬁ>ﬂ?§&‘?%id3’fﬂg RS el spho-
6,7,9 1(131; e, 1k, ISMBHHMIS 1eﬁaiez&yu@S)H@Ha@Bt5aemnyetha® -913,2,8, 11-
benzodlfﬁatgazgcygPohel%lﬁosme cjaoog;(% %%5 464g,]16 3§'ﬁmgﬁ)clﬁﬁ¥ﬂ:r(@I §'ﬁ§L) MeOH (413

mL), antivatre (LoHinbXatRT wasaddes lGDE|4 B e- 103 camdbx Ptgt fall gpaveysiogy (45 min),

as Judg%alstg I%AMS‘] b rea]cu(tgﬂ V%s]va)rﬁéat ?562 partmgnl{lg between Et20 and IN HCL. The
-10-tert - i Qx
aqueous Ipyer pvgs fsn fgrqg@é gxﬁ c The com’b%led organqlc ?ayers were' d%ec]f over thO4 and

the solvafit was 2n e irth 2083 tbéjlibm 4533 o2h8tiflclcdapount]ivbich twab agd ewthbut further
purlﬁcac’gfog o]%filOI% (ESﬁ m/zbﬁ%isﬁ [a\/I-fe-HsNacalcﬁrfng @zgﬁdN F(‘j: 0944% ng
Step 11: (5R.7S.108)-10-fers-Butyl-N-((1R.2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl }-2~
ethylovelopropyl)-15.15-dimethyl-3,9.12-tri0x0-6.7.9,10,11.,12.14,15.16.17.18.19-dodecahydro-1H.5H-
2.23:5.8-dimethano-4.13.2.8.11
To a solution of (5R,7S,10S)-10-tert-Butyl-15,15-dimethyl-3,9, 12-triox0-6,7,9,10,11,12,
14,15,16,17,18,19-dodecahydro-1H,5H-2,23:5,8-dimethano-4,13,2,8,1 1-benzodioxatriaza-
cyclohenicosine-7-carboxylic acid (5.53 g, 10.17 mmol) and (1R,2R)-1-amino-N-(cyclopropylsulfonyl)-2-

-benzodioxatriazacyclohenicosine-7-carboxamide (TT1-205

ethylcyclopropanecarboxamide hydrochloride (3.28 g, 12.21 mmol) in DMF (50.9 mL) was added
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20

to the procedure used for nethyl
(5R, 7S, 10S) - 10-tent - butyl - 15, 15-di net hyl -3, 9, 12-tri oxo
WO 2007/015787 PCT/US2006/027573
1,6,7,9,10, 11, 12, 14, 15, 16- decahydr o- 5H 2, 22: 5, 8- di net h
ano-4, 13, 2, 8, 11- benzodi oxat ri azacycl oi cosi ne-
7-car boxyl ate (EXAMPLE 3, Step 8) except that
3-met hyl - N-[ (pent - 4- enyl oxy) car bonyl ] -L-val i ne 20
(prepared according to the procedure bel ow) was use
DIPEA (711 1 pdlad9e7 mfaolNagd A TU(810 et 1822 aspel). 4A fter full conversion (1h), the reaction

mixture %%ﬁl@ﬁ%@&\p&ﬂﬁt&)Ag’ am}hﬁbl LTHé?Jr;’;aﬁﬁ 1hyer wheWashed witMirine three

z 514 H) +; calcd for H36N307 145_[1 Fied
times, d@d@e@dgw mﬂle(sg eq@vqﬁgg)lov:gémc@wo dgnglterlal was then purifie
on sﬂwaé biehtQxMiod, 20- 83‘V&t®@;clﬂ-helx3neﬁbﬂtob$eld6 8 kof ft8-tide denpduyd asa white

22.5 8-di methano-4 13 2
powder.1 1 _ benzod| oxat ri azacvcl oi cosi ne 7-carboxyl ate 45 WD
2007/ 015787 PCT/ US2006/ 027573 N~ )=O 0 0 O ONOO
To a solution of nethylg LE 14
(5R, 7S, 10S) - 10-tent -butyl -3,9 12 trloxo-
(5R.7S. lﬂSFer-te@)z‘-BIatVIW((’lR.Zl- 8 PRUIY BRI

enzo |oxatr|azac clolco
benzodiggatripzagyglon < rhoxamide (L,
pal I adi um on carfp NO( The reaction m xture was
stirred under a t oor?. of hydnpgqp for 5 h at room
tenperature. Contents of| 1 eNr c¥ion flask were
filtered throughlceljt d t ¥ilVrate evapor at ed.
The crude product wasyuge MAth no further
purification (0.09g, %ﬁ@@ i el d)* LqugfgSI) ni/z 516
[ (MrH) +; cal cd for C27H88 07: 516] (SR 7S
Step 1: M@E)/II@RWSQUSBM fe@-bidky(-8 DR2-trioxo-1,6.7.9.10.11.12, 14 15, 16 decahydro-5H-
2 -2 10
VAR ; ‘. 11 12 14 15
16 17 18 dodecahydro 5H 2, 228-d| nmet hano- 4 13 2 8
11- benzodloxatrlazacyclo|BOS|n- 7-carboxam de To a
sol uti on of nethyl ;=
(5R,7S,1CS)-10-tent-butol- 12-tri oxo-
1,6,7,9,10,11, 12, 14, 15,46, q%idodecahydro 5H 2, 22: 5,

(7 m.) was added 10965

8- dlnethano 4,13, 2, 8 11-

benzod|oxatr|azacycI0|cosrme ®car boxyl ate (90 ng,
0.18 nmmol) in THE (2 nL) and MeOH (0.5 (L
added MstIGH(R, 19, 10S730-parz-butyl359, mmm)w hﬁﬁe" b fa]c]tzvl&nls 16-decahydro-

5H-2 2%%&1&156%%@% 1@9@ 1@doeﬁﬂ)dﬂ)@at@az%@ﬁkﬁ&dsfn@ﬂd:aflﬂkyla-‘te was p@pared according |

time co te consu t 1.oNn st er
o the ey vt PRTORD LR34 00 RO ot LRt RO, o
1,6,7,9, Y881, 11eim sWar deedhy o -5w-2, b0 -6, 8 Dirhthddb-4cii3 2, £t Ickenzodignairiazacycloicosine-

T SUEE T BLES, Tl Al SRRSO i

(preparetdth)NEing 1o tht proceHorettielowa vav esed al Ialthe(ﬂﬁ M€, %@g@@ylpent-ll-

- § u £ Edledror @0H3eN;0;:
enﬂxm&%man }%oprgg%%gﬁgﬁﬁg% 27h:Lorlde Bq%gﬁé,@%g?gynn%l)f ALy
514]. TBTU (77 mg, 0.24 mmol) and DI PEA (0.07 niL, 0.40
Step 2: MYARA JsrRETRd lshL€0- Eeeza&&mm L6bit- 6 @S ositiiipred 5 a6,17.09dbdecahydro-

5H-2 2t er u1 1f " 1 o120 et%at | QICOS]] eE -ca?boxmiats directly

7S 1CS) 10-tent-butyl - N ((1R 28) 1 {
cl opropyl sul f onyl ) am no] car bonyl } - 2- vi nyl cycl opr op

, 9,10, 11, 12, 14, 15, 16, 17, 18- dodecahydr o- 5H 2, 22: 5,

R,

C

)-3,9,12-tri oxo-

6,7

- di net hano-4, 13, 2, 8, 11-
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30

25 benzodi oxatri azacycl oi cosi ne-7-car boxam de (34 ng,
28% yield). 1H NMR (500 MHz, ppm CD3OD) S 9.14 (s, 1
wodrg7/p1287 (t, 1 H), 7.13 (d, 1 H), 7.10 (d, 1 POT/US2086027573

(quin, 1H), 5.53 (s, 1 H, 5.29 (d, 1 H, 512 (d,
1H), 4.75 - 4.59 (in, 5 H, 4.42 (in, 2 H, 4.34 (s, 1
H, 4.30 (d, 1 H, 3.88 (dd, 1 H), 3.75 (in, 1 H),
3.60 (q, 2 H, 2.95(m 1 H, 2.63 (in, 1 H, 2. 41
(in, 2 H, 2.26 - 2.12 (m 2H), 1.88 (dd, 1 H), 1.79
(m 1 H), 1.56 (in, 3 H), 1 (in, 3 H, 1.25 (m 2
H, 1.17 (t, 2 H, 1.06 LRVS (ESI) mz 714
30 [ (M+H) +; cal cd for S 714]. 46 WO

2007/ 015787 PCT/ US2006/ 027573 MPLE 15 (5R 7S
105)10 tei t Butyl N (

25)-i-j[(cycl opropyl Sl?%\@{l»}»l‘)“ i nol car bony1}- 2-vinyl cy
cl opropyl)- 15 15 di net hvlx 3 22 trioxo 1 6 7 910 11
12 14 15 16 17 18-dodecahydro-5H 2 22:5, 8-di net hano 5

4 13, Bo Bsobution of methyl (5R,7S,108)-10-ter. t—butyl—3 9,12-trioxo-

benzodi oxatri azac b
1,6,7,9 1@41|1412 3645.16.5515-fodes Xc}roé%g@%fs & O’Aﬁlkrﬁéd@v
benzodl&lﬁglazacydgblccb'ﬂlr& -7-Gkdx@kte (0.10 g, 208 n'ﬁhd) {ni athye acstatpd unild) W@é§dded 10%
abg n a. O al
palladlu A Cf(ll‘h ﬁ)g(ﬁ SgS ghe rgac‘ﬁgn }n%urg GRS ?t%d%nh'&%% flcgbﬁ o?%ﬁd\/g’éeﬁf r5hat

O

exce

room terfiSeR1AS, COBpatd OF thewection flptk vigse kered vy Fle@e @dilze f{lfrpig geporated.

t d with no further purification (0.09g, 90% yield). LRMS (ESI) m/z 516
The erudp prodptgvag s W e Py 6~ Gecahydr o- 5H. 2, 22: 5. 8- di et h

[(M+H)an@icﬂfolé;wﬁs@@&-sb@nzod| oxat ri azacycl oi cosi ne 10
Step 3: (ZRC]@H@Q?% AUV ES 31 - { [Givelopibpy el fonyleiné Jparpdrtie2-of
v1nVICVqL0rnrou¥/L) 329 QJE?FI%K(:)L 92)7911% 15e15 43%‘;13.17 %8 %bcilegahvdro_SHO 22 5 8- dlrélethano-

O, 1,

4,13.2.8:1d 1tﬂﬁiohﬁﬁﬁrldzad\&lcﬁco&nd I—carboxarmde

b o St 2.

benzog OX%{IW&@ B‘Rg%gﬂlogfﬂ z&%&ﬁzg}d Alfioks Ste 22
1,6,7,9,10t11,12,14)15,1%, 1@,98-@gdec@y|d{)o 5}172,@35,(8d1unq:chq.tbo -4 ]§ 2 Il(-m 1 ’
benzodigxaRiazh c1oi'coé‘|)le 7 5arﬂ<§(y(a@> (9(1 0.15m291) (S THE (HnL) &dMeOI(I(ﬂQ 5 mL),
was add%é LlQH(Zg\I k aS( m& 1..65 m@ol—} S%Ie;?ictlfn gbxn}tung V\% hczaéed?’ti 4%% a%i sélired for 1
h, at while'ﬁ tfd® cothpldle coRsubPtifiof the hthyl2st8Ostdrting Batefial was dHsexvaq byl LC-MS.
The mu{uri gx’(ﬂ.fﬁ%@l}_ g’vpﬁkeg f{%&h g’ S%H&L%.nd%fﬁ%xi ’Z“{legcﬁ’g&:i% laﬁler lﬁl)as then drl%(’i over
K,COs, kd solevEvAsEGh)ver irf wacios ITHe Chvidproduct ayag rketop i in DME (1 mL)

(B:ﬁz I;IS Zflﬁgga%ﬁvezéﬂ n FEOMALE RS54 - (RF1dproph Rl fodsd)ain@iofcarbonyl}-2-

Vinylcy@wr@w@mmpmm}msd@l(? IoRg0) Wrmmel)- CRBEHY me S28pwmpdapd PEA (007
mlL, 0. 4? gt}ﬁgc)le Canﬁ tl%r%gcgh{i mdf@e Jvagsugfea afl@ohYerljratke I& 2h. The reaction mixture
wesdirisi PO FIeR RSB R PHEC T Caronany TRy PR
{[(cycldﬁoﬂyllsulfonyl)ammo]carbonyl} -2-vinylcyclopropyl)-3,9,12-trioxo-

1,6,7,9,10,1 1,12,14,15,16,17,18-dodecahydro-5H-2,22:5,8-dimethano-4,13,2,8,1 1-
benzodioxatriazacycloicosine-7-carboxamide (34 mg, 28% yield). "H NMR (500 MHz, ppm, CD;0D) 6
9.14 (s, 1 H), 7.23 (t, 1 H), 7.13 (d, 1 H), 7.10 (d, 1 H), 5.75 (quin, 1H), 5.53 (s, 1 H), 5.29 (d, 1 H), 5.12
(d, 1H), 4.75 — 4.59 (m, 5 H), 4.42 (m, 2 H), 434 (s, 1 H), 4.30 (d, 1 H), 3.88 (dd, 1 H), 3.75 (m, 1 H),
3.60 (q, 2 H), 2.95 (m, 1 H), 2.63 (m, 1 H), 2.41 (m, 2 H), 2.26 —2.12 (m, 2H), 1.88 (dd, 1 H), 1.79 (m, 1
H), 1.56 (m, 3 H), 1.41 (m, 3 H), 1.25 (m, 2 H), 1.17 (t, 2 H), 1.06 (s, 9 H). LRMS (ESI) n/z 714
[(M+H)"; caled for CysHygNsOoS: 714].
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O NNS'V H ~-N~OOO O3CCHCH3 CH3 3 I11-16 To
a solution of nethyl
W@ 2R7/P8780S) - 10-tert-butyl -3,9, 12-tri oxo 25  PCT/US2006/027573

1,6,7,9,10, 11,12, 14, 15, 16- decahydr o-5H 2, 22: 5, 8- di net h
ano-4, 13, 2, 8, 11- benzodi oxatri azacycl oi cosi ne- 47 WO

2007/ 015787 PCT/ US2006/ 027573 7-car boxyl ate ( EXAMPLE

14, Step 1) (60 ng, 0.12 mml) in THE (1 nL) and MeOH
(0.5 nm) was added LiOH (1IN 1.17 niL, 1.17 mol). The
reaction m xture was heated to 40 C and stirred for 1

h, at which time conplg{en@pasynption of the nethyl
startlng naterlal was obs?rved by LC-M5. The

onyljaminglearbonyly -2

15.15- d&@ﬁvﬁ Q@z“{rfoxb qxem WﬁﬁIzhlarlsdsI1edsauwcammﬁ{-zszﬂmeﬂmethano-

0|venp mas renoved [RY cuo _ngégéyde product was
pp azpgyel £t ¥ i sol uti on was

added

(1R 2R)-1-{[ (cycl opro s&l} fonyl)am no] car bonyl } - 2-
et hyl cycl opr opanam ni m ciHooride (32 ng, 0.12 nmol),
TBTU (48 ng, 0. 15 nd DI PEA (0.044 ni, 0.25
mmol ) and the reaefi n ture was stirred at room

purified by reverse C°\\ o gi ve

(5R, 7S, 10S)-10-tert - bu chl R -1 10 {

[ (cycl opropyl sul fonyl ) am no]lcarb i{q} 2- et hyl cycl oprop
yl)-3,9,12-trioxo-1, 6, 7, 9, 10, 11, 12 95, 16-

decahyff gnoldnpodial wasPrépae bhBReo 1, plocBdukd udpe fiardTH AMBLE 14

(using stgplr:\lls mc g%%lpq(\:ﬂgétln? N K]( %g%]%; T%t@t—égﬁ 1595 fhrEB?ttégl% 9e]gd%1{>xo-

1,6,7,9, 1]0 H)12,14,13 8 6{ddcahdrbls H-522398( ahethhso- 4,]15,2,'48 IHpbenZodigxatrigzagloicosine-

7-carbo rpz}_tﬁ ML%% étip }_bwa}_%’seéé ?Igce(%ﬁme 5%{ ’ﬂS fO?)) 10-4er ?&&1@9 12-

trioxo-125, 4D 1, M, 12214:)5,16XeBahy (yoy SHE2,29:5, 8 Zlimex a(np -4 1_'§ 2|,§ 11 1. 99 (S

tenperature for 2h. %ﬂ tJon mxture was directly
seo

benzodlft}.(%&ac]yil%%ggl e-7- %%rb% fake ﬁ%tép@ ﬁN‘ﬂ)IR( MES DpTDEL}D 9.91 (s, 1 H),
122, LR s U0 Tesfe 1 8 S B DG 1515
«, }1)74)4:1 f 40‘51 35 ok, 2R 7433(1@6) HI,0n 2561 1 BYByB<(dd, ( (EDR.26 (d, 1 H), 2.91

o ot LR B g ssstesyl Ppat e,

1.18(m, b7 eoaly dED; 1101 (GIHD), 39 &, BHYILRMS (Rohon4a 743[(BED'] galed for
- nﬁzc}%oxat ri azacycl ohem cosi ne- 7- car boxam de
CoHsP 77 0 NHOP / "N~ N OYNO O HCCHH CH
3 111-207 Step 1: Methyl
(5R, 7S, 10S) - 10-t ent - but )ﬁmg_%t ri oxo-6,7,9, 10,11, 12
(5R.7S, 1(}5‘3 1%)5ter}]63ut1vZNd(?lcRaZ )dl ?[( cvclopropvlsulfonvl)amino]carbonvl}-2-ethv1cvclopropv&

3.9.12-triox0-1.6,7.9.10,11,12.14,15.16-decahydro-5SH-2 22:5.8-dimethano-4,13.2,8.11-

benzodioxatriazac cloicosine—7-carboxamide aI-16

I-16
To a solution of methyl (5R,7S,108)—10—tert—buty1—3,9, 12-trioxo-
1,6,7.9,10,11,12,14,15,16-decahydro-5H-2,22:5 ,8-dimethano-4,13,2,8,1 1-benzodioxatriazacycloicosine-
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2,23:5, 8-di net hano-4, 13, 2, 8, 11- benzodi oxatri azacycl ohe
ni cosi ne-7-carboxylate 40 '0On .,,, 1, °~ .NOQI HC
W@ROOH015786 Met hyl (5R, 7S, | PCT/US2006/027573

0S)-10-tent-butyl-3,9, 12-tri oxo-6,7,9, 10,11, 12, 14,15, 1

6, 17- decahydro- 1H, 5H 2, 23: 5, 8-di net hano-4, 13, 2, 8, 11-

benzodi oxat ri azacycl oheni cosi ne- 7- car boxyl at e was

prepared according to the procedure used for nethyl

(5R 7S, 10S)-10-tert-butyl -15, 15-di net hyl -3, 9, 12-tri oxQ
7-carbox4 Bt MEXAQ0PT/FOTHS 3817 1):((6117 /rrLgSQ.(DZ)ﬁm@DZE THF (1 mL) and MeOH (0.5 mL) was

added ngjr‘-gﬂﬁ llglrgL 1%1 7}%11%12 g‘&hgﬁmg s ﬁé’a‘fea t@ZG &G &rddiired for 1 h, at

nzo I oxatri azacycl 0l CoSi ne-
which tifde camplex y¢raurept(og)qf\meg@ttgl estyr é‘igrtgl)g n@;@é@bwastqhéetrved by LC-MS. The

mixture ?a@ﬁ&ﬁ%&rk&k {114 DEX0 52801 £4 YOS bDRydrdanlc- 1@k wasthen dried over KoCOs,
repared according to the_ procedure bebgﬁg @ﬁﬁ used
and solvplﬁ WP Kaovesd | InN_a({LP( ﬂ—g?"r&ﬂ?ﬂ?}f’ t?keg up 1n (1
eny! )wth]e@&wa@myhdnaasrnaadaanpRya4{[(mlompstseyjom)mmarbonyl} 2-
ethylcyc é(f?)a mlmum cglo[ugie%lz_')mg', 058 m?n%l ?éTf}%&_ﬁg I\‘pl%%nmol? amPSIPEA (0.044

L, 0.2 BRoNSnd GByeatDrtrainturBuasyticrhd {r ERperat] Pel| Bisrensyprmixture
was dlrec{lw))o}fr%{eﬁ ?‘g}e%’r]sé: pé)ﬁyi(}, fOZ%IVe (5R,78, 10 -10-tert-butyl-N-((1R,2R)-1-

ropy i 0Xo 9,10, 1 ,
{[(cycloﬁropylsld@@alwm@cqr IBDL%G%G}@@WVH&W&HOX%%E% %21?)@1,]11? 14,15,16-
decahydlf"(‘rag‘ﬁ Q0h BXRAiMERLY, ¢4, DB NbeRSdiBLutrTazed/cbissing-UearbotAMRICES S mg,

67% ylem%ygﬁg@%g pm, %89 0B ﬁ&%&k{fﬁl Y. 958 U1 £, 4584194, 639 (4, /=
15.7 Hz{ BR), 333 1OS)H)1037 e 1 Hyutopl (m34 8,144 1+ 4.2%0n.8,19), $82 om, 1151 383 (4, 1

7= 2 ,
H), 2. 988(1%; ﬂ;ﬁt% ﬁ@g?gly@:g?}ii@ P, 12123.99 (21 H), 1.73 (s, 1 H), 1.60 (m, 2 H),
1.52 (mbeHY, da9er>da15r(maz Ebylc08cherile B8 Fed 1) dRMS BT T1hIQf+ER s caled for

C35H481\P{3%§n?%h105) 10-tent-butyl -3,9, 12-tri oxo-1, 6, 7, 9, 10, 11,
12, 14, 15, 16- decahydr o- 5H 2, 22: 5, 8- di net hano-
4,13, 2 8, 11-  EXAMPLE 17

/ & D ul 7
3.9.12- xo-57 910 (l’l 12,14, [jJG 77- ®¢aHVdro HHL53)-2.23: 5182d1mtha110 4Lﬂ3 2.8
e | } 1H), 5.39 (t, 1 H),

d, T42 (s, 1 H), 4.25 (d,
, 3. ., 1H, 2.98 (m 1
. 2.50 (q, Q2.15 (m 1 H), 1.77
-"1.54 (m 8 H) T@WEAYH, 1.11 (m 1 H),
1.07 (s, 9 N\.a%ﬁ RVS (ESI) mliz 728
[(MeH) + calcd for C36HBONS09S:* 728]. 20 EXANPLE 18

(5R 7S 10S) 10 tert Buty‘f“ N ((IR 111-207

' @dchsld H-
Step 1: %&hah gsﬁz[,ﬁ%%ig@ Ee%’wtyw d@naﬁ&@@v @qg)??gggbmﬁ N.6,27- 156131@11@114 5
2,23:5, 8- ginethand4,152 §ﬁlﬂ>e%zaﬁyﬂ%tﬂmwcmfzcwﬁ€ gt 8?‘14%‘?hano 4 13

2 8 11- benzodi oxatri acy.cd oheni cosi ne-7-car boxamn de
(111-208) O N O H3G N Hﬁ%ﬁ;/ O ~V10
& N

Methyl (5R,78S,10S)-10-tert-butyl-3,9, 12-triox0-6,7,9,10,11,12,14,15,16,1 7-decahydro-
1H,5H-2,23:5,8-dimethano-4,13,2,8,1 1-benzodioxatriazacyclohenicosine-7-carboxylate was prepared
according to the procedure used for methyl (SR,7S,10S)-1 0-tert-butyl-15,15-dimethyl-3,9,12-trioxo-
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N HC101 ~ "r H H3C 10HCH a CH3 111-208 25 Step
1: Met hyl
W@ 2R7/D8780S) - 10- t ent - but yl - 15, 15- di net hyl - 3, 9, BRCFUR100627573
-6,7,9, 10,11, 12, 14, 15, 16, 17-
decahydro- 1H, 5H 2, 23: 5, 8- di net hano- 4, 13, 2, 8, 11-
benzodi oxatri azacycl oheni cosi ne- 7- car boxyl ate 49 WO
2007/ 015787 PCT/ US2006/ 027573 o N- OO HIC NO
H3C 0 H3C C CH3 9 Methyl (5R 7S, 1 . . .
1,6,7,9,109) 12041 &h6-dévabydro- 1228 Sef-dimetigna-4 192,83 1-benzgdigxatriazacycloicosine-

' : . = arB&iy;[8valine
7-carboxggt?eiq(gl§%?;%:%,‘ki deptGnak B-ligA MY @hR=sldhy bikly RarBiyH i

(preparef) a¢sLBEEIR ﬂterﬂf%f‘é‘&?/%?l%‘ﬁ)e‘ﬁarsd’éiq ip@lage QB p%g1iipeabupeat-+

enyl)ox;?&a%&l@@-lﬁ&ﬁﬁlld{'dﬂige inStépe RS GERLY @/2598 AM-GE) s malcth fdr CasHssN;O7:
5R, 7S, 1 0S)-10-tent - butyl - 15, 15-di net hyl -3, 9, 12-tri oxo

>28]. _1,6,7,9,10, 11, 12, 14, 15, 16- decahydr o- 5H

Step 2: (BR 28,183 BHdiermR vty Mol 1R,2R)- 1§ Keyelppropylsulfonyl)amino]carbonyl}-2-

ethylcyc%t%goéag9%3%%-(%%%%—@,?%%?3 h 699k N€14 1LARRMY- AL SHOESAMRimethano-

4,13,2,8N1 {opizpdipxatiizraeysipherisesmedrigtbpadific ar bony! }

- 3- MeERUMIT-RY B R rdpRic@ PasoRlh a6 GRpEddadurt asetifier EXAMPLE 16 except
procedure b i

el o S .in e of
using mREIFG13: 53 QR QAP A G PO e ol 4Ty o e
2,23 :5,8@1&1&3@81@13,:36epb%z%di&ma@&smhmcnsiﬁ@@c@rpwme@ plagt efmethyl-
19623 { ; ro-5H- :5.8-dimethano-

w8 ARG R R e ST ey s et
4,13,2,SHII%WHmmimpmmhy-ﬁ}ca@oxylate (E LE 14, Step 1). (500 MHz,

lsGyfl 1 ety b 18(®118; 6.46 @x0=616%419;, 1 1), 6.11
ppm, C%Qﬁ’s%q% f%ﬁ&l?ﬁ%%)gc ﬁigl%%ql(afq myY 18 (0118 6.40 @xo=6L H)

7- décahydr o-1H 5 8- :
(. 1D k10480 86 | 36 S\ Do bieal o423t Bha7 (| F3.79 (auin
1 H), 2.9 @21 hpxas de1 BxAVRYE, 18D VAt (a1, ¢ pBy BTV -at.60(wlisig), 1.62 thd9 (m, 4

procedu se C RY )
. 6 R 0 LR ek PSR gy
728]. -6,7,9,10,11, 12, 14, 15, 16, 17 15

decahydr o- 1H, 5H 2, 23: 5, 8- di net hano-4, 13, 2, 8, 11-

benzodi oxatri azacycl oheni cosi ne- 7- carboxyl ate in

pl ace of EXAMPLE 18 |

(5R.7S. 08N ¥z 4B R L5 (HROR) HOs [{ S Albpropk1dt fordy] Bunlidr] dak boRsig-2letifyl e Bpropyl)-
, 10, 11, T2, 14715, 16-decah P_Q*L ] .

15.15-dz1 13,9 1 0.41 | - -2.23:5_8-dimethano-

4.13.2. 9081870k Gafiiagydleeticé e VRIrioxddide FTBP0RY) . 111  NMR
(500 MHz, ppm 8 20.05 (s, 1 H, 7.24 (m 2 H),
"\ H, 6.61 (s, 1 H, 6.28 (d,
.95 (. 1 H, 558 (m 1H), 531
2 H), [4)55,(m 2 H), 4.46 20 (d, 2
.1y Nd,;;}.;/gwo 3.89 (d, 1 H), 3.32

, Y2 597 (s 1 H), 2.21-2.30 (m
2 H), 2.08 (m 1 H), 1%6@dd. 78 (m>6 H), 1.22-1.31 (m
5H), 1.06 (s, 9 H, 1.04°(t, ¢ H), W@ (t, 3 H),

Step 1: %@3& &@S@E‘%g@ﬁ%@ﬁ%@ﬂ%ﬁy@ Ol i 45,1631 951494 16,17-
decahyd¥o[1EP81 245 8Mihetdnaxy] 3658, Dobenlzédidxatriardcgeioheninsine-7-carboxylate
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HO SOQU ---AOH 25 To a solution of 1-penten-4-o0
(0.95 g, 11.0 nmmol) in DVF (15 nL) at 0C was added
w@aroporyBdi i m dazole (1.79 g, 11.0 mml). The PERTB10061027573
m xture was warnmed to roomtenperature and stirred
for 30 mn. L-norleucine nmethyl ester hydrochl oride
(2.0 g, 11.0 mmol ) was then added, the reaction
m xture was heated to 50 C and stirred for 15 mn.
Upon cooling, the reaction mxture was 50 WO
2007/ 015787 PCT/ US200 diluted with ethyl
et her and washed tw c h ter. The organic |ayer
was dried over sodiumsgulfaté& __ filtered and
concentrated. The crude produ s purified by silica
gel chromat ography (geadignti e ut%ﬂn 10 to 90% et hyl
acetate in hexanes) taca fﬁ’ 2°1 g (74%yiel d) nethyl
N-[ (pent-4-en-1- onxy)carbOWy%Ts L-norl eucinate as a

clear oil. 5 To a stirred solutjo

N- [ ( pMiethyhGRAWHRY I bty s lid q}ygéa?ﬂﬁé‘tlé‘ 8. 50g,
6,7,9,1033.1934, 13106, ) 7-Hiddathldbo- (12@11%2)3 s;vaamadﬂam IA2RAGH (20 ml).

This reactl on solérut S Sti d at

benzodlqy@ﬁﬁéq,cé{ ghegicpgjpe- g oxtyi,? & WVas é)[red)el?eI & acOfdm%thl%\f proceﬁuria Kfed for methyl
(5R,7S 1H§11@rfkdt-lﬁx3tlrla,(l’saﬁnemh}ﬂ-h 9(13-tm0)®51)6 19)10 i A4, 1§ b decahydro-5H-

2,22:5 8r§€r{{% ano 1 c%x&{lo%%zé@?na gs#y@ L. &rmrme (B@IA@]PLE@ Step 8)

fled OoVer so tered and
cxcept GO NHALY mm’ﬂ@‘"@16100@)OXYJOQbQ}IYQ}S%WWHﬂ?IHSf(PTFP?éeq gepqrging to the

procedulcér‘t%%% {ya8Bsel ifRheef v g@%@ﬁﬁp}an’cmf-@y@&&] hbohfIMshhettiyl-L-valine in

;
Step 7. QR%%WBS’P@ ?iwy% %ﬁlﬁflf% Mﬁioﬁ?ﬁl -L-valine: HO
Step 2: (\.fRL?@‘iOQ 1 (APl 0 (1 RRR#H IR efcbipedpy [Ulf@R) gin8BarBomyin?-)

ethylcyqiqgo 31'%213 SRy 319112% Pier ??931 '1@524 ?(1)%%7 gée nggﬂ?uﬁ 360 23:5.3-

dimetha6-4 /DB PRA 1(@nﬂﬁlogatrliﬁcﬂzlqhnmgc)sme:ﬁh@rboqmm@g suspensi on
V\IaS SE E’ Q\Qgsgﬂecﬂa ed ngrcﬁn oQﬁe §ce§ure h%@omLE Q6 except

ut|
usig mE LSRG )SF N0 5 15-FGeBY G5 BP . RUHbH: 12751617
decahyd%r@ 2$11sHL 116535 HIAREASINEA, 1923, Mﬁfeﬁﬁﬂlcb@trla%ycﬂb}ﬁﬂldoﬁteﬁ ¢agigbxylate in

h t
N N T A
2,22:5, NafAethadd)9) 1312,3, 1albehzwsmﬁhzmybhwdsm¢w@arbmﬂahm@éiww 1456tep 1). 'H

Th .
sovm e 5 OBTRT DTE L2282 APl tebl B 8 . 615 11,
6.28 (d,di=c . @Hnrtefﬂma@(ma 1), 158)(rm_1)H) Sﬂhés & &hit ?ﬂe(élﬂ 8Fhethi T 2 H), 4.46

@, 2}1)"‘%%@1%2 QURE, 1“@?%9%@ IHONSEQL { &b echot(®, QY. 50qm( 1 @), 2.21-2.30

(m, 2 Har@tqwm K.k Y&L(ﬂeﬁ;ﬁ)o&% Gal By 106 (5af Fird Yt 4 B, 0.093 (1.3 1),
0.87 (s, % OLRﬁI%S(EQI%|n;/z7—S g’g«(@ﬁl alcaifad kN OM:Hp6]. cal cd for
H22N04- 44] Preparat|on of
Il L norleu0|ne 0 Ou
N ' 5y a;rbonyl] L- nor | euci ne
mas prepared accordln dcedure for

N-[ (pent-4-en-1-yl oxy carbon I]éLfWorIeucine by using
5- hexenol instead of 4-penteno|f1£RNB

To a solution of 1-penten-4-ol (0.95 g, 11.0 mmol) in DMF (15 mL) at 0°C was added
carbonyldiimidazole (1.79 g, 11.0 mmol). The reaction mixture was warmed to room temperature and
stirred for 30 min. L-norleucine methyl ester hydrochloride (2.0 g, 11.0 mmol) was then added, the

reaction mixture was heated to 50 °C and stirred for 15 min. Upon cooling, the reaction mixture was
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(ESI) mz 258 [(M+H) +; calcd for C13H24NO4: 258]. 30
Preparation of 3-Methyl-N[(hex-5-egyl oxy
WO cawloedz8yl ] - L-valine: 51 WD 2007/ 015787 PCT/US2006/027573
PCT/ US2006/ 027573 O w~0u N~LOH O
3- Met hyl - N-[ (hex-5-enyl oxy) car bonyl ] -L-val i ne was
prepared according to the procedure for
3-met hyl - N—[(pent-4-eny|oxy)carbonyl] L-val i ne by
usi ng 5- hexenol instead of 4-pentenol. LRVMS (ESI)
diluted wﬁtﬁ/eﬁlyﬁéiﬁer tdvvashed tvded weith Wager. The pgqm@kpyem]drle over sodium sulfate,

filtered ancli e(HlCBI‘) CJ%??‘B Tﬁé r]:rPLlJ ‘gr!r’_]%’?f A% Cp%ﬁﬁecl by silica gel chromatography (gradient elution

10 to 90§ it ALY gyt 66HYA Yok HEPTQVIRPRL R 1o earbonyl-
Lqumbug5?9g§§gmgggordlng to the procedure for

6- hepf‘géﬁé*reg AR ‘w%’gfpf% Lol 1;{-‘12-%‘%?%{%@5@93 .50g,

33.03 mlﬁglg in[ (ie-{aD hil) Gk Gdﬂefl ON NGOHHZ6 NDY: TRiE Mactiqeysolytipmwpoiirred at room

temperaqlﬁgﬁé; é%@ﬁﬁﬁ?&% ]to paH %O rﬁt)llllly %Cl and extractefl \\/Valtlhl(%])e( 250 1|£|1L) EtOAc The
combinelBEMAC By<Bivep washe@ with B) nﬁtWWp@ﬁi i?rléfh drlccbyvegg)dug}.pulfgce filtered
and conc%RJré{ 8 @1v9f7 oﬁ fgxﬁ% %idj ¥F hd e ploan@bsclason. LAMS (S 44 B4

HE was cooled in an ice bath to
KNﬁfDOC@@d r@hEMP@%ﬁ%éh1of AM I'i t hi um al umi num hydride in

THE (56.2 nL, 56.2 mvol) was added and the reaction
.eaction mxture was
petor e T % IN HC and di et hyl
et her. The organi c | ayer »\dar ted, dried over
MyS04 and 20 concentf%?eaﬁegﬁpLOV|%e

2, 2-di net hyl pent - 4-en-1 - ol as “d>cl ear oi | (4.7 g,

87. 9%, yi d triph 11.3 381mm01 in

N ([ (B At e ﬁn%g‘ﬁlt T & |2 Bmob and pipnos eneé methy L nﬁ -
dioxane\( B60i mie) vils REAed 12.04E fgllovied by a sewﬁéltlala EMB\%? e76t ). The
white sufge%ggn %19% %Hﬂleﬁ 01g82fou§1% frdiR b HYE BRAtcoodd B0 IC.AA 1 Q‘QSO%OQ of NaOH

osgene (2.

(762 mi vindabuxlshene THA) 060 r@mﬂbweaﬁﬁgfeé Jtie fféﬁg%%‘%ém was warmed to
25°C ax% étl'h{e@ brf19h. ApploRindtelohaldof &H&:&ﬁbxﬁh& wywdmbedwararue, shexBlugon was

poured mgoel H}g{aQH (flgqe p@%g@lensﬁegid)g&k dic ormpe E D%Qﬂaw?%bvgﬁetbq%us layer

was acidified Wit @ NtHCIut yHegllegubld ped(@ B2 exjracted withdiehlopometihpae (12 x 150 mL).
The corﬁben?e%ﬁ)légoarﬂgm )éltel{frf%d TSy %U\-/Elgj Joﬁce%ﬁ'atgi ﬁ‘)rgilvegl@ T @’Q 96/63§1613)20f 3-

Xane was r I n vacuo an re
methyl-i [iettrenyduscy arboy Bb-velipegr ¢oskise ﬁﬂ-lLWEﬁﬁ 91Ny, caled
oysyl ayer was extracted w th dichlorol nethane (3x
for Cobfl§On I T Aeiditied to phl with 6 N HC.  The
aqueous | ayer was extracted with dichl oronethane (3 x
PreparatioWof W) (Hex b-%nﬂ@fl@dvﬁtﬁ__mﬁﬂmed_cmy_er S were

AN N\)I\OH
O \k
N-[(Hex-5-en-1-yloxy)carbonyl]-L-norleucine was prepared according to the procedure

for N—[(pent-4-en-1-yloxy)carbonyl]-L-norleucine by using 5-hexenol instead of 4-pentenol. LRMS
(ESI) m/z 258 [(M+H)"; caled for Ci3HNO,: 258].

Preparation of 3-Methyl-N-[(hex-5-enyloxy)carbonyl]-L-valine:
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30 dried over MySO4 and concentrated to give N

{[ (2, 2-di net hyl pent - 4- enyl ) oxy] car bonyl } - 3- net hyl - L-
WG 200012807/ 015787 PCT/ US2006/ 027573 val i ne aBCHUSBIWE/€27573

powder (4.26 g, 827%yield). LRVS (ESI) nmlz 272

[(MtH) +; cal cd for Cl4H26NO4: 272]. Preparation of

NN-{ [(2

2- Di met hyl hex- 5-enyl ) oNy] car bonyl } - 3- met hyl - L- val i ne:

- -\~ Hvw OyNO )~OH O 5 Step 1: Ethyl

2, 2-di tnethyl hex-5-enoate .|-+OEf O To a stirred

sol uti on of diisoprdBV?aﬁTﬁem( 3.88 nL, 94.70 mmol) in

anhydrous THE (50 nl), at -P0€and under nitrogen,

was sl owy added 2.5 n- Bu

91. 253 M?ghy}-N [@@X-étepylpgacafrmnyggj ?ﬁhﬁmvv%ssprgﬁaaedtaﬁcogd'mg to the procedure
for 3-meﬂ@§.ﬁft[(ﬁéﬁt A&yl Rabe@s]-L-hsihedd deidg Shhepnblsestetl lof f-pentenol. LRMS

vy SR o iR, 00 L) L1 THE (50 ).

4-brono-1| -butene (9.79 nL, 96.42 mmol) in HWA (20
ti bR Wasucidaen stirred to -50C in
Prevafa%f’nofmfiﬁe"éﬁgﬁ1#2‘5‘& %MBFD_C(’H) m) and water (100

m.), then extracted »mLh\%QV%EEQEkﬁﬁ) et her. The

conbi ned ether [|ayer was with water (4 x 70

nmL.), aqueous saturated NaHCO3 (2 70 nL), dried over
Na2SO4, 15 filtered and conce trated. Th e £ ude.

pr odudtReRsoer-d ey ABRRY bHPaTFHs i SRS RSB %Cc?r%%?g 1Q,bf procedure

for N.[(&Qt_mﬁ lﬂy'ldgg)caﬂbbﬁﬂ[l-ﬂrnoﬂ&@% Ej‘(z flatlmgoei héﬂee;lgro}asteadl og ;hperll_tgtl\jéé LRMS
S C g, oyl e
(ESI) "”%éé# f(NEEHg o4 f?w&%ﬁ?ﬂgg lcd for C10H1902: 171]. Step

. 2,2-Di met hyl hex-5-en-1-0l 20 To a stirred sol ution
PreDaratlon o]f:xL h@ﬁ bﬂne‘?ﬁ\h&eﬁlt-ﬁ %ﬁ'&)ol&l cQLonvh@néﬂwﬂﬂPﬁﬁne: at 0C and

nr trogen, dropw se et hy
2 2- di met hyl hex- 5 eno Q)bm464 61 nmol)
di ssolved in 100 nL anhydrousﬂexher over 1 hour. This
reaction solution was stirred at 22C for 20 hours,
Step 1: ireDinggtpeteten-bt h water (3 nL), 1M NaCH (11 nl) and
water (9 nmL), dried over 4, filtered and
concentrated to give thé title product (7.22
8 7. 09% solutib of\yRA{nBify] MeenterOBGES) (68 & 488 mmnopyin @ﬁk}ydljpus THF was

cooled i iy’ aBéce O&l tég '_E 1A f%gv d_p am%f %ﬁ)lﬁﬂum]alulﬁ%nungkg%dé th THF (fﬂ)S,Z mL, 56.2

mmol) 8as added and the reaction was a lowed to warm to 25°C The reaction gﬁ)xture was E)tlrred for 1h

before d}l’u{qﬁé %t@m%ﬁfféda)dhé%m et@eIf-‘ e argéﬁid B hanydphraddriel pherMaBSO,4 and
O a Sstl.rr utl o

concensate PG RSB RIS 0 0 gl (8 8587 S
Step 2: qmi{ll}(ﬂ P MiGethylipeht-dieaxFuxe] céﬂ:@ﬁ}/l}‘rﬁ)net}@t-L@@1m d under
ni troggq hA\giﬁqg %?{mtg(il thso asc%%{]%g&;ﬁe ﬁga (158 Sfintide omhhethylpent-

and tt cautiously,
4-en-1-IMR 24 g,e?@cﬁ iupol) sl mph®genn/é%5@g,| 8 Gheramel) mz@@ﬂf dioxapch &y resulting

d ©bk 68 3ve3 hivirh
white s %8118{0% W inr?edq drCS ﬁﬂgartt@_ légtg%r?dr}g)‘(%d td ?ﬁéﬁﬁﬁ Q@% r&ﬁ m&’li t) ? suspension
was coql¢rbie 05C withea gy batip folloged Qioaqﬁ‘&lﬂn§ 1 C?% ) and L-rert-
butylglﬁé?de”(@ CHg I]?ngégl Th&@adti@n Bhktg,@fvws twarnhedN tNADM andassilredifor 72 h. The
I GOt RN C KT Y
aqueouﬂﬂ?@lrl’as ety ted wath divhidnelethvint K350 eul)( theroacidified t@l IPHeUWlth 6 N HCL
The aqueous layll\el:q’%vsa(s) é"Xtraf:tlecli %V%[l %Qhﬁp&leﬁ%ﬂg @'IA [@tﬂ’ﬂ% The combined organic layers were

dried over MgSO, and concentrated to give N-{[(2,2-dimethylpent-4-enyl)oxy]carbonyl} - -3-methyl-L-
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to give the title product (20.26 g, 84.66% . 1H NMWR

(500 MHz, CDC13) S 5.85-5.77 (in, 1 H; 5.24 (d, 1 53
wOBD0200578015787 PCT/ US2006/ 027573 H); 5. 01 (d,PAT/E$2006/027573

4.93 (d, 1 H; 4.20 (d, 1 H; 3.86 (d, 1 H; 3.79 (d,

1H; 201 (m 2H; 1.36 (m 2H,; 1.04 (s, 9 H;

0.92 (m 6 H ppm LRMS (ESI) mz 286 [(M+H)+; cal cd

for C15H28NO4: 286]. Preparation of (1R 2R)1

{{(cycl opropyl sul f onyl ) am no] car bonyl } - 2- et hyl cycl opr o

valine asRaVHETpOw T4 26 QLTS yieldh, LRMS(ESD) mid- X720 [(MHHY s\alcd Tox CiaHasNO4:
2721, m xture of

(1R 2S)-I-{[(cycl opropyl sul fonyl)am no] car bonyl } - 2-
Vi nyl cycl opr opanam ni um chl ori de (Llinas-Brunet et al
Preparati §' 19 iRREVINENE BN oY1 MELRBY- D BRETH -val(id: 05 g,

and palTadi um,on gapbon (10% wt., 0.4 Q)
in Et OAc (5 nm.) was vmﬁ%s‘h/y irred under hydr ogen

at nosphere provided by a hydro@En bal | oon for 1 hour.
Step 1: ]%'{lngze@mgthﬁgeﬁ e was filtered 10 and concentrated

(1R 2R) - 1-{[(cycl opr opngny? ) am no] car bonyl }-2-eth
yl cycl opropanani nium chloride (0.045 g, 89%yield).
EXAMVPEE, di8rdd3Rutién é‘f%}:opl&ﬁ)yla&ﬁnet(lBBIS wll., - 10( R0} B) anbydrous THF (50

o S0 SRS N e PRt i o oo
Stirred f&:41 Shbini6s, 1o thih&ea]:ﬂerd@diema fwpsl th@n iddeg HFOPWES ethyl 1sobutyr ate (11 51 mL,
86.09 mTffS t‘)lgﬁﬁp ?box a)f r ag ﬁ%rflz ((:) Im uetﬁsi '%eg"sr? %ddfg d v gg? (- bromo- 1L butene (9.7 L
96.42 m(n.b]) lin EI_YE)'\ R0 \;nl()_) Thq reagtjomsptigngyas |tt}ep |stn|rq:d| to 25_@05 H%Mﬁ_ Euenched
with lM % A ( faoonL), then extracted with (3 x 125 mL) ether. The combined ether
e g M A ok s,
filtered andltdoAceRiBated. SHQICKEIE bﬁbﬂ@ctékgai Badh cBrohihtagtaphed on 120 g sﬂlca gel 60, eluting
with 1 -?m %tg{a:&? tko &N 881%{ & e%r 81?(12%%'7'5% ﬁ&ﬂ)d LgRMS (ESI) m/z

rep ara 1 on
171 [(MHRS'; pzﬂabfed(lfonQWUEXAl\/PLE 3, Step 10. 1H NMWR (500 VHz,

5. 5-7.09 (m 3 5.82-5.74 (in, 1
Step 2: %)%llgetggggiagh Zm? 2 H), W?z (m 1 H, 4( 75. 4. 59
(m 3 H, 4.45-4.38 (m~% o1-4.12 (m 1 H),

4 13- 4}‘5%65 (-rgélgtﬁ of AVP PASE R 2tHeY142.11nL, 249 8+ A, 4tr0°C and under
mtrogeng v@g .ane;gllerpwmeleth.ﬂl 2 22d1;|)yg’ch2rlhf>s-5-(epﬁ>atei ?llll)(OW gl%égq fmécg) ?ﬁolved in 100
mL anh drbhs etﬁer %zer(lrﬁoulz This reletﬂﬁ-s&luﬁ&l a8 stifre® 5t 243G fok 28 Qers,tBen quenched
with wi eéé? jﬂlﬁ,{ ]%\/I#oaé) ?rﬁ]'z 1) {d) raL)a?gecpov%;-Nﬁ O 4ﬁ1‘fﬁred kfdMancentrated
to give eIt IprodafANVBL E, QDO9°/®4 1MMBQWQIMH?8@DC13) 5 5 85- 5 77 (m, 1 H); 5.01(d, 1
H); 4. 9@@ Hﬁézﬁ }/F%ﬂ?i r_g@fﬂ? 8,34 (352 18, ol (m, 6 H) ppm.

Step 3: 2@, %ﬂmﬂhj’lbmiagwll)s?ébﬂ@émk}aﬁ‘lﬁf’thﬂ}lcﬁ%l% nyl }- 2-vinyl cy
clo To a stirred solution of 2,2-dimethylhex-5-en-1-ol (10.75 g, 83.85 mmol) in anhydrous

1,4-dioxane (100 mL), at 0°C and under nitrogen, was added triphosgene (13.69 g, 46.12 mmol) and then
DIPEA (14.61 mL, 83.85 mmol) cautiously. This reaction solution was stirred at 22°C for 1 hour, cooled
to 0 °C and added slowly 1N NaOH (83.85 mL, 83.85 mmol) and L-tert-leucine (11.00 g, 83.85 mmol),
then stirred at 22°C for 20 hours. The reaction solution was basified to pH 10 with IN NaOH, washed
with CH,Cl, (3x 100 mL), acidified to pH 5 with IN HCl and extracted with CH,Cl, (3 x 150 mL). The
combined CH,Cl, layer was washed with water (100 mL), dried over NapSOg, filtered and concentrated
to give the title product (20.26 g, 84.66%). "H NMR (500 MHz, CDCls) § 5.85-5.77 (m, 1 H);5.24(d, 1
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propyl) 15 15-dinethyl 3 9 12-trioxo-6 7 9 10 11 12 14
15 16 17-decahydro-1H5H 2 23: 5, 8-di net hano- 4 13 2 8

wQ e0beneti oxat ri azacycl oheni cosi ne- 7- car boxanPdBUS2006/027573
(M225) O H N O9ONoOA O-NFOHN NA " HO 0 I11-225
5 EXAMPLE 20 was prepared using the procedures from
EXAMPLE 13 Alternate Preparation, Steps 1, 2, 4 and 5
usi ng

(2S) - cycl ohexyl ({[ (2, 2-di met hyl hex-5- en- l.g ? ].car bo

H); 5.01 (& [1}H); ae3 (tD)la‘Dew@(@mm 3&6@l;é|ﬁ)13 hdl, 1 H); 2.0 H)' 1.36 (m, 2 H);
VAR BRE G O 26T N
104 (s, 9y]ﬁ7639§%m pr anam ni S@éﬁiﬁ 02r| E(MII? §tg§p SQ%WNI\‘}R (6;%00

MHz, CD3OD, ppm) 6 7.26 (m 1 H), 7.20 (t, J= 7.5 Hz,
PreparatLan B (_1 R72R$§ 4 @Vcléﬁo&ls’é&fbﬂvl)aﬂmﬁ) wr‘tﬁnﬁ&ﬂ@vloﬂ@lo&oﬁanbhmuﬁn chloride:

75405080(m 1H) 10
529534(m2H) 5. 1M f? , 4.79-4.81 (m
2 H, 464472(m3|=r=|)o; 6dJ—115Hle),
4.36440(m2H) 4.18 J= 11.5 Hz, 1 H), 410

(d, J= 5.5 Hz, 391 dd _11
Hz, 1ARixtug, o@m%@ G&momo u?finyi(lbam@ vsb%ylg"?
V1nylcycl@propgna§gﬂ1amQﬁloﬁﬂé (I.lmh‘i)BruKetkﬁalZJ SB5/16185 abd Mjang etlal N& m3/gg9274)

(0.05 g, é I&m?b m}_qa_lg ilaglglgl o&]ﬁar?')gr} é)@ &1@%%@%%&@5%) \Qéigi&gorously stirred

under hydrebPhtnogbhefeProvided b Eﬁydragambgllqﬂmé’my] hayr.(The peaction mixture was filtered
and conc‘_‘eﬁ%ﬁ?d %%ve\f ?%Qg)gp gﬁ(%%éﬁhfopﬂgdﬁoﬂ% ; ]rl(ﬁga{){ P}%Z} egtg%g}cﬁkd%gnamlmum

chloride 10104%g, 88%y¥eld)g 19- dodecahydro 1H5H 2, 23: 5, 8- di net hano-
4 13 2 8 11-
benzodi oxatri azacycl ohenp] ey, 7 car boxam de
(1r11r-226) 7\ 1 NG, ok :ﬁ%gagﬁ N O HN ,? H20 O 0
(5R,7S.1l0§’-102%ﬁ-B1§>W@2)11; AR ] .

4.13.2.8H2 bezooxatiiazvolahenidesine 7 Gutidxamige (YI210) 05 (d. )

5.36 (m 1 H, 4. . (m 2 H, 455 (d, J

Hz, 1 H, 4.44 (d FA SyHR 3 JAH), 4,41 (d,

11.0 Hz, 1 H), 4.29-4.3 3% 2 H), 4.16 (d, J

11.0 Hz, 1 H), 3.82-3y8¢ yJ= 11.5, 3.5 Hz, 1 H),

3.25 (d, J=11.0 HZ ‘1/H) 2.95 5911\¥pp2007/ 015787

PCT/ US2006/ 027573 2.51-2.59 i

2. 36- EXAM: 15w pyprenrodion 68 o POl gmetyyt-3..12-
trioxo- é&%ﬁ%w 12614%56(153%)19 _dBadcanydfA1 4,5 HOMBH) S-dine a4 A 52.8,11-
benzod1oxatr1azacyclogen1cos1ne 7~ c]arboxyhc acid (EXAMPLE 13 Alternative Preparation, Step 4)
using the procedure for EXAMPLE 3, Step 10. 'H NMR (500 MHz, CD;0D, ppm) & 7.25-7.09 (m, 3
H), 5.82-5.74 (m, 1 H), 5.35-5.29 (m, 2 H), 5.15-5.12 (m, 1 H), 4.75- 4.59 (m, 3 H), 4.45-4.38 (m, 2 H),
4.21-4.12 (m, 1 H), 4.13- 409(m,1H) 3.95-3.92 (m, 1 H), 2.98-2.94 (m, 1 H), 2.62-2.54 (m, 1 H), 2.49-
2.46 (m, 2 H), 2.25-2.21 (m, 1 H), 2.19-2.13 (m, 1 H), 1.90-1.88 (m, 1 H), 1. 52 (m, 2 H), 1.48-1.45 (m, 1
H), 1.40-1.18 (m, 6 H), 1.15-1.00 (m, 14 H), and 0.81 (m, 4 H). LRMS (ESI) m/z 756.4 [(M+H)"; caled

for C33H53N50982 7559]

Hz, 1 H, 6.73 (s P 5.40 (d, J= 9.5 Hz, 1 H),
J

EXAMPLE 20
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Alternative preparation of (1R 2R) 1 amno N

(cycl opropyl sul fonyl ) - 2-et hyl cycl opr opanecar boxam de
wo20watehl oride: 0 0,0 HC H2N H S Step 1: tRPCT/URGDYD27573

((IR 2R) 1 {[(cycl opropyl sul f onyl

am no] car bonyl } 2- et hyl cycl opropyl ) carbamate: H O 0,0

, /1,00 NH SV N O A hydrogenat on vessel was charged

with a nmethanol (1000 mi) slurry of tert-butyl 10

((1R 28) 1- [(c cl opr opyl suI fonyl )ielfm r110] car bonyl

propyl)- ?5' 15 &&eﬁvﬁﬁ@ ﬁ-&f&(o-@r’?@ ﬁ)%lFilZ/ 19, 16‘16}17 dZGaﬁng_%LﬁZ,Mﬂﬂn_et@@;
d set. stl rr| ng he. v [ was p under
41328 4 -bersgdiauatrin : y&ambaxpnide 'f-zga heric pressure
i dual oxygen. The vessel was
t hen pl aced under h drogzn (50 psig). After 20 hours,
the vessel was venfed toé—atnospheric pressure. The
reaction slurry wads the N ngfe, ed out of the
reaction and filte a flok (34 15 grans,
wetted w 100 ni me? Vloeld a clear, light
brown sol ution. The so insed Wi th
met hanol (200 nL x 2). The conbl ned nmet hano| s ti ons

were B 2rveas peawaer uriegihe etpcedyres ropr XA MY Fég germate
Pre aratibrnuﬁ@psplr OS] ARind (mlcyﬁolfeﬂyl( g ﬁ&ﬁle@lﬁheﬂ:ﬂ-enﬂ rl)dey]carbonyl}

sinon b S S S M BB i B3R o

propanainii@iin SiE&dedn Seged 'BOMIR (590 &4z, éijDhﬁm)@nkQé((ﬁo@ Hp15.20 (t, J="17.5

a d e u h
s, 1T FEDTSD S o0 brd BV oo 8 BB B3 080 (m. 11D,
5.29-5. 34e(npeﬂata;r1esam&n,alglén 439§ @he Faf4-e-4viRiten Ha&ﬁh(wa‘r 11.5 Hz, 1
H), 436i@6§}ﬁ‘%}§)5@ —Vﬁ% I@M@ﬁ 416‘\(&9 mﬁzm%) 3.91-3.94 (dd, J= 11.5,
9 Vi a 1aﬁdl t16°£|]- . 5 H),

3.5 Hz, fﬂhﬁ’eﬂ“(dahdl]t EIZA/\H{}%%T%? rgp, éégd2§20|256élﬁe HGr o™
1.65-1.8QhUB O @B 1.43 @, @d FBNURMSKESD bni/£l7 806iS] (WIiHHE & chleal fohCyoHssNsO5S:

hept ané/ Et OAc (500 nl, 4:1) and dried under reduced
780.9]. pressure to give tert-butyl

((1R 2R) - 1-{[ (cycl opropyl sul fonyl )am no] car bonyl } - 2-

et hyl cycl opropyl ) car bampkan$dde® 9). 25 Step 20 (1R
2R) 1 am no

15.15- di&%@@i&??,?{l@ fth&i{% 6,7‘39i %@'11“12 Qﬂ150f6 1t7hl% lpfdédébﬁﬁ d&d omsatm 51.8 dimethano-
R tsril ; nol ). DCMgéE@ %g was cooled to

EpOes i o for 10 m n,
the cooling bath rvOand the recatio mxture
stirred for 2 h. Nltrogn was bubbl ed t hrough the
reaction mxture fdar 5 mp and the volatiles
evaporated. The reSi due ‘azeqf koped with DCM (x3)
to give an of f whi erHN agg\ 30 LRVS ( MtH) +

Cal cd. = 233; found® §3 Pregarati on of
(2@ cycl ohexyl ({f(2

2- di met hyl hex-5-en-1-yl) oxyj car bonyﬂ am no) acetic

aci d: EW 2007 DTS A RO ASPOEE00RPE 5 broqegye dggeribed for

EXAM% MHzCDCl m)81013(s1 . 722 (t, J="7.5Hz, 1 H), 7.10 (d,J =

7.5 DY, q%laa?ggétylﬁzﬁ it %slnﬁ}tagéﬂé‘ﬁe(d‘ B b bR G sr-s6

(m, zﬂpmqg%aiuzﬁels‘mz 1 H), 444(dJ 145Hz 1 H), 4.41 (d, J=11.0 Hz, 1 H), 4.29-4.39 (m,

2 H), 4? gS ﬁrlnoﬁ%% glg,l %ﬁ%)?)e}{%/(gcg @asr g%g%/zaLgﬁ A LNP-YPH Y, 1 1), 2.95

2, 2-di et hyl hex-5-en-1-0ol. LRMS (ESI) nmz 312.3
[(I\/H-|—|)+; calcd for
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5 C17H30NOA: 312. 2] . EXAMPLE 22 HCV NS3 prot ease
ti me-resol ved fluorescence (TRF) assay The NS3
wWoe@veese7 TRF assay was performed in a final vPCTIIE2006/027573
| 001 in assay buffer 10 containing 50 mM HEPES, pH
7.5, 150 mMM NaCl, 15 %glycerol, 0.15 % Triton X-100,
10 M DTT, and 0.1 % PEG 8000. The NS3 protease was
pre-incubated with various concentrations of
inhibitors for 10-30 m nutes. The tide substrate
(m, 1 H)f DS1-2156 (asBHHY 23624 @ BUY), DIWVEES Ayus ﬁ%@)} 0.8 ¢ s (3r ) LRMS (ESI)
um | abel ed grou Abu is
m&784%%§1lﬁ@%ﬁ?%ﬁ%fhﬁ%ﬁfggﬁzggﬂ connects ag es?er | i nkage
wi th 2-hydroxy propanoic acid (X). Hydrolysis of the
Altematié"g Die el %?tl(};yof Nﬁﬁ% ]ﬂ[ 10;?1'@;&@@.7 (aﬁﬂdpmt%y}éuﬁ‘@wﬂeseth\ﬂcv]:!i)nrooanecarboxamlde
) fon o e uor ophore fromthe quencher
hﬂt@m@@@%ltlng in an increase in Iygrescencg Activity of

the protease was |n|nmah@q€: ¥addi ng the TRF peptide
at |‘o

substrate (final concentr 100 nM . The

reaction was quenched after hour roomtenperature

... 2l il o 4 T 7, .
Fu3|on fluorlneter (P K;nHElnﬂTylfe and Anal yti cal
Sciiences) with excit H34Y nm and emi ssion at
615 nmw th 50-400 is delay Testing 20 concentratlons

of different enzyne forps was sel ecte S
t o badiydrasnatonyessel s CE%geﬁdV“hﬁfEetﬁ ﬂ @M i‘%ﬁﬂ“ Fertbuty

(1R, 235: P—'@R&}@[Upﬁ)py%@ﬂilﬁm‘}Eirhﬁ?i@]daru&iyn}gz-am?leymmm@ya)nabz&maté (164 g, 0.50 mol)

v 3y B B YRR Ga  15 7] B v

under nitlbgenNBBpgig)ahé acted FRRnBSSRYiC alsssdwbﬂeﬁ Hwgs talerreve respdugiyxygen. The
vessel W&Q%Feé Ol:!aiced dlng?r%}éry%%é %)7 %%I%W%M%Is Ipe vgsél%lgeﬂt& to htmospheric

pressureQ) ThNN:aﬂsonthr wagthRp tragsfopesront thepregm@n qn léﬁrfpotpwugh so?ka flok (34
grams, \%‘teh W/ %ﬁﬂ%@%ﬁ%ﬁ? toRFelll § cl@lr @t &IOK/M'solQﬁorCZFk@@ol&h Reloyrhs rinsed

erein sald alk I.S. opti onal
with medigbPA0Et 2 T et o1Ris Rl et otspaped pndgyreduced
pressurd+3 ik &N Radukiyds;a wite Bblid (3 53y). R drade@Bedubt wayscsllmaebd(ly kethyl acetate

(800 mL), warmed to 40 °C and aged 30 minutes. The solution was then seeded, aged 30 minutes, and
heptane (500 mL) was added via addition funnel over 30 minutes. The partially crystallized solid was
cooled to room temperature and aged overnight after which additional heptane (500 mL) was added.
After one hour, additional heptane (250 mL) was added via addition funnel, and the white slurry aged for
one hour. The solution was filtered and the solid was rinsed with heptane/EtOAc (500 mL, 4:1) and
dried under reduced pressure to give tert-butyl ((1R,2R)-1-{[(cyclopropylsulfonyl)amino]carbonyl}-2-
ethylcyclopropyl)carbamate (125.9 g).

Step 2: (1R.2R)-1-amino-N-( cyclopropylsulfonyl)-2-ethylcyclopropanecarboxamide hydrochloride:

A solution of the product from Step 1 above (92 g, 0.28 mol) in DCM (1200 mL) was
cooled to 0°C and HC] bubbled through the solution for 10 min, the cooling bath removed and the recatio
mixture stirred for 2 h. Nitrogen was bubbled through the reaction mixture for 5 min and the volatiles
evaporated. The residue was azeotroped with DCM (x3) to give an off white powder (75 g).

LRMS (M+H)" Caled. = 233; found 233.
2.2-dimethylhex-5-en-1-yl)oxy]carbonyl }amino)acetic acid:

Preparation of (2.5)-cyclohexyl
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Yis ((=0; ZisGQ Mis Cl-Cl12 al kyl ene or C2-Ci12

al kenyl ene; and 15 each R10 is independently H or
w@100C013BKkyl . 2. The conmpound of claim 1, wherRCTUS1066/027573

conpound is of fornmula Ill-a: (R5)1-2 ~M)P z N ~ o

> YOO HN-N RBHRL RIIlI-a 20 3. The conpound

of claim2, wherein RL is CONHSO2R6. 4. The conpound

of claim4, wherein R6 is cyclopropyl. 58 WO

2007/ 015787 PCT/ US2006/ 027573 5 The conpound of

claim4, wherein RZ is CIMCA \&yl or C2-C4 al kenyl .

6. The conpound of claimb, @h ein R3is C5-C6

cycloalkyl or G C4 aIkyI 5 The conpound of claim
rein Mi

6, g% C% % ken
8. Th @S?:Giri‘ﬂ%‘t?mﬂl( 6@2 %ﬂllglie‘ilﬁ/lfex' B DR %ﬁﬁ C?tgc Sicid was
preparecﬁ&l:&ﬁing@o theé pﬁbédﬂﬁe o3 -hneiy RE- [(pelN-LlGenMo&y)Bar@)nyd)] IQvﬂm@usmg (25)-

amlno(cxflgene@%&c%lc@cg aﬁd g2rd1metF|y]l%E(o5 -+l “ofl) IﬁﬁlYIg &é\%\ﬁ ?f@lll\% NM%{)S calcd for

Ci7H;oNezQ1RI2).--O O ,00 O00 O,0 C~N 1l N O-NH+ O NH O

EXAMPLE 22
HCV NS3 protease time-resolved fluorescence (TRF) assay

The NS3 protease TRF assay was performed in a final volume of 1001 in assay buffer
containing 50 mM HEPES, pH 7.5, 150 mM NaCl, 15 % glycerol, 0.15 % Triton X-100, 10 mM DTT,
and 0.1 % PEG 8000. The NS3 protease was pre-incubated with various concentrations of inhibitors for
10-30 minutes. The peptide substrate for the assay is Ac-C(Eu)-DDMEE-Abu-[COO]-XSAK(QSY7)-
NH2, where Eu is an europium-labeled group, Abu is 1-aminobutanoic acid which connects an ester
linkage with 2-hydroxy propanoic acid (X). Hydrolysis of the peptide by NS3 protease activity causes in
separation of the fluorophore from the quencher, resulting in an increase in fluorescence. Activity of the
protease was initiated by adding the TRF peptide substrate (final concentration 50-100 nM). The
reaction was quenched after 1 hour at room temperature with 100 pl of 500 mM MES, pH 5.5. Product
fluorescence was detected using either a Victor V2 or Fusion fluorimeter (Perkin Elmer Life and
Analytical Sciiences) with excitation at 340 nm and emission at 615 nm with 50-400 us delay. Testing
concentrations of different enzyme forms was selected with a signal to background ratio of 10-30. The
inhibition constants were derived using a four-parameter fit.

Compounds in Examples 1-21 were tested to have a Ki value of less than 100 nM (e.g.,
Jess than 1 nM) in the NS3 protease TRF assay as described above.
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HOp~HOOGANHOO- ON..~C( HSOON ACC H S
ON,({H III-5111-8111-9\ 1 ol \ NN Oto 1-0
w@2@701598r0 |1 11 1111 O-N~N O-N 0 )N O-N O PCTDUS20080027573
HOSHO-~5~ ONHSOO,( H Ol ONHOIII-11
111-12 111-16 59 WO 2007/ 015787 PCT/ US2006/ 027573 N
Nto OO'O0 ~NHOO-NH-NONH~-L NOONHOOHDO
Q\ _H- HMSO ONe N ~p NNSpNr({ HHI I ~
I11-27 111-18 111-22 Nto NOO OO1-0 ~-O0Oto N

WHATINSIGBATIEENSO- NO-NHO QA HOOAV NHO NHNS S ON
S\ % N 1I1-35111-36 111-53 X1J-XR >=0>=0to p ,0
10111 N o NH~-N o~ O H O\ =0 = =

1. A compour’}llqo\lf formula (CI)[): 0 HO S H 0
\(R5)12
Z
/M ) N)p
z
/ =0
v 0
\ 9
HN N
H 1
R® & N\§
R? {

5  wherein:
p and q are both 1;
R' is CONR’SO,R’;
R? is C;-Cs alkyl or C,-Cg alkenyl, wherein said alkyl or alkenyl is optionally substituted with 1 to 3 halo;
R® is C;-C; alkyl or C3-Cy cycloalkyl;
10 RisH;
R® is C5-Cs cycloalkyl;
Y is C(=0);
Z1is O;
M is C;-Cy, alkylene or C,-C;, alkenylene; and
15  each R' is independently H or C;-Cs alkyl.

2. The compound of claim 1, wherein the compound is of formula III-a:
(R1.2

/@
=
Z/ ol 9-N

=

0
J d
\ R
HN\_)LQ
= H
R3 N, R
o \(«

| R*III-a
20 3. The compound of claim 2, wherein R! is CONHSO,R®.

4. The compound of claim 4, wherein R® is cyclopropyl.
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O0OHOp=HO NSN NSOH OOHOHOIII-T71
M 72 I - 73y S8 iR 4T is Q& Rindn & &-& aulenyl.
o111 6 q ~§hmc%npo%ng of Jﬂng 4, thé}lgig I@ is 61%4 lgy -C4 alkeny
6. The compound of claim 5, wherein R? is Cs-Cs cycloalkyl or C;-C, alkyl.
5
7. The compound of claim 6, wherein M is C4~Cy alkylene or C4-Cyo alkenylene.
8. The compound of claim 1, wherein the compound is selected from the following:
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z 111-206 111-207 111-208 O N O, O NOO-~\ O
ffi-225 10 9. A pharmaceutical conposition conprising
w@eoogfissti ve anount of a conpound of any oneP@f/US2006/027573
clainms 1-8, and a pharmaceutically acceptable carrier.
64 WD 2007/015787 PCT/ US2006/ 027573 10. The
phar maceuti cal conposition of claim 10, further
conprising a second therapeutic agent selected from
the group consisting of a HCV antiviral agent, an
| nonodul ator,_and an anti-infective agent 5 11.
har maceut i conposi tion of clai erein
the E@/ antiviral\agent is an,antivirat sl ekt ed from
r

t he oup consisti ngoof HRV r(gtease nhi bi tar, and a OA
0 NSSB pol y |th'1 Il t off N10%22. use OELEY
~co qun Oijan arns Y-8 in tip p[,\Wma\/Qt lonke ¥ o
f \ g’\zgarrent for /rrfhl bi ti n@* HCV NS3spr offease
activit |n a subj egtin need thereof. 13. Aucdler of a
conpo any one of cl gl-8 in the prepaf;[ﬁggan
of ,a cament for _preven |ng or treating oection
"HOV in a subj e eed thereof. 15 ‘ muse of
cl & _m 13, erein msnt fgipt her Jconpri g at 1 7

Ieaw %d herapeu L/ssg et ed fr@\/;§ ﬁﬁ’\v
%( ong¥ st \gﬁtbw ¢al a¥ent an Y )

mmnc?m)dul ator, and an anil “infektive agent . 207 15.
'Ioh%/ﬁa%e of él aim 14, whete ebfit t he HOV anti vi r akeagent
IS an @igevi ral sel ect ed mmthe group consiHi-20ny of
a HCV protease inhibitqr and a HCV NS5B pol ynerase
i nhi bitor. 65

o )
‘t, H.C = fo)
ooy Yl A 15A
- -
H H \V 7// HN Q.9 N e N o
o N [ o W/ H.C H o
Y Yo H,C—~cH, N—S J o._N 0 °
o G eH, CH, ©H » HC \g/ H n
J/ HSC/T;CH:, :
HC CH,

Qf o X I Ty we OTH\/KO ¥ O\\é?
-,,? N/S \n/ < fe} HSC 1 ; . {:Ii/
o b : e e
(o] CH, TR
CH, H’C/EHEH’ CH,
I1-206 a1-207 111-208
N\f/o
= o
0
N o o0
H ()\< "
HN .
O\(N\é/éo K N %
0
O 01225
9. A pharmaceutical composition comprising an effective amount of a compound of

any one of claims 1-8, and a pharmaceutically acceptable carrier.
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10. The pharmaceutical composition of claim 10, further comprising a second
therapeutic agent selected from the group consisting of a HCV antiviral agent, an immunomodulator, and

an anti-infective agent.

11. The pharmaceutical composition of claim 10, wherein the HCV antiviral agent is
an antiviral selected from the group consisting of a HCV protease inhibitor and a HCV NS5B polymerase
inhibitor.

12. A use of a compound of any one of claims 1-8 in the preparation of a

medicament for inhibiting HCV NS3 protease activity in a subject in need thereof.

13. A use of a compound of any one of claims 1-8 in the preparation of a

medicament for preventing or treating infection by HCV in a subject in need thereof.
14. The use of claim 13, wherein said medicament further comprises at least one
second therapeutic agent selected from the group consisting of a HCV antiviral agent, an

immunomodulator, and an anti-infective agent.

15. The use of claim 14, wherein the HCV antiviral agent is an antiviral selected

from the group consisting of a HCV protease inhibitor and a HCV NS5B polymerase inhibitor.
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