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TITLE OF THE INVENTION HCV NS3 PROTEASE INHIBITORS The
present invention relates to macrocyclie compounds that are useful as 5
inhibitors of the hepatitis C virus (HCV) NS3 protease, their synthesis, and
their use for treating or preventing HCV infection. BACKGROUND OF
THE INVENTION Hepatitis C virus (HCV) infection is a major health

] chronic 10 liver disease, such as cirrhosis and
TITLE%%%%&%%" ﬁoma, in a substantial number of infected individuals,

HCV Nestifitebbo Be DU Edh I8P e world's population. There are an estimated
3.9 million infected people in the United States alone, according to the
U.S. Center for Disease.Contral, roughly five times the number of people
nfected GrRLRE hi AR s Il elic Bimpctal s el o

inhibitRrpic i dsRATET darizatioACHEPESArer kst 570t Astifornfieiggse for treating or
preveniitdi\Hd i’ Ebtivarldwide, with at least 3 to 4 million people being infected

each year. Once infected, about 20% of people clear the virus, but the

rest harbor HCV the rest of their lives. Ten to twenty percent of
BACK%?Q&@&HQE% e ndihiddas eventually develop liver-destroying

cirrhosibieratamderiise Nirdl ) disedss is trangmitted harerrieralliydoyeads to chronic
liver disoamipriadRlasd anth HOod Rt S eatamInated esMBSy@hber of infected

... .sexually and vertically from.infected mothers or cargjer mothers to their .
i S et s T MRt A ahd FoLTARIRA mition
infectefhpafumothdha pyniteth Stelcs mbiranttatdifershtbedibhelomisrdomBinesors ontrol,
roughhiMithethigr e icle asidBeanalaa pleavikipieare af dinies clinieabBensfitioncy virus (HIV).

Accord%%r Ot\{]%r\f\}gﬁ&e % %)1?)31; %91”% ?qlvﬁl%%lcnc?rg(l)lru')_r'g %ﬁ%(]: ?%fte]%&iheonﬂ%ifteré?rg ipdividuals
IS an urf;ent need for improved therapeutic agents that effectively comba )

worldwidpoitTHE \patifédb ghin ik dsale i Bfapebredh etrdtfiantasted, about 20%

of peoftCGtinfdetion:hasibéenrdiscusee HinVhadobawingblieterenges: Huenty percent of

chronidAck & Al NOUR BRRHAARDGR IO RS VSN, BLNRRNIA CrdiHSer. The vira
inféction,’ Ygﬁpntlvwal Chﬁvrglstry Chemotherapy, 11: 79-9 ; H.

, \ -96 (2000); H. .
discasepip Uapsraiticr PHIEHSRIE SRR ER UnRS AL AtRRG arﬁémsbfg&wwd
needlefypurethdinpissyeniodbulamMViadicineg Mothays br 398«39901(1999) tixir off-spring.
Moradnogthegt fbatridikern acheyongtherapies oL MRS fmmunotherapy with
Eurotpe nf.J. Ga%g)oenterol. Hekpat?l., 11:811&?9-12{)2 .]Q%g%iR. o ¢
recom e RIEHIGR ACAdiasle YARML I8 I8 T Gl palpeiin: e o
hmlted/sehmﬁﬁébw@grhpwﬂmém fbIIgys 40:c378!3d8d Yaore oML Uk arfgaBemly. there
is an uiéatkesed itepaifisedMius pafectigrniNiangliediMed . 0345t 4hrdRi 2009 infection.
, : ’ [ ' itis C.virus infection.:'. -
e o NS CERSRBRARIRIC ARSI RIS g v

referencssaf EXBIRShREAbONE FoFRAIENTIE SIS BOBIOY SDpiYs Sevirainfection.”

- Antivirdir@ligreisoode dCeanpmhesapye jdut#tnge (ahets ForRberapautic iiepuantiohyirus:

cument%&@ﬂ%mgcaaﬂmg%&E%??M%@aﬁ&?ﬁ NG RIQIERSR NS Boday, 5: 393-399
1999 _@I se (NS %%m%n RNA- %(Ia enden NA.pp%frrneraseg%\ngpB). The
(1999 5 T3R8 1 Rcatolr TN QEIVPRLSEARA BF HE N3 probdbePal:
Gastrogstermisifaidla pHnhesarigtArgepeinge Rasrespbnsiblédendidate Targets for
HepatitRi@melecjarik cleanong atiieN33adnsiaandfor davisire@ny). G.M. Lauer and
B.D. WHEIMYRSHIAt PrOGESING LIS NSHNABT. Med., 345: 41-52 (2001); B.W. Dymock,
“Emerging therapies for hepatitis C virus infection,” Emerging Drugs, 6: 13-42 (2001); and C.
Crabb, “Hard-Won Advances Spark Excitement about Hepatitis C,” Science: 506-507 (2001).
Several virally-encoded enzymes are putative targets for therapeutic intervention,

including a metalloprotease (NS2-3), a serine protease (NS3), a helicase (NS3), and an RNA-
dependent RNA polymerase (NS5B). The NS3 protease is located in the N-terminal domain of the
NS3 protein, and 1s considered a prime drug target since it is responsible for an intramolecular
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NS4B/5A and NS5A/5B junctions. Previous research has identified
classes of peptides, such as hexapeptides as well as tripeptides
discussed in U.S. patent applications US2005/0020503,
US2004/0229818, and US2004/00229776, showing degrees of activity in
inhibiting the NS3 5 protease. The aim of the present invention is to

cleava rQ%’{Hgﬂfsr&r/‘@A%%m&be‘?%MQH&m'%ﬁﬁ%%}%gﬁf@éésfé}ﬁg'i@ﬂ{é\i@A/4B
rotease. SUMMARY OF THE, INVENTI%’}1 lIJ;sent nventiqn re{ tes

NS4B/ b BN e ol RGO oA R S TR O RS SABEE jdeqypuch as
hexapeptdeptablelbaktsripehiideatbiscirsrdoh W%S@@ﬁmbﬁd%@ﬁe[mw WOB

Uszoombﬂ%@m%ﬁﬁ)éﬁ@%@mﬂgz@wus%%% eRcslryeialiB) ?Lﬁéﬂ\l/%ﬁ%lghﬂe NS3
ntion or treatment . of one or more of { mptoms o infectio
t
pmteas&t ea?é%&#; ]Sl?ﬁed‘ﬁs,e%trl{hveeﬁktb%a}‘rsrnageu‘ﬂcal?y acceptapie s ik tg%CE SR8 acivity
againsthdrdtey (Witepreippiopriate), or as pharmaceutical composition
ingredients whether or not in combination with other HCV antivirals,

SUMN?Q\% [‘Iﬁ?ﬁi&ﬁ% dulators, 15 antibiotics or vaccines. More
rticularly, the present |nvent|on relates to a compound of forg (|)

and/or 3 PhaFPRERcNEAN EH5E0I Bk BRFRGYAIS (PSR iy Q)
and/or @h¥rah&tidd N d28epRle QIR hydrereinhgrarid Ghese b@ﬂp@mﬂ@ 4R jgseful in the

inhi ' ! rRinsld @KYbr treatment
T e
of one @rgr@ge Wpt@@si qgt@g 8&8?0%\?@?0% ?%@i amgtceu 1cally
acceptMlss@tCachatkglenendieC Zp@lmladik@mymepmw@ FORPOsition mgredlen’is,
whethéf‘ deRsneNRH A -G Rradkd: 21The-RIRSRNE iaventian@es, inclialesnodulators,

armaceutical compositions 0 aining a
antzbw%cs or Vacclfnes ot particu Arfy, M pre L5t TRVLRASH gelates to a compound of formula

(I) and/or a pharmaceutically acceptable sait or hydrate thereof:
(R%)1.2

wherein:

p and q are both 1;

R' is CONR'’SO,R";

R*is C;-Cg alkyl or C5-Cs alkenyl, wherein said alkyl or alkenyl is optionally substituted with 1 to
3 halo;

R* is C;-Cq alky! or C3-Cy cycloalkyl;

R’ is H;

R%is C1-Cg cycloalkyl;

Y is C(=0);

715 O;

M is C1-C; alkylene or C»-Cy: alkenylene; and
each R" is independently H or C;-Cg alkyl.
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of the present invention and methods of preparing such pharmaceutical
compositions. The present invention further includes methods of treating
or preventing one or more symptoms of HCV infection. Other
embodiments, aspects and features of the present invention are either
further 5 described in or will be apparent from the ensuing description,

examplﬁ %195%9%%&%%?&B&Eﬁ%ﬁa@e'@t'é%ﬁ%g@@&ﬁs%n?Hﬁqg a compound

INVENTION The present invention includes compounds of formula |

of the pisERieiny Y PhaihiagBediciprBRdptatie Eama s tire 1Rt  the g fresent
inventidhhigs@«cdmpdendstianid dfierapharmaceetical ynacceptatrorgaitss 20HHrdAofection.
hydrate@g{& EEDORMLRASaINRILS (8hre IGIMHY ?%Q&tﬁﬁ»%%ﬁ@»ﬂi@ﬁoéﬁher further

d e preseﬁ\t})nventlon SO I cludes cog oungs of formylae Il-a and I 13,
esc“% A RN e T éoé% IS R YOO FXHREBYT U FRREES S Plaims:
YOOYOO N--LNNLNO R3N R1 R3 N R'Rz ll-a Rz lll-a A first

DET AB/EDoDRWT pfthenprasaninpevtipniga compound of formula |, 1l-a or

Il-a, or harm eut ically acceptable salt o @4 rate t ereof ere
1
is CONH HV k I?Iot%gr%eérr)la 0suacle ﬁ as?)r?glt}}laﬁ/%f] cfn(a Ceuma Y

acceptafle e@fﬁrf@éfm Mé@iﬁﬂwra?g? of e pevwRted) an @?ifﬁhagbwaf% afgptable sals
and/or Brohaedisrent; RpistERNHBRRRE whBEEINRS i8dz3sEhityntealkThapesalt invention

also mc%ﬁggco%%%l%% are.anseinedin e, Rt _MRAdIMent & e atrg: 3 B mula 1.
first @gpect of the first embodlm@{m R'is CONHSO2R6 wherein R6 is

propyl; and all other vagialles are as defined in the first embodiment.
Mi%gpnd embodiment ofu gresent invention is a compound of formula
71, Hna or 20 111-a, (o) 2 a phar utically acceptable salt or hydrate
Y/ therqg}’r"‘?/vhereln R2 |S/C1 Cé6 al&& C2-C6 alkenyl; and all other
\ ibles are as orlgln\al :d or as defined in any one of the
HN%g embodimemt %t aspect of the second embodiment, R2
R® IS yl or C2-C4 adkeny Rd =il other variables are as originally
defined @ras defined in any one of {fie preceding embodiments. In a
second aspdgt:pf the second embodiridil-R2 is C2-C4 alkenyl; and all
other Ve}z{'ﬁPJF n%%%iﬁ%%%l%gEﬂéﬂéfnfiﬁ@&%%msaasc&dﬂgﬁ% '5‘1—“@5%91'2% 3E6 1118, or a

preceding embodiments. In a feature of the secon ECtQ the sécond

as
pharmagghieirRsRtP RISy Attt SEHErSTD Boinf N RO e atpgrisbles ar
as origieaibddimehti or, asdEfinkoh ihcahryromeyofitte precsdmglembodiasentsf thedirst

emboditid, gkslf?@éb?iﬁ@@ ﬁ%ﬁ%]ﬁ@@?@%ﬁ%l@g&{a%@mﬂ& ANCLBILOLRESs defined in
varia S are.as na Ined or a erneain a

e o b AR s S B e L Bt o SO e

R® is cysinirotifnend aFtztkﬁremwbmdrawsrﬂhéwané&ﬂé“gsaﬁ@h@ddmiﬁed in the third
embodlm@%@fdaﬁnal@iimﬂmaw precek thedpieaeting @nheaiindftanAla 1, Il-a or

Ul-a, é?k{c}'iembgge'{{t‘%“ 581% ﬁﬂ%¥%%89£g '?h%r%%“ﬁ%gﬂs‘?n f‘iE'EU'@é alleft or C,-Ce

a, or a p rmac utlca y acceptable salt or rate thereof,
alkenyl; pedasih ﬁ@%“@@a@SSﬁEIB%W{%W@f rgﬁ gefined in any one "of the preceding

embodiments. In a first aspect of the second embodiment R is C-Cy alkyl or Cy-Cy4 alkenyl; and

z

all other variables are as originally defined or as defined in any one of the preceding embodiments.
In a second aspect of the second embodiment, R?is Cy-Cy alkenyl; and all other variables are as
originally defined or as defined in any one of the preceding embodiments. In a feature of the
second aspect of the second embodiment, R%is vinyl; and all other variables are as defined in the
third embodiment or as defined in any one of the preceding embodiments. In a third aspect of the
second embodiment, R” is C;-Cy alkyl; and all other variables are as originally defined or as

defined in any one of the preceding embodiments. In a feature of the third aspect of the third
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5 all other variables are as originally defined or as defined in any one of
the preceding embodiments. In a first aspect of the third embodiment, R3
is C5-C7 cycloalkyl or CI-C8 alkyl; and all other variables are as defined
in the third embodiment or as defined in any one of the preceding
embodiments. In a second aspect of the third embodiment, R3 is C5-C6

embodf %Qj]@/ Oéif;}wcélg”éfnn g aflaHer éﬂ?rﬁ@qgﬁ&@xﬁﬁl@%ﬂﬂﬁ%ﬂ%&ﬁﬁ%{%r as

iment n ang/ one of the preceding embodiments. In a
deﬁne%ﬁ&%s%‘é‘b?%?%@‘f@emeé‘ﬁ]ﬁ’ﬂ B, R3 is propyl or butyl; and all other
variables atel asitlefimedt it theptkinchemisotioment mmamd@ﬁﬁ&dmiaﬂi,ﬁba@r Tif-a, or

a phanrpclfcmﬁog @Ca%ge': &ﬁ%ﬂ%ﬁ?&rﬁe Itﬂe@etﬁam{é?e% foeth %Eﬁ%‘ilgf %}Q: mfdalkyl and
n-butyl or. t-butyl; and allz%t%er vayriable

embodiment, R3 is i é10 les are
all other gepgacs &t Pl ﬁ%ﬁ‘%?ﬁéﬁ?ﬁ?“ﬁg HHNe T g e odiments. In a
first asypreof dinghimbulidients. RhiadeGrthvapsol of the ] m@@wmﬁmm@ are as

definedCYGIRRERIL AR SHRIOhex Y andAlkoHAeMaiables-araias dafivaddnithenthisetond

bodi t or a defl e of.t ecedi bodim ents, A
aspect ?Othﬁ’[l‘tlhg?ﬁ n%renﬁ Ha pﬁrgge?@?%\lf)rl]l e r{l Q? Eﬁ( ? 38(3 %i L yar: ]ef are as defined

in the tlllzLdar@!rqrﬂuaenmraﬂv&m@mwcmM@@@%F&l@aﬁ@é@%wﬁ% Im@r%i aspect of the
third exﬁwaerﬁml\/f@ssc‘ph@@radkwg BRICNIGEE Qiralkenyle neddfickddingdimgdreanddiment or

as deﬁnecﬁﬁ%h?d gg g'g %ﬁggmegﬁmﬁ&e%ﬁw %9%@@9@9@&%@@@ third

orlglna ras In any one of the prece Ing embodiments.

embodlrﬁeatfﬁ*sﬂagb@@wbﬂthé%errfﬂwe%ﬁ%ﬁmﬂ&aw%e@ﬁregs e e third
embodi@2aC8 alkiefiytene {inclucdirfghknearcding brdndhaskchair &lkyleagpat of the third

embodlﬂlmnw%%;c%ﬁgn@l 9#39&&%@@'%%%%9&9&9@@ Hefinediees defingd

in any one of the preceding embodiments. Iﬁ{a second aspect of the

embOd’fBﬂPtﬂ‘@ﬁ‘é)%"ﬁ’i’fﬂéﬁme%g WRRDIETE B8 E20EB e (including linear

and braadhedhchatindatieierfalormatkenyhone)onnch alimopherdelabiodadidlag or Hi-a,
ora piagﬁi‘a'a&ﬁlaaltpgc&gféh aRQdiaeH okasteliarshimany ang mqtme or C-Cro
aikenylg tfgv )Intglré%_lr%n(%z}rggsr%ésaé%y er:e!arl%{gl L%ee(:t ()I}‘n;[élﬂée?nfoyét ,riic %@%ﬁ‘&mes are as
or tgmab\]«@ﬁén@i@r aIkefRA ey aper o Wﬁ%f@ﬂﬁé@%@@%&jéﬂﬁé&rﬁwﬁ@t of the fourth
embodifaettne mopdimant ok as defingden ray Gnévdfdhengreeadingched chain alkylene or

alkenerlﬁ( %Hgﬁ%?ieﬂ r‘}ﬁ 1!19%”%9&?8%9&59%JﬁHéH”o?E@Qgﬁ}fgbeﬂtml\ﬂ cj)ﬁeqﬁ the preceding

lene or C eny ene |nc adin g linear and branched chain alk

e‘“*""*%%ikelﬁ%e‘tﬁ%‘)“%ﬁ’%‘i S AP BTES e Hehac I 96 R ke e nchuding
linear apdiipedtindnhan atdefinechikeanyehenf thethke cedihlyembodiaiendsn thefourth

embodﬁﬂl‘gxt%%ra@ 9%95 4 %éfggrmle%@ tﬁyg?g@m myéq%@n@%l@l hl",ygem@asg&t of the fourth
alken N r chaln a ene. or. enyle
e e e S O S eI B 1 o

|men
alkenylgafinen mlazrﬂ}ﬂomréf m@rmé@mﬁ@}émb@wmmwom@@maéﬁé@dﬁ% one of the
precedlt@%kbganb@ﬂimm drs GicallkyleneRrESakamdans Grgludingnlineay, alkenylene

{includi gﬂmegz" az}%I our 1|ki¥ f?(&/lez{ea{:!lk aelli}Xn Eexl?ér% Ccii QH ot 16?'{%/1“%“.%%)5'%% A 8Fed in the

In ment or as |n any one of the

fourth gipbedply erABAERRHES weel et espig SAHATRE fouJt th aspect o th fourth
embodigrahosiBentIM s €& aliyllenel arc-Co dikenylane nthuding:inkan ahglene or

a]kenyipxrlg‘j] %Hg QIFQEELQ @JhXL%&%;%rasaé%ﬁHé’&%ﬂ%e %ﬁ%&ﬁ@@ﬁn‘é@('@@?ﬁéﬁ&@& any one of the

defined in the fourth embodiment or as defined in an one

preced BN EM SRR RS AR B BFRAR A, K ehtbsan st Aerien
{inchudisgCih@aakoddnerdreCithit alkdmydenel @m@dﬁ}gahﬁe&péﬂd\’@rahlﬂ&@@@héﬁﬁﬂed in the

fourth QM@%&%@H&%&Y#@J@L eﬁﬂ’%@éldﬂhﬁ @Y@@@m@&ﬁf&iﬁ%n@ﬁfm%@éﬂeﬂiﬁ aspect of the

ras de e rece

rt
fourth em% ct{‘l allgrilaé vt In an Ile';]néatﬁr a%pec Fl@ég?glu rc{ ng, n%ar dalme rr:%nmed chain alkylene or
kenylsmm@aaﬂﬁmﬂﬁh@r@mﬁwg aafriinnddibe ferantadetmen efidsdingd in any one of the

preceding embodiments. In an eighth aspect of the fourth embodiment, M is Cy; alkylene or Cyg
4
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the fourth embodiment or as defined in any one of the preceding
embodiments. 7 7 or 5 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. N, -0 IN o
O aNNN~NO~N'-O OoffONN.ONN,~ KHOOHO 111-1

aikeny]g'ﬁl%'%clluil% In%leélf]andlb;aimhed g%a% 91{%@119093,%@11&'\56/)' llélmgal\f omegarlalﬂlg are as

_ m_
deﬁm’dﬂi"‘%fﬂ‘ihsﬁﬂfid@@t@r@@e@@ O al*@ﬂﬁ-?@%?‘l?ﬁ?\i"@ﬂ@‘“?ﬂﬂ%@ﬂﬁ?m&“ nineth
aspect ¢ (€ @ @UHDIOdED B iNsNgGed M/ NN ing] BHIDB:H Didblick bre as defined in

the fourt %nilc%cgh]n%n%@r N Qfined in any one of the preceding embodlmems

PPl

A fifth embodiment of the present invention s 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, fI-a, or Ifl-a and a pharmaceutically acceptable carrier.
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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, ll-a, or lll-a and a pharmaceutically acceptable
carrier. 10 (b) The pharmaceutical composition of (a), further comprising a

second@erap% ICh 1980LS 1(:513 enq Hﬁ% '%‘?&go}"u?ﬂ? 1% zna nszfl sl_c|:Cnd therapeutic
antivira ent, an |mmunomo at r, an hti- in eCtIV agent. c) The

agent Sﬂﬁ%{%&&@d 16 &I LRpitis %ﬂﬁjf\wﬁér‘érﬁltﬁ@%@eﬁ%um@arOég‘&tﬂfrs%aﬂ anti-

infectivb aniviral selected from the group conS|st|ng of a HCV protease inhibitor

and a ;ﬁ\v NSRR poIYmELAsS: LHBEON-( A *\@i‘l@?&ﬁ%'ﬁ%‘\ﬁ%ﬂ@!&%@&t is an

which is (1) a compound of formula 1,11-a, or aan F?aa a second
antivirgh gl Rt SRR s ﬁE‘(éYonB*E%??é REHREPERY B EY GhtiFolymerase

inhibitcagent, an immunomodulator, and an anti-infective agent; wherein the

compoypgl of fgrpna}alacéh@ea%olﬁbtnat@aGtvm@hIQ(W%mﬁaaﬁeyﬁmgpma or THI-
e each %hmlp %\)d in an a]m?LéntI thaé renders the ?it eftfect :
®end G TG TEA NS rotesed 6 Yo HEdhng o BIevehicg TActon By ™
immungOYuledr T ebabirte ofgent: Wherdirih é%%%ﬂf/fm@@?ehﬂsaaw Iﬂ-a and the

second aldiMieatiselesied. pmthggraup sonsistnghef @JidCMY eteasadRhibiasive for
mnivii RS A NSRRI %f@a?%é’%h'Eﬁ%n&?ﬁéﬂ%ﬁﬁ%ﬁ@b'b'“”9 HCV

e'ina’subjectinn ereof w 5'tomprises

adminiskring O ERBBIAAN GHOENVS BMB GRS BETAGS 8F gt elected
from thd gtbay amlisdndgf AHOathedeaiprdviantingds HEATINGSBigdtionriye HEVim.a

subject iR nee%%@ﬁﬁﬁfoif\{%ﬂ&w&%ﬁs?g%{%ﬁﬂQQJ&]J&%&&&?&E%{ which

effective amount of a compound of formula'l, H-a, or % ) The_method
Q.

compriggp @“Wﬁé ﬁ%@%é‘fﬁﬁBﬁﬁ?&%‘W&WT‘ ffaai“’(‘ﬂpﬂ‘id éff ula I H-a, or Il-2.
adminisigred ik cothbinstioavwith aor effeoty e ooty QY leastnet in need thereof

which RRGRREsBRARALLCATN! S8|eated QM e BRURraRsistng: O SofitaM I, T-a, or
ea antiviral agent, an immunomodulator, and an anti-infective agent. (i) The

method of (h), wherein the HCV antiviral agent is an antiviral selected
from tHé&group toneiating’ 6aHievipfensasetnriisitdranded. ey )EEs is
adminifp@bAnecassihikitarc0)nAmetho dnafuntuibiting:H 63 NS pretepsaitagent selected

from th?h%pé é E!)nlgq Sﬁa@ BQ%rﬁvaV‘éQ‘[ﬁﬁm? %‘émr ﬁ%’?uﬂgl%gﬁﬂ%q na%%ﬁ'&%t? Hma%gt/e agent,

armaceli’tlca composmon or(c)ort
The method of (h), Whereln the CV ant1v1ra] agent is an antiviral sefected from

the group consisting of a HCV protease inhibitor and a HCV NS35B polymerase inhibitor.

{ 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 (c) 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 (¢} 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.

Additional embodiments of the invention include the pharmaceutical compositions,
combinations and methods set forth in (a)-(k) above and the uses set forth in the preceding paragraph,
wherein the compound of the present invention employed therein is a compound of one of the
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combination of (d) or (e). (k) 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). 30 The present invention also includes a

compound of the present invention (i) for use in, (ii) for use as a

me |camentf or (iii). for use in pre ation of a medicam tfor
embod AR T, oy B B A AR AR 1Bt o s
embodipen(s, Ih%ﬁé@%oa%@%h@ﬂeemk&béﬁa%f%@ PPEBEH R RigERtRGH ARy '&cceptabie salt or
hvdrateaptiopaityidie. employed in combination with one or more second

therap EMEI G20 %Qlt&% %%%%q ‘%?(%”'3‘& \{ngl EIW %}@ge(ﬂtg‘raﬂmédrg}@a%l \ﬁﬁql group having

o R S SRSl S SoSRE <o o iaCo o
refers toréthOds betyfortky in(dp4klybidbyiasand e wsdsiset ﬁmthsm-tinel pitetgdmgnd
isopmp@ﬁw, mydagaremmenﬁemp@ﬁma olihe presanfirventiamerployedbutyl, n- and
ther com ound of one of the 11 embodiments, aspects, classes,
1SOpmpgul%thasse eatures of the compounds described above. In all of
these &hm@imnéﬁ@kmé edfmip LTk iad roptiovisioibe ivseeksn baetfeymapfaced by a

haloge? PhRERGCRHIRSHycAGoeplabiaisaloorghyfate as appropriate. As used
herein, @a %@'aﬁ! ef%%stt% an hr%gar Br B{%e%hc 19}19 Qﬁl alkyl?%rq]uﬁinga
vin anum n ato e specl nge. F
numberg it a‘@ﬂsé“éﬁ&i T St s s O v
Cito Cménlgﬂr@mmmmécﬂsswellﬁa@w qgelkydetss anhdartvutgt, intexgsidv idopsppylio the
mveml@ﬁwl(@m@mgtha&ld&%mﬁa%ﬁg@mm@n irfeckedt alkwaére@m)tp_@; rd@%ﬁ_%e;-(CHQ)]-z—,
and - C%ja 3?1 Ip[crea _isopra )H a&r?gen “methyl. The term "haloalkyl" refers

group wheréina h as been replaced by a 10 halogen.
The terﬁhéaﬂmxwlkefﬂmtb rafersettkyOxiegrou brafhketermitialivglertellrafgeme group

having 5%%3&%@%%1@5%%@&“@9&@@@4 group having a number of

carbon atoms in the s fJe range. fore ? len
retora 10 BRI TS CETERL T YA HEA SIRDIRRALE T AE e a mmber of

carbon aﬂwﬁewé%e&f)ﬁafﬁéu‘%gﬁu%ét (it resfect ! e §3(€s+9>)a1°elkyl”> refers

to cyd@'%bﬁr' byclasses afcpadieullar itacest, R}@k@ﬂ@atﬁ@ brhd) dydinofCHZE-Brm “cycloalkoxy”
refers to C)J? %%lg and -CH2-. Also of interest is the alkylene -CH(CH3)-. The
ferm "alke

yleng re]per§ to any linear or branched chain divalent
alkenyldhe §rEubalageingoa halnberisrsda st BtorioTithir Spieifiyiodine
(alternaranrterclbnedesnnsiliayolaalkyl, vefers dodanyogyclic ring of an alkane or

alkene %Yé%?p%ﬂ}bﬁét% tg%ﬁ@@&%‘?W%ﬂ@a‘ih%sS&%@f |64iARO G RANE: T4 example,

cycloalky] coalkyl refers 20 to

a hetemély@‘ &}Pﬁéﬁ?ﬁr gl a%ﬁcﬁg} aiwgboght |t%§/§%§ﬂwn€y (Pilgﬁlégptﬂﬂ rlgﬁ gam contain 1, 2, or 3
heteroayoatodictyhlsihe bermdtesiolokifkdxyy refarsital dcoyelioahids @ithgyraapeopheal] of the sub-

ranges $80ML NACALR." (0 halezdd efers to dluatiorchirringdsomine AR iQdingthin the
ternatlvel referred to as fluoro, chloro, bromo, and iodo). Unless

seope Oexf:?r Iseg)l}s’éte(ﬁ 0 the contrary, all ranges cited herein are inclusive. For

examplg‘”’e“ any variable (e.g., R™") occurs more than one time in any constituent or in formula I,
I-a, or ITI-a or in any other formula depicting and describing compounds of the invention, its definition
on each occurrence is independent of its definition at every other occurrence. Also, combinations of
substituents and/or variables are permissible only if such combinations resuit in stable compounds.

Unless expressly stated to the contrary, substitution by a named substituent is permitted on

any atom in a ring (e.g., aryl, a heteroaromatic ring, or a saturated heterocyclic ring) provided such ring
substitution is chemically allowed and results in a stable compound. A "stable” compound is a compound

which can be prepared and isolated and whose structure and properties remain or can be caused to remain
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25 a heteroaryl ring described as containing from "I to 3 heteroatoms"
means the ring can contain 1, 2, or 3 heteroatoms. It is also to be
understood that any range cited herein includes within its scope all of the
sub- ranges within that range. The oxidized forms of the heteroatoms N
and S are also included within the scope of the present invention. When

essentzz%elp un ré%@e% éo 9 pe%]c')?i QeEHIS AL e;lh% 1‘?5‘% nge] ‘ﬁl hep né(mgpongg %?me%’ulr%o‘;es

11-a, or 111-a or in any other formula ting and
descﬂba%eﬁmﬁaacdh?mﬁag GRelroertisHn R g tea Saweéééch occurrence
is indepéndentbbiishdetiation af eteiyuailiendcobirience pAtaos, certain of the
compoHRITRIRANNS. Qi RUPSHIUSR S DAL VeHRRIER L6 REURISSIRIG ARV if&ugh

combinations result in stable compounds. Unless expressly stated to the
stereoleQgiitiary "SUBSHRIOA BY S RERR G STBHERSTE i WerfiiEa G Ay Sisicpounds
whetheaisiigjqeog in anpiechetervitonthticcripgyithamataratedtisterocyclic ring)

provideﬁ@u@m&iagré%&@tyi@&tiwtm iy chenicalialloies anddig s Boipounds of the

tpound A "stable" fg. ound iS a am ound . whn%h canp

presem lﬂVCﬂ IOI] Ca ISt s fa ome s. ar the SCS V) resent invenfion a reference to a

pre ared an ISO ate ose S ru ure an roperties remain or Cal’_l

compoiye eéf%@aledaréﬁﬁam Ilfzaeléééﬂffféﬂl}ﬁél mﬁaﬁg@@%rrdepgeﬁo@r & fimene of its tautomers

per se, Stiffigianiie aflavs usaet thergasapound for the purposes described herein

e.g., thﬁi@?&% dPS?BQ ré%%‘é MH&E@}'OE'S%%?&H%%}% ﬁfnaof?ﬁ’\/t;%tease

the selection o stltuen su bstituent patterns, certain of th
(e-g- I[E&h%%lﬁfageﬁiﬁé%éﬁﬁﬁ%@h%?%%‘ﬁ dkeSFiAmIBtHE Yerkteresamgle. the
compogal atbisriasmixivre el steradispinferspobasiitidivigu alspasié resmerssure to HCV
by such%&{a@a;'Bmﬁ-aﬁém%m%mmgpéf%zig%ﬁd@m@@é@aamwn%@é iselatedxposure to
or in mixtures, are within the scope of the present invention. As would be
patient POoh DY WB% of ordinary skill in the art, certain of the compounds of

the presentimpentidno dnsexisntsntargtoveielsn For ttreanirposabeédhieon of screening

assays faseRl-HveRtiomasrefereraade, ancamposgd of fasniadol Ae Q¥ ®oiSiRiating

enzymer?éﬁa%“c%ﬁ%thee%%mﬂ%%”scr i tools o, A0Y,0ne O K iautomers, 10.er
%SO mlxlures 0? WO Or more-tautomers. Jf'll:l)e compounds OP?H}G o ‘
Fufthergmgeﬁhﬁ nveioAs Hridiaderntianae reiblde Aseblibipgprotssse in@gihehaing site of

other al¥iSBapr Qi@ﬂ&ﬂ)ﬁiﬂ&iﬂ&: preveniigr@ivEesiibienh offinfeatiantyodVoftdis invention
ampl fom%tsqgrpﬁpg&@ggf of i )?d},‘b\é@&tlon are useful in treating infection
HC

y after suspected past exposure to HCV by such means as blood

transfusiBh *¥ReAYKE S IIP R BERF I fage%i?@gn%}eemalﬂ%@a 1B dydergef
pharmaexpastiretcept patibnt Bhe oetd U pingrsurgenal ¥ hecepahposatit sebfrthisa salt which

possess@%@gﬁ&ﬁ{?@ngéegpmg ﬁgl%n@ rc%%f&ﬂﬁ%@@&}%@%&%@f gﬁ@mpgthmﬁndesu able
for.antiviral comﬁounds For exa (? the comHoun % jlnventloncia y
}] § wga g acl

(o2 is QSRS 17 e BTAANG SRS S TS RIS e &R
additiofgritnareighowerfigh gntviril behapoeihbismikgherihore, Qﬁ@@@?ﬂﬁﬁ@\%ﬁ@f tfe present
inventidRisiRveRtianaLe useithinastablishinguan datrrsin ragliytﬁ&m&imga@iies@mfm ic acid,
acetic a % q‘rt}ﬁ{o?'or!tg\%]rca LS i %enz%ligtzg:?t? eMea bp 'Xl Com etltlge IP &Iblggerrllt Ty carry an acidic
the compoun sSoft IS Invention arec mmerC|a BI’OHUC'[S to be SOlldnf
mmetystﬁwe‘ghiﬁlwééégah*ﬁ alesriseitivadorasatphleseft hvsatien maydselkali metal salts

(.., scaklmipisterasl im thd fo pkafh phatmaceltitaly. accapiable saliseshihe 466N and salts
formed QQ&‘EU?@B%‘%H&%‘% ﬂgﬁiﬁgt%&?ﬁ%a{&ﬁg@ Hﬁﬁﬂ%l@ }Qg’ésiﬁ%?@éagg &f an acid (-

effectiveness of the parent compound and which is not bioiogically or
COOHbcfﬁ émi‘g)é %H%gwa%gesent pharmaceutically acceptable esters can be employed to modify the

solubility or hydrelysis characteristics of the compound.

are com
b

The term "administration" and variants thereof {e.g., "administering” a compound)
in reference 1o a compound of the invention mean providing the compound or a prodrug of the
compound to the individual in need of treatment. When a compound of the invention or a prodrug

thereof is provided in combination with one or more other active agents (e.g., antiviral agents
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25 (e.g., is neither toxic nor otherwise deleterious to the recipient thereof).
Suitable salts include acid addition salts which may, for example, be
formed by mixing a solution of the compound of the present invention with
a solution of a pharmaceutically acceptable acid such as hydrochloric
acid, sulfuric acid, acetic acid, trifluoroacetic acid, or benzoic acid. Many
useful RS EOMPRUPS of tho mysntion carry.an acidic, Moletu MAYNIEN 5858 o include
SUithble ;%narmaceu Ically accep aﬁﬁa SaltS Théreot can include alkall metal
concursitand selgendabminy siopcth grersaid ansatheorlrdrareandaheraggnts.
calciumyr mabheasiumissitsy aoshaaltstidarmethaided vitahteorganicproduct
comprf . 3 ggfg%g#%@fﬁﬁg amnmeny %?@p&d&@%ﬁ%ﬁ_@gsﬁﬁiedﬂfe %cf"ﬂldirecﬂy,

. é OOH) or group being present, pharmaceutically acceptable
from comyiing b ereyedTslibtify the solubility or hydrolysis
charact8ystidsunfidhe:doaipounchThie termetadriliaishationt dedt yvafidats

pharm3BEIECS (EoBhpoRATINISISI AT SHERRURE 3BH B ARIEIRAGR (A ARQBROW e
ﬁe inyention mean providing the compound or a prodrug of the

.. Of
reCPICEb St to the individual in need of treatment. When a compound of the
inventiohherterproaifeigethevéanisipebyia i i cofbinagsnmetingnaorsed herein

refers 1NQRQAHNGT, AciveBRONIS(@:8al Anlhvirpl-agants 4 Buseluling Heating ke Whject of

treat in{ecgonb "administration” t’a\nd its variants are each understood to include
reatment, obser atiion dDI‘ exaeru%aep . ..
concurrent and sequential provision of the compound or salt (or hydrate)

and othéhaiams eactise dRersin Ahestsrisrein msaatibat prahakertye compound
or phammmMS_@mrﬂﬁm etiaﬁ_tsrﬂwﬂsinga gi*@lspeﬁiitﬁdihmg Eesﬁ»er;tg,ias wﬁ;lhaswn, animal
or hunﬁ??f?ﬂﬁs%ﬁg Eﬁﬁgﬁ%ﬁ' '5%8&'_%’3&%'519 W@t@%ar'i-’aﬁ,%&% Qi@&@& %&E&? %'lfill%gian. In

ingredients. By "pharniaceutically acceptable” is meant that th

€ _r
one empadRR G i il BerhsaSR HuStbE eBmpatidRy Wi eviation of
the syrgtomethfghaddeot deletedvs frethe tretigie thetbof ciibedanent siibjedictive

amounfU8MAINBIAGISITR IR AFE hasuPaltR Hro 39, MReOTeRe IRy bR sa1e s 1Re disease or
i Al preferatiy a mammal, most preferably & umane whohas beely

con l% 88}%&? ¥ H’g t 1, gglsgﬁ?ahon rexperiment. etterm ef?ec?tlvg

sufficignsuintibis U680 Nefemaiseserthearhp aht bllaciveesinpoagdosght (le., an

"inhibigbarrReewiaalagent thaieligitsdha bigipgicah@(imediginalingsRpage iadministered

as the sya P L%gfe%&%gmb é@%ﬁﬁt@@&%&%éﬁa%ﬂ?gﬁ%?%‘gﬁ'é B‘%eaa%)g 39 E‘?&eﬁaﬁe form of
veterinarian, medical doctor or other €linician. In 15 one embodiment, the
the corgpraigiifie amount is a "therapeutically effective amount" for the alleviation

of the syumptemspisthefdidebsmgioviditiGnobeingdreatedelomangtheteating HCV
infectiGNBRAMGMLIRE SFBCIVR AN, HIepMIBGHcRISHe e AMPU v drate, can
be ad for, pg?)%ewg axis of the s m%[oms of the dlseﬁa?e or .condition béﬁl% wusite of

© adnypas) Y RS TSARSAIES IERHFSS FRAVER AREPS AT BRLIE gFlﬁ%?BB%S“e o

action sUffigient te it #€31 NS anprotonsetiang therebyatibibihéoraspansenjunction with
pharmfQNg:SRUEIN L. 8 iAM VA uin ibitigpuatiectine amautomWha e actiMBeutic agents.
They cFMPONNG, (L€, acfive lndradient)is administered jas e Salt, Te1RIeNCRS, rier

£ tlhe amoyn?o 4ctVe Ingrg&’len %re‘ to el_lfree Acid oF Tes base orm ot ]
selectethendbmprsimell ecinspLIpEsebrinHBRg Moudsadstehgemssgutical practice.
The coptpy@RtINGS didiaatimgohl €4, for example, be administered orally, parenterally (including
subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion techniques),
by inhalation spray, or rectally, in the form of a unit dosage of a pharmaceutical composition
containing an effective amount of the compound and conventional non-toxic pharmaceutically-
acceptable carriers, adjuvants and vehicles. Liquid preparations suitable for oral administration
(e.g., suspensions, syrups, elixirs and the like) can be prepared according to techniques known in
the art and can employ any of the usual media such as water, glycols, oils, alcohols and the like.
Solid preparations suitable for oral administration (e.g., powders, pills, capsules and tablets) can
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infection, the compounds of the present invention, optionally in the form of
a salt or a hydrate, can 25 be administered by any means that produces
contact of the active agent with the agent's site of action. They can be
administered by any conventional means available for use in conjunction
with pharmaceuticals, either as individual therapeutic agents or in a

be prepare é)lngtlo of E)ht%z: ]qu'Ei% ents 1-{}1 Can be admi AStgr (f ipients as
P ? 8] are minis erae(fw armaceuﬂca?carr ryse cte %F\g

starchﬂﬁagre@ﬁrﬂfécéhbé@rrm@te @ir&mﬁswﬁwaﬁér@w agetieland PreailvracBugataral
compoRiaehseasBe epaas B@&ﬂdﬁl@ﬁ%dﬂﬂﬁﬁﬁ@ﬁ%l fartexarnpi, B9@ically employ

sterile %rtrélrnﬁtg E%gr%r%% nztlﬁ é)%gp r%x%cﬂgn@u?&éﬁ%n %%uﬂlﬁ i&qs’hlg)ectable

Intravenous, mtramu traster injection or infusion technique

SO]““"&;? HH&%W%&%VW%&HF“ %@H‘P’Bﬂ& ﬁﬁr?ﬁ&%@’@%fﬂé’e Carner COmprises a
saline phlatimacepticakeoniposition eantainingnaineéfie etiuesamonfintadhthend glucose.

FurtheFQEPAHAGH AN RAYEIRRRA N RS- E@é'ﬁl@? Qﬁﬁ%ﬁkﬁﬁ%fceﬁ%ﬁp&@mﬁosmons of the

carriers, adJuvogpts an vehlcles uid prepar?i ions sujtable for oral
Pfesengam?ﬁe?rhﬁ%% leé’ﬁ%b‘& T AP PE RAY tHBTRET B4 k™
Remingtens ) 1 iU Sediionmn aditedebart aRd GamernpidschRpblishing
Co., 19be. usual medra such as Water glycols, oils, alcohols and the like. Solid

preparatipns suitabl roral admrnrstr tio %] ill , ca sules

and tal?lﬁlg %rgﬁo‘iiiesoe NG %%8%? ol R nlqoﬁ% know%saﬁt g pr 0001 to

1000 mgriet ehmapmsioy- guénlwidaeiocm@r@ersdasw@weg sdegrer ladhigled doses. One
preferrddRidcantamminders] disntegeating agesisang tae sy Bﬁfi%ﬂi@ﬁ&iose or in divided

doses. 9\ 181‘3 Ithﬁgi SRRl SI.%eJ) Tar ﬁ?l?g aes ?6g| g/%% B%%ghr?(; ELS 8 %X"”o%%‘nt{‘% Esi;r;}tgle or divided

y emplo ste water as a ier

C
doses. .F@rrer&%@hg%ﬁ@ﬁ% HESEATIBMRY S CirjBE RIBYé s ddB| éﬁg%%ﬁraééeﬁ@ﬁépéaes
containdgcbdingowmidthads knbwwnindheaitiwhereiinthecariericompuses 20, 75, 100, 150,

200, 25%35683 §@é”£‘9&‘5&)%‘ﬂ éx%ﬁ%'{*&ﬂ@'&c%@rﬁ%ﬁi% ﬁ%ﬂ@'&}lﬁ%ﬁﬁgﬁg%ﬁ.&fnm of the

saline and lucose. Further ESCI'IptIOI’] O methods suitahle for use in

dosase f A RIS i SEA A e PABETBRSOFARES FSLEREIAL iR Bhppericver
patient ingyédienisdsuitablB dopandeparsaiduarmpdsitionsnid yhogitieddnvity of the specific

LompoLﬁ&@@mﬂ&%ﬁstﬁmﬂé’fﬁ@&%%h%ﬁﬂ‘T&%ﬂﬂ&@cﬁgﬂmhﬁcﬂlﬁﬁ)wd\ 1R-age, body weight,

aro, Mack P bs 0. mpounds of this
senrs R R AR AT ol SRR g o vt

of the Hﬂ@ﬂ%@abﬁ?ﬁ%ﬁﬁﬂﬁﬁn&%‘% hretrider M‘W&gﬁt per day in a single dose or in
divided deseseibe vpydieseddosagatiangdsis Ol daS00anpkg habibiting HCV

NS3 1"(‘5?&9@ ﬂﬁ{lﬁﬁ%é’ F?&W'Peﬁl@ﬁ’t%ﬁ Q)ngeq/refﬁlg% @?%aﬁﬁ%%%‘e‘r]ﬂf@(%on with a

preferred dosage, rangeis 0.1 t0 10 ody weig r day orally in

e
compodnd of Hheditraert h!’é”%}B’s‘E’s“F%ﬂ‘%*P&}aé%%%ﬁﬁ%ﬁf tﬂ%ﬁﬁ%&@%ﬁ@%&ﬁ anda
pharmbewrosi dechjvshieforompf mbisisompapsdlesthegntainingrtedtion50G! one or more

therapéﬁﬁ'c‘;gigéﬁé Qlthe-agtive !‘ngg&! 50@@?5“9@%% Hov it nallecde, 20, 75,
0, 200, 250, 300,.400 rams af the actlvg %ﬁedlen

0Q mll
mmm”f%‘?‘%dl? t%p%%aéh%héd Bget%%"ﬁ ?ﬁ gﬁ%l‘sé%emt%eﬁ% PRNIERAS Be AL Cv
includerhatse dific!oied éwerleamrfreé@}érY@Vref\f@r@@agmr@ thamyoshrahar p%i’r‘é?ﬁ (an
enhand@@ihbefvariamkacktyyilldepend-Bpanavaialy & gfﬁﬁt@dﬁﬂmﬁﬂiﬂgﬁt}%gmterferon o),

2 comBEIHY 8 e SR 20 ReuRaHng. emBlgyed, the melebel SEBI AN,
[t bty weigh

action of that comp ound the age, enera
Combleaésplarém%@éoarm%éewm.ﬁr&r%.ﬁeﬁ R e&erefraﬁr BioRy o and Nevovirin,
Interfecambinalicins,thet Sevetitymnédhe, pasticiianaonditéeroand dHeuhbsk Roferon interferon

avaiiaﬂf@%ﬂ%ﬁﬂ%ﬁﬁ@alloche, Nutley, NJ), pegylated interferon-o2a (Pegasys ), interferon-
a2b (such as Intron-A interferon available from Schering Corp., Kenilworth, NJI), pegylated
interferon-a2b (Peglntron™), a recombinant consensus interferon (such as interferon alphacon-1),

albuferon (interferon-o bound to human serum albumin (Human Genome Sciences)), and a
15
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As noted above, the present invention also relates to a method of
inhibiting HCV NS3 protease, inhibiting HCV replication, or preventing or
treating HCV infection with a 25 compound of the present invention in
combination with one or more therapeutic agents and a pharmaceutical
composition comprising a compound of the present invention and one or

erapeuti ents sel,ected from the can f a
puritie] Rl B S G S O AR OB A B Weand name

Infergem@abém@a@ isnedcavanaigmes pERiRE Ndichhrssoavt lﬁﬁﬁ@ﬁ%odulaﬁery
activiryibmvitin tbenbiting vivamidities tpmesifisatpbaale G2 (ain30seniad oe® O

01/603 i} ?srgx} ) pIEHRIOR B! ”tﬁ{f%f%}cﬁn@@%{ AAE DISHSI e present
eginterre

ron a), a combination of interferon-a and ribavirin, a
inventg W&%FWE"B%H%% P TaCaL RGN e RS FRIRIRA
differeahddmzoiurm g a]mjcatusertkf ratiopyafrpeginteriety inalandelkvovinple combination
Interferon-a includes, but is not limited to, recombinant interferon-a2a
(such as Ro rferon_ available fr offmann-LaRoche, Nutl
For thq A5 a AL L eHBF ALt (OB RSOl IRGTHOTA SECA (e A0 be
administened-it etferciravailbbieaionh Behisringrddiior REMWORE Ngyine protease. HCV

NS3 shaaY s@i@ﬁﬁ@@@ﬁbﬁﬂf&l@@ﬂ'BH@ﬁﬁé\@hcﬁﬂm&bm%ﬁ%&%&éﬁ excellent target
for mh%%tﬁiog rg%q}:re }glrlfe f]d%'l éalgﬁ:on E:ilﬂd albufebon @n}t:)erfe({ 1{%1%1?0 s of HCV NS3

uman seru uman nom

protea’%ﬁt@h&?ﬁ%ﬂﬁ&éﬁfé@smg q P§é%%8ﬁa%pc%ﬁééﬁegsm?%’ﬂiﬂ%as}‘{ﬁb”/@m4
WO 9%ER3d8)ame Kifngsn (). e9@AMISHER 06 9SATONEr 00/5basHiGHHIBAT262, WO

02/48 1185 RRO Y4By {E'?Fg'a}i%ﬁt%é'vé%ﬂf@%r to ribavirin. Viramidine

represents an analog of ribavirin disclosed in WO 01/60379 (assigned to

ICN Ph&briédttesasyiincad o Wi st thethid Sl e pratsenisodulating
intraceiientiols, dheuimdividuddcompanenisiobthd ernbinatichrcamibe inosine

mmpﬁ&m%a?qrég@a@m@@Ifiﬁiﬁﬁﬁmg Q%'H&ED% 9%@ &Iﬁraem@yn%m route in

concurrent divided or single combinati r'the treat
de v e R AU R TG BTN By B A AGeeBirt and the
monophmiitistisredtineco aidifation ofitV &R dgéhtthiahibiten iphibitibf sC\eeSgother
useful tﬁﬁﬂ-ﬁ%pfﬁgﬁ%ﬁ%égﬁ%nﬂiﬁyﬂ%ﬁﬂr@\sﬁﬂﬁﬁﬁ% i$@i’eﬁ§§aﬂg%?ﬁﬁghnds of the present
s.been described to be an exc inhibiti
mvenm?—%ﬁé epﬁlcatlon Igottﬁ subs rzﬂ)eméln nonagﬁtl)g ra’tté)rbz.‘rsﬁ%g %Elbutgrs c(};xo 97, which is
discloseqiin/ V(S 37/ pletda5€ MBI ardagrEIes &V Wo oBthboulddl giguhibitor, such as that
disclos&8{d 63 0NXAADE0 94:1 rdd, D QY QORAIAS QKD ) 98 BB 8 BT MI O HEBR2BWee A.C.

Au]sonVA’Q 8%46%\5%% %%9189(&%4% W@&Q’ﬁ%@%\‘%ég‘ﬁ;%n@ WO

Paten

5 Ribavirin,
|evov.r.mﬁh%?&mé>ﬁ% BTEiHGI B dr ﬂ‘tg? RisERHRgntion may
also bg raatﬁaneihﬁdmdamﬂtsmbglaanmmﬁm the ctidie s aliadehibitiontatitive intraveihdanantane)

[for a @MEYERINGINR FapRBRRIIRRAEAERYEI0usRRa8AMPRIE). IVHTRE s B ubs. 12:
1-36 (f@%‘% miting enzyme on the biosynthetic route in de novo guanine

otide biosynthesis. Ribavirin is readily phosphorylated intracellularly
For theyyertmenipinidpiYosperitand drivenivessnds mHistorest VPR aThuigy also be

adminisieibifionceti MR bhreresenisAneinaleA0pss el taegah ol thd diseouesyhe ).
of inhibitgrs comj@%}{%d%%H%Erf?@ese'ﬂ?{ﬁ@%% gﬂ‘?n& QTP&HQ@&% Rfﬂbe% %‘??ﬁ@{rea‘cmem of

invention may als e administered in combination with an |n itor o

HCV qwﬂgmtp Wi R %gg bipmeRed ribonucleosides disclosed in R. E. Harry-Okuru, et
al., I. Org. Chem., 62: 1754-1759 (1997); M. S. Wolfe, et al., Tetrahedron Lett., 36: 7611-7614

(1995); U.S. Patent No. 3,480,613 (Nov. 25, 1969); International Publication Number WO

01790121 (29 November 2001); International Publication Number WO 01/92282 (6 December

2001); and International Publication Number WO 02/32920 (25 April 2002); and International

Publication Number WO 04/002999 (8 January 2004); and International Publication Number WO
16

forms.
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disclosed in WO 97/41211 and WO 01/00622 (assigned to Vertex);
another IMPDH inhibitor, such as that disclosed in WO 00/25780
(assigned to Bristol-Myers Squibb); or mycophenolate mofetil [see A.C.
Allison and E.M. Eugui, Agents Action, 44 (Suppl.): 165 (1993)]. 25 For
the treatment of HCV infection, the compounds of the present invention

04/003'&?8’% Qlu%e %‘&mSt d |n 59 mb'gﬁu ?cmtcbnt uz%g \iﬁﬁﬁ%‘éz@z 8 January

ine | -ami ba aman anhe or a compre enswe eSCI'IptIOFI O

2004); thie mtw@acmuhm IREAIPPRSTHEY DRiRges b Peir sutisetyogayh 27-C-
branchE®rithtkeeseent iat Y bnfeedian: theicdmpaindsmefiinecprrieat?’-C-methyl-

uri dmé e @'&%ﬂ%@é@éﬁgﬁh %Q é“qﬂ?:! S&gﬂ)@lﬁg ”ABH‘@ n{?%gﬁ%? E‘Cﬂ'\f B%Ifuranosyl)

agent erase inhibitor R712 oche he compoun e presen

1%%‘?&?8#%&9%@6 Wéﬁ?ﬂﬁﬂ%%”%ﬁélﬂ &ﬁ‘i?éﬁf z-zhe Eesgsiifectionvitid ©
hydro;\ahtmnrcht}ﬁé-@abmvmhhn@,r@mel@osuﬂ:estdisdloﬁ@ub |th15pH&deEkampéthe 5
phosplke aegrgtiggem 62: 1754 1759 (1997); M. S. Wolfe et al., Tetrahedron

Lett., 36; 7611-7614 (1995); U.S. Patent .No. 3,4 éB (Nav. g g}f ;
Internati %%%?‘854?0 r%’i?é?%@‘@%‘t?f/ﬁﬁf’f © |\¢r8k} )Ueatmem 0

HCV lnfmtmrwﬁal@hﬂ»lmﬁ@rﬁmﬂh@@m@/@@ﬂ@ﬁgwmwém@s 200 flispigsed in WO
02/514temationabPyhlisatien MW@&M@%@@#W@M awdh 02/32920, WO

o2 R 6 Bon oo H e 360 259’82 deoxy-

2*-fluogerd” ngetriﬁ*él@&ﬂﬁ&qwhamwwmﬁ%@@% M/@@ﬁgg Z@Jﬁﬁl@aﬁ;ﬁ HFmasset,
Ltd.; Wi Xioasents(0) Saphenibat o aradnieasdaraleiV Bhisierentre ik IVeD 99/43691 (2

Sept. 1@@%%(/ ﬂé?ﬂtﬁ ?ﬁ@%ﬁ%ﬂ?ﬁﬁ%ﬁ%@ﬂ%é@%ﬁ%@%aﬁ@d%%ﬁ‘ﬁ“ted

ine C-me uridine C-meth y adenaosin

th
R e &?g#bgpﬂ@ SFSIpE L RIS S RTIPAR B8 £20. 4 -idocytidine,
assign®| GedifufiimemuHing cahe the CtEspbING @rhird a0 Bs@O NEOfHDSE19 Dec.

2002); %, 0373>6389 @ @pm@sywmmmmwsw@ Wtwwy/om% (13 Nov.
i
SO

2000 e DSt er RGN 1478

Feb. 2QRdatrMEA 80 HGO0htadtdn Wit o tHEr20041806/ASS hhving aﬂﬁém@nd WO 04/028481
(8 Aproropgriies, &uehnastbade disclopechibdWeeihb 02454425 (4 du Iafna@&?)

827&%1&0%%4}%@2'“' B HBLons 0%%%%%%%%@2’3292 o iion may
also beradgpistored i seipavon e - eSS et LY ABie ek B X858 poiymefase
Such HIOWMpGLiftscdyt e gedghi vitgrassigned: fo: Rbai nrasselidaithn \Wergl/68668:, but are

not limfQI RERIPES A0 1 pept9 st i 36N Boarmacessiopls; \VsI9M3GR (2

L N RN R

contenhoatteokitessuphrasRI626, Y -wdidonytiding, eagsignedtter such HCV polymerase
111h1b1t51‘9ﬁf1'1@ﬁm% LRRAENS: Mr&t&p@z@i@é 3haAd 2@2&16 A2 005 1R -

e N
2003); UsBeGHbOSETHY. (B'FansidodHy MG iﬂ/mllmgaﬁs ifubitopokyt are used in

combﬂéﬁ@x@#ﬁﬁMé%FHUWN@é)pM&%@GM&%&&@e%ﬁé&@@&)t@%%@mg
comp 0914[ 28481 20 (8 Apr. 2004); the content of each is incorporated herein by

reference in jts entlrety
4-amino-7-(2-C-methyl-p-D-arabinofuranosyl)-7H-pyrrolo[2,3-d|pyrimidine; 4-amino-7-(2-C-

methyl-f-D-ribofuranosyl)-7H-pyrrolof2,3-d |pyrimidine; 4-methylamino-7-(2-C-methyl-p-D-

ribofuranosyl)-7H-pyrrolo[2,3-d|pyrimidine; 4-dimethylamino-7-(2-C-methyl-g-D-ribofuranosyl)-

TH-pyrrolo|2,3-d]pyrimidine; 4-cyclopropylamino-7-(2-C-methyl-p-D-ribofuranosyl)-7H-

pyrrolo[2,3-d[pyrimidine; 4-amino-7-(2-C-vinyl-B-D-ribofuranosyl}-7H-pyrrolo[2,3-d|pyrimidine;

4-amino-7-(2-C-hydroxymethyl-g-D-ribofuranosyl)-7H-pyrrolo{2,3-dpyrimidine; 4-amino-7-(2~
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For the treatment of HCV infection, the compounds of the present
invention may also be administered in combination with an agent that is
an inhibitor of HCV NSSB polymerase. Such HCV NSSB polymerase
inhibitors that may be used as combination therapy include, but are not
limited to, those disclosed in WO 02/057287, US 6,777,395, WO

02/0 5 2004/0067901, WQ 03/068244, WQ 2004/0
-0 D S o Bl TP e T p A | 2-C-
mﬁhylh%ﬂé@%gﬁ@%@@éﬁé&hkﬁﬁéﬁﬁ%tyddmém&mﬁ ﬁ@mlﬁ@rynﬁ%@s}@ethhﬁtﬁt&s
ribofui@lyde, upareROL IBniled e Halepiciaingl iNME8BaltanX) @dcho-7-(2-C-methyl-

| i W / ign

B-D- “goh%rr%g?ﬁ?ﬂeg’s%%ﬁg?}&?ﬁ}ﬁ‘? gef fﬁ%i%%és |9 %ﬁH g ’ﬁ? gt 1%9‘[11;1?71 B-D-
ribofurgaRir AP irabtigrs-tHayare dige ﬁ‘ﬁséocén%ﬁ’i&r%ﬁ%mﬁtﬁ‘%%r@é%ﬁtbomaﬂosﬁ)
7H—pyht@b{2\l£3}pyata&ﬁeen2ub4&mmm@Eéﬁaélenieﬁgﬂqﬂmzfﬁihﬁmg)sgnnﬁbbpﬁdslo 2,3-
d]pyrn%h@irﬁr%?% Zn#%é?c %QY#@EQD :ﬁ)ﬁﬁgﬂ{fm “TH-PYH ; &lqg?
2- amm&) ﬁ]a&é OQFRWAE‘WEQOC% ﬁ %,l IEESHS%? rﬁ%%ui anfg)s%fl Ojfﬂ ]P)f T
ammoﬁb@@ang&y@-ﬁﬂpmﬁk@{@w@]ﬂ{mnbpﬁ dJpyrimidin-4(3H)-one; 4-amino-7-(2-
C- ethyﬂﬁiimﬁmtﬁmis 1§-(21Cynethyl; 3-BpbeianoaybhdRo-7-(2-C,2-0-dimethyl-B-D-

rzbofur&noggfg gﬁlﬁ %r_} cgmgx ;rg]ler Zs(%) e th %S Igzg?_furanosyl) -TH-pyrrolo[2,3-
d]pyrn}gyh@ﬁ!_-{@@ Qwr}n@gm@ -5- methyl 7 -(2-C, 2-0- d1methyl -p-D-ribofuranosyl)-7H-
pyrrol 2Ny AirtRdGr Vi BHE(Inkd: ribaiuranps g i ddtpyrolela BAdjeprintiaingnosyl)-7H-
pyrrologzaa H}Sgﬁéﬁa%@wa%&%@”@é’ IR A0SR0 Y HaRyr Rl loymi

Dol TR BB T Gyep- BBy - TH-pymolo23-

d]pyrididimsiné-Gxiretty3A{(23@thyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-
7-(3-C R @@%ﬁ%ﬁﬁ%ﬁg}%%ﬁﬂ%t@[g A1 IRHHIHANG: amino-7-(2,4-di-C-methyl-B-

Dribo RS e T oSG ArBice L adiuoro-2-C-methyl-f-D-

r1bofur4ngﬁyﬁ)€.5—pym]@{2 (>¢ipytentigline; and the corresponding 5'-triphosphates; or a
phama(&eazémgf@@@wbe%&ltn%@@[Z 3- d]pyrimidine'

4- amlnorgeehli%ré)? 7 sént m\a:ntlon may also be combined for the treatment of
rlbofuranosy pyrro pyrimidi

HCV infegtimougth @@fbrr;qlg@@ﬁéﬂh;}pjfgrgoﬁwﬁ/}@qggygmse such as those disclosed in WO
01/7709Hpgroalo[2084d] pysigndinge; Tularik, Inc.; WO 01/47883 (5 July 2001), assigned to Japan

Tobac&ﬁﬂa’ﬁ?@?ﬁé/@&ﬂ?‘ﬁ‘}’M’EW? @s@%ﬂéé{ {RYHSIRIS Bipelheim: WO 02/06246

(247 a@%ﬁ%oa?st@ed freiir B Rissrhetidditoris pletetol s lupysririha LA WO
027204972 RNt oY SIS0 r OB IRADNIE0 7602 Trimp s BDIFIK 0 bianssyhed kb dypeal d obacco,

Inc.; th2c3HIRY WigiRGs Zncorporated herein by reference in its entirety; and HCV-796
0-7-(2-C-methyl-(3-D-ribofuranosyl)-7H-pyrrolo[2,3- d]pyr|m|d|n 4(3H)-

Voo T,
C-ethyl{Bomerisaiaramesy paMupyleonie BlalpIrimiliprdymerase inhibitors that are

used irfcaRiberiot2vidi? 10 hRRI(3/DNS3 protease inhibitors are selected from the

7H-pyrrolo[2,3-d]pyrimidine;
followy%g%%%@% 3-D-ribofuranosyl)-7H- p%/rrolo[z ,3- d]pyrimidin-4(3H)-one;
14-cyclobgmiirfots: @W?V}?WQ]@&QY@E%%I {%*tgfﬁib@rar%ﬁfés%l 232, S]benzodzazocme 11-
carbox it 60160 2 BegdpydrmidéZ (3dphorie;d-yiethyl)-5.6,7,8-tetrahydroindolo[ 2, 1-

al{2 S]E)AE%H%%%@ﬂe%%/o%ygc T&%h}’(h (:%fc%ﬂggq%r@E)cﬁ}ﬂgtg)lf_gmmo)ethyl] 3-methoxy-5,6,7,8-
tetral wd?r%?ﬁm%](§{@§9}?6W8tﬁ@|1 (FP arabirstrARGEg oy T methoxy-6-methyl-

5,6,7,8 pyrabjai2iB8ddlpirimitlgbenzodiazocine-1 1-carboxylic acid; methyl ({[(14-cyclohexyl-3-
melhong]ém&}ggzgmgoteaz@yg—}dﬂﬁmb(ﬁa@f'ﬂgg{%ﬁg§¥aﬂﬂ =pyrrolo[2,3-
pyrimidnZ2e;
4-amino-7-(3-C-methyl-(3-D- rlbofuranosyl) -7H-pyrrolo[2,3-d]pyrimidine;
4-amino- 7-(3-C-methyl-(3-D-xylofuranosyl)-7H-pyrrolo[2,3-d]pyrimidn2e;
4-amino-7-(2,4-di-C-methyl-(3-
D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
4-amino-7-(3-deoxy-3-fluoro-2-C-methyl-(3-D- ribofuranosyl)-7H-pyrrolo[2

2_Alnvrimidine: and the correenondina B'-trinhoenhatac: Ar a

|
g pyi Imldine 2-
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20 pharmaceutically acceptable salt thereof. The compounds of the
present invention may also be combined for the treatment of HCV
infection with non-nucleoside inhibitors of HCV polymerase such as those
disclosed in WO 01/77091 (18 Oct. 2001), assigned to Tularik, Inc.; WO
01/47883 (5 July 2001), assigned to Japan Tobacco, Inc.; WO 02/04425

yi)carb%nzil]gi%n}il(@ C%% %%2306? %egﬂggl Lro e?[ X &%&;%cercqg%?&%?fbt\{v (PSW? tlghyélomdo lo{2,1-

igned Istit ogia Mdlé ecu are’P

S
al[2.5]peRgdisgipanp ngowglaa@wéfm}aa?me?ﬁ Weys0508927 (in
(dlmeiﬂigﬁiﬁmlfa)Eu}TdﬁQQS}HMQﬂédﬂﬁWéﬁm ‘Rabasioairdndgl#ik lcontenboizedatcine-11-
carboxé?h 99051%9[&1@@4h&r&ma§1f@f9r%mﬁgﬁmﬁﬁ] SALIEAH %%'@é’v-%%ahydmmdo]op I-

ma Inc.). In one embodiment, non-nucleoside HCV N

iz, 5}?)%1@5*&%8 BRGNS a0 LRl e o rﬁﬁ’ﬂé%‘?e@%ﬂldo}o{] >
][5 1@ nBBIpiarEaseinhibitots e delstitetnitombibieifiotiowingebmpounds:

14-cyo$ﬂe§ypmﬁﬁWd§>[@F@m&%hNMﬂQ?i%mélh%&&% 3 6edrBstattalydroaingdolthexyl-6-

benzodjazo licacid
e e OO e B 4 RS AP clones 5
methoxa}[ézr@ﬁghi@@;@é&?ﬁétq@aéaﬁmg%%&a][2 5]benzodiazocine-11-carboxylic acid; 14-
cyvclohddiayrlalexythGH 2hit@dimpinylantinoyethyli-3sreetBaxyahy8idifian 2, 1 -
al[2, 5]6@%93’1% !Péj‘i"loégf&o%ﬂ% Ql*?ae%h ?@5}9%66 13- GRIRRMIG RS opy1)-7-0x0-5.6,7.8-

meth

tetmhy%”@“%(‘éoﬂétﬂaﬂ%?émﬁlﬁé‘ﬁchﬁ]le%]‘i‘:?é‘?f?é&ih%érrié DI LB Leidpiperidin-1-
viethyl etV -(Htddrdycdtaloe$li3:]{2,5 [benzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-6-(2-

morpthx?téh T%ls%é Mﬂﬁ%m@&%@qlqﬁ%z%ﬂ;u&é?&b&amgIﬁzgm.ﬁy%@ acid; 14-
6

vl R S e Sl7 g bgvoine-1 -

carboxgjf26hdAzodlelraoineH Lyhehrhiopsitimind} SulforfyBddetitravidipindolo[2, 1 -
al{2,5] %‘&M@J%lﬁﬂ%drﬁ\lcarboxy lic acui 14 -cyclohexyl-N-[{dimethylamino)sulfonyl]-7-0x0-6-(2-

p]perldL %Fge? g%é'!roh oin dolo d)f(( axg_?gﬁgeh%(? égﬁZfr?e tFtrahgg){gjﬁqgg ?l-cyclohsxy]—

fazocin
6-f2- (dzsné bdﬁ@vlla)%@aai&ﬁé&gim{wﬁnﬁeim}famiﬂré’)emy?}wléxf@t@fedﬂgvt@twwdr
al2, S}&ﬂﬂﬂhﬁdﬂ&ﬁ][&Hi&emiiﬁéhaz&@u‘h@éﬂ&%rtm&yhﬁbﬁ@ﬂ@mno)ethy |-7-0x0-5,6,7.8-
tetrahyb\}o(l]r&b %?qué}fz%h%%%ﬁ‘a%é’ nZ %%QXSI{?F ok df)ﬁioc[)Jd%hexy 1-5.6,7,8-

5]benzoxazocin-7 3/ dimethyl dthane- [,2-diaminium
tetrahy%vglcﬁiﬁ ﬂ%?&&éﬂ@j’nzo 1azocme 11-carboxylic acid; 6-allyl-14- cyclohexyl-3-methoxy-5,6,7,8-
tetrahy drdinyld B ExylFZ. Bhditrydiochdrd alofbRé] [dsblbehackarocine2-
(dlmetﬂﬁﬁﬁlﬂ%wﬁr@@g 71§'TWQIJQMAC§O£/§Z 1-a][2,5]benzodiazocine-1 1 -carboxylic acid;
ey R0 S e Ero Aol Bl Slhsrodaapne Hasarho .
cﬂboxwemy—%mhym wsmmamymmﬁae 8[2;¢-d[[24%]septoelibdadindole-10-
carboxﬁr@-dcﬁﬁ@é@di@k@ﬁ%é{é @(ﬂmethylammo)ethyl] 7-0x0-6,7,8,9-tetrahydro-5H-indolo|2,1
o2 RSP RS D eI ST P10k S
aji2, 51&%7@9&6%&91% fsr‘(awi&ﬁwérh?nﬁm%ﬁw Q005 iygro-SH-indolo[1,2-
d){1.4]bettabidepinclobfariealfd; aiike nndgiazneinesllHeadopyhit: adid thereof.
14 Cydqh]%)% eQéPagvc(gcnggfédéQs!}d HCV NS5B polymerase inhibitors may be obtained
hyl)-5,6,7,8- tetrahydromdolo[Z 1-a][2,5]benzodiazocine-| I-carboxylic
foi]owxg%llaeﬂfﬁ éﬁﬂlaﬁ%%}‘[ Jéle&below wlhieremn different variables may be selected inaccordance with
the speer(or pvalinedeyistbiyl}omoxa:é 16 7 g-tetratiydroindolo[2,1-a][2,5]benzodiazoc
Method€-1 |-carboxylic acid; 14 15
cyclohexyl-6-[2-(diethylamino)ethyl]-7-ox0-5,6,7,8-tetrahydroindolo[2,1-a][
2,5]benzodiazoeine-lI- carboxylicacid,
14-cyclohexyl-6-(1-methylpiperidin-4-yl)-7-oxo-5,6,7,8-tetrahydroindolo[2,1
- a][2,5]benzodiazocine-11-carboxylic acid;
14-cyclohexyI-N-[(dimethylamino)sulfq yl]-7-o0x0-6-(2-
piperidin-1-ylethyl)-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-c
arboxazide; 14-cyclohexyl




6-[2-(dimethylamino)ethyl]-N-[(dimethylamino)sulfonyl]-7-oxo-5,6,7,8-tetra
hydroindolo[2,1 20 a][2,5]benzodiazocine-ll-carboxamide;
14-cyclopentyl-6-[2-(dimethylamino)ethyl]-7-ox0-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic acid;
14-cyclohexyl-5,6,7,8-

tetrahydroindolo[2,1-a][2,5]benzodiazoging-11- carboxch acw

6-allyl-14-cyclohexyl-3-methox$f-5,6, . "z
ROZCW@%@W k@l[i@?zedlazacﬁahlk@ @ || 3
-cyclopentylabgiz- \ Ly

(dlmethylamlno)ethyl] -5,6,7,8-tetrahydroindolo[2,1-a][2, Sﬁbenzodlazocme I

I-carboxylic acid; 25 1) Funclional
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-5,6,7,8-tetral y&fm%lmﬂ@lo[z,
I-a][2,5]benzodiazocine-11- carboxylic acid; | 2) ring closure
13-cyclohexyl-5-methyl-4,5,6,7-tetrahydrofuro[3',2":6,7]1,4]d.iazocino[1,8-
ajindole-10- carboxylic,¥eid; AN

15- cyclohexyl 6 [2- (dl’{neth amlnégg%@gl -7-0x0-6,7,8, 9“ietra dro-5H-indo
lo[2,1- a][2,6 |I2-6arboexylic acid,;

15-cyclohe F-C8 etrahydro-SH-lna’SIo 2 b
a][2,5]benzodiazonined2- carboxyllc acid;

2-Brombar§yel of@nddbnexpréhdihy deendidd ﬂd@b@[kl}%@&ﬁ}l{a’uonak patent application
WQO20 k ﬁ%?%feﬂ?a ﬁijﬁwo?alngg 5?1(%?%/ %‘: g I% (£ %98 Ak 8?;:"%%3 ! rsor lpttaongl;ty WX to

e above tetracyc C Indo ased H ymerase

either qppBite AT ISE O BYaineld heoRBWin §deadingd %@é@%ﬂ}m@a‘ﬂﬁéﬁ@\ﬂgy (eg, Suzuki,
Stille ewheaibreifer antheal iabtesamaye bt geleciethinfacciordince Witho Hieer or both of the
elemen%sofﬁ}fbcf {ﬁgrt%@é?“% H%&ﬁa@%@&)%%é%? Qﬁ)spfgf?@\'@g‘b Egg%ﬁt%%f%x)éeh Me
Ar Metal X'\ N Z./ ~- Ar A X'-W'-halogen
tetracyglio sgtop- A4y FATRE BT ampmwgﬁfaafa&fa&h *fl?fﬁﬁ@f@?d@dfea%w% ey
aromati Ethdeedotabtionigd\nitH@RC-j-/ Ar ROZC At A A 2-Bromoindole
Methodi€rmediate (prepared as described in published International patent
application W02004087714)( was functlonallzed on the indojefitrogen to
intrgduce pre-cursor functionality W'/ 18“8ither or both ofithe g@ents
Rozcw e tether, Pedpet ssﬂmﬂﬁhﬂgmetho Q (©g{Suzuki, 5
etc) thenbspught in‘tfie 2 arorﬁatiq bearimgpre fctionality
Z'IY™o either or both of the elements s0f the tether. Fungctional group
manipulation followed by ring closure éﬁrded the tetrac>j'(;!,(pL system.

Ester deprotection then yielded the target indole carboxylic:@cids. with the

Cc2
"‘{
\N de proiectnon N,
HO 26~——~ RO,C—— y;

Following tether assembly out to the appropraate 2-haloaromatic, Pd-mediated ring closure afforded the

E\

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

aromatic tethered to the indole nitrogen.
Method C
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aromatic tethered to the indole nitrogen. Method B /Y\Z X\ 1) Functional X
H W group W N\ N Ar manipulation Ro2C H/Br R02C / H/Br IN ~
X'-W'-halogen ~ 2) tether RO2C H/Br A A assembly Br A & Z'-Y' PdL4"
ring closure | X-Y\ X-Y\ Z Z N deprotection N Ar HO2C Ar R02C it 10 A
A Following tether assembly out to the appropriate 2-haloaromatic,
Pd-mediated ring closure afforded the fused tetracyclic system. Ester
deprotection then yielded the target indole carboxylic acids, V\iith"the C2

arornatlc @Eé?@d to the mdolg nj rogem) FMethad C 20 MetaIgY 1)
ROSC ErignatbZ~NvAr \ ZGaokbs Bk y ROZG tions
C At pdra” A ?) as Fing closuré X- Ziz

b
deprbtectlon HOZC At ROZC / At A A XJF‘EIE C2 aromatic was introduced
at the outset via Pd-mediated cross-coupling methodologi r@ggﬁ%l, Stille

&
W \Z W
\ deprotectlon \
N N
HOZC----- Yy @ RO,C~— y

A
The C2 aromatic was introduced at the outset via Pd-mediated cross-coupling methodology (Suzuki, Stille

\ /

eic). 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'"—Y’\ 1) functional group =,

W'\ 71 manipulation W pa
RN 2) deprotection SN L
S X |

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-w—\{\ /x-—y\
w s carboxylate W 4
\ manipulation \
= B =
L (. Ar
HOLC; P, Ar R™T PN
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.

The HCV NS3 protease inhibitory activity of the present compounds may be tested

using assays known in the art. One such assay is HCV NS3 protease time-resolved fluorescence
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etc). 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 5 nitrogen.
Method D X'-Y' 1) functional group X-Y manipulation i \Z 2) deprotection
RO2C | Ar HO2C11 At A A Fused tetracyclic intermediates arising from

(TRF) asg Oag%éb‘sccf\ge%dgrﬂ?arﬁ e 5‘5) shgr e%fa}nfl% ‘f’tl rﬁ‘“% r? d(%?g J8108%0eq in e, g,

prio tO ester eprotectlo 2-tethere € carboxy ic

e ta
Iﬂ’femaél%@ W@M@#&WI%WW &%é&#@o@%@wﬁs #ishibatdiGry DOa@otease
inhibitéus Reid v € Ritéihedeh iftl alel carboxylitaditsiesising: fromN¥)ethbels:n more

prefmei’él?l&?%ﬁaﬂ‘ﬂrltbﬂzgfr'vat'sed through manipulation of the carboxylate
functionality to give compounds bearing a carboxylate replacement or

carboxalfo SISt IRY iR SthB Al KyRtrserdBefivncunedy b formula L -2,
or [-anedessanydlbdandibe pesiraliiedaiprotechsenditve griebstivelgroupseaoiliowing

reactioRRQhihemalgspies &%&ﬁm@loﬁmlEe@mé?ﬁg%mﬁy%dahxbﬁe%aﬁ%lgfmatenals

entional rotec in s those .described in Pr ectlve
e AR B RSSO 7as 59 ve o
variantgwhigh we tGressiie sk @ . th@f pq{bt@gns}gigmhpgnm Ot geriiet mentioned in greater

detail. ﬁvm%&se Jahn My &S Qngpadith @@ﬁ‘i@%nd@%@aeTﬂ&ﬂﬁQﬁ%ﬁﬂ@ %Qﬂ@fsappareﬂt to
the per{BEYRSIRIONE %‘Ea %%“‘4 H%r!étfs?h‘bfs%%\%%{‘t F1age Uaing Metods 20es. Unless

P ﬁ( nown ? T the art I—‘ VN rotease nhi tcaltory activity of the p
Oﬂ’e"‘”ﬁﬁ?éé‘é‘ﬁ%tééyrﬁ%Sﬁfﬁﬂﬂ%’eﬁr?é?aééi?&féc? 0%nd %\%Ba&%vwwﬁftﬁ@ﬁﬁe@ﬁ%mmp es
serve oslyah dlssaydsiHGVeNB3 protegsectinee-rasehmoRuarescende 2is(hF)s limitations
on the s%%ﬁ@)ﬂr%ﬁ;%c?ﬁh@?ﬁv%%ﬁample 56. Other examples of such assays are
described in e.g., International patent publication W02005/046712.

gnsf g HCV NS3 protease inhibitors would have a Ki less

than 501Vg monepréfefabhyptessitivarniOntivhyard evbesmedre queeferablihe general
Schemd€$S48an 100 nM. 5 The present invention also includes processes for
SCHE ing compounds of formula 1, llI-a, or ffi-a. The compounds of the

= ent invention can be readily s?pared according to QQ followmg
reaction schemes and examp%, or modifications th usmg readlly

(

Genera

(qyallable starting materials, 4 ts and conventi $120c removal

Q;)rcfcedures(;thesec@actlonsg Ni\= aTSOJ;aps:aLt@Iﬁgto Se fAm,de Couplmg
% P

+ BocN

1,2

1,2(NH g

(R%.2
I 1 1) Optional
| (%N )1,2 ' Hydrogenation
) 1,2 Metathesis N or functionalization o
z = z = 2} Ester Hydrol.
A8 PR 3) Amide coupling  © NH)“N
o7 TNH )LN 0”7 "NH )‘N =

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 carbonyldiimidazoie or equivalent reagent and then reacted with an appropriately
substituted isoindoline or tetrahydroisoquinoline. The alkenyl functionality may be introduced at this or a

later stage by palladium catalyzed reaction of a halide substituent such as chloride, bromide and iodide, or
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variants which are themselves known to those of ordinary skill in this art,
but are not mentioned in greater 10 detail. Furthermore, other methods for
preparing compounds of the invention will be readily apparent to the
person of ordinary skill in the art in light of the following reaction schemes
and examples, Unless otherwise indicated, all variables are as defined

other ﬁ%Qf?V&;I g.fplowingreaction sehemes and LxamRles, ggear\eﬁlwuyatﬁy ltrialkyltin.

ustrate the invention and its practice. The examples are notto b
Alernagis e al ST HABETSHE BrTHEPE SopR =P o BHE THSOGH M8 Rsefidigetno
Descriptidrioé SynthésisthEkendoyipotinhd slofithenpresentinve ntivhpondynbén amino

acid (e}%@?%%@;ﬁ Qu !Q@g (IJ? IHA? fﬁie@%@mﬁﬁzhgﬁ%&m%mwﬁ ﬁle art) in which
R5)1-2 ( R5)1 -2 OH X R) oc r%n]oval CDI 1,2 V|

e s CURATAA 5 RP2y RS BBE e KR g g A
couplinBor N EwiNad@yd: @:FtS)Mngmwmf(%pf-}zem)@mm@g)qz@ty1<,123\)~11,Jzo those
skilled fHYskQaenationEe I‘ﬂzﬁc‘,@dﬁ@mt@weﬁi@&&ﬁ& @nﬁmﬂmauﬁ@émcaa 'be

Ester O/"h_N Ami in
s ) R U S FRE T ) S 1 Y LI G L 190 i
amine hasp RESEATARIRS n%?ééiﬁré"aﬂﬁf’&ﬁﬂ%ﬁ RatERPaRdRCRa N arRIAsFSIfRayith a reagent

such asderpsativeitinseampienandrbhamatapioiectederit:egen anad aW esigns2192)
fi olloweer@%ﬁzﬁgoégﬂ g&%}%eo{% E%Qtéﬁ’ﬁ‘iﬁgcﬁm%”%{%gﬂ%?%R&s%%vﬁkﬁ{& gene or

reagent and then reacted with an appropriately subsfifuted isoindoline or

oS RS MR THE ST R or Ry ) BES ARG A e provared
by reaconaefatenstagediy paladitdigatelyZed aeastionioidieatide sgbskitednint. followed by

add1t101§HFQ RSShIords Bremide %QQOQQ@mﬁﬁt%ﬂgﬂewgwl WYep &l@h I%Sr@actm g an

triflate with an organometallic reagent sug h as a vinyl or allyltrialkylti
letn oA EHN BRI e REPRGESHAT ) e o SO 1 e o rganc
solventy &g bstivn \hmhdéltNeafefbmhmstgcheme 2 describes the synthesis of the
SCHEMIERN containing amino acid portion. An amino

HaNCOR |
. olo o
HN._CO.R
\R[/3 2
\
) L.
4-N._.O
RN New " HN._CO; C
HN._CO,R
?:3 2 R?
D

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).

Deprotection of the carbamate protecting group on the proline portion may be carried out
by a variety of methods known to persons skilled in the art (Theodora W. Greene, Protective Groups in
Organic Synthesis, Third Edition, John Wiley and Sons, 1995).
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acid (either commercially available or may be prepared readily using

known methods in the art) in which 5 the acid functionality is protected as

an ester (for example, R=methyl) can be converted to amides A by

coupling an olefinic carboxylic acid utilizing a wide range of peptide

coupling agents known to those skilled in the art such as DCC, EDC,

BOP, T%o cdn?t% (S t e ) i%ﬂacs)ps 8% ttl'l;l e grlflll fg i!“ sBﬂﬁf%HU%g t%ce:%om ollascu? gerwatwe

by reaction with the a {)roprlate sulfon oride in an organic solvent
can be gaugledriqthapiipian d%rﬂﬁmeaﬁ%é ‘asd%éaaxxéﬁééﬁpm%aoa%w%w&% Hiehepd . EDC,
BOP, Trepare by Jgasting. iht:amindesten Withca serigent thOisutifiagmetathesis using a range
of cata@v@arsb[% idiimidazele. 0. orm.andaiarmesdiale bi%?ﬁé@”%?ﬂ(%@l@é@% Stehnic bond

062192) followed by addition of a second olefin containing amine.
producodi hagingy! %W@é@@ﬁ@eﬂfdﬂﬁsb%ﬂ@@?alﬂk’ PHOSFEREYhiRhE E‘Jé%tarﬁﬁeﬁl%&ige or
functioodlcarboryidiinticdazele sGhanegtapidmeterivatives necasich e frephyda!tryd under
basic oéﬁ@i%ﬁ@a@ﬁ%ﬁ@&'ﬁ@t aﬁi@I (,%r@;;} Wit HiRbaBM LreYanosRrBRRMmIARLRINAN

nic solvent, fql X addlg n of a second olegn conta ni q amlg
alkyley 52[? ane o&mn i) ec ie e glegare as describ previ%lso)( ad mas-Brunet et al.,
at eriva IVGS e prep Yy reacting ‘an

us 6,3%%3&1%3?@@53&%@4 {witk @@H@@n@ll@Hﬁﬂdﬂaém@%ﬁﬁhéﬁsgm@%ﬁﬁﬁ@@ée%ép@lﬂnds The
proline@H1QS6QNG)LNIBArORgGRN khdsalvemt. Jdallowed bypedilian-of the @ming.d

evlon R T O A PR SRR Ve Sk

WO0@ERE Do R Rlels ﬁﬂfﬁﬁﬂWﬁ’H@dﬁmctlonahzatlon of the amine, the ester
can be hyeftalyzedhasicdestadyrangelode 20 Bakie oaiittensikinewd tpdliesE: Miller et al

J. Am, élék'ﬁ:‘?%@ E'@?éaﬁtngﬁ&d@%ﬁ{gs@iﬁe&%lﬁ r%‘?“@f\/e%(%’&“@%n 1[I Scholl ctal

Synthesis d Edition, John Deprotectlono

Ore: Lt isdimat %&@Kﬁﬁ%?&hﬁds&ﬂ%g%ﬁ&l?ﬁe%oﬁﬁ%?ﬂl?ﬁs%é CHFi &%%983 &% 8275,
The utiigrigttheferrrthotsiknogwidengensttis skiller: Ihithevarn (ThEsdorac\. g. Troka and

GrubbsGI8C 0GR lactivel Grpups in Organic Synthesis, Third Edition, John

Wiley and Sons 1999). 23 To co pletg_t(]e synthesis of the o,m unds
3@5 inventi hﬁmo acid j‘?\/ ‘d
PCYS gII’ Ru
R _ o

Ci 'Fz = CI
PCys Cl'bey, o #)‘Ey
3
F G b J
7

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

%@o Q g

K O

List of Abbreviations

BOP Benzotriazole- 1-yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate
DCC Dicyclohexylcarbodiimide CH3CN Acetonitrile

DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene

DCE Dichloroethane DCM Dichloromethane
DMAP 4-Dimethylamino pyridine DIPEA Diisoproylethylamine
DMF Dimethylformamide DMSO Dimethyl sulfoxide
EDC N-(3-Dimethylaminopropyl}-N -ethylcarbodiimide
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can be coupled to the proline derivative via a wide range of peptide

coupling reagents such as DCC, EDC, BOP, TBTU etc (see Scheme 1).

Macrocyclization is then achieved by an olefin metathesis using a range

of catalysts that have been described in the literature for this purpose. At

this stage the olefinic bond 5 produced in the ring closing metathesis may
EGN be optiqnally hqulg Earll%%%d to give a sa_turated Ii@l@?e or fun%i@@@lli%ggrin

alternative ways such as cyclopropanation. The proline ester is then
EtOAChydrolyzed undéyii4&i#¢onditions and coupled @(ﬁﬂﬂthe cyclopftamino
HATU acid ester (the@pprophtiatecatkariyl-obh- slkyicyélograpethelpontion lafkthimorophosphate
gy Molecule can l?ﬁzcﬂfo%ﬁ)&ﬁ%ia@ﬁ described_ previously (LIinas-Br_unet et al.,

US 6,323,180) and subjected to an additional basic hydrolysis step to .
HCL provide the finAPERATBSTIAE The 10 proline estés_l@ég also be’yifolysed
HOAt and directly colspledtdryehaappraptiatelly functiondli@éd cycloplapylemdindgroxide
MeOH acid acyl sulfopamiggi(which can be prepared acgesding to Wangntshmetuifate

l. W02003/099274) to provide the final compounds,.Olefin mgtathesis,.
NaHCCgatalysts inclu%gglﬁg? 6ﬁ§&?ﬁ§%uthenium basedﬁ%gg‘és: F: I\/Ils éﬁllrlug% %ﬁfﬂte
NaOH Am. Chem, Sotd998HI8i8606; G: Kingsbury é¥3J Am. Chéfnggem chioride
NH,0HL999, 121, 7915 Sehelhairakidd Org. Lett. 19984/, 953; Hovayiaé el ah carbon
S2002/0107138; K: .E r . : 1999, 64, 8275. The

Pd(Pphst“llity of thesejfé%tda}l‘l%ggﬁﬂr%?r? "%8%%%%"’%@%&1%53@ is well known in the _
PhMe jiterature (e.g. T#H¥8%nd Grubbs, Ace. Chem. R&d:2001, 34, T8 Qv phpgphine
RT C~ CPRP Cl, Gpth@nmipReniRu Cl, C Cl PCYa CITHRu~ Cl PCYear&hdofuran
Ty PCY3 ™~ .F G M BRYN MI—N,MAG{QWQ%’J AR eRM R oroborate

metathesis catalyst RC-303 K 0 (Zhan catalyst IB, RC-303, Zannan

Phanna Ltd.) 20 List of Abbreviations BOP

Benzotriazole-1-yl-oxy-Cris-(diméthyatRido)-phosphonium
(sr.7shexafivgraphesphate) RG L RieysiaexMisAIboside GHIBCN MaeleRis#eyI)-3.9,12-

trigxo- Eé?’/?%?ﬂ?i? ?" ﬁpll O' ] ) 1%A!q3o

V »
ED (3-Dimethylaminopropyl)-N'-ethylcarbodiimide

thy¥ormamide DMSO Dimethyl sulfoxide

: K i O\\S A
L e
| 1i1-1
Step 1: 4-Chloroisoindoline
R

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
room temperature. The mixture was filtered and the resulting white solid was washed with water and
dried to give 4-chloro-1H-isoindole-1,3(2H)-dione (7.7 g, 86% yield).

To solid 4-chloro-1H-isoindole-1,3(2H)-dione (4.0 g, 22.0 nunol) was added borane-THF
complex (1 M/THF, 88.1 mL, 88.1 mmol) dropwise with stirring. When the addition was complete, the

reaction mixture was heated to reflux (80 °C) and stirred for 6 h. The reaction mixture was then cooled to
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24 Et3N Triethylarnine Et20 Diethyl ether EtOAc Ethyl acetate EtOH
Ethanol HATU O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluroniun
hexafluorophosphate I-IBr Hydrobromic acid 5 HCI Hydrochloric acid
HOAC Acetic acid HOAt | -Hydroxy-7-azabenzotriazole LiOH Lithium
hydroxide MeOH Methanol MgSO4 Magnesium Sulfate NaHCO3

. icarbgnate Na,S04 Sodi e NaOH dlum h droxi
o D S A o BB HIL IR was warmed o
room tqmpeEAiien Bh! dérlﬂbwap%ﬁ(@ﬁ HB‘)‘h‘i’@t’f’?ﬂlPé%{?r}ﬁMW@ﬁﬁﬁ‘i‘éﬁé‘l‘l‘éﬁﬂﬁﬁ%@)
concenfPhibde Tieldade RBhidt Triplkiesylphiosahinel(R Inamatesd pelaiuieh BHE ether and twice
with d](T %mgxgt}éraﬂq ﬁﬂ' (H t@e § Qm lv\!a}fl gtﬁt&! o) ﬁ?“@ﬁ”&ﬁ%&‘iﬁ@ﬂ!%ﬁ and

tetrafluoroborate EXAM S)-10-Buty1-N-((1R,2 S '
extracted e ipgistife ﬁ";ﬂ})’éﬁ?‘i%lcgﬁfaﬁ?fm’}“eé the%ﬁsiﬁa%m ’svegefizwﬂ@% 2,80,,
filtered@iifl @chOehtal tolchs 16idevihilrdsbid-0.82;58%0 rivdthaoRMS B @ L1+54 [(M+H)';
caled theNZREIRXaYIazacyeloicosine-7-carboxamide (111-1) 00 O1~'N\H O 0O\
Step.2 _/-:;\_ N S %O Il Sie : 4-Chloroisoindoline NH ~A rrgrtr% of

0]’0-— o -i 7(rg -E O ]-
O 010

255 b diesebrx 1128 C and stlrred for 3 h. Water (300 mL) was then added
and the mixture was cooled to 25 roo mperature. The mixture was
filtered and the resulting white solid #Was washed with water and dried to
give 4-chloro- | H-isoindole- 1,3(2H)- leI’lG):@Z 7 g, 86% yield). To solid

4-chloro-IH-isoindole-1,3(2H)-dione (4.0 g, 22.0 nnnol) was added
borane-THF complex (1 M/THF, 88.1 mmol) dropwise with
lete

stirring. When the addition was comp e reaction mixture was

heated to reflux (80 C) and stirred for 6 h. The reaction mixture was the
cooled i 2 setution of N-Boc proline methyl ester (2.87 g, 11.7 mmol) in DMF (15 mL) at 0°C

was added carbonyidiimidazole (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,SO,, filtered and concentrated. The crude product was purified on silica gel (gradient elution
10% to 90% ethyl acetate in hexanes) to give 1-terf-butyl 2-methyl (28,4R)-4-{[(4-chloro-1,3-dihydro-2H-
isoindol-2-yljcarbonyl]oxy} pyrrolidine-1,2-dicarboxylate (3.3 g, 66% yield). LRMS (ESI) m/z 325
[((M+H-Boc)"; caled for CisHCIN,O4: 325].

Step 3: 1-tert-Butyl 2-methyl (25.4R}-4-{{(4-vinyl-1.3-dihydro-2H-isoindol-2-yl)carbonyijoxy}

pyrrolidine-1.2-dicarboxylate

-
Agﬁ\%

A solution of 1-fert-butyl 2-methyl (25,4R)-4-{[(4-vinyl-1,3-dihydro-2H-iscindol-2-

ylycarbonyl]oxy} pyrrolidine-1,2-dicarboxylate (40 mg, (.09 mmol), vinyl tributylystannane (36 mg, 0.11
mmol} and cesium fluoride (31 mg, 0.21 mmol) in dioxane (0.5 mL) was degassed with N for 15 min.
Bis(tributyiphospine)paliadium(0) (2 mg, 0.005 mmol) was then added and the reaction vessel was sealed
and heated to 100 °C for 18h. After cooling, the reaction mixture was concentrated and purifed by silica
gel chromatography (10% to 90% ethyl acetate in hexanes) to give 1-ferr-butyl 2-methy! (25,4R)-4-{[(4-
vinyl-1,3-dihydro-2H-isoindol-2-yljcarbony!]oxy} pyrrolidine-1,2-dicarboxylate (10 mg, 25 % yield).
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25 0C, methanol (2.8 mL, 88.1 mmol) was carefully added dropwise and
the reaction mixture was warmed to room temperature. HCI (6 N) was
added until the mixture was acidic and then the mixture was
concentrated. The crude product was dissolved in 1 M HCI and extracted
twice with ethyl ether and twice with dichloromethane. The pH of the
LRMS qus.lay \E asiad) usggld Cteoptl] T-I_I?]ih Wthﬁgild NaOH and 5 extracted
ree tlmes ethyl cetate The comblned hyI acetate extracts were
Step 4: M deplonmisa hon i S hAsvinisl3-dihvdrg- At isondol-2-
)carbéﬁ»&@;ﬁa/mrwmhdbe LRMS (ESI) m/z 154 [(M+H) calcd for CgHICIN: 154].
Step 2: 1-tert-Butyl 2-methyl O
(28.4R)-4-{[(4-ch|oro-1,3-dihvd’\gr2H 0] dol-2-yl)carbonyljoxy}

pyrrolidine-1.2-dicarbox}late 0 N"10 To a sehatlon of N-Boc proline methyl
ester (2.87 g, 11.7 mmol) in DMF, (15 at O'C was added
carbonyidiimidazole (1.9 g, 11.7 mﬁl‘ne e reaction was warmed to room
temperature and stirred for 30 min. A soltition of 4-chloroisoindoline (1.8
g, 11.7 mmol) in DMF (10 ml-) was then added and the reaction mixture

was hedied fesbomiaind stiriee o b2hngthy (dadfortriiduyievivhs-piblifey2H-isoindol-
—yl)oaﬂi@@i}&?}bﬂr@ﬁhﬁfe&@@e@ﬁdﬂﬂQﬂeﬂﬂ@ helavermwe e sepriiedv EBRtion of HCL in

dloxaneé r]L lg%%r Y‘_’}?ﬂ’i’%ﬁ %9 E W(?itced'té&jé ﬁ'r?pl %éecroh% %1%9 % Hﬁé%gr%ﬂg material and

ncentrated. The crude pr uct was puri on silica gel (gradient
formatign fdhc $69 fP90TEiy dbeti i HeRANREY 1o it d L EHDEH I Fetnid the
crude {284 Rye4 - a cipl ar@NE-dthytyo-2H-

dol | 3 i m
'SO'”SO(E%Sﬁ{fo/‘??%&%ﬁ%%%@% 12sdlicarboxvlate d313 G ERUMIAIN mg, 0.17

mmol) @t&ﬁﬂéﬁdfcf&t‘%%t&}lﬂf mgfﬁglﬂlre beiovxcf:)aliggl’{?,?ﬂ[ (c(:)]f)’!'é' %1819 0 !}rl32mm0§2lg[])C2 (054 mg, 0.28
mmol) (RSRIR)44f @evihys-hBudihvdfe2irismintiol-fovB earboneyidsigjconsumption of the
amine WY Elding %ﬂ@mgxyf@éQeﬁe?ﬁ@Ql%Q@ RhddeftdimeZymerhy.s N HCI and EtOAc.

R 4- dil
The or%lc Ig e)r Wﬁi[(zva;s/ InX ]3br{1r 8 r%"te over ﬂ%’g@% The %)Eagnt was tiyen renreved in vacuo

ony oxy pyrro |ne dlcar oxyla mmo

and theteitydeyyedusinar@EBangn olice (36 ?ﬁn@ﬂ%af@wﬁi fugrid& (e Kﬂa% yield) of

methy] W@@Wh%ﬂy@@ﬂ&@&%%mﬁ@&g&%ﬁ@dmm N2 ik dro-DHAisoindo)-2-
)ca1b§’ ?f]%'b t Jr%;ociﬁl% ”%WE%@&@@%%@:?E ggflhot)n"ta hﬁ'bads%? and

S : 5 Ha2.

. e re vesselwas sealed and heated to 100 C for 8 Af er 2558

1- tent butyI 2- methyl (28 4R) -4- {[(4-
vinyl-1,3-dihydro-2H-isoindol-2-yl)carbo xy}pyrrolidine-1,2-dicarboxylat
e (10 mg, 25 % yield). 26 LRMS (ESI) ni/z [(M+H-Boc)'; calcd for
C"H,1N,04: 317]. Step 4: Methyl f(pen -A-enyloxy
carbonyll-L-norleucyl-(4R)-4-{[(4* wﬁy@hydro-ZH—isoindol-Z- yl
carbonyl]oxy}-L-prolinate Nr 0 \L Kl

A solution of methyl N-[(pent-4-enyloxy)earbonyl]-L-norlencyl(4R)-4-{[(4-vinyl-1,3-
dihydro-2H-isoindol-2-yl}carbonyi]oxy} -L-prelinate (60 mg, 0.11 mmol} in DCE (20 mL) was degassed
with N, for 15 min. The Zhan ruthenium metathesis catalyst RC-301 (Zhan Catalyst I (depicted as J on
page 43), RC-301, Zannan Pharma Ltd.) (7 mg, 0.01 mmol) was then added. The solution was then heated
to 100 °C for 1h. At this time, LC-MS and TLC analysis indicated complete consumption of the starting
material and formation of nearly a single product which had the desired mass. The solvent was then
removed in vacuo, and the crude product was purified on silica (5-70% EtOAc/hexane) to yield 45 mg
(79% yield) of methyl (5R,7S,108)-10-butyl-3,9,12-triox0-1,6,7,9,10,11,12,14,15,16-decahydro-5H-
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1 uNI"N 05 To a flask containing 1-tert-butyl 2-methyl
(2S,4R)-4-{[(4-vinyl-1,3-dihydro-2H-isoindol
2-yl)carbonyl]oxy}pyrrolidine-l,2-dicarboxylate (60 mg, 0.14 mmol) was
added a 4 M solution of HCl in dioxane (2 mL). After 1 h, LC-MS analysis
indicated complete consumption of the starting material and formation of

ired r e volatile compone ts the
2,22:5, m%mee[ﬁano 4‘%9%% Pfjgemocp trtaz,ac o;c sine- el%n eL)ri'J%%%r%\é%% mz 514

&nd the “trude matenal was raken up in' D
(M*“thféﬁﬁ‘éfWa%ZﬁBd‘é@N-sﬂﬂ)hnt 4-en-I- yloxy)carbonyl] -L- norleucme (41 mg,

Step 6:Q5R7 Sruaol)! (pkepared skosnding(te dhberpsoceduiiel ael ol iy A-£0. 0 G v ciopropyl)-
3.9.12-bx §14378MPY; EDG (34 Mg &0 oMb A0d HOA (44119 ,G:4¢. mmol).

Atter stlrrln? at .t fOr 30 min, complete consumption of the amine was
b et WV 3¥8Hétion mixture was then worked-up with 0.5
N HCI ahdaEt@icn mmwamw&yésmgamshéd witholrihg. afd @iibd2, 14,15,16-

decahy@NRSIMESOYg Jﬁ%@h\éemym sh%ﬁmgxaﬁtaaayy%qdeoé&@mg%gr%%s me, 0.09
mmol) %39#5{ Ir(%_,sbw %ﬁﬁgﬁ 9 n(dL (\))vagtgr /f 1& égs/ QL égff%ﬁ%yf%%% I?11%11101) The

reactiopuf(per g hgAsyycH o I@?F]{Lﬂ@ﬁlﬁu dyli- @ RPGH [{mapapirleB-elingeingtp af the
methyi%@éﬁd@dr&ng&@aﬂsﬂdnw&%yérhe@r@lin@th_FWbSﬂ&ﬁl}a Az BdR Jvkdd)lipcaledh.s N HCL

r C29H40N3 7 542 5 Meth é?R
and Exfle USRI AE SRR NTORIT B preesmpucdin g The crde
productgvaa%twgh@ BME d gnh)q benzod|oxatr|azacycI0|cosme -7-carboxvlate O
00 O~NottiN v salutienwat madtdyll R,2S)-1-{[(cyclopropylsulfonylamincicarbonyl}-2-

vmylcﬁ\'lc[ﬁpcﬁ:l%frn%{?wz%ﬂﬂ&%g’gl }’x';laé-é}QﬁL‘%lé?é(i't@‘é@ff'sﬂ(é‘a\é'&“é!fén§et al WO 03/099274) (32
dro-2H-isoindol-2-yl)earbony d(@%L prolinate (60 mg, 011

me. 0. %@@?ﬁo ALY Wels e JAS BTNt N T 18 ?ﬁﬂnmlrh%"fﬁaw%m’éﬁmﬁ?mn mixture
was stimmgtatthesisgapatyst RO 301 (BhancGatalysti«( depibted nsduiediage 48}, phase HPLC

to give BR; 391@%@WW"WSW{([?c%%p@eg}lmmeymam@a%aggw Fh8eyclopropyl)-
39.2- 8080 IR 160 1 ??t%dl%%éga%oﬁo-sf%'zg SRS LY gnd TLC
XP sis mdl & r“t

‘complete consumption’ éﬁd and
benzodf@fmﬁla%r@ﬁy@iow@am &@H@I@mé@i%%uéﬁ/m@lme Mh@ﬁ(ﬁﬁlﬁ%Hﬁh@m CDCl;) &
10.01 (§oh\lﬁmthza9(1then{)camw@d1 IH)V&GMQS andliesordde-pradugt, was) puiesl 1 Hy, 5.76

Nn.silj O°/ iel ( 0 of me
(m. 1 HYI AM 9{(‘9]’*?{}3 OXO %‘?44 1’89{ i%%dlﬁés%g% ér—g thyd 00,1 444
(m, 2 |428](m ) 428(m H). 395(m H) 377(dd 15),2.94(m. 1 H), 243(m 2 H), 2.29 (d,

2 H), 2225 BHdimedhana-A)1 8,28 8y, ¥-bonzeédlioxdtiibzadgel dic osirteH)-¢drbak Zial), 0.92 (1,
3 1) pifs; ERMS (B934 DIV B cpice, far GR7H3ANB07: 514]. Step 6:
(5R,7S,10S)-10- Butyl -((IR,2S)-1-{
[(cyclopropylsulfonyl)amino]carbonyl}-2-vinvicyclopropyl)- 3,9, 1
2-trioxo-1, 6 7,9.10,11,12. 14 15 1%@&@1@20 5H-2, 22 5.8-dimethano-4.13

: _?a%m% 1121435 16

13,2 2 ycloicosi
1 |n THE (2 mL), MeOH (0 5 mL), and

rL) was added L|OH (21 mg, 0.87 mmol). The

-2
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reaction mixture was heated to 40 C and stirred for 1 It, at which time
complete consumption of the 10 methyl ester starting material was
observed by LC-MS. The mixture was then worked-up with 0.5 N HCI and
EtOAc. The organic layer was then dried over K2CO3, and solvent was
removed in vacuo. The crude product was taken up in DMF (I mL). To the
angvzeS EX (cyc 25 r\?f)as é%dyzcacﬁ{ijﬁ% é:g IEBO Rycicedure used for EXAMPLE 1 except that
~meﬂw¥ﬁ‘{f§é9epef6reaé?ﬁaﬁ %ﬁ?ﬁb{l&:ﬁidﬁ ee(ﬂﬁﬁ%?éeéﬁ‘jﬁ%fﬁé]tgéi) Urs@sy9stssbay) was used in
place oYVafigeat-alVO/Q34089874) (B dl Burige 01 B2pvim Oy NMBY (3 (6 Mitig ,pPril,G-DCl:)
9.90 (s ”B”%B')vaz’kd&'ﬁ’ Eﬁ 19 0@} ﬂ%) %%@QWO'E%%W? #ﬁa@ﬁ@@{“ixiﬂf% WP, 1 1), 5.45
tempera ction mixture was wectX
(m, 2 FBu?lﬁ%&dw %’év%ﬂéé%ﬁ&é%ﬁﬁ‘kﬁﬁ%&/@) 433 (d, TH), 448 (¢, TH), 441-4.35 (m, 2 H),
4.27 (n(5R1.S O S 10EH LdyTANEE R [25Y-33{{ ey cldp FopyidulidhyDamimoIcHibb h}-95 (m, 2
H), 1. 72(\4“1/'9)]01% aRYDE), 1.37 (m, 2 H), 1.07 (s, 9 H) ppm. LRMS (ESI) m/z 712 [(M+H)"; caled
forC %9){ 1 ,6,7,9,10,11,12,14,15,16-decahydro-5H-2,22:5,8-dimethano
* 4(’ 3,2 benzodioxatriazacycloicosine-7-carboxamide (27 mg, 47%
yield). '"H NMR (500 MHz, ppm, CDC13) S 20 10.01 (s, 1 H), 7.27 (m, 2
H), 7.12 (d, I H), 7.04 (s, 1 H), 6.4 (&h#£16.1 Hz, 1 H), 6.08 (m, | H),

5R. 7S (7 —1%“ rf'ﬁ)d 5[- : L 4_!)? I cgg Ijo?gu%?gl ](Qmul?l cgb]()% j“pl lcvcloro -

15.15-di u. .;.,., \a 70; . ___\t,, ano-4.13.2.8.11-

benzodi‘d)(.aﬂlﬁ)ﬁﬁfm](ﬁcb'k‘iné. BdafBDXiﬂﬂ)leIHan 4 H) l 45 (m | H), 1.38-1. 06 (m,
5H),1.04 (d,2H),0.92(t, 3H . LRMS (ESI) ns/z 712 [(M+H)"; calcd
for C35H46N509S: 712] 25 E E2(B5R.7S,I

He

-2- vmylcyclopropyl)
3,9,12-triox0-1,6,7,9,10,11712,14, 1@§¢Ge0ahydro-5H-2,22:5,8-dimethano
-4,13,2,8,11- benzodloxatrlaza@?c_ ing-<(scarboxamide (111-2) 0 oN O
0O NNS"O HO30111-2 28 I“—_“"f@{l\ﬂ*PL NW?sgvprepared according to the

procedure used for EXAMPLE | except hat
3- methyl N [(pent -4- enyloxy)carbonyl] L-Valise (Wespared according to the

ppm, CDC],) 6 9.90 (s, 1 H), 7.28 ( H), 7,13 (m, 2 H), 6.31 (d, J=15.9

Hz, | H), 6.04 (m, | H), 5.74 (m, 1 H), 5(m, 2 H), 5.27 (d, | H), 5.16 (d,

114), 4.77-4.66 (m, 3 H), 4.55 (d, | HJ 4%48 (t, | H), 4.41-4.35 (m, 2 H),

4.27 (MA! 4:3p @93 (i Hbkin8-04x(dd 11 $6)2.21 98 (m) Mphr@mtB@jiEidds 377 g, 2.15
mol) ar%'%gnﬁ%w dibxi gc](@'jﬁ%k_’}(mm%omnjcazﬂo%n]aﬁ eédé?]@'@fl) 1'115) whsHed il # reflux

gﬁb? %fﬁj’itl'?ﬂgsl\éié ﬁ,{ Zﬂzgkzv&[g]\g-goH edcﬂtex e& and the filtrate

evaporated. Distilled crude material under high vacuum. Major fractions distilled between 88 °C and 132

N [(pent 4 -en-1- onxy)carbonyI] L norleuilne in Step 4. 'H NMR (500 MHz,

under 1

°C. Recovered 108 g pure material. Recovered 182 g slightly crude material which could be used in the
following reaction. "HNMR (CDCl3) & (ppm) 7.56 (d, J= 8.0 Hz, 1 H), 7.31 (d, J= 8.0 Hz, 1 1), 7.26 (5,
1 H), 7.16 (t, J=8.0 Hz, § H), 4.84 (s, 2 H), 4.64 (s. 2 H).

Step 2: 2-Benryvl-4-bromoisoindoline

Br

Postassium bicarbonate (204 g, 2.04 mol} was suspended in acetonitrile (12 L) and the

mixture was heated to 80 °C. Solutions of 1-bromo-2,3-bis(bromomethyDbenzene (280 g, 0.82 mol in 500
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(5R7S
10S)-10-tert-Butyl-N-((1R,2S)-1-{[(evclopropylsulfonyl)amino]carbonyl}-2-v
inylevclopropyl)- 15.15-dimethyl-3 9.12-trioxo-1 67,9 10
11,12,14.15.16-decahydro-5H-2,22:5,8-dimethano-4.13,2,8.11-
benzodioxatriazacycloicosine-7-carboxamide (111-8) 0 H,c HNC O GrH

mi, aceg(lng{ ﬂms_'&bd—genzg m;ne&Slﬂ %&%ﬁ(ﬁ H} ?O%tme acetomtrile) were add?d concurrently via

romomet enzene Br Br Br A suspension o

addition fiyppphoRBRkyIBnéhe 56cgon fe@trﬁenvamsm%ﬁfs?}c&ﬁ%ﬂ&é (3 niens of the reaction
flask wen@boakd, itezaldpaiexde«(d 26 ¢l .Dyramel)dtiooariendattacheasigetitioned between

M Kgé%ﬁ ‘39&%@%@%8@%&94& @le&agﬁgﬁﬂﬁt@&%ndwgd%ﬁ ay&%x%ggﬁ@yg(ﬂf filftered, and

the reaction flask were cooled, filtered, and the filtrate 20 eve gorate

evaporid iifder R RabEnhel i S eRlP i ﬁd\Fé’éﬁBi’ho‘M%‘IB‘iaﬁ%té’tﬂoOré thfelf heptane) gave
after evbpeweien B8 Tl anth 5@ A0 Rpdovsredi 10TR) (SREImaterial REcdIered 2 H), 7.37-

7.34 (18419 $!?y;h¢lyvlr\>/|@19@ maﬁfrdad Wm&hﬁgﬁgg.%e(‘%{ﬁg%@fﬁs{%' %W:m d(s,JQ H). LRMS
or AAH NI , J= 8.0 Hz, , 7. , J=
(ESD ”@?%i%?‘%?@ é’ C?I @’7%&8(%} 8.0 Hz, | H), 4.84 (s, 2 H), 4.64 (s, 2
H). Ste&gﬂmﬁim ko i bISHiMeOheYdde B BR Ipgstadsighsolid to give 118 g of
pmducmg:@{pp}mtg €204 g, 2.04 mol) was suspended in acetonitrile (12 L) and
.the s heated to 80 C. Solutions of
step 3 SIS HARDS tl%“de methyl)berzene (280 g, 0.82 mol in 500 29 mL
acetonltrlle) and benzylamine ( mol in 500 mL acetonitrile)
were added concurrently via addition fu:iover | It The reaction
mixture was stirred at 77 C for ¥6h. The corténts of the reaction flask
were coaledutitiese d-bahthe soheib relrionad Y € ¥aparationanthebutyl(viny])tin
(203 mrl‘?aé@t'&) ﬂl}%ﬁ 1B%MEQ)@%%Q%W)%& &%ﬁ%@%&%ﬂ;ﬁ%@f&d@% AR fpﬁm solution for

were washed with brine, dried with ané}rlgrous Na2S04, filtered, an

0.25h. dgtpiskarhepyirio RsnmpR LatbrR AR GHadty gleﬁdaleaﬂpé’fﬁ%.@#ﬁieﬂéﬁi‘afh%ffe“hmg
solutionl D&t AG 0 ibpidng) geveniaferefmpdhatione thettitle dohpoamidraask were

cooled Q@%&ﬂtaﬁam&fe@@&@hﬁsﬁ%mz é&o&é@é‘% 19 ERideithihddlDeByiectate 95/5
7.27 10-7.03 (in, 2 H

to give iffgl eﬁﬁmélo Etg?)ﬁtze ?Z%T fl_psa 16% O?ugfgﬁxgﬁgoﬁlg%g@ ;2 E}?\]ﬂé%ESI) m/z

236 [(M+H) caled for C7HgN: 236]
@:NH
&

Step 4. 4-Vinylisoindoline
A solution of 2-benzyl-4-vinylisoindoline (58 mmol) in 1,2-dichloroethane (150 mL) was

placed in a 1L round bottom flask under nitrogen. To this was attached an addition funnel containing a
solution of 1-chloroethyl chloroformate (7.51 mL, 69.6 mmol) in 1,2-dichloroethane. The reaction flask
was cooled in an ice bath and the contents of the addition funnel were added dropwise over 20 min
keeping the internal reaction temperature <5 °C. After the addition was complete the reaction flask was
allowed to warm to room temperature then heated to reflux for 45 min. The contents of the reaction flask
were cooled to room temperature then the solvent removed by evaporation. Methanol (200 mL) was
added and the contents of the reaction flask were heated to reflux for 30 min. The reaction flask was
cooled and the solvent removed by evaporation. Water (200 mL) was added and the resulting mixture
washed with ethyl acetate (2 x 250 mL). The aqueous layer was made basic with ZN sodium hydroxide
then extracted with methylene chloride (4 x 250 mL). The combined organic extracts were dried with
anhydrous sodium sulfate, filtered and the filtrate evaporated. The remaining residue was subjected to

flash column chromatography eluting with methylene chloride/methanol/ammonium hydroxide 97/3/0.3 to
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Converted to HCI salt in HCI/MeOH. Added MTBE and filtered solid to
give 118 g of 10 product as the HCI salt. Step 3:
2-Benzyl-4-vinylisoindoline P-b A solution of 2-benzyl-4-bromoisoindoline
(16.7 g, 58.0 mmol) and tributyl(vinyhtin (20.3 mL, 69.6 mmol) in toluene
(400 ml-) was degassed by bubbling nitrogen gas through the solution for

95/5/0. }51'9«25h T%té?%scqro%he”%'% ehci;er)ﬁ%%H gdium, ‘%‘élg ?%% 1p.m gloll) 71% yield

and the res ting so Ution heated in a 1 h un
for mr?rﬁ%@ehf%éﬂ%ﬁﬁrﬁéf EonteVdbf sidcrdaefor iRk #ére cooled,
Step 5:a@vepdateid andisutigaiedito! fasidal bndih cirepiategraphy- eluting with
t e after evaporation the title compound as
mrb%%ﬁ%%%%t‘%ﬁﬁc? p?j%j@é%?‘é% goLRMS (ESI) m/z 236 [(M+H) :
calcd for C17H,5N: 236]. 20 myhsomdollne NH A solution of
2-benzyl-4-vinylisoindoline (58//fnmol) ,2-dichloroethane (150 mL) was
placed in a 1L round bottom flask undersittégen. To this was attached an
addition funnel containing a solutio «chloroethyl chloroformate (7.51
mL, 69bﬁ Q&mﬁ&aiBfJI&ﬂiﬁhﬂﬂ@f@ft?ﬁgl%(éfhﬁﬁ?ﬂﬁ@kﬁﬁ&l@ﬁ&%ﬂ&%@&%ﬂ}ime (10.)
contents of the addit u r is
=414 g e B e S B b S ucore 010
41.4 mygitiehafdes! €ohpretetitie rdsciaiFnask Wateaslioh@ o iiarrtecidenmpom
temperderparadtice thanaeaiedito-veflixdadAmatnod het contents aftheFrgactiDnwas added.

The rea éﬂﬁ( \A\/X?f%a‘fgpilx? g 48 ‘r@ %Wb%r‘ﬂ‘”f@?ﬁ%%%% ‘J&%Y&&*&%&%&\ﬂ% Jﬁméfgrdapé/ 5% potassium

evalﬁ)toratlon Methanol (200 ml-) was added and the contents of t

iy o LTt ST 30 AR AT S0 TR e ppanics wer
washedcodbadianditied solveritydme vetl vy ssiapofation Mthter{@00dNnE)agas lumn

chmma@c@ﬁﬁ%@ﬁ@%@ﬁ%%%iﬁw Heeashed MU% ﬁ]@ﬂ' @-9@&%&1@ %286hMlbam, 139 ¢

(334 mé?(? ﬁ% ?‘%ﬁ%@% f?(ljals@xv % Olrhé"‘éo% ?aé1 ]%ganlc
6. . iA D Y . ] = o §e FAFES
decm@@rated The remalnlng reS|due was subjected to flash column
chromatography eluting with I chloride/methanol/ammonium
hydroxide 97/3/0.3 to 30 95/ orati‘@ih of fractions gave the title
compound as a brown oil, 6. (41 47 oI 71% yield for two steps).

LRMS (ESI) m/z 146 [(M+H)"; calcd for DN 146]. Step 5: 1-tert-Butyl
2-methyl (2S,4R)-4-{[(4-vinyl-1,3-dihvdro-2H-isoindol-2- y

carbonyNORHrIiE-Pa Y igapeiNy At R (‘c{ﬁ(ﬁt‘f@édﬁ? By drgy?-isoindol-2-

vhcarbggtiition; pfridbdidsutyl-@aarethylate (13.9 g, 33.4 mmol) in ethyl acetate (700 mL) was cooled

in an ictbart ik 4ah¥EVRY UG -LidotieatROXY IRl k300 Blsitl A SRIMRALIR allowed 1o
DMF 90 mL und n|t %3 gﬁlcooled to 0 C, Solid

warm t rim |m| datzeé e ent was removed by evaporataon to give the title compound
as a gray solid, 11 2 g, 95% yield). 'H NMR (500 MHz, ppm, CD;0D) & 7.47-745 (m, 1 H), 7.32-7.31
(m, 1 H), 7.26-7.21 (m, 1 H), 6.79-6.73 (m, I H), 5.79-5.73 (m, 1 H), 546 (5, 1 H), 5.41 -5.38 (m, 1 H),
480-472(m, 4H), 391 (5,3 H),3.74-3.63 (m,2H),2.77 - 2.71(m, 1 H), 2.51-2.46 (m, 1 H). LRMS
(ESD m/z 317 [(M+H)"; caled for C17HzN2O4: 317].

Step 7: Methyl MN-{[(2.2-dimethylpent-4-enyDoxy]carbonyl} -3-methyl-L-valyl-(4R)-4-{[(4-vinyl-1.3-

dihvdro-2H-1soindol-2-vhicarbonyvl]oxyl-L-prolinate
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41.4 mmol) was added to the reaction. The contents of the reaction flask

were warmed to room temperature and after 2h a solution of

4-vinylisoindoline (6.00 g, 41.4 mmol) in DMF (10 mL) was added. 10 The

reaction was heated in a 60 C oil bath for 2h then cooled and poured into

water and 5% potassium bisulfate. The resulting mixture was extracted

with ethyl acetate (4 x 250 mL). Combined organics were washed with

brine, dried with anhydrous sodium s , filtered and evaporated. Flash

column chromatography eluting wite-he me/ethyl acetate 70/30 gave the

title compound as a white foam, 139 g (3§:9L mmol, 81% vyield). LRMS

(ESI) rrm/z 417 [(M+H) ; calcd For 227 206: 417]. 15 Step 6:

(3R,5S)-5- (Methoxycarbonvl)pyrr }ZE?‘YO

4-vinyl-1,3-dihvdro-2H-isoindole-2- bﬁ§yl§m Hydrochloride N "O HCI N

CO,CH3 A solution of 1-tert-Butyl pi n@ﬁyl (2S,4R)-4-{

[(4-vinyl-l,3-dihydro-2H-isoindol-2-

yl)carbor eI aha S ehrsssahatey (Pareidias A sl h st dro-24-
isoindofc@tate (HOaahly)invadarol600RH médmivel bath M E Satuliatatiypithi-4-
enyl)o:Qydh %QE@}CMQ%@EL&%%H&Q 1;\ @f;ﬂ@'@%ﬁ‘ %l%lyﬁwﬁ@‘?fb@mﬁ&@y\dﬁ%féé@mc (141 g

ratur I e sqlvent was ve

757 g O S G L ConTBEEr A& ey SO 1 2 e grey =
stirred aHR\’ﬂ\?FR xs@@w Ehzn 9BrieODBEDY B UR-Md Beaous NyHEG2- Tl?;llamﬁs were separated

and the%)geﬂn%ﬁayez%z@r\wésﬁéé \@tﬁgﬂv@t&%{&fbrlﬂ",)d@@a%v&1‘7{%&(@1; ﬁiﬂéﬁ%c@ﬂ@c@mc@ntrﬁed The

3 ;L H 74 3.6
crude uis‘g affam E%?gn h s{' ﬁ geé%iaf (Jp bfléf' 2 It_(h é(ggé);l Ec)gtl? 3 11/1 hg}ia?es I give
methyl WM ﬁ)?v d@g%ﬂyﬂ@ﬁ}@i%ﬁﬂgﬂrbg& ]} Sf@{ﬁh;/l-Mé(Wr(élR) 4-{[(4-vinyl-1,3-dihydro-2H-
isoindoN2{j(Z 2 dimpgthyipenirdieny)pxylgas Banytid3-me thle YoddR)-AMS (ESD) m/z 570

[(M+H 4cgmyhj} é o W glﬂﬂcsomdol -2-vl)carbonyl]oxy }-L -prolinate 31 H,C
; C5 1—| ,CH, Toa solutlon of (3R 58) 5 grr_? 6.10.11
4 4 o oy Y - p- H ﬂ‘. LI}

|} 3 mehyl Lvaline (1549, 5.67
(1.41 g, 5 7.37 mine]), HOBt

N-{[(2,2-dimethylpent-4- enyl)oxy]car
mmol) in DMF (100 mL) was added
(2.00 g, 7.37 mmol) and DIPEA (3.1 mLO2B.8 mmol). The reaction

mixture was stirred at RT for 184 and t%ﬁguted with ethyl acetate and

aqueous NaHCO3. The layers Were separated and the organic layer was
washed with water and brine, drledb\“}e.p@ 04, filtered and
concentrated. The crude residue was*pumﬂed on silica gel (gradient
elution 5% to 50% ethyl acetate in hex&nes) to give methyl

N-{[(2, 2dimietioy pLmtdseny oxgldanbhnipd3-frethydxdivalydod R}-hdigNirvalyl-(4R)-
4-{{(4- ytln}l’?f 9'@1}5959022@1 184 %pﬁll\?s)gayé))%[ﬁ }/li‘ogx}r ka@@'ﬁ@? 4%5511910%)5{{ anhydrous

yi€eld) as a'white foam. L
dichloromethane (450 mL) was purged w;th mtrogeu or 15 min. A solution of

bis(tricyclohexylphosphine)-3-phenyl-1H-indene- 1 -vlideneruthenium dichloride (Neolyst M1 catalyst
purchased from Strem) (0.40 g, 0.43 mmol) in degassed, anhydrous dichloromethane (50 mL) was then
added dropwise over 30 min. The reaction mixture was stirred at RT, during which time 0.2 g portions of
the catalyst were added approximately every 8-12h. Reaction progress was monitored by HPLC until the
reaction was complete at 48h. The residue was purified by flash chromatography on silica gel, eluting
with 10-70% EtOAc/Hexane, to give methyl {(5R,78,108)-10-fert-butyl-15,15-dimethyl-3,9,12-triox0-
1,6,7,9,10,11,12,14,15,16-decahydro-5H-2,22:5,8-dimethano-4,13,2,8, 1 1-benzodioxatriazacycloicosine-7-
carboxylate (1.85 g, 76% yield). LRMS (ESI) m/z 542 [(M-+H)"; caled for CooHaoN:O5: 542].

(PR
[
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30

[(M+H)' calcd for C31H44N307: 570]. Step 8: Methyl
(5R.7S,10S)-10-ternbutyl-15,15-dimethyl-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-benzodioxatriazacycloicosi
ne-7- carboxelate N ko H,cH,co~No, OH,C CH, CH, 15 A solution of

nltrogen for 15 min. A solutlon of
bis(tricyclohexylphosphine)-3-phenylAH\ndene-1-ylideneruthenimn
dichloride (Neolyst MI catalyst pur ased,)ﬁ'@m Strem) (0.40 g, 0.43
mmol) in degassed, anhydrous i Iorom&;{:e (50 mL) was then 20

added dropwise over 30 min. Tfé feacti ure was stirred at RT,
during which time 0.2 g portions of kﬁe{*égalyst were added approximately
every 8-12h. Reaction progress wdécmowutored by HPLC until the reaction
was complete at 48h. The residue was iourlfled by flash chromatography
on silical gels@latimgTwieth 104076 EOA S Hexaine!- 16. ivematiryl .9, 12-trioxo-

1,6,7.9(AR.V $: 10 9)10-dectibatyl-s1b A pr dimethythdnd, 4 241003 bemod:oxatr]azacycloicosine—?’-

10 1 12 1 r 22:5
Cmbm"‘]!fajh(%\r?zo |§3<atr|af]zqg]cyz:]o|COS|%E@%€1C%%%£ aaiseagﬁ gé[n 8&5@&/@%? T’lﬁ SThte
reac“O’QES’F}%WZSQW?TG\N%RC@&F&@%WOQIlth acgggg]mlggugt@ﬁs giluted with aqueous
HCI, af®BsiF&Gmidd with EtOAc. The combined EtOAc layer was washed with water, brine, dried over
NagSOQ%)n&th%H Butdntad &-dinaghyhe: Qab2rdsioXanla Mt dO0pdd rikbdsbd. LRIBS (EST) m/z

ecahydro-5H-
228 iﬂ\é‘%@ 58 ‘Eﬁﬁ?é@éﬁéf%(% %2@ 11 benzodloxatrlazacycI0|c05|ne -7- carboxyllc
\ ) | & ]

vinyl cx@&rﬁ&ﬁ@?)ﬂ@;&%’iﬁ@@ﬂ%ﬁéﬂmﬁfwlﬁ19 121“9@3(@ éidechyc:ro 5H—2 22:5.8-
% il.il. 12,1 115 16 deCEi‘thdrO 54—| -2 22 5

0. 1.67 rhaebiyion THER-501 0511 MBIy YA, wa@@p@m%moxe 7
1,6,7,9,|TU,T]Q!)2:|-|3§ 5.16-decahydro-5H-2,22:5 8-dimethano-4,13,2,8,1 I -benzodioxatriazacycloicosine-7-
carboxylic acid (100 mg, 0.19 mmol), (1R,28)-1-{[{cvclopropyisulfonyliaminojcarbonyl}-2-
vinylcyclopropanaminium chloride (Liinas-Brunet et al US03/15755 and Wang et al WO 03/099274) (76
mg, 0.28 mmol), O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium phosphorushexafluoride
(HATU, 108 mg, 0.28 mmol), DIPEA (0.073 mL, 0.42 mmol) and 4-dimethylaminopyridine (2 mg) in

dichloromethane (5 mL) was stirred at 40 °C for 1 h. The reaction solution was diluted with agueous

saturated NaHCO;, and extracted with EtOAc. The combined EtOAc layer was washed with water, brine,
dried over Na»S04, filtered and concentrated. The residue was purified by flash chromatography eluting
with 3% MeOH/CH,Cl,, to give (5R,78,108)-10-tert-butyl-N-({1R,25)-1-
{[{cyclopropylsulfonylaminojcarbonyli}-2-vinyleyelopropyl)-1 5,15-dimethy1-3,9,12-trioxo-
1,6,7,9,10,11,12,14,15,16-decahydro-5SH-2,22:5,8-dimethano-4,13,2,8,1 I-benzodioxatriazacycloicosine-7-
carboxamide (80 mg, 57% yield). 'H NMR (400 MHz, ppm, CDCL3) 8 7.48 (s, 1 H), 7.23 (s, 1 H), 7.12 (d,
1H) 6.23(d,J=159Hz, 1 H),594 (m, 1 H), 5.76 (m, I H), 5.50 (m, 2 H), 543 (s, 1 H), 5.24 (d, J=
16.6 Hz, 1H),5.11 (d, 1 H), 4.70 (s, 2 H), 4.61 {(d, 1 H}, 4.48 (m, 3 H), 4.35(d, 1 H), 4.14(d, 1 H),3.74
(d, TH), 3.34(d, | H), 2.89 (m, | H), 2.43 (dd, 2 H), 2.06 (m, 1 H), 1.93 (mm, 1 H), 1.89 (dd, 1 H), 1.43 (d,
1 H), 1.25 (m, 3 H), 1.09 (s, 3 H), 1.06 (s, 9 H), 0.86 (s, 3 H). LRMS (ESI) m/z 740 [(M+H)"; calcd for
C3Hs0N5008: 7401

L
(%)
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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
Na2S04, filtered and concentrated. The product was used with no further
purification. LRMS (ESI) m/z 10 528 [(M+H) ; calcd for C28H38N307:
528]. Step 10:

(5R 7S IOS) 10 tert Butyl N- ((1RE§§)WI{ﬁcyclopropylsuIfonyl)azmlnolcarb

yinvlcvelopropyl

3.9.12 ﬂna>2o;l547:951aaadﬂﬁahyﬂn@-wd&a&&n&m 5H-2.23:5.8-dimethano-4.13.2.8.11-
benzod Ox.a }az%n%f{]')h %xcd%‘;ge% o%r]J I)ég ﬂﬁz cloicosine-7-carboxamide A

solution 0f(bR,7S,10S -ter -butyl- -dimethyl-3,9,12-trioxo 15
1,6,7,9,10,11,12,14,1 -d&cT hydr05H22258d|methano4132 8,11
-benzodioxatriazacyclgicosine-7- Qarbo a%ga (100 mg, 0.19 mmol),
(IR,2S)-1- {[(cyclopropﬁs/tﬁggl no ca bonyl}- -
vinylcyclopropanaminium chlofide (Lﬁnas ﬁrunet et al US03/15755 and
Wang et al WO 03/099274) (76&$@*‘ 0.28 mmol) 12

O-(7- azabenzotrlazol I- gl) N,N,N',N'-tetramethyluronium

phosphdiSHIBEHRRSIAR " RFOFIDETRE 1t 38 HiREIT PR ERIG DTS MIPLE 3

except (at 2 matiol)-drithd=diemsthylarathopylitingi(2 (hgpan2 @dictiogambthraredse below)
was usdlkn WRS gmq@@@ %ﬁg mTe%y&aq&mo% lurioRsyRe dildied Wﬂ%ep 7. 'HNMR

ueous d ith Et 0
(500 M BRI A e W erf‘fgﬁ‘ﬁfé% Dy KDL ey = 164 7 1
H), 6.0% 69 déyﬁcéﬁﬁratedj.Hiﬁhé»r&@dhélhv%@pﬁsinﬁéﬁ By Radh! dhkchiatsgiaphy .73 -~ 4.63 (m, 4
H),4.4Btﬂtiﬂ@)vuitiﬂ3r%)i|\ﬂi$@filﬁh‘|2@i2 3t96ga'&@ 1 H), 3.77 (quin, 1H) 2.94 (m, 1 H), 2.51 (a. 1 H),

229 (]ZS I%§)I su drtbi%’;ftyllln arbony 2 q ro 1|2r$1 B, 1056,
@1 Tobth iy LN bt e

9 H).

28 [1 Qamlﬂfs?zcr 12 {&deélhydro-5H-2,22:5,
8-dimethano-4,13,2, 8 11- benzod|oxatr|azacycI0|cosme -7- carboxamide
(80 mg, 57% yield). iH NMR (400:MKilz;pp, CDC13) 8 7.48 (s, | H), 7.23
IH 623(d Jr159|;|z [ H), 5.94 (m, 1H) 5?6(|n |

ensot(chabihad 3L DL 2. 8%&(&51:%1&9(12141%3(@ 21T, 2,06 (m. 1 H), 1.93 (in
11T, 1.89 (dd, I H), 1 1 H), 1.25 (m, 3 H), 1.09 (s, 3 H), 1.06 (s, 9

H), 0.86 (s, 3H). LR [)dn/z 740 [(M+11C)1 caled for
C371-ISON509S: 74Q). EXAMPLE 4 5Fﬂ\il @OS) 10-tert-Butyl-N-((I R,2

U% o

S)-1- { [(cyclopropyl quoananmno carboriy Z\Wnylcvclopropyl)

3,9,12-trioxo-6, 7,9,1 .11,127(4 5.16.17 CHcahydro -1

H5H22358d|methano413,,81I- ’

benzodioxatriazacyclohenicgsine-7-carboxamide (IH;2xN 001,0 CUQ

CI~1 OHIC--~'CH5 CH, 5 CH, 111-12 The title compound was ared

according T8 R EBHRUETas RERT RS} SCARRB LS RIReEp s B BXAMPLE 5
except BatnethgthN-[(tiéx-55emyloxy)eabooniyl-orbline ¢ireparedaacodilng e threcedure
below) RERGEAUES W) NyaS UsafdmPlace Ofnylioxylcarbonyl}-3-methyl-L-valine in Step 7. 'H
NMR (%}M[gﬂzz dimethylpeits sy Pcaoy i ety b5 ing 1ySIeR Gt =
16.1 Hz, 1 H), 6.07 (m, 1H), 5.75 (m, 1 H), 539 (s, 1 H), 5.29(d, 1 H), 5.12 (d, 1 H), 4.77 (d, 1 H), 4.66
{m,3 H), 457 (m, 1 H), 447 (q, 1 H), 439 (q, 1 H), 4.27(d, 1 H), 3.90 {dd, 1 H), 3.77 {quin, 1 H}, 2.96
(m, 1 H), 2.49 (g, 1 H), 2.29 (m, 1 H), 2.22 (i, 3 H), 1.88 (dd, 1 H), 1.75 (m, 2 H), 1.64 (m, 2 H), 1.52 (m,
2 H), 1.39 (m, SH), 1.27 (m, 1 H), 1.18 (m, 1 H), 1.09 (m, 2 H), 0.94 (1, 3 H). LRMS (ESI) m/z 726

[(M+H)"; caled for CsgHusNsOoS: 726].
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(500 MHz, ppm, CD30D) 6 9.13 (s, 1 H), 7.26 (t, | H), 7.23 (d, | H), 7.16

(d, 1 H), 6.39 (d, J= 16.4 Hz, | 10 H), 6.08 (m, | H), 5.76 (m, 1 H), 5.38 (s, |

H), 5.29 (d, | I-1), 5.12 (d, 1 H), 4.79 (d, | H), 4.73 - 4.63 (in, 4 H), 4.41 (s,

1 H), 4.37 (g, | H), 4.24 (d, 1 H), 3.96 (dd, 1 H), 3.77 (quin, 1 H), 2.94 (in, |

H), 2.51 (g, 1 H), 2.29 - 2.13 (in, 4 H), 1.87 (dd, | H), 1.68 (m, 2 H), 1,53

(quin, 2 H), 1.44 (dd, | H), 1.25 ( 05 (s, 9 H). LRMS (ESI) ni/z
S726 [(M+H) ; caled for C36H48N ] 15 EXAMPLE S

trioxo- nmcwc!emmm/ﬁ)@ 9 1&2}7 18- dodecahvdm 5H- 2 24:5, 8 d1methano 4.13.2. 8 11-

benzod‘i“%%a%cv%z b2 AR - AeLabydro-1H,5H-2.23:5,8-dimethano-4
7§ 11-benzodio azacvclonenieosine-7-carboxamide(111-133) H o

oo N N(HS~ O]

3-methyl-N-[(hex-5- )
the procedure belo e &f
N-{[(2,2-dimethylpent-4-enyl)oxy carf)onyl}-‘ :methyl-L-valise in Step 7. 'H
NMR (500 MHz, ppm, CD30D J/6]7 24 (t, 1 H) 7.23 (d, 1 H), 7.15 (d, | H),
6.91 (d, I H), 6.37 (d, J= 16“¢Hz, | H), 6.07 (m, 1H)ip¥&e(m, 1 H), 5.39

(s, 1 H)'T%ezt%lgdc()ilh ) ik%s( eﬁawj b Zaé il‘o’_%?e é)f?%éée(meéfk})ﬁﬁémﬁ 3

(in, 1 H),4.47 (
except Bﬁ}ut”( [ﬁ? MpLS: %ql (mowml@fw%}%q llmleuczmzép(ﬁﬁafeﬂfcgoﬁn@ﬁo gﬁmrc’f@gre below)
was us¢ddh plabe 4f A5{(10,220 ety Grbrral-ch i )osd B2 Gy 12- Hindb381(ma i), &7/, 'H NMR

), ( L ( 2 .
(500 Ml éa'ﬁﬁ b18d 912l§' 138@@ M%?(d;%esﬁ)gﬁzg )((EZ i';'/ll)g Rl'\s"ﬁi ER) 8% 26=15.9 Hz, 1

calcd for C36
H), 62%#? gﬂéé’Sé"Bdtﬁ)lﬁ(’lﬁi’é >| SPE e T 12 1H) 4.70 (m, 4 H), 4.43 (dd, 1 H),
4.34 (nopidpyisifanviarhinolédrbohyR-2-Wnyicy Elopgropyiy. 3,801 2.9 ioxo- 116 2.31 (m, 1 H),
2.22 (m P Lo k14115, 16414 1BrdodecanydnasSdt .56 (m, 3 ), 1.38 (m, 8 H). 1.19 (m, T H),

109 T S 7 A et PO NES B8 0 -
OH/ 0O jCHI5 H ,C 111-198 The title compound was prepared
according to the procedure used fax SXAMPLE 3 except that

(3R.7S I\IIO&(?H BQr%&MP%}’M'P?'M lx%]@%%%lﬁﬁmfﬁ%%%%%%ﬂiﬁ' r@\%ﬂ\”&% lopropyl

15.15 I’OCGC ure below) WaS ued In p ace of

,uelnv(prepared according to

nnnnn

Hsc/f\oﬂa
Ch, Ii-199

The title compound was prepared according to the procedure used for EXAMPLE 3
except that N-{[(2,2-dimethylhex-5-enyloxy]carbonyl}-3-methyl-L-valine (prepared according to the
procedure below) was used in place of N-{[{2,2-dimethyipent-4-enyloxy]carbonyl}-3-methyl-L-valine in
Step 7. "HNMR (500 MHz, ppm, CD:0D) 89.17 (s, 1 H), 7.27 (t, J=7.5Hz, 1 H), 7.21 (t, J=7.5Hz, 2
H), 716 (d, J="75Hz, L H), 6.38(d, J= 16 Hz, 1 H), 6.03 (m, ! H), 5.79 (m, 1 H), 5.32 (m, 2 H), 5.13
(m, | H), 4.82-4.77 (m, 1 H), 4.73-4.61 (m, 4 H), 4.48 (s, | H), 439 (m, [ H), 4.19(d, J= 12 Hz, | H),
3.96 (m, 1 H), 2.96 (m, 1 H), 2.59-2.55 (m, | H), 2.35-2.12 (m, 4 H), 1.89 (m, | H), 1.49-1.23 (m, 6 H),
1.51-0.98 (m, [4 H), 0.95-0.85 (m, 4 H). LRMS (EST) m/z 754 [(M+H)"; caled for C3sHsNsOgS: 754].

35



10

15

20

25

(500 MHz, ppm, CD30D) 8 9.26 (s, | H), 7.39 (d, | H), 7.24 (t, 1 H), 7.15
(d, I H), 6.30 (d, J=15.9 Hz, | 10 H), 6.20 (m, IH), 5.75 (m, 1 H), 5.53 (s, |
H), 5.31 (d, 1 H), 5.12 (d, | H), 4.70 (in, 4 H), 4.43 (dd, | H), 4.34 (m, 2 H),
4.27 (q, 1 H), 3.91 (dd, | H), 3.79 (quin, I H), 3.31 (m, | H), 2.97 (in, | H),
2.31 (m, 1 H), 2.22 (m, 3 H), 1.89 (dd, | H), 1.74 (in, 2 H), 1.66 (m, 1 H),
1.56 (m, 3 H), 1.38 (m, 8 H), 1.19 (m, | H), 1.09 (m, 2 H), 0.94 (t, 3 H).
LRMS (ESI) rrm/z 740 [(M+H)'; calcd for C37H50N509S: 740]. 15
EXAMPLE 7 (5R,7S,10 S)-10-terEBMPIERI R 2 S)-1-
SR.7S. {f(eyolopropulsuifonifarine]zarbopyhyRuafowicyelapiopidnyi } -2-ethyicyelopropyl)-

3.9.12- &%3905’1%%%/'@ 1%315'%%6 % dotilediydd: 516 4 didlegaydrosb k.

-2, 23 5, 8 dlmethano 4 13
at :10 X AT

BStres W2 arboxamide (11-199) NOHY~,

~Ho rsyilo H C Hua—éZHz 111-199 20 The title compound was

prepared according to the proc%g\;ﬁ%wsed)fcy EXAMPLE 3 except that

N-{[(2,2-dimethylhex-5<enyl)oxy] methyl-L-valise (prepared
ed inplace of N

)
s

according to the proce f
{[(2,2-dimethylpent-4-enyl)o %ggrbonyl} 3;methyl -L-valine in Step 7.'H
NMR (500 MHz, ppm, CD30 1517 (s, I H), 7.2itkkod= 7.5 Hz, 1 H),

121 (4 454 %J#F f?% M7P);§ :igo%z lﬁg §i% élm‘ﬁ!)g@n%%éﬂadlu&&'éém%n'z}o%wt 0.03

6.03 (in, T H 5.7
) in E1D Ay (07l ¥ igomisly atizrsd(gnﬁi%y fw@’egﬁﬁ bﬁuﬂoqurgl (1a e gegqugn ixture was
filteredHd 8@ (hutd HYh2 196 duwa wakd pud 8- BySEvimg ipki)seHBBA2 (TR (R ald (H R column),

runnmolﬁr@%g% d}Hé)}\ilé Yket @ﬁl M’Aél 9 %é'ﬂaéﬁ%ﬁé)& 9&9&)&%&% ‘hl'ﬁll):ed with

SI) nz/z 754 [(M+H)"; ‘caled fo 2N5098 54 _
aqueouﬁ%mélgg@gﬁﬁé{h nf&%r&c%ﬁ fh(‘%% g Tlne combined CH,Cl; layers

were Wfﬁég?élﬁ’ﬁﬁb}w%iﬂ?é]ﬁ%)aﬁﬂﬁ%m 29 Bityre ME)%WW@@“?L%%%@ 108)-10-
feri-butdl M(l@\;iﬁ)llz {%ﬁ%%éﬂsﬂﬁjﬁﬂ%ﬁﬂb}é@f&ﬁﬂ}z’%aaﬁcyclopmpyi) 3,9,12-trioxo-

16 A s e S e e T A gRrboramide
benzodE)@&MWE@]@S@?%@M@O@H%&)%@%dﬂaéﬁlsiﬁq R AR ERR 16 RpE) 723 (1 1
H), 7.10(@31 g).in. QAT (07t Jdwasl vigorausiyEstired urdemadygrogenoutlaon H), 3.88
(@, 1 1JO8 1N ThE, reaetian;MiXBIES WAS m), 2.41 (m, 2 H), 2.14 (m, 1H), 1.79 (m, 1 H), 1.65 1.51
(m, 6 H), 1.47 — 1.19 (m, 5 H), 1.07 (s, 9 H), 0.99 (1, 3 H). LRMS (EST) m/z 716 [(M=+H)"; caled for
CssHigNs0sS: 716).

EXAMPLE 9
{(5R.7S.108)-10-tert-ButvI-N-({ 1R.2R -1 -{ [{evelopropvisulfonvDaminelcarbonv] -2 -ethvleyelopropvi-
3.9.12-triox0-6.7.9.10.11.12.14.15.16,17.18,19-dodecahvdro-1H,5H-2.23:5,8-dimethano-4.13.2.8,11-

benzodioxatriaza.cvclohenicosme 7- carboxamlde (HI-201)

,,,,,,,
\\ //

c
S c/\\CH

T-201
The title compound was prepared from EXAMPLE 4 using the procedure described for
EXAMPLE 8. "H NMR (500 MHz, ppm, CD:0D) 8 7.23 (1, 1 H), 7.14 (d, 1 H), 7.10 (d, 1 H), 7.02 (d, 1
H), 536(s, 1 H), 4.71 {m, 3 H), 4.64 (t, 1 H), 4.56 (m, 1 H), 4.40 (m, 2 H), 4.24 (d, 1 H), 3.96 (dd, 1 H),

36
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filtered and concentrated. The residue was purified by reverse-phase
HPLC (DeltaPak C18 column), 10 running 40-65% CHICN in water (with
NH4O0Ac | g/L). The fractions were concentrated, diluted with aqueous
saturated NaHCO3 (20 mL) and extracted with CH2CI2 (3 x 70 mL). The
combined CH2CI2 layers were washed with water (50 mL), dried over

3.72( Q centyated,io ?53'9@) % 1.19 (m, 15 H), 1.09 (m,
1 H), ?%}E&igg?@%y%mz%&%%%%ﬁ% cf 2? (r:%ﬁHsz «098 7301.
1,6,7,9,10,11,12,14,15,16,17,18-dodecahydro-5H-2,22:5,

8-dimethano- 4 13,2, 8 11 15 benzodigrratriggacycloicosine-7-carboxamide

CD3OD mS72 t,1 1-1),7.14 (d, I H
.( DP ) ) ( ) )2-?élmgpv)39]2-

benzodH)\agi%&Wlolf'@l)mJﬁszge(m@albwatﬁr@é(rﬂuﬁb) (m, 6 H) 1 19(m 5H)

1.07 (s, 9 H), 0.99 (t, ~LRMS (ESI) m/z 716 [(M+H) Called for
C35H50N509S: 716] PLE 9 (5R,7S.1)S)-10-tert-Butyl-N-((1
R2R)-1-{ [(cvclopropyl quonyI)anm,g/ast%dhﬂ ¥~-2-ethvicyclopropvl)-
3.9,12-trioxo-6, 7,9,10.11,12- m&l 1 18*1Wodecahydro 1
H,5H-2,23:5.8-dimethano 4, 18,2, 8,11- |
benzodioxatriazaayclohenicosine- 7 carboxamlde (111-201) 1> O...... 0o
H Il HNH S /O\/N, 0 O OH'®~'CH is 25 CH, 111-2G2:{@he title compound

Was preﬁ%r g%@@d@&%'\@%%&%%ﬁhﬁfﬁ%ﬁﬂﬁ €,06 ‘{ﬁl@ JQJure described for

EXAMBGLRY AN OR e PR, SGE T 4 T Gy B g 699 . 1
H), 5.3%(56 (1), 4.7 -4140 (m 42Hi)}.432(d H)H@QS @6 (@, 193)dB6 B72.¢8Gimin. 1 H), 2.99
(m, 1 1h1)2.2798 (Th H)s 28, bHY. &, 490m. 27k, 2- 15, (t78 H) 38.69-25-49, (M7 (m, 2 H)

oo ] R 90 G BB BT s o

(5R,7S,10S)-10-Butyl-N-((IR,2R)-1- {[(cyclopropylsudfonyl)ammo)carbonyl}
-2-ethylcyclopropyl)-3,9,12- trloxgﬁAm,ﬂQ 1112141516

] iClo 0
tr10x0~1.6.7,9.]0 ]1.12!}4.15}/]6"17.1.8.l9.20-tetradecahvdro~5H—2, 4:5_8—dlme' ano-4.13.2.8.11-

benzodioxatriazacvelodocosine-7-carboxamide (TT1-203)

= 111-203
The titie 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), 438 (t. 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 (tt, 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 (ESD) m/z 744 [(M+H)"; caled for Ci;HsqNsOoS: 744].

EXAMPLE 12
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HNH O\/N~O 0 CH3 H,C 111-202 The title compound was prepared

from EXAMPLE 5 using the procedure described for 10 EXAMPLE 8. 'H
NMR (500 MHz, ppm, CD30D) 6 7.23 (t, | H), 7.14 (d, I H), 7.09 (d, | H),
6.99 (d, | H), 5.39 (s, 1 H), 4.76 - 4.61 (in, 4 H), 4.43 (in, 3 H), 4.29 (d, 1
H), 3.92 (dd, | H) 3.69 (quin, I H), 2.99 (in, | H), 2.57 (in, | H), 2.51 (in, 2

5R7Slés 21h2 é:t li' Lt 1c79r31 )0 e ']nx 2 ks Qom ).

o 15,15~ m-_ ARETIHE 1 =Ya: R 1 AEY 16]7118 dodec&hvdro»HZZ SSd;methano

4,13 .2.851F?~,We$zl&iSkd@aBamﬂirNcé@]ReZ’R)ﬁbd}Ealmde (I11-204)
cvclopropylsulfonyl)amino]car [}-2-ethvic clopropvt 3
trioxo-1,6.7,9.10,11,12,14,15,16;4718.1 9,20-tetradecahydro-5
H-2,24:5.8-dimethano-4,13,2.8,11- *o
benzodioxatriazacyclod ine-7-g¢arboxamide(111-203) Ny0", ~ O O ~O

N " /N~H'ttl CjCH, ﬁfcoqul-@w The title compound was
prepared from EXAMPLE 6 usihg-theprecedure described for EXAMPLE
S. 'H NMR (500 MHz, ppm, é@%‘h - z%ft 1 H), 7.15 (d, 1 H), 7.11 (d,
1 H), 5.55 (s, 1 H), 4.70 (in, 4 1, 4.45,(in, |\3§ 4.38 (t, 1 H), 4.29 (m, 2
H), 3.94 (dd, 1 H), 3.73 (quin, | H), 3.06%(m, 1 H#}1-2083 (quin, 1 H), 2.51

('n ! H)T?;e%ﬁsé%dq dimd o lg,l MAat&i FofPEQURPL )3 %sﬁﬁg thje Q%Mméﬁééénbed for
1.00 (t, 3 H), t 3 H). L

ES]) mlz 744 (M+ cac
EXAMBiE e A 9913?}?517@32&\%5&@ 959 %A35RPS 104 | 1D 15 (4,11),7.07(d, 1
H), 5.504teitButy NP RIZRFE (. 2(H), 4.4 (d, 2 H), 4.28 (m 2 H), 3.87 (dd, 1 H), 3.28 (m, 1 H),
2.98 (dCYGioprapylsuifonyl)aminoloaybonydd 2-ethyayclapiomy-15-1.17 (m, 3 1), 1.41 (m, 2 1),

o ey ot 080 1218 5 1T e

(ESD W%???B[@i%nf@ﬂl@ﬁmﬁaﬁié\}@ﬁcdéme 7-carboxamide (111-204) N a
HCONNO HH77// 01

EXAMPLE 13
(5R.7S8.1085)-10-rert-Butyl-N-{(1R 2R }-1-{[(cvciopropvisulfonvDaminolcarbonyli-2-ethvicyclopropyl)-
15.15-dimethyl-3.,9,12-triox0-6.7.9.10.11.12.14.15.16.17.18.19-dodecahvdro-1H.5H-2.23:5.8-dimethano-

4.13.2.8.11-benzodioxatriazacvclohenicosine-7-carboxamide (IXI-205

T

HSC/f\CHS e
CH, T11-205

The title compound was prepared from EXAMPLE 7 using the procedure described for
EXAMPLE 8. "H NMR (500 MHz, ppm, CD;0D) 8 9.09 (s, 1 H), 7.24 (t, /= 7.5Hz, 1 H), 7.15(d, J =
7.5Hz, 1H),7.10(d,J=75Hz, 1 H),5.53 (s, 1 H), 4.75-4.59 (m, 4 H), 444 - 437 (m,3 H), 420(d, /=
12Hz, 1 H),395-391 (m, 1 H),3.31 (m, 2 H),2.99-296 (m, 1 H),2.62-2.46 (m, 3 H), 2.17-2.13 (in,
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 CagHsgNsOoS: 7581,
Alternative Preparation:

Step 1: 1-Brome-2.3-bis(bromomethvibenzene
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CH, H--S~ CH, H CH, 111-204 5 The title compound was prepared from

EXAMPLE 3 using the procedure described for EXAMPLE 8. 'H NMR

(400 MHz, ppm, CD30D) 6 9.06 (s, | H), 7.22 (dd, I H), 7.13 (d, | H), 7.07

(d, 1 H),5.51 (s, | H), 4.72 (d, 2 H), 4.68 (d, 2 H), 4.44 (d, 2 H), 4.28 (m, 2

H), 3.87 (dd, | H), 3.28 (m, I H), 2.98 (d, | H), 2.85 (m, 3 H), 2.52 (m, | H),

2.43 (m, 2 H), 2.15 (m, I H), 1.15-1.17 (M 3 H), 1.41 (m, 2 H), 1.30 (m, 1

H), 1.21 (m, 4 H), 1.08 (m, | H), 1.06 (s, 3 H), 1.05 (s, 9 H), 0.98 (t, 3 H),

0.81 (s, 3H). LRMS 10 (ESI) m/z [(M+H)"; calcd for C37H54N509S:

744]. EXAMPLE 13 (5R,7 S,10 S)-4Qert-Butyl-.N--((I R,2R)- | - {

[(cyclopropylsulfonvl )aminolcarbonybg.-Z sethyl eye] opropyl)-

15.15-dimethyl-3,9,12-triox0-6,7,9,10,1 1 ,12.14, 1

5,16,17 KB FOSBRNBEAy PP 0sH9198'S) &-aufi iRl chigrobenzene (9 L) at RT was
added M-i8128uddinrenizddtGRatrial avy ol enicosiperdxairfokamit® il 2069 reaction

mlxtur% IwL“;QtehltS:SUGUan}fHlNQOQldIQ]}&l Iuﬁ%ipl\f/lg HlgG, Créd leQH:;Jh Ikls 3'95/31%166 to 70 °C
poun e om Sin roceaure o
ondan R AL -4 NI Yoo i DR OB S o 80°C
and stigy] I?BQ(ZI (idecn Bz 1. ﬁ)benq_a@t(@ fixture was cooled to RT, dituted with heptane (6 L)
and filE&HZH fifel Qélediab DanAH) it BEtRAH), ﬁ)7§r641569&mm‘ﬂd7é)1 14114&354“%76 (éﬂaporated

The cn%egé‘c(ﬁucpu(d géssg 1622112% Ft]é}ﬁ] é‘%%?ii?h?o% Hb]q :ﬂ?j %lrg_/t%ter ?ou% 1 basic
a]ummH)SOj_) g7 I heféu(wpaﬁmWISI‘FSEG@'GEMGP@‘W)( @n@th@ mn@mg ?Etsq)were

evapordtiZ 1€ o8 e[ (Midrhi-alod (o635 6 NE09%: (158(} dAlexrathighBreprtationused without
further§£?ﬁ}Jau%nB“%&%c%%ﬁbf@@Bmﬁ@@)@eﬁZW@ Bi;Br Brdoa g o 11z 1 1), 7.26 s,

sion of 0Mmo-0-X ener% 40 mol) in chlorobenzene (91)

T H). 75?I§TJ agso g&dé@}\l‘it%?ﬁ Eclriifid 620 g, 9.1 mol) and benzoyl
rhd-A P Mtlon mixture was heated to 80 C

and stlrred under nltrogen for reaction mixture was cooled to 70
C 5 and an additional portion 30 g, 1.7 mol) was added. The
reaction mixture was heated to 80 C and gtirred under nitrogen for 22 h.
The reaction mixture was cooledfto R, diluted with heptane (6 L)

Potassium bicarbonate (657 g, 6.56 mol) was suspended in MeCN (17 L) and the mixture
was heated to 80 °C. Solutions of crude 1-bromo-2,3-bis(bromomethyl)benzene (900 g, 2.63 molin 1 L
MeCN) and benzylamine (281 g, 2.63 mol in 1 L MeCN) were added concurrently via addition funnels
over 2 h. The reaction mixture was stirred at 77 °C for 2 h and then cooled to RT and stirred for 16 k. The
contents of the reaction flask were cooled, filtered and the solvent removed by evaporation. The reaction
was partitioned between water (6 1) and EtOAc (2 L). The pH was adjusted to >9 by the addition of 1M
K2COs, the layers were separated and the aqueous phase extracted with an additional portion of EtOAc (2
L). The combined organics were washed with brine, dried with anhydrous Na,SQy, filtered, and
evaporated. The crude oil was diluted with EtOH (300 mlL) and cooled to 0 °C. Methanolic HCIl was
added until the mixture was acidic, followed by MTBE (700 mL) and the mixture sonicated, then stirred
for 15 h. MTBE (1 L) was added and the mixture was filtered and washed with 20% EtOH in MTBE
followed by MTBE. The solid was air dried to give 2-benzyl-4-bromoisoindoline hydrochloride (211g).
An additional portion of product (86 g) was isolated by concentration of the mother liquors. LRMS (ESI)
m/z 289 [(M+H)'; caled for Ci5H;sBrN: 289].

Step 3: 4-Bromeisoindoline
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and filtered. The filter cake was washed with heptane (4 L) and the
combined filtrates were evaporated. The crude product was dissolved in
heptane (2 L) and chloroform (200 mL) and filtered through basic alumina
(500 g). The alumina pad was washed with heptane (4 L) and the
combined filtrates were 10 evaporated to give
1-bromo-2,3-bis(bromomethyl)benzene (1760 g, crude weight) which was
used without further purificatio {CDC13) S (ppm) 7.56 (d, J=
8.0 Hz, I H), 7.31 (d, J= 8.0 Hz, 426 (s, 1 H), 7.16 (t, J = 8.0 Hz, | H),
4.84 (s, 2 H), 4.64 (s, 2 H). Step 23 2-Benz -ff-bromoisoindoline
hydrochloride N Br/\ HCI 15 Potassium bicarbonate (657 g, 6.56 mol)
was suspiencheatith MEONA T-4-hant ko dolidate dvabifiéhted tg 8D9E mmol) in 200

ml. Et(%gd%kgréﬁcﬁﬁ qm‘%&%ﬂg%‘%&%@&%&%m{’é %IMHJBP%G'H%@QQ 9 n@cslayer was
mol in I L MeCN) and benzylamine ( ng 2.63 molin 1L MeCN) w

separ at%ﬁd@dhég r\"&ﬂlrpé‘r’i‘ﬂyc\ﬂﬁdﬁaft%}i)ﬁfﬁ}ﬂ%@? F‘”Eiﬁoﬁ“ﬁlét Fé%&‘ﬂ&rr‘?drﬁ‘?)&]u Pé1 which was
azeotropraioosticredhab mzn€ (fdr2lli. dihd tHerredisteti ¢d R Thémmdbstiresd (il 1 B)and hé molecular

sieves GOIVIEIHS1 @ m@s[ﬁ?éat%ﬂ@xﬁlﬂﬂ@t@f@@Qﬂleﬁcm@@ﬂ}@&q&&%ﬁglﬂ@m 6 mL 51 mmol)

ved, by evap orati The reaction 20 w artjti lg
v a0 G AR RKE () T B SIS S LBy s o b AR oom

temperﬁ?@@@dtﬁ@erayééwekéwam@é@éﬁmwé @qnh@mquﬁa@b) ékﬁra@téamhfﬁﬂ mL}). The
filtrate aaﬁﬁei&i@mﬂi(pmﬁ@mmf RiQAEl(® dob! Thestombinadharganiastwe R ernight. The solids
were filiged & MV Whe cr[:j{fl)ggl\fl\éﬁg dl]h%? §W|tNa%%SO f”ée \,Q Q C% gf et Cfle c%mpound

orate e ol

LRMS @ﬁﬁé"ﬁﬁa}ﬁélﬂcfﬁ@}ﬂa@l&éé@ocﬁﬁtﬁ@leiﬁﬁ)@thre was aC|d|c foIIowed by

Step 4: MEBEL([708ahly) @Sdi el miktrersonidatioddihe H-stirred 1 25yioraiimind MEBfyrrotidine-

[2- dlcg;b&i%%s added and the mixture was filtered and washed with 20% EtOH
in followed by MTBE . The solidyvas air dried to give
2-benzyl-4-bromoisoindoli droghlféride (211g). An additional portion
of product (86 g) was isolategFby-¢oncentration of the mother liquors.
LRMS (ESI) m/z 289 [(M+H}; calcd for
4-Bromoisoindoline 39 / NH Br HCI .Td.a solutieh-of
2-benzyl-4-bromoisoindoline hydrochloride (11.g, 30.96 mmol) in 200 mL
EtOAc was added 1M NaOH (100 mL he mixture stirred for 30 min.
The organic layer was separated, washed with brine, dried over
anhydrous Na2S04 and solvent evapotated to an oil which was 5

azeotroped onc eg\évgp£ au@%&@@%ﬁhsr&!n@%j }SO Vegdi@ 3 g 515 mmol) in

chlorobenzene nd 4A moléecular “sieves
DMF @?Gﬁé@%ﬂnﬁ%ﬁfﬂ%ﬂéﬁq MirfARepslFBIRARKIGTOfdrate [ il hejeaction mixture
was stififhal yowasaddedudripwiset @rembimindoline lipdetiblomdediLle gvassthem!) and

dusoprgﬁ%ﬁglg?n%g fodang s 400160100 M8 MRERIR ANAIUREE R dbiio 50 °C for 6 1

olids were washed with chlorobenzene (5 mL) and methanol (40 mL).

then a“?%d FFQed ‘RO R R orRd s O‘ﬁ‘iﬁ\%‘étd]fgeé%‘itﬁ’ﬂdnﬁﬂ}r@d” 4t PS‘&W:O“M
betweeteptipaedfule andelffighqudte IR (©lehe fifteed rovashetbduitith EtOAc (2 L) and the

combineRIYRRRMRNE (2Mld and hexaneandidried iogie &84 8ONIEIO, and solvent
evaporSSMBIUNT: (230 ¢). LRMS (ESI) m/z 4710 [(M=HY'; caled for CaHagBiNaOg: 47111,
Step 5: 1-t-Butyl 2-methyl (28 4R)-4-{[(4-vinyl-1.3-dihvdro-2H-1soindol-2-ylcarbonyljoxy  pyvrrolidine-

1.2-dicarboxvlate

40
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LRMS (ESI) m/z 198.1 [(.M+H)'; calcd for CBHgBrN: 198.0]. Step 4:
1-t-Butyl 2-methyl
(2S_4R)-4-{[(4-bromo-1.3-dihydro-2H-isoindol-2-yl)carbonyl]loxy}pyrrolidin
e- 1 2-dicarboxS late cc.O Br O, O O 15 To a solution of
(2S,4R)-BOC-4-hydroxyproline methyl ester (1263 g, 515 mmol) in DMF
(960 mL) at 0 C was added N,N'-carbopyldiimidazole (83.51 g, 515 mmol).
The reaction mixture was §tirrgd ay Lo.Qm temperature for 3 It

4-Bromoisoindoline hydroc prite 120@ 515 mmol) and

diisopropylethylamine (96.3 L, 540 m were added and the reaction
mixture heated to 50 C fors h then allawed._to to room temperature
and stirred overnight. The reaction mixturg wag partitioned 20 between

EtOAc (3 L) and 10% aqueous KHSO04H: tie agueous re-extracted
with EtOAc (2 L) and the combined organic phases washed with 10%

agueous NaHCO3, brine, dried over 04 and solvent evaporated to a
207a1m ](Zétgeaggb IuBaM_%E Et%}l}gl/ % g&Z&l}q ﬁg/liﬂd)é! ‘%ﬁ‘ngré%qz‘Q'ai %%H)\Iﬂ-?lsomdol 2~

yhear btf*zsﬂmw{ﬂzfl%w gﬂh@éﬂfa}%ﬂ@@rﬁdd BRI ARy HItRadded
potassidnPvélighrifmewateadQ NG £330n@0!) hhOri@liyaisoldtiomlof32-telowlyfollowed by

dichloré meﬁl?s\(h@t%nﬂ? ﬁ%ﬁ%ﬁfﬁ@é&?gﬁﬂﬁm% gl'ﬁfoﬂﬁ%m%lll%ﬁm%nethﬁ% ?ﬁduct (175 mg,
021 m I% % Qﬁa’ted with

on
e R R A S R
10% aqpmh)lﬁﬁﬁmea@d glemLhang mm@{pd(ﬁm@;@x@y@ in vacuo. The aquecus residue was

extractéiiGi‘ri'l@@{@mlchlaiﬁ(@ighﬁgﬂt@@QW@)@@W@@&RQ@@J@@U{?Br(ﬂlh);@@ |ogigient evaporated
ethan 1m xtyre wa
and cruﬁe g{ecéu rgpu fll? (?f%)é 11? COO T niég on s%;c fntm) Wlthe‘{& %8 t/o § #,Hi o give, after

room tempe ature d

evaporgiiquiehadife-FSTRPEIG 318 ethaRM S Shsbad ‘E)Wé’v[é%ﬁ#éh@ﬁaiﬁd\fézw@%%oe 417.2].
Step 6; AGRESOUS yasichie wasoeXiraetatvithEIQAelant dhe Grgamicphdge 2-carboxylate
hvdrociY@shed with brine, dried over NaaS04, solvent evaporated and crude
"y_deUct purified by chromatography ongilica eluting with 40-60% EtOAc/

hexane to give, after 10 evaporhatiog,.thie titte compound (8.18 g). LRMS

(ESI) m/z 417.2 [(M+H) ; caled 22id29N206: 417.2]. Step 6:

(3R,58)-5-(MethoxycarbonyDpvrrolidin-3;

4-vinyl-1.3-dihydro-2H-isoifdole-2-carb )8/ e PRydrochloride O

0

-HCI

A mixture of 1-t-butyl 2-methyl (28.4R)-4-{[(4-vinyl-1,3-dihydro-2H-isoindol-2-
ylcarbonyl]oxy} pyrrolidine-1,2-dicarboxylate (18.0 g, 43.2 mmol) and HCl/dtoxane (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,55)-5-(methoxycarbonyhpyrrolidin-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 C7H;N,Oy: 317].

Step 7. Methyl N-{[(2.2-dimethylhex-5-en-1-vDoxvlcarbonvl}-3-methvi-L-valvi-(4R)-4- {{(4-vinyl-1,3~

dihydro-Z2H-isoindol-2-vhcarbonyljoxy}-L-prolinate

EEC <
g\/ \H/ COgMe

41
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O O,N HO _HCI A mixture of I-t-butyl 2-methyl
(2S,4R)-4-([(4-vinyl-1,3-dihydro-2H-isoindol-2 15
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

concen t|on fr

grs9 S (il R e P R gkt Lo 217
ioinclachaEIER R A H O Ao b AETE A ST fuhich
enyhoWRarused Mathetlt furthehdqutifeation. thiRiV & (BEQH (Mizndilat KWMwid)ideal CHPEA (2.5
ml., 14f9 91]0?) gé&‘%@é‘ §3§87]l rng teei\)]c? HMz—ent, 1 9 14.2 mmol). Afier 18 h the reaction mixture

1(f(2.2-dimethylhéX-5-en- I Icarbon I -methyl-L-valyl-(4R)-4- %I -vin
was popys Smﬁlﬁ%iﬁ)nc?‘ﬂ—??fgéﬁtf‘dio‘l‘ GénThE)ﬁ%‘T‘Er]&Hﬁra‘ffé‘s err%% Elgc, and the
combinpd lorgad© Keiorarsolatien wﬁb%ﬁﬁl&(meth@kmfbmdmpyrr@hd iwr@njt layer was

dried oéem%'sék%ﬁ fﬂé/@;@r\%ht wa@nla%kee&&%awyﬁi@cmy m&@%&g@;gedl@n%ﬂwa (30%

and N m X-5- e car }-3-
FOAC BN SO AEORE SR AC R B SORR TR (o i '
caled fon ot} BOE §5563d, 28.4 mmol), and HOAt (1.9 g, 14.2 mmol). After 18 h
Step 8: th@emaqﬁmmim@g&wa& peeked inte Eh@nandextraetedswith g, N HCl4.15.16.17-
decah roel%'s"‘ e neE{"i““ %'tE'eEt thex QIIKE‘C'S”Q% DG 1ate
Iayer was dried over MgSO4 ang t oIvent was removed in vacuo. The
crude product was purified on gilica (3@ EtOAc in hexanes) to yield 4.2
g of the title compound as a thick oil. L@Wﬁ(ESI) m/z 584.4 [(M+H);
calcd for C3pH46N307: 584.3]] 10 Stap - M&t¥I (5R
7S,10S.18E)-10-tert-butyl-15. -méT >8,9,12-triox0-6,7,9,10,11,12,14,
15,16,17- decahy_ /I\

dro-IH 5H; §s%§1§o§ 8?%& ﬁp &ﬁ&@eﬂa}fﬁ&“?%ﬁ'?W!S%@a%%%eﬂ%‘éé{yl -L-valyl-

ne-7-carb 004 lat rO To a solution of meth
R4\ (o h r%élehwﬁ%%%lé?ﬁnf%@sé%e%’?%ﬂwkwmwﬁ (AR .05 mmal) in degassed
(nitrogd R) bbifEdkor A adiy3-AiHVid id-2Hrisowd o &g Fbanb dhsdiaxyl < Lherolmaiet 1B, RC-303,
Zaﬂnan(éhzxgla&gﬁ) f@é@@!)g}‘b%@@%ﬁ@@ The mixture was then stirred at RT under an N, atmosphere.

After 19 h, the reaction was complete and DMSO (57 pL, 0.805 mmol) was added. The mixture was

stirred for 2 h and the mixture was concentrated in vacuo to ~70 mL. The crude product was then directly
purified on silica (gradient elution, 0-50% EtOAc in hexanes) to yield 4.4 g of the title compound as an
oil. LRMS (ESI)} m/z 556.3 [(M+H)'; caled for C3oHeN3O5: 556.3].

Step 9. Methvl (5R.75.108)-10-tert-butyi-15.15-dimethy]-3.9,12-triox0-6.7.9,10,11,12.14.15.16,17.18, 19-

dodecahvdro-1 5 H-2.23: 5.8-dimethano-4.13 2.8 11-benzodioxatriazacyelohenicosine-7-carboxvlate

l\‘ N P

E/I J%,,

! (NXCOZME
o M A,

° A
To a solution of methyl (5R,75.10S,18E)-10-terr-butyl-15,15-dimethyl-3,9,12-trioxo-
6,7.9,10,11,12,14,15,16,17-decahvdro-1/,5H-2,23:5,8-dimethano-4,13,2,8,1 1-benzodioxatriaza-
cvelohenicosine-7-carboxylate (4.4 g, 7.92 mmol) in EtOAc (79 mL) was added Pd/C (0.421 g, 0.396

mmol). A H; balloon was then placed on the reaction flask. The flask was evacuated quickly and filled

with H,. After 17 h, the reaction was complete as determined by LC-MS. The Pd/C was filtered through
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15 (nitrogen bubbling for 30 min) DCM (1410 mL) was added Zhan 1B
catalyst (Zhan catalyst 113, RC-303, Zannan Pharma Ltd.) (0.591 g, 0.805
mmol). The mixture was then stirred at RT under an N, atmosphere. After
19 h, the reaction was complete and DMSO (57 L, 0.805 mmol) was
added The mixture was stirred for 2 It and the mixture was concentrated
glass wgo azangglgtg EJ % orrfprlgdg Qgg%ﬁgf\fgﬂﬁ o%llésil:( écr?atém)" 1eerr]1td etg[xly O%WI%%%C ?ﬁ"hexanes) to
10 o i V@S 55 A el o

”Dd ?z%&%&a 7.9.10

11,12.14.15.16,17.18.19-
ro-

any - .
] «benz@dxoxatnazacvc ohenicosine-7-carboxvlic acid

Sﬁ{ -7-carboxylate o N O CO2M /e
OTN,~,,0 O m To a solution of methyl 5

(5R,7S,10S,18E)-10-tert-butyl{15 15d|m§'byl -3,9,12-trioxo- 25
6,7,9,10,11,12,14,15,16,17-decs hyéjr IF5H% 23:5,8-dimethano-4,13,2,8
,11-benzodioxatriaza- cyclohen COSI e-Z-cdrboxylate (4.4 g, 7.92 mmol) in
EtOAc (79 mL) was added Pd/C (0. 421/f\ 0.396 mmol). A H2 balloon was

then plared @mithe waﬁﬂh}rf]) fhasks, Thi-flask: Nm@emqsagadmymmindoxo-
L [ ete.as { |
6,7.9, lﬁﬁﬂlﬁg&phy?ggﬁtgg :I'g ch eceh ecfa i?ﬁ%‘ﬁ?ﬁ% imeth ano . 5'9 Q%’ y

v’vas tere throug % ass wool, é crud

benzodipefiRteRAo PrIHIR N 8- %ﬁ‘ﬁé%t‘(’éﬁd%m &lition, W)@ Ef@(éln% H’é&a%‘é%H (413
mL), at@® waeld 200, pittRE title aidsdfaOnb( 438 aanwhitenpavideA fleRMBcl&disitdZ 45 min), as
judged %5%6 W"ﬁk@t’e&egg{j \I@E x%ﬁ%'&'ﬂﬂWQZmﬁ@]%@ HER AR éO and IN HCiZ Tl“lzfe aqueous

R,7S.10S)-10-tert-Butyl-15,15-dimethyl-3,9, 12 trioxo-6.7,9,10
laver wi%tli%l f;ft}iagtﬁ_cbvgth g&%é&hya?cgciﬂbéiief organ;c fayers were dried over MgSO; and the
solvent2y28ren@rdifnetimno 4 WiglP 811 t-bichz ddioxatiazed veloHenis os e Thoat Harther

purificapdicaciehia (ARG A2 QY NvALD, Tad salution of methyl ).
Ste 11(37. 0‘ ) O-eIrby- ‘-| eth I§912tr| o-

2.23:5, benzadmamam&ymlaaeam@ﬁﬂ&ﬁ@amﬁmdaie;wl@ z:hﬂ;{aa mpdkin

TI-IF (43,3 a"s‘%-t)m'}{la 8'{‘% 3,mm W%Zrﬁ%'%%))gv%eﬁﬁ%& kgl ?1}1\/\[)?05679 10,11,12,

added LIOH onversion (45 min), as_judged

14,1516/ E@Wqﬂ@%\gﬂd#@ﬁ&&%&é&wﬁ%ﬁ itiorfing BetdER a8 and
cyclohdNchi@le-Therboudiousidayéd was.iifenmxiracte R EtDAo-Ne dopatyinsdl fonyl)-2-

ethyleyRISRBIG|BYRESWRIB IHNBA QYSI M BSR4, q@%lhﬁm%%?ﬁm FORRY&hiRdded DIPEA
to yield g ? of the tltf compo n% h}cp was used th ut

(7.11 lr;lij%llgrtnmol and F (5 3g 1322 mmoH 'fter Tull conversion ( 5 the reaction mixture

was partitioned between EtOAc and IN HCI. The organic layer was washed with brine three times, dried

over MgSQOy, and the solvent was removed in vacuo. The crude material was then purified on silica

(gradient elution, 20-80% EtOAc in hexanes) to vield 5.8 g of the title compound as a white powder.

EXAMPLE 14
(3R.78.108)-10-ter-Butv]-N-((1 R.28)-1 - {[(cyclopropyisulfonvDaminolcarbonyl} - 2-vinvicvclopropyl -
3.9.12-triox0-1,6.7.9.10,11,12.14,15,16,17.18-dodecahvdro-5H-2.22:5.8~-dimethano-4.13.2.8.11-

benzodioxatriazacveloicosine-7-carboxamide (IIE-5)
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purification. LRMS (ESI) m/z 544.4 [(M+H) ; calcd for C29H42N307:
544.3]. 15 Step 11:
(5R.7S,10S)-10-tert-Butyl-N-((IR.2R)-1-([(cyclopropylsulfonyl)amino]carbo
nl
ethylcvclopropvl)-15.15-dimethyl-3,9,12-trioxo-6,7,9,10,11. 12 14,15.16.17,
18,19-dodecahydro-I H, 5H- 2 23:5,
8-dimethano-4,13,2.8, @ ; |oxatr|azacvclohen|cosme 7-carboxamide
(111-205) To a solution A
(5R,7S,i05)-10-tent-Bufyl-15, 15-0%%9@%1?@%0 6,7,9,10,11,12,
14,15, 1 6,17,18,19-dodeCahydre-1x, ©
H,5H-2,23:5,8-dimethano-4,1 g@;,l benzedioxatriaza 20
cyclohenicosine-7-carboxylic aC|d”(5 53 g, 10.17 mAibhH and

Step 1: ﬁﬁq&l%)ﬁﬂeﬁmOQTJ‘}JO(@WWQMSQI{QW&)% 7.9.10.11,12.14,15.16-decahydro-5H-2.22:5.8-

) h drocglone :’? 80, 12.21 mmol) in
A L mt, 20,7 mmol) and HATU (5.03
he reactlon mixture was

with brine three times, dried ove MgSO4 asxd the solvent was removed

in vacuo. The crude material w thera, p ified on silica 25 (gradient

elution, 20-80% EtOAc in hexa %5 8 g of the title compound as

a white powder. EXAMPLE 14 (5R )1 O-tert-Butyl-N-((1 R,2S)-1- {
[(cyclopropylsulfonyl)aminolcarbonyl} 2 vmylcyclopropvl)

3,9.12-tRxoAL R 779, M08, 1 0-teri-butyl-3,9,12-trioxo-1,6,7.9,10,11,12,14,15,16-decahydro-5SH-

2,225, é%lﬂﬁ%tﬂ'zﬁl&é %‘?Q%g,ﬂ]igng%ggﬁﬁgt\{g%c?yo%gsgné : &w%@%% %?éﬁar@d Jat]:cordmg to the

benzodioxatriazacycloicosine-7-carbox mide 43 40 ~

procedcongso 1 RGN SES 0 b REL 1 P IT SERE: Mty
1,6,7,9,18R 75,1 9 8); 0dtealsbiutyii3 D202 Bidkoeth817-9 | B, B, 1-Bebdod Batriazacycloicosine-7-

calboxgajﬁ@hﬂmgﬁﬂ %t%@ D §a{|cg Qﬂg@;?eﬂlﬂ@%?[( ent-4-eny oxy)carbonyi] L-valine (prepared
enzoal rl CloIcosine-/-Ca,
second G R RO RO o G e oot B PE 1S ey

methyldryabipe in Step 7. LRMS (ESI) m& 514 {(M+H)"; caled for Cz'ng(,NgO’: 514].
Step 2: 24229, &rﬂlmeltb@nm%ﬂ::%aawa id bg&z&@mxavrmzawapms:mmﬁcwbo&dawdm SH-

8 11 benzod|oxatr|azacycI0|cosme 7- carbg ylate (EXAMPLE 3 Step 8)

except that 3-methyl-N-[(pent-4- nyloxy)car}ffcfnyl] L-valine (prepared 10

according to the procedure belowy d in place of 7

N-{[(2,2-dimethylpent-4-enyl)oxy éi 3- methyl-L-valine in Step 7.

LRMS (ESI) na/z 514 [(M+H)’; calcdjfor C2FA36N307: 514]. Step 2:

Methyl (5R,7S '

10S)- 10T testsplytide3 dmehiri 65R-15 8 758 Iorart-bupy k4, 9. 5216 o1p;18-dodecahy
1,6,7,9000r5h,14,15,16,17,18-dodecahydro-5H-2,22:5,8-dimethano-4,13,2,8,1 1 -
benzodioxatriazacycloicosine-7-carboxylate (0.10 g, 0.20 mmol) in ethy] acetate {7 mL) was added 10%
palladium on carbon (0.01 g). The reaction mixture was stirred under a balloon of hydrogen for 5 h at
room temperature. Contents of the reaction flask were filtered through celite and the filtrate evaporated.
The crude product was used with no further purification (0.09g, 90% yieid). LRMS (ESI) m/z 516

{(M"’H)w, caled for C27H33N307.' 516]
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2.22:5,
8-dimethano-4,13.2,8,11-benzodioxatriazacycloicosine-7-carboxylate N
>=0 000 ON N OO 15 To a solution of methyl
(5R,7S,10S)-10-tent-butyl-3,9,12-trioxo-
1,6,7,9,10,11,12,14,15,16,17,18-dodecahydro-5H-2,22:5,
Step 3: %sﬁ'%efbéﬂpo%;ﬁa%nﬁ }é'«h@%Pﬁi'W@&d@awmtm%&&mwf@tg
]

10 g 0,20 mmol) n eth) aceta e was added 10% a adlum on
: tripxg-1.6 78 10,111 ‘,‘ 7.1 8-dodegahydro-SH-2 200 8-dimethano-

“ 'fntered Wyaughsslis ae@gth@mr@s@m@y 205 Thegsude product

L YRR LR 0.0 B S LD (£ i
benzod(@ﬁﬂ?@é!@d)ﬂF@Sﬂéﬁworw@F@Q@ﬂ10{?1&@}a1ebmﬁﬂ§m$dﬁw)mm%@oﬁ mL), was
added HMHZI'N 1.75 mL, 1.75 mmol). The reaction mixture was heated to 40 °C and stirred for 1 h, at

which tu{'}n ég)@gg gggslza)?%%oh o}rtlﬁ)e r%el‘h es?e’r sQalt Jf%\%t%zjia %@s%%s%%&!%ﬁféfmg The

mlxturw@s theg w%féh%%&ﬁé.%z%@\bad E8ihe- 7 RaPEBRININE TBEAISBRR Y KCOs
and solvaethyk (eRoFS] D 8)<h0-tEht btityd-3@J12-traoxaksn up in DMF (1 mL).

1,6,7,9 %9 tﬂigéo%\%%t}ial%ﬁvgcrzg %&a@@@ﬁ@é‘wfﬂéﬁ;&aﬁ%ﬁsmfon mino|carbonyl}-2-

Dai
8-dimethano-4,13,2, 8,1 |- benzo |oxatr|azac icosine-7- carg 0
vinyleylopropauamiin TR %%1 i) Ghd RRSEH g ﬁ "% ds el o 6%1%%‘ (0.07 mL,

0.40 mrm?)c‘ilndlihqré'@mmmixtt‘rrhemeawghartrmm@wa@dt\@at@d ib A O amtostiniatire was
directiﬁ@ﬁﬁil‘bni?&yW@@@Ebtm&ﬁmaﬁﬁg%r@ﬂmﬁ’ﬁQB)Qf(ﬂ?&t[Bﬁth@@Tfr2dS§aFIingh
materja mixt then worke up wit
e B s, 10
1,6,7.9.3hd 1sb?hﬂéinkfv\}ésl ?ekﬁde?éwﬁxﬂa@ﬁd Er%%ﬁc@évfshé%étlﬁfaa%}ken up in
benzod PMFi{datpblbideitherabme selidion wassddaed). 'H NMR (500 MHz, ppm, CD;0D) 8

9.14 (s, (%53323??13 H(Gysd OPVQQﬁ'SPﬁ?WD@(E'Q%ai%Qél}H? 8] }%) 529 (d, 1 H), 5.12

vin I’O anaminium ch 0r| e mmol
(d, H“”1)0‘4 )ﬁfanij‘ﬁ@é%\((@ 6Fimt-30u0 Fﬁ’m‘b (At e ?’egééﬁénlrﬁ&th?é (m, 1 H),
3.60 (qwas)sm@dmﬂ roar. 6@ impeir aku fesfofRlR. Tha. 26 action (mixidyel Wasddlita gy . 79 (m, 1
H, 1. S@Hﬁ'f§ﬁ)by !iﬁ?\(ﬁf Sﬁ}@h@% >EG o give (BRy7 Bt LI, L RMS (ESH) mz 714

ty (R
[(M“LH%[(S?[@%‘&J o%)&éﬁ?é?%% io]carbonyl}-2-vinylcyclopropyl)-3,9,12-trioxo-
1,6,7,9,10,11,12,14, 15,16,17,18-dodecahydro-5H-2,22:5,

8-dimethano- 4, 13,2, 8 11- benzadipxatriazasycloicosine-7-carboxamide
IR 00 MHz u;- CD30D) 6 9. 1 §§ lH

\ am;c boi]

cloprop D=

15.15-dd e ] 3 ’ mu ,;, ‘--l;-o 1 165 171 iod ’c u‘u-, :. cn Apano-
113,240 1 biyoBi 8B ictady i BTEMealbbkuP03BO106)2 H), 2.95 (in, | H), 2.63
(|n IH) 241(m 2H) 2.26 - Q(m 21- I) 188(dd 1H) 179(m I H)
(

1.56 (in, 3 H), 1.41 (m, 3 H), 1,25/ (m, 2 H), 1.17 (t, 2 H), 1.06 (s, 9 H).
LRMS (ESI) m/z 714 [(M+H) calcdH‘@r C35H48N509S: 714].

H,C
o )YO
7( 0
o
LG

bl
0 (JA \\h‘

li
CH, III~206
The title compound was prepared according to the procedure used for EXAMPLE 14
(using steps 2 and 3) except that methyl (SR,75,108)-10-ters-butyl-15,15-dimethyl-3,9, 1 2-trioxo-
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EXAMPLE 15 25 (5R,7S.10S)-10-tert-Butyl-N-((1R,2S)-1-{
[(cyclopropylsulfonyl amino]carbonyl}-2-vinylcyclopropyl)-
15,15-dimethyl-3,9.12-trioxo-1.6.7,9,10.11,12,14,15,16.17,18-dodecahydr
0-5H-2,22:5.8-dimethano-
4,13,2.8.11-benzodioxatriazacvcloicosine-7-carboxamide (111-206)

1,6,7.9 T@ﬂ’fﬁ'i?zﬂg 6909 n%R N M. s%cdﬁ TR Y‘_é sk b&bo&déatﬁi-ﬂa%@ﬁmsm- :

e fitie Compound was prepare accord |ng to the QI’OCG ure used

carboxylaienfiop MALA 303teR NG etefselimmace PEREERT (it rﬁéﬂ@rl&ﬁf’?@w '3,9,1 2trioxo-
1,6,7.9,08)HIQ: tértHdylet H31&-ditHer 271359 htrioxetd5.2,8,1 1 -benzodioxatriazacycloicosine-7-

carboxﬂa@e?ngstjeg zll'ﬂi%\r%ﬁal(ﬁdeﬁ:ﬁ% W@D@ﬂ % 3295@ dimethane-443:268.412 1), 7.05

nzodioxatri clojcosin box XA ) was
CRE i E T T %%%5 P I @ 1 440459
(m, 4 H1,6-,37Q9¢1(1),Iﬂ 42D @4&8}1@%&@%&/&&0&9@@ 2238;&81%‘91?%&%245,@3}2,3 H), 2.39 (m, 3
H), 2.1 B(Mﬂbﬁﬂamﬁqm%iﬁ;aicypmcgmeﬁs caraaxylatesim Sten, Z:{;'lﬂ(!;\,l MR),((%@(D (t, 3 H),
| , . 7.0, 2 H),7.055(d, 1
079, y)ﬁéw %Bﬁ) % Zﬁa(@kﬁ{? d?r rﬁ#)g’gqié 9(2971%) 5.15 (d, 1 H),
- 4.72 (g, 2 H), 4.40-4.55 (in, 4 H) 4 30 (d, 1 H), 4.25 (d, | H), 3.78 (dd, 1
H), 3.26 (d, | H), 2.91 (m, 1 H), 2EBB08P13:HY, 2.39 (in, 3 H), 2.11 (in, 1 H),

(5R.7S ]r(%§ {8%@% 'ﬁ)ﬂts;li ﬁl( (({R 2%{5_' {}(&%i@ﬂroﬁxﬂhl%ﬂﬁ%nﬁ Qar%oQ%lgsz gtlﬂ evelopropyl)-
3.9 22 =6 L. b 6 -A )

2 [(M+H)-; calcd or
§c8 dlmethano-4 ]3 2.8.1

gt hN7 (EHRY 2RI K [(IBYydlépropvisulfonyl)aminolcarbon 1
—ethylcyclopropyl) 3 Q/TQ”INQ -16791017 121415
16-decahvdro-5H- 222*5¢8‘d’me¢;hano 4132811-
benzodioxatriazacvcloieosine-7-¢arhoxamige® gﬁill 16)N _OHOO ON~
0 N~H/5\ HC CH, CH -16; 15 T a Soltitiorsf methyl (5R,7S,|
0S)-10-tert-butyl-3,9,12- tno%fé 6,7,9,10,11,12,14,15,16-decahydro-5
H-2,22:5,8-dimethano-4,13 Z@TmeenzodlokatrlaZﬁcI‘y oicosine-7-
carboxylate (EXAMPLE 14, Ste 1 60 mg, 0.12 mmo% in THE (1 mL)
and Me&H: ¢o! Btﬁﬁ’ﬂ_?ﬁ/%’/%?éhab@@d Wff ptyhE, 2l ARRIo0l). The
1,6,7.9 readtjon impduredans kieatst 10246, @d&mﬂ Haticrach $ar, &, It imhwddioRatriazacyeloicosine-7-

carboxylate (EXAMPLE 14, Step 1) (60 mg, 0.12 mmol) in THF (1 mL) and MeOH (0.5 mL) was added
LiOH (IN 1.17 mL, 1.17 mmol). The reaction mixture was heated to 40 °C and stirred for 1 h, at which
time complete consumption of the methyl ester starting material was observed by LC-MS. The mixture
was then worked-up with 0.5 N HCI and EtOAc. The organic layer was then dried over K,COs, and
solvent was removed in vacuo. The crude product was taken up in DMF (1 mL).

To the above solution was added (1R,2R)-1-{[(cyclopropylsuifonyi)amino]carbonyl}-2-
ethylcyclopropanaminium chloride (32 mg, 0.12 mmol), TBTU (48 mg, 0.15 mmol) and DIPEA (0.044
mL, 0.25 mmol) and the reaction mixture was stirred at room temperature for 2h. The reaction mixture
was directly purified by reverse phase HPLC to give (5R,7S,10S)-10-rer-butyl-N-((1R,2R)-1-
{[{cyclopropylsuifonylamino]carbonyl}-2-ethyleyclopropyl)-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-7-carboxamide (55 mg, 67%
vield). "H NMR (500 MHz, ppm, CD;0D) 8 7.33 (d, 1 H), 7.26 (t, 1 H), 7.16 (d, 1 H), 6.39 (d, J=15.7
Hz, 1 H), 6.13 (m, 1H), 5.37 (s, 1 H), 4.69 (m, 4 H), 4.47-4.28 (m, 4 H), 3.89 (m, 1 H), 3.83 (d. 1 H),
298 (m, 1 H), 2.40 (m, 2 H), 2.31 (m, 1 H), 2.11 (t, 1 H), 1.99 (s, 1 H). 1.73 (s, 1 H), 1.60 (m, 2 H), 1.52
(m, ] H), 1.29 — 1.15 (m, 3 H), 1.08 (s, 9 H), 0.98 (t, 3 H). LRMS (ESI) m/z 714 [(M+H)"; caled for
C3sHygNsOoS: 7147,
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time complete consumption of the methyl ester starting material was
observed by LC-MS. The mixture 20 was then worked-up with 0.5 N HCI
and EtOAc. The organic layer was then dried over K2CO3, and solvent
was removed in vacuo. The crude product was taken up in DMF (1 mL).
To the above solution was added
(1R,2R)-1-{[(cyclopropylsulfonyl) d@gp nyI} -2-
eth Icyclopropanamlnlum chloride (32 mg O 12 mmoI
SR.75 3055 pfes By B 207 pi | splionml laanne e )
3.9.12-wiasostir.ed @t rdamdlteﬁnme?atdm&xﬁodrﬁhHl'ﬁel%cil@mmmbane 425 WAS 1-
benzodgﬁ;gﬂ%e{%%mﬁgt EXSEEX—%@%&H%%E&E@é?} give (SR ' 7S,10S)-
I0-tert-butyl-N-((IR,2 [( clopropylsulfonyl)amino]carbonyl
}-2-ethylcyclopropyl)-8,2; x0-1,6,7,9,10, 11 12,14,15,16-

,,,,,,,

decahydro-5H-2,22:5 dlmethan%Q :ﬁﬁf\ ~benzodioxatriazacycloicosi

ne-7-carboxamide (55 m @7%1\% NIMR (500 MHz, ppm, CD30D)
87.33(d, 1 H), 7.26 (t, 1H)‘g’16(d 1 H),]6.39 (d, J= 15.7 Hz, 1 H), 6.13
(in, 1H), 5.37 (s, | H), 4.69 (m'“ﬂ HY4.47-4.28 (M, 4H3-89 (M, | Fl), 3.83

Step 1: %9&:&1 5%0%,%2 "i'p%er? Sn?h% %% ?%T {9‘1' H% %1511%%]7 ﬁg %mo-mw-

2,23:5, %08 ¢dated) L DBBIE; k@iﬂydmm&(@swahmcmmwaﬁmémd for
C35H4sNs09S: 714]. 46 EX
(5R,7S,10S)-10-tert-Butyl-N-
onyl}-2-ethyleyclopropyl)-
3,9,12-triox0-6,7,9,10.11.12.14;15: M?{é&dﬁhydro 1H,5H-2,23:5,
8-dimethano-4.13,2, 8,11- e o,
benzodioxatriazacyclohenicosine-7- carboxamide (111-207) NO O O NN

aH,CCRMetty (BRSIN 0511 D a7 Brty)- 19N trigo-6,7.9,10,11,12,14,15,16,1 7-decahydro-
1H,5H-5R;7 3,d@@)hifbtens gyl 1359:123160x0:8. A O1diRslidodidel AchEhd 6, hi-dacahypared

accordlgI QOIHBSA}‘ wedure used for met] SR,7S,108)-10-rert-butyl-15, 1 5-dimethyl-3,9,12-t -
methanso- 8v 1& ]lz)enzog?oxat?‘?f:azz;l1 lohenlgga He-7-¢arb rtl)oxo

1.6,7.9 )}9*5{91%\]%] E i@-{]fcehy@oé@'élzp éﬁ_‘w}iwo -4,13,2, 8 11-benzodioxatriazacycloicosine-7-
carboxyBR,FEX OB TR 1SrbibRityh3:@, h2+tBioxnok 6- ARk Lled A4 i &1k oyl Fidedaleyprepared
accordifiQo 4R frocedure beiowé‘ was used n:%;;ace of N~{[(2 2-dimethylpent~4~e11y1)0xy carbonyl}-3-

ey S Bt DN ey e R a6 et

Step 2: (SR, 751 (S 00 e rBisubyY-03 R.8Rdifn ey biapopelaiéxndamino]carbony1} -2-

cbyley St A0 D123 16746100T Ay OSSH. 2, 28 BEHIMGIRang4, 33 iR -

4132 %)hat Orgzlo tﬁ}{ | zacx %ansllcngnze garq)oglalg (EXAMPLE 3, Step 8) except

eny oxy)car onyﬁ’ Cvalise (prepared

EXAMPLh 17 was prepared according to the procedure used for EXAMPLE 16 except
using methyl (5R,78,108)-10~ferr-butyl-3,9,12-triox0-6,7,9,10,11,12,14,15,16,1 7-decahydro- 1 H,5H-
2,23:5,8-dimethano-4,13,2.8,11-benzodioxatriazacyclohenicosine-7-carboxylate in place of methyl-
(5R.78,108)-10-zert-butyl-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-carboxylate (EXAMPLE 14, Step 1). "H NMR (500 MHz,
ppm, CD;0D) 8 9.06 (s, 1 H), 7.27 (t, 1 H), 7.24 (d, 1 H), 7.18(d, 1 H), 6.40(d, J= 16.4 Hz, 1 H), 6.11
(m, 1H), 5.39 (¢, 1 H), 4.80(d, 1 H). 4.69 (m, 4 H), 442 (5, 1 H), 4.25 (d, 1 H), 3.97 (dd, ! H), 3.79 (quin,
1H), 298 (m, 1 H),2.56(q, T H), 2.78 (m, 2 H), 2.15(m, 1 H), 1.77 - 1.54 (m, 8 H), 1.32 - 1.19 (m, 4 H),
1.11 (m, 1 H), 1.07 (s, 9 H), 0.98 (t, 3 H). LRMS (ESI) mv/z 728 [(M+H)"; calcd for CssHsoNsOoS: 728].

R) 01a,*EféevclopropylsuIfonyl)amlno]carb

EXAMPLE 18
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according to the procedure below) was used in place of
N-{[(2,2-dimethylpent-4-enyl)oxy]carbonyl}-3 15 methyl-L-valine in Step 7.
LRMS (ESI) m/z 528 [(M+H)-; calcd for Cz8H38N307: 528]. Step 2:
(5R,7S,10S)-10-tert-Butyl-N-((1R,2R)-1-{[(cyclopropylsulfonyl)amino]carb

except 20 usmg methyl ’
(5R,7S,10S)-10-tert-buty3,9;12- rioxo-6 7,9,10,11,12,14,15,16,17-decahy
dro-IH,SH- Z

2,23:5,8-dimethano-4,13,2,8,11- b@e&ﬁ)xatnazaeyclohenlcosme 7-carbo

xylate in place of metH&z‘fﬁRﬁ E{ﬁ\w
1

0S)-10-tert-butyl-3,9 12*=Er|ox0e}df;§J 9
22:5, 8-dimethano-
4,13,2,8,11- benzod|oxatr|azacycI0|cosme -7- carbox ?a?e (EXAMPLE 14,
Step 1: Sleivl Y SRS BOOMPEY pe-Epgbb; 8 @266%‘50 % ﬁ? 9.1 R, 14, 16.17-
decahydr@4H{HLIAR - 7, 8L8ikd hhitd) 4.6 40 4d | Fenkbddb kdizsid Ay Goldn2o (k- THt3ate
(t, 1 H), 4.80 (d, 1 H), 4.69 (m, ¢ (s, | H), 4.25 (d, | H), 3.97 (dd, 1
H), 3.79 (quin, 111),2.98 (m, 1° 501q, I H), 2.78 (m, 2 H), 2.15 (m, |
H), 1.77 -1.54 (m, 8 H), 1.32 -1,29 (m, 4 1.11 (m, 1 H), 1.07 (s, 9 H),
0.98 (t, 3 H). LRMS (ESI) m/z 28 [(M+H)., d for C36H50N509S:
728]. EXAMPLE 18 47 (5R,78: H\QiignoButyl N-((1 R.2R)- I {
[(cyclopropylsulfonyl )aminolcdrbonyls g\etbylcyclopropyl)
15,15-dimethyl-3,9,12-triox0-6.7,9.10, 11012 14,15.16.17-decahvdro-I H,5

H-2,23: &%@mﬁth@ms) 10-rert-butyl-15,15-dimethyl-3,9,12-trioxo-

tr| -7-C r&l)f de (111-208) o
6.7.9, W]&%gﬁjﬁ«}é%e%g ﬁ?\%écpgfgl@m Tobh 5 Step 1.
benzodWacyclohemcosme—7 carboxylate was prepa;red accm ding to the procedure used for methyl

(5R,7S (BR)18,:08)ahO-1etshiitydi A5, 35—@%&6&%43&9],@2&“02@ 6471,9,10:2d3 A4 H-2,22:5,8-
d1metha§13'§ il'°72 gqugggléx%]gﬂcgeﬁc%sﬁlg %%FQ %@X%@I%LE 3, Ste %)except that N-

-benzodloxatrlazacyco enicosine-/-carb OoXy ate
12,2~ q_p“étﬁlpf&lﬁxﬁéwi)oxy}carbonyl} -3-methyl-L-valine (pz epared according to the proaedure below)

was used in place of N-{[(2,2-dimethylpent-4-enyl)oxy]carbonyl}-3-methyl-L-valine in Step 7. LRMS
(EST) m/z 556 [(M+H)"; caled for CapHpN3O5: 556].
Step 2: (5R,78,108)-10-tert-Butyl-N-(( 1R, 2R)-1-{[(cyclopropylsuonyhamino]carbonyl} -2-
ethyleyclopropyl-15,15-dimethyl-3,9,12-{riox0-6,7,9,10,11,12,14,15,16,17-decahydro-1H,5H-2,23:5,8-
dimethano-4,13,2,8,1 1-benzodioxatriazacyclohenicosine-7-carboxamide

EXAMPLE 18 was prepared according to the procedure used for EXAMPLE 16 except
using methyl (SR, 78,10S)-10-tert-butyl-15,15-dimethyl-3,9,12-triox0-6,7.9,10,11,12,14,15,16,17-
decahydro-1H,5H-2,23:5,8-dimethano-4,13,2,8,11-benzodioxatriazacyclohenicosine-7-carboxylate in
place of methyl-(5R,78,108)-10-rert-butyl-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-carboxylate (EXAMPLE 14, Step 1). "H NMR
(500 MHz, ppm, CD;0D) § 10.05 (s, 1 H), 7.24 (m, 2 H), 7.17 (d, 1 H), 7.11 (d, 1 H), 6.61 (s, T H), 6.28
(d, /=16.4Hz, 1 H),5.95(m, 1 H), 5.58 (m, 1 H), 531 (s, 1 H), 4.71 (m, 2 H), 4.55 (m, 2 H), 4.46 (d, 2
H),4.29(dd, T H), 4.17(d, 1 H), 3.89(d, 1 H),3.32(d, 1 H), 2.92 (m, 1 H), 2.59 (m, 1 H), 2.21-2.30 (m, 2
H), 2.08 (m, 1 H), 1.60-1.78 (m, 6 H), 1.22-1.31 (m, 5 H), 1.06 (s, 9 H), 1.04 (¢, 3 H), 0.093 (t, 3 H), 0.87
(s, 3 H). LRMS (ESI) m/z 756 [(M+H)"; caled for CsHsiNsOS: 756].
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Methyl (5R,7S,10S)-10-tert-butyl-15,15-dimethyl-3,9,12-trioxo- 6,
7,9,10,11,12,14,15,16,17-decahydro-1 H,5H-2,23:5, 8-dimethano-4,13,2,
8,11 10 benzodioxatriazacyclohenicosine-7-carboxylate was prepared
according to the procedure used for methyl (5R,7S, |
0S)-10-tert-butyl-15,15-dimethyl-3,9,12-trioxo-1,6,
7,9,10,11,12,14,15,16-decahydro-5H-2,22:5, 8- dimethano-4,
pmaral%@&zilz%(Pg{a@M@I&%Md@ﬁ%%Ju&ﬁéboxy'ate (EXAMPLE 3, Step

8) except that N
{[(2,2-dimethylhex-5- enyI)oxy}rzanbemﬂWmék@d L-valine (prepared
according to the procedure below) wasouséd in place of
N-{[(2,2-dimethylpent-4-enyl)oxy]carbonyl}-3{methyl-L-valine in Step 7.
LRMS 15 (EST) na/z 556 [(M+H)"; calcd for C301-142N307: 556]. Ste
(5R,75 I@é&f’i‘ﬁlf’éﬁfélﬁw i @F?%{ c@W&WW%MMQ% added
carbonylyi}addetiy|Cychapriopy hxdsl Y SFoémethiin3nds ki RetrroxoBmed to room temperature and

stirred for238 Qndnl i&é&a&éeﬂe%&?d%%w%‘ﬁbé&hbﬁdéé 43:2.80 ﬁixmm@a@%én]aﬁd%d the
8,11-benzo |oxa r|a heni EXAMPLE 18 wa

reaction ll‘lIXtLHe led d st;r? %Sll‘ne Z Cla rb%;mldé I t W
prepare accordlng the proce Gr8TUse Bor B f e?&?é‘ﬁ? ppyrire was
diluted ygthgthyéelygr and washed twice with water. The organic layer was dried over sodium sulfate,

fittered(@f} IR IEABIA-te R RULYE- d D AR dime i Byl AHEOND 61D dReh dhd 2o ikt elution

101090y Skl Geste i peonssiiaaiord 20 e (0496 Meldy mty L pen ) vioscarbony -
norleuclkicsSing ‘?ﬂfc%h‘boxylate in place of
methyl-(ER, #5120 SHhi Drerft byl 3.9 Astriaxgidy 6)dadfi]-1 b2 b 1miE68.50g, 33.03

mmol) 9;9?1%533(96%%5'“%52%&@31\1 NaOH (20 mL). This reaction solution was stlrred at room
dimethano-4,13,2,8,11-benzodioxatriazaeycloieosine-7-car

tempergjuse (b PENEA aglf&ﬁef)mﬂﬁl RIRiE (BodbRng Bﬁ‘iteébéb@i‘é%d‘ﬁé kO4c. The
combinkt) FFCR (aye2vdy, wastied ofith B) p¥l. Matar, 30k 616k, (&i¢dyed 2828 ¢difde, filtered and

concenthfrl i 14506 Q?sé% wileld) 0PtR81 iR pholille 2 ddids d:HLlﬁV@-(@QI)%MbM [(M-+H)";

5 H), 446 (d. 2 H), 4.29 (dd, | H), 4.17 (d, 1 H), 3.89 (d, | H),
CaCdf%fé ‘%%16 )gaéfjgz(m 1 H), 2.59 (m, 1 H), 2.21-2.30 (m, 2 H), 2.08 (m, |

H), 1.60-1.78 (in, 6 H), 1.22-1.31 (in, 5 H), 1.06 (s, 9 H), 1.04 (t, 3 H),
PrepardfidOF @At A8helS. 4ok RMS (S Ralmd56 [(M+H)'; calcd for

C38H54N509S: 756]. 48 Preparation ofNr1(Pent-4-eN-I-yloxy

carbonyll-L-norleucine: HO W“I@?—‘h( Foasolution of 1-penten-4-01

(0.95 g, 11.0 mmol) in DMF (15 mL) at BC/was added 5

carbonyldumldazole 11 0 mmal). Th ction mixture was

warmed YSTBBM & ﬁm% &t ss(?nse‘%}l?S IRDDSHERA LS rfetigmoD in
dioxaneiStel m@ﬂwid@t(fz)d@ fcmmﬁqmmdlﬁwa“ylﬂ@ad@dded e pe@dtion 76.2 mL). The

white smﬁamrzgﬂvwag B@aet@dfg@r@&? RNd strrekioridd BakeBOPCORING; M8 on of NaOH
{76.2 ml?g?%[cp rc(:amvé/ ??SD 9 Iglug%cﬁwgocﬁtw&l"eeég rdanfql V\f{% S{lggrgﬁlt Wl(é%]smn was warmed to 25

anlc was drie OVEI’SO ium su

°C and é@ﬁ%‘éﬁﬁd@ﬂi 1?%@?%}3’!‘6@&& W&@Bﬁﬁ‘iﬁéﬂamﬁgﬁﬁ&@ deyacuo, the solution was poured
into 1 Nehrappatograph (g radiedtvatiitiom oiR4e:20%0ethy hdcetate i exanes)was

amdlﬁeaovaﬁ%%%ﬂcd%(g Yield) g;s&lax Nal(Rent e xaﬁx)@m%x' 1 150 mL). The

norleucinate as a clear oil. To a stirred solution of met 7y
combinggl preaRies vt ST CXFB YL 2RE ARIRSMIE 030K, 3370 ThbIf S g-methyl-N-
[(pent-{20ytokY WaboasidédviNind aOH(ROlew )il ThRMSAEid v sb RddiiMvad) stinled fat
C,,H,;NeQmyemperature for 3 h, then acidified to pH 3 with IN HCI and

extracted with (3 x 250 mL) EtOAc. The

Preparation of N-[(Hex-5-en-1-vloxyvicarbonvl]l-L-norleucine:;
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Step 1: 2,2-Dimethylpent-4-en-1-0l

15 combined EtOAc layer was washed with 50 mL water, 50 mL brine,

dried over sodium sulfate, filtered and concentrated to give 7.09 g (88%

yield) of the title product as clear oil. LRMS (ESI) nz/z 244 [(M+H)"; calcd

for C12H22N0O4: 244]. Preparation of 3-Methyl-N-[(pent-4-enyloxy

carbonyll-L-valine: O YN~AOH O 20 A solution of 4-pentenol (7.22 g,

83.8 mmol) and triphosgene (11.3 g, 38.1 mmol) in dioxane (160 mL) was

cooled to O C followed by a dre:pvwseaeld'meﬁ@f DIPEA (9.85 g, 76.2 mL).

The white suspension was stirred V|gor®u for 1 h at 25 C, then cooled

to 0 C. A 1 N solution of NaOH (76.2 mL) and t-butylglycine (10.0 g 76.2

mmol) V.xxemza;dde@l 1Thexgewﬁm@1§msmmi@ﬁevm prapinrachiodEingadGrantlocedure
for N-[GHIE Fﬁ?rz # ARRIAT q}a%r){e r%?% Tt dﬁstg’%%}‘ﬁd 10 YAGUO R s (EST)

e solu pouréd Into I'N
m'z 25%@14[5?@)!71@3!%%%’ &E k’m§@ﬁﬂ%83The aqueous layer was acidified with 6 N

HCI and the desired product was extracted with dichloromethane (3 x 150
Prepardiin) o] MEAGHINRINGH QLAANIGS MGFE HYied QuERMISO4 and concentrated to

give 13.7 g (73.9% yield) of 3-methyl-N- |, o

[(pent-4-eny|oxy)carbonyl]-L-Varrme’asf%qpbmlgrile@s oil. LRMS (EST) m/z

244 [(M+H)'; calcd for 30 C12H22NO4:244 -Rreparation of

N-[(Hex-5-en-I- yI )carbo ll-L-norleucine: 49 ~Ov"'tOH 0

N-[(Hex2BYEHM )T W:ér%” pfaﬁkmau&ﬁ%am VB P eEa’AeeDiditeg 3ghe procedure
for 3-mthley protigdutré-cfonddyeenndien-iteYy) cangdnydidnvioneersing bycusimg. LRMS
(ESD) n2zDexeNQLinstead of A Baniane). 18MS (ESI) m/z 258 [(M+H)'; calcd for

Ci3H,4NO4: 258]. 5 Preparation of 3-Methyl-N-[(hex-5-enyloxy

carbonyll -L- vallne H 0 yN---l -OH 0

f 5g 2 ARaricedi '- was prepared according to
the procedure for 3 methyl N ( en 4 \)ﬂg/y)carbonyl] L-valine by using
5-hexenol instead of 4- pentenol LRMS 10 ( SﬁHnajz 258 [(M+H)'; calcd
for C13H24N04: 258]. Preparation

ofN-[(Heth -6-en-|- vony?carbonyI] L-norleucine: HO OV N~OH O
[(Hept-6-en-1-yloxy)carbonyl]-L-norlencine was prepared according to the procedure

for N-[(pent-d-en-1-yloxy)carbonyl]-L-norleucine by using 6-heptenol instead of 4-pentenol. LRMS (ESI)
miz 272 [((M+H); caled for CHagNOQ,: 2721,

Preparation of N-{[(2.2-Dimethyipent-4-envDoxy]carbonyl}-3-methyl-L-valine:

/\></ N (5?
= O\1]/'\1\."/\OH
O =
AN

MOH

A solution of 2,2-dimethyl 4-pentencic acid (6.0 g, 46.8 mmol) in anhydrous THF was
cooled in an ice bath to 0 °C. A slow stream of IM lithium aluminum hydride in THF (56.2 mL, 56.2

mmol) was added and the reaction was allowed to warm to 25°C. The reaction mixture was stirred for 1h
before pouring into IN HC] and diethyl ether. The organic layer was separated, dried over MgSOy, and
concentrated to provide 2,2-dimethylpent-4-en-1-ol as a clear oil (4.7 g, 87.9% yield).
Step 2: N-{[(2,2-Dimethylpent-4-enyhoxy]carbonyl}-3-methyl-L-valine

DIPEA (2.48 g, 19.2 mmol} was added dropwise to a 0 °C seolution of 2.2-dimethylpent-4-
en-1-0l (2.24 g, 19.6 mmotl) and triphosgene (2.56 g, 8.64 mmol) in 60 mL dioxane. The resulting white

suspension was stirred for 5 min at 0 °C, then allowed to warm to 25 °C over 1 h. The suspension was
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N-[(Hept-6-en-I-yloxy)carbonyl]-L-norleucine was prepared according to
the procedure 15 for N-[(pent-4-en-l-yloxy)carbonyl]-L-norleucine by using
6-heptenol instead of 4-pentenol. LRMS (ESI) m/z 272 [(M+H)"; calcd for
C14H26NO04: 272]. Preparation of N-{
[(2,2-Dimethvllpent-4-envl)oxvlearbonyl}-3-methyl-L-valine: H 0 0YN~ OH

Dimeth ent: 4 -en- I th .
COOledg r?)1er<1%t(‘-:‘7\jr110|c a]f::ied%?é1 {I&,](ﬁ%eég I‘f in an yd}r_\(i)l@ﬁﬂl—#tﬂvl\l/la and%ﬂ |Si a glycine
(2.52 g»d@ Batred-0lhe £aquon stredrn WS R A Afufmithdstigddete’ il dioxane was
removebr. ik, 206 B rRRIOOWASREded RRitdeorprCIDRIWASaNaMEd Thergddus layer was

extractgﬁ @»ﬁ?cﬁlﬂ%r%%?e%%% m;?q%qn\ﬂ?%h%grggq B%r l%é?—i bFIaQH? AR l‘ﬁ@lg lﬂ%’ aul\éleous faver

and diethyl ether. The organic layer was separated, dried over MgS
was exgﬁa@%ﬁé&l&%%anféhmswdb éOzﬂ&rpnJﬁ@?ﬁ&&ilﬁ%ﬁfﬂ%f%&lé@%&?ﬁﬁ W MgS0.
and cmg:,eSt?a@!Hotmgkja)z\/S{tEZ;Zdnnethyipent-él enyloxy]carbonyl}-3-methvl-L-valine as a white
powdeNa{fz@ ?QY&B)%{%SG@)@W&]@%Q@WW %&%H‘Y&k&@ﬂﬁ@'ﬁ’ﬁﬁ\ (2.48
mmo was added dropwise to a 0 C solution of
2 2 dlmethylpent 4 en- I ol (2 24 g 19 6 mmol) and trlphosgene (2.56 g,
g ' st gl {agpension was
stlrred for 5 min at 0 C, then aIlgw@sl(tg Mto 25 Cover |l h. The
suspensmn was 50 cooled to 0 C with an i¢e bath followed by addition of
NaOH (19.2 ng and L-tert- butylglycme (2.52 g, 19.2 mmol). The
Step 1: r%@?f{ 63 At trd iR GeAtted to 25 C and stirred for 72 h. The dioxane
was removed in vacuo and the r ture was basified to pH 12
with I N NaOH. The aqueous layer was extracted with dichloromethane
(3x 150T8k)stthedn sanidifiest thipiprdpwiithiGeN 18 CE thevaqueous layeitydnas THF (50
mlL), a %H%Ciﬁg d’x\{ggmﬁl&g% O%Qhr%ﬁﬁy@déeéé% ﬁUng }ﬂl‘? ﬁoe[?ﬂ@r@éj S%rgl%nb:] 25 mmol}.

layers were dried over MgSO4 "and concentrated to give

Stirred I(Pr{ﬂ(%‘%‘%ﬁefﬁylb%ﬁ%‘%‘@hiﬂiw]ﬁéﬂ%‘&ﬁ\}ﬁ é%é’ﬂ’m‘ﬁe FANhis AR Al 5! ™
86.09 npowiier TAR6 O n827¢ i ywiefd) 20RMSES o &A1 (k) 4-Bated Fautene (9.79 mL,

96.42 }%ﬂ§WAI i@nlaéareﬂﬁr%@poﬁgsmu{ion \gas thteﬁ] stirred to -50°C E& 5 hours quenched
X-5-en rbon me O)

witn 1 Qe et RO o A s e
layer Waw&*s(bwa?nwr( i@’%@ t‘ﬁE) @3“?9%1‘?‘?@%‘}#%@@ (Tl e oiried gvat Na2S04,
filtered-A R @RENURER MiEQYRN: M&&a@a@ma@d&%&&d\g@ﬁu lohin2etheniaed @0, eluting

. . Stlrr dfor 1 |nute to thi olu
it 1 R et BT R S0 B TSl s s
171 ﬁl\éS&mE?‘%ﬁ?é@lﬁb%gﬁb Hﬂr‘lhtes before added dropwise 4-bromo- | -butene
Step 2:(270imdthyv@e:42-¢nrmol) in HMPA (20 mL). The reaction solution was then

stirred to -50C in 5 hours, quenc@></OH

To a stirred solution of 1M LAH in ether (142.14 mL, 142.14 mmol), at 0°C and under
nitrogen, was added dropwise ethyl 2,2-dimethylhex-5-enoate {11.00 g, 64.61 mmol) dissolved in 100 mL

anhydrous ether over 1 hour. This reaction solution was stirred at 22°C for 20 hours, then quenched with
water (3 mL), 1M NaOH (11 mL) and water (9 mL), dried over NapS0y, filtered and concentrated to give
the title product (7.22 g, 87.09%). 'H NMR (500 MHz, CDCl3) 8 5.85-5.77 (m, 1 H); 5.01 (d, 1 H); 4.93
(d, 1 H}; 3.33(d, 2 H}; 2.03 (m, 2 H); 1.34 {m, 2 H); 0.89 (m, 6 H) ppm.
Step 3: N-{[(2,2-Dimethylhex-5-enylyoxylcarbonyl}-3-methyl-L-valine

To a stirred sclution 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 IN NaOH (83.85 mL, 83.85 mmol) and L-fert-leucine (11.00 g, 83.85 mmol),
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with IM HCI (10 mL) and water (100 mL), then extracted with (3 x 125 mL)
ether. The combined ether layer was washed with water (4 x 70 mL),
agueous saturated NaHCO3 (2 x 70 mL), dried over Na2S04, 20 filtered
and concentrated. The crude product was flash chromatographed on 120
g silica gel 60, eluting with I - 20% EtOAc / Hexane to give the title

then stith& C%t é?é?%%o& Ofiglea??% m'ﬁ':\%'\é' 51§e)d”9(4 }%?& % +§Q NaOH, washed

calc 1119 D|me ex-b- en

with Cla‘z&hr.féa Lflunbh BreigdaR RH étrvéﬁh(&ﬁé@h %@_ eytasied Yﬁ%&&lzgizé@fam mL). The
combingd§a+Fittaemanaesheitiediaropwis B0ty drRdiinvreiNgsex-Sikerodtad concentrated to
give thé%i‘ti@Ber%(%i@@% @@%?'VQCNﬁaﬁ E’OU‘MPP{"@}{S’@W% ?%Beﬁ W%ll H%U% 24 (d, 1 H;

his reaction SO|U tion was stirred hen quenc

>01 (dw’a{@r B, 1 Nad (H{?ni)g%‘& \‘N%’?eﬁ (@r@ﬁ’n)‘ Idh&a%\%lr fvé%éﬁ (.2 1 1.04
(s. 9 HYilfet2 GhaicHe ppoe ritRAESH ES Yive: e (e Prodetd(02 ¢L8Tn90e)] tH

NMR (500 MHz, CDC13) S 5.85-5.77 (m, | H); 5.01 (d, I H); 4.93 30 (d. |

m Ste
RIOPANaLn

solutlon of 2,2- dlmethylhex -5-ena ,‘E 83.85 mmol) in anhydrous
1,4-dioxane (100 mL), at OC and-un feritrogen, was added triphosgene
(13.69 g, 46.12 mmol) and then DIPEA (14.61 mL, 83.85 mmol)
cautlously This reaction,s on was stirr d at. 22C for r,.cooled 35
(0.0 C AR RHIE Sy T NPT UE TS B s
vinyleyelegripaguine(1 ¢hboige digs-Fmsi) ot shURRH ]si?r-‘réé!“ét\ﬁm forDH P GBE9274) (0.05
e, 0.187 h@ﬁ@&ﬁ%}%ﬁﬁi@&%@%@ﬁ@@% @bl éﬂh\!\/ﬂ{ﬂ)m Nagh waashesuyWtbirred under
CHZCI2 EB x 100.m % acidified fo,n

N HClLand extracted with
hydrog%]l_? Sé)i gre p:[% d }gd] ogm b|n Ca)%: hlcrg Cllhe Jfggtx Vc\)llc'l‘:l I 1xtd TE Wﬁs filtered and

concenifaitd i} B h%ﬁ)z%)nbéiwé'rowa@é%kfmmi&*éal%lﬁar wéé%t?éwayféorgﬁi@rm@mm
chloridéitle @roguse(20:26. g, 84.66%). 'H NMR (500 MHz, CDC13) S 5.85-5.77
(m, 1 H); 5.24 (d, 1 H); 55.01 (d, | H); 4.93 (d, 1 H); 4.20 (d, | H); 3.86 (d,
1 H); 3.79 (d, | H); 2.01 (m, 2 H); 136$ 2H);1.04 (s,9H);0.92(m, 6
H) ppm. LRMS (ESI) m/z 286 [( c]ogfor C15H28N0O4: 286].
CINSY: (st R d-{[( cvclonmnvlsuIfonvi)ammo]cal bonvﬂ-2 vmvlcvclopropvl)—

811 m chloride:

Wang et at WO 03/099 4) (0.05_g, 0. 187 rgmol) and palladium on
carbon (10% wt., 0.018)4n EtOA a§ vigorously stirred under
hydrogen atmosphere prow %enb%a‘hy iogen balloon for 1 hour. The
reaction mixture was filtered &ndj\concentrated P give

IR,2R lopr: Isulfon min rbonyl}-2-ethylcyclopr namin
(G I e SR T R A R

triox0-6,7,9,10,11,12,14, 15 16, 17 18 19—d0decahydr0—1H 5H-2,23:5,8-dimethano-4,13,2,8,11-
benzodioxatriazacyclohenicosine-7-carboxylic acid (EXAMPLE 13 Alternative Preparation, Step 4) using
the procedure for EXAMPLE 3, Step 10. "H NMR (500 MHz, CD;OD, ppm) 8 7.25-7.09 (m, 3 H), 5.82-
574 (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), 4.13-4.09 (m, 1 H), 3.95-3.92 (m, { H), 2.98-2.94 (m, | H), 2.62-2.54 (m, 1 H), 2.49-2.46 (m, 2
H), 2.25-221 (m, 1 H), 2.19-2.13 (m, | 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 (EST) m/z 756.4 [(M+H)"; calcd for
CisHs3N5O6S: 755.9].
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EXAMPLE 19 _
(5R,78.10S)-10-tert-Butyl-N-((1R,2S")-1-{f(cyclopropylsnlfonyl)azninolcarbo
nyl}-2-vinylcyclopropvl)-
15,15-dimethyl-3,9,12-trioxo-6,7,9,10.11,12,14.15.16,17,18,19-dodecahyd
ro- IH,SH-2,23:5, 8-dimethano- 20
4.13,2,8,11-benzodioxatriazacyclgheqjspsing-7-carboxamide (111-210) O
N- O H Ofl O 0 0 05 N 00 T11H O O O 1111 210 EXAMPLE }9 was :

4.13.2. Qﬁ%&%@%&%@z@@vé‘]&%@a@s}% 7-carboxamide (II1-225)
benzodioxatriazaeycloheniegsine:/-carboxylic acid (EXAMPLE 13

Alternative Preparation, S qfsmg 25 the procedure for EXAMPLE 3,

Step 10. 'H NMR (500 MHz, CD30D, ppm) 8 7.25-7.09 (m, 3 H), 5.82-

5.74 (m, 1 H), 5.35-5.29 ¢m, 2 H){ 5! 5.012 (in, 1 H), 4.75-4.59 (m, 3 H),

4.45-4.38 (m, 2 H), 4.21%: Zn(\i%l mg(l -409 (M, 1 H), 3.95-3.92 (m,
(

1 H), 2.98-2.94 (in, 1 H), 2%624.258(m, 1H),%2.49-2.46 (in, 2 H), 2.25-2.21
(M, 1H), 2.19-2.13 (m, 1 H), 1.90-1.88 (, | H), };534in, 2 H), 148145

(m, 1 H), 1.40- 1.18 (rn, 6 H), 1.15-1.00 (m, 14 H), andOSéé/{% flé
LRMS (ESHRL 62 1MrRRisd Bsingiio PE5esstiEaRESIULEE ) Aigrmate

PrepardE@doh\ MBlsH, 204(BR, 7 SsiaS A8R)yklohexyl({[(2,2-dimethylhex-5-en-1-yl)oxy|carbonyl}
amino)YRsCa¥ GAReXykN (R zﬁz)-zk){{(ca{@@a@m@g{fm@)%n@@j@mﬁgl}z&;MM%-

propang A REET S AN S O35 B ARG 1 19720 €773

Hz, 1 W, 73 2(8, Y= Bérﬁ@dué%a@rmﬁzﬁie\/ﬁ&n%ﬁﬁsdsﬁﬁew%a@ﬂék@nﬁd@ @A14=288ym, 1 H
5.29-5 ?Ntfhl\tlm NOOO O kN HhQi 50 114-225 EXAMPLEG wos psepared 1.5 Hz, 1

H), 43&24’1% eé’ifsicf‘%'h"(ﬁsﬂo[n ? ERAYRLEE A3 Qewmate £reRtAuaN. SWRddy - 115,
3.5 Hz,bH) éyi%ﬁe&y%ﬂ[&“f dirréthylivex’s Eh-11Yhdxylcarbéfiyl) aminbyacede: >

1.65—1 8gichir8 Stepntl A8d-1.43 (m, 17 H). LRMS (ESD m/z 780.4 [((M+H)'"; caled for CigHssNsOoS:
780.9]. (1R,2S)-1-{[(cyclopropylsulfonyl)amino]earbonyl}-2-vinylcyclo-
propanaminium chloride in Step 5. 'H NMR (500 MHz, CD30D, ppm) S
7.26 (m, | H), 7.20 (t, J=7.5 10 Hz, | H), 7.15 (d, J= 9.5 Hz, | H), 6.38 (d,
J=9.5Hz, 1 H), 5.99-6.02 (m, | B EMRLE 80 (in, | H), 5.29-5.34 (m, 2 H),

(5R.TS. 59@115)&4:&%&{71)}%{7@%{&1 (a2 1ot Bdiford @ Mind bt 6 (Eieﬂwlaaﬂei’éprown-
?‘ 20:( ”2 Jr? fd, 611711% Rob i d N 108592 8 ethano-

H _ o
’ Q 111-226

EXAMPLE 21 was prepared from EXAMPLE 20 using the procedure described for
EXAMPLE 8. "H NMR (500 MHz, CDCls, ppm) 8 10.13 (s, 1 H), 7.22 (t, J=7.5Hz, 1 H), 7.10 (d, J =
7.5Hz, 1 H),7.05(d,J=75Hz, 1 H),6.73 (s, 1 H), 540 (d, /= 9.5Hz, 1 H), 5.36 (m, 1 H), 4.67-4.76
(m,2H),4.55(d,/J=155Hz, 1 H),444 (d,J=145Hz, 1 H), 441 (d,/=11.0Hz, 1 H), 429439 (m, 2
H), 4.16 (d,/=11.0Hz, 1 H), 3.82-3.85(dd, J=11.5,3.5Hz, 1 H),3.25(d, J=11.0Hz, 1 H),2.95 (m, |
H), 2.51-2.59 (m, 2 H), 2.36-2.44 (m, 2 H}, 1.73-1.76 {m, 5 H), and 0.79 (br s, 2 H). LRMS (ESI) m/z
784.4 [(M+H)Y"; caled for C4oHs7NsOoS: 784,41,
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3.5Hz,1H),3.34 (d, J=11.0 Hz, 1 H), 2.95-2.97 (m, 1 H), 2.52-2.56 (m, 1
H), 2.16-2.35 (in, 5 H), 1.65-1.82 (m, 8 H), and 0.85-1.43 (m, 17 H).
LRMS (EST) nilz 780.4 [(M+H)"; calcd for C40H53N509S: 15 780.9].
EXAMPLE 21 (5R,7S.1 OS)-10-Cyclohexyl-N-((1
R,2R)-1-{[(cyclopropylsulfonyl)aminol carhonyl}-2-ethylcyclopropyl)-
15,15-dimetlryl-3,9,12-triox0-6.7.9,10,1
1,12.14,15,16,17.18, 19 -dodecahydro-1 H, 5H 2 23 5 8 dlmethano 20
Alteml_ Sellsd a4108.08 4 LR raminacMitonelonrapylsuifopyliple yeloprapansgarboxamide

ydroclhlef)&dbd OOL N~-NAO~OH O 0111-226 EXAMPLE 21 was prepared from

EXAMPLE 20 using the proced%re de[sﬁb@?j for EXAMPLE 8.'H NM~R

(500 MHz, CDC13, ppm) 6 10.13 (s IyR)N 7.22 (t, J= 7.5 Hz, | H), 7.10 (d,
J= 7.5 Hz, 1H)705(dJ 75Hz, 1 H),6.73 (s, 1H)540(dJ 9.5 Hz,

44
WGl ORFOR ; aibamate:
(d J= 110Hz 1 H), 3823852%6 E;WSHZ 1H) 325(d J 110
Hz, 1 H), 2.95(m, 1 H), 2.51- )236244(m 2H), 1.73-1.76
(m, 5 H), and 0.79 (br s, 2 H). LRMS( ) m/z 784.4 [(M+H)"; c | d for

C40H5W@e1§é‘nﬂes§§ &Q@éﬂﬁ%!é& WHERARHRNO! (1000 mL) sturry of tert-buty]

R) [-amino-N-(cyclaopr

(IR28p) eiﬁz SIS REPOIEEE ?BBS’( &’8“Hy?«y88%ragpw@°ﬁ@“ﬁ%HW &-50 mol)

(Wang Stel S @?@BU{Q} and 5% Ru/C (dry, 7.5 wt%, 12.4 g) and set stirring. The vessel was placed
under 1&&&&&)2(&&@yﬁi@péwi§ldﬁ%s\ﬂl}ami BRIGRDMR IdathylerniaRicatboen. The
vessel was 1en a%%glad% \gé |§|' tgrO% ?q%err%%%gresl \{%gsvecsggr%gsd v\f/:\ﬁ%gdé%o atmospheric

methan
Plessurf(lﬁ}?@)*ﬂ%@ﬂp\‘@b%ﬁ VOEGN ﬁéﬂ@éf%wmzw%%mb%ﬁy%%a flok (34
grams, Mated (16409 o6l 26:tneld /el atcddaliS16, 895 {dl)iand F%e RUKCIEH Wa¥ Bnsed with

methan‘é{t((’/f{aol%gxgﬂ)a'i‘ﬂes(?&%‘i‘i{éﬂ%Jﬂ%éﬁes%‘ﬁﬁlGW%&@&%Qeﬁgalé&ﬂﬁ{d@%’cﬁ:%E‘d(&Qssure o

vented to atmosE%er|C£ressure three times to remove resid

yield Cfaféfz@é%i% a Rt Foldd He B plRe S En B RS YBLERTSE Brid)y Areipts 6800 mL).
warmehouig  thendessel ivamventdth¢catmospheticn pressiipged Bemgatioand heptane (500

mL) wad HH@é&"@z? atﬁlﬁﬂo'iﬁ{?ﬁfgf@gr%mﬁ% r%@%ﬂ@l@c@&%ﬁ%@ EQHIR 8AUK&ed to room
e TS 08 et o A e O o
addlllo@@rh@ﬁ@@i(ﬁf@th&ﬁﬁ%tﬂ@ﬁ@ﬂﬁa\@éﬁ@@@rﬁééﬁtrat@dlﬁnﬂé?er@dﬁﬁé@eéﬁésglﬁéouf The
solutiofQvas 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-{[(cyclopropylsulfonylyamino]carbonyl}-2-
ethyleyclopropylcarbamate (125.9 g).
Step 2: (1R.2R)-1-amino-N-(cyclopropvlsulfonyl)-2-ethvieyelopropanecarboxamide hvdrochloride:

A solution of the product from Step 1 above (92 g, .28 mol) in DCM (1200 mL) was

cooled to 0°C and HCI 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.

Preparation of (25)-cvelohexvi({[(2.2-dimethylhex-5-en-1-vDoxv]carbonyl}amino)acetic acid:
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15 yield crude product as a white solid (153 g). The crude product was

slurried in ethyl 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 patrtially 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_fuanel, and the white slurry

aged for one hour. The 20 soluti *ﬁHTgriéol and the solid was rinsed

with heptane/EtOAc (500 mL, 4:1) and drigdhunder reduced pressure to

give tert-butyl((1R,2R)-1-{[(cyclopropylsulfonhyl)amino]carbonyl}-2-

ethylcydepropsihearbaiiaiedmmshglpgx-Stapl2yloxylcarbonyl} amino)acetic acid was
prepardlRodRink-anaingrbt{@velapropyayifanyi--ethwlexclopiapanacasboxasnig (25)-

. e hydrochloride: A solutior ofléqe roduct fragm oV 285" caled
sminod B R BT iR acot for
CrHaNBiddAR4br 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:\Thgpesidsie was azeotroped with DCM

Ex3) to give an off white powder (75 }% LRMS (M+H)t Calcd. = 233; found
HCV rofy - fluorescence (T assa

(25)-cvAbh&SAf(2 Rl REtinpHyexas serfiryRdxylkfirebrylamiidyloéiicassay buffer
containddGo pAQIEPEY WO7 8 @50 mM NaCl, 15 % ghycerol, 0.15 % Triton X-100, 10 mM DTT, and
0.1 % P(Eé)é Clq'lﬂee)l(\ygg %i%éggm%h lehe)éﬁ%é?e%_kf Q%);gt}/i]o%%rpo%ggrll}hg10&1%03131%?13)%01’3 for 10-30

) acid ' was prepared according'to fﬁe procedure T1or ‘
minuteg- ety Gubsitate Snylnafears oy EWANRMBEMGYASPS - X SAK(QSYT)-NH2,
where BMN(eyeliphexubaceticoasichane 2, 2ndiimetayhiex-i-entiotohRMSaffgib)y linkage with

edeVZ 312 3 [(M+H)* caled for. 30NO4: 2l MPLE ation of
2 L BN p Gy h B o sepration of
the flugspghassBorRBeARSAT fat Blifs han PrEtindt JoRIRe dretotrt 1iRasEHy protease was

initiateDbffeddoQMaiNiRg SO ERE S P50 NONACHME Yhglyasial, was

quencl19d]a§tgl/ﬂ ITH&%?%%%HQ%%P\H}; Wuﬂ)#S% W%Hﬁ"? _Nﬁ%uct‘ fluorescence
rotease was pre-incubated with various concentrations o'fimhlglztﬁ?rs1 far ! Scii

was de%@tpéldlsmﬁmflé@a]-wgﬁre\éa 8&13%%1[%1{8@8?% éi’gggg#fgler Life and Analytical Sciiences)

with exAMBIEPHDMER AbiOOOHASMK(DS FAPNIZieloyh dhesting iagentrations of

differe@UFRPHROTIAREIE greupt Ay dsiknaninabrianaicracidMuich CORNBEESiatn constants

were 4SStE Iisrg age with 15 Z&ap)ﬁ(g.roxy propanoic acid (X). Hydrolysis of the

ka

peptide ‘@%@%'B%%%se activity causes in separation of the'fluorophore

from thé&"quenErbrinEsurMes iranviprertsaisd in s rebiarve oAy vl tHaM (e-2..
less thaproigdse WadN soijateckbyRdding theldsRbaeptide. substrate (final

concentration 50-100 nM). The reaction was quenched after | 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) 20 with excitation at 340 nut

and emission at 615 nm with 50-400 s delay. Testing concentrations of
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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., less than I nM) in the NS3 protease TRF assay as
described above. 55 WHAT IS CLAIMED IS: | . A compound of formula (1):
WHA]S?%)JCEM JPz~00 YNN R3N ORR2 5wherein: pand g are
oth'T; iS NR10SO2R6; R2 is C1-C6 alkyl or C2-C6 alkenyl,
wherein said alkyl or alkenyl is optionally substituted with 1 to 3 halo; 10
R3 is CitC8 alkylonfpduas eyeiaalkyl{IR5 is H; R6 is C3-C6 cycloalkyl; Y
is C(=0); Zis 0; 15 M is C1-C12 alkylene®ey C2-C12 alkenylene; and each
R10 is independently H or C 1-C6 al )}I/ or a pharmaceutically acceptable
nyiof claim 1, wherein the

Y\ o
HN N
R® N R

R* I
5  wherein;

p and q are both 1;
R'is CONR'’SO,R®;
R? is C1-Cs alkyl or C,-Cp alkenyl, wherein said alkyl or alkenyl is optionally substituted with 1 to
3 halo;

10 Rlis C;-Cy alkyl or C3-Cy cycloalkyl;
R’ is H;
R®is C3-Cq cycloalkyl;
Y 15 C(=0);
Z1s O;

15 Mis C;-Cy alkylene or Cy-Cy; alkenylene; and
each R'’ is independently H or C,-Cy alkyl; or a pharmaceutically acceptable salt or hydrate
thereof.

2. The compound of claim 1, wherein the compound 1s of formula IH-a:
(R4

=

M o
z/ gl N

/ 7=°
Y e
VR
HN\_)LQ

20 R*Ti-a

or a pharmaceutically acceptable salt or hydrate thereof.

3. The compound of claim 2, wherein R'is CONHSO,RS.
56



20 R2111-a or a pharmaceutically acceptable salt or hydrate thereof. 3.
The compound of claim 2, wherein R' is CONHSO2R6. 56 4. The
compound of claim 3, wherein R6 is cyclopropyl. 5. The compound of
claim 4, wherein R2 is CI-C4 alkyl or C2-C4 alkenyl. 5 6. The compound
of claim 5, wherein R3 is C5-C6 cycloalkyl or C1-C4 alkyl. 7. The
compound of ciglm 6, wherei | % 0 alkylene 4-C1
alkenyléﬁ{:ﬂe 10 Bﬁ1én 88%’%%& aim 1. %/v)&érésmc F%mﬁ‘ygound 5

selected from the following: ~0 ~=0 00 O O O NHpOO oN~NN

p~"NH~50 0 - QR BatlpNIiST OIS D GhprdlOR s U1)-C Ldlks? &1, Alkenyl.
~INNOOOO-~O O0OPO01-O?NH~N O~N~-N O/A OO/-'NmH N
HOHOOONHSOONHSOONN80151311511181114 N

0 0 0 &0 0 dheeraound Al G- GIRIDRAF LS CrEF Pl SIAC4 alkyl.

ONHgO/1TONHSOONHSI~I(I
7. The compound of claim 6, wherein M is C4-Cyp alkylene or C4-Cyg

alkenylene.

8. The compound of claim 1, wherein the compound is selected from the

following:

o o]
g e § :
T e YN gan S
of M \})S\\ /T\ o NS H y ’\S\,A
I . % N o O o NS
l I ]
Hi-1 111-2 HI-21
S
S
N N
nyo O>=O =0
W S0 I 80 X
N o) N
o o q A r o C%SA ° \_)\3 o g A
N .S N -5 = :\
T T Y A O A T I
l ! |
IS iii-8 -9
\
S N T
0
o>=o Q>= =0
o F )\ N Q o
N e AL
H H Q A 2 N 7 O“S/A H 2o A
T N ™ ‘g*uo AN s Nﬁms
i |
TFE-11 -1z Iii-1e
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M-11 111-12 111-16 57N NoOO OOI-100 O--NH O O'INN O N~/ N
OOAHOOAHOOA NNSOONHSOONHH 111-17 111-18

111-22 NN OO ~00Oj~-HO~"NOOOOOONOHOOO~HNONOO
el-NNi -H-HOO~ ONN.S~ONN.S~N.S{HOHOH 111-35 111-36
111-53 NN, N,>=000 00000 O0-NH_JLNel-NH}ON~NOHOO

OHOOOIHOO SOONHO ONS KSOHCNK oo~~|| 5
N~-N O

HI-57 I1J1-58 HI-63
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HOOHOOAHOO" HSONHSOONHSONOONO111-57 111-58
111-63 58 NN ~0~0)-0pOp OO O10 npO-NHONN ~NNHO0O
~N1IHO00~-_HOOONHSO\ONHSOON CCH SO/~ 111-59

111-60 111-64 N0 O NO O ~NH O O-~-NH ~ N 0/r~NH~N ON H 0 0~ H
pPHOOI- ONNSApPNNSONN.S pHcO~H\O111-71 111-72 111-73
11//NN N~OOOO0O pOOOryl0~0O--N~/-N Ol-N~N.Q~I--NH Ni 0

IH-76 ITi-8¢ HI-83

r@’@; AHA”%}:O o
o £ )
O)‘Nli)\\@ o O)‘N}j\)\oﬂ\a o /A O%Ni'\{’)\\,} oo /A
£ H H o1 S H
. T ) ) N S

O oy g Ngkﬁ % C TN
| l |

HI-77 I11-78 FI-79
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OOOpPONO O~N/~O~N~O~N~NOHOO'"LNHOO0~HO0O0 ~I'N N
N~\ OHAOOH'O0H 111-77 111-78 111-79 59 N~ ~ N >=0 N~O >=0
00O 0-)-NNNION-~NNHYYfO~"OHVIDO'AHJOO NHSO
NNSp p. NH,SO H 111-84 111-92 111-9301-0>=0 pop O O-)-N/N
PINOQ % O~-NNHHOOOOHN,S N,S NOOHOC{HOkH O5
111-96 111-97 111-113N OO OI00 000 O NNOp O NH 11 N p?N
N O HONHNO

F G
SRA TR SR A A TR
| | |
11196 11-97 1iI-113
=0 o] o 0
0 =
%Nﬂ)\\a A O)\ NQ/\\\N 0o A O)\NQ)LX A
H H (0] Q. E £y H % )
= ) P N -y b
% T TN O ¢ v
! f i
HE-111 iH-112 Ii-116
\ \ |
N N>=O
J=0 =0 g d
)\ o 0 \\O )\ @] 3
NU\N O)\NH\)\\N o NG A
A N o 2 N i O“S/A ~ N Q\S/A
© TWo I © Tk N'e O 9 e
l | i
Ii-132 TII-133 I1-117
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ONHSOOKHNO HO111-111111-112111-116 \I~I~1iN 2F'N,
O I-N O?N ONH~NiiNOnNnnO-1- N N(H,SOONHSONN,SOH
111-132111-133 111-11760NN 000Op0O 0001-0ONH 11 0 Nom/
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. aceuica 10N CORPTiSing an ective amount of a
hydrate theredf: '62 8- A pharmaceu |caPcomp85|St|o comprising an

compoffbefipaYapne wicTiasdofhsat R brapie ot e CRarsRIabE: B
pharmaceutically acceptable carrier. 5 10. The pharmaceutical
composition of claim 9, further comprising a second therapeutic agent
selected from the group consisting of a HCV antiviral agent, an

immundiftoduldfs PAREAFCHRATRIRRERASIHER AL 43 ReTPRbTHFooRERRiAE @ second
therapaoin pgsitical aftefairon e whene rothesthE dfantiNiPélaiid aglentdstam

immunﬁﬁﬂ}ﬂ{ﬁﬁ%ﬁl'%%F?Qxf’é&i@%%&f@é@g%ﬁﬂgﬁing of a HCV protease inhibitor
and a HCV NS5B polymerase inhibitor.

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

mmmunomodulator, 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.

16. The compound of claim I, wherein said compound 1s
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or a pharmaceutically acceptable salt or hiydrate thereof.
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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. 15 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 .20 one second therapeutic agent
selected from (hEHHEUR EOMSILARBIAT SO PIRIPA ABSHE A 2oio0nt of the
compognheineaiadlitatad, aplpanaastlinfiseapiabigawtres. 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 HCY NSSB polymerase,.2
 innioior T TR SR A B R B e
inhibitigg KX N3/ RiotRase ectip ity vocabiectionged dhereros or a
pharmaceutically acceptable salt or hydrate thereof. 63 17. A

pharmaggutica|;,cORIRASILOR COMPHBING AN BITRGHY %@B&?&E&P&Q%edicamem for
compound of ng%m 16 %]6% ?F %harma ically acce(fta le carrier. 18. Use of

preventipe Q8 i BCHmh B Ar8PUratBhIGFa Hidtiament for 5
inhibiting HCV NS3 protease activity in a subject in need thereof. 19. Use
of the compound of claim 16 in the preparation of a medicament for
preventing or treating infection by HCV in a subject in need thereof. 64
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