TI TLE OF THE | NVENTI ON HCV NS3 PROTEASE | NHI Bl TORS The present invention
relates to macrocyclic conpounds that are useful as 5inhibitors of the
hepatitis C virus (HCV) NS3 protease, their synthesis, and their use for
treating or preventing FICV infection. BACKGROUND OF THE | NVENTI ON
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( 2001)gcoBbiNanOyrmikon-o alone or in combination with the nucleoside analog ribavirin, are of
limited clinical benefit. Moreover, there is no established vaccine for HCV. Consequently, there
is an urgent need for improved therapeutic agents that effectively combat chronic HCV infection.
The current state of the art in the treatment of HCV infection has been discussed in the foliowing
.73 references: B. Dymock, et al., “Novel approaches to the treatment of hepatitis C virus infection,”
Antiviral Chemistry & Chemotherapy, 11: 79-96 (2000); H. Rosen, et al., “Hepatitis C virus:
current understanding and prospects for future therapies,” Molecular Medicine Today, 5: 393-399

(1999); D. Moradpour, et al., “Current and evolving therapies for hepatitis C,” European I.
Gastroenterol. Hepatol., 11: 1189-1202 (1999); R. Bartenschlager, “Candidate Targets for

30 Hepatitis C Virus-Specific Antiviral Therapy,” Intervirology, 40: 378-393 (1997); G.M. Lauer and
B.D. Walker, “Hepatitis C Virus Infection,” N. Engl‘. J. 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,

35  including a metalloprotease (NS2-3), a serine protease (NS3), a helicase (NS3), and an RNA-

dependent RNA polymerase (NSSB). The NS3 protease is located in the N-terminal domain of the

NS3 protein, and is considered a prime drug target since it is responsibie for an intramolecular
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"Enmerging therapies for hepatitis C virus infection," Energing Drugs, 6:
13-42 (2001); and C. Crabb, "Hard-Wn Advances Spark Excitenent about
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wherein:
p and g are both 1;
R! is CONR'’SO;R%;
R? is C;-Cy alkyl or Co-Cy alkenyl, wherein said alkyl or alkenyl is optionaily substituted with 1 to
3 halo;
R? is C;-Cg alkyl or C3-Cg cycloalkyl;
R®is H;
RS is C3-Cg eycloalkyl;
Y is C(=0};
Zis Oy
M is C-Cys alkylene or C2-Cy alkenylene; and
each R'%is independently H or C;-Cq alkyl.



Zis 0; Mis C1-012 al kyl ene or C2-Cl12 al kenyl ene; and each Rl is

i ndependently H or Cl1-C6 alkyl. h 1 to The present disclosure
al so i ncludes pharmaceutical compositions containing a conmpound of the
present disclosure and net hods of preparing such pharnaceuti cal
conpositions. The present disclosure further includes nethods of treating
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the first aspect of the first enbodinment, It/ is CONHSO2R6 wherein R6 is
cyclopropyl; and all other variables are as defined in the first

enbodi nent . A second enbodi nent of the present invention is a
conmpound of forrmula I, Il-a or Ill-a, or a pharnaceutically acceptable salt
or hydrate thereof, wherein R2 is Cl1-C6 al kyl or C2-C6 al kenyl; and al

ot her variables are as originally defined or as defined in any one of the
precedi ng enbodi nents. In a first aspect of the second enbodinent, R2 is
Cl-C4 al kyl or C2-C4 alkenyl; and all other variables are as originally
defined or as defined in any one of the preceding enbodi nents. In a second
aspect of the second enbodinent, R2 is C2-C4 al kenyl; and all other
variables are as originally defined or as defined in any one of the
precedi ng enbodi nents. In a feature of the second aspect of the second
enbodi ment, R2 is vinyl; and all other variables are as defined in the
third enbodi ment or as defined in any one of the preceding enbodi ments. In
a third aspect of the second enbodinent, R2 is Cl-C4 alkyl; and all other
vari ables are as originally defined or as defined in any one of the
precedi ng enbodi nents. In a feature of the third aspect of the third



enbodiment, R2 is ethyl; and all other variables are as defined in the
third enbodi ment or as defined in any one of the precedi ng enbodi nents.

A third enbodi rent of the present invention is a conmpound of forrmula 1,11-a
or Ill-a, or a pharmaceutically acceptable salt or hydrate thereof, wherein
R3 is C3-C8 cycloal kyl or C1-C8 al kyl; and 5all other variables are as
origin f None of the precedi ng enbodi nents.
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al kenyl ene); and all other variables are as defined in the fourth
enbodi nent or as defined in any one of the precedi ng enbodi nents. In an
ei ght h aspect of the fourth enbodinent, Mis Crallcylene or C10 4

or as defl neczlg?‘sny one of the precedi ng enbodi nents. In
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al kenyl ene (including |linear and branched chain al kyl ene or ;
and all other variables are as defined in the fourt% enbogingkgeg¥|:26),
defined in any one of the preceding enmbodinents. In an nineth aspect of the
fourth enbodiment, Mis selected fromthe follow ng; and all other
variables are as defined in the fourth enbodi nent or as defined in any one
O]]: t Eegn c}rd%glgx%' RYis Hﬁr 4L T8N Rherdarifibled are 8 defined in the third eibbdifrieht @nodi ment

of t Seént i nvention 1s a conpound, or a pharnmaceutically acceptable
sal t dufinky dr ayeonelé theafreced Blgeunadi®# i t he group consisting of the

fol I ow ng Corrpokl'{}gr%'embodiment of the present invention is a compound of formula 1, Il-a or Ifl-a, or
a pharmaceutically acceptable salt or hydrate thereof, wherein R is C3-Cs cycloalkyl or C;-Cy alkyl; and
5 ali other variables are as originally defined or as defined in any one of the preceding embodiments. Ina

first aspect of the third embodiment, R? is Cs-C; cycloalkyl or C;-Cg alkyl; and all other variables are as
defined in the third embodiment or as defined in any one of the preceding embodiments. In 2 second
aspect of the third embodiment, R? is Cs-C¢ cycloalkyl or Cy-Cg alkyl; and all other varjables are as defined
in the third embodiment or as defined in any one of the preceding embodiments. In a third aspect of the

10 third embodiment, R® is propyl or butyl; and all other variables are as defined in the third embodiment or

' as defined in any one of the preceding embodiments. In a feature of the third aspect of the third
embodiment, R? is i-propyl, n-butyl or t-butyl; and all other variables are as defined in the third
embodiment or as defined in any one of the preceding embodiments. In a fourth aspect of the third
embodiment, R® is cyclopentyt or cyclohexyl; and all other variables are as defined in the third

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

A fourth embodiment of the present invention is a compound of formula I, -a or ITl-a, |
or a pharmaceutically acceptable salt or hydrate thereof, wherein M is C;-Cyq alkylene or C-Cyyp
alkenylene (including linear and branched chain alkylene or alkenylene); and all other variables are as N
originally defined or as defined in any one of the preceding embodiments. In a first aspect of the fourth

20  embodiment, M is C;-Cs alkylene or C,-Cs alkenylene {including linear and branched chain alkylene or
alkenylene); and all other variables are as originally defined or as defined in any one of the preceding
embodiments. In a second aspect of the fourth embodiment, M is C, alkylene or C4 alkenylene (including
linear and branched chain alkylene or alkenylene); and all other variables are as defined in the fourth
embodiment or as defined in any one of the preceding embodiments. Ina third aspect of the fourth

75 embodiment, M is Cs alkylene or Cs alkenylene (including linear and branched chain alkylene or
alkenylene); and all other variables are as defined in the fourth embodiment or as defined in any one of the
preceding embodiments. In a fourth aspect of the fourth embodiment, M is Cs alkylene or Cg alkenylene
(including linear and branched chain alkylene or alkenylene); and all other variables are as defined in the
fourth embodiment or as defined in any one of the preceding embodiments. In a fifth aspect of the fourth

30 embodiment, M is C; alkylene or C; alkenylene (including linear and branched chain alkylene or
alkenylene); and all other variables are as defined in the fourth embodiment or as defined in any one of the
preceding embodiments. In a sixth aspect of the fourth embodiment, M is Cy aikylene or Cs alkenylene
(including linear and branched chain alkylene or alkenylene); and all other variables are as defined in the
fourth embodiment or as defined in any one of the preceding embodiments. [n a seventh aspect of the

15 fourth embodiment, M is Cs alkylene or Cy alkenylene (including linear and branched chain alkylene or
alkenylene): and ail other variables are as defined in the fourth embodiment or as defined in any one of the
preceding embodiments. Inan e ghth aspect of the fourth embodiment, M 15 Cyg alkyiene or Cy
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(b) The pharmaceutical composition of (a), further conprising a second

t herapeutic agent selected fromthe group consisting of a HCV antiviral
agent, an i munonodul ator, and an anti- infective agent. (The
pharmaceutical conposition of (b), wherein the HCV antiviral agent is an
Santiviral selected fromthe group consisting of a HCV protease inhibitor
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and a HCV NS5B polynerase i nhibitor. A nethod of |nh|b|t|ng HCV NSB
protease in nn <t he 15c ise ni rrng to

t he subj ect tlvegaﬁgﬁat PE?S co ound forﬁqﬁaaﬁn] -a, or Ill-a
(g) A neth of prpventlﬁg or treating-infection by FHCV in-a subject in
need t her eof mhlch conprlses admi erlng 0.t he subj ect an effective
amount of amggﬁﬁbund o] orrrula(ggk§t (h) The nethod of
(9), wherei he conpgund of fafmila | -a or Ill-ais 20adm nistered in
conblnatlon’mnth an eﬁfectlwe a fount’ of at Ieast one second therapeutic

-agent sel ect “omth ksting HCV antiviral agent, an

‘i mmunonodul and nt|-| tive (i) The nethod
of _(b), whern n t he ant i vi- agent i an antiviral selected fromthe
gr%up consrstlng of a FICV’ protease |nh|b|tor and a HCV NS5B pol yner ase

i nhi bitor. A fifth embodiment of the present invention is a compound, or a pharmaceutically

acceptable salt or hydrate thereof, selected from the group consisting of the following compounds.
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A nmethod of inhibiting HCV NS3 protease in a subject in need thereof which
25conprises adm nistering to the subject the pharnaceutical conposition of
(a), (b), or (c) or the conmbination of (d) or (e). (k)A nmethod of
preventing or treating infection by HCV in a subject in need thereof which
conprises adnmi nistering to the subject the pharnmaceutical conposition of
(a), (b), or Lc) or the conbinatj of (d) or (e). 30The present invention
al so incl ude conmpound of sent invention (i or use in, (ii) for
use as a [ nt for, or r use in therp ration of a

nedi cament for:" &) inhibiting Hcv“ysg prot ease/ or (B _preventing or
treati infectg on by HCV. d n these uses, the cgnpoundg of the present

i nvent ijop,, tlonaIIy géag d in conbinati eﬁi_ h one or nore second
theraﬁeut nt s osel antbgjgaFDag g~ant b- é/k@Ctlve
agents, Fd i m%gtors T 5 enbodi & 1 nvention

i ncl ude the phar {eeutd cal conp05|t|o §f+ébnb|nat|ons anddmet Rods set forth
in (a)-(k) above apd the uses set forth in the precedi ng paragraph, wherein
t he conpound of _the present inventi npl oyed therein j conpound of one
of the enbodi mBits, aspects, classgglfsub-classes, or hgégures of the
conpounds descri bed above. In al f these enbodi nent t he conmpound may
optionally used in the for phar maceuti ca eptabl e salt or

"al ky

‘hydr at e opriate. As use in, the terp N refers to any

| i near branghed chai n al kyl grou daving a n nber of E%}bon atons in the

speC|f|ed rang OThus forcex "Cl 6 alky "-C6 alkyl") refers

to all of th exyI aIkyI ahq?gg_ al kyl isa Wg/hs Il as n-, iso-

sec- énd QJb d I'sop op thybdgﬁd nethyl Han tﬁeﬂﬁexanple
Sopropyl , et hyl

"G _4 al kgl " n- i's %t - butyl
and net hyl . e térmﬂyhaloallcyl ref $§*t an al I rein a

hydrogen has been jrepl aced by a
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10hal ogen. The term "al koxy" refers to an "al kyl-O" group.

The term "al kyl ene" refers to any linear or branched chain al kyl ene group
havi ng a nunber of carbon atons in the specified range. Thus, for exanple,
"-Cl..6 alkylene-" refers to any of the Cl to C6 linear or branched
aIkernes A cl ass of al kylenes of particular interest wwth respect to the
invention is -(CH2)1 6-, and subszclasses of particular interest include
-(CH2) 1-4-, _ of interest is the
al kyl ene - -. The ter yl ene” refer‘ y | i near or branched
chai n di : - n atons in the
specifie o Thegdgerns "cyclogl kyl™ be ers to any cyclic

ring of n e aIke gﬁL a numnber ot)gﬁ atonms in the
specifi%d Th;u% of ex g o8/&yc oal} BH(OJ‘ Q'

cycl oal kyl, = 0 cyc y cyclohexyl
cyclohept and *dbctyl he t er vl "cycl oal k ' ref ef's” to a
"cycl oal ky1-0-" grdup The term "hal oen” (or "hal 0") reflers to fluorine,
chlorine, brom pg. ﬁnd iodine (alterpptgvely referred togag fluor, chloro,
brono, and iodo?. nl ess expressly stated to the contrary, all ranges cited
herein are ifngl usi ve. For exanpl 25a heteroaryl xl escri bed as

cont ai ni "1l to 3 heterCatofiy" neans the kihg canycontain 1, 2, or 3
het er &s al so to—be undekstood t hat any range E@ted her ei n

i ncl ud ts scope ajl of the sub- ranges<MntQ;n fhat range. The

mnthl

“constltu
any ot her fornul *depi cting aeqxdescr H*ng conpoun of thg invention, its
definition on each occurrence is independent of its defini th on at every
ot her occurrenchS?lso combi nati ongr.gff substituents andi-e4 variables are

OXIdIZQde of t he het erbat, W and S are abswdiindl hded within the
_scope of r%;ﬁse)nb/A”lven(%lo y, variable (e.qg. HRt )“Qécurs nor e
than one&i Wgaié rmula |, (301 16a, "@raThl-a or in

perm ssible only 1f such conbin ons result in stabl onpounds. Unl ess
expressly s ed to the contr ubstltutlon by substituent is
permtt ; .
o}
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any atomin aring (e.g., aryl, a heteroaromatic ring, or a saturated

het erocyclic ring) provided such ring 35substitution is chemcally all owed
and results in a stable conmpound. A "stable" conpound is a conpound which
can be prepared and isol ated and whose structure and properties remain or
can be caused to remain essentially unchanged for a period of tine
sufficient to aHkgW use of the conpggzg for the purposeg_g scribed herein
(e.qg., therapeu or prophylactic nistration to a h fect). As a
result of the | ecti on of substjtuents and SUbSt|tﬂEJt patterns, certain
of the conpouniys; of the present ention can have /as ptric centers and
can occ as nl es of 5st oi spnmers, or as |nd|V|dp@I di astereoners, or
enanti ongrs. A|k>|SOﬁErIC fo ns oflT%ese conmpouw wwet her i solated or in
m xt ure 4Lﬁm th|n the scgp ¥j% he present k#mgﬁﬁN n. As woul d be
recognlzed 640 qhgm nary i |a¢59§ art, ceértain opuk conpounds of
t he presen an exi st Ofrer s. For ¢ p i ? s of the
present in ntlon Pe erence to a c ound of fornula I” l-a, or Ill-ais
a reference to the conpound per se, oﬁ to any one of its tautoners 10per
se, or to m xtufgges4of two or nore t guboners. The conpouHd83of the present

i nventions are useful in the inhi ion of FICV protease (e.g., HCV NS3
prot ease) a d\the prevention or _t ment of |nf by HCV. " For exanpl e,
t he conp f this inventiofi are wseful in treé g i nfection by HCV
after su pectegmpast exposures/to |-| by such ans aEObIood t ransf usi on,

exchange of, bgdy fl uids, b|te dent al neeg%e st or exposure to

| Spat i ¥ Bk durin surgé?y gg;on@ogqg§ tgzgnvent i,on are useful
‘in the preparatjo @ﬁg executlo Ng assz ni vi ral
conpound{fﬁF@r ekaiipl e, the co unds « HBis inve tlonﬁ%? e useful for

i sol ating enzyne jnutants, which are excégllent screening tjools for nore
power f ul antivibigéconpounds Furth re, the conpoundﬁ 9§3th|s i nvention

are useful in est: l'i shing or deter i ng the binding SI e of
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20ot her antivirals to HCV protease, e.g., by conpetitive inhibition. Thus
t he conpounds of this invention are conmercial products to be sold for

t hese purposes. The conpounds of the present invention may be adm nistered
in the formof pharmaceutically acceptable salts. The term
"pharmaceutically acceptable salt” refers to a salt which possesses the

ef fectiveness of the parent conpoynd and which is not biologically or

ot herw se undesirable 25(e. i ei ther toxic nor otherw se del eterious
to the reci nt thereof). ufia € salts include aci ition salts which
may, for/ | e, be forne y m xi™g a solution of th ohpound of the
present Jnverttd on with a sqlution @f a pharmaceutically ac@gptable acid
such as) hydrogﬁPorlc aci d, )gulﬁUqéZlaC|d acetic ade trifluoroacetic

aci d, QLN£§T ic acid. MRy nmgoungs of t hgHinavi avieft} on carry an
aci di ¢& o ?§§_|m whirch case suit

hag ceutlcallﬁ acdept g efsal ts

t her eof \alkal| Sal t & B0ole. g. sodlq;;oropo @ﬁsbun1salts)
al kal i ne rth tal’ salts (e. g , cal cyum or nagne5|u salts)y and salts
formed with suitable organic |igands stch as quaternary anmmoni um salts.

Also, in the cagel® an acid (- COOM-18F al cohol group Belifg present,
phar maceutic y acceptabl e est can be enployed to nodify the solubility

or hydro haracteristi e conmpound. The term ‘4@dm nistration”
and vari‘ants reof (e.g., Y adm hijstering” a conpou in reference to a
conmpound of thé‘cpventlon an provjsding the conpound or ayprodrug of the
conpou to the>|nd|V|duaIQ n Qped@bf treatnent. \Wen a coﬁp@und of the
|nventgb@ prodrug th rovi ded in conbinaticon-wth one or nore
=otheroactl ents éwxg anL|V|r Iy a qugle usé dk)¥m tr%a5 g HCV
|nfect|o tion

i ncl ude concurren Xan® sequential pro f4i on of the conp und alt (or
hydrate) and other;agents | As used herein, the t
"conposi tion” |ﬁ: giended to enconp a product conprig {Pg4the specified

|ngred|ents as any product ch results, directly or indirectly,
- 5from co the specified |ngr di ent s.
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By "pharmaceutically acceptable” is neant that the ingredients of the

phar maceuti cal conposition nmust be conpatible with each other and not

del eterious to the recipient thereof. The term "subject"” (alternatively
referred to herein as "patient”) as used herein 10refers to an ani nmal
preferably a mammal, nost preferably a human, who has been the object of
treat nent, servation or experinment. The term"effective anmount” as used
her ei n qevﬁigéhat anmount _of active conpound or . eutical agent that

t he di ci nal response i iSsue, system aninmal or

@. I seareheg, vet gri nar isan nedlcal doctor or
enbodﬁﬂﬁq? ¥ ef fegtive anpunt « &s
anomgﬂ§ ﬁhe‘%IIe iation ;théksymptons of
Y 'ﬁen} t he

elicits ol ogi cal

human (ﬁat |s}b8|ng sou
other ¢linicif@an. In 150
"therﬁ%‘ Iy eff ctiv
t he di sease Hc nq i on bEIﬁr treatedﬁ I n anéfhepo

effecti aﬁbun % Hsva "proph tlcaIIy effectiVe a . foreprophyl axi s
of the synptons of the di sease or condltlon bei ng prévented. The term al so
i ncl udes herelﬁ anDunt of activg egnmpound sufficient.fog i nhibit HCV NS3
protease an L y elicit the response bei ng so (lo.e., an

20"in n effectlve a V%en the active Uﬁnd (i.e., active

i ngreds e t)Cts ad stere the r@hegence to th nnygm‘tﬁ active
ingre | ent ane ‘?ree cid or tg;ntof tyeﬁc oupdy F8r the
purposquj b q “HEV NS3 peoﬁeaseoan entin reati ng HCV

i nfection, 'tk %onﬁbunds of the resent |ngent|on optlonélly in"the form
of a salt hrfathdraf can 25be aﬁﬁﬁhlstered by any neans that produces
~contact of the active agent W th ;gih@ﬂent s site of a@ﬁfﬂﬁ' They can be

- adm ni stered by'bﬁy’conventlonal avail abl e for use TT conjunction
wi t h pharnmaceuticals, either &s )individual therapeutic agents or in-a
combi nati on of therapeutic ag w They can be steered al one, but
typicalLly are admi nistered with %%pharnaceutlcali ier selected on the
basi s @  he chosen routeof adm: i stration and sfandarg pharmaceutical

: o
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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, TT-a, or I1I-a and a pharmaceutically acceptable carrier.
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30The conpounds of the invention can, for exanple, be adm nistered orally,
parenterally (including subcutaneous injections, intravenous,

intramuscul ar, intrastemal injection or infusion techniques), by inhalation
spray, or rectally, in the formof a unit dosage of a pharnaceuti cal
conposition containing an effective anmount of the conpound and conventi onal

non-t oxi c pharnaceutrcally accept abl e. ca S

Li qui d prepar atibbdns gﬁﬁ@ﬁﬁ@@mﬁﬁﬁCﬂP%F“ﬁﬂﬁf%fgyw tf%*“%§§§“%&Q“K§%§%éﬁsrons
SYT UpSent@bicbd Sodifd gt chiskeg efarH®e aphépbazed. mcuomdemglutatort adhmptiues known
inthe art and can enploy any of the usual nedia such as water, glycols,

‘0|Is’ﬂ§F%ﬁﬁ@P§'and the like. Solid preparations suitable for oraI
admi ni strati on @e g. Thepbewtecsticpicthmsitoapsd ederivdhe HoNepdyirad aggnian pe-

r epar ng%%%glecte I 0{1‘19 sggltogg h&HSHHI?gS K NRWA pdofateNBniBikdy aRNEHCIIN SR oBYhesseh sol i d

crp ugars, aolrn | ubricants, binders, disintegrating
agentishidna. t he |1 ke. Parenteral conposi tions can be prepared according to

techni ques knowg,in ABEn&&&u@@ﬂc&ﬂmmﬁﬁhhMmEﬁHb@wo&p@mdbéﬁmmMelI&scalﬂarrler
and optionally gher i ngredients u

as _a sol.ubi ciabl e
550Iu%WeH§)eﬁﬁmbeh%ﬂﬁb%%%ﬁmé@E%WH?WBq?@“ﬁ@fﬁﬁ&&”%H%W%¥Yamwmaf%#@'%herern
the CRifinBho&RaBY, hRIeS afti- ﬁﬂédtin@a@@ﬂ uhérein theacogipuod 96 feokiatli . orila 8¥(thg i on

containin xture of r nmet hods
't atserpfemud s arstr TSR A R L N o BRI AR B Coent

i nveninhBRingHE NS mgfewl; cerfbrstreemgfamk‘feelﬁmg infesiop By §&Vd conpositions is

provided in Re gto G S ey ;llﬁltah ﬁ@dd' aiviraeetidced by A
R Gennaro, r)]Pub Iscﬁﬁllgﬁigﬁr%r o%'ﬂrﬁ) @%rel 5 tiv et nl a@1viral

. . The _conmpo thﬁs i nvention
can bgomdid gﬂms}toen‘e&ﬂmep%ﬁ H*QVrprP@S‘%i@@%@ W’Qﬁé@vﬁ% B‘gfim‘i‘" 10 g/ kg of
mamal (e.g., hygan) A%%d‘@?inﬁi%n@qrcxd&m bfdtedseSih B l@hlﬁecﬂ@l&ﬁed)ﬂhemaif\?dum ded
doses. One preferred dosage ran

) t.0 i per day
otal | yonuises @i“r*fgfl‘t@m@é%‘é‘e SLISChary &F ‘é@cPHEPB’été’g 2 c%ﬂ%%unyo#%m ae¥ ¢ 12% Og?)lg age range
is 0.1 to 100 nmughkg hoegyhosei glatenpeg odaptiar afektyoni iy Iﬁ‘ﬁgﬂ asubjectdi yged dgreot
15doses, . For or adm ni strati t i 4ed 4n the
forn18?“?&%?@?§S%Wm8§8§§ﬁ%é‘ g%?%ﬁﬁ%%mggqgQ%h“ggggﬁﬁﬁBFg?gﬁé&%f the active
i ngr edii@ant, particularly I, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250,

300, 400, and 50Q mi ENG At bBphEe Ml 1105, &river- @Mrrptomatl c
adj ust nent of tﬁg dog%hg&ﬁ%ﬁfgg atf%nt topbe fregt q@ Tﬁe s |f| dose

| 2vel aeamdisfer@qmeqwaa@ﬁn disk agefercere BRI et IRt P FﬁPe‘Hw Y4Fed and
wil | ﬁ'gﬁ%fé%ﬁrblﬁp n@s@bk ?Hﬁv%ﬁitl‘fr:ﬁﬁf h@hs ah Bﬁhmﬁlﬂa@z sthve amtdni aniitinfeoive tdvat.
C

speci ound enplo sta |I|t n ction
of that conpoun @ t hél 1%@%111 g}) ng;r&ﬁ Pb%é él?tg}lra age 0t t%an ar gw,laef ageclf'edcf{?onge and
time af AdmcBhsHiRabi ONCY @ai@s@;hialexmmﬂ Y} DAY Nﬁiligpaixmfbaaqamhlbmr the severity

of the particul %5 hcogg}é%fé%to’frn%qglm > %@% &‘U? Jsﬂ%‘sﬂge&h{aﬁé@@ﬁmmof?’hwh

As not ed above, |nven at es hod
|mﬁrbb@hmgw&ﬂmmﬁﬁﬁmnﬂoﬂeaﬁeanﬂnm%bwmmwgﬂﬁewmﬁéﬁwp@%@PéW ordE) Bivent i ng or

‘treat Iccr)lr ma onoP&ﬁ&t(‘ePn wth a
k) A method of preventing or treating infection by HCV in a subject in need thereof

which comprises admi.nistering 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 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.

35 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 compound of one of the

11



75conpound of the present invention in conbination with one or nore

t herapeutic agents and a pharnaceutical conposition conprising a conpound
of the present invention and one or nore therapeutic agents selected from
the group consisting of a HCV antiviral agent, an imunonodul ator, and an
anti-infective agent. Such therapeutic agents active agai nst HCV incl ude,

but are not limted to, ribavirin, levoyirin, virandin ’ o

al phambodiRPEFsHeal FOEHHRACEEHCH Ot BRREP Shibg %%W?@?‘is,gyfcﬁ‘ltb‘ér?bé’%r%ﬁ{l E@?hﬂege

i Nt erfBrehefs, tREGHpBERGN a5 T8y banad (pigiontef § praonaa)tically weridireitoh of

interferon-a and ribavirin, a conbination of peginterferon-a and ribavirin,

a corfEt 8P gF %ent erf eron-a and | evovirin, and a conbinatjon of .

pegi nt er f er on- aaaRel heeahnviariem “alleyt orfesyio aryamerralr beghed pran 21yl §EUP PR ed

to, recomw J%‘%Q{%oﬁ g}%@% ﬂ[ﬁﬁ@é}&éé@éﬁ HSAC Thas fdref et “C n elkf B @riCavaidiatde from
aRo U

Hof f mann- che, ey, NJ), ﬁgyl ated interferon- azs gPegaS%aT") ,
i nt eréfersonall 35aQkexysliohamkpenit aler 1Rmeriaa PR RO BV atrZBF EP¥ Yol Elher i ng

Cor p.; Qpﬁ%@j’ LOI a1 meN). , AsR@ENbakedple Mg 14 dindire o (Pegt mtcr o bptyLa- and
reconbi nant consensus interferon (such as interferon al phacon-1), al buferon
(i nt esdpemohedybodigtheb hunman serum al bumi n (Human Genone Sci ences)), and a
15 purified i nfignéeramaaT et amAlgenbs wecombhyargen bortsensnlecediy er f er on
has the brand nane Infergent. Levovisin is the L-enantionmer of ribavirin
Vil cHhatpgen sSHEW™ Ak R0 DGt b A act iy similar to ribavirin., Viranidine
represents an analeg 'akykhdiaviesinagilseios bunihad WRIA 608 20U 4841 5thed to | CN
Phar maceut %‘%@I{bﬁg atoﬂn?inqg&ﬁ;eaﬁ&gﬁng& tiud, e eRBihQd-Mts dikeenpresiento Siymiénat i on,
I'vi dual co

the in . nponents of the cophi nati on can be. adni ni g eparately
" at  di € f erGnines anbemneligd pylentie F§€B%fle“€%%$’§§v&8rr‘”?%%%‘ﬁ%%ﬁ%@gfhﬁ di vi ded

or  siNE.ESRNRINALk-OMd Qb BRsseF e patthtelat meatsnipeitidof CIHOV 4 et - (CHRe-2-
conpounds_of the presenthi %Kﬁnti 89(&?3')— al so be adm nistered in conbination
viSt h a8 -aldemtd R p{ePFrest ST HRY Bt o “of-’HCV NS3 serine protease. HCV 10 NS3
serine proteasericS.A 1858l alferyidal lienz ynearhd dais dbelnt dlesyleidzsdrt o be
an excellent target for inhiibi ti on of HCV replication. Both substrate and
non- StEERAPELE AL HPHTRT PRSP &I SIS3 prot ease inhibitors are discl osed
in WD 98/ 22496, TMR-A8/" 46630y "\WI-09¢ 07738 o ofer dirnsar alkgne doyimpEngbegh

99/ 50230 " 00£09543 00 59022 kEB(@3BT T2y K02/ 481 16,
moz%ﬁé)ll%é@sg‘?%@?ﬁ%?ﬁe%\ﬁ%ﬁt o 6(,2}{3}??,61803?{9%%&&{%” n. | evoyir

and
vi(r aniodtiyeleprpy, csxlehttylt dyelopenaylt dye oy FFddiey by draiapsyli Age e r%’&llg%]l}(?ﬁyar
pool s _of . &g@%@&ilﬁgglﬁeﬁ&@es via inhibition of the intracellular enzyme
ophos

i nosi ne nmon ate dehydrogenase (I MPDH). |NMDH is the r -Jimting
enzyme on the biesyi Hetoges r(efu?"‘ék’i e‘%bs tﬁglé%mﬁuc he bﬁ%%ll%%}dﬁ%gné

bi osyﬁqtg@%v@ly fg}ieg_@d/ﬂorag Audr§, dhexaslibkomphasiptor yl ated intracel lularly and the

Irml\/g&g ?ZB? gégn,? glg %/f%%hr\é%b! s%atgip toitl?ehc!omreg.r?,rai1%1@%94?@%}8@1%%?@ ind 4N DIFb é%ﬁ'mﬂfa,

25 aheteroaryl ring described as containing from "1 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 any variable (e.g., R!% oceurs more than one time in any constituent or i formula I,

30 Tl-a, or [I-a or in any other formula depicting and describing compounds of the invention, its definition
on eacﬁ oceurrence is independent of its definition at every other occurrence. Also, combinations of
substituents and/or variables are permissible only if such combinations result in stable compounds.

Unless expressty stated to the contrary, substitution by a named substituent is permitted on
any atom in a ring {e.g., aryl, 2 heteroaromatic ring, or a saturated heterocyclic ring) provided such ring

35 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

12



20useful target for the discovery of inhibitors of HCV replication.
Therefore, the conpounds of the present invention may al so be adm nistered
in conbination with an inhibitor of IMPDH such as VX-497, which is

di scl osed in WO 97/41211 and WO 01/00622 (assigned to Vertex); another

| MPDH i nhi bitor, such as that disclosed in WO 00/ 25780 (assigned to

Bristol -Myers Squi bb); or coph ol ate nof et i

EuguﬁsseA@fé]ﬁt‘@C])@«é%qdéﬁ aP&ﬁ"‘t blﬂﬂsu%n‘ei%%’ 19945 ijlt %Egountdk%ér t@é é:dr? %gsn? ngf EHEA,\/
[ zf eqﬁ%@ﬂge% tdhan @eogmwg}ﬁﬁtnﬁcfz pidpeylpitRseninijuavenbiaorbjedly al so be adni ni stered
i n conbination ivira nt .ar amg-q t

[for a conpr ehe’}'&%?ﬁ%‘ {cﬁ’ggl(?rs?lfﬁt OB T o‘%%e[ ?néﬂggg%t ﬁtqérng 1%;%SKI rs%ﬁ%gﬁﬁ]n %SI)

Pr of i dg@@oﬁdugft&lhﬁsenﬂlﬁvenﬂm@ﬁm@i\gi&sylﬁmetﬁo Peittﬁﬁeal‘tdrcélaf’??ﬁms gRuEed i nf ect i on,

ds of t t
combi AT R 1t L R o1 v o6 ( Roche).

The C\@lwpi@umdlsteé)f)r in extpree seaitiih e AP A Hayresns BV O—onbi ned for the

treatnent of H F ¥idF, Irikter: feid of
di col osed in R%E‘kmll_ﬁﬁka%n%%ﬁl} b b’ﬂd n@iy RilFiet a&ﬂ& o thb@mupdmd)sjsf?fgﬂgs

( 199 TiyeseMinGntiqpyjap gXist@p aaiOmefSTéPWEﬁB‘éIPB%?S pidbs Pfgse%%‘“"%‘l’i“‘? i?il“? %9“95) U. S.
ggt grlgmg an%éfég@%g@nﬂamwn-aﬁ a rd963)¢ tolint empatridpmale, Rubhiycat obits hdorbesE WO
\Y; | nt ernati onal Publication Nunber WO 01/92282
¢ De@é?ﬁa@”rt FHE S Ogﬁﬂ T RYer %%?l Ttial Publication Nunber WD 02/32920 (25
April 2002): anlihelcﬂmﬁdﬁmai blomapresRuihvepsivisare Wetbiethaidibirnod9Y preaganuar y

2004) |
200} SRS T AL SR Ot Lk 2000
ety

~ cont entrpowafds efibh lmeeﬂm aeusafubintiredrgonleaiadydiC Y aits peneted H?Stteﬁ%‘?s}‘re é‘?1
SUC h Ir??/esuﬁﬁ n{ﬂgéﬁl@ Q%"@go(f tl*alﬂ%éfl&l eRShelRDr bHG UG, bikdlacat@talféedleistitk, edexbosure to

cytidi ne, -Cneth ﬁ uridi ne, 2' C-rnet hyl - adenosi ne,
2§i C—W@lﬁﬂﬂoédarﬂ%ﬂsﬁu?ﬁéfy and 9-(2-C nethyl-h-D-ri bofuranosyl)-
52, 6- d| am nopurr@%mgad;dﬁ hEhis aiveRspanchsay] mnﬁmemtldn est apcugpn piverepiibdse

c2, C3 th
R e T et

The C@mﬁumdﬁnt@fwltmearqi)msi&mt scrqamagtqo@rfornrave ap\g@f%éntwwmowewﬁér t he

treat t of ; I
pr opegerp 8%“’016 Omgoﬁﬁ%!%@né% % Plc?ge Semj& 6%8%“[23? %%Zg%% ;ﬂg:gﬁ%d bzlg%% e of
g

azsi gotbet anthlStts ﬁﬁVsmpte@m&ye@mﬁemlthé}ltforg 246 “W?W?P gis W;ﬁb‘ﬁ’/ 48165
(20 Jaggo@g%} ramts\wg@mp@ms% palap%s@san 2005) (i ncl udi ng R1656

(2'R oXYy- | uoro-2' - C-ne h -
page 77) assig n@JéF QOB“PPWQ? ﬂ%@% Brtese“f_’t‘%em%\]/@ab % %g%@%‘é%g %Stge pt e 2?8 2802) ?n
assi gﬂ%ﬂné&utkc@%ﬂﬂ@ft%ﬁui i Oalt&m mr&atwa&@ly a¢RpSdptalt” 19@9)o 2 ADWIZh18404( 7

2 O AR T &l R0 206 U060 AR (el
25 (e.g., is neither toxic nor otherwise deleterious to the recipient thereof). Suitable salts mclude 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 of the compounds of the invention carry an acidic
moiety, in which case suitable pharmaceuticélly acceptable salts thereof can include alkali metal salts
30 (e.g., sodium or potassium salts), alkaline earth metal salts {e.g., calcium or magnesium salts), and salts
formed with suitable organic ligands such as quaternary ammonium saits. Also, in the case of an acid (-
COOH) or alcohol group being present, pharmaceutically acceptable esters can be employed to modify the
solubility or hydrolysis characteristics of the compound.
The term "administration” and variants thereof {e.g., "administering” a compound)
35 in reference to 2 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
13



assigned to Hof f mann-LaRoche; U.S. 2002/ 0019363 (14 Feb. 2002); WD

02/ 100415 (19 Dec. 2002); WO 03/026589(3 Apr. 2003); WD 03/026675 (3 Apr.
2003); WD 03/093290 (13 Nov. 2003);: US 2003/0236216 (25 Dec. 2003); US
2004/ 0006007(8 Jan. 2004); WD 04/011478(5 Feb. 2004); WD 04/013300 (12 Feb.
2004); US 2004/0063658 (1 Apr. 2004) and WO 04/028481 20(8 Apr. 2004); the
content of each i n or.af .her " C i

For tqq%fui%gpﬁ%}&ﬁ{;?l e@%)lil)nf RSt a?uc{z]lh%d [t?tfﬁfa?% Are %:Q:h doBer8fibli k@ intude

e CO oun resent i nvention
may algeukar adcqiaiiar dvistorodithd eanpoond w st (&nhﬂb“éﬁﬁii altdﬁbm agenRffy i nhi bitor

of HCV NS5B polﬁl Lgﬁg ?jﬁlem 'ﬂleqmlﬂg'/c 2@% R YRLASR t @Hé&hﬁa@§§piaﬁ@&t may be

used as combin I'ncl u ut are not Ilmtgd to,

di sc Io@&@dismg MO TRRIF08 i%@dlerlﬂs a6 WETI 2 305 Profst G e g, U§ﬂ£§§ 966%7901
V\g orggmﬁgmmga gg&g{ﬁgqgggdieys@ 04/ 003138 and WD 2004/ 007512; the content
ach orated hereln

ference it.s entire O her such HCV
pol yner ase i nhilbi ﬁiﬂiﬁ@"ﬂqcﬁ‘éﬂlwé ac‘k?ﬂfa éSWSEL”“Iﬂiwrxr#feéagrtcglen§a%§1pl ci t abi ne

((NM éﬁégmlc@&mﬁ Lordpskitdr Find beketaamilbylibyniidother {elewt délsoring 085/ 003147,
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4-met hyl am no- ’n{;?t @ ﬂ&?&ﬁbe hiBhikeb af t¥eamesy ﬁmeﬁid-twramhﬁ‘[cﬁa&mﬁ oympavind111e:
4-di met hyl am no-7/-(2-C | -3-D-ribofura

- 7TH pymrmbkofedticd] ngnit ]:haaiﬂllfé s the biological or meticindl r%sponse in a tissue, system, animal
4- CyC(E{Q{%ﬁBXﬁﬁ% g@ﬁc?g&%h& té@ye{rclfér&azerhﬂﬁm amisopl yeampyrq&@ko[lmc@ndppyn m d

i ne; am no- /- o i bo,f ur.anQ n e;
L33 H6- e?ﬂk(oﬁlf@[&yt&? St\f?ﬁ’ré’faﬁ%ouﬂ{ pﬁ‘r"t:l%ao}‘& ?ﬂ)gtt uﬂ{r r2f8 0 %H&h%t}%&‘/drflnm di

ne; 4hadfipors o2 theldisease or condition bemg treated In ano‘iher embodlment the ef’fectwe

é? ;%“%Olgl ?‘FEEIYFWQ_E I?B-(C %ﬁ’eﬁlfﬁe%fi?%%ﬁ@u%bo éf@g&kl% O?%I%II- ééfij]l\p:?%rﬁgoéﬂ tR€@disease or

| 2, 3- ehinditionrbethgneevented. The term also includes herein the amount 0 c‘uve compound

4y ar Qu?ﬁc?zgﬂt%ﬂ g‘ﬂﬁ% f’{t"v’ TES 5)%)1'13&955% LAd %Yéb)y-eﬁbh e e Poabbedngliquyhi (b dame- 5- car bo

13 D- ’hﬂmbﬂ@p@ﬁ‘ggtwe)amcpmﬁpf Me@[ﬂge gcima ﬁ?%lpﬂ}'u‘&% (1’1 & active ingredient) is administered

4- am pomozah I.rﬁf:z%hc?cs(tg 11 drRd Y bf 433 ingredient are to the free acid or free base form of
5r|bo uranosyl ) - 7H pyrrol o[ 2, 3d]pyr|md|ne

4- ani W8 CBmPP 0-7-(2- G net hyl- 3-D-ri bof uranobyl ) -
7H pyrrol of 2, 3- Bymye buipdenef inhibiting HCV NS3 protease and preventing or treating HCV

2,4-d 2-C o
2 REENDE T ol BB AeLuiao vl St hapuiia

228nabaadmingyatdpy apyﬂnaamlth@ P?OQUZQ@(}%%CFI of thpagsiye; %S?Wlé}h%]gﬁg%/m’? ﬁ-t?ﬁ/i?r ol o[ 2,
3-dl Py, T adzmmstered by any conventlonal meams available for use in conjunction with

amni no-i}- ?2?%%&% I-ri-D-ri bo rano rroI %%t?o&dolf%&w& Qk%G%{@FD on

e; 4- phdarmgeepticals, 31‘(]}@ @1H911fldlu€§- e]I‘aIpB i rme;

4- am RQscdndreddnSs@darildne, bit-thbically are admimstered with a pharmaceutlcal carrier

ri bof ur @nosyl 23d|p rim dj

7- (2- @J%@dn ghi‘z@ @E) Pf %FE&%&QW) @mx%ﬁ%ﬁpn fl}d %and(%d Warmg?erl]i:u%a} ractiéc;e
25@m Mae &;ﬁﬁéﬁyﬂs of the2m@ntidn @azdlfmmylpl@bgadmb@ﬁ@p@ﬁ@i}y; pareaytgrally (mclu ing’

byrr Olﬁ@;oyta(l%&k é%{%‘cé nid nﬁaé%}n%m g@%mscular mtrasternai m}ec‘aon or mfuswn techmques)

4-am bof uranos%k/ - 7H rrollo ]Hg)yrl m di n
e; 4- amimalafiof Spldem(yegal@z m@thﬁ:fpmnofﬁ HPLBP596F OF & pageudcal ¢ mposn i
15pyr [ UrR¥fidT Hb\.ﬂﬁ of the compound and convenuonal non-toxic pharmaceutically-
SR C i D PO LAY et RY LE9h s B
acceptable carriers, ad}uvants and vehicle 1qu1ci preparatons suita ota istration
35 (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
14



d] pyrirnidi ne;

4-am no- 7- (3- G met hyl - 3- D-ri bof uranosyl) - 7H-pyrrol of 2, 3-d] pyri m di ne;
4-am no7- (3- G- et hy1l- 13- D- xyl of uranosyl ) - 7H-pyrrol of 2, 3-d] pyri m di ne;
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D-ri bof uranosyl ) -7H pyrrol o[ 2, 3-d] pyri m di ne;
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"3 Py pienavel reor el HETSGIES ESHORG g Y5 4Lt FPpHOEERaERS g Gen® 81 2
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y also be conbined for the trea f t.
non- nERTPRSEIHE CEhPR BFPgFd 2 g:prq%&/to IR 5§1e6\g§c 2 aﬁ'ﬁﬁgt?%a‘ﬁg ngno d i n VO
01/ 7798d1e(vlaBer @ b ca2R0 dd ommagyleﬂhelt mgidleats, bsh ds ﬁ@oiﬂbﬂmf o 47ig83bles Jul y
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ot BB R e BPRET R  SEbR PR s B e o

| st i t stline dolufbic ergimscjsoiBil@i g WIWvnEonIaEiRE PMINHED e“’?]t“i“e @dpglwose WO
02/ Zoﬁﬁz%@%egxh gh gﬂ%@%{)d%ﬂ%@f@&[)%@%Erei)h{hgjﬁrﬁérﬁlﬁéﬁuﬁba@-&iﬁ@@ﬁblons’otﬁ"silfgned to

Japan acco e content eac S ated h

r ef er prssat inyeptian @ﬁitqfr%@?dl%‘ﬁ g Bse(lvslaiﬁ’];fi‘?&"r Rlloﬂ%ls)pro‘ielagd e
enbodR@ﬁmg%omaﬂH@de@g@ammﬂ@é NES&iipot, yReaeAl Rhibirtzos, Q\/IaditdtubksléngOused
in conblnation w the present HCV NS3 protease inhibitors are selected
f+Om the 1PYl 1 owi ng conpounds: 14-cycl ohexyl-642-(di nethyl am

no) gt hy11- 7- ox gﬂ&, Bmpords ef hahydnidinndo bofditistaief 2ral¥ irendosetieazte ch@ Ul 1o

car box aci

14- cyé:{?l(g HeBFOf Blapana s iaTy - bﬁfdwv Flht)? a) dag B %m%le d(ése L dtlj‘?%cidndoéeso([}%e 1-

a] [ 2, bitheod ma@m@eneo Q1 tocdp mmp@ el per day oraily ina smgle dose or in divided

14- CyS(LS%p d&ﬂ% het é%fefrg& q&g xJa @) &t ll‘@)ﬁllﬂdlgb pral lﬁl@?glﬁ’&r @aﬂorzﬁ]y In smgle or divided

35tetr rolnd enzod| azoci ne-11-¢c >% id;
145 cydd)qgheﬁoygmgadﬁgmﬁ(ﬁagn g quytlons can be provided in the orrn 0 tableis or capsules

fre ?h;féﬁzﬁﬁg ﬁ@)ﬁdsro@umfalraq{s%,fa;reahﬁ\%,@mwdﬂrﬁﬂmy nes; 101 8,@0bX §0,i76, 186j 150,

et hoxyh éifhé@ﬁh f;%_/o BH%SO? f%‘”téé%‘?saﬂﬁ (e e p s fof e yarratsslisimentoitie 11 19
yeiir B@slag/é th t@r}%‘ﬂﬁat }o E&ufefaﬁﬂyf)memﬁt drise [evél and frequency of dosage for any particular
Cc

lohe
L5 et RO P R Ll e o e B R RUAEA e B
126 cy chroend/tmNRdLrtbe iylkbaticnapiiol arndm}m]h%fa@f@pwéﬂw @1%@%/?96 5%@6%#3’8*’%1% 'r ahyd

;o:: EF%‘LH% % gﬁg]c %% ’dg}etﬁmé?gﬂ @xgi@ﬁf‘e a?@nnls%aﬂ&?-ﬁ:ﬁ@&@%r@ﬁon drug combination, the severity

i no) epﬁtia@.])al‘fiwéﬁfGOlshtB?“?af@—fh%@qS‘a‘ﬁ‘)?‘EﬁgB‘i“ﬁH’G’fa@{’2 1- 5a] [2,5] benzodi azoci ne

11- (i ag boxylic agis onteﬁ'?ib6‘lé1ﬁeaiﬁx’@smyml’énﬁmpd1m}€yds 13 a8radhdiy/afiiobibldnigntioV of 1. 2-
g? [s( t ;\{Sf%flﬁgétg%sgé g)[ltél}U I¥[(1J)V rebf\ta%loge cgrq%évee% mg' &t t]’ea%ng 'P?fmf B t4fon with a
145 cy ¢hapextdlof ThBpdiduy tirventitt inngalbofalio2 vaiH dnes bene dheapseiineeeE-@a~boxyl i ¢

acid, é éﬁ:ﬂé}f%ﬁe% %iloqecrbg%vilxs ifi Q% Qi %gﬁmg oSnb ?I‘é’s@rmm\';e%lﬂﬂ%d)&?@e]rm@]:

[ 2, 5] B&H: car FC aci | ohex
therapeutic agents selected from the group consisting of a CV aniw1ral agent, an

immunomodulator, and an anti-infective agent. Such therapeutic agents active against HCV
include, but are not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, R7025 (an
30 enhanced interferon (Roche)), interferon-B, interferon-a, pegylated interferon-a (peginterferon-a),

a combination of interferon-a and ribavirin, a combination of peginterferon-o and ribavirin, a

combination of interferon-o and levovirin, and a combination of peginterferon-a and levovirin.
Interferon-a includes, but is not limited to, recombinant interferon-c2a (such as Roferon interferon
available from Hoffmann-LaRoche, Nutley, NJ), pegylated interferon-o2a (Pegasys?M), interferon-
35 o2b (such as Infron-A interferon available from Schering Corp., Kenilworth, NI), pegylated
interferon-a2b (Peg[ntronm), a recombinant consensus interferon (such as interferon alphacon-1),
albuferon (interferon-a bound to human serum albumin (Human Genome Sciences)), and a
15



nmet hoxy- 6- met hy1- 7- oxo- 5, 6, 7, 8-t et rahydr oi ndol o[ 2, 1- a] [ 2, 5] benzodi azoci ne- 1
1-carboxylic acid; 14-

10cycl ohexyl- 642- (dlnethylanlno)ethyll 3- met hoxy- 7- oxo- 5 6, 7,8-tetrahydroin
dol o[ 2, 1- a][ 2, 5] benzodi azoci ne-11-carboxylic acid; y
34 cyﬁlghexyé 643- (di met hylam no) propyl1-7-0x0-5, 6, 7, 8-

etra r oi .ndol of 2, 1- 2 I (o s

14- Cyﬁ%lﬁf:é)é p{tfzf?r_o@%preg\éc% @%ﬁ%&g%qaéggdi rclgmlé%su% ?‘nrtgl‘qxr%l 'h%s %'bgand name
yl e;h}yhﬁr éa@l Te@riret & ahydeaimidales bLritaafif 8hEhhen dodimzooimenddplaeyboxyl i ¢
aci cyc

or ph@ﬂnivﬁy &11791 ?(hb/%%vn-}.é ga@zdénefegrese ts a&hall(éillo(% of d‘iba\ffiél disclcised 11‘15 }Nt% nzodi azoci
ne- 119 vadImsxiubsigmed ed HEN PHarmaceuticals). In accordance with the method of the present

1%03/(:] on )g%ll’[h%[ c’ll(f%h%tc%}%)%% ﬁ‘l Q)ﬂ%llﬁ“ogla@é(rpca% 8 abnfinit@tddabydeiyngdol of 2, 1- a]

BeRY o4y aZdcin c acid
14 cyélt%rr@x {ihes dyringntbe hyUTps @‘"@t}wr@pkﬁomﬁy@mpﬂ@% diyidpdprgingls GRS ndol of 2, 1
- al k%ﬂ | benzodi azoci ne- 11- car boxylic aC|d
14- cycl ohexyl- N- Kdi et hy anln sul fon

pi per Feli the fegimeptgi OB 1 ‘3?‘1@1 f 9"5}%‘?8%%% 3dbs %rfﬁeni&]a]c’f%%']ﬂ%?\%% T azoci ne- 11-
iir bO%cﬁH?ﬁii@arcd in comc‘i)znatloﬂ v&lfith an agent that is an inhibitor of HCV NS3 serine protease, HCV

cy ex i met ar ni et
6107, 8V§§§?§%VHP@?%HBF%F§ Tﬂﬂﬁﬁgfl %géfﬁgﬁgggkgg%%ﬁhe car E@gﬁ%&ﬂggoxo >
14- cyfar@mﬁmmeﬁmw cbhiettion] Heimeibetraty 2)d ForRbsBale) 'qzseémhlbltors of HCVNS3 -

Lot ALl PRI Asd giBbsdin kDR OMBZRY R94ddk0r D O8I, A6OGD/07734

C ot r ANYQOBIREE. ST D S0/ WPPD, B bEHOHRa NS IHBLYE. IO BOIETPRY GRPA37262. WO
6-al | ﬁéﬁéggéﬂﬂm oy %nam HPtYerh NG, 6,383,180

tetra r 1-a]| 2, 5]benzod|aZOC|ne 1
185 cycl opent y1- Bibavirip, d?"iﬁ’é’tr ﬁy@éﬁ‘irﬁ‘ﬂ)dé{eﬁ’gf’i]ex‘gt el?mgbgé{éFgC?%ﬁyo?}%d&oalug‘% 2,1 -a]
[ 2, 5] pl%@e@d]a@ﬁ&@s‘ d??na]ﬁfre%@éi@cﬁ?@yi Vi€ indiblitthn of the intracellular enzyme inosine

Zg]l Seglggnlmogga)é%ia Hg@ rfgenégr(bggéﬁ?yﬂ@%[ﬁ% Jraé ’11@11tmg8en£ﬁ1]iero%rwéjt§19§yﬂfﬂ9tkcC}[Jt%e irall2

13- cygd m@gyajzmé m&&m&h@s@t G5iE- R@tawamedpadﬂnpb{s@liolmte@mvmeﬁﬂular]lwféﬁfc| no[ 1, 8-

i]SI 23%03%) 185 Eat% ﬂ?l\f('l ve 1€ %ﬁ%hﬂﬁor of IMPDH, Thus, inhibition of IMPDH represents ancther

am no 1 - /- 0XO- 7
22- ajefyl 2418t lﬁt&rﬂmca\mmfn@lnm@r%ér%\iggpp%anaé| }iﬁereforg the éo?ntpggndy g% Do gr'é‘;én? dol of

15- Cygnlv%{% Yﬁlz? %TSQ 593(@111?15@1168 id c%‘irfb%ﬁﬁ&f Qrtl5h‘ inme@drof BVIADH, @bh as VX-497, which is

[ 2, 5] nzo oni ne- 12- car box

13- Cyé@@ﬁ@qu‘f\@ B2l @dcﬂ"ﬁﬁél% 62\%@53}%@1‘;8 [Vfﬂ%}&) another IMPDH inhibitor, such as that

30d] [ &isdbhenzed @Zﬁpﬁm@s@m@a{&@&ym)&rm@b) andyphbevaceutiiddice . Gccept abl e
salts thereo T 24@853 i P clic indol e-based HCV NS5B

ponn@?é@%th%WbﬁP%V i’ng met hods A-E_ as outlined
. bef ow, wherein #bf fhetemimenapi ﬁﬁi\fezgfmayn b@e @é’ﬂ%‘@léﬁoftﬂ%@ BEEHH ARREEOWTER t he

\S ,F\)/gf L E%&ﬁafrﬁ%%eh ¢, L1900 E1 SOTROHRA N S BTt RANRMine VIR Afb aflamaranc)
[fora comprehcnswe description of this agent, see J. Kirschbaum, Anal. Profiles Drug Subs. 12:

1-36 (1983)].
For the treatment of HCV infection, the compounds of the present invention may also be
30 administered in combination with the antiviral agent polymerase inhibitor R7128 (Roche).
The compounds of the present invention may also be combined for the treatment of
HCV infection with antiviral 2’-C-branched ribonucleosides disclosed in R. E. Harry-O’kuru, et
al., J. Org. Chem,, 62: 1754-1759 (1997); M. 8. Wolfe, et al., Tetrahedron Lett., 36: 7611-7614
(1995); U.S. Patent No. 3,480,613 (Nov. 25, 1969); International Publication Number WO
35 01/90121 (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




Ro,c--r-Br Ar-W-hal ogen"PdL4" | 1) Functional group mani pul ati [
closure deprotection RO2C A 2-Bronoi ndol e int e?med!oat e (Bregglr Ce)g zzi)s e
described in published International patent application W2004087714) was
funclt ionalized on the indole nitrogen to introduce pre-cursor functionality
VWX to either or both of the elements WX of the tether. Pd-nedi ated
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5 2.6-diaminopurine, and the corresponding amino acid ester of the ribose C-2°, C-3°, and C-5°
hydroxyls and the corresponding optionally substituted cyclic 1,3-propanediol esters of the 5°-
phosphate derivatives.

The compounds of the present invention may also be combined for the treatment of
HCV infection with other nucleosides having anti-HCV properties, such as those disclosed in WO
10 02/51425 (4 July 2002), assigned to Mitsubishi Pharma Corp.; WO 01/79246, WO 02/32920, WO
02/48165 (20 June 2002), and W02005003147 (13 Jan. 2005)(including R1656, (2°K)-2’-deoxy-
2*fluoro-2’-C-methyleytidine, shown as compounds 3-6 on page 77) assigned to Pharmasset,
Ltd.: WO 01/68663 (20 September 2001), assigned to ICN Pharmaceuticals; WO 99/43691 (2
Sept. 1999); WO 02/18404 (7 March 2002), US2005/0038240 (Feb. 17, 2005) and
15 WO2006021341 (2 March 2006), including 4° -azido nucleosides such as R1626, 4’-azidocytidine,
assigned to Hoffiann-LaRoche; U.S. 2002/0019363 (14 Feb. 2002); WO 02/100415 (19 Dec.
2002); WO 03/026589 (3 Apr. 2003); WO 03/026675 (3 Apr. 2003); WO 03/093290 (13 Nov.
2003);: US 2003/0236216 (25 Dec. 2003); US 2004/0006007 (8 Jan. 2004); WO 04/011478 (5
Feb. 2004); WO 04/013300 (12 Feb. 2004); US 2004/0063658 (1 Apr. 2004); and WO 04/028481
20 (8 Apr. 2004); the content of each 1s incorporated herein by reference in its entirety.
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 NS35B polymerase.
Such HCV NS3B 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 02/057425, US
25 2004/0067901, WO 03/068244, WO 2004/000858, WO 04/003138 and WO 2004/007512; the
- content of each is incorporated herein by reference in its entirety. Other such HCV polymerase
inhibitors include, but are not limited to, valopicitabine (NM-283; Idenix) and 2’-F-2’-beta-
methylcytidine (see also WO 2005/003147, assigned to Pharmasset, Lid.).
In one embodiment, nucleoside HCV NS5B polymerase inhibitors that are used in
30 combination with the present HCV NS3 protease inhibitors are selected from the following
compounds:
4—amino»7-(2—C~methy1-B-D—arabinofurancsyl)—7H—pyrr010[2,3~d]pyrimidine; 4-amino-7-(2-C-
methyiuBmD-zibofuramosyl)~7H-pyrro£o[2,3~d}pyz~in}idine; 4-methylamino-7-(2-C-methyl-p-D-
ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-dimethylamino-7-(2-C-methyl-p-D-ribofuranesyl)-
35 7H-pyrrolo[2,3-dlpyrimidine; 4—cyclopropy1amino-7'~(2-C~methy1-B»D-ribofuranosyi)-?H-
pyrrolo}2,3-d]pyrimidine; 4-amino-7-(2-C-vinyl-B-D-ribofuranosyl)-7H-pyrrolof2,3 -d}pyrimidine;
4~amino-7~(2-C-hydmxyrnethyluB~D—ribofuranosyl)-?’H-pyrrolo[2,3~d]pyrim§dine; 4-amino-7-(2-
i7



10AA Fol | owi ng tether assenbly out to the appropriate 2-hal oaromatic
Pd- medi ated ring closure afforded the fused tetracyclic system Este,r
deprotection then yielded the target indole carboxylic acids, with the
aromatic tethered to the indole nitrogen. Method C X-Y 1) Functional

group mani pulation 2) tether assenbly ring closure X-y \z
Stdepé%tectl 1111 . \ e .
uoromethyl-p-D-ribofuranosyl)-7H-pyrrolo{2.3 ~dlpyrimidine; 4-amino-5-methyl-7-(2-C-

methy1~B-D—nbofuranosy].)—?H-pyrrolo[Z,Smd]pyrimidiﬂe; 4-amino-7-(2-C-methyl-p-D-
ribofuranosyl)-7H-pyrrolo{2,3-d]pyrimidine-5-carboxylic acid; 4-amino-5-bromo-7-(2-C-methyl-
B—D—ribofuranosyl)_—7H~pyrr010[2,3-d]pyrirnidine; 4-amino-5-chloro-7-(2-C-methyl-B-D-

5 ribofuranosyl}-7H-pymrolo[2,3-d]pyrimidine; 4-amino-5-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-
7H-pyrrolo[2,3-dlpyrimidine; 2,4-diamino—7~(2~C~methyl-B-D-ribofuranosyi)—?’H-pyrrolo[2,3 -
d]pyrimidine; 2~amin0—7—(2-C-methyE-B~D-ribofuranosyl)-?H—pyrrolo[2,3~d}pyrimidine;
2-amino~4—cyclopropy1amin0~7—(2-C—methyl—ﬁ«D»-ribofuranosyl)-']H—pyrrolo[2,3—d]pyrimidine; 2-
amino-?—(2—C-methylnB~D—rib0furanosyl}-7H—pyrrolo{2,3—d]pyrimidin—él(BH)-one; 4-amino-7-(2~

10 C-ethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C,2-O-dimethyl-B-D-
ribofuranosyl)-7H-pyrrole{2,3-d]pyrimidine; 7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2.3-
d]pyrimidin-4(3H)-one; 2-amino-5-methyl-7-(2-C, 2-O-dimethyl-p-D-ribofuranosyl)-7H-
pyrrolo{2,3-d|pyrimidin-4(3H)-one; 4-amino-7-(3-deoxy-2-C-methyl-8-D-ribofuranosyl)-7H-
pyrrolo[2,3-dpyrimidine; 4-amino-7-(3-deoxy-2-C-methyl-B-D-arabinofuranosyl)-7H-

15 pyrrolo[2,3-djpyrimidine; 4-amino-2-fluoro-7-(2-C-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-
dJpyrimidine; 4-amino—7—(3-C-mezhyl—B-D~ribofuranosyl)~7H-pyrrolo[2,3-d]pyrimidine; 4-amino-
7—(3—C-methyl-B-D-xyloﬁnanosyl)—?H~pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2,4-di-C-methyl-p-
D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(3-deoxy-3-fluoro-2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolo[2 ,3-d]pyrimidine; and the corresponding 5'-triphosphates; or a

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 (17 January 2002), assigned to Boehringer Ingeltheim; WO 02/06246

75 (24 Jan. 2002), assigned to Istituto di Ricerche di ‘Bioiogia Moleculare P. Angeletti S.P.A.; WO
02/20497 (3 March 2002); WO 2005/016927 (in particular JTK003), assigned to Japan Tobacco,
Tnc.; the content of each is incorporated herein by reference in its entirety; and HCV-796
(Viropharma Inc.).

In one embodiment, non-nucleoside HCV NS5B polymerase inhibitors that are

30 used in combination with the present HCV NS3 protease inhibitors are selected from the
following compounds:
14-cyc]ohexy1—6-{2~(dimethylamino)ethyl}-?»oxo—ﬁ,6,7,8—tetrahydr0indoio{E, 1-a][2,5]benzodiazocine-11-
carboxylic acid; 1 4-cyclohexyl—6~(2—m0rpholin—4~ylethyl)—5,6,7,8—tetrahydroindo]0{2, I-
a][2,5]benzodiazocine-11-carboxylic acid; | 4-cyclohexyl-6-[2-(dimethylamino)ethyl]-3 -methoxy-5,6,7.8-

35 tetrahydroindolo[2,1-a]{2,5benzodiazocine-1 1 ~carboxylic acid; 14-cyclohexyl-3 -methoxy-6-methyl-
5.,6,7.8-tetrahydroindolo[2,1-a}{2,5]benzodiazocine-1 1-carboxylic acid; methyl ({[(14-cyciohexyl-3-
methoxy-6-methyl-5,6,7,8-tetrahydroindolo[2,1-a][2,5 Jbenzodiazocin-1 1~

18



AA The C2 aromatic was introduced at the outset via Pd-nediated
cross-coupling methodol ogy (Suzuki, Stille 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 02 aromatic tethered to the indole 5nitrogen. Method D 1) functi onal

group mani pulation  2) depro F
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a}[2,5Ibenzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-6-[3-(dimethylaminoypropyl]-7-oxo- 5,6,7,8-
tetrahydroindolo{2,1-a]{2,5]benzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-7-oxo-6-(2-piperidin-1-
ylethyl)-5,6,7,8-tetrahydroindoio[2,1-a}[2,5Jbenzodiazocine- 1 1-carboxylic acid; 14-cyclohexyl-6-(2-
morpholin-4-ylethyl)-7-ox0-5,6,7,8-tetrahydroindolo{2,1-a] [2,5]benzodiazocine-11-carboxylic acid; 14-

15 . cyciohexy}-6-{2—(diethylamiz}o)ethyl}-7—ox0—5,6,7,S-tetrahydroindoio[z, 1-a][2,5]benzodiazocine-11-
carboxylic acid; 14-cyclohexyl-6-(1-methylpiperidin-4-yl)-7-0x0-5 ,6,7.8-tetrahydroindolo{Z,1-
al[2,5]benzodiazocine-1 1 -carboxylic acid; 14-cyclohexyl-N-[(dimethylamino)sulfonyl]-7-0x0-6~(2-
piperidin-1-ylethyl)-5.6,7,8-tetrahydroindolo{2,1-a] [2,5]benzodiazocine-11-carboxamide; 14-cyclohexyl-
6-[2-(dimethylamino)ethyl] —N—{(dimeti‘;.ylamino)sulfonyl]—7—0xo—5,6,'7,S—tetrahydroindoio[,?,} -

20 a][2,5Tbenzodiazocine-11-carboxamide; 14-cyclopentyl-6-[2-(dimethylamino)ethyl}-7-0x0-5,6,7,8-
tetrahydroindolo[2,1-¢][2,5 ]benzodiazocine-1 1-carboxylic acid; 14-cyclohexyt-5,6,7,8-
tetrahydroindolo[2,1-a]{2,5]benzodiazocine-1 1-carboxylic acid; 6-allyl-14-cyclohexyl-3 -methoxy-5.6,7.8-
tetrahydroindolo[2,1-a][2,5]benzodiazocine-1 1-carboxylic acid; 14-cyclopentyl-6-[2-
(dimethylamino)ethy!}-5,6,7.8-tetrahydroindolo{2,1-a] [2,5]benzodiazocine-11-carboxylic acid;

25 ld-cyclohexyl-6-[2-(dimethylamino)ethyl]-5 ,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-
carboxylic acid; 13~cyc]ohexyl~5-met11y1-4,5,6,7—tetrahydrofuro[3',2‘:6,7}{1,4]diazocino[1,8~a]indo§e-10-

~carboxylic acid; 15~cyclohexyl-6-[2-(dimethylamino)ethyi]~7~0X0—6,7,8,9-tetrahydro—5H—indo}.0[2,1-'
a][2.6]benzodiazonine-12-carboxylic acid; 1 5-cyclohexyl-8-0x0-6,7,8,9-tetrahydro-5H-indolo[2, i~
al][2,5]benzodiazonine- { 2-carboxylic acid; 13-cyclohexyl-6-0x0-6,7-dihydro-5H-indolo[1,2-

30 d][1,4]benzodiazepine-10-carboxylic acid; and pharmaceutically acceptable salts thereof.

The above tetracyclic indole-based HCV NS5B polymerase inhibitors may be obtained
following methods A-E as outlined below, wherein different variables may be selected in accordance with
the specific tetracyclic indole compound to be prepared:

Method A
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The HCV NS3 protease inhibitory activity of the present conmpounds may be
tested using assays known in the art. One such assay is HCV NS3 protease
time-resolved fluorescence (TI2F) assay as described in Exanple 56. O her
exanpl es of such assays are described in e.g., International patent
publ i cati on W2005/046712. Conpounds useful as HCV NS3 protease inhibitors

woul d have a Ki less than 50 t{M nore preferablyxless than 10 gM and even

nmore preferally Iess than 100 nM 5 present inw?htTon al so incl udes
procegsesTort maki ng conpqu formatra |, J -3 arvhe conpounds of the
prese%zgi ﬁ%n can be feadi %}epghg 5?60 § to’'t he foll ow ng

reaction schenesxﬁﬁﬂm%?anples, r nmodi fications théreof, using readily
avai | abl e starting materials, reagents and conventjopal.synthesis
procedures. In these reactions, it is also possibl@dwbo make use of variants
whi ch are thensel ves known to those of ordinary skfMF“4'% this art, but are

not nmentioned in greater 10detail. Furthernore, ofhewrcwethods for preparing
conmpounds of the invention will be readily apparent to the person of
ordinary skill in the art jxvight of the follow ng*T&action schemes and

exanpl es. Unless otherw s¥ indicated, all variables arg as defined above.
The followi ng reactio aaﬁfﬁ%ﬁﬁbles se toillustrate the
invention and its HM@g & exanpl es dPeE NG, construed as
limtations on the sc%pe or spirit of the 1nvention. 15General
Description of Synthesis: The conpounds of the present invention may be
oyt heBretns TR PToHeEhes GERDFa PSS PSR B R | Ot O

- BocN W@Z@MOS??M) was functionalized on the indole nitrogen to introduce pre-cursor functionality W’/X” to
either or both of the elements W/X of the tether. Pd-mediated cross-coupling methodology (eg, Suzuki,

5 Stilie efc) then brought in the C2 aromatic bearing pre-cursor functionality Z°/Y” to either or both of the
clements Z/Y of the tether. Functional group manipulation followed by ring closure afforded the
tetracyclic system. Ester deprotection then yielded the target indole carboxylic acids, with the C2

aromatic tethered to the indole nifrogen.

Method B
X/ Y\z
X\W' 1) Functional W/
H i qroup \
N SN manipulation \ B @
ROC— | J—HBr e RO G~ | p—HBr e N
& X-W'-halogen 2) tether RO,C—— p—HiBr
A A assembly =
Br A
&
FAR S “PgLy"
ring closure
XY, /X——Y
/
w \Z V\\.’ \Z
: . }\3 : deprotection ot N "
B ]
"oy == 4 o RO. e Y
10 A A

Following tether assembly out to the appropriate 2-haloaromatic, Pd-mediated ring closure afforded the
fused tetracyclic system. Ester deprotection then yietded the target indole carboxylic acids, with the C2
aromatic tethered to the indole nitrogen.

Method C

20



(R5)1-2 Metathesis 1) Optional )1, 2Hydrogenation or
functionalization 2) Ester Hydro!. 3) Am de coupling az2
20Scheme | (n=0-9) outlines the synthesis of a representative nolecule. An
appropriately protected 4-hydroxyproline derivative (for exanple, a -
carbamate protected nitrogen and an ester protected acid can be }eacted

wi th carbonyl diim dazole or equivalent reagent and twen reacted with an
appropriately substituted isoindoline or tetrahydroi sotoknol i ne. The

al kenyl functionalify may be |ntroﬁucadwahmth|s or a Aate% st age by

pal | adi um.ca al yzed reaction.Q N a aI frele substit uch~as
_ { al chl ori de,
br onirde y i de, Zor rog oﬂ%ﬂ%sﬁ%ﬁ““g, ate with an

or ganomet c reagent such as vinybheor allyltrial kylt i

t he al kenyl ]AUI’IC'[I onality may be int ?/?fﬁf’%ed p?ll or t theI Pea?lt}g;ln\?vi“txel 4
protected prolinol. Schenme 2 descri besfftnln@ns@ynt hesis of the
olefin containing amno acid portion. An amno acidY(either comrercially
avail abl e or may be prepared rgadily using known nethgdsiin the art) in
whi ch 5the acid fUI’ICtIOI’la|ItyWIS prot ected as an estdr (f%)r exanpl e,

R---nethyl) can be converted i de§PRBY ()
/

HOC— = @ RO c—-—'
2 2 i o

The C2 aromatic was introduced at the outset via Pd-mediated cross-coupling methodology (Suzuki, Stitle
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,
W'/ \Z' manipulation W/ \Z
\ \
N 2) deprotection TN
RO,C—1— a - HO,C—1— Ar
2 T Yy’ 2 = V.
A

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

10 Method E

W/ N\ N
4 carboxylate w d
\ manipulation
0:C @ ] £ (»)
HOz / R¥% L / )
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

15 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. ] F.W. McOmie, Plenum Press, 1973; and T.W.
Greene & P.G.M. Wauts, Protective Groups in Organic Synthesis, John Wiley & Sons, 3rd edition,
1999. The protecting groups may be removed at a convenient subsequent stage using methods

20 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

21



coupling an ol efinic carboxylic acid utilizing a wide ra [
coupling agents known to those skilled in thegart such aggeDCCC):f EerCtlggP
TBTU, etc. Preparation of the sulfonam des B can be acconpli shed b;/ ’
reaction with the appropriate sulfonyl chloride in an organic sol vent
|(o(raegar egHEg/ \rMet ht an a{nhne base as scavenger. Urea derivatives C may be
. actin aninaqes ' i
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car bo anoguani di ne deriva
! . . : tives D can be prepared b
r eactprefarably lediehanidaMci d ester with di phenyl G cyanocar Eon!om"dat eyi n an

or.gani ¢ sol ven foll ] it : : :
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reagents and co;wegltion)a/t} syn&%gs‘o}?rgceggreé In the:se-zr l@ic‘cﬂms, it is also possible to make use of

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 above. The following reaction schemes and examples

serve only to illustrate the invention and its practice. The examples are not to be construed as limitations

on the scope or spirit of the invention.

15  General Description of Synthesis:
The compounds of the present invention may be synthesized as outlined in the general

Schemes 1 and 2.

SCHEME 1
(R%1.2 (R%:2
(7 &
# 2
(R%1.2 o X 2o o ] J1.2 1) Boc removal
4 e 1,2(9N Vinyl Coupling "1,20N 2) Amide coupling
[ _ + BocN — i >ﬁo R >= 0
x 2 / 9 &
1.2(%-NH o O
BocN . BocN
S o g o
(R%)12
! b
F
1) Optional 1 20N )12
Hydrogenation v
or functionalization Z}) Jn O>=O
- o &
2) Ester Hydrol. P
3} Amide coupling O NHL)\\N
R? N r!
o \@
R2
20 Scheme 1 (n=0-9) outlines the synthesis of a representative molecule. An appropriately

protected 4-hydroxyproline derivative (for example, a carbamate protected nitrogen and an ester protected
acid can be reacted with carbonyldiimidazole or equivalent reagent and then reacted with an appropriately
substituted isoindoline or tetrahydroisoquinoline. The atkeny! 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

22



n.R4- N\yNCN HN, CO2R HNy CO2RR3 R3 Fol | owi ng
functionalization of the amne, the ester can be hydrol yzed under a range
of 20basic conditions known to those skilled in the art (Theodora W

G eene, Protective Goups in Oganic Synthesis, Third Edition, John WI ey
and Sons, 1999). Depr otection of the carbamate protecting group on the
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pept iadiel (cidwpbdnmepreielbie pHadles @WY Q% Pipspgred epgAy UERERIOPRTIFRGIE MR ere 1)
Macr %é/ ghd & tlo%!@ 8 pE Jﬂ@c’ﬂed% Bk @éi@@fobyxaamlepkeﬁetm yehat hesisedls pnglepA lbange of

catalysts t have been SClI i.n the r se. At
this C}s‘:’ﬂég}é ap ﬁ@%‘lc sppivEC B%‘Eﬂtﬁ%d‘ﬂé%ﬁnge 0ftp ﬁpt% %%m% %’s%ﬁtrﬁﬁ(m% tg'%]og(gl s may

be opiiena thy adondn QQIBO@:[]EIOC TRORyiTBE UaesaPapattad of fhn R@l@i@a@}deﬁ Baethconal i zed in

alternative S such cI o iNevesi s, TSRtdign

hydr &“W@H‘S{Fﬁﬁérmﬁté% c%’% K olﬁgggn%&zzcgﬂo ndI'i}Paanr%nt he Vc tél %‘E ozg)lyl amn

aci d gsihebasé Iashaeawapgmr Opreh derevativde €ipdy @rPT@PHEéPY @?@!“@5‘?60515‘5%3% B RS t he
mpl ecyl.e ca Lk e BsoMaR @htyl fdbianasoRcwezto2et al ., US
323Su ]%%f)cai%oaﬁdg%ns%%{ee f?%ngﬁﬁ%ddl tiona aagl ¢ hydrol ysis. st ep Lo provide

the fﬁonatfeddmapdmmd@fadeﬁﬂ@wﬁ@ﬂé%@@r‘? puAraveEly fﬂ@sﬁ%déi@l"os% d “and

dl r ec& h?( gng%&a?ge hQd 6?1{1% 18RRI b @I cCyapgiahidied deyetiop mpy bapicpasedaci d

' o el ace lo@d b
WDZOOW BTG 4) the ﬁmﬁ? Gy Eséeft“ﬁg‘ dl"ﬁ‘ﬁ@ﬁ%r(g%ec ?iusu%d?# e% Xﬁg& estl gvtl catal'yst s
i ncl ugdgidoher § alcboviidrg Rtk e anineh daadmspdeiragvesE m helpéqpa@ﬁl byreactingan j = Am

Chem Soc 1996, Q/}gﬁb LLhern 4inpBSeekd 99an ckdahic 791,
HS ScHBin coafaingie %%%ﬂ ng{da{t{onyl%@g%xg%&@OS%OVeydaS et al lﬁ e%eg/ 0107138; K:
Fur st ggvengtollalved By additign oChepmt@3ger. 64, 8275. The utility of t hese catal ysts

in rlg&gkﬁing netathesis is well known in the literature (e.g. Trnka and

G ub yem Res. 2001, 34, 18). 5
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Following functionalization of the amine, the ester can be hydrolyzed under a range of

20 basic conditions known to those skilied 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, 1999).
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( /\ RuRu ri?Cl PCy3C 11,cy3 20Li st of Abbreviations BOP DCC DBU DCE 25

DVAP DMF EDC Benzotri azol e-1-yl-oxy-tris-(di nethyl am '

. - am no) - phospho
hexaf | uor ophosphat e Di cycl ohexyl car bodi i m deCHSCNX\ce't oni % r !DI e Prontam
1, 8- Di azabi cyclo[ 5. 4. Olundec- 7- ene Di chl or oet haneDCMVDI chl or omet hane
4- Di met hyl am no pyri di neDl PEADI i sopr oyl et hyl am ne

IE\]I- ETSE By lﬁ;?RS?gﬁgﬁ%g@?g@%ﬁéﬁfﬁwe&g? %uézldsls ?Tfi ti’gﬁé invention, the amino acid derivative
- can be coupled to the proline derivative via a wide range of peptide coupiing 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 be optionally hydrogenated to give a saturated linkage or
functionalized in alternative ways such as cyclopropanation. The proline ester is then hydrolyzed under
basic conditions and coupled with the cyclopropylamino acid ester (the appropriate alkenyl or
aikylcybiopropane portion of the molecule can be prepared as described previously (Llinas-Brunet et al.,
US 6,323,180) and subjected to an additional basic hydrolysis step to provide the final compoun&s. The

10 proline ester can also be hydrolyzed and directly coupled to an appropriately functionalized

cyclopropylamine acid acyl sulfonamide (which can be prepared according to Wang X.A.etal
WO2003/099274) to provide the final compounds.
Olefin metathesis catalysts include the following Ruthenium based species: F: Miller et al
T Am. Chem. Soc 1996, 118, 9606; G: Kingsbury et al /. Am. Chem. Soc 1999, 121, 791; H: Scholl et al
15  Org Lett. 1999, 1, 953; Hoveyda et 2l US2002/0107138: K: Furstner et al. J. Org. Chem 1999, 64, 8275,
The utility of these catalysts in ring closing metathesis is well known in the literature (e.g. Trnka and

Grubbs, Acc. Chem. Res. 2001, 34, 18).
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| o,

Cl

Cf\[o
:F\’|Lz_ al
ey,

H N

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

20 List of Abbreviations

BOPY Benzotriazole-1 uyl—oxy~tris—(dimethy1amino)—phosphonium hexafluorophosphate
DCC Dicyclohexylcarbodiimide CHiCN Acetonitrile
DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene
DCE Dichloroethane DCM Dichloromethane

25 DMAP 4.Dimethylamino pyridine DIPEA Diisoproylethylamine
DMF Dimethylformamide DMSO Dimethy] sulfoxide
EDC N-(3-Dimethylaminopropyl)}-N ethylcarbodiimide
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Et 3NTri et hyl am neEt 2001 et hyl et her Et OAcEt hyl acetat eEt OHEt hanol

HATUWO- ( 7- Azabenzotri azol - 1-y1) - NN, N1F-t et ranet hyl ur oni um

hexaf | uor ophosphat e HBr Hydr obromi ¢ aci d 5HC1Hydrochl oric aci dHOAcAcet i ¢

aci d HOAt 1- Hydr oxy- 7- azabenzotri azol eLi OHLi t hi um hydr oxi de

NE:)]IC-ll\/Et ha[\tlgcc)Jl_'I\S/ggQ4Nagn35| um Sul f at e NaHCO3Sodi um bi car bonat eNa2504Sodi um

su odi um hydr,oxi deNHACl Ammoni um chlyj de 10 Mis ni um

hydr ﬁjePd/ CPal | ad-ih%he{hg?r%%gnger bon Eeld lﬂ]etﬁﬁgw

Pd( PRhG)4t et r aki s( t ritpHerridiphosphi ne) pal | adi d#P{l0) Ethanol

PaleTeApenebPLLS T RASNXLRORRALNS JTRAOM P QiRetalF el Tobnahydolpuman

EXANVBIE 1 H)Xirobromic - etranmethyluron i umtetrafl uoroborate 15

i( %sfi (7:1%;1'108) - 10-1)Bugvlgﬁﬂhﬁgb@k%r?csacidl- {1(cycl opr opydsul f onvfAcarid mallcar bOnvil- 2-v
cl opropyl)-3,9,12- trjoxp-1.6 7.9.10 11..12 14 s .

15, 16%%1'0 ahvdr o- 5H 2;%}2%1‘%)%}/8{-%&&%1%%}&%!64. 13 2']%&)%1_ Lithium hydroxide

benzodiomat ri azacyclaemesi ne- 7- car boxam de ( MdSQy) 20 Magnesium Sulfate

NaHCO; Sodium bicarbonate Na,SCy Sodium sulfate
NaOH Sodium hydroxide NH,Ci Ammonium chloride
10 NH.OH Ammonium hydroxide PA/C Pziladium on carbon
Pd(PPhs)s tetrakis(triphenylphosphine)palladium (0)
PhMe Toluene PPh; Triphenylphosphine
RT room temperature THF Tetrabydofuran
TBTU. O-Benzotriazol-1-yl-N,N,N "N -tetramethyluronium tetrafluoroborate
15
EXAMPLE |
(5R.7S.108)-10-Butvl-N-((1R 28}-1—{ [(cyclopropylsulfonyhaminolcarbonyl}-2-vinyleyclopropyl}-3.9,12-
trioxo-1.6.7.9.10.11.12.14.15.16-decahvdro-3H-2,22:5 8-dimethano-4,13.2.8.11-
benzodioxatriazacveloicosine-7-carboxamide (11-1)
20 HI-1

A mixture of 3-chlorophthalic acid anhydride (9 g, 49.2 mmol) and formamide (100 mL)
was heated to 125 °C and stirred for 3 h. Water (300 mL) was then added and the mixture was cooled to
25 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-chioro-1H-isoindole-1,3(2H)-dione (4.0 g, 22.0 mmol) 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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?S,t eﬁl 1: 4;]Chhl or oi soi ndol i ne 111 NH A m xture of
-chl orophthalic acid anhydride (9 g, 49.2 mvol) and fornmam de (100 nL

. , : was
heated to 125 C and stirred for 3 h. Water (300 nL) was then ad((jed and)the
m xture was cool ed to 25room tenperature. The mixture was filtered and the
resulting white solid was washed with water and dried to give

4-chl oro-1Hi soi ndol 1 3(214)-d
sol i @°Greairaee’d2 Pl 88l A )ewaf)cérfg’lﬂ? d‘ge orﬁlgOp%ﬁseggg/ﬂlg%e%m}l%mm Was ag?j%ieta-ro
bor apgsT; !@lﬁp@@imipgl 611 ((&NWId—iiﬁdecB&tllthnmvxtS% wis ﬁ@t@llc)m@ﬁl@fpw BEHFE S stirring.

}/\ggn e;,nhcgwggg{t L‘JIhF £rypls %YP&%”E cﬁlxﬁ olvb R TRAEE PR e HaXbdF NG é‘@i@ﬁ%ﬂé& #n@ ried | ux

e reaction mxture was t d
met hanoldidhBr@nethane 88helpHimihg aguees syt as Adipsiad et dﬂbﬁ%ﬁ §°g‘d§Y?§>H? gt (r)eact i on
2}5 xt Le'%tiac%%hrm@ﬁ[g%qmtth éﬂﬂ gé&attée MR ek bhEd eﬂh‘ﬂ@l&c&@e Nz d&bﬁﬁ/efadde(ﬁomnNBﬂSO'&,he

was acidic an he m xt

was dilesdlydebnpeptratef/ogie GederaiRpipdy ]Pgé}e% o @ﬁam@g ey ‘195 4C[¥]]{algﬁwpr oduct
mtﬂcgﬂgﬂﬂé@ﬁggilﬁhgmp The pH of the aqueous Iayer was. adj usted to pH = 11

g hlrlee lt§ Wbt oqtlc{?JYE Qa?lg(ﬁl axyl N€ conbi ned

concentrated to

gi Veg@ﬂ@lM1ﬁH~DE—ﬂQhﬂbd@dté\€ (1. 8 g, 53%vyield). LRVB (ESI n|Iz 154 [ (MI
calcd for C31-19CIN 154]. Step 2: ;/% Butyl 2- Eret hi/l LMY

(2S,4R)-4-(1(4-chloro-1. 3-di hvdro-2 j ndol-2-yl r

pyrrolidine-1, 2-di carboxyl ate 10 Toya) ggl B?in)cl)lnl g?y\lil- Boc prol
ne methyl ester (2.87 g, 11.7 mmol) in Dﬁf (15 nL) at OC was added
carbonyl dii m dazole (1.9 g, 11.7 mmk)\The reaction was warned to room

- terrperature and stirred for 30 m %%ytlon of 4-chl oroisoindoline (1.8
11.7 mol ) in DVF (10 nli) was then added and the reaction mxture was

atedtoSOC d st d f :
I5et hyl ot her aHth BORPEEoRHE R EePa e 6 T L E YA PR S@ﬁ.@é‘“’

| ayerywagdsasesl iidibaert(ep ¢, trT eehoby é“he Na@iomavas wﬂnteé terpoRAeMREEHER A at ed.

-er{]ﬁyfsg%ggf Eg%lfrﬁt/h\,\@gch UI‘ Y f hl%gols%%déinlxel ((%% gg? i (ng{oﬂ% 9MF (@b HltU) Qfs hPadial 90%

(2S, 4R} tHb-rffctidn oldtioe @/aii;@tea [tchW‘iQ)a.ng }SItuTed for 2 h The reactlon glixture was poured onto
15 ethyl ether and 0.5 M HCl and the layers were separated. The organic layer was washed with water, dried

over NaySOy, filtered and concentrated. The crude product was purified on silica gel {gradient elution
10% to 90% ethyl acetate in hexanes) to give 1-fert-butyl 2-methy! (28,4R)-4- {[(4-chloro-1,3-dibydro-2H-
isoindol-2-yl)carbonyljoxy} pyrrolidine-1 2-dicarboxylate (3.3 g, 66% yield). LRMS (ESI) m/z 325
[(M+H-Boc}; caled for CisHisCIN O, 325].

20 Step3: |-fert-Butvl 2-methyl (2S.4R)-4-{[(4-vinyl-1. 3-dihvdro-2H-isoindol-2-vlcarbonyl ?o)\v}

DVIT olidmc 1. 2-dicarboxylate

A
O>:O
0/’

A solution of 1-rert-butyl 2-methyl (28,4R}-4-{{(4»Viny1—1,3~di}}ydro—2H-isoéndoi~2~
yl)carbonyl]oxy}pyrrolidine~1,Z—dicarboxylate (40 mg, 0.09 mmol), vinyl tributylystannane (36 mg, 0.11
25 mmol) and cesium fluoride (31 mg, 0.21 mmol) in dioxane (0.5 mL) was degassed with N for 15 min.
Bis(tributylphospine)palladium(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-tert-butyl 2-methyl (28,4R)-4-{[(4-
Vinyl-1,3—dihydro—EH~isoind01—2~yi)carbonyl]oxy}pyrroiidine-1,2—dicarboxylate (10 mg, 25 % yield).
26



i soi ndol-2-yl)carbonyl ].oxyl pyrrolidine-1, 2-di carboxylate (3.3 g, 66%
yield). LRVME (ESI) nilz 325 [(MHHBoc)+; calcd for CL5H18CI N204: 325].
20Step 3: 1-tert-Butyl 2-nethyl (2S.4R)-4-( [(4-vinyl-1, 3-di hvdro-2H1iso
dol- 2-vl)carbonyll oxy} pvntlidine-1,2-dicarboxylate A
sol ution of 1-tert- butyI 2 rrethyl '
(2S,4R) -4-1] (4-vin i
yl )céRM&r{W a%zgawﬁ\fiﬂﬁ SRl A
tri b's%ex|4yﬁkﬁwnanserﬁ3@nwmwmﬂoﬁvm5mtvﬁbnwh ' POy * Y, 0.

mol ) T n di oxa ﬂ 5 nmL) was degassed with N2 for 15 m n.

Bi s(&ﬂ@b@ﬂ-&&#ﬂggﬁﬁ%wl ST al l adi um(0) (2 D, 0. 005 mmol ) was then added and the
reaction vessel was seal ed and heate 100C for 18h. After cooling, the
reaction m xture was concentr at ea and putifed by silica gel chromatography

(10%to 90%ethyl acetate in hexanes)_ tOogl ve 1-tert-butyl 2-nethyl
(2S, 4R) 4-{[ (4- 3@/
vi nyl-1, 3-di hydro- 2H i soi ndol- 2- yI)/c rb | I oxyl pyrrolidine-1, 2-di carboxyl a
te (10 rrg, 25 %yield). LRVS (EST) z° 317 KM+H Bocf; calcd for '
C171121N204: 317]. Step 4: Methyl L
N5 1( pent - 4- eny hexylasiacctimidg Fleriornd 2usyiy! QERR-4= (¢ oanti AP TP Rito- o1 i
soi ndol-2- vDcarbo .21 t kva€ Qi¥e@h AIMIE ok ef HEbut v
2- metnyleaposligRyPyr %%1 fﬁscq%;fy%?e 0 ﬁlgoozﬁ%dgg?n dol ol and
2- yeQﬁbemqungxy&Iftay]rm alc- MSmealxmszm@P@%dr% ol oBs B Oh gL PSP RIAFT BBE  added
a 4 gﬂ sol.utlon ned' éog réd&c@'l@é@&@tﬂé orflohentdvtre theik rdmovkCnMBcnaidysd s
|nd| 2y }:% e ‘cons. ion of the starting material and formation of
t he dﬁsiemcbr@a@aspaﬁ@dumn %éz% latile conmponents were then renoved in
cuo, and the rgg%i%ge;ésgﬁdem(ﬁeak@m -ty loixmcBvEny( 1. -narjeucinglfd MehP-$7 mi xt ure

o )
( pfe?;iﬁé&pa“%aééﬁéé‘%gd‘i@?f%& N el St @%mm‘) )
EDC (rﬁnAlolﬁrg'xd }@(Dﬁﬁ]drm' )2 @imehoBIOATf e stidrimept 10 f2 §0 m|oymp1;g@et0@1?su§1ﬂianqf i

for 30 mn, co u MRS 1e¥ianGed Il amd NS, The
r eactdge ‘F’ﬁsﬂ’ ’Lﬁlg;gc &é‘& Lt%ﬂ]glﬁ The T(eg(gmgfmn‘tnl% WASHE y X

| ayerT}W&ﬁgamshedww wnh@rwﬁebrmdndﬁméwvﬁ\}ﬂﬁs%g@ﬁsc’]["lel’?}aw? ?Pern?mveg% fahgdam :

Epg%;ﬂ ﬁ%aa)pugiuét ;aaﬁfh& o%rsméggmg@dmtomm@m) iyett! @rms{OVeael)rd- 90 %

N- Rpemtthv- J\éitipﬁlnbﬁ*y%d@r%ﬁwﬂv Dﬁﬂ?‘l%ﬁ@% g’({[ﬁfg{)w% i?%&lydm“z}alsimgmdqf hydro-2Hi s
oi nd%éﬁi%ﬁﬁg}bQWJMQ&SYLRmQLQ ) iatde [(RVS GESE)r Gmf“hd\?%@i@ REVI+H) +; cal cd

for Step $: Methvl (SR.7S, ](}S) 10-butyi-3.9.12-triexo-1.6.7, 9 10.11,12, }4 15.16-decahvdro-3H-2.22:5, 8—

dimethano-4,13.2.8.1 1.henzodioxatriazacveloicosine-7- -carboxyviate

z O/
\O

” A solution of methyl Nw[(peut»4—enyony)carbonyl]—L—llo;‘leucyl-(4R)—4-{[(4~viny1—1,3—
dihydro—2H~isoiﬁdol—2—y§.)carb0ny1}exy}mL-prolinate (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

95 to 100 °C for 1h. At this time, LC-MS and TLC analysis indicated complete consumption of the starting

ingle product which had the desired mass. The solvent was then
EtOAc/hexane) to yield 45 mg
12,14,15,16-decahydro-5H-

material and formation of nearly a s
. oy 0
removed in vacuo, and the crude product was purified on silica (5-70%

(79% vield) of methyl (3R,75,108)-10-butyl-3,9,12-trioxo-1,6,7.9,10,11,
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Step 5: Methyl (5R 7

S, 10S)-10-buty1-3.9.12-trioxo-1,6,7.9,10,11, 12, 14. 15. 16- decahydr o- 5H 2, 22
5.8- dinet hano-4, 13, 2. 8, 11- benzodloxatrlazacycI0|005|ne 7- car boxvl at e 20
A solution of nmethyl AL[(pent-4-enyl oxy) car bonyl kL- nor | eucyl - [ (4-vinyl-1, 3-
d| hydro 2H-i soi ndol - 2-yCcar bonyl | oxyl -L-prolinate (60 ng, 0.11 mml) in DCE

Cat agbéts\l@%—né% 2 (—éﬁg‘?ﬁw&gm zod}{n&r %gcsggc% d;ﬁe7 é@@déﬁfa%;gg\mg%ﬁmgxéag 13,?-& ; nnan

Phar W{HITJ chle@ Torrfig;Hs Q\I%Oﬂ. Snﬁﬁol) was then added The sol ut| on was then heat ed
. f -V = - ” . . o 3D g & D)

~enoved i n vacuo,

agd tQ&?gir?yﬁlﬁaezlﬁ%ﬁ%g&%mma@bﬂahﬁdeed on si I i ca (5 70% Et OAc/ hexane) to yield
Y0

(5R, 7S, 10S) - 10 thsy&m%“ @‘h el (7R ! )-8 0-pug- R 1 iopy P G e é’cjghlgdr 0- 514-
2,22: d@@a%?'d}bJSHtMSﬂmie&aﬁo -8, 13,1memzwdmxammmaweh@ff@aéwéﬂwﬁéawgb Wl ate.
LRVS (E [ ( : L2 Rnfol). The
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i nvl &y@h&pmmpn&}vas heated to 40 °C and stirred for 1 B, at which time complete Consumption of the

é’og 11%61]%)5 I_eL ér sg%tin% ?1&?'9&5%561’2@(11‘)@7 L@M@GTQ@ﬁQJﬂM Qﬂv@s Bk RorR2d-&y, Bitldd. et i@n0- 4, 1

di oxat ri azacycl oi cosi ne- -gar oxani de The crude TO @
sol utand) (15105 R rﬂﬁ][em,ganw ayer was then dried over K;COs, and solv ent was removed in vacuo. The crude

(5R ﬁg&asl&epg];%lgﬁpgl k2ytrioxo-1,6,7, 9 10, 11, 12, 14, 15, 16-
decallydro- 5k 2, 22° 5 ?1

4 ..
carboxyl ate (45 svowH %nge%ﬁgz%ﬁ o cyﬁwé@&ls?ﬁ%ﬁfa@;ﬁ%%&%@l fosi ne- 7
M) was,1@dBedpidafiif dhiomde (0118:2-Bromt )t.al TRES/FEat tidonyand el Ve Q99 EAERd t o

40 C and t| rre t fea@fontrhietur

ey et SpIFi( hyhts Pl SR BRTEG LS« AR, oRaRr e

t hen warskeet a1 pooni feip&areNonlid THE OacionTHENEY it n’i'fécqyaﬁ‘/‘efe%\*ﬁsr “YREw “EPF %@ggov er

KZCO'%E gﬁggsr?‘?é YRR 0 MBS 1 N?@Vz%@' 11 r[\(byaay@pﬂsamv%me}c%@@mm ingBydlaeenyup in
a

t he ove_solu
(1R, Z@ 1Zktr{OKWéWG?e}‘Qa]dylﬂsldl1\§dﬁ3¢$‘)a§¥ﬁrﬂéﬁ&2@b}3¢1§1fft@“° & ﬁgw ¢yl opr opanani ni um
chl orgy fbd(dx!ai'r;%% cﬁg}w@ate 7eart@karbiBOB) Hayl 58/ gretl) VAN MR (sa{b MWD 081, 0992:74) (32

a?f59d t’ri)é)ir(éa&wd i We?(\%égrﬁg@ 91‘%% g?ﬁlr%db ’?egpé: ’Og%gmr }ergf% ol )

react 10N Hylsxw(rsel Mas.3di(,aanl y2pur il 1) gdiddy. Fievésed. %Nmseﬁl APRUE 1t Hide
\(/ ;‘35 r% i 83 blft}}’) 7.5 G Re29bs & LY 64 Rr PRY bl dnonMBalnigno] agnbony 1} - 2-
3, 9y]2HD mcmxm-zﬁa 10491 DFLLL, 7821 4 FA 5, 46e el & &Ry b 5 ot & @: Hfd%hdho- 4, 1
8 be i WENet:Tplsic) de (27 47% vyi el d
VR R B e A Bl R e e Y 1y 715 (& 1
M5 7.04 (s, 1 H, 6.40 (d. J= 16.1 Hz, 1H) 6.08 (m 1 H), 5.76 (in, 1
H), 544(s 1 H, 5.36 (d, 1 H, @xﬂﬁPLﬁz H, 5.14 (d, 1 H), 4.80-4.68
, 4. 44

3 : ando 3.95
(rn 1§JE)L1.S (e 94 A3 H : :
2.06 §m122rldﬂblsl7@40(m2 4. 1) 16- @cﬁﬁd«orwzmmdlmeth@q%ﬁﬁm 1.38-1.06 (m

5H, benz,odt.ox(atrlazacwl,_%lcesme%cag ‘Boxamide (EE-2)

HI-2
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3 H ppm LRVS (ESI) n2/z 712 [(MH)-; cal cd for C351-146N509S: 712
EXAMPLE 2 (5R 7S, 10S -10-tert-Butyl-N- 1R 2Sc co o SUfOn 1 am no c!ar bon |
- 2-vinyl cycl opropy1l) -

3.9,12-trioxo-1.6,7,9,10, 11, 12. 14. 15. 16- decahydr o- 5H 2, 225, 8-d i net han
0-4,13,2.8,11- benzodi oxatriazacycl oi cosine-7-carboxamide (111-2) 30 0

111- 2

for BxavpLE | XM P Befub e RAR T GopRGaarlaties gg@g’%gpf@@&ugﬁ he’"
( pr epamedlyaEfpetitrgytt: tantnpl m@re@@%mom Qe @TGCRdYsT ki) gyas used i

B;En( p@%t&fgﬁga !g)tﬂ Oﬁg))%?éé?%w 'ﬁLno?l@ﬁénﬁ‘eLig ka4 41 P SNGIP (0 MIFA, WMR (500 aVHz,

Hz, 19.94) (s . 6 FO4 38, aHpqﬁ 135m72H@rﬁ311(dH5 Fst‘? g 111?%8@(% %3 g‘}'?w(ﬁhs flﬁ é51g
(H)% 1(nl")z }%)45 Tl ﬁfi 5(1 0.3 1)) 4.744 556 (b, H)lzéEB (4, 41848 (¢, T4 4381mA B (m 2
Y A GLE N 1 H%f gl 2850 5% by, 2500 b i gs 40 (4, 2

(M 200,74 Im OI7HY, $.47 B H) HppBY (hRMS), (155[5) 9 Hp pem 7 LRMS((WFBini 2 71@&0‘&“&4} oricd
C_351 L gl\% @@ 7?%11 10EXAMPLE 3 (5R. 7 S .1 0OS)-10-tert-Butvl-N41R 25)-1-f
| i cyci’boi*otivE i yDami nol car bonyl | -2-vinvlevcl opropyl)-
15, 15-dinethyl -3,9,12-trioxo-1,6,7.9,10,1 |
, 14, 15. 16- decahvdr o- 5H 2. 22: 5. ﬁggn@phmﬁno 4 13,2.8.11-
benzodloxatrlazacycI0|c05|ne 7- carboxanl 6 %2 q—%
(5R.7S.108)-10~rer-Butyl-N-((1R,2S)-1-{[{cvclopropylsulion }ammo arbonyl}-2-vinvicveiopropyl)-

15.15-dimethy]-3.9.12-trioxo-1,6.7.9,10,11.12.14,15.1 6-decahvdro-5H-2.22:5_§-dimethano-4,13.2.8.11-

henzodioxatriazacycloicosine-7-carboxamide (111-8)

15 Step 1: 1-Bromo-2.3-bis(bromomethylibenzene

Br

Br Br
A suspension of 3-brome-o-xylene (196 g, 1.06 mol), N-bromosuccinimide (377 g, 2.15
mol) and benzoyl peroxide (0.26 g, 1.0 mmol) in carbon tetrachioride (1 800 ml.) was heated to reflux
under nitrogen for 15 h. The contents of the reaction flask were cooled, ﬁhercd and the filtrate
20  evaporated. Distilled crude material under high vacuun. Major fractions distilled between 88 °C and 152
°C. Recovered 108 g pure material. Recovered 182 g slightly crude material which could be used in the
following reaction. ‘H NMR (CDCls) & (ppm) 7.56 (d, /= 8.0 Hz, [ H), 7.31 (d,J=8.0Hz, 1H), 7.26 (s,
1 HD, 7.16 (t, J= 8.0 Hz, 1 H), 4.84 (s, 2 H), 4.64 (s, 2 H).

Step 2: 2-Benzyl-4-bromoisoindoline

Br

25
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(bromomethyl)benzene (280 g, 0.82 mol in 500
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15Step 1: 1-Ergng-2,3-bis(brornonethyDbenzene Br Br A
suspensi on o - brono- o-xyl ene (196 g, 1.06 nol), /V-bronosucci nm de

g, 2.15 nol) and benzoyl peroxide (0.26 g, 1.0 nmol) in carbon (377
tetrachloride (1800 nL) was heated to reflux under nitrogen for 15 h. The
contents of the reaction flask were cooled, filtered, and the filtrate

20evapor at ed., D |IIed cr
B 8 4ELSo TPSE ) 007kl BRI Voo at | on

182 ge@tibohthgs orute Tietrerckial miatire RaTBied 2be "Gdec ohn TEHe B Iot%? ﬁe&"m
r eactf{, %werl Eﬁjgle ife %Xhe%o(vgﬁ?%ngv\?@gy Eporko e l‘ﬂlctldh vlrﬂ)s,paﬁltzé}ibd Getwed= 8.0

2 H) .IMSKeD:2nd E%%m ZKhe orRaBEOTEF S6FRE I Hé“f!;é“edl Wil it ]‘gﬁ%s %fs_gé"’du bt (s
bla' car, %%?atte% 204 ctgmmn?c}ﬁ)é‘mﬁ@clﬁph\ﬁ@&a&btﬁ prrice deptmeac &80 M@ Ad ﬂnéle}éidm) Eveand t he

oot g Gammmatio o goo e Hbt Shy oy CROITS Gnd Pt 0 EIRL P begsene

ol 45002 o), 751 DI 01e)| B0 B(ma A0 CDBCLEL STy LSRR D T
‘he ﬂ@%@ﬁ%ﬁﬁgﬂbggﬁ WEEQ%&%§¥%§”&6§ tirred at 77 C for 16h. The contents of

ered and
evaporation. Thenveadtd BA1 s @1H@HW&@HOﬁé@“ﬁ@?&ggﬁsgk%&?&@%§ﬂ3%§qéﬁﬁﬁc The
rganl Ug&g@%}%ﬁsh‘d with brine, dried with anhydrous Na2SO4, filtered, and
EtOAdhe coLuqn chromat ography (gradient elution: heptane to 10%
m3: hie Bemapled-vigeiseinddlinér evapgration the title conpound as a pale oil.

1H NgR (CbC13) 8 (ppm 7.41-7.39 ( 1), 7.37- 7.34 (m 2 11), 7.32-7.27
(LQI\/S H, 7.10-7.03 (m 2 H), 4. , , 3.97 (s, 2 H, 3.91 (s, 2 H.
(EST) nilz 289 [(Mdr; calcd C1 13rN. 289]. Converted to HCl

salt in EIC/MOH Added MIBE and filtere
as the HCl saltA scStudml 32 bgnzgéﬁ@mm@omdﬁl\i,qei(é%? E’Ioﬁgl {0 glk\mgitﬂlé{t}flgﬁnybplopr oduct

(2 ZBG%% [}68§ g%lm%ﬁ;l @(ﬁ&n)elnk 068 V\7as gs 29:8d By BumBling lﬁfﬁdgeh rhdabitoydH té sopdtion ifer

e
G AR NN R e TR
(0) (éloitf%gn catol-id 8 10071 o Mﬁu;ﬂ&dﬁ@og&ﬂ thriohie Tiss:lohttentsl gf tim)femfl% ﬁlaﬁé&qﬂéd in a

100 ﬁ at h unde t f
wer e @@We@’ﬂp%ﬁ%ﬁﬁrﬁ‘@%ﬁ%ﬁg nﬂibo%kx&n c?]romap% %Rné] tr(}fgjvnlﬁf he&%}%ﬁg}?g%%ig@r%m ask
el ut i pg;iwbr fexanheidtitle cammtaﬂ es 9BSoit haginped pink ap seiEgo-BMIR-Y fﬁé‘ title

??gﬁa;%ﬂaa g?c§$F§PQEﬂﬂEG%%6f;ggfd pi nk on standing. LRVS (ESI) nilz 236

20 Step 4: 4-Vinylisoindoline
?QNH
o

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

75 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 1o 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

30 cooled and the solvent removed by evaporation, Water (200 mL) was added and the resulting mixture
washed with ethyl acetate (2 = 250 mL). The aqueous layer was made basic with 2N sodium hydroxide
then extracted with methylene chloride (4 x 250 mL). The combined organic extracts were dried with
anhydrous sodium sulfate, filiered and the filtrate evaporated. The remaining residue was subjected to

flash column chromatography eluting with methyiene chloride/methanol/ammonium hydroxide 97/3/0.3 fo
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20Step 4: 4-Vinylisoindol ne NH ‘A sol ution of
2-benzyl-4-vinylisoindoline (58 mml) in 1, 2-dichl oroethane (150 nL) was
placed in a IL round bottom flask under nitrogen. To this was attached an
addition funnel containing a solution of 1-chloroethyl chloroformate (7.51
m., 69.6 mol) in 1, 2-dichloroethane. The reaction flask 25was cooled in an
ice bath and the. coptents LL . WARE! oive ddegindr apwisié over
20 WPWSWé%B%ﬁﬁnfﬁ@OF%%@P%Eﬁﬁﬁ%gg??gﬁk%gﬁggfatur <5 g?@udter the addition
was genpb ebsy)t hRME €k in6r 46 (b Hvigslcd o SwElee™ d8ar m to room tenperature
then heajt_ ?—ger}—}gu i ipihdbie reaction flask were
cool ' '

yHodrbdn DO aigc-hel an¥ithe contents of the reaction flask were
heated to reflux for 30 mn. TheJfea¢tion flask was 30 cool ed and the
sol vent renoved by evaporation. Wit er2 (200 nL) was added and the resulting
m xture washed with ethyl acetate (2 y 0.L). The aqueous |ayer was made
basic with 2N sodi um hydroxi de t he Ee&graé?éd with nmethylene chloride (4 /

250 nlL). The conbined organic extract® Were dried with anhydrous sodi um
sul fate, filteregandot heritivkhllpatehyespd-athgdoxyPreolidmal. hitkgbredidus lnwas

subjected to_flash col hr.omat ogr a luki ag:w 1] L MB808o0le (6.70 o,

chi or oA TEORARONIATTEN BHERY PR e B0 3 Ta o5 8 e e S 5n of
f r actyionsmeawes 4dael tittel rescianpbuendsiass of thy sviopilpsk ErOOF A1 Bl , 71%
yield for two steps). ki 6l06 W - Aidhor) st (f oL Gridublied146] .
& cp tempvE e B of ¢ N T bRy Tt ¥ N 4 5% votassium

f104- VitRydacorBwaitytel 0 2 BREE Dbrbl 6ar-2p henypylehpn gyt gy iter anc 27 poras _
nyrr lip!ugfl t?:ggﬁ ei, %g@iﬁiﬁgf&y\bégﬁtm@ with etNNCEREHS(4>1BNAL). Combined organfs sgteut i on

of 1-ter ‘ (28,4R)-4-hydro rrolidine-1.2-dl oxyl ate
(10. Iwaghedtitbrivgasiried Wﬁ?{ BNFA{oge sqdiym YGEr ?ﬁ?%‘?%/dragé SHPREEL géfl‘gdc_?ﬁtﬁ%“bo C. Solid
L1 ‘c%?cfn%%?g}‘épﬂj/ bzl 1Rx4f/cTfH Getad 170 0mmed the idscoawded! a5 e Meeatt! 8n. The

contents of the reaction sk 8 09my,emerature and after 2h
o S0l @8- oebiS 55y 1B O TR BD0D ger a%*ﬁ%j—??ﬁ% (10,41 ves
agdde tseoLO ThE 5 5\ Satidionyuesniigatretiding -va 460yEl idihy seindajes2 Yol ed and
pour ed In&g égter and 5% pot assi um bi sul fate. The resulting m xture was
extr 2 et hyl acetate (4 50cnm). Conbi ned organi cs were washed
with brine, dried with anhydro oMium sukfate, filtered and evapor at ed.

Fl ash col um chr omat ogr aphy el uti ng w= hexane/ et hyl acetate 70/ 30 gave
the title compound as a white fam 1 (83.4 mnol, 81%yield). LRVS
(ESI) mz 417 [(MHE; calcd for CZZ?HZ@NZ%%: 417] .

A solution of 1-teri-Butyl 2-methyl (ZS,4R)—4~{[(4wvinyl-1,3-»dihydro~2H—isoindol—2-
Joxy}pyrrolidine-1,2-dicarboxylate (13.9 g, 33.4 mmol) in ethyl acetate (700 mL) was cooled

yl)carbonyl
20 in an ice bath the saturated with hydrogen chloride gas. The reaction flask was sealed and allowed to

warm to room temperature. After 3.5h the solvent was removed by evaporation to give the title compound

as a gray solid, 11.2 g, 95% yield). 'H NMR (500 MHz, ppm, CD;0D) § 7.47-7.45 (m, 1H), 7.32-7.31

(m, 1 H), 7.26-7.21 (m, 1 H), 6.79-6.73 (m, 1 H). 5.79-5.73 (m, 1 H), 5.46 (s, 1 H), 5.41 - 538 (m, 1 H),

4.80-4.72 (m, 4 H),3.91 (5,3 H), 3.74 - 3.63 (m, 2 H),2.77 - 2.71(m, | H), 2.51-2.46 (m, 1 H). LRMS
25 (BSD) m/z317 [((M+H)"; caled for CipHaNoO4: 3171 |

Step 7: Methvl N-{{( 2 5 _dimethylpent-4-envioxylcarbonyl}-3-methyl-L-valyi 4R)-4-{[{4-vinyl-1.3-

dihvdro-ZH-isoindol-Z-vl)carbonvﬂoxv}-L—prolinate
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15Step 6:
(3R 58) - 5- ( Met hoxycar bonvl ) pylrolidin-3-v14-vinvl-1.

3-dih -
2- carbOxvl ate Hydrochl ori de NO N) ?CO2CH3 k Zg{at?gzliglnd0|e
1[tert-ButyI 2-methyl (23, 4R)-4-{ft4-vinyl-1,3-di hydro-2Hi soi ndol- 2-
yl ) carbonyl ] oxyl pyrrolidine-1, 2-di carboxylate (13.9 g, 33.4 mnol) in ethyl

acetate (700 nL) was cooled 20in an i bath the satura i ‘

. ( ted with h

chl oride gas. The reaction flask was |l ed and all owed to marn1tgd;88§?
tenperature. After 3.5h the solven ¥y enoved by evaporation to give the

title conpound as a gray solid, 11.2g. Qéwbyleld) 1IHNMR (500 MHz, ppm

gD:;,SD)8747745(m 1 H, 7320731 1H, 7.26-7.21 (m 1 H

4863 (m 1 H, 579 - 5.73 7% .46 (s, 1 H, 5.41 - 5.38 (m 1
9)171('m 1-H;1.7§ z(srlnljaH%’ 3.19ii)(s 73“4:1)4, ES74 -'3.63 (m 2 H, 2.77 -
Cl7H2I N204: 317]. Step 7: Methyl N ¢ 4 y nifz L7 T(MHL; caled tor

i by oo D1 ool RODIBo0 PR AR ey Oy Sl ¥ oy t-5 2t
10 a S datc- Deer wxyl@ﬁmy&ﬁ;ch aac(er@ﬂ@na@@anmdgv&d\}i&b?ﬁa&@ﬂw?ew" ’

V: ne%é'l%%y%_m?w g? m ﬁ,:grfé{ﬁ%{‘;@e 1%4 Jke IQ%M |uﬁ1bﬂmymbrlﬁlcmagrauatbe5(m:(0(41g, 5.67
nmol ) f)la di ent - 4- bon
(5. 547,37, mBols HOBl PO . mp:m(ﬁi@@im Mé ﬁﬂéﬁg %(tlhgxiemahonén;xtgny‘@ | NS
H-OBt s@xrreg’ 9 185 iof 18 aﬂm&n)di%&q v@ih%@‘}} é&taﬂe&nﬂhque&% M| Yhe Bhes weza@ma@ﬁd
m X

st d at RI
Acoud UNGFODE STEs Bybr P BB TP SOGHE L HE bR & 1 Byer hct weshed

Wt h WEEBEs ARG D biriTRud of kil ed s Vetditia 280 S%itd wp etdyfaiﬁ@a‘f@éﬁ@éﬁle?}é? g The
methyl N-{[(2,2-dimethylpent-4-eny] Yoxy]carbonyi}-3-methyl-L-valyl-(4R)-4- {[(4-vinyl-1,3-dihydro-2H-
10 isoindol-2-yl)carbonyt]oxy}-L-prolinate (2.75 g, 85% vield) as a white foam. LRMS (ESI) m/z 570

[(M+H) caled for CyHugN;05: 570].
Step §: Methyl (SR.7S.108)-10- teri-butyl-15.15-dimethyl-3,9,12-trioxo-1, 6.7.9.10.11.12.14, 15.16-

decahvdro~5H—2.22.5.8-d1methano~4.13.2.8.11 -benzodioxatriazacycloicosine-7-carboxylate

5 C’T‘CH

5 A solution of methyl N—{[(2,2—dimethylpe11t—4-eny§)0xy]carbonyl}~3-methyI—L~valy1—(4R)~
4—{[(4—vinyl-l,3~dihyd:‘0—2H~isoindol—Z—yl)carbony]]oxy}—merolinate (2.46 g, 432 mmol) in anhydrous
dichloromethane (450 mL) was purged with nitrogen for 15 min. A solution of
bis(tricyclohexylphosphine)-3-phenyl-1H-indene-1 ~ylideneruthenium dichloride (Neolyst M1 catalyst
purchased from Strem) (0.40 g, (.43 mmol) in degassed, anhydrous dichloromethane (50 mL) was then

20 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 was complete at 48h. The residue was purified by flash chromatography on silica gel, eluting

with 10-70% EtOAc/Hexane, to give methyl (5R,78,105)-10-rert-butyl-15,15- dimethy1-3,9,12-trioxo-

1,6,7.9,10 i1,12,14,15,i6«decahydro—5H»~2,22:S,S—d.imethano—ﬁl,13,2,8 11-benzodioxatriazacycloicosine-7-
25 carboxylate (1.85 g, 76% yield). LRMS (ESI) m/z 542 [(M+H)"; caled for CaoHuNaO7: 5421

Reaction progress was monitored by HPLC until the
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crude residue was purifi il i i
acotate in hexanesl)o r gie\o/leogetSIhi/: Cal\ll- gel (gradient elution 5%to 50% et hyl
[ (2, 2-di met hyl pent - 4- enyBoxy] car bonyl |
-3-net hyl - L-val y1- (4R)-4-{[ (4-vinyl-1, 3-di hydro- 2H
]EI.OI 50i ndol- 2-yl ) carbonyl ] oxyl -L-prOlinate (2.75 g, 85%yield) as a white
Oamﬁ%g, ok Eﬂ?e; P M5 e J oG 1940080714 55 0] decStep-Fi-
2. i <

Met h 10-tert-pbutyl-
5. 15202 rfelt-diyngth3 BSOGOdI0BI ALY S HICY 14

g:cghydlro 5H-2. 22: 5. 8- di met hano- 4. 1 7 8. 11- benzodi oxat r | azacycl oi cosi ne-7-
2rdoxy ate H C H C OHAN CH, C CH, A solution of nethyl N {[(2

i met hylpent - 4- enyDoxyl car bOnyl | [[- 3 Jﬁ?et hyl -L-v alyl-(4R)- 4- {[(4-v

|4n3?:I2 rlrrml3) idlnh)a/mﬂrdo 2H—:jj50|h|ndoELe -yec {bonyl]oxyl -L-prolin ate (2.46 g

. ydrous di chl or ha :
Lor Lol )i n_anhydr ous nT|$ 450 inL) was purged with nitrogen
i s(tricycl ohexyl phosphi ne) - 3- Phen 4 fidene- 1-

yl i dener ut heni um
di chl ori de (Neolyst ML catal yst purch;aséd from Strerr) (0.40 g, 0.43 mol)

i n degassed, anhydrous dichl oronetha
over 30 nin. THe sehtvi ofmeiy (& \]/\%%?%QI“?’FP‘E'};)EQV@ Qgﬂﬁ?goleidtde}?%ﬂr?r)v#esg 2

r5|oor i 2630, 9{ 15 mei scf’:a;t &ké‘}@&ro\/ﬁl’ E,?.@Q@Qﬁm&mb@rﬁl?&mHl—l;enmde:rxym&ai@l’fmc@@aﬁt i on

pro HPLC
Do oo Bt £l fé?de@D P! ?%Lé‘?é‘-‘gs W%gg&%%gg? R W’F’*“%ﬁu?‘??\“& o
10- 7q(é@cﬁ59ﬁ%!tlﬁ@¥ﬁﬁﬁaateﬂ% g] "*Zﬁnﬂ'@%ﬁ}dl for 1 h. The reaction mlxture was dﬂuted with aqueous

O e e DAL TS kRl BRO Y lagehols 2l b Qe ofin 0l s 12, 14, 1

Dot e GO4, flgra, B mmmb@wﬁeddﬂ“bmp#wcwa%‘gﬁe@ with s bR iBeigr XM 17 85
76% ygzgl[&,m)L%d(fm% QH%ENb Sgg]z [ (MtH) ; cal cd for C291140N307: 542]2 St ep’

- aCl
dimethano-4.13.2.8. 1l—benzedl0xatr;azacvclomosme—7 carboxamlde

A solution of (5R,7S,108)-10-rert-butyl-1 5,15-dimethyl-3,9,12-trioxo-
13 1,6,7,9,10,11,12,14,15,3 6-decahydro-5H-2,22: 5,8-dimethano-4,13,2,8,11 -benzodioxatriazacycloicosine-7-
carboxylic acid (100 mg, 0.19 mmol), (1R,ZS)~1-{{(cyc]opropylsulfonyl)arninojcarbonyi}-2-
vinyleyclopropanaminium chloride (Llinas-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 mmoi), DIPEA (0.073 mL, 0.42 mmol) and 4- dimethylaminopyridine (2 mg} in

20 dichloromethane (5 mlL) was stirred at 40 °C for 1 h. The reaction solution was diluted with agueous
saturated NaHCOs, and extracted with EtOAc. The combined EtOAc layer was washed with water, brine,
dried over Nan SOy, filtered and concentrated. The residue was purified by flash chromatography eluting
with 3% MeOH/CH,Cl, to give (5R.7S,108)-10-ter -butyl-N-((1R,25)-1-

{ [(cyclopropylsulfonyl)amino]carbonyl} -2-vinyleyclopropyl)-15,15-dimethyl-3.9,1 2-trioxo-

25 1,6,7,9,10,11,12,14,15,1 6—deoahydro—5H—2,22:538—dimethano~4, i3,2,8,11 “benzodioxatriazacycloicosine-7-
carboxamide (80 mg, 57% yield). ' NMR (400 MHz, ppm, CDClz) 6 7.48 (s, 1H), 7.23 (s, L H), 7.12 (d,
1H), 6.23 (d, J= 159 Hz, 1 H), 5.94 (im, 1 H), 5.76 (m, 1 H), 5.50 (m, 2 H), 543 (s, 1 H), 524 (d,J=
16.6 Hz, 1 H), 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, 1 H),3.34(d, 1 B), 2.89 (m, L H), 2.43 (dd, 2 H), 2,06 (m, 1 H), 1.93 (m, 1 H), 1. 89 (dd, 1 H), 1.43 (d,

30 1H), 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+HY"; caled for

C37Hs0NsOeS: 740].



To a solution of nethyl (5R, 75,10S)-104ert-butyl-1

5.15-di met hy1- 3,9, 12-tri oxo- :

51,6,7,9, 10, 11, 12, 14, 15, 16- decahydr o- 5H 2, 22: 5, 8- di net hano-4, 13, 2, 8, 11- benz
odi oxatri azacycl oi cosi ne-7- carboxylate (0.9 g, 1.67 mol) in THF. H20
“(2:1,45 nL) was added Li OH (0.40 16.7 mmol ). The reaction m xture was
heated to 40 C and stirred for %W action m xture was diluted with
aqueous HCl, and extracted with E /f\\ e conbl ned Et OAc Iayer was_ washed
with watmrmsbmmaﬂ-Budﬂme(d]Rm@)m- I6 p 0 ' =
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(5R, 7EpidiS)kattidzaraticheBudsuie-

((cvelopr opvl sul fonvl) am rlbonyl | -2-

vi nvl cycl opropvl) - 15, 15-d 3 12 tcrlooa<o 1,6.7.9,10.11, 1/ 14, 15, 16-dec
ahvdr o- 5H 2, 22: 5. 8- di net hano- 4 13 pé%odl oxat ri azac

cl oi co5i ne-7- car boxami de A sabu J\QJQ

(5R, 7S, 10S)- 10-t ert - but y1- 15, 15X di rre?hyl 13,9, 12-tri oxo-

151,6,7,9,10, 11, 12, 14,15, 16- deca‘ﬁ/hi“o 514-2, 22: ﬁl_gz di rret hano 4,13, 2,8, 11- be
nZSOdI oxatrl azacyc onosine-7- carboxylic aci d (100 MP)LE3
(1R, 28)- 1- {[(cytteopxe@pxypwﬁmﬁwepaa ré@sﬁbthwfwziure used o EXR

vi nyl g\\% 3% gg@g@t 1 (gk'eyg‘eﬁﬂbgf)&aﬁ%n&lﬁ-ﬂﬁﬁﬁe—@e&dﬁle& a@brdilg 4S5O Blot&TmEDeand Wang

et al 1
0- (7- sarabehingtict AR BILA PN NI R Kot Iraheav iyl BF B g tine in Step 7. HNMR

. phos pts@ﬁ Wﬁﬂeﬁ launoig s o(1BAT U, H);mss g, HY 728 (W))? 1OUPEA), 609 0% 3/ 764 Bz.42

‘ d t hyl | h N
T0y ) o Gt ¢ 0 TSR S L BE 4 (A2 B SHE Ml SPGB 4073 mﬁ%&’@?ﬁs
sat ur gj,ed: NalhirG0837 @nuHext34adt ed), W96 IfddEﬂ @T/}\c3 77‘Kh@ﬂsc]dﬁb? Adam, Et@A?—: Sty efwas

washe tered and sqncem) riajsad. The
et A NE s 1 £ égeé&’e?l}gs#’e@% hcaci m? Jﬁ?rﬁg R et
to gi 9&l. (15@[9&811)@)2 71@E(M§1PD b@i@ci/foac(aﬁa.s%s%) _

kcycl opropyl sul f onyfi am no] car bonyl

-2-Vi nyI cycl opropyl) - 15, 15-di net hy %X%M% % -trioxo-

254,6,7,9, 10, 11, 12, 14, 15, 16- decahyrt ¥ 2,22:5,8-di net hano- 4, 13, 2, 8, 11- be
nzodi eraty joRs @@:yggﬂ QN ORI 118:174 ceaé aul fobes ﬂﬁlom@l&@ﬁwﬁdﬁ)@nﬂHﬂlWMO
e PR Sy, Bk 0 Sgenbhe B Lo il 424 11, 6,28 (d, J=
5.24 ()Qi,zodlox&trihﬁacﬁclbiie,mcﬂmhﬂﬂ 0533(1?@3176@(111-195} 4 70 (S 2 H, 4.61 (d, 1 H,
4.48 (m 3 H), 4.35 (d, 14(d 1H) 374 (d, 1 H, 3.34 (d, 1
H, 2289 (m 1 H, 2.43 Jﬁl) ,,,,,,, 2. , 1.93 (m | H, 1.89 (dd,

1'H, 1.43 (d, 301 H, 1.25 (m 3 1.06 (s, 9 H, 0.86
J(w&}ﬁf £?Vfor -

(s, 3 H. LRVs (ESI) nil
T

g

A 111133
20 The title compound was prepared according to the procedure used for EXAMPLE 3

l! 00,

except that 3—methyl—N—{(hex—S—enykoxy)carbonyé]—L~nor]eucine {prepared according to the procedure
below) was used in place of N—{{(2,2«dimethylpent—4—e;zyl)oxy]carbonyl}-3v~methyl—L—valine in Step 7. 'H
NMR (500 MHz, ppm, CD;0D) § 7.24 (1,1 H), 7.23 (d, 1 H), 7.15 (d, 1 H), 691(d, 1 H),637(d, /=
16.1 Hz, 1 H), 6.07 (m, 1H), 5.75 (m, { H), 5.39(s, 1 H), 5.29(d, 1 H), 5.12(d, 1 H), 4.77 (d, 1 H), 4.66

25 (m, 3 H),4.57(m, 1 H), 447 (q, 1 H), 4.39 (g, | I.-i), 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 (m, 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, § H), 1.27 (m, 1 H), 1.18 {m, 1 H), 1.09 (m, 2 H), 0.94 (¢, 3 H). LRMS (ESI) m/z 726
{(M+}4{)+; caled for CagHusNsOoS: 726].

34



C37HSON509S: 740]. EXAWPLE 4 (5R 7S. | S )-10-tert-Butyl-Nff 1 R 2 S)-1-
{ l'icycl opronyl sul fonvfl am nol carbonyl } -2-vinylcyclopropyl)-
3.9.12-trioxo-6,7,9.10, 11,12, 14, 15, 16. 17- decahydr o- 1H5H 2, 235, 8- di net hano- 4
,13.2.8,11- Dbenzodi oxatri azacycl oheni cosi ne-7-carboxam de (111-12)

The title conmpound was prepared according to the procedure used for EXAMPLE
3 except that 3-nethyl-N Khex-5- q&x%&&xtgarbonle—vallne (prepared
according to the procedure belomb was used in phece of

N- 1[ (2. 2. disnet-RytypaatIRES ootyremis ey lamBojes ) g7 1H
NMR (500 m ) 151t 24:3.826mhancl 1H)zsm 23 (d, 1 H,
A 1{@§P§W9100ﬁ m@%qgw%?d&?&cﬁﬁzdro 511") pi62mlbanoll IRL0.23 (0, 1 1),
5-38W@MM%MM1 H, 4.79 (d, 1 H, 4.73 -4.63 (m
4 H, 4.41 (s, 1 H), 4.3 1 H, 4.24 (d, 1 H, 3.96 (dd, 1 H), 3.77
(quin, 1 H, 2.94 (m 1 : 54 (g, 1 FD 2.29 - 2.13 (in, 4 H, 1.87 (dd,
1 H, 1.68 (m 2 H, 1.58 (§uip, i 1§44°(dd, 1 H, 1.25 (m 2 H), 1.05
(s, 9 H. LRVS (ESlI) 77712 726 K!\m/ﬂ ‘caltasf or C36HABN509S: 726] .

15EXAMPLE 5 Tf 0 ©
(5R 75, 10S) - 10-But yl - Nd( 1R, 25)¢ 1- {f(cycl ropylsulfonypaninolcarbony11-2-vi
nylcyclopropyl)-3,9 12- trioxo-6,7.9,10,11.12,14 15,16

- decahydr o- 1H. 5H 2, 23: 5, 8- digret han0- 4, 13. 2, 8. ﬂm498
b nzodloxatrlazacyclohen|c05|ne 7 car bo arrchtilEe 133 Ig&&gﬁLégl 133

20The title corpetinelcanpouit Birddred CEOFurng urcPsocecfure used” f

lxgeg h&E RH éat ' Qﬂ-tl ﬁGxWafb)é 1)71]\Uﬁhﬁé&cﬁle éryd amd},a)dcm{dlb@wyh Kirogrdve é@l‘@W}] e

d Db f
ﬁf{ sz msshr Bt 2By Ot T By gl ‘"’°‘P ne’in Siep T
11-1 I ggqg,mlvap o;ppm 2CR30B), THTd,24HY 1.24 @ HiY). 7528 1( 63044y /=A>1EN% d

D e ﬁz{ (dsa 45 )13 éc!"%’mlst&( @H@Zt%ornn iH) 4.8.dH 1y 1 H)
=0 )562é(1 1h), ’% ) o
395_5;7(@ BE))M g, ;}cmz 9(1«@1 i )3 794%1@9, (4 3]§1|_(_5n Ty 5-,972( H?}il),é‘) ARl (dd L

H) ,
5') | Y g27(§1(89%f331 89](6 it H)Zi 9@(&@&1)11 'slk(m21 14)91(56(mls H), | 38 (BN I(I)m 13(@)1 H? :2),529 E nm]
5 H) . 1.09 @7 2[R 0.% (H)3 H)lL}iMS((}(shS WZI—B 0’ @}ﬁg) ,(C%.Pdé’or H@?g? (7 L2
(ESI) 777/Z 726 [ (MH)+ calcd for C36H48N5095: 726].
15 EXAMPLE 7
{(5R.75.108)-10-tert-Butyl-N-((1R.28)-1-{[( cvclopronv]sulfonvl)amino}carbonvi}~2~vinvlcycloz)ropvl)-
15.15-dimethyl-3.9.12-triox0-6.7.9,10.11 12.14.15.16.17-decahvdro-] H.5H-2.23:5.8-dimethano-
4.13.2.8.11 -benzodioxatriazacvclohemcosine -7.carboxamide (111-199) '
OYn } /A‘
N « ‘b
7\/0\[( o] ° \
0 /r\
s TIE-199
20 The title compound was prepared according to the procedure used for EXAMPLE 3

except that N-{[(2,2-dimethylhex-5- enyDoxyJcarbonyl}-3-methyl-L-v aline (prepared according to the
procedure below) was used in place of N-{[(2,2-dimethyt pent-4-enyhoxyJcarbonyl}- -3-methyl-L-valine in
Step 7. "H NMR (500 MHz, ppm, CD;0D) §9.17(s, 1 H), 727 (t, J=7.5Hz, 1 H), 721 (£, /=73 Hz, 2
H), 7.16 (d.J= 7.5 Hz, 1 H), 6.38(d, /=16 Hz, 1 H), 6.03 (m, 1 H), 5.79 (m, 1 H), 5.32 (m, 2 H), 5. 13
25 (m, 1 H), 4.82-4.77 (m, 1 H), 4.73-4.61 (m, # H), 4.48 (s, 1 H), 4.39 (m, 1 H), 4.19(d, /= 12 Hz, 1 H),
3.96 (m, 1 H), 2.96 (m, 1 H), 2.59-2.55 (m, 1 H), 2.35-2.12 (m, 4 H), 1.89 (m, 1 H), 1.49-1.23 (m, 6 H),
1.51-0.98 (m, 14 H), 0.95-0.85 (e, 4 H). LRMS (ESD nv/z 754 [(M+H)'; caled for CagHsaNs06S: 754].
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EXAMPLE 6 5R 7S 105 -10-Bu -N- 1R 2S 1lvclolsulfon I am no carbonyl -2-v3 9
12- trioxo-1,6,7.9,10.11.12,14.15,161 71
8- dodecahydr o- 5H 2, 24: 5. 8- di met hano-4.13.2.8,11- ben zodi oxatria
zacycl odocos in e-7-carboxam de (111-198) 5 111-198 . The
title conpound was prepared according to the procedure used for EXAVPLE 3
except that N-Khept-6-en-I|-yloxy)carbonYl R-norl euci ne (prepared according
to the procedure bel ow) was used in place of
N-{[(2, 2-dinethylpent-4-enyBoxy]cEKB@H&Eﬁ-B-nethyl-L-v aline in Step 7.

0 rdoSulbntDamido]8Sbdndi: -Aletilicve b t, 1 H,

53 yoi2 | 20315 ¢
5.53 3(9512—‘[1101&&1 65933[1 }(Ld" 1415—.1‘16]%%%1—@0@6@&11%1‘0 ﬁH— 3 (

dd, 1 H),
_ , 1 FD 3 79 (quin, 1 FD, 3.3 (m 1
, .22 (in, 3 FD 1.89 (dd, 1 H), 1.74 (m

'1.66 (m 1 H), 1.5d H, 1.38 (m 8 H, 1.19 (m 1 H, 1.09 (m
2 H, 0.94 (t, 3 H). LRNB ESI) %?5\574® p&mwro4 calcd for C37H30N3095:

740] . \\:—{
15, 15- di met hy1-3.9, 12-tr| 1L1 12 4, 15. 16, 17- decabydr o- 1H, 511- 2.

23: 5, 8-di met hano4, 13. 2. 8, 11- : dloxatnﬁazacyclohen|c05|ne 7- car boxam de
(111-199) tij 20The title coﬁﬁoﬂﬁﬁ mas pr epatieghpaccording to the
procedure used for EXAMPLE 3 except th

N-{[ (2, 2- di met hykdigien®f BB %@F%é‘i"ﬁ]p |45 gxn}?@taﬁglpalkldx\ygxl qn ﬁ:grbfnb 1 é)%ar 2 g .03
aC C Or nggté)tA% n{‘é@ﬁmf&%ﬁfﬁﬂéghﬁh@&\ﬁnd@@hﬁ%@l batiopd fae @ hoThe reaction mlxtule was |
yBOX ?ec?t()) Ver & XJC beMﬁJ 1\ ¢ (ﬁuﬂ?ﬁ}ep 7. H
N'VR (@de "01159‘1’?‘5&‘6@0%@)‘35* o P ‘%’ ST H} foelifak L7 & L 7.21
({0, Ium?m%éld'gS% SHEN infwdkér (deh NIEOACH gILHZ),Th’b fidyptiond Wa® c@@pent\yafi&l i!@ltq.c}zwztkg_ H)
(6m 1aquous gfattyrgiegNSI%C%)rrRZO I’_)D ahd ﬁm%gteimth %HH%I@ (35( ﬂ(ﬁn@)'-'—) T contbifidd C%Cﬁglaﬁsﬂz 15
HZ, Twidp waShe@ 6/ith matel (5|Q|)mL)2dlgz@ openNap p& fi ]tﬁreégm%coggenérﬁt‘ed %o gl_;%e (Sg 7%30%) fZ (m 4
L‘ﬁl\/% {y&ﬁ(;'l IR )1 \;écgclgsg%ﬂonﬁ a'l?l)inogéarb%gt 2%%(;3% %M%% 002-86x6. 85 (m 4
1,6,7,9,10,11,12,14,15,16,17,18-dodecahydro- 5H-2,22:5,8-dimet ano—4 ,2,8,11
15 benzodioxatriazacycloicosine-7-carboxamide (0.31 g, 97% yield). " NMR (CD;OD, ppm) & 7.23 (1, 1
H), 7.14 (d, 1 H), 7.10 (d, 1 H}, 7.02(d, 1 H), 5.52 (s, 1H), 4.74 - 4.60 (m, 4 H), 4.48 - 430 (m, 4 H), 3.88
(A 1 H),3.75 (s, 1H), 2.99 (m, 1 H), 2.62 (m, 1 H), 241 (m, 2 H), 2.14 (m, 1H), 1.79 (m, 1 H), 165~ 1.51
(m, 6 H), 1.47 - 1.19 (m, 5 H), 1.07 (s, 9 H), 0.99 (t, 3 H). LRMS (EST) m/z 716 [(M+H)"; caled for

C35HsQN509SC 71 6] .

20
EXAMPLE 9
(5R.7S,108)-10-terr-Butyl-N-((1R.2R)}-1 =510 cvclonropvisuifonv&)aminoicarbonvl}—2~e-thv]cvclopropyl)—
3.9.12-triox0-6,7.9.10,11.12.14,15.16.17.1 8,19—dodecahvdro—1H,5H-2q23:5.8~dimethano—4.§3,2.8,1 1-
benzodioxatriazacvclohenicosine-7-carboxamide (EE1-201)
0
(O
Do, 9 0 0
i——:JW/H \\f/
i/v ;3\/% o ﬂ\ W
H &)
\ﬂ/ &
HGC/VCH, : ‘
23 Gty FEE-201

The title compound was prepared from EXAMPLE 4 using the procedure described for

EXAMPLE 8. 'HNMR (500 MHz, ppm, CD:0D) 8 7.23 (t, 1 H), 7.14 (d, 1 H), 7.10 (d, | 1), 7.02(d. 1
H), 536 (s, { H), 4.71 (m, 3 H), 4.64 (t, 1 H), 4.56 (m, | F), 4.40 (i, 2 H), 4.24 (d, 1 H), 3.96 (dd, 1 H),
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EXAMPLE 8 5R, 7S, 10S)-10-tert-Butyl-N-((1R 2R)-1 |icycl opropvl sul f onyBam

i nol carbonyl -2-ethyl cycl opropyl) - '

3,9,12-trioxo-1.6.7.9.10, 11, 12. 14, 15. 16. 17, 18- dodecahvdr o- 5H- 2, 22: 5. 8- di net
hano-4, 13. 2,8, 11- 5benzodi oxatri azacycl oi cosi ne-7- car boxam de (111 -200)

| 11- 200 A sol ution of EXAMPLE 2 (0.32 ng, 0.45 mmol) and

pal | ad| % 0 bnnE 0Ag, (40D 1mh)- v@smyigay, 083 [y,

sti rﬁéa% gr}ﬁai E@@} 6]}3 Egé q{r? ?4@@111 2D Thggﬁr P{: . was filtered
and qancROs (3t B 0.9Fkie3 Hésh&fé%(%b%&?@ E<Méél>b9a ‘r‘dg@é @g’ Bfneég J’%Lc (Del t aPak
C18 colum), 10running 40-65% CH3CN in water (with N -140Ac 1 g/L). The
fractions were concentrated, dil ut ed{)ﬁg“;r aqueous saturated NaHCO3 (20 nl)
and extracted with CH2C 2 (3 x 70-nt & combi ned CH2C12 | ayers were

wash 5&1%5@%%&1&5@1@&»1 _drivedpeyerulNadEidnoifartbamst edetdercoaiopdii Pated to
g| ve (SR 75 105) - 14' SLer oty Xdecclhl{vaa‘roﬁ}izﬁ)wja” sl S¥eherLopys sulf onyeam

i noj m@mrﬁﬂﬁ (11

- 2- etbgygogﬁéggtg@ﬁ , 10, 11, 12, 14, 15, 16, 17, 18- dodecahyd
ro-514-2,22:5, 8-di met han
15benzodi oxatri azacycl oi e-dz.car boxagi de (0 31 g, 97%yield). 1H NWR
(CD30D, ppm) 8 7.23 (t, 7 1[1@, ¥ 7.10 (d, 1 H), 7.02 (d, 1 H),
5.52(5,1H),474-46(m4;|—|) NBO(m4H) 3.88 (d, 1 H),
3.75 (s, 1H), 2.99 (m 1 27162 (rﬁ | , 2A1 (m 2 H), 2.14 (m 1H),
1.79 (m 1 H), 1.65- 1.51 (m e?ﬁ), 1.47°2 1.19 (m 5 H), 1.07 (s, 9 H),
0.99 (t, 3 H. LRVS (ESI) mz 6 [(Mir; cal cdyfi@apy C35HSONS095: 716]. 20
EXAMPLE 9

(5R, 75, 10S) - 1|o “Treritle Butydundives rrperdron EXAMREE SR8 A @%‘iefl‘grﬁ9§f‘é‘;r%% r;:ar bonv
32 G! 0 MHz, gom, CDOD 8723 (t, 1 H), 7.14 (d, 1 H), 7.09 (d, 1
%‘ 9, 1@%@% %QW@ 114 509475 3&% %%%i]agﬂm%&l Cog(ggem dx @ Lq(?m 5;5229335 8-d

i met hidn634 (18 12, 4876114 51b@hffd@r bR > tar boxam de
(| Il - ﬁ Jrzﬁ 215L7](-IZQJH) 2.51 (m, 2 H), 2.19 {{he Hj L T7eme o m.oLid- Wak(npr28 i letd (% diY-

p pm CE@@D)%?@ %9%&?3{}% ‘é’%&?”ﬁ %) 12% (B?H ﬁ{zq39%’\$§%aﬁd fé'i"d %MRB@@ @3dYHZ ,

5.36 (s, 1 H) 471(m3 ,464(t1 . 4.56 (in, 1 H, 440(m2H),

(5R.75.108)-10-Butyl-N-{ {(1R.2R)-1-{[( cvclopropvlsulfonvl_)aminolcarbonvi} 2.ethylevelopropyl)-3.9.12-
trioxo-1.6,7.9.10.11,12.14.15 16.17.18.}9$20—tetradecahvdro—5H—2.24:5 8-dimethano-4.13.2.8,11-

benzodioxatriaz,acvcloéocosinew’;’—carboxamide (111-203)

] ver,
Q
Y ; D\\I/

o J/ CH,
111-203

The title compound was prepared from EXAMPLE 6 using the procedure described for

N EXAMPLE 8. 'H NMR (500 MHz, ppm, CD:0D) 8 7.25 (&, 1 H), 7.15 (d, 1 H), 7.11 (d, 1 H), 3.53 (s, 1
H), 4.70 (s0, 4 1), 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
1), 2.63 (quin, 1 H), 2.51 (m. 1 H), 2.38 (m, 1 H), 2.20 (tt, 1 H), 1.76 (quin, L H), 1.68 —1.07 (m, 24 H),
1.00 (¢, 3 H), 0.95 (1, 3 H). LRMS (ES) m/z 744 [(M=H)"; caled for CorHsNsOsS: 744

25

EXAMPLE 12
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3.72 (quin, 1 H, 2.98 (m 1 H, 2.58 (m | H), 2.49 (n
, , , 2. , 2. m 2 , 2.15 (t, 1
H)E, 1.69- 1.19 (m 15 H, 1.09 (m 1 H, 1.06 (s, 9 H, 0.9|8_|)(t, 3H§. LRVS
(5(51?)72;1 iogfolg(lé/#il—l)l-l;(cal cd for C36H32N509S: 730]. EXAMPLE 10

utyl-N-((I R 2R -1-{ Il dsicl ' '
>(3R TS, cycl opropyl) o 9 (12_ ) { si cl opropvl sulfonyl)am nolcarbonyll

tr|0x06 Q .
: " IR =T 2 yber8hdi met han

0- 4, -8

H C 1315202:thy[Re. 10t : ape ( 1'1t ﬁgZ)

Ei;O ﬁg WREE00 Mz, ppm CD30D) 67.23 (t,
d, 1 H, 539 (s, 1 H, 4.76 - 4.61

(m 4H),443(m 3 H), ,392(dd,1|—|),3.69(quin,1|—|),

2.99 (m 1 H, 2.57 (m 1 H, m 2 H) 19 (tt, 1 1.77 1

ézé) iRﬁ/g(m 20 H), 1.17 ( b, °1.10 (m 2m,0.99(F?,3m,((r)rl.95(F?’
(ESI) mz 730 [(HC : cd for C36H32N309S: 730]. 15EXAMPLE n ,

5R 7S.1 OGS -10-Bu -N 1R , 2R‘|QSU|N | am no carbonyl

- 2- et hyl cycl opropvl) - 3. 9. 12- t?/” ofr 9,10. 11,12, 14 15 16, 17. 18

19, 20-t et radecahydr o- 5H 2, 24: 5*,508?@3 aﬁ -4,13, 2, 8. 11-

benzodi oxat ri azacyclodoc05| ne- 7- ¢ar bo am (111 203) 0O, H O

R HI1-204
5 The title compound was prepared from EXAMPLE 3 using the procedure described for
EXAMPLE 8. 'HNMR (400 MHz, ppm, CD;0D) 8 9.06 (s, 1 H), 7.22(dd, 1 H), 7.13 (d, 1 H), 7.07 (d, 1
M), 5.51 (s, 1 H), 4.72 (d, 2 H), 4.68 (d, 2 H), 4.44 (d, 2 H), 4.28 (m, 2 H), 3.87 (dd, 1 H), 3.28 (m, 1 H),
2,98 (d, 1 H), 2.85 (m, 3 H), 2.52 (m, 1 H), 2. 43 (m, 2 H), 2.15 (m, 1 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, 1 H), 1.06 (s, 3 H), 1.05 (s, 9 H), 0.98 (t, 3 1), 0.81 (s, 3 H). LRMS
10 (ESDm/z 744 [(M+H)"; caled for C3HsaNsOoS: 7441,

EXAMPLE 13
(5R.7S.108)-10-reri-Butyl-N-{(1 R.2R)-1-{[(cyclopropylsulfonyhamino]earbonyl} -2-ethvlcvelopropyl)-
15.15-dimethyl-3.9,12-triox0-6,7.9,10.11,12.34.1 5 16.17.18.19-dodecahvdro-1H,5H-2,23:5.8-dimethano-

15 4.13.2.8.11-benzodioxatri azacyclohenicosine—?»oarboxami de (TF1-205)

cH,
HE-205
The title compound was prepared from EXAMPLE 7 using the procedure described for
EXAMPLE 8. 'H NMR (500 MHz, ppm, CD;0D) & 9.09 (s, 1 H), 724, J=75Hz, 1 H),7.15(d,J=
7.5 Hz, 1 H),7.10(d,J=7.5 Hz, 1 H), 5.53 (s, 1 H), 4.75 - 4.59 (m, 4 H), 4.44 - 4.37 (m, 3 H), 420 (d, J=
20 12Hz 1 H),3.95-3.91(m, 1 H),3.31 (m, 2 H), 2.99 - 2.96 (m, 1 H), 2.62 - 2.46 (m, 3 H), 2.17 - 2.13 (m,
1 ), 1.67 - 1.50 (m, 6 H), 1.37 - 1.18 (m, 7 F). 1.15 - 0.96 (m, 16 H), 0.80 (s, 3 H). LRMS (ESI) m/z 758
[(M-+H)'; caled for CagHsgNsOsS: 7581,
Alternative Preparation:

Step 1 1-Bromo-2 3-bis(bromomethvibenzene
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H, C111- 203 20The title conpound was prepared from EXAMPLE 6 usin
_ t he
procedure described for EXAMPLE 8. IH NVMR (500 MHz, ppm CD30D) 27.25 (t, 1
H, 7.15 (d, 1 H, 7.11 (d, 1 H, 555 (s, 1 H, 470 (m 4 H, 4.49(m’1
H, 4.38 (t, 1 H, 429 (m 2H, 3.94 (dd, 1 H, 3.73 (quin, 1 H, 3.00
( 1H, 2.63 (quin, 1 H, 251 (m 1H, 2.38(m 1H, 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. LRV
Eggl )7Sm1|0é) 7?3 E(I\/Hrll)--; cal cd for C37H54N5095: 744]. 25 EXAMPLE 12
, 7S, -10-tert-Butyl - N4( 1R, 2R 1(cycl opropyl sul f i
I15-2-et T el ooroRy ) ) (cy propyl sul f onyl ) am nol car bonyl
, 15-di met hy1-3.9.12-trioxo-1,6,7.9;10,11, 12, 14. 15, 16, 17. 18- dodec
) ,11,12,14. 15,16, 17. 18- ahydr o- 5H
-2.22:5 ,8-di 1let han04, 13, 2.8, 11- ben%fod%xatri azacycl oi cosi ne-7-car ngam' de

l(,li-ll :]‘g Z?ﬁ)e or gl:ejébl 15;1%19 4151? TQ@‘ 5110113113 %— 9% S\ESmPN BRAlRsbeh re0e SEXAMPL ka8

400 CD30 D) 5
9. 06 Addsd M~br¢)nos%c@gm@@1662(1g ﬁ)} mql) grgl t(eazovﬁpe‘zﬂm&el;Zgﬁ ((8 mpo h%lpeg ?o
4 72 §£§tur@w§9hea‘é& @880(‘3@ 7an(28tlﬁbed uﬂde{’rﬁltl(ogen f2r 4. %eZ&t/:({xnmxﬂlrg;:s c@o]g(?to?@d(: 1

2 SH) ang 3355%mnahpom011 of l\f’% (5_02107 ( Irﬁ(’%) \é{&Sﬁ}ide% "Ji\i wectio%é%%t% Ivl?as héa’té‘& to 88"(;’4% (m

1.21 g(umstn"xled‘ﬁnderl};ﬁ%eﬁ o 23 hHY he kaddien (réxtw® wely cooledds R@sdilzlgﬁdpy;tlx k@pt@@ ((StL) 3 H)

EX,%\%/F{“% fijtar eésﬁle]ﬁ T cz?ko é%ngiﬁl@{l L4 ﬁéﬁa:{eQ i thERbhell Qfirafed (eRANGRRd. 744] .

| R 2R)hekridk (peyintiops diydielif mwaaaﬁa hbané ah'p 1260 b )apd Eteied Bresd pysic |

5, 15- q{}l‘lqlgg %%) fi ’%&e]a%ﬂﬁ; %pad was washed with heptane (4 L) and the combined filtrates were

~ Oxo- 16.17.18. 19- dode 3 dro-1H. 5H-2, 23 {hanol
50, 13020 @8 iehisrrobOR AL i ABY BT B6 Y RS R “(a? b

further purification. "HNMR (CDCl3) 8 (ppm) 7.56 (d, /= 8.0 Hz, 1 H), 731 (d,J=80Hz [ H),726(s,

1 H), 7.16 (t, J = 8.0 Hz, 1 H), 4.84 (s, 2 H), 4.64 (s, 2 H).

Step 2: 2-Benzyl-4- hromoisoindoline hvdrochloride

kel

15 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-brome-2,3-bis(bromomethyljbenzene (900 g, 2.63 mol in 1 L
MeCN) and benzylamine (281 g, 2.63 molin 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 h. The
contents of the reaction flask were cooled, filtered and the solvent removed by evaporation. The reaction

20 was partitioned between water (6 L) and EtOAc (2 L). The pH was adjusted to >9 by the addition of iM
K,CO;, the layers were scparated and the aqueous phase extracted with an additional portion of EtOAc (2
L). The combined organics were washed with brine, dried with anhydrous Na,SO,, filtered, and
evaporated. The crude oil was diluted with EtOH (300 mL) and cooled fo 0 °C. Methanolic HCl was
added until the mixture was acidic, followed by MTBE (700 mL) and the mixture sonicated, then stirred

25 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 (ESL)
m/z 289 [(M-+H)'; caled for CysH;sBrN: 2891

Step 3: 4-Bromoiseindoeline
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The title conmpound was prepared from EXAMPLE 7 using the procedure
descri bed for EXAMPLE 8. 1H NWR (500 MHz, ppm CD30D) 8 9.09 (s, 1 H, 7.24

(t, J =7.5H, 1 H, 7.15 (d, J == 7.5 Hz, 1 H), 7.10 (d, J= 7.5 Hz, 1 H),

5.53 (s, 1 H), 4.75 -4.59 (m 4 H), 4.44 - 4.37 (m 3 H), 4.20 (d, J= 2012

Hz, 1 H), 3.95 - 3.91 (in, 1 H, 3.31 (m 2 H, 2.99 - 2.96 (m 1 H, 2.62-

2.46 (m 3 H), 2.17 -2.13 (m 1 H, 1.67- 1.50 (m 6 H), 1.37- 1.18 (m 7
+

H, 1.15 -0.96 (in, 16 H), 0.80 3. LRVB (ESI) nil: 758 [(MrH) +;
cal cd for C38H56N509S: 758]. Alte ¥ve Preparation: Step 1:

1- Brono- 2, 3- bi s(bronmonet hvl) benzene Br Br To a suspension of

3- brono-o-xyl ene (999 g, 5.40 nol Prin chldrobenzene (9 L) at RT was added
N- br onosucci ni m de (162 9 : Y oR@S (OX b 38,96 Zankol gin 200. 8

mol ). The readfiEdH R’ %&%@f*%é‘b@a‘%ségﬁg%&g%é% and ,s(ti ?r ed under nitrogen
for 18 hosThesberel VoRaGH K0 nd.) weikthe bTted SHEedZor 8 BN Hhf Géi%“ﬁgﬂlefl onal
portion of NBS (302 ; | hhiRshs RAdR] and hvenedepdraed wiax biimdichaes heat ed
to sOoEPA %’?ﬁ%#\éqgh B%j(fé%w%li(}?ér} o%hen for. %{E %EOQ rea%:ti( N 25k UK SnfR1£ 00! ed
t @ REzecthobadtonde with foluepGams) (1Be )t vandistalyer & P OFREF e ‘Cake was washed
W th hept ?”?%jfdé‘d L)ndRskel beueankiiad fib,| itohitreshyiwbiceofeverod &trdd 51 THOIEr ude
prodet vgag I'ssol ved in heptane (2 L% arlgleﬁcﬁ'él Qfi f o ,200 cHeida @rebnf i | tered
t hr ough abidedidropatisaRiHia PiBoGe g5 iR A U ha pad was washed with h gtﬁne (4
L) ang, fhe.canbined. Thi folial ese weshed §itevipobared (¢ 6119 prdgmethanol (40 mL). The

1- br ono- 2, 3- bi s( br onpnet nzene | irghie ovarhich Theslidis ed

wi t hofiltrate s prafe '?q”ﬁ%‘éw%&’“i{@ﬁﬁga@%é%ﬁa@g#g?g 7. 36 (dy J = sl.fo Hz, 1
Hy  Twddtili€hed, dvashed with kiziprobedsne (7 m26 a;edsk}exg;nq.z})?.é drpedytg 8(f ,6‘8 S O L "H),

' 4.84 (s, .. 2 , Sy BgBenzyl- 4- br onoi soi ndol i ne
hydrﬁﬁ‘éﬁﬁ’"’%?%&fw P&ft%dsgﬂ§gr?rl1@9§%:anb?ﬁa e (657 .9, 6.
suspeneed i i 4 PN el NI R AR DHINEY S S0
_crude ”-ltgzrﬂ, TR)Ae 3- bi 5(br ononet hyebenzene (900 g, 2.63 nol in | L MeCN) and
f benzy%ne%‘ g, 2.63 mol i 1 L MeEN) were added concurrently via
addition funnels over 2 h. TH L@n m xture was stirred at 77 C for 2 h
and then cooled to RT and sti o~for 46 h. The contents of the reaction

fl ask were cooled, filtered ang the sofvent renpved by evaporation. The
reaction 20was partitioned betWeen watéer (6 )._and EtOAc (2 L). The pH was
adjusted to >9 by the addition of 1M N

O
0" "0

A

i5 To a solution of (28,4R)—BOC-4—hydroxyproline methyl ester (1263 g, 515 mmol) in

DMEF (960 mL) at 0 °C was added N,N°-carbonyldiimidazole (83.51 g, 515 mmol). The reaction mixture

was stirred at room temperature for 3 h. 4-Bromoisoindoline hydrochloride (120 g, 515 mmol) and

diisopropylethylamine (96.3 mL, 540 mmol) were added and the reaction mixture heated to 50 °C for 6 h

to room temperature and stirred overnight. The reaction mixture was partitioned
extracted with EtOAc (2 L) and the

then allowed to cool

)0 between EtOAc (3 L) and 10% aqueous KHSO4 (6 L), the aqueous re-

combined organic phases washed with 10% aqueous NaHCO;, brine, dried over Na,SQ, and solvent

evaporated fo a foam (239 g). LRMS (EST) m/z 471.0 _[(M+H)+; caled for CyHasBrN,Og: 471.1].
Step 5: 1-t-Butyl 2-methyl (2S.4R)-4-{[(4-vinyl-1 ,3—dihvdro—ZH~isoindol—Z-vl)carbonv]}oxv}pv;‘rohdme—

1.2-dicarboxvlate
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K2CO3, the | ayers were separated and the aqueous phase extracted with an
additional portion of EtOAc (2 L). The conbi ned organics were washed with
brine, dried with anhydrous Na2SO4, filtered, and evaporated. The crude oi
was diluted with Et01-1 (300 nmL) and cooled to O C. Methanolic HCl was
added until the m xture was acidic, followed by MIBE (700 nL) and the
m xture sonicated, then stirred 25for ~15 h. MIBE (1 L) was added and the
m xture was filtered and was 0% EtOH in MIBE foll owed by MIBE. The
solid was air dried to give Z:benzyl-%- bronoi soi ndoline hydrochl ori de
(211g). An additional portion bf product (86 g) was isol ated by
concentration of the nother LFquors. (E®1) ni/z 289 [(MrHf; calcd for
C151115BrN. 289]. Step 3: 4-Bronvisoin me NH MCI To a
sol ution of 2-benzy1-4-bronnisoindollgggpy ochloride (11 g, 30.96 mmol) in
200 mi EtOAc was added 1M NaOH (100 )Cand the m xture stirred for 30 nMm
The organic | ayer was separated, was with brine, dried over anhydrous
Na2SO4 and sol vent evaporated to an oil which was 5azeotroped once with
tol uene (50 tul). T ' y\ﬁ Ry19L - ghlpsebenzenardB0isvintyi-2and 4A
nmol ecul ar sievg%”T€n§?9g%he igiﬁﬁghg%???edﬁgzlutio A AF L r,lodyhn,
1- chorasdodyiboh borddoerer-dcqboglap (10.8¢ %1‘-‘)‘01\)\/5’5‘""15‘83% dP P se“over 5 min.
The r %@%é}hﬂq Qin%ﬁd&}:(ﬁ’o}’é@%ﬂ?@ emNeabieehd WeBPaGint 0r.5 ALN32 wool) édiowed Poom

ature | red,

tenpé? and filte . The sol jds wer hed.with ¢chl or (5 inL)
A AR e S R i T e s
cool @ndySbi e deadbon R @ATIRAEE Wrreflionfer fi,ghtled fiveons smperstuefideq Wiher ed,

mashedomﬁth chl or obepzen nlL nd . I 20 b QisPisVRe G884 g Of
titlél Oc/b?’%lﬁ%&ﬂﬁ_q%%{]%lﬁ f'goﬁirein%&i@g efgfoz(%ﬁ)iﬁ%?mgal nguf or C81- 19Br N;

198. OlxiraSbERitAEOActanBthie wkgaRicipbshyashed with brine, dried over Na,SO,, solvent evaporated
(2S,4ft)-4-{1(4-bronf-1, 3-di - a1 Qiun oL R 10L4FG ardhon viklaaxylepyer afet | di ne
: 1,ZW8F8§F% éVFﬁFgﬂgﬁéﬁﬁTg%g%g&@%%ﬁ%ionLBfQ(ZS,éﬁ?-%ﬁ§§4~hﬁdﬁg§ﬁﬂg%51ne
ek hydvapssien, hd 26 @mpoui(S. 1fed LRMTESNE §80 W Har c-dcoWae ™ il

N, N'- gar bonyldi § 9@z ak &b BpProl@in S4bt-vmmi1)3-difieo- Baoiidok-Jniaonyleic vas
stirred at roomtenperature for 3 h. 4-Bronoisoindoline hydrochloride (120
g, S51Edmebloyidand dii sopropyl et hyl arnine (96.3 ni, 540 mmol) were added and
the reaction m xture heated teg %€ f 6 h then allowed to cool to room
tenperature and stirred overn ' Oreaction m xture was partitioned

-

7 O\‘(O\
N
H 0
HCI

A mixture of 1-t-butyl 2-methyl (28,4R)—4—{[(4~vinyl-1,3-dihydro-ZH—iseindol—2—

.5 yl)carbonyl]oxy}pyrrolidinewl_,2—dicar'boxylate (18.0 g, 43.2 mmol) and HCl/djoxane (4 M) (43.2mlL, 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,5S)—S-(methoxycarbonyl)pyn‘oiidin-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 Ci7HaN;O4: 317] |

20 Siep 7: Methyl N-{[(2.2-dimethylhex-5-en-1-vlJoxylcarbonyl}-3 -methyl-L-vatyl-(4R)-4-{[(4-vinv]-1.3-

dihvdro-2 H-isoindol-2-v])carbonylloxy}-L-prolinate

Ty ]
| N—¢
o
<




20 between EtOAc (3 L) and 10% aqueous KHSO4 (6 L)
/ , the aqueous
rlgaextract ed with EtOAc (2 L) and the conbined organic phgses washed with
fofma((qggtg)uz) NaECRZK/)é (ErSII ;1e_, _ grl ed over NaTSOTl and sol vent evaporated to a
) tiik 471.0 MrH) +; calcd f :
Son 5 1Bt 2o mathyl [ (MtH) or C20H26Br N206: 471.1].

2S. 4
(1 2. d:?)cafbg)l(g,ﬁgg'é,%%u&n of(gk E%gg—(o‘gle%}oxyc%% [}ﬂﬁ%n‘gf%’g@%ﬁ @Qrﬁiyi { Q—ﬁ%kg%éﬁ&ﬂ i di ne-
(2S, 4Rknadteld c(aﬂrol@jﬂ@ﬂaﬁycﬂroc?sﬂcﬂldhy&i@ o- 1ZRImmhgbinddéi (D.2-dimethylhex- % Y

g't%;%?o% géggi@ 3/\_&6813 d‘g %ﬁ?n% 201 CARREY WLBLE (€A1 BT WAL adicaDEHEA (205

m nolpr..and dmdleEDY (afignes ¢ mngl)mqilfgglt%é; tzllf’ %I)Hngﬁﬂg?‘rgr 188 h thg I‘eaCZ[!O]lgﬂlM;Ul%

3. gﬁ{‘%%gt&rg al‘g]ogété dgm&%&@agﬁ@m o), frad T eursalasra:akvhﬁddtmu(witb E€Hicomiddle

to rabhied ogarde lyerewer 8ashed o Féhﬁ“é?e&)\fﬁwd“ﬁ%ﬁ% “heth %%g/?g%%oﬂgat e

\lflaHgogxt ; g\g{rg%s%t %&%ﬂg& Odi\@ﬂp\\&@,de;byve&wamﬁcaﬂimmmdn pRogiae ovas WT@“ e queiders3P%ési due
c a e

over B@psmbexasilieyie de%%d)? gteé@ él ]r’u eﬁgﬁﬁggﬁ\gtﬁﬁgﬁg}aﬁ)yg 5@3 ey ed

chr ongiagsanhy, o0, sishsra el uting vm th 40-60% Et OAc/ hexane to give, after

12]|evagor at | °$ﬂ4EE9&i6§1'8%> SQH}BPM[M 1%815 F8n iyl VEi6ES.).0mD 21 44 V4. 55, 6L IV HT;

C J_} JINZUO
. Akt " ; .-__ dmatna:zacyclohemcosme7 -carboxyiate
4-vinyl- 1 3-di hydro 2H-| SO0i ndo

.mxture of 1-t-butyl 2-methyl @
§|2)5C4R%) 4- §|[(4 ?n nyl - L3- di hydr o2H i sdi.ndol- 2-
ar bonyf | oxyl pyrrolidine-1, 2. dicarb 18.0 43. 2 mmol
‘HC1/ di oxane (4 M (43.2 m, 17 !l )i Cgﬁm:;rﬁed atgi?T for 2h. 2I'hZlnd
., reaction mxture was concentratec ta/rem‘ive the di oxane fol | owed by
Zo\r/l::ﬁgarit |303| LrSToEtZIiO to give (3R°58):5-(methoxycarbonyl)pylrolidin-3-y1
i.S0i. N
of f-white sol i d¥‘€ g 5! !&)Oﬂxieﬁi“é}l?ye&géﬁ%ééid%mg ﬂﬁégl%el? 5;}%%5@{1} ggltelﬁlgl R
( LSI )2 45333,_ t@%;lzln{y( Mlﬂlhydﬁ)ajfﬁdomdml Mﬁlﬁzbwﬂ@&y} Ispxpjimatg@és{ %& DWRFB
I me exx 5

'-?L vHgpeen ) car b nyl ] oxy a
Zannan Pharma Ltd.} (0 391 g, 0. 805 mmol) The mlxture was 81611 st]rre)él % RJF uP (561’ an 1Q7 at;%ospgere

After 19 h, the reaction was complete and DMSO (57 uL, 0.805 mmo}) 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

20 oil. LRMS (ESI) m/z 556.5 [(M+H) caled for CagHyNzO-: 556.31
Step 9: Methyl (5R.75.108)-10-tert- butyl-15.15-dimethyl-3,9.12-1ri0x0-6.7.9,10.11. 12.14.15.16,17.18, 19

afboxyl ate hydrochl oride A

dodecahvdro-]H,SH-2.23.558-d1methano—4,13.2.8.1 1-benzodioxatriazacyclohenicosine-7-carboxylate

Y Y °
© s

To a solution of methyl (5R,7S5,105,1 83)~10~rert—butyl-l 5,15-dimethyl-3,9,12-trioxo-
25 6,7,9,10,11,12,14,15,16,17-decahydro- 1H,5H-2,23:5,8-dimethano-4,13,2,8,1 1-benzodioxatriaza-
cyclohenicosine-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 Hy. After 17 h, the reaction was complete as determined by LC-MS. The Pd/C was filtered through
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cCoz2me 41 To a sol ution of
23R 58)1 i grrgt onycar bonyl ) Pyrroli din- 3-yl

Vi ny i hydr o- 2Hi soi ndol e- 2- carboxyl ate hydrochloride (5.0 14. 2
mrol ) and N-{[ (2, 2-di net hyl hex-5- enypoxy] carbonyl | - 3- net hyl - L- valgi ne (4.0
g, 142rrrm|)|nD|VF(20n1)atRTwasaddedDIPEA(ZSnL 14.2 m nol),

'EDC (5.
r eactﬁ%ﬁ“’ﬁ?lxﬁilﬁl E-e %@dﬁﬁwaéa u’ilgr'ﬁd(eﬂéﬁ ”fg(gra]dél%lgee@%rﬁa% 6{ecﬁ\fﬁ\r;(\/lﬁ}%C Aﬁ%e%nte%% The
aquecugd hay elf wasitlexdnpacided awritit pEyGAC] LRMSAES &/ 2GR [ﬂ‘étﬁb*“@%éfﬁl ¥ | ayers

wer e 1 NMI, water, NaHCO3, and brine. The organic |

dri em%&} ‘and the sol vent was reno d J ayel nas
Was [fied f0: ¢dRGH1G ) ) SERSERmEty- e ('s.nvz%u? 14, oPr oduct
5§ 4 %GQCﬂﬁ\?drg‘ IHBH%(B% é dmle% (1'1:—§E gl’ll} lbétl?@&éxa‘ﬁ1aza@610ﬁdnd‘o@ﬂhe—%ﬂb@§@_@

I0Step 87 Methyl (SR 7
?6123 18E) 10-tert-butyl-15. 15- ﬁ((l 3,9,12-trioxo-6.7.9,10,11, 12, 14, 15.
decahydr o- 1H, 5H 2. 23: 5, 8- di net hano- 4. 1@ 8,11-benzodi oxat ri azacycl oheni cos
i ne-7-carboxylate N-c N HCO2 To a solution of nethyl
N-1[ (2, 2-di met hyl hex-5-en-1-yl)o dér\b/gﬁyll 3-net hyl -L-val y1-
(4R) 4 {[(4-vinyl-1, 3-di hydro 2H i soi rdol - 2- yl ) car bonyl | oxyl - L-prolinate

(4.7 g, 8.05 mp d
m.) was added Zﬂ%‘i)‘usollhg‘oeg @g@@%g@ggﬁ@ﬂ#h@hg%&m Bfingzgﬂr:ﬁggﬁ[)gr\\ﬂaﬁ rlrg10

Ltd.)6,00,1591,10,4,05,808, WL@t)decihneIrwfﬁHﬁﬁr?ez %quq@ﬁn%‘ﬁall??éd at RT under an N2
~atnosp herf(gﬁﬁ%éacyc]l%hemlgbsu{ehpcarﬁﬁgfa’cqu' 73\@5‘;0(3@ m?llxcﬂf- i ”I@-IF-Q!&DB@@) (Pﬁa)}RLél 30. 805

mol ) "Hé re was stirre ar H
concenty, abddrain(20.acu0 at BT wagedded Lifhe(4eys @demﬁ?’%lhcta‘?‘\?\bé f?’i"é’ﬁrs'&f“r( F’Ini as
_p‘” | f Jt ﬁge % LisCeae éegétﬁaql“%%oﬁée%p me‘@he‘i&%)b%@éﬁ'ﬁﬂz@ ahERaHEs) Theaqydord d 4. 4

e conpound
C30 1- }}_mgmg@ ‘Phen 5551@@4_ w?tgllig(gﬁ\g n Wé:pﬁ%p}ec!r organic'] ayels) wegje %rlgé OVGISNI% l_Qna ’thecal cd for

( ig Z%}i\%—egﬁ)vas]f@méx%ﬁ tir kb~ 453 gt tivdecipBunti2which roused Fitguafuthar, 12, 14, 15
5 8 A I Lﬁ%&%ﬁﬁd C0rd [ah 2 s cor oo HoN (05 5433
C@R2MeStep 11: (5R.78.108)-10-fert-Butyt-N-((1R.ZR)-1- ‘Tr( Lvac‘:lzopropvlsuifon\?]r)gn%gc?}Icar;i:?onz }CZ?r boxyl ate N_
ethvlcyclopropyl}-15.15-dimethyl-3.9.12-tri0x0-6.7.9.10 11.12.14.15.16,17.18,19-dodecahydro-1H.5H-
2.23:5.8-dimethano-4.13.2.8.1 1-benzodioxatriazacvelohenicosine-7-carboxamide (I11-205)
To a sohution of (5R,75,108)-10-tert-Butyl-13,1 5-dimetiryl-3,9,12-triox0-6,7,9,10,1 1,12,
14,15,16,17,18,19-dodecahydro-1H,5H-2,23: 5,8-dimethano-4,13,2,8,] I-benzodioxatriaza-
20 cyclohenicosine-7-carboxylic acid (5.53 g, 10.17 mmol}) and (1R.2R)-1-amino-N-(cyclopropylsulfonyl)-2-
ethylcyclopropanecarboxamide hydrochloride (3.28 g, 12.21 mmol) in DMF (50.9 mL) was added DIPEA
(7.11 ml, 40.7 mmol) and HATU (5.03 g, 13.22 mmol). After full conversion (1h), the reaction mixture
was partitioned between EtOAc and IN HC1. The organic layer was washed with brine three times, dried

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

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

EXAMPLE 14
(5R.7S.108)-10-tert-Butvi-N-{{1R.28)-1-{[( cvelooropylsulfonvhaminolcarbonyl} -2-vinvicyeiopropyl)-
3.9.12-triox0-1,6,7.9.10,11,12.14,15.16.17 18-dodecahvdro-3H-2.22:5.8-dimethano-4,13.2.8,11-

30 benzodioxatriazacycloicosine-7-carboxamide (111-5)
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O To a solution of nethyl
(5R, 78,108, 18E) - 10-tert - butyl - 15, 15-di net hy1- 3,9, 12-tri oxo-
256, 7,9, 10, 11, 12, 14, 15, 16, 17- decahydr o- 1H, 5H 2, 23: 5, 8- di net hano-4, 13, 2, 8, 11
- benzodi oxatri aza- cycl oheni cosi ne-7-carboxylate (4.4 g, 7.92 nmol) in
Et 0OAc (79 nL) was added Pd/C (0.421 g, 0.396 mmol). A H2 bal l oon was then
pl aced on the reaction flask. The flask was evacuated quickly and filled
with H2. After 17 h, the rt wofi was conplete as determi ned by LC Ms. The
Pd/ C was filtered through ~¢glass “wool , an othe crude product was purified
on silica (gradient elutiop, 0-609 QAC | "’ hexanes) to yield 4.01 g of the
title conpound as a white OGI’E\}\L\ R \VIZ 558.4 [(M+H) +; cal cd for
C30H44N307: 558.3]. Step 10: 31
(5R 78.108)-10-tert-Butvl-15, 15+~:d1’§g&t hvl C? 9, 12mtr|oxo 6.7,9,10,11.12, 14, 15
,16,17,18,19- 5dodecahydro-1H 5H 2 23:5
8- di nggp@rmetﬂv;lﬁ{i’s Boslleb@nzlﬁdlkmm frioaz-asvied. dhidni2dd 85 A 6-dgcahairirdiyl2268.%ci d
O2H ¥ 7 O+ oA LN of JELIY |

FHRYTE0 f =157 : 2 -trioxo6, 7,9, 10, 11, 12, 14, 15,
16, 17 18 19- dodecahydro 1H 5H—2 23:5 rret hano 4,13, 2,8, 11-
benzod| oxatri azacycl oheni cosi ne-7- yhate (5. 76 g, 10 33 rnnol) in THE
(41.3 L), MeOH (41.3 10nmL), and water (ZT;IJ m.) at RT was added Li OH (4.33
g, 103 nrnol). After full conversizon (45 gm, as judged by LC- M5, the
reacti on was worked up by parti t% \jl ween Et20 and IN HCl. The aqueous
| ayer was then extracted with EtOAc. The combi ned organic layers were dried
over MgSO4 and t he sol vent was rem)vpd Yacuo to yield 5.53 g of the
‘title conmpound, which was used w t hout further urification, (O %
nid: 544.4 [(M+M)eﬂzy1 GAI768d 08 p10-CRIHE2RE0 2-trigual @?91%5%%&)4 i%16- dec 1ydro-oH-
(512. ﬁa%%@%ngt ql 13 %Jf1%611%%(({&%%%32éﬂm(gshﬁYﬁéa%&ﬂﬂﬁé hsibl blepaiyd éoacﬁl‘lilﬂ@to the

_carbo opro nmet hyl 2-tri
" oxo- 6prz>p@sun@0ma_dlfomctmml (1157&76 710ﬂ81f‘P9WHb%bSc‘éfﬁ’§%W]o’ DEEBIPO23 5

8-di %QW 14;123425 864l Qﬁlmast § IREaayEc:0Nes) CosimdoTatandyokaniite’-
(ri sol utio

(5R 78 h@cs)aiel(@xﬁéﬁﬁus%tsw %) Seopel Ffé‘t‘wg N Ry e iearogmgl-ly vyijpe frpeppred
146 15, 485dlnG td She bcBRaeEAdY)ANR uldd, ib blaly 3V-6(B2-dinvety lrantel- aviigaicagonyliBenzodi o

xatri g}%’{aﬁ&lmbvalme in Step 7. LRMS (ESI) m/z 514 [(M+H)'; caled for CyrH3eN;O7: 5141

Step 2: Methyi (5R.78.1 0S)-10-fert-butyi-3.9.12-trioxo-1.6,7.9.1 0,1 1.12,14‘1 5.16.17.18-dodecahvdro-5H-

2.272:5 8-dimethano-4.13.2.8.11 “henzodioxatriazacycloicosine-7-carboxylate

N

O\FO

£5 To a solution of methyl (5R,7S,108)-10-teri-butyl-3,9,12-trioxo-
1,6,7.9,10,11,12,14,15,16,17,18-dodecahydro-5H-2,22:5,8-dimethano-4,1 3,2,8,11-
benzodioxatriazacycloicosine-7-carboxylate (0.10 g, 0.20 mmol) in ethyl acetate (7 mL) was added 10%
palladium on carbon (0.01 g). The reaction mixture was stirred under a batloon of hydrogen for 5 h at
room femperature. Contents of the reaction flask were filtered through celite and the filtrate evaporated.

20 The crude product was used with no further purification (0.09, 50% vyield). LRMS (ESIy m/z 516
[(M+HY"; caled for CorHagN;O7: 516].

44



- 20 cycl oheni cosi ne-7-carboxylic acid (5.53 g, 10.17 mmol) and

(1R, 2R) - 1- am no- N- (cycl opropylsul fonyl)-2- ethyl cycl opr opanecar boxam de

hydrochl oride (3.28 g, 12.21 mml) in DV (50.9 nL) was added DI PEA (7.11

m, 40.7 mmol) and HATU (5.03 g, 13.22 mmol). After full conversion (1h),

the reaction m xture was partltloned betmeen Et OAc and 1N HCl. The organic

| ayer was mashed mnth -r| @d t he sol vent
pdid i L 0e e ; ) S|I|ca

& 3 loxatrazacyelosa 4‘ .‘ Z
&3 =But v~ |cveI0fr fy[sulfonvflanlno carbon 1

- 2 VI nvI c c | OTé 4 sByipbpmethil (SR 75 IOS) 10-terr-butyl-3,9,12-trioxo-

véd% 1}92(]5}1151?6 il'ﬂlslcll_bd@c@h);dz@ 18- %@&h&éﬂ:ﬁ@ﬁﬁ 2322 5. 8- di rret hano 4 13,

benzodi’oXat'r i'azacycl oi cosi ne- 7-c p
I\/Et hyben(:@mmaxacmyw%@m?eﬂiafh%smf&} (903ng 0918 WW%‘%?@‘? (g m}() @‘“Jﬂtﬁ’s‘zﬁ‘ (915 s 1
6- dec%{awt@@ b 252111]5 815 mmel). The reaction m1xture was heated to 40 °C and stirred for 1h, at
an

di met 2,8, 11- benzo |oxa I 0l COSi TMet hyl
(5R, 75Nty $erRlgiF FOBYPRILNS @e } i - %g f%Lf§&§%Q§§X§g&%6 decahydro
- 511- mixture was then worked—up wsth 0 5N HC? and EtOAc The organic layer was then dried over K,COs,

V\é(i p?@ﬁ&%ﬁa‘i‘gg@g&a@d i v%l%mt I”l; g crgg Eﬁg rc{e)%%tste %3%@'(?9}% ne- 7- car boxyl ate

( 5R, 7S, 10S) - 10- t{‘emeabcmeyqlun@ masadeﬁqdéﬂmﬁ} ?3{[@yzlzpwﬁ’lw%&yl@W’@C%’“&‘i 712,14, 1
. 16- ar%g) aé%}h i% é%hénﬁe iy TRl @@éﬁq%oﬁ; 1§T12{£7 rﬂéﬂQ&fﬁiﬁﬂ) OXANPEAzECYELOI COS

|ne 7-Ca éh 8) ‘excep ja

3- met wq:nmo@paeﬁthmaéwnww %‘é%sbsaﬁ MG%F%@&W& At dde 1GLERIP IR Fo t he

proc eﬁ'ﬁ’écﬁy B%@H%F%rsgﬁﬁde HPL k@G @R,7S,108)-10-ferr-butyl-N-((1R,2S)-1-

N-{[(2 di nmet h ent - n | -L-valine in Step 7.
,. R{vs éfESFbopwpiis'ﬂﬁ’ﬂYi %}M%qlﬁafgoé%ﬁé’y ‘Pﬁ?yc%ﬁ%%'éiédg‘% %‘%’4} Step 2. Methyl
(5R 75617®5D&111Q2;1en5-1bm yld@lecahydro-5H-2,22:5,8-dimethano-4,13.2,8,11-

19,12 1 10,11, 7 hind 22, |
5, b b R IR Rl (OARA LA E BN RS OO oy
15To 1864, uth) 0. 28ft mebiy13 (5RIYS,1068))- H)oﬁf/%iqpmbu&iié(sg* -5 (gﬂx ;

1,6,7 dgqﬂlg a4 125014, }1513]4642% é@nmoﬁqgamm@em 20 2288508 1dipne v hana-4, 13, 2, 8,

11- b&h t | t hyl
Tt aEd (o e ATk g 7 b b Bk o aftee APk b o ™
m Xt uge 1V%S(nls§mrlead anden, syl beon . of 1yl 09ee, B 15RWS aESly serhl4

t enperature. reaction flask were filtered through celite
and tﬂ@“ﬁ?lﬁ?ﬁ?gﬁévégﬁké#;2§H20The crude product was used with no further

purification (0.09g, 90%vyield). LRVMs (ESI) mz 516 [0\41-1)+; calcd for
C27H38N307: 516]. EXAMPLE 15
25 (5R.75.108)-10-tert-Butyl-N-({1R,28)-1-{[( cvciopropvisuifo:wl)amino'l6arbonvl L-2-vinvievelopropyl)-
15.15-dimethyl-3.9,12-triox0-1.6,7.9.10.11.12,14.15.16.17. 18-dodecahydro-5H-2.22:5. 8-dimethano-

4.13.2.8.11-benzodioxatriazacvcloicosine-7-carboxamide (111-206)

o0
HC
H,G
) 077/3 (nleO
. o)
- N o]
o o Qi
H,C CH, o N"S
CH, H 5
l |
o, 111-206

The title compoun.d was prepared according to the procedure used for EXAMPLE 14
30 (using steps 2 and 3) except that methy! (5R,7S,108)-10-tert-butyl-1 5,15-dimethyl-3,9,12-trioxo-
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Ste. 3- 5R 7S 105 10-tert-Butyl-N- 1R 2Slo os isulfon 1
V|nyIcyclopropyl)-3.9.12-trioxo-1.6,7,9,10,11,12,14.15!12?&901§?5232X;hy3r0
-5H—2.22:5,8-q|nethano4,13,2,8,11-benzodioxatriazacycloicosihe-?-carboxanid
e To a solution of nethyl (5R, 75,10S)-10-tert-butyl-3,9,12-tri oxo-
51,6,7,9,10, 11, 12, 14, 15, 16 17, 18- dodecahydr o- 5H 2, 22: 5, 8’dinethano-4,13,2,8

, 11- benzodi t _
(2 ”1-1)6 ahil. 1\);%&4211381%%%% hy T:Régﬂa@d%édf%@j%q%\} ?53&6 %Qnﬂggwxgngzﬁcﬂgmo%lﬁée—ﬂ THF
' gacltcg;ggxygatﬂgxmm 3 [raat Bovas ased0n acarvd msthiy (SBASHEF)- 1074 AT &1 PP e
LCrrpNS, ,ﬁéoﬂliskt,nﬁl ]Iéol&ad%oahﬁfgr%-fﬁ[? 1 22’% 8%%6%{&115 hqﬁg'Srlg -J¥RiRIckatiamasicodses-ved by

en wor

| ayercamasyl stmﬁﬁrStq;r:I et NVIBr(402aE8, ppmﬁ g1 %%P\?éﬁﬁ 1\1;%'_0 hﬁf}@E} ?ft% Eey ¢Qr gani c
crude prod va The
(iR 29§ e ?tf (s p}%ﬁpséﬁ‘ﬁ’if)'ﬂ‘%%ﬁ ﬁ%S'I‘% 1 T, ifﬂe(dabﬁye 78 04, UtH)oN 4SS added
chl orcmdeHo Biwr@ 116), 495 fehrd 1), 3 T8R! kxk?%p{gﬂéhzﬁmll) %&Jﬁfgégp?s?;a@w um
e’ 2Ndf 18 [0, 01 Iy €30k, 4sm), 118k, aﬁ)rb@ﬂﬁsx‘i’e}ﬂnéﬁéﬁu? Bfor 2h.

Th
(5% ;%?ﬁ(ggghgﬁ(t@&%gﬁm?ﬂ“ N?’( Ihycf%i”f ed by ¢.8yerse phase HPLC to give

15{ kcycl opropyl sul f onypam no] car bonyl } - 2- vi nyl cycl opropyl )-3,9, 12-tri oxo-

1,6,7,9,10,11, 12, 14,15, 16. 17, 18- dpd ko- 5H 2, 2

2: 5, 8-di
11P- henzod|oxatrlazacycI0|c05|ne g carboxgnlde (3 o 4'hﬁwé >
(500 : 1R cyglopfopylyuliog B 7.10

4 :%ﬂz,tno;e? 6(709“ d‘u 1-5"!)4’1556%%%(1%10%1{5)22 §8-39ne€1ﬁno—iiﬁ'f.\?,8 15, 12 (d. 1H), 4.75

| i s s, 1 H, 4.30 (d, 1 H, 3.88 (dd, 1
;DLDBm§526 2 : 95 (m 1 H, 2.63 (m 1 H, 2.41 (m
2t 2 - 2,12 (m 2H) (I dd, 1 H, 1.79 (m 1 H, 1.56 (m 3 H

.41 (in, 3 H, 1.25 (m 1017 (t, 2 H), 1.06 (s, 9 H). LRVS (ESI)

tn/z 714 [0\4H) ; calcd f 035H48N509§ [714] . EXAMPLE 15
25(5R, 7S. 10S) - 10- tert - But yi| - NA( L, R} 2“%{ « ¥ (&ycl opropvl su
| f onyl ) ami nol car bonyl -2-viyP opy )- 15, 15-d
i methy1-3.9,12-trioxo-1.6.7,9, Ipyiile 14715, i
6, 17. 18- dodecahydr o- 5H 2. 22: 5, 8-d © Iii-16

i ne
o t Ih?n{) \4 ( %3 2. }fo a sohl?t‘?oqzo‘?%%?%sﬁ{' BZASY &l-RHORSING; 1 Zt6@0boxan de (111-206)
1,6,7,9,10,11,12,14,15,16- decahydro-5H-2,22:5,8-dimethano- 4,13,2,8,11-benzodioxatriazacycloicosine- -

carboxylate (EXAMPLE 14, Step 1) (60 mg, 0.12 mmol) in T HF (1 mL) and MeOH (0.5 mL) was added
LiOH (1IN 1.17 mL, 1.17 mmol). The reaction mixture was heated to 40 °C and stirred for 1 b, at which

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 HCl 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-{[(cyclopropy! Isulfony!)aminojcarbonyl;-2-

ethylcyclopropanaminium chloride (32 mg, 0.12 mmol), TBTU (48 mg, 0.15 mmel) and DIPEA (0.044
ml., 0.25 mmol) and the reaction mixture was stirred at room temperature for 2h. The reaction mixture

25 was directly purified by reverse phase HPLC to give (5R,7S,108)-10-rer t-butyl-N- ((lR 2R)-1-
{[(cyclopropyisulfonyi)ammo]oarbonyl} 2-ethylcyclopropyl)-3,9,12-trioxo-1,6,7, 9,10, 1} 12,14,15,16-
decahydro-5H-2,22:5,8-dimethano-4, 13,2,8,11 _benzodioxatriazacycloicosine-7-carboxamide (55 mg, 67%
yield). "HNMR (500 MHz, ppm, CD; ,OD) 8 7.33 (4,1 H), 7.26 (t, 1 1), 7.16 (4, 1H),6.39(, J=15.7
Hz, 1 H), 6.13 (m, 1H), 5.37 (s, 1 H), 4.69 (m, 4 H), 447 ~4.28 (m, 4 H), 3.89 (m, 1 H), 3.83 (4, t H),

30 2.98 (m, 1 H), 2.40 (m, 2 ), 2.31 (m, 1 H), 2.11¢t 1 H), 1.99 (s, 1 H), 1.73 (s, 1 H), 1.60 (m, 2H), 1.52

(m, 1 H), 1.29 — 1.15 (m, 3 H), 1.08 (s, 9 H), 0.98 (t, 3 H). LRMS (ESD) m/z 714 [(M+H)"; caled for
C35H43}\509S. 714]
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111- 206 . The title conmpound was prepared according to the
procedure used for EXAMPLE 14 30(using steps 2 and 3) except that nethyl
(5R, 7S, 10S)-10-tert-butyl-15, 15-di met hy1l-3,9, 12-tri oxo-

1,6,7,9,10, 11,12, 14, 15, 16- decahydr o- 5H 2, 22: 5, 8- di et hano-4, 13, 2, 8, 11- benzo
di oxatri azacycl oi cosi ne-7- carboxylate (EXANPLE 3, Step 1) was used in

pl ace of nethyl

(5R, 7S, 10S)-10-tert-butyl-3,9, 12 |ox01 6 7,9,10, 11,12, 14, 15 16-d cahydr o-
SH 2(53?27331(85—610-%&&1&17&%@3112]m(mcldwmw}s T S2-L

boxylat, | 4004 Mz, €068, 19248 1 7.22
Car i BZ—afri% ! @P PRERL: d@:“aﬂ@dMﬁE@«ppms R %HH), 28 2 H)1 o %2 s

a ine-i&-carbox 1cfe il

(d bedAdioGt: 72 (g, 2 H, 4.40-4.55 (m 4 H),
4.30 (d, 1 H, 4. 25 (d 78 (dd 1 H, 3.26 (d, 1 H, 2.91 (In, 1
H, 2.50 (m 3H) 2.39 ;.L(qu\ﬁlH) 1.98 (m 2 H, 1.51 (m 2
H, 1.38 (m 4 , 1.18( My , 1.01 (t, 3 H, 0.79 (s, 3
H . LRVS (BSI) niz 742 [ C37H52N509S: 742] . 10EXAMPLE 16
5R 7S. 10S -10-tert-Bu |I-N 1R 2 Lg] of sulfon 1 ammo carbon 1
-2-ethvl ew os osvl 111-207

37912-trioxo-1,6.7,9, 10, 11, 12, 14, 15, 16- - di no- 4, 13
2, 8, Flep IhbhytisBREt105)- H&@dﬁ@ﬁéﬁ@d%ﬁ%‘é‘oﬁ i?@%ﬁ%%éﬁl ri%ﬁi-%i%iaj{}{rﬁtﬁﬁe 15To a
SO' “E/z'zg'% Ofi IBLIYA 11 5R1 7BerkB8) sk Qh@t lohdditoyife-3.c&bALAY i 0XO-

10, 11, 12, 14,15, 16- decahydro- 5H- 2, 22: 5, 8- di met hano-4, 13, 2, 8, 11- benzo

dloxatrlazacycI0|c031ne 7- carbg%¥( e. EXANPLE 14, Step 1) (60 ng, 0.12
nmol) in THF (1 ni) and MeOH (QJ5 ni) va ded LiOH ON 1.17 ni, 1.17

“mmol ). The reaction m xture magvfgg;ed U OC and stirred for I It, at
which tine conplete consunption~of theimet hyl ester starting naterlal was
observed by LC-MS. The m xture 20maSH¥ﬁ§n wor ked-up with 0.5 N HClL and

Et 0OAc. The organic | ayer was then dried over renoved
in vacuo. The dﬂdﬂﬁ(@ﬁ@&u%@3@&@¢?%ﬂ&§¥’Hbupﬁ”ﬁﬁéﬁé%ldgqg3§?g¥?9&mﬂﬁ¥% To the

al%ovgll:lg g)l—:['ﬂF ? ét Q;Q)d@ 2.8,11-benzodioxatriazacyclohenicosine-7 ~carboxylate was prepared

"Sul'f I 1
ch omcd@dmwhgpm&%i%%ﬁiﬁ‘% meR R a0 G T ol Tant Bl BT (D 04, . .

0.25 ppmb)oang ihes, [@@&M}@ﬂ) SH-2 20H6 B-dvasths1H; F364S, h&“bmmxﬁ%ﬁﬁéyﬁ?’ﬁﬁsglef or 2h.

The ! Cg«gtb%%'g%g éﬁiﬂ%@%&u? NG YR LG PYnfisysasRophasalld Rufirke gi ve

{[ (cyskopmngryhs pﬂoﬁmmmm@masebonglawbﬁlve{ﬂ@ﬂ dpehsiprrgyry oy lsaben it oxo- 1, 6
9,10 14 /7 -+ ca or CasH3sN3O: 528].
dE%ah?ﬁ#éﬁ5W§§ ﬁﬁ%%d%qdﬂﬁéfﬁﬂlb/328¥N1}ﬂ ééi§§£%§hrzﬁatrl acycl oi cosi ne-7
-car bberi (R, 76.5 65 i) o6 By el d) 2Rt LiguRopis Y ) 87.33 (d, 1
5 . ?t%ﬁc,% %&Jy 69154;]1@):&-5]7 910&& azmﬁﬂlad-deaamdmwsm 23:5K)dimehag- (m  1H),
S,

47 8,(m 4 H, 389(m1H) 3.83 (d,
1 H), 4392898 belmod@éﬂ)faza%%@(‘?ﬂsmﬁ ﬁj‘rboﬁmﬁi (m 1 H, 2.11 1 ||) 1.99
(s, 1 H, 1 73 ERAMPIH) 17 Was@Eephratt aQotd)ng td G Rrcaqurausel) for £; ?L Bloeeq 3

H 108 (s i fsthe 1838 Shoudi 3l 10 bRYRe (B0 1112 4 346 1 - Medhydio- gakad f or

using met iyl (5

2,23:5,8-dimethano-4,13,2,8,11- benzodioxatriazacyciohenicosine-7-carboxylate in place of methyi-

(5R,75 ,108)-10-zeri-butyl-3,9,12-triox0-1,6,7, 9,10,11,12,14,15,16-decahydro-5H-2,22:3, 8-dimethano-

4,13,2.8,1 1-benzodioxatriazacycloicosine-7-carboxylate (EXAMPLE 14, Step 1). '"H NMR (500 MHz,
ppm, CD;0D} 8 9.06 (s, 1 H), 7.27 (¢, M), 7.24 (d, 1 H), 7.18 (d, 1 H), 6.40(d, J= 16.4 Hz, 1 H), 6.11

25 (m, 1H), 5.39 (t, 1 H), 4.80 (d, 1 H), 4.69 (m, 4 H), 4.42 (s, 1 H),4.25(d, 1 H),3.97 (dd, L H), 3. 79 (quin,
1H), 2.98 (m, 1 H), 2.50 (q, 1 H), 2.78 (m, 2 H), 2.15 (m, 1 H), 1.77 - 1.54 (m, § H), 1.32 -~ 119 (m, 4 H),

111 Gm, 1 H), 1.07 (s, 9 H), 0.98 (t, 3 H). LRMS (ESD) m/z 728 [(M+H)"; caled for CseHsoN:OsS: 7281.

EXAMPLE 18
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C35H48N5095: 714]. EXANPLE 17 (5R 7S.105)-10-tert-Butyl-N-((1 R 2R -1-{

ftcycl opropyl sul fonvflam nolcarbonyl -2-etlw cyclopropyl)-

2hg.12igr50§oi?.7.g. I 8311.12,14.15.16 17-decahvdro-1H, 5H- 2, 23 : 5, 8-di neth
-4,13, 2,8, 11- enzodi oxatri azacvcl oheni cosi ne- 7- car boxani de (111-

N4 Step 1: Methyl (5R 7S, 105) I ( 207)

O-tert-butyl-3,9, 12-

H 5H2,5&.§:S,§¥@-],Q.—T%ﬂ8mafh&l( QROIR 4 4 %kzglgbr%&ws%%bﬁ‘;a&]%ogrc%rb%zvlg9%%}6% 185rdpy1)-

- g; n%]@dﬁ%ﬁétﬁ\ﬂ@l)@l@%ﬁb@lﬁlm’w gosi mmm;;bﬁr Hedeydbardus- (HCHER£8:4.8-dimethaqos £ rj 0 Met hyl
(()_ ' ]?]ZOS} enzodeoxtatl gzatcycIéh%hl%oéz%ii—gér%gﬁqge Mmidd, 11, 12, 14, 15, 16, 17- decahydr

O
101H,5H—2,23:5,8-d|nethanoj%?ﬂ}w 8, 11- benzodi oxat ri azacycl oheni cosi ne-7-ca

rboxyl ate was prepared accordi ng t:0 the procedure used for nethyl

(5R, 7SJCS) - 10-tert-butyl-15715-di m yI 3,9,12-trioxol,6,7,9, 10,
11,12, 14, 15
, 16- decahydr o- 5H 2, 22: 5, 8- dbnethan ¥a&XL3, 2, 8, 11- benzod|oxatrlazacycI0|c05|n
e-7- car boxyl at.e (EXANPLE“SW\S@ﬁn f t hat
3- met hyl - N- Khex- 5- enyloxy) ¢dr bo l% L awlﬁ§>(prepared according to the

procedure bel ow) was used in plaéewof

a( 2, 2- di net hyl pent - 4- enyl ) oxyl car bony11- 3 15H£?ﬁ§I-L valine in Step 7.
|(-5'|\Q/B7E(t%)hmt)é/l 53874 (01 b -zl 160 5fdanetG281938MNE0R:-6,52.8.1 LEL bl 7216,17-

S5 decahydro TH, gi?—rZ,t?j Ig)"étcy tlr}lén(ogﬁll 522,5 —%en%c&&%ﬁ ﬁ&&&&%&aﬁlﬁﬂ;ﬁe@ﬂ&’@%ﬁ@] car bonyl |
-&g 11,12, 14, 15, 16, 17- decahydr o- 1H, 5H 2
oX ;rlazacyclohen|005lne 7- car bOxam de

ethylcyclopropyl) 3,9, 124ri 0xO0-
, 23: 5, 8-di net han04, 13, 2, 8, 11- benz odi

Methyl (5R,7S,108)-10-tert-butyl-15,1 5-dimethyl-3,9,12-trioxo-
6,7,9,10,11,12,14,15,16,17-decabydro-1H,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.78,108)-10-tert-butyl-15,1 5-dimethyl-3,9,12-triox0-1,6,7,9,10,11,12,14,1 5,16-decahydro-5H-2,22:5,8-
dimethano-4,13,2,8,1 t-henzodioxatriazacycloicosine-7-carboxylate (EXAMPLE 3, Step 8) except that N-
{[(2,2-dimethylhex—S-enyi)oxy]carbony[}—3-methy1—L-valine (prepared according to the procedure below)
was used in place of N-{[(2,2-dim.ethylpent»4~enyi)oxy]carbonyl}~3—methyI~Lmvaline in Step 7. LRMS

15 (ESI) m/z 556 [(M+H); caled for CyolppNsOq: 5561
Step 2: (5R,7S,108)- iO-tert—Butyl-N-((IR’ZR)WI—{{(cyc}opropyisuifonyl)amino]carbonyl}—?.—
ethylcyclopropyl)-13,15-dimethyi-3,9,1 2-trioxo-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—’?«carboxamide

EXAMPLE 18 was prepared according to the procedure used for EXAMPLE 16 except

20  using methyl (5R,7S,108)-10-rerr-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,7S,108)-10-zer1-butyl-3 9.12-trioxo-1,6,7,9,10,11,12,14,15,16-decahydro-5H-2, 22:5,8-
dimethano-4,13,2,8,1 1-benzodioxatriazacycloicosine-7-car boxylate (EXAMPLE 14, Step 1). "HNMR
(500 MHz, ppm, CD;0D)} 8 10.05 (s, 1 H), 7.24 (m, 2 H), 7.17 (d, 1 H), 7.11 (d, 1 H), 6.61 (5, 1 H), 6.28

25 (d,J=16.4Hz, 1 H),595(m, 1 H),5.58(m, 1 H}, 531 (s, 1 H), 4.71 (m, 2 H), 4.55 (m, 2 H), 446 (d, 2
H), 4.29 (dd, 1 H), 4.17 (4, 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 (¢, 3 H), 0.87
(s, 3 H). LRMS (ESI) m/z 756 [(M+H)"; caled for CagHsaNsO,S: 756].
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EXAMPLE 17 was prepared according to the pr
?xcept 20usi ng net hyl g procedure used for EXAMPLE 16
SR, 7S, 10S) - 10-t - - -tri -
0-111 BH ) ert-butyi-3,9,12-tri 0x0-6, 7,9, 10, 11, 12, 14, 15, 16, 17- decahydr
2, 23: 5, 8-di net hano- - i : , .
e in place of no- 4, 13, 2, 8, 11- benzodi oxat ri azacycl oheni cosi ne- 7- car boxyl at

(r:rgwl-(S 7S, 108) - 10: ters - . 10131 SodBichk gxo 1d6 7,9,10, 11, 12, 14, 15, 16- de
. &- benzodi oxatri a

arboxyl ate (EXAMPLE 14, Step \/@) 0 M-lz ppmlcégg)éflgbcggl ?g 7|C

H, 7.27 (t, 1 H, 7.24 (d, 1K|) 6.40 (d, J= 16.4 Hz, 1 H),

6.11 25 (m | H), 5.39 (t, 1 H), 480(0&1 '4.69
H, 4.25 (d, 1 H, 3.97 (dd, 1 H), 3.79 (q‘m:l) 11- 1)(m2 gsH%m414E|)(s’2 éo

El qi—i) 1 T) 112( rﬁ T(O'ZJS %ﬁéﬂ) of 1%)6%@1(4[8; (019SI-Q 11.8 mkdol) i [BAF (IHmI8 aH)°C Wasddded1. 19 (m

[ 6 M+ H)u%pn}dfahmdhm?@r{l @gﬂ&@m&@bg@e W%ﬂyn m%%&xmsé”%‘”’d b telrploheutd drft 728

((:grR Z)s%; %) 3[?1@{1{[ @ Lot @Jli&ﬁél i &R h%’!Ei)oclrﬂleudef(ﬁ Oycl lopmopyves e pddey-ahf nol

9,10, rg@t:q@m@g}rqgg’sll%gt;(#%gﬁr@g e\R%l“stgle%f%rSIé lg‘ gl%&y gooﬁﬁaﬁ%e%eatcﬁblpﬁiﬁnﬁe Vas

4. é3  BiuBd %h %912&5& @warspammecmmhwew Eb€5¢rﬁ@mﬂaﬁfér\?@65@a?ﬁ & ety N o,
5R, %f-éteﬁ_eggnd 445e nér Tted & & Hc%H r cg ¢ D gx %11§§ @F@:lnge)ma’c\@iabw (gradient elution

( 4 4BEF 5, 0X0 0 1

106, Lilr-to 90% ethy} acetate in hexanes) to afford 2 lg (74/o yleid) methyl J\; f(pent»ii-ez’; Y-y%k%)cér%oﬁyﬁ%d 4,15

ecah

decahyd 5, 8-di nmet hano- 4, 13. 2, 8, 11- benzodi oxat ri azacycl oheni cos

d‘g&l%f}% ¢ a]s a 0%3120:%1
To a stirred solution of methyl N-[(pent-4-enyloxy)car bonyl]-L-norleucinate (8.50g, 33.03
mmol) in THF (20 mL) was added IN NaOH (20 mL). This reaction solution was stirred at room
temperature for 3 h, then acidified to pH 3 with IN HCI and extracted with (3 x 250 mL) EtOAc. The
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) m/z 244 {(Mmi*H)—
caled for C§2H22N042 244}

Preparation of 3~MethvE~N-[(Dent—ﬂr-envloxv)carbonv]]—L—valine:

TN O\H/ﬁ\i/ﬂ\ori
° A
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 0 °C followed by a dropwise addition of DIPEA (9.85 g, 76.2 mL). The

white suspension was stirred vigorously for 1 b at 25 °C, then cooled to 0 °C. A 1 N solution of NaOH

20

(76.2 mL) and t-butylglycine (10.0 g, 76.2 mmol) were added. The resulting suspension was warmed to 25
25 °C and stirred for 18 h. Approximately half of the dioxane was removed in vacuo, the solution was poured
into 1 N NaOH (100 mL) and washed with dichloromethane (3 x 150 mL). The agueous layer was
acidified with 6 N HCI and the desired product was extracted with dichloromethane (3 x 150 mL). The
combined organics were dried over MgS0, and concentrated to give 13. 7 g{73.9% yield) of 3-methyl-N-
[(pent-4-enyloxy)carbonyl]- -valine as a colorless oil. LRMS (EST) m/z 244 [(M+H)"; calcd for

30 CpHpNOs: 244].

Preparation of N-[(Hex-5-en-1 —vloxv)carbonvﬂ-L—nor]eucine:
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I(N HCOLL HCHCIHCH . Met hyl
5R, 7S, 10S) - 10-tert-butyl - 15, 15-di met hy1- 3,9, 12-tri oxo06, 7, 9, 10, 11, 12, 14, 15
16, 17- decahydr o- 1H, 5H- 2, 23: 5, 8- di net hano- 4, 13, 2,8, 11-
10benzodi oxat ri azacycl oheni cosi ne- 7- car bOxyl ate was prepared according to
Ehe procedure used for nethyl
5R, 7S, 10S) - 10-tert - but y1- 15, 15-di net hy1-3, 9, 12-tri oxo-1, 6, 7, 9, 10, 11,
15, 16- decahydr o- 5H 2, 22: 5, 8- mo\[r%\)m e
di met hano- 4, 13, 2, 8, 11- benzodi oxat ri azaeycl,oi cosi ne- 7- car boxyl at e ( EXAMPLE
3, Step 8) except that N{[(2, 2- dinethylhe%RS enyDoxy] car boul | - 3-net hyl -

aline (prepared ordi t f -
N-{[ (2, 2- di met hﬁ@%ﬁé SIS 2>°>?51 Orq“i“f’ 59‘% ?%ﬁf%@%ﬁﬁ%g} i %&gt@ég%g LRVS
%5 (() EtSfb) gf[ggpémﬁﬁﬁl - ileH{)a,rbomall]{I:dlﬂi“bﬂml@:?ﬁllsmﬂimgwml izgey of Spapenpl. (B E0S) -

e b,k clopropylsulfonyean1no]carbonyll 2-
ot hyl 86 6P B%B{)}I) i@fﬁgﬁﬁ“ Y 0 12 tri ox0 6 7.9, 10, 11.
ecahydro- 1H, 5H 2, 23 : 5, 8- 1214 15, 16,17
di et fang: 4, 18s 2l d- henscd XALEbS ligheni cosi ne- 7- car boxami de EXAMPLE
18 wa pared according to e procedqneoused for EXAMPLE 16 except
20usi ng net hyl \JA»/\/O OH
(5R, 7S, 105) - 10-tert-butyl- 15, 15- dlnethyﬂ/§x9 12-trioxo-6,7,9,10, 11,12, 14,15

, 16, 17-
decahydro 1H, 5131&£w23'&gQS&nﬂamhambmﬁﬂl&mEM8W@Im%@W§@@W6%8H@ﬁﬁiﬁ%ﬁ@F%henlc

osi ne: 7- car,boxyl at e |n -
et hyT %gﬁth?@’ [kféu edw e¥ 031§ \-B{ll]l -§algleb U%Hh 6?(%(615_0} instead of 4-pentenol. LRMS
B 7, &,snoummzmm) 1&idigodecdnyar: G58H- 2, 225, 8-
di met hano- 4,13, 2,8, 11- benzod|oxatrlazacycI0|cosine-?-carboxylate ( EXAMPLE

14, Step I). 'FINNR 500 N*E ppm.. CD3 D) 6 10.05 (s, 1 H, 7.24 (m 2 H
gég (marltlH)f558( 1|—|) 5/\3}\95\/9 $ 6.28 25 (d, J 16.4 Hz, 1H),’
) , 5. m , , ol ﬂpL 4.71 (m 2 H, 455 (m 2
4.46 (d, 2 H, 4.29 (dd, 1 be’1.17 (d, § \( }ﬂ "3.89 (d, 1 H, 3.32((d, IFRD,

292 (m 1H. 2.59 (m H, 2.21-2.30 (m 2 El). 2.08 (m 1 H . 1.60-1.78
(m 6 H, 1.22-1.31 (m 5 H), 1.06 (s, 9 H), 104(t3H),5|)093t3H),
0.87 (s, 3 H. NANWR(-ESL-)-yioke)cdB6myll-Mndidnsine vad wepaf alracCBEHEWNEODSCITE6] . 48

P epa{;o?g\f g]entc-)jr enI\J- ~]§{0x3%carb0nyﬁl\ﬂ:—nor¥eu9 ¢ ?)fl?srr%%b%ﬁ]%sltegﬁlSiitnﬁentengl H RGINCHE S
miz 272 [(M+H); caled for CpaHpNO4: 2721

Preparation of N-{[(2.2-Dimethylpent-4-enyloxy|carbonylt-3 -methvl-L-valine;
o

Mo\n, ?E\é)LOH
° A
/\X,OH

A solution of 2,2-dimethyl 4-pentenoic acid (6.0 g, 46.8 mmol) in anhydrous THF was

20 Step 1: 2,2-Dimethylpent-4-en-1-ol

cooled in an ice bath to 0 °C. A slow stream of 1M lithium aluminum hydride in THF (56.2 mL, 36.2
mmol) was added and the reaction was allowed to warm to 25°C. The reaction mixture was stirred for 1h
25  before pouring into 1IN HCl and diethy! ether. The organic layer was separated, dried over MgSO, and
concentrated to provide 2,2-dimethylpent-4-en-1-ol as a clear il (4.7 g, 87.9% yield).
Step 2: N-{[(2.2-Dimethylpent-4-enyl)oxylcarbonyl}-3 -methyl-L-valine
DIPEA (2.48 g, 19.2 mmol) was added dropwise to a 0 °C solution of 2,2-dimethylpent-4-
en-1-0l (2.24 g, 19.6 mmol) and triphosgene (2.56 g, 8.64 mmel) in 60 mL dioxane. The resulting white

30 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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To a solution of 1-penten-4-ol (0.95 i
. g, 11.0 mml) in DVF (15 nL
%?ﬁgdc?gbfgg%dilem daz;)l e (1.(719 g, 11.0 nmol). ThZa reacti o§1 n‘ixtzjrgtwgg e
enperature and stirred for 30 min. L-norleucine neth
3;geaeg¥dgo§hlorlde (2.0 g, 11.0 mmol) was then added, the reaction %!xture
e 0 50C and stirred for 15 nm Upon cooling, the reaction m Xxture

was di | ut eﬁg\,@nwﬁga'aice ath iﬁ)]fl eu{ed%??dé"@ﬁmq N MLGE (W.1 RLy@iddr-zer I%Iue’ ghycgrani ¢ | ayer

was Heleede I
Wns P | BtbylSiThE Bacigolm RO EETTaTh: (or SaTaR e il Sk @8%&?% Do "

ethyl actatei f
iy o aﬁx Oxyfé(%%r&%)l 61%Qtu§: JRbekifedko gk A4 %itilel M)OHe {Thy hqueous layer was

| 1-L- norl.eu
To aemanted wih émhigtqn@ﬁweﬁﬁﬁé VL) Kpep @ggﬁgg tf %mﬁa& C?afheodqheﬂﬁs layer
? 500, ex"t}i‘gctgd?‘wmwloﬂoﬂetﬁﬁﬁ (6 2Q 50rinL). WS cadlﬁegﬁ?gl}gﬂ)ibiéﬁafg g/ggﬁiuj: OVF‘F]%\/%E‘S‘:;;L? ?E)ﬁ

solution was stirred om._t e
lwthandmop@mrmogmipeéﬁ R S S - e e Bt bic
f??/tegmy\%g (ABssheghonk feti) SRNIS (Bt 27BOMTED beaisefor QWHéH bég }sodi um sul fate,
Ire and concentrated to give 7.09 g (88%y| eld) of the title product
as clear oil. LRVMS (ESI) t||/z 244[ IVH d .or Cl21-1, 2N04: 244
Pr e p@reairaim @ V- FeVeDhydivibe ; i “ ' We ) _valine: N OH 0] A
mmol) i n di oxahe (160 m) ve 9’\%@3\/ €0, 1 prosgene (119 g, sa.1
s cooled t € fol | oned by a dro vvlse’add
clpf)hDI PEA5(9 85 g, 76.2 nL). The white suspension was stirred \F;I gorousllyt:‘gP
. bu?’rtel 21| Efyl 1 hefncaRaked-chaat® C. A 1 N sol ution of NaOH (76.2 ni) and
Lt n'eé ? ygl ne (10.0 g, 76.2 mmuol @fdded. The resulting suspension was
0 25 25C and stirred for 18 h. CApproxi mately hal f of the di oxane

was renoved in vacuo, the solution was
Toa stirred soiutlon of diisopr opylammg ?l'i % ml., 94.70 mmol) in anhydrous THF (50

mL), at -70°C and under nitrogen, was slowly added 2.5 M n-BulLi in ether (36.50 mL, 91.25 mmol)

15 Stirred for 15 minutes, to this reaction solution was then added dropwise ethyl isobutyrate (11.51 mL,
86.09 mmol) in THF (50 mL), stirred for 20 minutes before added dropwise 4-bromo-1-butene (9.79 mL,
96.42 mmol) in HMPA (20 mL). The reaction solution was then stirred to -50°C in 5 hours, quenched
with 1M 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), aqueous saturated NaHCO; (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 1 - 20% FtOAc / Hexane to give the title product as clear oil (11.01g, 75% yield). LRMS (ESI) 'z
171 [(M+H)"; caled for CioHip02: 1711
Step 2: 2,2-Dimethylthex-5-en-1-0l -

%/\X/OH

25 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) dissol lved 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 NapSO4, filtered and concentrated to give
the title product (7.22 g, 87.09%). 'H NMR (500 MHz, CDCl;) & 5.85-5.77 (m, 1 H); 5.01 (d, t H): 493

30 (d, 1H);3.33(d, 2H); 2. 03 (m, 2 H); 1.34 (m, 2 H); 0.89 (m, 6 H) ppm.

Step 3: N-{[(2,2-Dimethylhex-5 5-enyl)oxy]carbonyl}-3-methyl- L-valine
To a stirred solution of 2,2-dimethylhex-5-en- {-01 (10.75 g, 83.85 mmol) in an hydrous

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) cautiousty. This reaction solution was stirred at 22°C for 1 hour, cooled
35 to 0 °C and added slowly 1N NaOH (83.85 mL, §3.85 mmol) and L-fert-leucine (11.00 g, 83.85 mmol),
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into 1 N NaOH (100 mL) and washed wi th dichl oronet han |
aqueous |ayer was acidified with 6 N HCl and the desi?eSSp?oéﬁgtnkéé The
extracted wi th dichloronethane (3 x 150 nlL). The conbi ned organics were
dried over MygSat and concentrated to give 13.7 g (73.9%yield) of

3- et hyl - NKpent - 4- enyl oxy) carbonyl | -L-valine as a colorless oil. LRVS (ESI)

m :EzHéh% étn[re(cM{ Féz)é for‘??@h}%@sf qte FAGRAHIRNOA wal Bk]fied Rs pHalawitoN dfaOH, washed

| car bonv1] nOH
N- [ ( Méte-BLeh (Ex W{bg@w, é@iﬂlgﬁ‘ﬁfﬂ H’ P ¥ t(l)]r]iﬂéﬁ??anned extracted with CHy(C1, (3 Cxoirao ml.). tT(])let he
proc e@tuusigedf O, (W [p{epent wahehwilh yamm@m@ﬁw Tvenmﬂ@uéﬁﬁ%da By Cﬁ%ﬁeﬁtgﬂfed 0
e e g8 BEOENOl (R B0k Bt CBlck) #58sLtk) #1n:abiae. fy
35 &tsﬁ\ﬂ(d N1t BeR(5-1ey k08 9, ¢ aPbbhe fd, 1 Fyaraflel H33 ¢, @6 H): 1.36 (m, 2 H); 1.04
¢ Oczﬁ #Q'%@(em gp Pg%l %ﬁ)ﬁcgsg?’?%bég&m\ﬁﬁ b BgcdwasC prgRal: esslaccording to the

. ent enyloxy)carbOnyl]-L-valine b
glgﬁfinol i nstead of 4-pentenol. LAMS 10(PSI) nilz 258 %(1N%14)+ c§|33'?gr
2, Ngﬁnm?§§hR2E)@{ﬁm@nbgﬁf?ﬁgﬁhngmnHmﬁ%@ﬁﬂI}ahﬂmmkm&m@@awﬁmnﬁmgt@%ucine
t - 6fen; | o
prepared according to the procedgﬁ ”f Ryl oxy)carbonyt]-L-norfeucine was

N-[ (pent - 4- en- 1-yl oxy) car bonyl ] - &-cnef |
4-pent enol . LRVE (ESTg yl]- é( euci’ne by using 6-heptenol instead of

10 A mixture of (1R,28)-1-{ [(cyclopropylsulfonyl)ammo]carbonyl} -2~
" vinyleyclopropanaminium chioride (Llinas-Brunet et al US03/15755 and Wang et al WO 03/099274) (0.03

g, 0.187 mmol) and palladium on carbon (10% wt., 0.01g) in EtOAe (5 mL) was vigorously stirred under
hydrogen atmosphere provided by a hydrogen balloon for 1 hour. The reaction mixture was filtered and
concenirated to give (ER,ZR)J—{[(cyclopmpylsulfonyl)amino]carbony}}»«2—6thy§cyclopropanammlum

15 chloride (0.045 g, 89% yield).

EXAMPLE 19
 (5R.15.108)-10-fert-Butyl-N-((1R.28)-1-{i( cvelopropylsulfonyDamino]carbonyl} Zevinvlcyclopropyl}-
15.15-dimethyi-3.9.12-triox0-6,7,9.10.1 1.12.14.15.16.17.18.19-dodecabvdro-1 1.5 -2 23-5.8-dimethano-

20 4.13.2.8.11 -benzodiGxatriazacvc1ohenicosine~7mcarboxamide {(I1-210)

® N“<
Niﬁ i
i 2 111-210
EXAMPLE 19 was prepared from (5R,75,108)-10-tert-butyl-15,15-dimethyl-3 ,9,12-

frioxo0-6,7,9,10,11,12,14,15,16,17,18, .'i9—d0decahydro~lH,5Hw2,23:5,8—dime’thario~4, 13,2,8,11-

benzodioxatriazacyclohenicosine-7-carboxylic acid (EXAMPLE 13 Alternative Preparation, Step 4) using
25  the procedure for EXAMPLE 3, Step 10. I NMR (500 MHz, CD;OD, ppm} § 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, 1 H), 2.98-2.94 (m, | H), 2.62-2.54 (m, 1 H), 2.49-2.46 (m, 2

H), 2.25-2.21 (m, 1 H}, 2.19-2.13 (m, 1 H), 1.90-1.88 (m, 1 H), 1.52 (m, 2 H), 1.48-1.45 (m, 1 H), 1.40-

1.18 (m, 6 H), 1.15-1.00 (m, 14 H), and 0.81 (m, 4 H). LRMS (ESI) m/z 756.4 [(M+H)"; caled for

30 C;gI‘IsgNsogsI 7559]
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mz 272 [(M+H) +; calcd for C4H261904: 272] .- Preparation of N-{

f(2.2-Di net hyl pent - 4-envl ) oxyl carbonyl -} -3-nethyl-L-valine: o OH O-
20Step 1. 2, 2-Dinethyl pent-4-en-1-ol OH A sol ution of
2,2-dimethyl 4-pentenocic acid (6.0 g, 46.8 mml) in anhydrous THF was
cooled in an ice bath to 0 C A slow streamof 1M Ilithium al um num hydri de
in THF (56.2 nm, 56.2 nmmol) was aQﬁgx Qg g he reaction was allowed to warm
to 250 The reactlon nlxture was stirre %o ifJh 25before pogr|no Hnto

7

DI PEA (2 48 g, 19—2 nnDI) masga ded dropmnse to a 0C sol ution of
2,2-dimethyl pent-4- en-l1-ol (224 49 19.6 mml ) and triphosgene (2.56 g,

8.64 mmol ) in 60 nlL di oxane. {The r Itlng whit e 30suspension was stirred
for 5 nmat 0 C then allowgéh 2o, C over 1 h. The suspensi on was
cooled to O Cwith anice b {f ol ddition of 1 N NaCH (19.2 nlL)

and L-tert-butylglycine (2. 5206 19’ Y. The reaction mxture was
warnmed to 25 C and stirred for %Z:b Thé dloxﬁﬂgﬁyas renmoved i n vacuo and
the reaction mxture was basified to pH 12 w N NaOH. The aqueous | ayer
was extracted WEKAMRALElorsmephad osii8he pRoedwress romHE MBI Aeme® pH-1 with

6 N H%hegarlptg @@gef)lﬂ% L avsels I]EW-C%SH&%&& m;n@thgmbk O @%gwmﬁ x 150

d’of gani s"were dried ove conc ntrated to
_glve mmm@@@ﬁgﬂéﬁnﬁﬁﬁyﬂB@h@Réséﬁﬁmyﬁ%yﬁﬁﬁFB@WVPP“@QE@PWVﬁ}{VWéCY % as a
ghhggf\b@m%m&ﬁc@@n& m?. ?% W{@Mﬁ (50b RME, CESOD, lb’}inl)'é_ 7262m] ( NiH)20;(t, ldaﬂ’r‘ciﬁ f Olr |
~30 netyd B S0gka PEPR AR 58, UL Rs 39 TRA DL oKy s SRV AR h 6 Pony

5.29-5.34 (m, 2 H), 5.11-5.14 (m, 1 H}, 4.79-4.81 (m, 2 H), 4.64-4.72 {m, 3 H), 4.56 (d,J=11.5 Hz, 1 .

H). 4.36-4.40 (m, 2 H), 4.18 (d, J= 11.5 Hz, 1 H), 4.10 (d, J=5.5 Hz, 0.5 H), 3.91-3.94 (dd, J=11.5,

3.5 Hz, 1 H), 3.34 (d, /= 11.0 Hz, 1 H), 2.95-2.97 (m, 1 H), 2.52-2.56 (m, 1 H), 2.16-2.35 (m, 5 H),

1.65-1.82 (m, 8 H), and 0.85-1.43 (m, 17 H). LRMS (ESI) m/z 780.4 [(M+H)"; caled for CyoHssNsOgS:

15 780.9].

EXAMPLE 21
(5R.75.108)-10-Cyclohexvl-N-((1LR.2R)-1-{{(cyclopropylsulfonyl)amino] carbonylt-2-ethyvlcvciopropvl}-
15.15-dimethy1-3.9.12-triox0-6.7.9.10.11.12,14,15.16.17.18.19-dodecahydro-1/.577-2.23:3 8-dimethano-

20 4.13.2.8.11 —benzodioxatriazacyclohemcosine—’/’ -carboxamide (I11-226)
7i Hvé it A
T11-226

EXAMPLE 21 was prepared from EXAMPLE 20 using the procedure described for
EXAMPLE & 'H NMR (500 MHz, CDCl;, ppm) § 10.13 (s, 1 H), 722 (£, J=7.5Hz, 1 H), 7.10(d, /=
7.5 Hz, 1 H), 7.05 (d, J= 7.5 Hz, 1 H), 6.73 (s, 1 H), 5.40 (d, J= 9.5 Hz, 1 H), 5.36 (m, 1 H), 4.67-4.76
25 (m,2H),4.55(d,J=155Hz 1 H), 444 (d, /= 14.5Hz, | H), 441 (d,/=11.0 Hz, 1 H), 4.29-4.39 (m, 2
H), 4.16 (d, J=11.0 Hz, 1 H), 3.82-3.85(dd, /= 11.5,3.5 Hz, 1 H),3.25 (d, /= 11.0 Hz, 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)"; caled for CsHs7N5OoS: 784.4].
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H9 ON: OH0 10 Step 1: Ethyl 2, 2-dinethyl hex-5-enoate OEt To a stirred
sol ution of diisopropylamne 03.38 nL, 94.70 mol ) in anhydrous THF (50
n.), at -70C and under nitrogen, was slowy added 2.5 M n-BuLi in ether
(36.50 nm., 91.25 mmol ). 15Stirred for 15 mnutes, to this reaction solution
was then added dropw se ethyl isobutyrate (11.51 nl, 86.09 mmol) in THF (50
m.), stirred for 20 m nutes before added dropw se 4-brono-1-butene (9.79
m, 96.42 mmol) in HNPA (20_InL) The reaftlon so“u Qon was t enas%lrred to

extragtediith (3 x 125 m.) ether. The conblned et her Iayer was mashed W th
mater”fﬁ““ﬂg%”nt), aqueous saturated HZEB(2 x 70 nmL), dried over Na2SO4,

20filtered and concentrated. The'tritie prioduct was flash chromat ographed o
120 g silica gel 60, eluting with 1 -« 95§?OAC /| Hexane to give ?heptitlen
product as clear oil (11.01g, 75%yield). LRVS (EST) in/z 171 [( MtHT-;

cal cdcfor. %%D&}tgi%a§22R)%7{%vac;§& 1Rl ford Bm BloTeRHaNY hex S edoto Bl cbin2fl 0 a
stlrr _ ation of TMLAH TN ether 142054 m., 142.14 mol), at 0C and
under nitrogen, was added dropmn§ﬁ 2y2- di net hyl hex- 5-eno3te (11.00 g,
64.61 mmol ) dissolved in 100 hydrdd% ether over 1 hour. This reaction
solution was stirred at 22C for 20 houfs, then quenched with water (3 nL),
- 1M NaCH (11 ni) A%Vgrog 1at%n vg% 1% Chag%éd%gt 1%\{1%{ EZNQ"Z(%’WL)I Sl&ﬁrﬁ%ﬂ%@/
concentrated to THe tTtfe 8 500 MHz,
CDClSI(lBBSBB{EcyEEp(OW S@fdﬂ)fi)a@mﬁiiarb@yl}ﬁ wyioﬁi@wyi>‘ia‘~”ba’~n&te (11 25 28

(Wang et al, US 6,995,174) and 5% Rw/C (dry, 7.5 wt%, 12.4 g) and set stirring. The vessel was placed
10 under nitrogen (20 psig) and vented to atmospheric pressure three times to remove residual oxygen. The
vessel was then placed under hydrogen (50 psig). After 20 hours, the vessel was vented to atmospheric

pressure. The reaction shurry was then transferred out of the reaction and filtered through solka flok (34

grams, wetted w/ 100 mL methanol) to yield a clear, light brown solution. The solka flok was rinsed with
me’dxanoi (200 mL x 2). The combined methanol solutions were concentrated under reduced pressure 10
15 vield crude product as a white solid (153 g). The crude product was sturried 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 partially crystallized solid was cooied to room
temperature and aged overnight after which additional heptane (500 mL) was added. After one hour,
additional heptane (250 mL) was added via addition funnel, and the white slurry aged for one hour. The
50 solution was filtered and the solid was rinsed with heptane/EtOAc (500 mL, 4:1) and dried under reduced
pressure to give tert-butyl ((1R,2R)-1 -{[(cyclopropylsulfonyljamino]carbonyl}-2-
ethylcyclopropylycarbamate (125.9 g).
Step 2: (1R.2R)-1-amino-N-(cyclopropylsulfonyl)-2-ethyl cvclopropanecarboxamide hvdrochloride:
A solution of the product from Step 1 above (92 g, 0.28 mol) in DCM (1200 mL) was
75 cooled to 0°C and HCI bubbled through the solution for 10 min, the cooling bath removed and the recatio

mixture stitred 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.

30 Preparation of (25)-cyclohexvI({[( 2 2-dimethylhex-5-en-1-vhoxylcarbonyltamino)acetic acid:
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30(d, 1 H; 3.33 (d, 2 H; 2.03 (in, 2 H; 1.3 (m 2H,; 0.8 (m 6 H
ppm Step 3: N{[ (2, 2-D net hyl hex-5-enyl )oxy] carbonyl} -3-nethyl-L-v aline
To a stirred solution of 2,2-dinmethyl hex-5-en-1-0l (10.75 g, 83.85 mml) in
anhydrous 1, 4-di oxane (100 nlL), at OC and under nitrogen, was added
triphosgene (13.69 g, 46.12 mol) and then D PEA (14.61 nL, 83.85 muol)
cautiously. This reaction solution was stirred at 22C for 1 hour, cooled
35to0 0C and added slowmy I N NaOH (83,85 i 83.85 nmmol ) and L-tert-Ieucine
(11.00 g, 83.85 nmol ), then sti T%for 20 hours. The reaction
solution was basified to pH 10 with IN , washed wth CH2A 2 (3x 100
m), acidified to pH5 wth 1IN HCI and extracted with CH2C12 (3 x 150 ni).

The conbi ned 2,1 aneyI e - NRSHescw L1 500 &Et@dd@y@
Na2SH4, fil te?;éaﬁ%and&@gn%(ewr ate 1 ?l T vg@gﬁqecafl tﬂlae )m)a 1 r

84. 66PrPEICRVING 5UHe Masedursre] 85“6@3"5%(83%*479?3’ Rkt B SVA5E ‘(Sd‘ %%)H) 55. 01
(G5 1azh%o(c§cl&§:xﬂﬁcetib abﬂi,an422@nﬁdhyiﬂexlrﬂ)en Bol8G.RME (EBDH)% 3 B.7OMEH) " ia]ctd)fpr 2.01

(m 2 %{) 1.04 (s, 9 H; 0.92 (m 6 H ppm LRV (ESI)niz
286 BH#{? b q@afncd for O 5H28NO4: 286] . Preparation of

(1. 12 2R) {I i cycl opropyl sul fonyl | am nol car bonyl | - 2- et hylcycl opr opanam ni u

mchloride: NH HV HCO 10A m x5 22

(IR, 28) 1- {kcycl opropyl suI fonyBal ni no car bony11 2- vinyl cycl opropanam ni um
¢ olve 5 nd Wang et al WD 03/099274) (0.05

\g“ %gr éﬁ; ;TTY;) I) I’ ?%N%g?géeqd'ﬁl%ﬂsa@@f&?ﬁ&f&%&?@%ﬁnal VQUREG 1001 Eiz@ﬁ@ b(lﬁerm_) | was
; [ ogen .al nos
T or L Caaiting S G BH R e N 1 Fegraet bl e Bedke Partanag ol | oo
(IR 2RY -3/1%@(3&@:1 (II%‘NSY|p&lﬂéa%@ﬂy£;ﬁérﬂﬂ’dﬁl]a@aﬂrvhﬂwﬂe@ceﬁd@yﬂrzemnd ﬁpmlﬁuamafmmmm

15chliori de (0 StnaSunSal il & Say SAIRES BOVEE-Abu-[CO01-XSAKQSY7)NH2,

where Eu is an europium-labeled group, Abu is 1-aminobutanoic acid which connects an ester linkage with

15 2-hydroxy propanoic acid (X). Hydrolysis of the peptide by NS3 protease activity causes in separation of
the fluorophore from the quencher, resuiting in an increase in fluorescence. Activity of the protease was
initiated by adding the TRF peptide substrate (final concentration 50-100 nM). The reaction was
quenched after 1 hour at room temperature with 100 ul of 300 mM MES, pH 5.5. Product fiuorescence
was detected using either a Victor V2 or Fusion fluorimeter (Perkin Elmer Life and Analytical Scilences)

20  with excitation at 340 nm and emission at 615 nm with 50-400 ps delay. Testing concentrations of
different enzyme fo%ms was selected with a signal to background ratio of 10-30. The inhibition constants
were derived using a four-parameter fit.

Compounds in Examples 1-21 were tested to have a Ki value of less than 100 nM (e.g.,

Jess than 1 nM) in the NS3 protease TRF assay as described above,



5R 7810 am no car bonyl 15, 15-di

met hvl-3,9, 12-tri oxo-6,7,9.10, 11. 12. 14. 15. 16. 17, 18, 19- dodecahvdro- I H, 5H 2, 2
35, 8-di met hano204, 13. 2, 8, 11- benzodi oxat ri azacycl oheni cosi ne- 7- car boxam de
(11 }) OBu -N IR 2CVC O H 111-210 EXAMPLE 19 was prepared
from %’é& 7 8,10S)-10-tert-butyl-15, 15-di met hy1-3, 9, 12-

trioxo 7.9.10, 15, 16, 17, 18, 19- dodecahydr o- 1H, 5H 2, 235, 8- di net han0
-4, 1§, ZﬁﬁoTﬁourgeoii%éﬁ%oi@t ri azacycl oheni cOsi ne- 7-carboxylic acid (EXAMPLE 13
Al ternative Preparation, Step 4) ué&hng 25 the procedure for EXAVMPLE 3, Step
10. IH NWMR (500 MHz, CD30D, pp 7.25- 7.09(m 3 H, 52825.74 (in, 1 H,
5.35-5.29 (m 2 H), 5.15-5.12, W, 4.75-4.59 (m 3 H), 4.45-4.38 (m 2
H, 4.21-4.12 (m 1 H, 4.13°4. 0 1H, 395392(m1|—|) 2.98-2.94

(m 1 H, 2.62-2.54 (m 1 . 2.49- §=66(m 2 H, 2.25-2.21 (m 1 H,
2.19-2.13 (m 1 H), 1.90-%88 (m bHH, 1.52 (m 2 H, 1.48-1.45 (m 1 H),
1.40- 1.18 (in, '6 H, 1.15¢1. 14 H), and 0.81 (m 4 H). LRMVS (ESI)
mz 756.4 [(MtH)-; cal cd fox 8FM53N502S: 755.9].  EXAMPLE 20 (5K7

8, 108, 18E) - 10- Q/cl ohexyl - N-a B 28) 1;-g{fé1cycl opronvl sul fonyl | am

i nolcar bonyll-2-vinYlcyclo o

propyl)-15, 15-di net hy1l- 3. 9 12-tri oxo- ,9,10. 11,12, 14, 15, 16, 17- decahydr o- |
H 5H 2,23 :5.8-d ‘R I :

i met hano4 13 2,8, 11- benzodi oxatri azacycl oheni cosi ne- 7- car boxam de (111-225)
5 111-225 EXAMPLE 20 was prepared using the procedures from

EXAMPLE 13 Alternate Preparation, Steps 1, 2, 4 and 5 using

(28)W6§félnohexyl ({[ (2, 2- di net hyl hex- 5- en- 1- ypoxy] carbonyl| am no)acetic acid
in Step 1 and

(1R 2f dSI{ gﬁ 6 | opr opy! sul f onyDami no] car bonyl I - 2- vi nyl cycl opr opanam ni um

e e (100 e 0 L o5 Tl
5. 993 !S@z Gl OFy 05037;0&10%!%0 (m 1H,

R is C3-Cs cycloalkyl;

Y is C(=Q),

Zis O

M is C+-C., alkylene or Co-C;; alkenylene; and
_ each R is independently H or C4-Cs alkyl; or a pharmaceutically acceptable salt or hydrate thereof.

2. The compound of claim 1, wherein the compound is of formula lii-a:

(R%)4.0

!%
M /)p
% e

Z q

HN\/\L
o

R2 1il-a

or a pharmaceutically acceptable sait or hydrate thereof,

3. The compound of claim 2, wherein R is CONHSO,R®: or a pharmaceutically acceptable salt or
hydrate thereof.

4.  The compound of claim 3, wherein R® is cyclopropyl; or a pharmaceutically acceptable salt or
hydrate thereof

5 The compound of claim 4, wherein R® is C-C, alkyl or C,-C, alkenyl; or a pharmaceutically
acceptable salt or hydrate thereof.
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5.29-5.34 (m , 4.79 1.81 (m 2 H), 4.641.72 (m 3
H),456(dJ 40 (m 2 H), 4.18 (d, J—115Hz,1
9

|_|)
,410(d J=5.5 H, 0.5 H), 4 (dd, J= 11.5, 35Hz 1 H, 3.34

Hz,

.9

d, s

Em § et %Owe%aﬁﬁé 55 PR P PRy
[( 2&rdy N5095: 15780.9]. EXAMPLE 21

(5K7$. 108)Tr?e0 XYz 61 Ryrain Imlis |O4Q}’ﬁ|éﬁ@ﬂé?ﬁyl:>ﬁtlif@ﬂyméﬂw%! or a
carb I i met _y13, |2-tri oxo-6,7,9, |
o 118%“?}2?9‘:’{% ﬁ% é‘f%)ss%l%ﬁ oﬁi%éﬁy%?‘?% 5H 2. 23 : 5, 8- di net hano204. 13
%1 '?ﬁé'%%pb&%&aéfﬂclaﬁﬁcwrsére#aene EORbAST s SAENOXRBMItEE RIGHAG- 226) N 00 g,
111 26 MPLE 21 was prepared from EXAMPLE 20 using the

procedure descri bed for EXAMPLES. (500 MHz, CDC13, ppm 5 10.13 (s, 1

2H),511514(

H)
11.5 4.
3.

1
. 36-
1-

H),722(t 75Hz 1 H, % S J-- 7.5 Hz, 1 H), (d, J= 7.5
Hz, 1 ,540(d, N95HZ 1 H), 5.36 H, 4.67-4.76
25(m2 45‘0(d J= 15.5 I—QJG444(d J 14.5 ,1'&; 4.41 (d,
J—110% ,429439( 20HL, 4. 16 (d, J= 11.0 1 HJ 3.82-3.85

dd, J 3 ;1 3 GJ= 110 Hz, 1 H), 2495 1 H,
(2 51- 2. 59%3 g/@% 2 a4 wigm ]°1‘3§?§1 76H%m85 % W%QA( br
s,2 H. LR (°E§ iz 784. 4 [ (MFH); gh‘: for C40H37 5:978% 4]0

Alternative ~eiaration of IR 2R am no- ] eve Ca GV 7
-1 Hi-z -21

o B
= ) 3
O)\ NQ)‘\\ O))\ NE !\’l/ o O)\ NQ)\“N
Y h 9 Q /A H H Q /A Y po 9Q /A
A A NS AT
T TR I«H 0 % 1o
| | |
TI1-5 I8 -9
Ry
P g \ /(8 -
Ry M N
- o) 9>::O 0>=O
O :“_ o &
o éggh A cf)“N%/&ugégl o q A g)HNQ/&MN o0 A
H H A = NS, 8 Z P
T Wl o T o w o T T RN Y
| | 1
TI-11 JiE-12 II1-16
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sul fon 2-ecycl o oaanecarboxa ide hydrochl ori de: HCI H2N 5Step 1
ert-Butyl

1R, 2R) - 1-{li cycl opropyl sul fonyl ) am nol carbonv1l- 2- et hvl cycl opr opyl ) car bamat
e: 0 op 2sz A hydrogenaton vessel was charged with a nethanol (1000 ni)
slurry of tert-butyl

((IR, 2S)-1-1[ (cyclopropyl sul fony 0] car bony1{- 2-vi opr opyl ) car bama
te (164 g, 0 nol) (Wang et , 995,174) and 5% Ru/AC {dry, 7.5 w %
12.4 Q) gn (20 psig)
and vented t L ual oxygen.
The {

SYPA

’S\\.

0
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vessel was then placed under hydrogen (50 psig). After 20 hours, the vessel
was vented to atnospheric pressure. The reaction slurry was then
transferred out of the reaction and filtered through solka flok (34 grans,
wetted w 100 nL nethanol) to yield a clear, light brown solution. The

sol ka flok was, rinsed with nethanol (200 nL x 2). The conbimned met hanol

sol utions werfe ¢oncentrated under r ced pressure to crude product
as a whitg s ) duct was sl ur d inlet/hyl acetate
(800 h~ war nedto 40 C and 'nutes The s i en seeded,
aged 30 nlnutesmfﬁ%d hept ane (500 nL) added vi a aglditi on funnel over 30

nlnutesé\Thea tially crystal |ze@ ‘1|d was cooled¢LgHr cw;i;wnperature

and age ht after mhl ne ( 500 ¥ s added fter
one hour, &ddit honalf ﬁ?p@hne (25@.WL @é%e%XV|a addji on, sﬁ§§
t he mhlte’ﬁFurpy a wr one hour] TFhe @sﬁlbtlon was tered @ the
solid was rinsed mn]h hept ane/ Et OAC™ (500 , 4:1) and dried under‘reduced
pressure to give terit-butyl

((1R 2R) - 1-{[ (cycH&@opy! sul f onypani no] E&¥ony! | - 2- 1HI-64

et hyl cycl opr gpyOcar bamate (125.9 tep 2:

(1R 2R) - 1- = N-(cycl opropyl s -2-ethvl cycloprof ir boxam de
hydr ochl ori de:\_ /A sol ution of pro ct from Step 1 above (92_g, 0.28
mol) in (12000nL) was 25codl ed t and HCl bubbl &d t hrough t he

solutiom for, 10°m n, the coolu@ b t I enoved and the I oiiﬁi m xt ure
stirregsfy 12/ hy N trogen waso hr oy he redcti eﬁiurq)for S
mn and the vol\ati | S&Q&ﬁporateq/\jhe, §5|Qu% S azeotr x3)
to give arfof fdwhiyt enpowder (75 9)° LRVETEMHb Cal cd. = 2 % ou @ 3.

30Pr epar ati on of (‘8§-cyclohexyl({
'ngpécetlc acid

1(2, 2-di met hyl hex- 5-en-1-vDoxyl car bonvl
(28) - COycl ohexy! ({ PFEZ12- di met hyl hex- 5- en?
was prepared according to the proce e for

o) acetic acid:
xy] ear bonyl | ai

3- et hyl 1-4-enyloxy)carb ,-val i ne using :

5am no(cyctottexyDacetic acid 2, 2-\dj{net hyl hex- 5- & (ESI) mz
312. 3 [ (MeH & lcd for C1 0N104 &%ﬁ 2] . EXANPL 22 HCV ro ease
e-reso ved fluorégbence TRF assa o L

O%NH CL& ) 0”L N‘\‘)Lsa
Qe O LV G CR LV

: e L o
E H £ Yo S s\
[:j d T@iwﬁb \1\ o N o [:j % i o
| | !

TIE-76 | 1M-80 Il'1’1~83
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10The NS3 protease TRF assay was performed in a final volunme of 100111 in
assay buffer containing 50 mM HEPES, pH 7.5, 150 mM NaCl, 15 % gl ycerol
0.15 % Triton X-100, 10 mM DTT, and 0.1 % PEG 8000. The NS3 protease was
pre-incubated with various concentrations of inhibitors for 10-30 m nutes.

The peptide substrate for the assay is

Ac- C( Eu) - - Abu- [ CO0] - XSAK( QSYF) 3NH2, where Eu is opi um | abel ed
group, - am nobut anoi ¢ |ch connects ap esterwlinkage with
152- hy ;2Q9n0|c aci d (yS|s of the feptide hY°NS3 protease
activify caus n separatio of thesfluorophore f fom bhe-guencher,

resul tj n n increase in 54 ence Activit o*%ﬂh r ot ease ,nas

nM . Thﬁéﬁg WT%f@$ quenched/af ﬁg at room feipe? at Ufewbt h 1001, d
of 500 MVES, p . Product fluores fice was det ect ed u5|n either a
Victor V2 or Fusion fluorineter (Perkln Elner Life and Anal

Sci i ences) 20w ti-gxcitation at 340 ndlafd eni ssion at 615
is delay. Tes g concentrations of_ different enzyne f
with a si background ratio 10-30. The inhihi

derived \si ng our - par anet er
were tesfed to have a Ki val ue) of

initi%te 3 qplngggng TRFDpep ubstq ate (flnalfﬁgnc fir a ﬁg% 0- 100
1

th 50-400
was sel ected
constants were

i n Exanples 1-21
J?%s than 1 nM

ie%sothan 100 nM, e g.,

~in the 3 pyotegase TRF assayoas des€ri bed above }ns{1. A conpound of
formul ay ein: p nd tho h 1, RLis , R2,19 Cl-C6
al kyl or C2: C6 Ige 1R ereln sal B¢ a kenyw IS AN Ty
substi tute i t tON3ohal o; RO s9C ﬁjkyl or C3- cycﬁbﬁlbyl; R5 is
H R5is -C6 cycl* aIkyI Yis [ 0) |
' =
‘ e
>=O (8] d \O%O
'-.O i
5 D)\IQ%N o O)\NQ){JL'*N
X 0 q A ) H SYIFAN H Tt ,A
= NI L o MR
d éﬁ’ﬁ\o Q &K H O I & MO
i | |
IT1-96 CIH-97 TiE-113
M
/=0 \p}:O \}O
0 A
- O%NQ)LN O%N}ULN
? & ! W /A ~ H [\ D\\S/A 2 E L Q\ /A
T @ ‘:<«I\E§"S“o R © g 1%
] 2
111 Ti-112 1-116
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Zis 0; Mis C1-Cl12 al kyl ene or C2-Cl12 al kenyl ene; and each IRl is

i ndependently H or Cl1-C6 al kyl; or a pharmaceutically acceptable salt or

hydrate thereof. R2 Ifira or a pharnaceutically acceptable salt or hydrate

thereof. 3. The conpound of claim2, wherein RL is CONHSO2R6; or a

phar maceuti cal | yitaseept abl e salt or lﬂi&wifate thereof. 4. BihB7conpound of

claim3, wherein Ris cycl opropyl ~a pharmaceutically a ptabl e salt or
i <C4 al kyl or

or a phar maceuti cal acceptabl e salt of hydrate thereof.

6. The npou of claimb5, |wherein R@ls 03-06 cycl oal kyl or >=€Q C4 al kyl ;

or a ph rmaceutO Cal 'y acceptabl g /}t or hydrate thereof., 7.° The corrpound

kK

of clal relanso | ene or C4-C10 y - or a
phar mafbeu accephabl e sakt ory hyd a@xe,lﬁher eof . 8\/‘\;&4%9 lﬁhdﬁof
claim1, ﬁhﬁ% rrpound@ C{om t he fol |@ Y Q’S“o

1-136 III~137 IIE-157

Ti-152 T13-153 JIE-154
o ey
N N
N

\O# o §)>: 0 O>=o
Ao §0 S 50 | 31
o N o7 TN o NQ)LQ

O Q EY Q o Q
= | :\S/A = ) H Q/A % A
el

= o
N
- 5
G F %
At o N i O\‘/A
g Y R 90 /A e L E\A " \/’L T ﬁs\wo
= N 5 : =L _o_N RN
O et 13 s ein
0
HI-196 1226 I1-210
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or a pharmaceutically acceptable salt or hydrate thereof. 9. Conpound
[11-205 according to claim8; or a pharnmaceutically acceptable salt or
hydrate thereof. 10. A pharmaceutical conposition conprising an effective
amount of a compound of any one of clains 1-9 or a pharnmaceutically
accept abl e allt or hydr at e=t her eof , and a phar maceutd cal |y acceptabl e

The phar na ical conposition of c Ié\,p further
ond therape “q(% t selected fronm the gboup consisgkgg of
a HCV aqtivyirat agent, andimuno fop yand an @nti-infectiye gent-
12. TQ@LQQQL eutical conmposidihn af sclal m 11 wherein th antii i r al
agent 1s an a tﬁvPr%Lﬁ%electedjfranl?he gt.oup corsisti F~a" H | protease
inhibitoqj?ndJa{ . “NSSB polyne;ﬁ§e inhibifor. 13% A cﬁgggﬁnd of ¢any one
of clains1-9 or * pharmaceutigatly acceptable salt or hydrate thereof, for
use in therapy. 3,7A use of a conpognghspf any one of cl diwE91-9 or a
phar maceutical | T geptable salt or_hydrate thereof, Ngﬁ pr eparation of

I B
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or a pharmaceutically acceptable sait or hydrate thereof.
9. Compound l1i-205 according to claim 8; or a pharmaceutically acceptable salt or hydrate thereof.

10. A pharmaceutical composition comprising an effective amount of a compoungﬂ of any one of
claims 1-9 or a pharmaceutically acceptable salt or hydrate thereof, and a pharmaceuticaily acceptable

carrier.

62



HCV NS3 PROTEASE | NHI Bl TORS ABSTRACT 5 The present invention

rel ates to macrocyclic conpounds of formula (1) that are useful as

inhibitors of the hepatitis Cvirus (HCV) NS3 protease, their synthesis,

gﬂ?lt1t Bel"gré e b QL utkLCA RRitBh BT SYENY O NAREY cbbRid 8NSecord therdBedtiiagent
se%cted tony tHe™ roup consisting of a HCV antiviral agent, an immunomodulator, and an anti-infective
agent.

12. The pharmaceutical composition of claim 11, wherein the HCV antiviral agent is an antiviral
selected from the group consisting of a HCV protease inhibitor and a HCV NSSB polymerase inhibitor.

13. A compound of any one of claims 1-9 or a pharmaceutically acceptable salf or hydrate thereof,
for use in therapy.

14. A use of a compound of any one of claims 1-G or a pharmaceutically acceptable salt or hydrate
thereof, in the preparation of a medicament for preventing or treating infection by HCV in a subject in
need thereof,

15. A compound according to claim 13 for use in a method of preventing or treating HCV.

16. A combination of a compound of any one of claims 110 9 or a pharmaceutically acceptable salt
or hydrate thereof and at least one second therapeutic agent selected from HCV antiviral agents,
immunomodulators and anti-infective agents.

17. A combination according to claim 16 where the antiviral agent is an HCV protease inhibitor or an
HCV NS5B polymerase inhibitor.
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