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cytomegalovirus (CMV) and Epstein-Barr virus (EBV), as well as from other forms of liver

20  disease such as alcoholism and primary biliar cirrhosis.

It is well-established that persistent infection of HCV is related to chronic hepatitis,
and as such, inhibition of HCV replication is a viable strategy for the prevention of |
hepatocellular carcinoma. Current therapies for HCV infection include e-interferon
monotherapy and combination therapy comprising a~-interferon and ribavirin. These

25  therapies have been shown to be effective in some patients with chronic HCV infection, but
suffer from poor efficacy and unfavorable side-effects and there are currently efforts
directed to the discovery of HCV replication inhibitors that are useful for the treatment and
prevention of HCV related disorders.

Current rescarch efforts directed toward the treatment of HCV includes the use of

30  antisense oligonucleotides, free bile acids (such as ursodeoxycholic acid and
chenodeoxycholic acid) and conjugated bile acids (such as tauroursodeoxycholic acid).
Phosphonoformic acid esters have also been proposed as potentially useful for the treatment

of various viral infections, including HCV. Vaccine development, however, has been
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and US2009020478. HCV NS5A inhibitors having fused tricyclic moieties are disclosed in

International Patent Publication Nos. WO 10/065681, WO 10/065668, and WO 10/065674.

Other HC'V NSS5A inhibitors and their use for reducing viral load in HCV infected
humans have been described in U.S. Patent Publication No. US20060276511.
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SUMMARY OF THE INVENTION

In one aspect, the present invention provides Compounds of Formula (I)

M’I

@)
25  and pharmaceutically acceptable salts thereof,

wherein:
Als —eﬁkyleane—N(R”")(Rl b, w—alkylene-N(Rw)(R“), 4 to 7- membered monocyclic

heterocycloalkyl, 4 to 7-membered monocyclic heterocycloalkenyl, 7 to 11- membered

bicyclic heterocycloalkyl or R'®, wherein said 4 to 7- membered monocyclic



5 to 7-menbered nonocyclic heterocycl oal kenyl group, said 7 to 11- nenbered
bi cyclic heterocycl oal kyl group or Rl5group can be optionally and

i ndependewOl2g911gubedi t ut ed on one or nore ring nitrogen acoras2witok71IRA, and
on one or nore ring carbon atons with R12, such that two R12 groups on the
sanme ring carbon atom together with the carbon atomto which they are
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a 10 spirocyclic 4 to 7-nenbered heterocycl oal kyl graup; 13 is
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attached, can_{)oi,p to forma spirocyclic 3 to 7-nmenbered cycl oal kyl group
or a spiafseswit &4 to 7-nmenbered heter ocycl oal kyl group; ML is a bond,
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attac he%’icy%ﬁg hg eltoiagﬁgrliel g'oup can be optionally and independently substituted on one or
more ring nitrogen atoms with R® and on one or more ring carbon atoms with R
D is —alkylene-N(RT)(R"), ~alkylene-N(R'*)(R"), 4 to 7- membered monocyclic
heterocycloalkyl, 4 to 7-membered monocyclic heterocycloalkenyl, 7 to 11- membered
25  bicyclic heterocycloalkyl or R'3, wherein said 4 to 7- membered monocyclic
heterocycloalkyl group, said 4 to 7-membered monocyclic heterocycloalkenyl group, said 7
to 11- membered bicyclic heterocycloalkyl group or said R" group can be optionally fused
to a 3 to 7-membered cycloalkyl group, a 4 to 7-membered heterocycloalkyl group or an
aryl group; and wherein said 4 to 7- membered monocyclic heterocycloalkyl group, said 4
30 to 7-membered monocyclic heterocycloalkenyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or R %group can be optionally and independently substituted on one
or more ring nitrogen atoms with R*, and on one or more ring carbon atoms with R, such

that two R'? groups on the same ring carbon atom, together with the carbon atom to which



join to forma 3- to 7-nenbered cycl oal kyl group, a 3- to 7-nenbered
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C(O)N(R?),, -NHC(O)R', -NHC(O)NHR’, NHC(O)OR?, -OC(O)R'?, -SR? and ~S(O)R"*;
each occurrence of R? is independently H, C;-Cy alkyl, -C1-Cs haloalkyl, 3 to 7-
membered cycloalkyl, 4 to 7-membered heterocycloalkyl, C1-Cs hydroxyalkyl, -OH, -O-
20 (C;-Cgalkyl), halo, -CN, -NH,, -NH(C1-Cs alkyl), N(C-Cg alkyl)z, -NHC(0)-(C;-Cs alkyl),
-C(O)NH-(C}-Cs alkyl), -C(O)N(C;-Cs alkyl),, or ~SiRP)s;
each occurrence of R%is independently H, C,-Cs alkyl, C;-C¢ haloalkyl, -C;-Cs
alkylene-OC(O)C;-Cs alkyl), Ci-Cs hydroxyalkyl, 3 to 7-membered cycloalkyl, 4 to 7-
membered heterocycloalkyl, aryl or heteroaryl wherein said 3- to 7-membered cycloalkyl
25  group, said 4- to 7-membered heterocycloalkyl group, said aryl group or said heteroaryl
group can be optionally and independently substituted with up to three groups
independently selected from -OH, halo, C,-Cs alkyl, C;-Cghaloalkyl, -NH(C;-Cs alkyl) and -
N(C1-Cys alkyl)a;
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each occurrence of R5 is independently H Cl1-C6 al kyl, -Si(R13)3, 3- to
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each occurrence of R®is independently H, C;-Cs alkyl, halo, -C;-Cs haloalkyl, C1-Cs
hydroxyalkyl, -OH, -C(O)NH-(C;-Cy alkyl), -C(O)N(C-Cg atkyl), -O~(C-Cs alkyl), -NHa,
“NH(C1~Cg atkyl), -N(C;-Cs alkyl)2 and -NHC(O)-(C1-Cq alkyl) or ~Si(R?)s;
25 each occurrence of R'is independently C;-Ce alkyl, C;-Cs haloalkyl, 3 to 7-
membered cycloalkyl, 4 to 7-membered heterocycloalkyl, aryl, or heteroaryl;
each occurrence of R'! is independently H, C;-Cs alkyl, Ci-Cs haloalkyl, -
[CR™)JNR®), -C(O)R!, -COIHCRLNR 2,
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each occurrence of R is H, C;-Cs alkyl, Ci-Cq haloalkyl, 3 to 7-membered
cycloalkyl, 4 to 7-membered heterocycloalkyl, aryl, heteroaryl, halo, -CN, -OR’, -
N(R?)z, -C(O)R", -C(O)YOR?, -C(OINR™ ), NHC(O)R', -NHC(O)NHR?, -NHC(O)OR?, -



each occurrence of R13 is independently selected fromCl-C6 al kyl, 3- to 7-
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atoms with Ragh ogabrenee elRr dhigepsndraiy § %Woé%rﬁge(?ﬁ% ; %‘itﬁl- c6 al kyl
substitute j - Si ; [ - ’ L ihut ed
T SR o B o o C e ot h
- Si (RL3)X3Y and -OR®, wherein two 'V rophe nygetism vath the siidomitom toSikie Bieg arq v)

6- menber ed heteroaryl substifuted with -§ 3).3, wherein said heteroaryl

has onestchedusan PPF@OWPW‘B@é‘h%%' tﬁhéfn?fg{)éf?%é’am@?"ﬁaﬁ%ﬂl& eroat ons; or

(vi) -( C‘Mkyl .wherein when R16 is said 3 to 7-nenbered cycl oal kyl
to /-

group, Ssal Ve nbergg het er ocycl oal kyl ?foup, sai d phenyl group or
sai d het er oaeach ogewuce bABIT iRiBlependchidy aptongpydlicy- subsramae with up to

N L Ay
al kyl) , 1in S6ALNGCL £8R Kty clo ik {l GheSBomthiny b3 hetetNotom rib{EmMbES: al kyl ), - N(C
-C6 al kyly2 and -NHC(0)- (G -@p alkyl); each occurrence of R17 is
i ndependent | y: (1) one -Si(R ")-;
()  one~N(RY-; and
(iii)  one optional and additional heteroatom ring member elected from the
15 group consisting of nitrogen, oxygen and sulfur,
and wherein an R'® group can be optionally and independently substituted on one or two
ring carbon atoms with R'%
each occurrence of R'® is independently:
()  C-Cealkyl substituted with -Si(R'*)s;
20 (i) 3 to 7-membered cycloalkyl substituted with -Si(R")s;
(iii) 4 to 7-membered heterocycloalkyl substitated with -Si(R")s;
(iv)  phenyl substituted with -Si(R"*)s;
(v)  6-membered heteroaryl substituted with -Si(R")s, wherein said
heteroaryl has one or two ring nitrogen atoms and no other ring
25 heteroatoms, ot
(vi)  -(CHp-RY,
and wherein when R'¢ is said 3 to 7-membered cycloalkyl group, said 4- to 7-membered
heterocycloalkyl group, said phenyl group or said heteroaryl group, then R!® can be
optionally substituted with up to three groups, which can be the same or different, and are
30  selected from C;-Cg alkyl, hale, -C:-Cs haloalkyl, Ci-Cs hydroxyalkyl, -OH, -C(O)NH-~(C;-
Ce alkyl), -C(OYN(Ci-Cs alkyl)s, -O-(C1-Ce alkyl), -NHy, -NH(C-Cs alkyl), -N(C;-C¢ alkyl),
and -NHC(O)-(C;-Cg alkyl);

cach occurrence of R'7 is independently:



WO 2011/ 112429PCT/ US2011/ 027117 7 (i) a 5- to 7-nmenbered silylcycl oal kyl
ring having one -Si (R13)2- ring nenber; or (ii) a 5- to 7-nmenbered

si |l yl het ewocydlioad2kyl ring having one -Si (R13)2- ring mecibarsoiang7iohe to
two heteroatomring nenbers, which can be 5 the sane or different, and are
selected fromthe group consisting of nitrogen, oxygen, and sul fur, such
that the -Si (RL13)2- group nust be bonded only to ring carbon atons; or
(iii) a 7- to 11-menmbered bicyclic silylheterocycloal kyl ring having one -
Si (R13)2- ring nefber,a &td Temembered kit deyHealkylgiedravingrmpentiBeps ringowhi ch
can be the sane or differ nt_b and are selected fromthe group consisting of
ni trogen, oxygen, and & B °" and wherein an R17 group can be optionally

and i ndependent | ygubshist ¢ PeheMbepsiEsiBihctatbeycioatkyt anpanviag ons-SHR Aup to
two R12 groups; each occurrence of q.is independent]ly an integer
ranging fromil to 4; amelmsehenasdens odredelrosiondingiaapeHsetitiey SRS nt eger

ranging fromO to 6, r.ei . t s, Bd :
-alkyl ene- N(R16) (R11) %% S%Qogﬁge%gzpaggﬁges&g?&éornu?g!iloﬁ}?%rﬁgsgn%g?erred to
herein as the "Fused Thitoyal, ogydenl yid Lofupcuniddis) theni(RHar geopunist &k | y

acceptabl e salts thereof can pe useful, for exanple, for 20 inhibiting HCV
viral replication or reided SpYAeinGicHPONZNS SF treating or preventing HCV

infection in a pagjent, -~ \W th L G cRAeNgt méte%ﬁ,srﬁ)g 1 fh€hiheObYs -1t 1S
bol 1 oved t hat -t holbhec rilgyﬂc‘%l’ﬁﬁi@a|§?&00rr%'ounds e e o

replication by inhibitBi{B" pcvinySfktnber, and onate treti ieigrgatomhingonenbers,

ot Hont . compr i st ng adHORRSRBPE iy LoeCRa P bk arrel i BBE IR, 'O
| east 25 one Fused Tri g&gisiﬁgg§§hg{40§§g@?g@gana'§xﬂﬁﬁ,et ails of the invention

are set forth in the,;. acconpanyi ng detail ed description bel ow. Although any
met hodsamhetheratneani Rl grasiprdah de opionatlysad drdeppndsatly ResEfHeehOMerT®8d i n

30t he pr.actice or test,ng, of the ent invention, illustrative nethods
and nat BP® 57" O%P'rémﬁov\‘/'\'/tﬂb‘é‘g?rti"%)elg gg‘ﬁg’r enbodi ments, aspects and features of
the present papeRtin®ehc@iE o6t indepentionthyharintgscmnpiad fiom dto %idnd be appar ent
fromthe ensuing description, exanples and .

15 each occurrence of r is independently an integer ranging from 0 to 6,

wherein at least one of A and D is R" or »»~—alkylene~N(R16)(R”).

The Compounds of Formula (I) (also referred to herein as the “Fused Tricyclic Silyl
Compounds™) and pharmaceutically acceptable salts thereof can be useful, for example, for
20  inhibiting HCV viral replication or replicon activity, and for treating or preventing HCV
infection in a patient. Without being bound by any specific theory, it is believed that the
Fused Tricyclic Silyl Compounds inhibit HCV viral replication by inhibiting HCV NS5A.
Accordingly, the present invention provides methods for treating or preventing HCV

infection in a patient, comprising administering to the patient an effective amount of at least

25  one Fused Tricyclic Silyl Compound.

The details of the invention are set forth in the accompanying detailed description
below.
Although any methods and materials similar to those described herein can be used in
30  the practice or testing of the present invention, illustrative methods and materials are now
described. Other embodiments, aspects and features of the present invention are either
further described in or will be apparent from the ensuing description, examples and

appended claims.



appended clains. WD 2011/112429PCT/ US2011/ 027117 8 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention relates to novel Fused Tricyclic Silyl
Conmpoundswoconpiag42pi ons conpri sing at | east one Fused TPCENUSRO1G/0SBi11Yi
Compound, and net hods of 5 using the Fused Tricyclic Silyl Conpounds for
treating or preventing HCV infection in a patient. Definitions and
Abbreviations The terns used herein Have their ordinary neaning and the
meani ng of such ternms is 10 i ndependent at each occurrence thereof. That
not wi t hst andi ng and except where stated otherw se, the follow ng
definitions apply tﬁgﬂégggﬁ p@&ﬁﬂﬁ‘iﬂl‘# AL TAT AVERIN g Chem cal nanes,
common nanes, and c 5 angeably to

descri be t heTigamesdnt fnveititierelatds ta notid Fusal Tigrtic8ilsl Cempaimdsy ed to using
both a chem cal structure and a chenical n d an anbi.qui exl sts

bet weerconmosiiiong eemipasing et leart opghgse fﬁlcﬁ’ﬁgagﬁfl%g}f‘moé‘n raé‘gg’ﬁ‘?tﬁ%lqseo . These

def ini t%?%ﬁth%@*ta i ﬁ@@hg@gﬁgc&{&%c}megg R tr Atih @ bMreSerB@IIOY ihfes@dd inar i N

conbi na 0 s otherw se indicated. Hence, the

defi ni tpatienf "al kyl" applies to "alkyl" as well as the "alkyl" portions of
"hydroxyal kyl ," "hal oal kyl ," "-Oal kyl," etc_ As used herein,
and t hroughout this disclosure, the followi ng terns, unless otherw se 20

i ndi cated, shall be under st @afinitfoniana Abel@tibgv ng neani ngs: A
"patient" is a human or non=hunman nammal . 1 n_one enbodinent, a patient is a
human. | n anBhhermemddienembavethpiaprdinary meapinglndhisinganing of such g@sis m
"effectjve anount" as used herei : f ricyclic
S e e T b e A S R

t her eof o iRAtisd, She2RBbMVAML dofiRitidhs RpSIG deonghdub ehedpsdifiediontad apews. c,
aneliorative, inhibitory or preventative effect %n adm ni ﬁt ere@ Lto a

pat i ent Cherifost iangest e@pman prmas, and CRERCHPIHFTUES R RePSat BUSGPEEEERY ° I n the
conbi nat,i on. t her api e t ent { REhHHVE REREM can
refer tOeSSHRRME 9isﬁﬂ§Preag§%?ﬁ %ﬁﬁgocot \gﬁfg%insbqi@%gt%i@gﬁwafgg whol e, wherein

t he amuymiguefanaklchagral sanashrdninsnstrigaitiaeasts bofeehethestipelprd and thepameher ei n

t he conponent agent of the_conbjnatjon 3Q may not be i-ndividual 'y
4 ofebuFes agoniacs. Those At ianeY SRarUrg, " e MHe et
respect ; ahiBh wWifhf REL 18O tnIEE\GiNdrtie inditate dHeh@othdelefinttiehier s t o
reduci nbtgaﬁgpllnzéke bﬁ%‘% “g?l eV 1 nf ec?i on. - "

of "alkyl" applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl," "haloalkyl,

"-O-alkyl," etc...
As used herein, and throughout this disclosure, the following terms, unless otherwise
20  indicated, shall be understood to have the following meanings.
A “patient” is a human or non-human mammal. In one embodiment, a patient is a
human. In another embodiment, a patient is a chimpanzee.
The term "effective amount” as used herein, refers to an amount of Fused Tricyclic
Silyl Compound and/or an additional therapeutic agent, or a composition thereof that is
25  effective in producing the desired therapeutic, ameliorative, inhibitory or preventative effect
when administered to a patient suffering from a viral infection or virus-related disorder. In
the combination therapies of the present invention, an effective amount can refer to each
individual agent or to the combination as a whole, wherein the amounts of all agents
administered are together effective, but wherein the component agent of the combination
30 may not be present individually in an effective amount.
The term “preventing,” as used herein with respect to an HCV viral infection or

HCV-virus related disorder, refers to reducing the likelihood of HCV infection.



WO 2011/ 112429PCT/ US2011/ 027117 9 The term "al kyl," as used herein,
refers to an aliphatic hydrocarbon group having one of its hydrogen atons
repl aced wotzhtiznibgad. An al kyl group may be strai ght or porarsehed2ant
contain fromabout 1 to about 20 carbon atons. In one enbodi nent, an al kyl
group contains fromabout 1 to about 12 carbon atons. In different

enbodi nents, an al kyl 5 group contai n€ from1 to 6 carbon atons (A-Co6

al kyl) or fromabout 1 to about 4 carbon atons (G -C4 alkyl). Non-limting
exanpl es of Ehddgtm Jalbylpsas uscd hersinyeafbrplto arelighatic hpdropgbon BEWBHEBEE,

n-butyl, sec-butyl, isobutyl, tert-butyl, n i sopentyl,
nhexyl ,O’?es(gﬁgg‘)'b%ﬁ’amsﬁ%ﬁ ped viih QE%}#{ ‘6?8%%13%}&0&%4}3%%3%{5%# Uted or

subst i t phRcheR¥in@ 06N 1K A& aboi@MSaiddh Glori@YInkee thibodimnemt,an alliyl f er ent
each substituent bei n{;wlyndependent |y 10sel ected fromthe gr ousp cg ‘"E’LS“ ng

of hal ogroap kemigins frankaheyt 1 taplput 12 gerbemptes, e gifivsent gipgedigents. go 3

0-aryl, -alkyl.e a i, S ey I ,
Ny o RS mongl g pu B Yobit G- GO oo iy o AR AR 0 om
and - C(&pRsatky, alkyh. ohe-lenhingiavemples afialitykgrbupriodpdé metliyhedlryl, 1-n anot her
enbodi ment, an al kyl group is Qranched. 15Unl ess ot herw i ndi cated, an

al kyl gPeaplh F%@Pl’ﬂﬁé’ﬁ ﬁﬁqtff}u%"éd?“tyl%h’ég‘f@ymeréq’#g%9Tp,emy s}leﬁgg"csﬁﬁhg?%‘?ﬁﬁ’ Pefers to
an alip h G I o] W] t & AEtRoRdGardnebr doubl e
bond ang%\c}?dr%gggﬁdgagp%xg[h@lgﬁg‘gg%@g??ﬁgErﬁeurl)l:sggsgguﬁmpth a b_ond@An alr kenyl
group nawrdeubstitueantythidirmiy bathesdma nddidfenenti aach pestinlsaiheins mdepgsdentlyl s

carbon atons, . I n one enbodi nent, kenyl,, ar. C j 20 about 2
to Hboutelagedhpmdhe %‘PBPrﬁ?nﬁlngn&r%P%r glgwgtﬁl]ﬁ@r}(?’%gh%ﬁ%@1 é}éﬁ%?up cont ai ns
from abg mgyt,,@,_ﬁigﬁut 6 carbon atonms. Non-limting exanples of al kenyl
groups 1nclude et henyl, propenyl, n-butenyl. 3-ngthyl but-2-§ag I

n- pent er®4arylp®ilealwie~(éﬁli<yz@<ﬂ®ﬁwq, "MHzaNﬂﬁﬁfb’i)gT%}W%yN%(cm %’Qil tuted or
substitu y.,one 0 re, s i.t 1} e g r-ndi fferent,
each sub ’F‘t?(pﬁ Y%‘Q."ﬁ&@?%éf%ﬁ@%@&fﬁg’?ﬁée y@ﬂ?@@éﬁt ﬁé@g)r %%gp clgr?snigsti ng 25
of hal ogmdbdiatnt, analky Etﬂup i@lindar. byalotsd kybodimeatan abigyd gmup,is banehedy | |
-0-aryl, -alkylene-Galkyl, alkylthio, -NH2, -NH(alkyl), -N(alkyl)?2,

- NH{ £y ¢ [Uodgsk piherwisgindi@jedapi glkyl gf@llusoané\t!gﬂﬂfut@ -C(0)-cycl oal kyl, -C(0)CH
and -C(0)0-akkyl ., T M kgl af SfiHasic h9dRBardbk group
having from %%5&'%’ gg?egg{’\%%%}g%n ’ess ct)(t) ?\%fﬁ\}\nﬁ{se [ 2di cat ed?ﬂg% al kenyl
group i Soktamisitiléast @tk caB@hhertai dduble'tainkdyng having oneigids helregan aleBi ers to

| i phatic hyd b t ai nj | t - b tripl
bond andemearmng Toneonsk An Qe esgBay prars ey eE B B Yo 68R O0, Loy ©
group may,he t%}a%@ﬁtgl@tca ongcﬁ@rﬂﬁhﬁxdor@%%@ﬁﬁ@it,rhnfdﬂ&ﬂyamp cantainsfloout 15
n

carbon atons. one enbodi nent, an al kynyl group contains from %IT\D
2011011282000/ 0SR0PIdagiRniatdms. In another einbodiment, an alkenyl group contains from

about 2 to about 6 carbon atoms. Non-limiting examples of alkenyl groups include ethenyl,
propenyl, n-butenyl, 3-methylbut-2-enyl, n-pentenyl, octenyl and decenyl. An alkenyl
group may be unsubstituted or substituted by one or more substituents which may be the
same or different, each substituent being independently selected from the group consisting

25  of halo, alkenyl, alkynyl, aryl, cycloalkyl, cyano, hydroxy, -O-alkyl, -O-aryl, -alkylene-O-
alkyl, alkylthio, -NH,, -NH(alkyl), -N(alkyl), -NH(cycloalkyl), -O-C(O)-alkyl, -O-C(O)-
aryl, -0-C(O)-cycloalkyl, -C(O)OH and ~C(0)0-alkyl. The term “C,-Cs alkenyl” refers to
an alkeny! group having from 2 to 6 carbon atoms. Unless otherwise indicated, an alkenyl
group is unsubstituted.

30 The term "alkynyl,” as used herein, refers to an aliphatic hydrocarbon group
containing at least one carbon-carbon triple bond and having one of its hydrogen atoms
replaced with a bond. An alkynyl group may be straight or branched and contain from

about 2 to about 15 carbon atoms. In one embodiment, an alkynyl group contains from



10 about 2 to about 12 carbon atons. |In another enbodi nent, an al kynyl
group contains fromabout 2 to about 6 carbon atons. Non-limting exanples
of al kynywogoaugpg42oncl ude et hynyl, propynyl, 2-butynyl aou/uB2emobyphbut ynyl .
An al kynyl group nmay be unsubstituted or substituted by one or nore
substituents which may be the sane or different, each substituent 5being

i ndependently sel ected fromthe group“konsisting of hal o, al kenyl, al kynyl,
aryl, cycloal kyl, cyano, hydroxy, -0-alkyl, -0-aryl, -alkylene-O alkyl,

al kyl t hibopt 2 tHhout 1 N\eirhokgtoms. INgngtheyiepbodimgat. apclleayk gropp copaing Gy kyl |

-0-C(0) - - 0-C(0) 5 | kyl .- - l. "C2-C6
al k%yl)ab%% #Lﬂ"g’c’f‘lgé ﬁgfbgﬂy%?%iafr %Oﬂlélffﬂg%‘%z/eg%ﬁ%gg% 9‘})@ %‘l) arl%%irl]-&:?t% > Unl ess
ot her Wi 158,{ali £BORly] adll 3amhkiniblity@yb Ul blkynyisibst inky bednsubSineedtoer m

ove,

"al kyl ene,™ "as used herein, refers to an ;Dal l%l groua, as def] ned 2

wher ei nsubsiétuisfl bytpae o ke gbstiprests pishogan be s ames 25 dffsenty h st L

b -linmiti : ' - X RCH2-

"o o s i A o PR BERB P I KR R, en

- CHE) CH( @dﬁ)amﬁ,l-cyah@ 1@&&)}(@?_15@}@1]](]3’2 RO;argln -alﬂcbz})ehleﬁbalgyba&yhhb, N1 to gbort 6
on atons. | n another odi a e gro ran . In

ot hor NERSTSH mBiIR i NHERESGy o Py o het CE e SRR T RRRIO 2

al kyl eng@aiPss c(ENB-alic TNt fffl SColc Qi ykyicRfieto HR{IRNS bauphaalngy | ene

aving from 0 Th

group h carbon atons. e term"aryl,"” as used
her ei n, fromf s tasbamtamsnbiniess atbaodycindisatsd, analkynsy erque 1 pPagbeiytedm

conprising from abqu tq about, 14 carbon at : ihent, an
aryt9 20 grourﬁﬁ%@ﬁ’i‘afﬂﬁ%{%‘?’oﬁ? gﬁ%élher%n,trgfeésotguaﬁ @gﬁggir Ogﬁygﬁfggg%%?aryl gr oup
can be %Eegﬂﬁ@rle'ahﬁ@aﬁ&ﬂ drbited hydroBerPBme hadB¥en réplaid eiyis bonds Ulst-i t uent s
whi ch may be the sane or different, and _are as de‘fi@%gc@;éﬁi n below. In one

enbodi mimiitingexaspyds of ebupene aroups irhadeortdilry GHesdl-t &al kyl or

cycl oal r ) ach b AL _ed@@# s, Of Hg}m;;_j nedsede phenyl
and napmgﬁzcﬂﬁ(glgﬁe"%%)%&ggan ary 3(5\garngiu|g\?J¥?“§h|c§%enyI ““Unl ess ot herwi se
25i ndi Cak86dinRAt, ah ¥ikylie wpoipshas isubs té theted carbhe atoersmIhangthene, " as used
herein, refers to a bivalent group derived fro a(_ﬂ artyl gli(oyﬁe as, qsefi ned
aboV®, leybpdimsehlan gHkyleng B Be RTaachsd: pr&ﬁqtgerrn?rH%o REWo AR BFY SR EYP “gr oup.
An aryl ene g ' [ RAPLY Thi Gerf dleylehd qefersng
system @8%? i&lg?ﬁeg&??%dﬁnﬁlg 6%1{1%{%9%@%5 bogt1 14 2f:;ar bon at c?r(rnsd.:é I nylone enbodi nment ,
an aryl engn gkolepe gfdup daviag fionf t 6nd apbort a®ns0 about 10 carbon atoms. In

anot her enbodi nent, an aryle roup i s a naphthyl BoRLher
Crboo ment - dicasyi sha. Groos fda Hanh S BSHHTCAIR S R IGe BT, o
opt i onalg Q{exﬁ‘égﬁﬁ)h&i&{g_?%fﬂ“aﬁdh 816 altut MHLEDLOF bfdghss i beeembbdinienyentsl whi ch
may be the sane or different, and are as defined herein b%l oW, Arllqar yl ene
grogp i SroupRoAGidy fidrd 4BORCTIWBw 1) @enEroms 4R 9Bl 8FRYPAD PEPHEN Jvai | abl e
bond on an arylene group cap.connect .e] : del tBO Kot ife@hly | €NE
group. btk |ﬂ§,0%f" e o df’e A %Pjyﬁ“é%g.ﬁ%%%\,\ﬁgé% the arylene group is:
I's underghgatstRihePR&SRMeld¥Rt T one embodiment, an aryl group can be optionally fused
to a cycloalkyl or cycloalkanoyl group. Non-limiting examples of aryl groups include
phenyl and naphthyl. In one embodiment, an aryl group is phenyl. Unless otherwise
25  indicated, an aryl group is unsubstituted.
The term "arylene," as used herein, refers to a bivalent group derived from an aryl
group, as defined above, by removal of a hydrogen atom from a ring carbon of an aryl
group. An arylene group can be derived from a monocyclic or multicyclic ring system
comprising from about 6 to about 14 carbon atoms. In one embodiment, an arylene group
30  contains from about 6 to about 10 carbon atoms. In another embodiment, an arylene group
is a naphthylene group. In another embodiment, an arylene group is a phenylene group. An
arylene group can be optionally substituted with one or more "ring system substityents”

which may be the same or different, and are as defined herein below. An arylene group is



5 I n one enbodi nent, an aryl ene group can be optionally fused to a
cycl oal kyl or cycl oal kanoyl group. Non-limting exanples of aryl ene groups
i ncl ude phenylienes2and napht hal ene. I n one enbodi ment, amrcCarjsh@n@2YIDUP |iS
unsubstituted. In another enbodinent, an arylene group is: 10 Unl ess

ot herwi se indicated, an arylene group,.,s unsubstituted. The term
"cycloal kyl," as used herein, refers Yo a non-aromatic mono- or mul ticyclic
ring systemconprising fromabout 3 to about 10 rin caﬁbon at . I'n one

ns.

enbodi ndintlentand gishergivkijable bendeaman #ryishe sKoRICan coresbS RN gIRIPYR, ga@%%on
atons. | n_another e I , GYC ”» i .3 to
about 7th? PR SO r%}%g%g étrhgggﬁg“gdi}\ne%d%é’c%{% %)eg# E%Iaac;:lgﬁ i ggis% rom about

5 to about 6 ring atons. The ter f{“€ycl oal kyl" al so enconpasses a

cycl oal kyl group, as defined abovg ich is fused to an aryl (e.g.,
benzene) or heteroaryl ring. No N y exanpl es of nmono cyclic
cycl oal kyl s i nclude cycl opropyl, yn |, cycl opentyl, cyclohexyl,

cycl oheptyl and cycl ooctyl. Non- ntt™g S&fanpl es of 20 nulticyclic
cycl oal kyl' s include 1-decalinyl, norbonyl "and adamantyl. A cycl oal kyl group
can be Qptli I it d wth one or nore "ring system substituents”
whi ch nég&%gggﬁg%%gﬁgggﬁﬂ%@?ferent, and are as defined herein below. In one
enbodi nent, a cycl oal kyl group is unsubstitBted. The term"3 to 7-nmenbered
cycloal kyl" refers to a \SI0~IkyI group haying.f{rom3 to 7 ring carbon

atonms. Unl ess ot herw se d, g, gycl YT Jgrfjoup is 25 unsubstituted.
4 By ] Joctionalized as a WO

A ring carbon atom of
20114 112429PCT/ US2011/ 02F car bonyl gréUp.~An TAlustrative exanpl e of

such a cycloal kyl group (also referred to herein as "cyclo anoyl "
group) i ncl ubtewe dmitodimenioan #1iylene PUPEAN By 8?%@@13%%?8 op Cﬁ‘ﬂ%ﬁ[‘g%
cyel Oagfc ge}fllcdnoyfigsrogg.eﬁoﬁﬁ{n%lciﬂg ek SESoft By RO PBufE ATRIE GhéGre 28
naphthalene. In one embodiment, an arylene group is unsubstituted. In another

embodiment, an arylene group is:

Y, X

=) ).

Unless otherwise indicated, an arylene group is unsubstituted.

10

The term "cycloalkyl," as used herein, refers to a non-aromatic mono- or maulticyclic
ring system comprising from about 3 to about 10 ring carbon atoms. In one embodiment, a
cycloalkyl contains from about 5 to about 10 ring carbon atoms. In another embodiment, a
15  cycloalkyl contains from about 3 to about 7 ring atoms. In another embodiment, a
cycloalkyl contains from about 5 to about 6 ring atoms. The term “cycloalkyl” also
encompasses a cycloalkyl group, as defined above, which is fused to an aryl (e.g., benzene)
or heteroaryl ring. Non-limiting examples of monocyclic cycloalkyls include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. Non-limiting examples of
20  multicyclic cycloalkyls include 1-decalinyl, norbornyl and adamantyl. A cycloalkyl group
can be optionally substituted with one or more "ring system substituents" which may be the
same or different, and are as defined herein below. In one embodiment, a cycloalkyl group
is unsubstituted. The term “3 to 7-membered cycloalkyl” refers to a cycloalkyl group
having from 3 to 7 ring carbon atoms. Unless otherwise indicated, a cycloalkyl group is

25 unsubstituted, A ring carbon atom of a cycloalkyl group may be functionalized as a



5 multicyclic ring systemconprising fromabout 4 to about 10 ring carbon
atons and containing at |east one endocyclic double bond. In one

enbodi mrerwQ 2a11¢yped20al kenyl contains from about 4 to aboRCTUSRéINGY2TIAT bon
atons. In another enbodi nent, a cycloal kenyl contains 5 or 6 ring atons.
Non-limting exanples of nonocyclic cycloal kenyls include cycl opentenyl,
cycl ohexenyl, cycl ohepta-1, 3-di enyl, d the like. A cycloal kenyl group can
10 be optionally substituted with one or nore "ring system substituents”

whi ch neybds! gloeps amellostrative Exarepic of sl saeveloalcyli groun édsheafared BAICERR A ri ng

carbon at om of cycl oal kyl grou functi ' .as a carbonyl

group. A5 ?ﬁ&loaﬁfﬁ%%ﬁn’e’WPPy‘éngf}Eﬁ%&{%éﬂeﬁm&F‘g pc?‘ggé:d);c cd%entenyl. I n” anot her
enbodi ment, a cycl oal kenyl group is cycl (y@xenyl. The term"4 to 7-nenbered
cycl oal kenyl " refers to a cycl oal ke /6up having from4 to 7 ring
15carbon atons. Unl ess otherw se indi catpd, a cycl oal kenyl group is
unsubstituted. The term "halo," as ed herein, neans -F, -d, -Br or -I.
The teini "haloal kyl," as used hgre¥n, refers to an al kyl group as defined
above, wherein one or nore of the*gl kyl group's hydrogen atons has been
replaced with a hal ogen. In one enbodi nent, "a hal oal kyl group has froml to
6 carbon ato " 0 J trefeis thal maldfythat®s @Upod @ substituted
with froml {Fge?fhlﬂ g?('(q)gr’é.ﬁén ’n?fgﬁﬁﬁeﬂ%ﬂe{%ml es of hal oal kyl groups include
- CHXF, mGHR3rlie SRBsyste@R@hpasiog FODldouThte aboptl 0 tng cBbomAOEISIPA" refers to
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wher ei N QN80 koIt ull 1d fRuth kink caibed atend)id kogher alladbmbassa bgdoelkenl aced
with an -OH 25 group. In one enbodinment, a hydrox%al I%{? %lrsoijg_. hils froml to
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ri ng at eams¢o &inh ane @Ta a4 qcgn 11/ 7 13 the
ring atoms. is ind - d BHRiRENYa EVdGalREGBroahe

car bon ﬁoﬁ?sr?%fﬁe @ﬁg&%%g%é|asngan%a%é§{yg1§%0§?bg€%%r ouéﬁhlggaSyto 10 ri nogpatoms.
In anot hesyckipeatthyieh anathbretehodamnt, gelgalkayheige yehickohskenyhashsesP 6 ring

atons. I n anoth nmbodi t het i | i - het I
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] eteroary

bel group is joined via a ring carbon atom and any
ni t rogen atoriﬁmftetmﬁmlm?aauwﬂh@mnpwa@bﬁﬂﬁ&l%‘i%%idi zed to the

correspondi ng_N-oxi ge, The.term..het.er . ORRBA&S R VBEt eroaryl
group, as de?ﬁh@émgﬁ\}f@:& iaﬁﬁsﬁdshegﬁlg’ergﬁ?%&fnﬁag Z&ne 'ri ng.ﬁﬁN_oarll-l imting
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In one embodiment, a haloalkyl group has from 1 to 6 carbon atoms. In another

20  embodiment, a haloalkyl group is substituted with from 1 to 3 F atoms. Non-limiting
examples of haloalkyl groups inctude ~CH,F, -CHF,, -CF3, -CHCl and -CCl;. The term
“C,-C¢ haloalkyl” refers to a haloalkyl group having from 1 to 6 carbon atoms.

The term "hydroxyalkyl," as used herein, refers to an alkyl group as defined above,
wherein one or more of the alkyl group’s hydrogen atoms has been replaced with an ~OH

25  group. In one embodiment, a hydroxyalkyl group has from 1 to 6 carbon atoms. Non-
limiting examples of hydroxyalkyl groups include ~CH,OH, -CH,CH,OH, -
CH,CH,CH,OH and -CH,CH(OH)CHa. The term “C;-Cs hydroxyalkyl” refers to a
hydroxyalkyl group having from 1 to 6 carbon atoms.

The term "heteroaryl,” as used herein, refers to an aromatic monocyclic or

30 multicyclic ring system comprising about 5 to about 14 ring atoms, wherein from 1 to 4 of



10t hi enyl, pyrimdinyl, pyridone (including N-substituted pyridones),

i soxazol yl, isothiazolyl, oxazolyl, oxadiazolyl, thiazolyl, pyrazolyl,
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benzi m dazol yl , benzot hi enyl, quinolityl, imdazolyl, benzimdazolyl,
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heteroarylerie group is joined via a r|_n% carbon atom or b%j a.nitrogen atom
30 wi t hppazingk pyuddzandeuizmaliayly phihelpggenospdohybimidapd & BW‘T?*B}‘.‘e can be
optionally, oxidi.zed to.the cor ondi 0X | 4 : | ene"
ol so enepiiagdede Erwelar GRS REKERE, BELH gl e O e ced to
a benzegginbiiRg,; iniasollMbdizigidexayipitmopfridy; @rinemiingntseriopptiwdlylpyr i dyl ene,
pyrazi nyl ene,” fii ranal ene, thienylene, pyrim.di
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oxadi az F%O hi‘azo ene, pyrazolylene, thiophenyl ene, furazanyl ene,
pyrr ol e to phitialpkatend, helergardt mhictich sucblay, fenexanyije.detrahytievwquinolyl,

| dazi nyl 7 i nyl , _phthal. azi , ' |
e et ad s e b S by hER ARk Y5 imbered
benzof urhgﬁeﬁ%ﬁg i anétﬂg'férﬁlﬂolﬁﬂﬁent,agﬁét%gﬁyy LR is Hengdmbaarbityloantd, In

benzot hi qui nol 1 nyl ene, " i m dazol yl ene, benzim

| zol yl ene,
t hi @oopphdkeanbodimbnaz belerpphd BEQUD tommopy? ﬁ@@méwé?reg%%? WP ene,
i m dazopyri dyl ene, isoquinolinylene,. azai | g bstituted.
1,2, 4-1 rﬁgﬁﬂi‘-ﬂﬁ EPeEne B%"‘EZ m‘isﬁf Wlé%@%gc%%t %gétP?%e% gang P someri ¢ forms
thereof The tgfmmhaliesoayrhenal ualisrrdriefess toa tealtitaroyp daived &oetan 0
het er oaryl ene noi eti es such as, for exarrgl Z"b’ t et r ahydy oi soq[illji n%%%ne,
t et r ahy dretgearplagrgtim e defimrd abrue,bykemoyal pd ey droegt 819 g?‘&?p” 5% ent and
elther aval ABhdabS a5 WefRar IR0 s 6P cGOBORG v hher gr oup
f 1 anki n&‘{%ﬂﬁ?{%&% oogrdayq%%ﬁ(gargf%ﬁﬁpg g‘lre exé?rpl e,gl%t ge gr oup ,
" A- gt ergakotyEReodniitivheicaing dylemhetgrsmgdbents grabopt |4ring atoms, wherein
from 1 to 4 of the ring atoms are each independently O, N or S and the remaining ring
atoms are carbon atoms. A heteroarylene group can be optionally substituted by one or
more "ring system substituents" which may be the same or different, and are as defined
herein below. A heteroarylene group is joined via a ring carbon atom or by a nitrogen atom
30  with an open valence, and any nitrogen atom of a heteroarylene can be optionally oxidized
to the corresponding N-oxide. The term “heteroarylene” also encompasses a heteroarylene
group, as defined above, which is fused to a benzene ring. Non-limiting examples of

heteroarylenes include pyridylene, pyrazinylene, furanylene, thienylene, pyrimidinylene,



15i s understood to represent both: I n one enbodi nent, a heteroaryl ene
group is a nonocyclic heteroarylene group or a bicyclic heteroaryl ene
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het eroaryl ene group has from about 5 Yo about 10 ring atons. I n another
enbodi ment, a heteroarylene group is nonocyclic and has 5 or 6 ring atons.
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het er ocycl oal kyl ring may exist protgetgd 10 such as, for exanple, as an
-N(BOC), -N(Cbz), -N(Tos) group and i ke; such protected

het er ocycl oal kyl groups are consiget of this invention. The term
"het erocycl oal kyl " al so enconpasses a het €rocycl oal kyl group, as defined

aboye \‘gnli1 s't&odft%ﬁﬁe&@lt@&harw (e.g., benzene) or heteroaryl ring. A
heterocy ky group can be opti onal I y substitut ef by one or nore "ring

system substituents” which the sane or diffiegent, and are as 15
or sffur at o] het er ocycl oal kyl
c& r espondifig Xi d& S-oxide or

defined herein below. The ni

can be optionally oxidizedto

S, S-dioxide. Non-limting exanples of nonocyclic heterocycl oal kyl rings
i ncl ude Iﬁéﬁé %M&dmﬁhp%b&ydmlm grolp ¢ mbnoqybbehazmwlenermom@ 4 bigyclic

t hi omor phol'i nyl, thiazolidinyl, 1,4-dioxa %/ et r ahydr of ur an h
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a sil contdin
20  heteroarylene group. In still another embodxment a heteroaryiene group has from about 5

to about 10 ring atoms. In another embodiment, a heteroarylene group is monocyclic and
has § or 6 ring atoms. In another embodiment, a heteroarylene group is bicyclic and has 9
or 10 ring atoms. In another embodiment, a heteroarylene group is a 5-membered
monocyclic heteroarylene. In another embodiment, a heteroarylene group is a 6-membered
25  monocyclic heteroarylene. In another embodiment, a bicyclic heteroarylene group
comprises a 5 or 6-membered monocyclic heteroarylene group fused to a benzene ring.

Unless otherwise indicated, a heteroarylene group is unsubstituted.

The term "heterocycloalkyl," as used herein, refers to a non-aromatic saturated
monocyclic or multicyclic ring system comprising 3 to about 11 ring atoms, wherein from 1

30  to 4 of the ring atoms are independently O, S, N or Si, and the remainder of the ring atoms



het er ocycl oal kyl group include: WD 2011/112429PCT/US2011/027117 16 O

I n one enbodi nent, a heterocycl oal kyl group is a 5-nenbered nonocyclic

het er ocycwoabkiyi1242bn anot her enbodi nent, a het er ocycl oalPkylusgeoup7iis a

6- menber ed nonocyclic heterocycloal kyl. The term"3 to 7-nmenbered
nonocyclic cycloal kyl" refers to 5 a nonocyclic heterocycl oal kyl group
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i ndi cated, a heterocycl oal kenyl group is unsubstjtute
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20 like, and all isomers thereof. Non-limiting illustrative examples of a silyl-containing

heterocycloalkyl group include:
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A ting carbon atom of a heterocycloalkyl group may be functionalized as a carbonyl

group. An illustrative example of such a heterocycloalkyl group is:



attached to an aromatic or non-aromatic ring systemwhich, for exanple,

repl aces an avail abl e hydrogen on the ring system Ring system substituents
may be thwo=zanelien9di fferent, each being i ndependently ®erast@d/otTiom t he
group consisting of alkyl, alkenyl, alkynyl, aryl, heteroaryl,
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- S(0)-aryl, -S(0)2-aryl, -S(0)-hegter , -S(0)2-heteroaryl, -S-alkyl,
-S-aryl, -S-heteroaryl, 10-S-al kylenefaryl, -S-al kyl ene-heteroaryl,

-S(0) 2-al kyl ene-aryl, -S(0)2-al kyl eneNgeteroaryl, - Si(alkyl)2, -Si(aryl)2,
-Si (heteroaryl)2, -Si(alkyl)(aryl), -SiQalkyl)(cycloal kyl), -
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replaced with a selection fromthe indicated o] i that the
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the exi $tiAg. ClohREARIANGE RSOt Praganse. ndothbatmbdimsntpst i t uti on
results”in a’stabl € conpound. Conbi nati ons of, substi tuent%e]g% ‘%{5 vatri abl es
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suffi ci @ﬁp@oqyg Ueenylogray {?ﬁ)\}ée};cliigbf\g{a?%ﬂé%%(l) a u 1e 8?195 degrgem%f purity
froma reagileavioid bf Roreait: dysfemdubtiitaents,ntleren "gfif byséen sebstitusat dpaut i ¢
agent . 'F e term™in substantially purified for ml 128 Pseol) h%ne%hgh refers to
t he physgieGatd shoyeelhe nitrogen or sulfuf atom of the heterocycloalkenyl can'be opti y

oxidized to the corresponding N-oxide, S-oxide or S,S-dioxide. Non-limiting examples of

20  heterocycloalkenyl groups include 1,2,3,4- tetrahydropyridinyl, 1,2-dihydropyridinyl, 1,4-
dihydropyridinyl, 1,2,3,6-tetrahydropyridinyl, 1,4,5,6-tetrahydropyrimidinyl, 2-pyrrolinyl,
3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl, dihydroimidazolyl, dihydrooxazolyl,
dihydrooxadiazolyl, dihydrothiazolyl, 3,4-dihydro-2H-pyranyl, dihydrofuranyl, fluoro-
substituted dihydrofuranyl, 7-oxabicyclo[2.2.1Theptenyl, dihydrothiophenyl,

25  dihydrothiopyranyl, and the like and the like. A ring carbon atom of a heterocycloalkenyl
group may be functionalized as a carbonyl group. In one embodiment, a heterocycloalkenyl
group is a 5-membered heterocycloalkenyl. In another embodiment, a heterocycloalkenyl
group is a 6-membered heterocycloalkenyl. The term “4 to 7-membered
heterocycloalkenyl” refers to a heterocycloalkenyl group having from 4 to 7 ring atoms.

30  Unless otherwise indicated, a heterocycloalkenyl group is unsubstituted.



of a conmpound after the conpound is isolated froma synthetic process
(e.g., froma reaction m xture), a natural source, or a conbination
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Ameri can Pharmaceutical WO 2011/ 112429PCT/ US2011/ 027117, 19 A@Eﬁm a§| on and
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chem cal processes such as, fo . .
H (F))n each carbo)n on a ring system. ltlxamples of such moiety are methylenedioxy,

ethylenedioxy, -C(CHs),- and the like which form moieties such as, for example:

O Q0 - 75

The term "silylalkyl," as used herein, refers to an alkyl group as defined above,

20

wherein one or more of the alkyl group’s hydrogen atoms has been replaced with a ~Si(R*)3
group, wherein each occurrence of R* is independently C;-Ce alkyl, phenyl or a 3- to 6~
25  membered cycloalkyl group. In one embodiment, a silylalkyl group has from 1 to 6 carbon
atoms. In another embodiment, a silyl alkyl group contains a —Si(CH;); moiety. Non-
limiting examples of silylalkyl groups include
~CH,-Si(CHs); and ~CHyCH2-Si(CHa)s.
The term “substituted” means that one or more hydrogens on the designated atom is

30  replaced with a selection from the indicated group, provided that the designated atom’s
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acid group with a group such as, for exanple, (Cl-C8)alkyl,

(C2-C12) al kanoyl oxynet hyl, 1- 10 (al k]5§1oyl oxy)ethyl having from4 to 9
carbon atons, 1-nmethyl-1-(al kanoyl oxy)-ethyl having from5 to 10 carbon

at ons, mirakydardyomyboky eeistiyg cinamistagpcés is moBexceedsdeandabat the sybstitution

1-(alk b i
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I ndepen y's romthe naturally occurri n% L-am no acj
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hydrogen atomin the amne group with a group such a or exa e

R- ca6 borvylencesROttuete ttosshemes, NRRIPksa PRIO HP1ES Nifrt ’éiaﬁs‘ﬁ“’fﬁlﬁﬁ thﬁve %Fé%&%t

' ndep_encéi]gln Ieyoi(h%é-(CIO)aill k%w s(aﬁ%' QQV@&%QaI kyl, benzyl, a natural

a-arnin , - (@5‘1}1 %51 erein Y1 is H (Cl-C6)al kyl or benzyl WO
2011/ 112429PGTH&S2AhHORT kictpah a compound is termed “protected”, this means that the ’

group is in modified form to preclude undesired side reactions at the protected site when the

compound is subjected to a reaction. Suitable protecting groups will be recognized by those

20  with ordinary skill in the art as well as by reference to standard textbooks such as, for
example, T. W, Greene et al, Protective Groups in Organic Syntke&is (1991), Wiley, New
York.

When any substituent or variable (e.g., alkyl, R® R? etc.) occurs more than one time
in any constituent or in Formula (1), its definition on each occurrence is independent of its

25 definition at every other occurrence, unless otherwise indicated.

As used herein, the term “composition” is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product which
results, directly or indirectly, from combination of the specified ingredients in the specified
amounts.

30 Prodrugs and solvates of the compounds of the invention are also contemplated
herein. A discussion of prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as
Novel Delivery Systems (1987) 14 of the A.C.S. Symposium Series, and in Bioreversible

Carriers in Drug Design, (1987) Edward B. Roche, ed., American Pharmaceutical



-C(0Y2) Y3 wherein Y2 is (Cl1-C4) alkyl and Y3 is (Cl-C6)al kyl; carboxy
(C1-Co6) al kyl ; am no(Cl-C4)al kyl or nono-N- or

di - N, N- (GvoG6)aiikagbar ni noal kyl ; -C(Y4) Y5 wherein Y4 is Bcomsawtoyitiand Y5
is mono-N- or di-N N (Cl-C6)al kyl am no norpholino; piperidin-I-yl or
pyrrolidin-I-yl, and the |ike. 5Pharmaceutically acceptable esters of the
present conpounds include the foll ovm'Wg groups: (1) carboxylic acid esters
obtained by esterification of the hydroxy group of a hydroxyl compound, in
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esters, suc s al.kyl: or. aral kyl sul fonyl (for exanple, nethanesulfonyl);
(3) am‘?‘?‘(ﬁm’f‘?’gl“8§¥lé¥%dr?@.slé.u} Opé‘al yl or L-isoleucyl); (4) phosphonate
esters and (B)r xBAPte, iftH Fused THey @R ph Goapestdosa pinesputisgheaeepstler s may
be further esterified by, for exanple, a Cl-20 15a|.(£}guglg. or reactive
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i cally accept e solvents such as water, ethanol, and
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i ncl udi ng ogen bonding. In certfain instances the solvate will be
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exanpl egan@éxg%%ﬁﬁ 1%&81%@1%11@&*%{?@:&1&169, cafiRichaomb,dt@6, and the |ike. 25A
"hydr at IS a solvate wherein t

_ ) the solvent nolecule is v&g&r One or
mor &5 cofkanydsrbonyhaminpletshhirvng e bt 1 brrabenyatgrs.cphe %o a solvate.
Preparati on of solvates i 1 { N ] chaisra et
al , P T. Cﬁ%"ﬁ‘%&'ﬁ%ﬁh’y@ n%%é‘?ty%?gcgé%l ,YY’(‘)C% ?Plg’l‘(ﬁ}%ga%(yig@gng?? %gpjtaﬁqg 1 g&%par ation
of the gpalinaligtnhodths)aattainoytel,-Chatkohagbkd (CoCelahpllcadarait€Cas wel | as

fromwater. Sim|ar preparatjons of 30 sol vat hem vate, hydrates and
the |i k& lleyland pinergmonpyeolidinoyeimephy ‘?’O(gﬁ"%%ﬁlkym%@%e%ci Techours.

5(11, articlecld, (23PH seaﬁ%ﬁcﬁé&lﬁimh}ﬂﬁhstcomnsgaam)h@pfmmmnal £08p,604
(2001). A typl ca?, ’non-Pl mting, process involves dissolvi nig the i nv%ntl ve
conpound fradielg shii bel faxmed by shofeplahemelsoif fechydetasa stor of GaricoDek eraup Bithor

XU et S0 0, 2033 TRIZRRCTL RO BE TH ChMincabishe hen «com
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Conpoun da?niﬁg& ! I&Sﬂlq%l%llé—glymirﬁgcﬂ hid a—laﬁﬁngﬁ-c&ﬂ o o LAEnSLINE-aminoacyl, where
25 each a-aminoacyl group is independently selected from the naturally occurring L-amino
acids, -P(O)}(OH),,
-P(OYO(C-Ce)alkyl), or glycosyl (the radical resulting from the removal of a hydroxyl
group of the hemiacetal form of a carbohydrate), and the like.
If a Fused Tricyclic Sityl Compound incorporates an amine functional group, a
30  prodrug can be formed by the replacement of a hydrogen atom in the amine group with a
group such as, for example, R-carbonyl-, RO-carbonyl-, NRR’-carbonyl- wherein R and R’
are each independently (C1-Cio)alkyl, (C3-Cr) cycloalkyl, benzyl, a natural g-aminoacyl, —

COHC(0)OY' wherein Y' is H, (Ci-Cealkyl or benzyl,



of this invention. Reference to a Fused Tricyclic Silyl Conpound herein is
understood to include reference to salts thereof, unless otherw se
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Pharmaceutical Sci., 93(3), 601-611 (2004) describe the preparation of the solvates of the
antifungal fluconazole in ethyl acetate as well as from water. Similar preparations of
30 solvates, hemisolvate, hydrates and the like are described by E. C. van Tonder et al, AAPS
PharmSciTechours. , 5(1), article 12 (2004); and A. L. Bingham et al, Chem. Commun.,
603-604 (2001). A typical, non-limiting, process involves dissolving the inventive

compound in desired amounts of the desired solvent (organic or water or mixtures thereof)
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forms, WO 2011/112429PCT/US2011/027117 ro asr% mg?]dsedl g?:%lflagnerl c
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the ci s- ans orns as mxtures, are e moraced within the
scope Of“ifutee skl eminy ba foﬁ'xieddmd achiatludedwishingbertsrs "edlt(e)) &s SeAfISIRBS T ¢ he

i nvention may,  for exa Ie b substan i al |
be adn1?éﬁ@n¥@#“§%hﬁﬁ1 tiga Phaymage ‘F%@ %?m’ ?%msz J?h&gﬁ{gkﬁggﬁéﬁﬂggleg?gd
ster eoi %?5%5&%161)-551? ﬁﬂln'bﬁ{er Eﬁﬁéaﬁh&nﬂfthédaﬁ iPo@sehhn b pYanidcenicatn have the S
or R con uration as defined by t the /UP/| C 1974 Reco datio The use
of uhg tecaprblemltt 'Saltd ebihe SloatpoundsefdiormulafDaaybe foimg ée?F% e, BYs

t
nten e?‘egc%ng Q%Xed&f‘ncych)! Sﬂ% Compound with an amount of acid or base, such as an

equivalent amount, in a medium such as one in which the salt precipitates or in an aqueous

medium followed by lyophilization.
Exemplary acid addition salts include acetates, ascorbates, benzoates,

20  benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates, camphorsulfonates,
fumarates, hydrochlorides, hydrobromides, hydroiodides, lactates, maleates,
methanesulfonates ("mesylates"), naphthalenesulfonates, nitrates, oxalates, phosphates,
propionates, salicylates, succinates, sulfates, tartarates, thiocyanates, toluenesulfonates (also
known as tosylates) and the like. In one embodiment, a compound of formula (I) is present

25 as its dihydrochloride salt. In another embodiment, a compound of formula (I) is present as
its dimesylate salt. Additionally, acids which are generally considered suitable for the
formation of pharmaceutically useful salts from basic pharmaceutical compounds are
discussed, for example, by P. Stahl ef al, Camille G. (eds.) Handbook of Pharmaceutical
Salts. Properties, Selection and Use. (2002) Zurich: Wiley-VCH, S. Berge et al, Journal of

30 Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould, International J. of Pharmaceutics
(1986) 33 201-217; Anderson et al, The Practice of Medicinal Chemistry (1996), Academic
Press, New York; and in The Orange Book (Food & Drug Administration, Washington,

D.C. on their website). These disclosures are incorporated herein by reference thereto.



10t he salt, solvate, ester and prodrug of enantioners, stereoisoners,
retainers, tautorners, positional isoners, racemates or prodrugs of the

i nventi vewoanpoungs. |In the Conpounds of Formula (1), treTAtSeos/0xHY7 exhi bi t
their natural isotopic abundances, or one or nore of the atons nay be
artificially enriched in a particular isotope having the sane atom c
nunber, but an atomic nmass or mass nuder different fromthe 15 atom c nass
or mass nunber predom nantly found in nature. The present invention is
nmeant to i ncExseplaiybasicishiabineluids etopingurw salisaslikanmetdll sallsesucl aptndis, of
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techniques.

25 It is also possible that the Fused Tricyclic Silyl Compounds may exist in different
tautomeric forms, and all such forms are embraced within the scope of the invention. For
example, all keto-enol and imine-enamine forms of the compounds are included in the
invention.

All stereoisomers (for example, geometric isomers, optical isomers and the like) of

30  the present compounds (including those of the salts, solvates, hydrates, esters and prodrugs
of the compounds as well as the salts, solvates and esters of the prodrugs), such as those
which may exist due to asymmetric carbons on various substituents, including enantiomeric

forms (which may exist even in the absence of asymmetric carbons), rotameric forms,



pi nacol 2B2 i s bi s(pi nacol at o) di boron; PPTS is pyridinium p-tol uene

sul fonate; RPLC is reverse-phase |iquid chromatography; SEMCl is

2- (trimetwoleivypevhoxymet hyl chloride; 15 TBAF is tetrabutusbamopmiium
fluoride; TBAI is tetrabutyl ammonium iodide; TBDMSCL is
tert-butyldinmethylsilyl chloride; TFA is trifluoroacetic acid; THF is
tetrahydroffiran; TLC is thin-Iayer cht omat ogr aphy; XPhos is 1

2- di eycl ohexyl phosphino-2',4',6"'- triisopropyl bi phenyl; and Z-Pro-OH i s

N- Benzyitmupioaidpgnut dlasereiiene fodd] e dGotepplated withinfbe sedpa of IBis The present

25" and PHaNHERG ALt Pt b e SN nRREGT & SaRdr BT i & oeding, % (o

: ' , Xl and
X2 are . { h f i fthe
2011 11 By By e o e i e e “Compounds. of

Z%ijgé?ln'gr\]ffmt)qn. B i f] a 5-nmenbered nonocyclic heter _oalr yl ene. 1 n anot her
5 ’ {n%gviéua? stce(r)eq)?s%laj}{]egss ofot{'xe E&E}%ﬂﬂ $ %k %l”fe ig’vén?it)n ?nay, for example, be

substantially free of other isomers, or may be admixed, for example, as racemates or with
all other, or other selected, stereoisomers. The chiral centers of the present invention can
have the S or R configuration as defined by the JUPAC 1974 Recommendations. The use of
the terms "salt”, "solvate", “ester”, "prodrug" and the like, is intended to apply equally to

10 the salt, solvate, ester and prodrug of enantiomers, stereoisomers, rotamers, tautomers,
positional isomers, racemates or prodrugs of the inventive compounds.

In the Compounds of Formula (I), the atoms may exhibit their natural isotopic
abundances, or one or more of the atoms may be artificially enriched in a particular isotope
having the same atomic number, but an atomic mass or mass number different from the

15  atomic mass or mass number predominantly found in nature. The present invention is
meant to include all suitable isotopic variations of the compounds of generic Formula L. For
example, different isotopic forms of hydrogen (H) include protium (‘H) and deuterium (H).
Protium is the predominant hydrogen isotope found in nature. Enriching for deuterium may
afford certain therapeutic advantages, such as increasing in vivo half-life or reducing dosage

20  requirements, or may provide a compound useful as a standard for characterization of
biological samples. Isotopically-enriched Compounds of Formula (1) can be prepared
without undue experimentation by conventional techniques well known to those skilled in
the art or by processes analogous to those described in the Schemes and Examples herein
using appropriate isotopically-enriched reagents and/or intermediates. In one embodiment,

25  a Compound of Formula (I) has one or more of its hydrogen atoms replaced with deuterium.

Polymorphic forms of the Fused Tricyclic Silyl Compounds, and of the salts,
solvates, hydrates, esters and prodrugs of the Fused Tricyclic Silyl Compounds, are
intended to be included in the present invention.

The following abbreviations are used below and have the following meanings: Ac 18

30 acyl; AcOH is acetic acid; BF3;*OEt; is boron trifluoride etherate; BOC or Boc is tert-
butyloxycarbonyl; Boc,O is Boc anhydride; Boc-Pro-OH is Boc protected proline; L-Boc-
Val-OH is Boc protected L-valine; n-BuLi is n-butyllithium; dba is dibenzylideneacetone;

DCM is dichloromethane; DIPEA is diisopropylethylamine; DME is dimethoxyethane;



I n anot her enbodi nent, for the Conpounds of Formula (1), Cis a nonocyclic
heteroarylene. In still another enbodiment, for the Conpounds of Formula
(1), C iswa:26tvmedzer ed nonocyclic heteroaryl ene. 10l n aroThiseoiemdudi ment
for the Conpounds of Formula (1), Cis a 5-nenbered nonocyclic ’
het eroaryl ene. In another enbodi ment, for the Conpounds of Formula (1), C
is a bicyclic heteroarylene. In yet a¥bt her enbodi nent, for the Corrpouhds
of Formula (1), Cis WD 2011/112429PCT/US2011/027117 27 In a further
enbodi NBME isfON-dihethSifonnamids; dfpf Fodiphérelibopphi®fesocenglPMEMME wher ei n R12

is an optional rin ' - '
Ke: gngi;%th?m' R S s S T
the. Conbaury Ssqg?(ﬁ-gga}b%uﬁfﬁaiﬁ%’%ﬂ-ﬁ —yﬂgj-il\léﬁ@,g\!gﬁe'gettgagﬂefﬂ?ﬁ]bﬁmm héxaBlerophbatatent , for
Hg(OAc), is mercuric acetate; HPLC is high performance liquid chromatography; HRMS is
5  high resolution mass spectrometry; KOAc is potassium acetate; Lawesson’s Reagent is 2,4~
Bis(4-methoxyphenyl)-1,3-dithiadiphosphetane-2,4-disulfide; LCMS is liquid
chromatography/mass spectrometry; LRMS is low resolution mass spectrometry; mCPBA
is m-chloroperbenzoic acid; MeOH is methanol; MTBE is tert-butylmethyl ether; NBS is
N-bromosuccinimide; NHsOAc is ammonium acetate; PA(PPh;)s is
10 tetrakis(triphenylphosphine) palladium(0); PAChL(dppf)is [1,1°-
Bis(diphenylphosphino)ferrocene]dichloro palladium(Il); PACLy(dppf)*CH,Cl is [1,17-
Bis(diphenylphosphino)ferrocene] dichloro palladium(IT) complex with dichloromethane;
pinacolyB; is bis(pinacolato)diboron; PPTS is pyridinium p-toluene sulfonate; RPLC is
reverse-phase liquid chromatography; SEM-Cl is 2-(trimethylsilylyethoxymethyl chloride;
15 TBATF is tetrabutylammonium fluoride; TBAI is tetrabutylammonium iodide; TBDMSCI is
tert-butyldimethylsilyl chloride; TFA is trifluoroacetic acid; THF is tetrahydrofuran; TLC is
thin-layer chromatography; XPhos is 2-dicyclohexylphosphino-2°,47,6°-
triisopropylbiphenyl; and Z-Pro-OH is N-Benzyloxycarbonyl-L-proline.

20 The Compounds of Formula (I)

The present invention provides Fused Tricyclic Silyl Compounds of Formula (I):

M1

OO/
\._/

Iz

@
25

and pharmaceutically acceptable salts thereof, wherein A, B, C, D, M, X! and X? are

defined above for the Compounds of Formula (I).

In one embodiment, for the Compounds of Formula (I), A is selected from:



I n anot her enbodi nent, for the Corrpounds of Forrrul a (I'), Dis selected
from R4 irFrR4R404,..(1V. ) 34. .NM... F Si 'YFFI NI SI? H3C CH3
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In another embodiment, for the Compounds of Formula (I), A is selected from:



5In one enbodi mrent, for the Compounds of Formula (I), the group: !VI'
has the structure: WD 2011/112429PCT/US2011/027117 29 | n anot her

g{ftr)gg![ lrjnrarewozbnvnnm Compounds of Fornula (1), the groupPcCirskoi/o2has t he

26
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In one embodiment, for the Compounds of Formula (I), Bis a 5-membered
monocyclic heteroarylene.

In another embodiment, for the Compounds of Formula (I), B is:
jos
N
% H

In another embodiment, for the Compounds of Formula (I), C is a monocyclic
heteroarylene.

In still another embodiment, for the Compounds of Formula (I), Cis a 6-membered
monocyclic heteroarylene.

10 Tn another embodiment, for the Compounds of Formula (I), Cis a 5-membered

monocyclic heteroarylene.

In another embodiment, for the Compounds of Formula (I), Cis a bicyclic
heteroarylene.

In yet another embodiment, for the Compounds of Formula (I), C is

BN %
I "':Q,Q %«Q:
O - )

15 , Wherein R* is a single ring
substituent selected from halo, 3- to 7-membered cycloalkyl, 5- or 6-membered heteroaryl, -
0-(C;-Cs alkyl), -O-(C-Cg hydroxyalkyl) and -0-(C-C¢ alkylene)-OC(0)-(Cy-Cs alkyl).



WO 2011/ 112429PCT/ US2011/ 027117 30 has the structure: I n one
enbodi nent, for the Conpounds of Forrmula (1), A and D are each

5i ndependeotby/med2ect ed from In a further enbodiPrentsoffioe7iihe
Compounds of Fornula (1), A and D are each selected from 10 and each
occurrence of R4 is WD 2011/112429PCT/ US2011/027117 31 In one
enmbodi ment, for the Conmpounds of Formd{a (1), A and D are each

i ndependent |y sel ected from B is a 5-nenbered nonocyclic heteroaryl ene;
Cis: In a further embodiment, for the Compounds of Formula (I}, C is:

I\z
B N\

R'I 2
wherein R' is an optional ring substituent selected from F, -OCHj, pyridyl,
-QCH,CH,0H, -OCH,CH;OC(O)CH,, cyclopropyl and thiophenyl.

5 In another embodiment, for the Compounds of Formula (I), C is:

In one embodiment, for the Compounds of Formula (I), D is selected from:
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R /2 wherein R12 is an optional ring substituent selected fromF, -OCHS3,
pyridyl, 10 - OCH2CH20H, - OCH2CH20C(0) CH3, cycl opropyl and thi ophenyl; and
each occuwoentigl12f29R4 i s WO 2011/ 112429PCT/ US2011/ 027 2LT/UB20110TAY7 and

pharmaceutically acceptable salts thereof, wherein Ais
-al kyl ene- N(R7) (R11), -al kylene-N(R16)(R11), 4 to 7- menbered nonocyclic
het erocycloal kyl, 7 to li- nmenbered b2&yclic heterocycl oal kyl or R15,

wherein said 4 to 7- menbered nonocyclic heterocycl oal kyl group, said 7 to
11- nenberedﬂpicycli ahet er ocyqal oal kylgegroup or said R15 group can be
optionally fysed to & 3 to 7-ngenber d feycl oal k§t group, a 4_jo 7-nenbered

heterocycl;f’r I aryl qup] an rein saig 4vto 7- menbered
i nonocyclic rocy | kyl 7/ to - RBer N yclic 10
het er ocycl oal k grou | R15¢g option yrand ?Egggyndently
substituted on one oP noM ring itrogenh wonms with R4, and orY one or nore

ring carbon atons with Rl2, such that two R12 groups on the sane ring
carbon atom gtoget her wi gh the carbqﬁ atomto wﬁﬂch t hey age attached, can

join to folmpa spiroc%ficjliﬂtho |.aal kyl g’goqb or a
spirocyclicl[4 7-me re eterogycl ~J15 IS

- al kyl ene- N al net N( RL nber monlocygl i c
het er ocycl oal ky#, to 11- nmber gds b [ cl oal ky RIS,

wherein said 410 7- nmenbered nonocyclic heterocycl oal kyl group,R%aid 71to
11- menbered bicyclic heterocyghkoal kyl group or sgid R15 gme@up can be

optionally fuged to_ a3 to 7;nggbared cy®& oal ky roup, A.ta_7-menber ed
heterocycl,aa,l»t gr-ﬁ'u’gﬁ arf dry rqu;(Na@ \Mﬂ%‘l(gl“@m %nﬁ?-
menber ed nmonocy¥lic het erocycl oa 1201 quep,Y sai dR7 11- bereld bi cyclic

het er ocycl oal kyl group or Rl15group can be optionally and independently
substituted off one orRnore ri nitrogeff atoms §ith R4, andRon one or nore
ring carbogl sl wiyﬂafﬁﬁ, hapt p anl Fhe ring
carbon atom taggther vigh the bon at qmt o whilchnihey are laéidthed, can
join to forma spirocycl ke 3 torP-Rtenbered® cycl oal kyl' group or &* .

25spirocyclic 4 to 7-nmenbered heterocycloalk¥l grou?; and. C , X1 and X2
are defined dbawethérambddemasnfoo thedsorapoumds afiFernguly (1,1 1sgkec ment, for
t he Conpounds of Fornula (Ta), Ais selected from Rt
R4 R4 R4 R4 I{l
N N N N 7
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5 In one embodiment, for the Compounds of Formula (I), the group:

AN

has the structure:



I n anot her enbodi nent, for the Conpounds of Formula (la), Ais selected
from WO 2011/112429PCT/ US2011/ 027117 34 R k7Fr A. 6 I n one
enbodi nerwp 2boriie42e Conpounds of Forrmula (la), B is a 5Pogmsered2rmonocyclic
het er oaryl ene group containing at |east one nitrogen atom wherein said 5-
menber ed nonocyclic heteroaryl ene group can be optionally fused to a
benzene, pyridine 5 or pyrirnidine riﬁg and wherein said 5-nenbered
nonocycli c heteroaryl ene group or its fused counterpart, can be optionally

and i ndependen substit yfed.qn one or nor {hg nitrogen opns With R6

and on one e‘t‘rgng ca :«@: NOB Wit h [‘\g..pne eE for the

Conpounds %)f rngG (1 a), NP menber mohocycli c hggroaryl ene. 10In
Bis:

anot her enbodi nent, for the Co unds of Formula (la), I n anot her
enbodi ment, for_the Conpounds _Qf Fornula (La),..Cis a nonocyglic
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In another embodiment, for the Compounds of Formula (I), the group:

M%
A=
\
\/ )\f
has the structure:

Vg Sa NI, Vo RV, Out
H H

: QQ IRy SQN’ﬁ—s "3 sQﬁﬁ—s
H H .

10 In another embodiment, for the Compounds of Formula (I}, the group:



heteroaryl ene. In still another enbodi ment, for the Conpounds of Fornul a
(la), Cis a 6-nenbered 15nonocyclic heteroarylene. In another enbodi nent,
for the Gopounds4s2ef Forrmula (la), Cis a 5-nmenbered nomoEyuskéa/ 027117
heteroaryl ene. In another enbodiment, for the Conpounds of Fornula (la), C
is a bicyclic heteroarylene. 20In yet anot her enbodi mrent, for the Conpounds
of Formula (la), Cis WD 2011/ 112429¥CT/ US2011/ 027117 35 lor N, wherein
R12 is an optional ring substituent selected fromhalo, 3- to 7-nenbered
cycl oal kyl, 5- or 6-nmenbered heteroaryi, - 04Cl-C6 al kyl), -0-(Cl-C6
hydr oxyal kyl ) and -0-(Cl-C6 al kyl e 0)-(C1-C6 alkyl). In a further
enbodi nent, for the Conpoun N, Cis: ryl 5 wherein R12 is
an optional ring substituent F\ -OCH3, pyridyl, -OCH2CH2CH,
- OCH2CH20C( 0) CH3, cyclopropyl\end
2

has the structure:

In one embodiment, for the Compounds of Formula (I), A and D are each

5  independently selected from:
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In a further embodiment, for the Compounds of Formula (I), A and D are each

selected from:
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ACEES & NI *"ﬂ(?

4.
10  and each occurrence of R" is



I n anot her enbodi nent, for the Conpounds of Formula (Ta), Cis: 10ln one
enbodi nent, for the Conpounds of Forrmula (la), Dis selected from In

anot her ewbadivmnt29 for the Conpounds of Formula (la), PCcralsseheetied from
WO 2011/ 112429PCT/ US2011/ 027117 38 In anot her enbodi nent, for the Conpounds
of Formula (la), the group: has the structure: 10has the structure:

I n one enmbodi nent, for the Conmpounds ®f Fornmula GO, A and D are each

i ndependently selected from WD 2011/112429 39 PCT/ US2011/ 027117

Q
H
ons Oy
0

In one embodiment, for the Compounds of Formula (I), A and D are each

independently selected from:
R4

R R? R ) N
N AN £ N IHZN 7:
H_%;.- f"(_zF 3 ) 9

H," CHy y,¢” “CH,
R* Rt R4 R*
— 5i-CHs
OH CH,
134 R4 $4
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B is a 5-membered monocyclic heteroarylene;

Cis:

wherein R'? is an optional ring substituent selected from F, -OCHs, pyridyl,
10 -OCH,CH,OH, -OCH,CH;OC(O)CHj, cyclopropyl and thiophenyl; and

O
H
O N
onr Y
G

15 In one embodiment, the Compounds of Formula (1) have the formula (1a):

4.
each occurrence of R™ is



In a further enbodi nent, for the Conpounds of Forrmula (la), A and D are

each independently selected from RARARARA st c.1?14. . F1
. ....C. 1?14,  .F1....(111z,s, N
and % - - SVOBRPH3@2429CH3 51 n anot her enbodi nent, for the Gﬁﬁﬂmwndéznﬂ7Fornula
g}aéh A and D are each selected from FrR4A R, 12: 7 and each occurrence
S
32
M‘I

(Ia)
and pharmaceutically acceptable salts thereof, wherein
A is —alkylene-N(RR'), —alkylene-N(R')}R'"), 4 to 7- membered monocyclic

5 heterocycloalkyl, 7 to 11- membered bicyclic heterocycloalkyl or R'® wherein said 4 to 7-
membered monocyclic heterocycloalkyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or said R group can be optionally fused to a 3 to 7-membered
cycloalkyl group, a 4 to 7-membered heterocycloalkyl group or an aryl group; and wherein
said 4 to 7- membered monocyclic heterocycloalkyl group, said 7 to 11- membered bicyclic

10 heterocycloalkyl group or R'®group can be optionally and independently substituted on one
or more ring nitrogen atoms with R*, and on one or more ring carbon atoms with R", such
that two R'? groups on the same ring carbon atom, together with the carbon atom to which
they are attached, can join to form a spirocyclic 3 to 7-membered cycloalkyl group or a
spirocyclic 4 to 7-membered heterocycloalkyl group;

15 Dis ~a1kylene—N(R7)(R“), walkyien@N(R%)(Rl h, 4 to 7- membered monocyclic
heterocycloalkyl, 7 to 11- membered bicyclic heterocycloalkyl or R wherein said 4 to 7-
membered monocyclic heterocycloalkyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or said R group can be optionally fused to a 3 to 7-membered
cycloalkyl group, a 4 to 7-membered heterocycloalkyl group or an aryl group; and wherein

20  said 4 to 7- membered monocyclic heterocycloalkyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or R group can be optionally and independently substituted on one
or more ring nitrogen atoms with R* and on one or more ring carbon atoms with R, such
that two R groups on the same ring carbon atom, together with the carbon atom to which
they are attached, can join to form a spirocyclic 3 to 7-membered cycloalkyl group or a

25  spirocyclic 4 to 7-membered heterocycloalkyl group; and

c, M, x! and X are defined above for the Compounds of Formula ().

In one embodiment, for the Compounds of Formula (la), A is selected from:



WO 2011/ 112429PCT/ US2011/ 027117 40 heterocycl oal kyl or R15, wherein said 4
to 7- nmenbered nonocyclic heterocycl oal kyl group or said RL5 group can be
opti onal Iwof2osieid2420 a 3 to 7-nmenbered cycl oal kyl group, paTAIS2@1/A271rENber ed
het er ocycl oal kyl group or an aryl group; and wherein said 4 to 7- nenbered
nmonocyclic heterocycloal kyl group can be optionally and independently
substituted on one 5 or nore ring nit¥bgen atons with R4, and on one or
nore ring carbon atons with R12, such that two R12 groups on the same ring
carbon atom togethegswith the carbon atomto which they are attached, can
join to formge splroﬁ clic 3”0 7- rren‘méred cycIRé)aI kyI dgoup, or a

spi rocycl ? 4Nt 0 7F ber tero al kyf‘;’ in at |east one of
A and D i In t her di rrent gfz Th rrpoun sfof Formula (Ia),
and D are eac 10 iwd#pendently sel ectetgifrom =B 15 a~p- menber ed
nonocyclic heteroarylene; Cis: \a, 11/4R12 1§/\,here| n R12 is an optional
ring substltu nt selq;@utedfro k- OCH&4 pyrldk OCHZCHZO—|

- OCH2CH20 qhopropkgﬂ :,t,nd t ne enbodi nent, for
t he Corrpou offrulla (| a and e H) ndep §3y sel ect ed
from 124 g&@SZ 271

13 R13
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In another embodiment, for the Compounds of Formula (Ia), A is selected from:



B j[_s a ;S-rrgnbereg nonocyclic heteroarylene; Cis: b5wherein R12 is an
optional ring substituent selected fromF, -OCH3, pyridyl, -OCH2CH2CH
- OCH2CH2000Qpar3242¢ycl opropyl and thi ophenyl; and each ectwsecenoe7iof R4 is
I n anot her enbodi nent, the Conpounds of Formula (1) have the formula ON m
10 (Ib) and phar rraceutlcal |y acceptable salts thereof, wherein A C
D, M, X1 and X2 are defined above fol the Conpounds of Formula GO and B is
5- menber ed nonocyclic heteroaryl ene group containing at |east one nitrogen
15 atom wherein said 5-nenbered nono cyclic heteroaryRene group can be
optionally fused to R‘\/\D 2011F112429P@f/ Us2 1 02711 2)
F R
F F ch CHs HsC cHs

4

and ;‘(il%

In one embodiment, for the Compounds of Formula (Ia), B is a 5-membered

T

monocyclic heteroarylene group containing at least one nitrogen atom, wherein said 5-
membered monocyclic heteroarylene group can be optionally fused to a benzene, pyridine
5  or pyrimidine ring, and wherein said 5-membered monocyclic heteroarylene group or its
fused counterpart, can be optionally and independently substituted on one or more ring
nitrogen atoms with R® and on one or more ring carbon atoms with R
In one embodiment, for the Compounds of Formula (a), Bis a 5-membered
monocyclic heteroarylene.

10 In another embodiment, for the Compounds of Formula (fa), B is:
0
N
w  H

In another embodiment, for the Compounds of Formula (Ia), Cis a monocyclic
heteroarylene.

In still another embodiment, for the Compounds of Formula (Ia), Cis a 6-membered

15  monocyclic heteroarylene.

In another embodiment, for the Compounds of Formula (Ia), Cis a 5-membered
monocyclic heteroarylene.

In another embodiment, for the Compounds of Formula (Ia), C is a bicyclic
heteroarylene.

20 In yet another embodiment, for the Compounds of Formula (la), C is



a benzene, pyridine or ppimdine ring, and wherein said 5-nenbered
nonocyclic heteroaryl ene group or its fused counterpart, can be optionally
and i ndepeodentiig428ubsti tuted on one or nore ring nitro@em/stam®2milt h R6
and on one or nore ring carbon atons with R12. 5 In one enbodi nent, for the
Conpounds of Fornula (lIb), Ais -alkylene-N(R7)(Rl1). In another

enbodi nent, for the Conpounds of Fonndfa (Ib), Ais -alkylene- N(R16)(Rn)

I n anot her enbodi nent, for the Conpounds of Formula (lb), Ais a4 to

7- menbered TChet erocycl oal kyl .l n still ano&ﬂer enbodi ment, for the
Compounds of Fornula (Ib), ALS«R15. tker enbodinent, for the

Conpounds ormula (I# s sel egted from WO
2011/ 11 P 20 ' .Zlh‘l her enbodi nent, for the Conpounds
of FormuPa (3b),° A i ah€cted fro 13 1R13

HOH = O

substituent selected from halo, 3- to 7-membered cycloalkyl, 5- or 6-membered heteroaryl, -
0-(C-Cg alkyl), -O-(C1-Cs hydroxyalkyl) and -O-(Cy-Cs alkylene)-OC(0)-(C;-Cs alkyl).

In a further embodiment, for the Compounds of Formula (Ia), C is:

~

, wherein R'? is an optional ring

wherein R'? is an optional ring substituent selected from F, -OCH;, pyridyl,
-OCH,CH,OH, -OCH,CH;0C(O)CHa, cy_clopropyl and thiophenyl.

In another embodiment, for the Compounds of Formula (1a), C is:

%
J7

10 In one embodiment, for the Compounds of Formula (1a), D is selected from:



" Rl2 Si--y N R4 , R13 R12r-S1 R4 R13 andR4 |In yet another

enbodi nent A is selected from I n anot her enbodi nent, for the Conpounds
of Fornulwo(@bty112429i s R4 R121, R, - , Whereirnse@aal2naetur rence
of R12 is independently Hor F. In another enbodi ment, for the Conpounds of
Formula (Ib), Ais
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In another embodiment, for the Compounds of Formula (la), D is selected from:



F F 10l n anot her enbodi nent, for the Conmpounds of Fornula (Ib), Ais R4 K

, CH3 In a further enbodi nent, for the Conpounds of Formula (Ib), Ais
sel ect ed woam1/119292011/ 112429 45 PCT/ US2011/ 027117 R4i PCTRA4611/027117
1..41..... clizi) Ist_el\i) \--SiW FF113C ',,.."H3 113CI S1' C1-13
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In one embodiment, for the Compounds of Formula (Ia), the group:
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and R4 is: HRL-ON 8 Ra, wherein Rl is H, alkyl, haloalkyl, 3 to 7-

menbered cycl oal kyl, 4 to 7- nmenber ed heterocycl oal kyl, aryl or

het er oar yWwoand/11e420s al kyl , hal oal kyl, silylal kyl, 3 toPZa/UB20maobanzd
cycloal kyl or 4 to 7- nmenbered heterocycl oal kyl, aryl or heteroaryl. In
anot her enbodi nent, for the Conpounds of Formula (Ib), Ais selected from
o7 N, cooLcilitoo o hooL L 5irar3d&nd OH and R4 is: , Whereinleis

H, methyl, ethyl, propyl, isopropyl, t-butyl, cyclopropyl, 10
- CH2CH2Si (CH3) 3, - CH2CH2CF3, PYranyl, .benzyl or phenyl, and Rl is nethyl,

ethyl or isopropyl.
Y I% ang%iler embodiment, for the Compounds of Formula (Ia), the group:

&’“—-ﬂm
has the structure:

(% S WOy
s»-z O3 O
: QQ S a[g@?——s o %{ESQQM

In another embodiment, for the Compounds of Formula (la), the group:

M’%

A=
(e

—O4,

In one embodiment, for the Compounds of Formula (Ta), A and D are each

10 has the structure;

independently selected from:



I n anot her enbodi nent, for the Conpounds of Formula (Ib Al

from WO 2011/112429PCT/ US2011/ 0r2n;117 46 and R4 i(s: > I InStheI :ﬁgteger

enbodi nerwp 2boriie42e Conpounds of Fornula (1b), A is: R PCTAK201RI02711Wher ei n

each occurrence of R12 is independently Hor F and R&is In yet’anot her

enbodi nment, for the Conpounds of Fornmula (Ib), Ais: R4 1?1-..(14 ",/ H3L
39 ’

CH3

4
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In a further embodiment, for the Compounds of Formula (Ia), A and D are each

independently selected from:
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In another embodiment, for the Compounds of Formula (Ia), A and D are each

5
selected from:
R4
l f N7
ch CHS H3C CH3
R R R
RfN ALNZ It(;hj N 4
pte%
OH CH,
R4
i
N
and f%
and each occurrence of R*is '
o M
CHy” j(
s}
10

In one embodiment, for the Compound of Formula (la), A and D are each

independently a 4 to 7- membered monocyclic heterocycloalkyl, 7 to 11- membered bicyclic



10 and R4 is In another enbodinent, for the Conmpounds of Fornula (fb), A
Is -al kyl ene- N(al kyl)-C(0)-CH(al kyl)-NHC(0) 0-al kyl, 1

- al kyl enewBi2oyetiegbkyl ) - C(0) - CH(al kyl ) - NHC(0) O0- al kyl, PCT/US2011/027117

-al kyl ene- N(cycl oal kyl ) - C(0) - CH(cycl oal kyl ) - NHC(0) O- al kyl , 15

al kylene- N(cycl oal kyl )-C(0)-CH(aryl)-NHC(0) O0-al kyl or

-al kylene- N(cycl oalkyl) - C(0) - CH( het etbaryl)-NHC(0)0-al kyl . WD

2011/ 112429PCT/ US2011/ 027117 47 1 n one enbodi ment, for the Conpounds of
For mul ahdtdrbdycl@liys oa RS, mbwteint edd #om deyeberch etamoopdligihetreocyclvabiiybgteup

enbodi nent, fQr the Co d F I i S:
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etero Ll | tandf il Qaigang
by B e o b e e o et
for t hemGoogoliotseniydloalkyl mo &in, be®ptionallsandeindencadentiyisabsitnied on one ’

ot e 0 e s il ST IR o h0HE R TRANAUR AR R ).

that two R'? groups on the same ring carbon atom, together with the carbon atom to which
they are attached, can join to form a spirocyclic 3 to 7-membered cycloalkyl group, or a
spirocyclic 4 to 7-membered heterocycloalkyl group; wherein at Jeast one of A and D is R,

In another embodiment, for the Compounds of Formula (Ia), A and D are each

10 independently selected from:

R4
R4 R4 R* R4 U
N N AN N Ny
~5 Q)M
F pal Si Q
F F o H” CHy " CHy

R* R* R?
4 4
My A N &
. CH
Si~v'
OH \CH3 U
34
N

and ;\(_%7

B is a 5-membered monocyclic heteroarylene;

Cis:

15  wherein R'? is an optional ring substituent selected from F, -OCHs, pyridyl,
-OCH,CH,0H, -OCH,CH,OC(O)CH;, cyclopropyl and thiophenyl.

In one embodiment, for the Compounds of Formula (Ta), A and D are each

independently selected from:



In yet anot her enbodi nent, for the Conpounds of Fornmula (Ib), Cis
substituent selected fromhalo, 3- to 7-nmenbered cycl oal kyl, 5- or

6- menber esiohetienoepyl, - 0-(CLl-C6 al kyl), -O (Cl-C6 hydroxyesbkkylor7iand
-0-(Cl-Co al kylene)-0C(0)-(Ci -Co alkyl). In a further enbodi ment, for the
Compounds of Fornula (Ib), Cis: 20 wherein R12 is an optional ring
substituent selected fromF, -OCH3, pdridyl, -OCH2CH2OH, - OCH2CH20C(0) CH3,
cycl opropyl and thiophenyl. In another enbodi nent, for the Conpounds of
Formula (Ib), Cis: WD 2011/112429PCT/ US2011/ 027117 434 I n one enbodi nent,

for the Conpounds ofRFormul aR{lb), DH“s -a y‘?ene N Rll) I n anot her
enbodi nent, for t npo f Di s I ene-
SN( R16)(R11) In an r e i ment, pr th rrpounds f Formula (Ib), D

is a4 to 7-menbered IreterocycFoal K—Mb/ ¢Hy ﬁ 1CH§not her @nbodi ment, for the
Compounds of Fornula (Ib), Dis R15. In ano her enbodi nent, for the
Conmpounds of For nul a (I b), D;‘«s sel Qct ed fﬁom R*

‘Q }\(—7 "“\i_) ‘LV_C,%

R R¢ RS
O A G

B is a 5-membered monocyclic heteroarylene;

C is:

5 wherein R'? is an optional ring substituent selected from F, -OCHj, pyridyl,
-OCH,CH,0H, -OCH,CH,0C(O)CHj, cyclopropy! and thiophenyl; and

O
H
0. N
on Y
O

Tn another embodiment, the Compounds of Formula (I) have the formula (Ib):

ﬁ/\\@

and pharmaceutically acceptable salts thereof,
wherein A, C, D, M, %! and X2 are defined above for the Compounds of Formula

4 .
each occurrence of R is

10

(Ia) and B is 5~-membered monocyclic heteroarylene group containing at least one nitrogen

15  atom, wherein said S-membered monocyclic heteroarylene group can be optionally fused to



WO 2011/ 112429PCT/ US2011/ 027117 49 fr Ls( R13 1313Lo) In another

enbodi ment, for the Conpounds of Fornula (Ib), Dis selected from I n
anot her ewbadimeet29 for the Conpounds of Formula (Ib), BCrassaieetied from
R4 \--SO In still another enbodinent, for the Conmpounds of Formula (Ib), D

Is selected from |In yet another enbodinent Dis selected from

a benzene, pyridine or pyrimidine ring, and wherein said 5-membered monocyclic
heteroarylene group or its fused counterpart, can be optionally and independently
substituted on one or more ring nitrogen atoms with R® and on one or more ring carbon

atoms with R'%,

Inn one embodiment, for the Compounds of Formula (Ib), A is malkylene-N(R7)(R‘ h.
In another embodiment, for the Compounds of Formula (Ib), A is —alkylene-
NR'R™).
In another embodiment, for the Compounds of Formula (Ib), Aisa 4 to 7-membered
10 heterocycloalkyl.
In still another embodiment, for the Compounds of Formula (Ib), A is R,

In another embodiment, for the Compounds of Formula (Ib), A is selected from:

R4
R4 !{] 34 64 R'4 134
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I n anot her enbodi nent, for the Conpounds of Fornmula (lb), Dis FR KL R12

R12 , Wherein each occurrence of Ri2 is independently Hor F.
| n anot hewoentiodpe4rent, for the Conpounds of Fornula (| bpCTDSe&11/847147 1\ 1421°

,Sr) F F In anot her enbodi nent, for the Conpounds of Formula (Ib), Dis H3C
\ CH3 In a further enbodinent, for the Conpounds of Formula (Ib), Dis

sel ected from WD 2011/ 112429PCT/ US2®11/ 027117 51 and R4 is:
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In another embodiment, for the Compounds of Formula (Ib), A is selected from:
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In still another embodiment, for the Compounds of Formula (Ib), A is selected from:



, Wherein Rl is H, alkyl, haloalkyl, 3 to 7- nmenbered eycloal kyl, 4 to 7-
nmenber ed het erocycl oal kyl, aryl or heteroaryl and Ra is al kyl, hal oal kyl,
si |yl al kywo 2811f102429 5 nmenbered cyel oal kyl or 4 to 7- nmemb®msd011/027117

het erocycl oal kyl , aryl or heteroaryl. In another enbodi ment, for the
Compounds of Fornula (Ib), Dis selected from R4 and R4 is: , wherein Ra
is H methyl, ethyl, propyl, isopropy#¥4 t-butyl, cyclopropyl, 10

- CH2CH2Si (CH3) 3, - CH2CH2CF3, pyranyl, benzyl or phenyl, and R is nethyl,

et hyl or isopropyl. R4I n anot Rer errbooharren r the Oorrpaﬁmds of Formul a
(Ib), Dis selectedyfrom 201%/ 2429 {]1&/ 7 52 and R4 is:
In yet another e dy gent’, \f gr th ormJ Ib) Dis: R4

E F

Tn another embodiment, for the Compounds of Formula (Ib), A is selected from:
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In yet another embodiment A is selected from:

l?: A R*
;\(. 7 ’% j \<—-SI and %SE’CH“
“CH,

St
HsC/ “CH, HeC~ CHy Q
5
1n another embodiment, for the Compounds of Formula (Ib), A is
R4
N ‘2!'
R R , wherein each occurrence of R'* is independently H or F.
In another embodiment, for the Compounds of Formula (Ib), A is
R4
‘NQ/ ’z‘
FF
10 In another embodiment, for the Compounds of Formula (Ib), A is
R‘%
8
Si
7N
HSC CH3

In a further embodiment, for the Compounds of Formula (Ib), A is selected from:



5R12 R12, wherein each occurrence of R12 is independently Hor F, and R4 is
In yet another enbodi nent, for the Conpounds of Fornula (Ib), Dis: R4

S, , ,"woehkB/aeend R4 is CF13--TNHIty | n anot rer/GsSpdnodeTent , f or
t he Conpounds of Formula (Ib), Dis

- al kyl eneN( al kyl)-C(0)-CH(al kyl) - NHC(0) 0- alkyl,

-alkylene- N(cycloal kyl ) - C(0) - CH(al kyl4% 15 NHC(O0) 0- al kyl ,

-al kyl ene- N(cycl oal kyl) - C(0) - CH(cycloalkyl ) - NHC( 0) O- al kyI WO

2011/ 112429PCT/ US2011/ 027117 53

al kyl ene- N( cycl oal kyRf - C(0) - @‘-‘l( ar y1) -RHC( 0) 0- Bf kyI ﬁz

- al kyl ene-N(cycl o - (hﬁﬂ‘jaryﬁq{ M . I'n one

enbodi ment, for the ound f Formgia (Ib |s a . I'n anot her
enbodi ment, for the Campounds df Foyefl aH;(I‘.Qé'S\Mz is -S( 2, 5l n anot her
enbodi nent, for the Conpounds of For mul a (Ib), ML is -0-. In still another
enbodi nent, for the CorrpoundsR4of Folgam a (| b) |y|1 is -C(R7)2-. In another

enbodi ment, for theR} oungdsy of 0|;!m,|l a I b is -CH2-. In another
enbodi ment, for the ou S ﬁN( R6)-. In yet
anot her enbodi nent™ for the Co unds of Forrru S|5§ |s a bond. 10ln a

further enbodi nent, for the Conpounds of Fornula (IbH3 ML is -C(R2)=C(R2) -

and R is:
H
N

i

R? , wherein R’ is H, alkyl, haloalkyl, 3 to 7- membered cycloalkyl, 4 to 7-

R'L..

membered heterocycloalkyl, aryl or heteroaryl and R? is alkyl, haloalkyl, silylalkyl, 3 to 7-
5  membered cycloalkyl or 4 to 7- membered heterocycloalkyl, aryl or heteroaryl.

In another embodiment, for the Compounds of Formula (Ib), A is selected from:

"u‘{_z"'w_ 26 At

HSC CH3 H3C CH3

R4 Re R R*
N AN N and N
‘/,B 1 O o,
OH “CH,
and R* is:
H
o>
R® _ wherein R? is H, methyl, ethyl, propyl, isopropyl, t-butyl, cyclopropyl,

10 -CH,CH,Si(CHs)s, -CH,CHyCF, pyranyl, benzyl or phenyl, and R is methyl, ethyl or

isopropyl.
In another embodiment, for the Compounds of Formula (Ib), A is selected from:



I n anot her enbodi nent, for the Conpounds of Fornmula (Ib), ML is -CH=CH. In
anot her enbodi nent, for the Conpounds of Fornula (lIb), 1\41 is -CHN-. In
still anovberuienmbodi ment, for the Conpounds of Formul a @CH)US20l/02BE17 N=CH- .

I n anot her enbodi nent, for the Conpounds of Formula (Po), ML is -C(R7)2-0-
151 n anot her enbodi ment, for the Conpounds of Forrmula (lIb), M is
-0-C(R7)2-. In yet anot her enmbodi ment46 f or t he Conmpounds of Fornula (Ib),

ML is -C(R7)2- N(R6)- In another embodinent, for the Conpounds of Formula

(I'b), ML is -N(R6)-C(R7)2-. |n one enbodi msnt , for ther€onpounds of Fornul a
(Ib), X1 is -C(R5)-.R20 In arfpt her enodi for t rrpounds of Fornmul a
(Ib), XL is =N. 1 oth odi ‘t‘)f H of Formula (Ib),
X1 is -CH. In one i men for t .Corrpo sof For a(Ib) X2 is

=C(R5)-. In anot her erfbodi ment ,F f orncheckp uh:d@ of Fourula (Ib), X2 is
“N. In anot her enbodi nent, for t he Corrpounds of Formula (Ib), X2 is -CH.
251 n one enbodi nent, for the peorrpourwls of Forn%[‘a (I'b), X1 and X2 are each

-CH. In one enbodi g oundé rmula (1b), the group: M
has the structure: 011/ $961 1 ; éﬁs has t he

EI

“CH,4

struct ure:
o iR
oY
8]

In yet another embodiment, for the Compounds of Formula (Ib), A is:

and R*is:

5 R Rt2 , wherein each occurrence of R'? is independently H or F;

N
H
oY
Q

In yet another embodiment, for the Compounds of Formula (Ib), A is:

and R* is

10  and R*is

In another embodiment, for the Compounds of Formula (Ib), A is —alkylene-
N(alkyl)-C(0)-CH(alkyl)-NHC(0)O-alkyl, —alkylene-N(cycloalkyl)-C(O)-CH(alkyl)-
NHC(0)O-alkyl, m»«alkylene-N(cycloalkyl)—C(O)—CH(cycioalkyl)uNHC(O)O-aikyl, -

15 alkylene-N(cycloalkyl)»C(O)—CH(aryl)-NHC(O)O~alkyl or —alkylene-N(cycloalkyl)-C(O)-
CH(heteroaryl)-NHC(O)O-alkyl.



WO 2011/ 112429PCT/ US2011/ 027117 55 In anot her enbodi nent, for the Conpounds
of Fornmula (I b), the group: has the structure: N'si, 5In one enbodi nent
for the Guopoundss2ef Formula (Ib), one, but not both, ofCAused1D27137 R15 In
anot her enbodi ment, for the Conpounds of Formula (Ib), each of Aand Dis
R15. | n anot her embodi nent, for the Conpounds of Formula (Ib), A
and D are each 10 independently sel ect’ed from R4AR4R4 1 LO OH 1

In one embodiment, for the Compounds of Formula (Ib), B is a 5-membered
monocyclic heteroarylene.

In another embodiment, for the Compounds of Formula (Ib), B is:

D
pha

In another embodiment, for the Compounds of Formwula (Ib), C is a monocyclic
heteroarylene.
In still another embodiment, for the Compounds of Formula (Ib), Cis a 6-membered
monocyclic heteroarylene.
10 In another embodiment, for the Compounds of Formula (Ib), Cis a 5-membered
monocyclic heteroarylene.

In another embodiment, for the Compounds of Formula (Ib), Cis a bicyclic

heteroarylene.

In yet another embodiment, for the Compounds of Formula (Ib), C is

Neg
O 0 L
A L2 P,
_— N=
ngi > E—@% , wherein R'? is an optional ring

substituent selected from halo, 3- to 7-membered cycloalkyl, 5- or 6-membered heteroaryl,

0-(C1-Cs alkyl), -O-(C1-Cs hydroxyalkyl) and -O-(C:-Cs alkylene)-OC(0)-(C1-Cs alkyl).

15

In a further embodiment, for the Compounds of Formula (Ib), C 18

20 ‘ RTZ
wherein R'? is an optional ring substituent selected from F, -OCHs, pyridyl,
-OCH,CH,0H, -OCH;CH,OC(O)CHs, cyclopropyl and thiophenyl.

In another embodiment, for the Compounds of Formula (Ib), C is:



I n anot her enbodi nent, for the Conpounds of Formula (Ib), A and D are each

I ndependently selected from In still another enbodinent, for the
ConpoundswofzoHarneazka (1 b), one of A and Dis 17.15 and ®he/ustéwai27137
selected from R4 /Si H3C CH 3 H3C ' CH3 5 I n anot her enbodi nent,

for the Conpounds of Formula (IDb), onggof A and Dis R15 and the other is
selected from RARAR4 44,4Eit, (11.5

Sop

In one embodiment, for the Compounds of Formula (Ib), D is ~alkylene-N(RR').

In another embodiment, for the Compounds of Formula (Ib), D is —alkylene-

5 NEROSRM.
In another embodiment, for the Compounds of Formula (Ib), D is a 4 to 7-membered

heterocycloalkyl.
In still another embodiment, for the Compounds of Formula (Ib), D is R

In another embodiment, for the Compounds of Formula (Ib), D is selected from:

* R R
P PN ”’"O P
R L}FF ‘(_Z,R . ‘Q\o
4
LN
O U U TJ TJ
R13 R13
WSS /,&
\v \/h \/&0 ~
R13 R13
R12 Rr? R“ si
= /& /ﬁw /h‘
2 e R12 Si
R R12
R4 [?4 1:54 f E“ R4
H—% O O T A e A
—N Si ‘R13 \LJV
0 R4 © RY CR®
4 4 4 R 64

R R ' !
N f\[% ,&[NJO f\(rjO AN
- Si
N-Rp4 d 7\ -0 0 Si':ﬁ?
O R



and I n yet another enbodi nent, for the Conpounds of Fornmnula
(I'b), one of A and Dis 10sel ected from and the other of A and Dis

sel ect ed Woam/119W292011/ 112429PCT/ US2011/ 027117 57 | n amoThiseoigondi ment ,
for the Conpounds of Forrmula (lIb), at |east one of A and Dis: HaR /CH3 Si

'R4 In a further enbodi nent, for the Conpounds of Forrmula (lb), A
and D are each 5selected from and eath occurrence of R4 is CHl-ir O

R4
R )
) N N N
N i~ \D QR?Z r"r\( D fr\\’ ORQ
S~ N7 Ru’f <, R Rz R
- $4

U N »
R et e hlog o

R4 R“" R"3

In another embodiment, for the Compounds of Formula (Ib), D is selected from:

R4
R? N

w F{‘Z f;(f: CHy .:E jcm f\(—go

4 4 4
TS S Y
m Si/CHa
OH “CH,

and ’s\(ié

5 In another embodiment, for the Compounds of Formula (Ib), D is selected from:

R4 R4 Rt

N ) N # E_
K%F ;\(_lF ! ‘ lﬂ:j \(-sb

/N

4
R f:i R R?
/‘ﬁb ;’\(_z ;L(_Eb and %
_CHs
%"" OH S;\CHs

In still another embodiment, for the Compounds of Formula (Ib), D is selected from:

R4 R4 R4 R4 !?4
an
~ee S O ~Q
E F OH

In another embodiment, for the Compounds of Formula (Ib), D is selected from:



I n anot her enbodi nent, for the Conpounds of Formula (lb), one of Aand Dis

10sel ected from RARAR4A s(-)1?1IINl i N S Cpi, HC \ H3 H3C CH3
. - , t he
ot her of wWoOand/m2428 sel ected from RARAR4 1t...C 4_st.. PCIAB201L0ZM1F FF and

each occurrence of R4 is and 15 CH(O
50

13 R13
R\ /R 12

13
R12§__R13 13 R12 RP
H

. R1 L, RE /7~ N S R
SRR SR G NSt
o, R4 """‘2\,- R4 v‘"ﬂq).‘_ ‘R4 ), R4 i”ll‘ R18
13 Ri3
13 R12 R R RY R R13

R'EE \_.R13 / R13\Si/\ 2 Si .

( ;3;384/\ ) ) \/\e‘j s
>‘N‘ L N N >— N
RY  mf RY, m{ R, and R

In yet another embodiment D is selected from:

R4 R4
)

# k[ AN )
\('S' j i’) e %sszcua
“CH,

Hyc CHy H,C CHy

In another embodiment, for the Compounds of Formula (Ib), D is
R4
‘N ‘l!‘

R1Z Lz . 2.
R , wherein each occurrence of R™“ is independently H or F.

In another embodiment, for the Compounds of Formula (Ib), D is

10
In a further embodiment, for the Compounds of Formula (Ib), D is selected from.



WO 2011/ 112429PCT/ US2011/ 027117 58 | n anot her enbodi ment, f
Conmpounds of Fornula (lIb), one of A and Dis R15 and the ot her is gtral Ea(r:]'?ed
from _ RAREBAOIIIIA242d 5 and each occurrence of R4 is | RCTtUSRO11M2TI her
enbodi ment, for the Conpounds of Fornula (lIb), one of A and Dis: R4 RIRIL2
, Wherein each occurrence of R12 is independently Hor F; the other of A
and Dis selected from 10 and eachSloccurrence of R4 i1s

R4 R?

Re N
e G oy A
Hee” CHy HSC “CH;

4

O

R*——o\gﬁ\l)‘)ﬁ

R? , wherein R!is H, alkyl, haloalkyl, 3 to 7- membered cycloalkyl, 4 to 7-

=~

and R* is:

membered heterocycloalkyl, aryl or heteroaryl and R*is alkyl, haloalkyl, silylalkyl, 3 to 7-
5  membered cycloalkyl or 4 to 7- membered heterocycloalkyl, aryl or heteroaryl.

In another embodiment, for the Compounds of Formula (Ib), D is selected from:

) o) ) 5. f"\(_ij’ D
N N i N L[N .
~e QD
F F H 3(‘; CH;; H 3C (;H3

4
R? E R.4 F|<4
WY AN A e s
™ 5i~CHs
OH \CH3

and R* is:

H
o
R® . wherein R? is H, methy}, ethyl, propyl, isopropyl, t-butyl, cyclopropyl,

10 -CH,CH,Si(CHs)s, -CHoCHLCF3, pyranyl, benzyl or phenyl, and R! is methyl, ethyl or

isopropyl.
In another embodiment, for the Compounds of Formula (Ib), D is selected from:



I n one enbodi ment, for the Conpounds of Fornmula (lb), ML is a bond. 15In
anot her enbodi nent, for the Conpounds of Fornula (lIb), 1\41 is -S(0)2_1In
anot her ewbadivmant29 for the Conpounds of Forrmula (1b), RLCTIGS2010/0271hn stil |
anot her enbodi ment, for the Compounds of Formula (Ib), ML is -C(R7)2-. In
anot her enbodi ment, for the Corrpoundssgf Formula (Ib), ML is -CH2-. In

anot her enbodi nent, for the Conpounds-of Fornmula (Ib), ML is -N(R6)-. 20In
yet anot her enbodi nent, for the Conpounds of Fornmula (I b), ML is a bond. In
a further errbodl ment , 4for th 4Corrpoun of Fogaula (I bR* ML is

-C(R2)=C(R2) - d tfor t 'Corrp st Formula (l1b), M
is -CHECH-. WO 2%242 USZ @2711 5 I n ano enmbodi ment, for
t he Conpounds of For A (I'b kit still a her enbodi rrent

for the Conpounds of Formula (| b) 'MC |§H& I‘HscfH-CHsl n another enbodi ment, for
t he Conpounds of Formula (IDb), is -C(R7)2-0-. In another enbodinent, for

t he Conpounds of F# | a (I b)R4 i ®*- O C(R7) 2-5451 n yet anot her enbodi rrent
0 h

for the Corrpounds b) & I S5 <( 7;\2 N(R6)-. In another
enbodi nent, for ound \m ”E’ ,CF;JV(RG) C(R7)2-. In one

enbodi nent, for the Conpounds dJH Formul a (| b) PISCH- R5)-. In another
enbodi rrent, for the Conmpounds of Formula (lb), X1 is 2N 10 I n anot her
enbodi nesd R* fsor t he Conpounds of Formula (Ib), XL is -CH. In one

enbodi nent, for the Conpounds of Forrmula (Ib), X2 is -C(R5)-. In another
enbodi nent, for the Conpounds of Formuia §lb), X2 is N |In another
enbodi ment, for the Conpounds ofcHz0 ), X2 is -CH. In one

enbodi nent, for the Conpounds of Formul & (Ib), XI and X2 are each -CH.
151 n one enbodi ment, the Conmpounds of Forrmula (1) have the formula (Ic):

In yet another embodiment, for the Compounds of Formula (Ib), D is:

12 -
5 R™ R™ , wherein each occurrence of R' is independently H or F,

O
H
ons Y "
O

In yet another embodiment, for the Compounds of Formula (Ib), D is:

R4
Y
Si
/
H3C \CH3

10 andR*is

In another embodiment, for the Compounds of Formula (Ib), D is ~atkylene-
N(alky1)-C(O)-CH(alkyl)-NHC(O)O-alkyl, —alkylene-N(cycloalkyl)-C(O)-CH(alkyl)-
15  NHC(0)O-alkyl, —-alkylene—N(cycioalkyl)—C(O)~CH(cycloaIky1)-»NHC(O)O-alkyl, -



(Ic) and pharmaceutically acceptable salts thereof, wherein: 20C is

phenyl ene, 5- or 6- nenbered nonocyclic heteroaryl ene or 9-nenbered

bi cycli c weterwae4bene, wherein said phenyl ene group, saca/its20100281Tenbered
nmonocyclic heteroarylene group or said 9-nenbered bicyclic heteroarylene
group can be optionally and independently substituted with up to two
groups, which can be the sanme or diff& ent, and are selected from hal o, 3-
to 7-menbered cycl oal kyl, 5- or 6-nmenbered heteroaryl, -0-(Cl-C6 25alk§l),

- 0- ( C1- Gryviby& &l C(OY-CH NIG( IOk ylkehe) DG G- 168k :
occurre%g)é of I S im#le (endent@alrg/? Si (g?x);dzQ , y_ C(R) 2- )oerm(-@%? 0) 28[)*%(% teﬁgP
at | eas€HomteroaaDINEREQGRIKFL | s” - S (Rx) 2-; WD 2011/ 112429PCT/ US2011/ 027117

60 each Of:cur&%@%%%rﬁémﬁo}tﬂe%d%%gm&w %quw%n@'r two Rx groups

that are attache e sane S Ine to forma -(CH2)4- or
- (CH2) 5- gr olpanottiedl ceolinmat dortan Cempbuik dfFormulef@nd¥nis ¥(@or F; each

nddpendent | 1 3nS{is) CRORINPGAD) DRESTBRR A PRRAL oft 708 | ndependent | y
L% A TP A 8 ko habopy i ane
In another embodiment, for the Compounds of Formula (Ib), M is ~ClHy-.
In another embodiment, for the Compounds of Formula (Ib), M’ is —N(Ré)-.
In yet another embodiment, for the Compounds of Formula (Ib), M' is a bond.
10 In a further embodiment, for the Compounds of Formula (Ib), M is -C(Rz)ﬂC(RZ)—.
In another embodiment, for the Compounds of Formula (Ib), M! is -CH=CH-,
In another embodiment, for the Compounds of Formula (Ib), M’ is -CH=N-,
In still another embodiment, for the Compounds of Formula (Ib), M! is -N=CH-.
In another embodiment, for the Compounds of Formula (Ib), M is -C(R")-O-.
15 In another embodiment, for the Compounds of Formula (Ib), M! is -O-C(R);-.
In yet another embodiment, for the Compounds of Formula (Ib), M is -C(R™),-
N(R-.
In another embodiment, for the Compounds of Formula (Ib), M is -NRH-CR -
In one embodiment, for the Compounds of Formula (Ib), X' is mC(RS)—.
20 In another embodiment, for the Compounds of Formula (b}, X! is =N-.
In another embodiment, for the Compounds of Formula (Ib), X! is ~CH-.
In one embodiment, for the Compounds of Formula (Ib}, X2 is =C(R)-.
In another embodiment, for the Compounds of Formula (Ib), X? is =N-.
In another embodiment, for the Compounds of Formula (Ib), X? is ~CH-.
25 In one embodiment, for the Compounds of Formula (Ib), X' and X* are each ~CH-.

In one embodiment, for the Compounds of Formula (Ib), the group:

AN= M /7

has the structure:



and wherein R12 is a single ring substituent selected fromhalo, 3- to
7-menbered cycl oal kyl, 5- or 6-nenbered heteroaryl,

- 0- (C1- CowO-2001neehydr oxyal kyl ) and - O (Cl-C6 al kyl enepco@se)H(0Li11T6

al kyl). In anot her enbodi nent, for the Conpounds of Formula (lc), Cis: 15
and wherein R12 is an optional ring substituent selected fromF, -OCHS,
pyridyl, -OCH2CH2OH, - OCH2CH20C(0) CH3%4 cycl opropyl and thi ophenyl. In

anot her enbodi nent, for the Conpounds of Formula (lc), Cis: 20 In

anot her enbodi for t Cbnpounds of Formm| a (TGO, ea 'Qi% yrrence oft
is i ndepenﬁ‘l N anot her & ent, fof thd Gefpounds of
Formul a (I curre >‘-\;§D 2011 ‘ /USZO 02ﬂl17 61 In

anot her enbodi nen for t he rrp‘Ounds of Mormula (Ic), one ‘occurrence of Z
is -Si(12")2- and the other is -C(RY)2-. In yet another enb 'rrent for the

Conpounds of  F la (le), currence Ns - Si (5x
7 \ 4 v 7/
= = N)—é =,
o fL N
HEe= }'ﬁ ¥ (L -4 W34
= N N= N N H
%,
=N N .
>3 §§~—3 : QQ ﬁ&s s QQ e
H H
s =N Y O
atst 5 O3 ats=
b H

In another embodiment, for the Compounds of Formula (Ib), the group:

/”J\;

has the structure:

s'i‘""é 3&&3 ég“%
H H .
N Pf OF !?
Sagss WsSe s afs%”.

10



5In a further enbodi ment, for the Conpounds of Formula (Ic), each
occurrence of Zis -C(RY)2-. In another enbodinent, for the Conpounds of
Formul a (Wo)2110mne420ccurrence of Z is -Si (CH3)2- and t hePorhseo1s2HC R) 2- .
10l n one enbodi ment, the Conpounds of Formula (1) have the formula (1d):
(1d) wherein 15each occurrence of R4 is: each occurrence of Zis

i ndependently -Si (Rx)2- or eath occurrence ofltx is independently
Cl-C6 al kyl or two R' groups that are attached to the sane Si atom
conbine to fgydother éx@b@dlﬁrengrforthwaﬁﬁmuwsaﬁ@pmum (R0ethegrapcur r ence of RY
is independently Hor F, such that at Ieast one occurrence of Zis

-Si (RK) 2-. I n anot her enbodl nmeph for the Conmpounds of Fornula (I1d),

one occurrence of Zis -Si( other is -C(RY)2-. 25In another
enbodi ment, for the Corrpou
17

(1 each occurrence of Zis WO
2011/ 112429PCT/ US2011/ 0271 ano her embodi ment, for the

I n

Compounds of Fornula (I1d), on occyf renc CF2-. In yet another
enbodi nent, for the Conpounds of rmul a (ﬁd) gﬁe occurrence of Z
has the structure:
Wa'
O
H .
5 In one embodiment, for the Compounds of Formula (Ib), one, but not both, of A and
DisR".

In another embodiment, for the Compounds of Formula (Ib), each of A and D is R".

In another embodiment, for the Compounds of Formula (Ib), A and D are each

10 independently selected from:

m*{_z *“’x ‘i\() f‘b

Hsc "GH, Hsc “CHy
l
‘,c’ N
and \(_é

In another embodiment, for the Compounds of Formula (Ib), A and D are each

4

/L(_C ,cHs

Z-—’;‘
Z=A

independently selected from:



is -Si(CH3)2- and the other is -CF2-. 5 In one enbodi nent, the Conpounds of
Formula (1) have the fornula (le): 10 wherein each occurrence of R4 is:

Za is -SiweepR/t1248b) is - C(RY)2-; 15each occurrence of RKTiGS20mgependent|y
Cl-C6 al kyl or two IV groups that are attached to the same Si atom conbi ne
to forma -(CH2)4- or -(CH2)5- group; and each occurrence of RY is

i ndependently H or F. In another enbddi nent, for the Conpounds of Formula
(1d), each occurrence of le 20is nmethyl. of Zis -CF2-. In another

enbodi ment, for the Conmpounds of Fornul a (Id) each ocgurrence of RY is F.
In one embodi ment, v&tiablesRA, B CR'D, M;, K1 and %>the Conpounds of

25Formul a (1) aregdsgNecte rgﬂ%ttiy f ach ot | n anot her
enbodi ment, a Conpo Fof F 31 s in stanti al purified
E F

He” CHy Hac cH3

4 4
& e an R
Mo~ Y '
-~CH
Si78
OH “CH,

Tn still another embodiment, for the Compounds of Formula (Ib), one of A and D is

RP and the other is selected from:

"L} ”*Q o) ’\E) e

Hye” CHs H3C “CH;,

R4

R* R
R? ! : )
}b QO N
. .CHg
OH 3’\CH3

In another embodiment, for the Compounds of Formula (Ib), one of A and D is R

and the other is selected from:

R4 R4 R4 R4 R‘t
N NNy T e A
F
F F OH
In yet another embodiment, for the Compounds of Formula (Ib), one of A and D 1s

10 selected from:

*""Q "\( ) & ’“&C

S
Hye! CHy H,C' CHg

and the other of A and D is selected from:
R4

R R R R® :
N N i” N N and N
~e Y O \/b
F F OH



WO 2011/ 112429PCT/ US2011/ 027117 63 O her enbodi ments of the present

i nvention include the follow ng: (a)A pharmaceutical conposition conprising
an ef f ectwoeoamoes2y of a Conpound of Formula (1) or a plkerasec@aoeTat |y
acceptabl e salt thereof, and a pharmaceutically acceptable carrier. 5(b)The
pharmaceutical conposition of (a), further conprising a second therapeutic
agent selected fromthe group consistihg of HCV antiviral agents,

i mmunonodul ators, and anti-infective agents. (c) The

phar maceut i cg aneaRPESbodiaRNO Tor(the CompemedsfFoantie\Iba kt iladst ale cfgernd Ds an
antiviral selected fromthe group consisting of HCV protease inhibitors and
10 HCV iNS5B pol ynerase i nhibitors. (d) A pharmaceutical conbination that is

(i) a Conpound of Formula (1) and § %second t herapeuti c agent sel ected
fromthe group consisting of HCV an |\ 4’ agents, inmmunonodul ators, and
anti-infective agents; wherein the ound of Formula (1) and the second
t herapeutic agent are each enpl oyed j.nyan anount that renders the 15

conbi nation effective for inhibiti HGV replication, or for treating HCV

i nfection and/or reducing the likelihood or severity of synptons of HCV
infection. 1, further embéd@inedt) for@RTObRPLHEAR FFofitiia (IMek andi Dt dre ekdBV
antiviral agent Is an antivi ral selected fromthe group consisting of HCV
pr oteasseeleadd fsomnor s and HCV NS5B pol ynmerase inhibitors. 20(f)A nmethod of
inhibiting HCV replication in a subject in need t her eofgawhi ch conpri ses
adm nistering to the Rsubj ect rgn effec;ﬁq ve ght of Qprrpound of Fornmul a

(r). (&) NA net of tr ng fec hnd/ or reducing the
i kel i hood or m ?\Cz ;{J? l]n

HSC CHS Hsc CH3

4 4
R e e R
N f\(_z l’\(_) and ?
..CH
LT el
OH “CHg ,
and each occurrence of R*is
o M
ons Y
O

In another embodiment, for the Compounds of Formula (Ib), one of Aand D is

10 selected from:
4 534

R R »
£ ;
\(_ j b and N

A SO \,,CH;

HiG CHs H3C “CHy “CH, .

the other of A and D is selected from:

4
R R R ,
N N JL(_'D and
F
F F OH: and
o N
L
O

4 .
and each occurrence of R is

15



severity of synptons of HCV infection in a subject in need thereof which
conprises 25 adm nistering to the subject an effective anount of a Conpound
of For mulso@2b)1/112429 (h) The nmethod of (g), wher ecm/ush@i1@erpound of
Formula (I) is administered in conbination with an effective anount of at

| east one second therapeutic agent selected fromthe group consisting of
HCV antiviral agents, imunonodul at or§ and anti-infective agent s 30(i) The
nmet hod of (h), wherein the HCV anti viral agent is an antiviral

2011/ 112429Pmr¢rwsga@ embodinteny, feuthe Compounds of Foppylalneettorf A pnd Tc?ﬁﬁ Biting HoV

replicati u in need thereof which conprises adm nistering to
L eiofhe® 5@&%@

the sub cal corrp05| tion of (a), (b) or (c) or the

conbi nati on of (d) r (e) (k) A nethodgf treating HCV

i nfection and/ or gegfuci ng I | k i hood ofy everl t syrrpt ons of HCV
infectioninasd%(_e?‘ rfa ol whi nlsterlngtothe
subj ect the phar rracellj:tl cal co 03| tion of {a), (b) or (c) oy the

conbi nation of (d) or (e). The present invention also includes a conpound
of the present invention for use (i) (ii) as a nedicanment for, or (iii) in
the preparation of a rredl canent for: (a) inhibiting 10 HCV repllcatlon or
(b) 3reand eeg:hld@vurremfceofRom and/ or reducing the likelihood or severity of
symptoms of HCV infection. In these uses,gthe conpounds of the present
i nvention can optionally be enpl oy iB clombination with one or nore second
t herapeuti c agents selected from® ntfi vistal agents, anti-infective
agents, and i munonodul ators. Additi &n enbodi nents of the invention
i ncl ude the pharnmaceutical conpositions, 15conbi nations andnet hods set
forth in (a)if k)l ahove canddinhet, foetheatmfoondsof Formbk (e crading apdPagr aph,
wherein the conpound of the present invention enployed thereinis a
conmpound of oneRﬂf thﬁ enbodi nents, aspects, classes, sub-classes, or
features of the cH nds descri bed above. In all of these enbodi ments, the
conpound may optKonglly be used in the formof a pharmaceutically
acceptable salt g ydrate as appropriate. 20It is farther to be understood
t hat the enbodip®nis:2of i ho a) through
(k) above are underlft oodW@ﬁc%dhd{g&aﬁF&e%?}dl%g%&%gﬂ(%e%gﬂ%ﬁ

the other of A and D is selected from:

H,4C

\o
Si

CHs

N

10 e

4 .
and each occurrence of R™ is

In one embodiment, for the Compounds of Formula (Ib), M is a bond.
15 In another embodiment, for the Compounds of Formula (Ib), M is -S(O).
In another embodiment, for the Compounds of Formula (Ib), M!is —O-,
In stil] another embodiment, for the Compounds of Formula (Ib), M! is -C(R -
In another embodiment, for the Compounds of Formula (Ib), M is -CH;-.
In another embodiment, for the Compounds of Formula (Ib), M! is -N(R-.
20 In yet another embodiment, for the Compounds of Formula (Ib), M is a bond.
In a further embodiment, for the Compounds of Formula (Ib), M! is -C(RH=CRH-.
In another embodiment, for the Compounds of Formula (Ib), M' is -CH=CH-.



conpounds, including such enbodi nents as result from conbi nati ons of
enbodi ment s. Non-limting exanples of the Conpounds of Foinula (I)

i ncl ude cwopouridg428- 106, as set forth bel ow. Conpounds PCTAS2015/027M67 20
42, 44-51, 53-58, 60, 61, 65-67, 70-74, 76- 25 81, 83-97 and 99-106 wer e
made using the nmethods described in the Schenmes and Exanpl es herein.
Conmpounds 3-14, 17-19, 21-41, 43, 52,5%9, 62-64, 68, 75, 82 and 98 can be
made using the nethods described in the Schenes and Exanpl es herein.

70 WO 2014/ b1 342 9R6T4iHSR0 1 92 Thdpoidlidds of Formula (Ib), M' is -CH=N-.

Tn still another embodiment, for the Compounds of Formula (Ib), M! is -N=CH-.
In another embodiment, for the Compounds of Formula (Ib}, M is ~-C(R"),-0-.
In another embodiment, for the Compounds of Formula (Ib), M' is -O-C(R)s-.
5 In yet another embodiment, for the Compounds of Formula (Ib), M! is -CRM,-
N(RS)-.
In another embodiment, for the Compounds of Formula (Ib), M'is —N(R6)~C(R7)2-.
In one embodiment, for the Compounds of Formula (Ib}, X! is =C(R’)-.
In another embodiment, for the Compounds of Formula (Ib), X! is =N-.
10 In another embodiment, for the Compounds of Formula (Ib), X' is ~CH-.
In one embodiment, for the Compounds of Formula (Ib), X2 is =C(R%)-.
In another embodiment, for the Compounds of Formula (Ib), X* is =N-.
In another embodiment, for the Compounds of Formula (1b), X? is ~CH-.

In one embodiment, for the Compounds of Formula (Ib), X' and X?are each —-CH-.

15 In one embodiment, the Compounds of Formula (I) have the formula (Ic):
N~ ~ . i N
\ N
< H H *7 )t
(Qr
Z Z
(o)
and pharmaceutically acceptable salts thereof,
wherein:
20 C is phenylene, 5- or 6- membered monocyclic heteroarylene or 9-membered

bicyclic heteroarylene, wherein said phenylene group, said 5- or 6-membered monocyclic
heteroarylene group or said 9-membered bicyclic heteroarylene group can be optionally and
independently substituted with up to two groups, which can be the same or different, and are
selected from halo, 3- to 7-membered cycloalkyl, 5- or 6-membered heteroaryl, -O-(C-Cq
25 alkyl), -O-(C;-Cs hydroxyalkyl), or -0-(C-Cy alkylene)-OC(0)-(Cy-Ce alkyl);
cach occurrence of Z is independently —Si(R*)-, “C(R”)2- or ~8(0)z-, such that at

least one occurrence of Z is —Si(R™)z-;



and pharmaceutically acceptable salts thereof. Methods For Making the
Compounds of Fornula (I) 5The Conmpounds of Forrmula (1) may be prepared
from knowsoaniwviaapl y prepared starting materials, foll @eirng2emiobkods known
to one skilled in the art of organic synthesis. Mthods useful for making
t he Conpounds of Forrmula (1) are set forth in the Exanples bel ow and
generalized in Schenes 1-8 bel ow. Alt&tnative synthetic pathways and

anal ogous structures will be apparent to those skilled in the art of

organi ¢ synthggioseurfinke &f)R@isﬂﬁ@pbﬁ&Hﬂﬁy@]a@ohlkﬁwamRﬁgrdws st afe t he
conpounds are contenpl at ed. Some conmer ci al |§3¥'{§ vai | abl e starting

mat er i aatswhﬂhtoﬂh@ eampedi alpescanaline fooiorp pe (Shiaknis(E s BIRUP; ounds of
Formula (1) iy act fused tricyclic tricyclic
ring systems %‘%&és%% ]IR}’,I\% 1%%% gra&’lﬁgmalr)l internmedi ates are available from
conmer ci al sgg@nlobairser&uoﬁ}{és1ﬁie@amiehtlglr01f£haalsﬁ, Louis, MO and Acros
Organics Co. (Fair 15 La 1.and i nternedi ates
conpounds ar@aobé}éﬂ‘lfé@c?é\é\gi Wéﬂaeﬂ?\ﬂ%ﬂﬂg"ﬁbﬁggﬁ%mbﬁﬁd moi eti es are not
commercially, %}clngl?é&e of héys i6@¢peh el ADAC LAk HUSCNT @i%ﬂmsﬂﬁormbl% known to
those skil | ed |n the art of organic synthesis. Such synthetic nethods
i ncl udemebiberedietanatycloativi;eddt o, t hose described in Kricka et al., J. Chem
Soc. Perkin Trans 1, 859-863 (1973); Kricka et al., Chem Rew., 74,
101- 123, (1974) Kurfuerst 20et al., Coll. Czech. Chem Comm, 4,
1705-1715, k?&%em&ﬁﬁ@bﬁ’t £ i Comborddg of Ehewnla 6@), (9B7- 990, (2004); Fanta
et al., Synt 9-21 (1974) U. S. Patent Publication No. US2005038037; and
| nternational Publication No. W2004 Schene 1 shows a
met hod useful for nmaking the naphth azol e conpounds of 25 fornula A7
and A8, which are useful internedi or maki ng the Conpounds of Formul a
(). N tration of brononaphthyl de Al provides nitro anal og A2 (J.
m é:hem 5 Soc. 73:4297 (1997)). The réﬁ%val of acetyl group under acidic
(];1 tions fol | owed by reduction of the nitro grou should afford
dl ani nonaphhbaieRE iAd singbuig swstithenthyelesinil fiopehale % o yereebGFd acycl i c

Ot s 2710 5,0 D, 91t o
bor rmna@ @4@ n?%gj @C{’@) ((Th@G #k@yi de could be converted to a boronate AS

with a pa cataly 10Schene 2 shaows ‘é ?I g:seful for making the
qui nol i nei ni damwemnmm@@,mthe&mwnﬂgeﬁm #U5h& Hseful i nternedi ates
for maki ng the Conpounds of Formul a (1) chene 2 WO
2011/ 112429PCT/ US2011/ 027117 73
R12
15 ,

and wherein R'? is an optional ring substituent selected from F, -OCHj, pyridyl,
-OCH,CH,0H, -OCH,CH,0C(0)CHs, cyclopropyl and thiophenyl.

In another embodiment, for the Compounds of Formula (Ic), C is:

In another embodiment, for the Compounds of Formula (Ic), each occurrence oftis

20

independently 1 or 2.
In still another embodiment, for the Compounds of Formula (Ic), each occurrence of

tis 1.



B1B2AS B3B4B5 B6 Commerci al ly avail abl e am noni troqui nol i ne Bl
can be reduced to di am noqui noline B2, which is then coupled to a cyclic or
acyclic NWwopnotigaeed a-anm no acid AS to provi dean 5am dePB3/USke11o2m111 hen be
cyclized to quinolineimdazole B4 under acidic conditions. N oxide B5 can
then be obtained with rn-chloroperbenégic acid. Upon treatment with
phosphor ous oxychl oride, 135 should gFve the desired chl oroqui noline B6,
whi ch can used in Suzuki coupling reactions. Schenme 3 shows a nethod useful

for maki ng t heansghessmbodiptent.donihe Gispogndaief Fasmila ()ome wupeercarcd Zusef ul
o ek, BRI Lippomounds of Formula (1), wbere i e s e
Scheme 3 WO hhdth@detbodiment, for the Compounds of Formula (Ic), each occurrence of
Z is -Si(R")-.
5 In a further embodiment, for the Compounds of Formula (Ic), each occurrence of Z
is -C(R*),-.
In another embodiment, for the Compounds of Formula (I¢), one occurrence of Z is

~Si(CHs),- and the other is ~C(RY)p-.

10 In one embodiment, the Compounds of Formula (I) have the formula (Id):
N Q N :
\ N
N N \ \)
o ”
7 Z
(Id)
wherein
15 each occurrence of R* is:

O

H
0 .

each occurrence of Z is independently —Si(R™),- or —C(R")2~;
each occurrence of R* is independently C;-Cs alkyl or two R” groups that are
attached to the same Si atom, combine to form a —(CHz)s- or -(CHy)s- group; and
20 each occurrence of RY is independently H or F,

such that at least one occurrence of Z is —Si(R™),-.

In another embodiment, for the Compounds of Formula (Id), one occurrence of Z is
~Si(R*);- and the other is ~C(R”),-.
25 In another embodiment, for the Compounds of Formula (Id), each occurrence of Z is

-Si(R*),-.



PCT/ US2011/ 027117 74 c AS The Suzuki couplin art ner

C4 can be prepared fromcomercially avail abl e heteroarylo brgmp))acetsl <o
conmpound wb 2bovre2a G (Scheme 3). Wien treated w th anPREfuISet1eo2Ad7 am no
acid (PGAA-OH) in the presence of an am ne base, e.g., DIPEA a ketoester
C2 is fornmed. If heated together with amoni um acetate, the ketoester is
converted to the desired imdazol e defd vative C3. The bromi de can then be
converted to a boronate C4 with a palladium catal yzed reaction.

Scheme 4 shoysielbags evb&ditent, g thakbmgotids of Fopouladkl) ofnefosrwménze Of  and
C3, 10 which are useful internediates for neking the Conpounds of Formula
(SI%, whéneiGfovariable Cis other than a bond and 13 is an imidazole ring.
cheme 4 0 OInByt;et al%thggzembodiment, for the Compounds of Formula (Id), one occurrence of Z

is —Si(CHj)z- and the other is ~CFs-.

In one embodiment, the Compounds of Formula (I} bave the formula (Ie):

OO
o8 G

78
(Ie)
10 wherein
each occurrence of R* is:
y 9
© ;
7% is —Si(R™)o-;
7P is ~C(RY)a-;
i5 each occurrence of R* is independently C;-Cg alkyl or two R* groups that are

attached to the same Si atom, combine to form a —(CHy)4- or -{(CHy)s- group; and

each occurrence of R is independently H or F.

In another embodiment, for the Compounds of Formula (Id), each occurrence of R*

20  is methyl. of Z is -CF2-.
In another embodiment, for the Compounds of Formula (Id), each occurrence of R’

is F.

In one embodiment, variables A, B, C, D, M, %! and X? in the Compounds of

25  Formula (I) are selected independently from each other.

In another embodiment, a Compound of Formula (1) is in substantially purified

form.



G Okt 0 D3 D4 A Br 0O NHBc)cNH2 D5DeD7 WO

2011/112429PCT/ US2011/ 027117 75 known nethods, (e.g., those described in
Kricka etwal2011/13242€hem Soc. Perkin Trans |, 859- 863 (P@TA)S201as0e71kKri cka et
al., Chem Rew., 74, 101-123, (1974)) to provide the acyl ated products of
formula D2. A conpound of forrmula D2 can then be brom nated using bron ne
for exanple, to provide the conpounds6tbf fornmula C. 50n the other hand 1
brono-i odo substituted heteroaromatic rings D3 can undergo a ’

Other embodiments of the present invention include the following:

(a) A pharmaceutical composition comprising an effective amount ofa
Compound of Formula (I) or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

5 ()  The pharmaceutical composition of (a), further comprising a second
therapeutic agent selected from the group consisting of HCV antiviral agents,
immunomodulators, and anti-infective agents.

(c) The pharmaceutical composition of (b), wherein the HCV antiviral
agent is an antiviral selected from the group consisting of HCV protease inhibitors and

10 HCV NS5B polymerase inhibitors.

(d) A pharmaceutical combination that is (i) a Compound of Formula (I)
and (ii) a second therapeutic agent selected from the group consisting of HCV antiviral
agents, immunomodulators, and anti-infective agents; wherein the Compound of Formula
(T) and the second therapeutic agent are each employed in an amount that renders the

15  combination effective for inhibiting HCV replication, or for treating HCV infection and/or
reducing the likelihood or severity of symptoms of HCV infection.

(¢)  The combination of (d), wherein the HCV antiviral agent is an
antiviral selected from the group consisting of HCV protease inhibitors and HCV NS3B
polymerase inhibitors.

20 ® A method of inhibiting HCV replication in a subject in need thereof
which comprises administering to the subject an effective amount of a Compound of
Formula (I).

() A method of treating HCV infection and/or reducing the likelihood or
severity of symptoms of HCV infection in a subject in need thereof which comprises

25  administering to the subject an effective amount of a Compound of Formula (I).

(h) The method of (g), wherein the Compound of Formula (I) is
administered in combination with an effective amount of at least one second therapeutic
agent selected from the group consisting of HCV antiviral agents, immunomodulators, and
anti-infective agents.

30 (i) The method of (h), wherein the HCV antiviral agent is an antiviral
selected from the group consisting of HCV protease inhibitors and HCV NS5B polymerase
inhibitors.



Stille coupling with (a-ethoxyvinyl) tributylstannane in the presence of a
pal | adi um catal yst using the nethods including, but not limted to those
descri bedwOreoGhios4?y et al., J. Org. Chem, 62:2535-2543P(CTABZ)11/02md7 Scot t
et a, J. Am Chem Soc., 106:4630 (1984)), to provide the ethyl-vinyl ether
intermediate D4. Treating D4 with N-bronpsuccimde gives 10 the desired
bronpbacetyl intermediate G, which cafft t hen be el aborated to advanced

i nteinediates C3 or C4 for Suzuki coupling. Alternatively, a heteroaromatic
di broni de of forng)a DA mehodef inhibitingtRAVusplimgtion itbusybjed: it riedthaeef t hen

guenched wi t h N-Boc- gl yci Vi b 1 d ' -
i no. CoMsbaREPBreS OISO o HEabsH 1 DEIRaBAL g DB ULPRG! YBAY 05 for -
exanpl eﬁcemgfﬁ%lcg%irpdﬁoﬁg%@gggﬂ?ound of formula D7, which can then be

coupl ed an N-protec no acid using typical am de bond formn ng
reagents such as (ATU Aangthodpfiecating &SR infeetioncadiss setpce thelkgibgodsr Upon

heated in th I UIT; . '
e 3 mi SSEDPSHIPGETST! G TR iR Eng CATBRLE lfer afbnpRef (200 1O
maki ng Sﬁﬁinbs@érﬁiy t6 tl?&é_u@j&@ﬂi@%&k%’iac@&ticfabéomlbcﬁitﬂﬁz &4 a), Wice lic)arrehaisef ul

intermediates for neking the Conpounds of Fornula (1). Schene 5 NH2
, 0. ... 4combinaticg N oF@E2 HIiINT,AN t'Nfl,GE4 25A heteroaromatic

dianine El coyld be GORYRLS Bio bRnielh E¥Ebbind SHHEBRES FhoHfbNr use (i)
in, (ii) as a medicament for, or (iii) in the preparation of a medicament for: (a) inhibiting

10 HCV replication or (b) treating HCV infection and/or reducing the likelihood or severity of
symptoms of HCV infection. In these uses, the compounds of the present invention can
optionally be employed in combination with one or more second therapeutic agents selected
from HCV antiviral agents, anti-infective agents, and immunomodulators.

Additional embodiments of the invention include the pharmaceutical compositions,

15 combinations and methods set forth in (a)-(k) above and the uses set forth in the preceding
paragraph, wherein the compound of the present invention employed therein is a compound
of one of the embodiments, aspects, classes, sub-classes, or features of the compounds
described above. In all of these embodiments, the compound may optionally be used in the
form of a pharmaceutically acceptable salt or hydrate as appropriate.

20 It is further to be understood that the embodiments of compositions and methods
provided as (a) through (k) above are understood to include all embodiments of the
compounds, including such embodiments as result from combinations of embodiments.

Non-limiting examples of the Compounds of Formula (I) include compounds 1-106,
as set forth below. Compounds 1, 2, 15, 16, 20, 42, 44-51, 53-58, 60, 61, 65-67, 70-74, 76-

25 81, 83-97 and 99-106 were made using the methods described in the Schemes and Examples

herein. Compounds 3-14, 17-19, 21-41, 43, 52, 59, 62-64, 68, 75, 82 and 98 can be made

using the methods described in the Schemes and Examples herein.



the two step coupling-cyclization procedure described, for exanple, in
Schene 3. The correspondi ng boronate E4 can then easily be obtained from
brom de BSOwha/M@i29- known WO 2011/ 112429PCT/ US2011/ 027 PLT/URG0 1G0T Iy .
Both E3 and E4 can be used as internedi ate coupling partners in a Suzuk
coupling process to provide the Conpound of Formula (1), Schene 6 shows
met hods useful for making the Conpounf® of Foinula (1) via a Suzuk

Coupling process. 5 Schene 6 A Suzuki coupling between protected

i m dazol e bor e A4 (or bor oniic. aci d, hown) and the fused bi - aryl
tricyclic R éﬁ?gé 06 S ,Q;E' Iemgﬁ ﬁgd in Angew
Chem Int. AN 2 provi gestee Gfmula Q.

Conpounds of fo Ia Gﬂ1c n be used to oli de toanu s of formula &
by renoval of fhe nitrogen protecting gro digi; G . An appropriate cap of
d a N f )

group R can de cted % g reactions
i ncl udi ng, HBut t ; ] <$on 'dd Pmanlno
acid coupllng r genht suych ATU or 15HOB

sul fonyl chloridé) or alkylation (with al kyl hallde or reductlve am nati on)
to provide th esired Conpounds of FonnJ& Sche 7 shows

alternative tthheds sseful for ng the F 1 via a
- . L T

Suzuki Coups r'b. oty FR

Hgooﬁ' (j?fp L %IﬂDCH “sﬁ(ﬁrf'o ’[‘:_‘l]‘\( EB‘OCHa
8 PN
H3Coi "Ifo %hr&DCHa mcoﬂrfp L)TBIN’&O%
Hacéi lfp LC@:B*OCH H3Cd&rfe CHa

Haco&N N,\ 4 N OCH HgCO&N ,\ g N OGH
FHIf*;LK oo Hrﬁi.,%ﬁi» a
Haccﬁ‘NIf QQ @ /N QJ&)CH Hefcﬁ;i ":(f L‘ @ /P‘ Q?Iwﬁbcu3

Hacoﬁ;‘(?o L.N Koo, Hso}}rf ,@I oo,



WO 2011/ 112429PCT/ US2011/ 027117 77 Simlarly, a bicyclic brom de of
formula E3 and fused tricyclic boronate of formula A7 can be joined using

t he net howle 2dagiaedizbed in Scheme 6 above, to provide coupCedseoteeTedi at es
of fornmula 111. The conpounds of fornmula Hl can then be further el aborated
using, for exanple, the nmethods described in Schene 6 above, to provide the
Conpounds of 5Fornula (1), wherein C 68 a bond and B is a bicyclic
het er oaryl ene group. Scheme 8 A boronate of forrrul a &4 and

chl or oqui nol i,m dgazol e of fo a B6 ca ’gzg oupl ed u Suzuki

coupl i ng Q@m W Nu ¥ A hm;bg“ s NﬁOCH3

provi depr oduct v 1 . *Wm ch can b or d t Nt He final
targets of for Ia 13,4gusi ng fet hods vvell-knovvn to 2hose skﬁklled in the art
of organic syntheS|s i ncl uding those descgebed in Schene 6 . 15In

sone of the cg;'II g% 1l gt ed %@ 1- 8,

t he ani no "&€i s (&Pl g 1 3 )\ﬁﬁt H'I&?(gﬁpt'*ec 'ﬂ o KE ¢ o JaNarh tor oprol i ne,
(S)-2-piperidi§carbo>gy|c acrd, valine, i‘he, n ines etc.) are

i ncorporated a

part A structures, Met hods have beel described in the
general liter t re as well as in Banchar d 2009/ 0068140 for the

preparatlon ﬁ aci d-derived |n 23, 001e skilled in the
art of orgH , recognl ze 1 o SYNTRES] S of f used

tricyclic cores n"For nul & [ g equire p t éction o ar § > functi onal
groups (i.e., erlvatlzi’atl on o ‘ﬁempurpose of chemf®cal compatiibikity with

a particular reaction conditioh). Suitable protecting groups\for the
various functional groups of these conpounds and nethods for their

installati onﬁ rermval can be und i njGles tive 25
Groups in : Si S, e@uohpt'e? ¢l g %ﬁg@g
One skilled | ;:.. i © synt hesi $-AM By ~® aeqni'ize that one

route for the synf*he5|§5 of IFused bi -aryl tricytlic core$ if~Fornula (1) may
be nore desir e depending on WO 2011{W9PCT/ Us%011/ 027117 78 the

choice of a ge substl tuents. Additj y, one Skl |led in the art wll
recogni ze that;é?] es the order o o O Ry differ fromthat
present ed her 0| \ group 'es and can amend
the synthetic route acgor| Ofe Skl||edlnth62@r i _,'
synthesis will recognize that {heHs8t hesis of certain 5 flused ®%% cyclic
cores in Fornmula (1) require the construction of an am de Lond Met hods
useful for making such am de bonds, include but are not limted to, the use

of a reactlveéc%r boxy derivative (e g., an acid halide, or ester at

el evated te g%wleﬁent (e.qg.,
> CHs

HOBt , EDCIH©

mccﬁgif A2 oo Hsco&g);p‘&f\' “:S:(ﬁiocm
L OO e LD O
m -0 3k ut 16“*;



The preparation of ring systens contenplated in this invention have been
described 10 in the literature and in conpendia such as "Conprehensive
Het er ocycWwocoGhaed2gt ry" editions |, Il and 111, publishedTmg28semier and
edited by AR Katritzky & R JK Tayl or. Mani pul ati on of the required
substitution patterns have al so been described in the avail able chem cal
literature as summari zed in conpendi a6such as " Conprehensive O ganic
Chenmi stry” published by El sevier and edited by DR R Barton and MI D.

011lis; 15 " hensi ve Crganlq,F t|o TransfornaLy ns edited

by edited W [ IRY & R %@%'

Transf or mat i on" Myl i 'sheds 'ﬁr% and ed| i by='R_ SC §@k fhe
Hnd 'th

starting materis#fl's used il nt er medi at €8 preparéﬂ usi ngx t he net hods
set forth in e Schenes above nay e |solated and purified if desired

usi ng conven 'S | 29t echni quesiy4 ngl ut not Ilnlted toA Ll tration,
di stillat#S, NEk Dk B Do felronat o 2 3 Cshteri al s can
be characteriz usi ng convent|o al meansH ja ] onstants and

spectral data. es of t Fused Tricyclic .'IVI Cbnggunds ®5The Fused
Tricyclic Silyl ConmpoundS™are useful in hurfén and veterinary medicine for
treating or pre entlng a viral |nte |on in a patient. In one enbodi nent,

t he Fused T nhi bi tors of V|raL, pllcatlon
| n anot her enbov us ep T |cycl EI%EI :
i nhi bitors of ACcor di Iy ‘\ybllc Silyl

Conmpounds are useful for treatlng viral infgetrons, such as>(CV. In
accordance with the invention, the Fused Tricyclic SleI Conmpounds can be

adm nistered tyg a patient in need of treatment or prevention of a viral

i nfection. 11/112429PCT/U$;011/027117 79 Accordingly, in one
enbodinentmc i (ﬁ thod at|no a virgla i nfection
in a patient éring tec ). i - Enb—@p—€i. hqﬁweﬁanount of
at | east one Fus rlcyOMIc yl  Conpound 'ka |y

acceptabl e salt thereof 5 Treatment or Prevention of%4 Viridae Virus
The Fused Trieﬁgélc Silyl Conpounds can be useful for treating or

preventing a I ion \D§' by theﬂ i |dae fa by’ Vi ruses.
e B4 : nt ed
:e but are no |m1ted t gue fever,

10Exanpl es " $1§$& 7
using the prese e
HaCC}iHrI'ijO ;ﬁ\ O 4 Ti)/N'&OCHs HsCOB\fIS)fO (S NiOCHa
G g

Japanese encephalitis,
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Kyasanur Forest disease, Murray Valley encephalitis, St. Louis
encephalitis, Tick-borne encephalitis, Wst Nile encephalitis, yellow fever
and HepatwoOi2e11@1¥42pus (HCV) infection. | n onecCerdsediloen7 t he
Fl aviviridae infection being treated is hepatitis C virus 15infection.
Treatment or Prevention of HCV Infection The Fused Tricyclic Silyl
Conpounds are useful in the inhibitiofof HCV (e.g., 20 HCV NS5A), the
treatment of HCV infection and/or reduction of the likelihood or severity
of synptons HCV infection ang,ﬁge i nhi n @f HCV V|ral
u

l'ication
and/ or HCV N7 } rs; Q’@ 2 C@be Fused
ajepysef intrea ) T
¥\by such nmean

Tricyclic Slly OV af ter
of body fluids, bites, accidental needle stick, or 25exposure to patient

suspect ed past #gxposugg to H FNSsi on, exchange

bl ood during surgery or other nedical procedures. I n one enbodi nent,
the hepatit;ﬁ nfgction is acuk hepati t : mgodi nent, the
hepatitis n@ E(Xéd clf Q@ e Hepat i te ﬁi ; oGl one
enmbodi ment , nire yT\des et hods fg tweatlng nfection in a

W pho§
patient, t he hods 6®nprising adm nistering'to the‘batlenn fan effective
30 anmobunt of at |east one Fused Tricyclic Silyl Conpound or a

phar maceut i accept abl e salt t her eof | specific enbodkgﬁnt t he
anmount adHIQE{} ‘, , & flo tre 1SN OF af € HCV in
the pati eft” M7 el @steréd is

G ONeNedi nent” Nowey are
effective to i H i Faks(replication qga/or viral progction in the
patient. WO 2011/ 112&§9PCT/ US2011/ 027117 80 The Fus8dl Tri cyclic Silyl
Compounds are Iso useful in the preparati and execution of _screening
assays for a . q%ﬁexa 9gigﬁ §9L§Flyl
Conpounds &f X E Hir oSl St 1" T%i nes

har bori ng nutat whi ch are extel g tools for
more powerful antiviral 5conpouhds. Furthernore, the Fused Tricyclic Silyl
Conpounds are useful in establishing or determ ning the binding site of

ot her antivir } . onposi t i opsgnd
conbi nat i ongOfsf g &y £ * . Adyipea pat i ent
suffering from i : ot ype. 4 tlypes and
subtypes may differ irgitheir aghigenicity, |€vel of §?ren1a severity of
di sease produced, and 10response to interferon therapy as described in
Hol | and et aL Pathology, 30(2):192-195
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(1998). The nonenclature set forth in Sinmmonds et al., J Gen Viral,
74(Pt111: 2391-2399 (1993) is wdely used and classifies isolates into six
maj or gerwoypasL12@It hrough 6, with two or nore rel ated ®abifugp@s/02a1Yy., | a
and | b. Additional genotypes 7-10 and 11 have been proposed, however the
phyl ogenetic basis on which this classification is based has been
15questioned, and thus types 7, 8, 9 &hd 11 isol ates have been reassigned
as type 6, and type 10 isol ates as type 3 (see Lanballerie et al., J Gen

Viral, 78 def ,ned as
havi ng Z?w e 14 %, and
subt ype - en
sequenced i r-glon see Sirnnonds et aI., J Gen Vi‘ral, 75(Pt

51:1053-1061"20(19%94)). Conbi nati on Ther apy 72 n anot her enbodi nent,
t he presegt met hods for treating or preventing HCV infection can further

conpri se-the adm_ni stration oﬂwone or ngﬁe addi ti onal therapeutlc 25 agents
whi ch a;é, o ‘@- q
addi ti omal*® thefeg

enbodi nent , e agg Fi's an ymnuno pdul at ory agent,
such as an i mmunosUppressive agent. Accordingly, in one enbodi nent, the
present invention provides nethods for 30treating a viral i fection in a

patient, nethod conpr|5|ng' ntnlsterlng to the patient;f (i) at |east
one Fus S|IyI e ptabl e salt
t her eof %fﬁ addltl e U 18 t is other
than a FusegF“ i"cy i yI hV[)2011/1124QE'0 / “ A7 81 Conpound,

wherei n the anountrs adninistered are together effectdve to treat or prevent
a viral infection. Wien admnistering a conblnatlon therapy of the
i nventi oy 03 oat|ent ~therapetgt
phar maceut i 49 5
may be adm ni sp'

such as, al ly,
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concurrently, together, sinultaneously and the |ike. The anounts of the
various actives in such conbination therapy nay be different anounts

(di ff ererwodosiages2anount s) or sane anmounts (sane dosagePamaispez)p271Thus, for
non-limting illustration purposes, a Fused Tricyclic Silyl Conpound and an
addi tional therapeutic agent may be present in fixed 1l0anounts (dosage
anmounts) in a single dosage unit (e.g’70 a capsule, a tablet and the |ike).

I n one enbodi nent, the at | east one Fused Tricyclic Silyl Compound is

adm ni stered duri na tinme when\t- e additi o he apeuti c ag nts) exert
t heir proph inc @)\t ARy #n ¢ effect, PP & %'\‘En anot her
enbodi ment,w@’i I @&‘ Trlcycllc gy @-o a thHe 15

t hefla [

addi ti onal peuté”c agent ( are adm ni st erdd 8s co hly enpl oyed
when such agents are used as nonot herapy for treating a viral infection.
I n anot her enbodi nent, the at | east one Fused Tricyclic Sil yI Conmpound and

the additi eutl C (g) are adngpif{ster g r than
t he doses ) ‘ N guch agent herapy for
treating a virgF i"nfection.” 2¢£& In still anoth He at | east

one Fused Tricdyclic %i| yl Compound and the addl |onal tgﬁer apeu ic agent(s)
act synergistically and are adm ni stered in doses |ower than the doses
comonl y enpl oyed when such agents are use nonot herapy for treatl ng a
viral infe I ne errbodl the a 7% ed T |c Silyl
Conpound apthyt e ' eut| the samne
conposi tion. I i,,t h| S corrpomtron IS Sui atﬁe or oral

adm ni strati on. I n avfot her enbodi nent, this conpositi or? is suitable for
intravenous administration. In a ther enbodj ment, this conposi{jon is

sui tabl e forgSybgut ameous adm t|on i nt, this
conposi tion NEEESH % i ) D in tions
and virus-rel atgd oi sorders th »can be trea or prevent ed ing the

combi nation thefapy f&thods of the present invention if&lude, 'but are not

limted to, jhose |isted above. In one enbodi nent, the vrral |n(]ectionis
HCV i nf ect] ‘ 9§>‘\ S2011/ H st one
Fused Tric GopaLiag m@? ’ nyp(s) can
act additi per gi stically. A sy ergigfic "conbi gat i on ow t he

use of | ower dosageé of one dr¥nore agents and/or |ess frequefn
adm ni stration of one or nore agents of a conbination therapy. A | ower
dosage or |ess frequent adm ni styation of ope or 5 nore agents KBy Iovver

toxicity .--".-@\ t heyt dIEI gg the i .
enbodi ment ¢ The yathi K 4 f%leas 0l ‘7‘?




Conmpound and the additional therapeutic agent(s) may inhibit the resistance

of a viral infection to these agents. Non-limting exanples of additional

t her apeutwo 2ageneeouseful in the present 10 conpositi ongCans2emiobnds

include an interferon, an innunonndulator a viral replication inhibitor,

an antisense agent, a therapeutic vac a viral polynerase inhibitor, a

nucl eoside inhibitor, a viral proteasg |nh|b|tor a viral helicase

i nhi bitor, a_V|r|on productlon inhibitor, a viral entry inhibitor, a viral

assenbly in n antlbody t\qurapygéjN nocl opal or polycldﬁal) and any
eut

agent usef ende i sorder.
In one enb Nt |t er a
i nhi bitor. Iﬁ 2 o enbodlne z, e addi t

viral replicati‘on |nh|b|tor I n anot her enb

onal the‘lloépeutl cagent is a
di rent, the additional

therapeutic agent is an HCV NS3 protease 20|nh|b|tor In still another
enbodi nment itional therapEU |c s 21 HCV NS5B pol yner ase

i nhi bitor. i:;lﬁﬁ nﬁ“m ﬂéL ey a8, QEQQ is a
nucl eosi deli nhilhf or . e od| ondgg[ﬁeraﬁeutlc
agent is an ipkerferon. 25In yet~anot her e dlnent &pe addi Fona
tggr?peutlc ﬁgent1BS an HCV replicase inhibitor. In another enbodi nent, the
addi tiona era |sense agent. | n another enbodlnent,

t he addP?A Vm? b’ %@&Qﬁéafag?eg therapeuglc vaccine. In a further

enbodi ment, the addltlonal t herapeutic agent is a virion production
30i nhi bitor. In another enbodi ment, the additional therapeutic agent is an
anti body therapy. Methods For Making the Compounds of Formula g!i
5 The Compounds of Formula (I) may be prepared from known or readily prepared
starting materials, following methods known to one skilled in the art of organic synthesis.
Methods useful for making the Compounds of Formula (I) are set forth in the Examples
below and generalized in Schemes 1-8 below. Alternative synthetic pathways and
analogous structures will be apparent to those skilled in the art of organic synthesis. All
10 stereoisomers and tautomeric forms of the compounds are contemplated.

Some commercially available starting materials and intermediates used for the
synthesis of the Compounds of Formula (1) are available which contain intact fused tricyclic
tricyclic ring systems. These starting materials and intermediates are available from
commercial suppliers such as Sigma-Aldrich (St. Louis, MO) and Acros Organics Co. (Fair

15  Lawn, NJ). Such starting materials and intermediates compounds are used as received.
‘When such fused tricyclic moieties are not commercially available, they can be prepared
using methods well-known to those skilled in the art of organic synthesis. Such synthetic
methods include, but are not limited to, those described in Kricka ez al., J. Chem. Soc.
Perkin Trans I, 859-863 (1973); Kricka et al., Chem. Rew., 74, 101-123, (1974); Kurfuerst

20 et al., Coll. Czech. Chem. Comm., 54, 1705-1715, (1989); Saroja et al., J. Org. Chem. §9,
987-990, (2004); Fanta ef al., Synth, 9-21, (1974), U.S. Patent Publication No.
US2005038037; and International Publication No. W02004039859.

Scheme 1 shows a method useful for making the naphthyl imidazole compounds of

25  formula A7 and A8, which are useful intermediates for making the Compounds of Formula

0.



I n anot her enbodi nent, the additional therapeutic agent is an HCV NS2

i nhibitor. WD 2011/112429PCT/ US2011/027117 83 In still another
enbodi nerwo 20hig1agdi ti onal therapeutic agent is an HCV RefAIS2mhiobinDr .

I n anot her enbodi nent, the additional therapeutic agent is an HCV NS4B
inhibitor. In another enbodi nent, the additional therapeutic agent is an
HCV NS5A i nhibitor 5ln yet another enbbdi nent, the additional therapeutic
agent is an HCV NS3 helicase inhibitor. In another enbodi nent, the

addi tional therapeutic agent is an SdaekeRES i nhi bitor. |In another

enbodi ment, the additional therapeutic agent is an HCV p7 imRibitor. In a
further enb t ti onaluyiy utic sgent i SHBV%@ ry
i nhi bitor. ’%@ ment, t |Gt | Gn‘a‘r""r’nerapg ] agent is an
HCV assenbly inhi¥Ftor. 1wosne enbo@iMen the additional 't herrapeuti c
agents conprise aRviral protease |nh|? Lt or and a viral pol yA8rase
inhibitor. In #i 11 another enbodi nen t he additional therapeuti c agents

conprise a viral 15 protease inhibitor and an i munosm Iatory agent. In
yet anot her enbodi nent, {he additi | ther apeutl C agﬁ rise a

pol ymer ase Rietilntitx t OF,Na 1@‘ Qi munorfotiufat ory_ageng. anﬁ rhodi ment ,
t he additi eral—iskera agent s C;ONY‘?%L(S}Q a VI raI profe b| tor and a
nucl eosi de. 20l n anot Rer odi nent -t he addi ti onal therapeut i® agents
conprise an i m*runormdulg& ory agent angga nucl eosi de. A6
Pcr\il NN /_I_\ Br  Pd- cataiyst %‘B t
7T H R
AT A8

Nitration of bromonaphthyl acetamide A1 provides nitro analog A2 (J. Am. Chem.

5 Soc, 73:4297 (1997)). The removal of acetyl group under acidic conditions followed by
reduction of the nitro group should afford diaminonaphthalene A4. Coupling of the aniline
to a cyclic or acyclic N-protected ci-amino acid A5 gives an amide of formula A6, which
upon heating in acetic acid will cyclize to provide tricyclic bormonaphthylimidazole A7.
The bromide could be converted to a boronate A8 with a palladium catalyst.

10 Scheme 2 shows a method useful for making the quinolineimidazole compounds of

formula B6, which are useful intermediates for making the Compounds of Formula (I).

Scheme 2



I n one enbodi nent, the additional therapeutic agents conprise an HCV

prot ease inhibitor and an HCV pol ynerase inhibitor. In another enbodi nent,
t he addi tworralv/tib@papeuti ¢ agents conpri se a nucl eosi deramaS2&1a271HCY NS5A
inhibitor. In another enbodi nent, the additional therapeutic agents
conprise a viral protease inhibitor, an i munonodul atory agent and a

nucl eosi de. In a further enbodi #&nt, the additional therapeutic
agents conprise a viral protease inhibitor, a viral polynerase inhibitor

and an im*runo ry agent 30IHgNa her enti$gdi gent, the additional
t her apeutic a NS N pol yrm?&@e -Ah+Be-ors useful in
t he present t| ons and metﬂ%ds ncI ude, buytfare not limted to,

VP- 19744 (Wet hNi roPharnma), PSI-7851 (Pharrnasset és RGr128
(Roche/Pharmasset)B1 PSI - 7977 (Phannas Et) PSI - 933" ( Phar masset), PSI-879
(Phannasset), WO 2011/112429PCT/ US2011/027117 84 PSI-66 1 (Pharnmasset),
PF- 868554/ fili bu\q:‘& (Pfl zer), VCH:T591VX-759 (Vi roChem Phar, ma/ Vert ex) ,
HCV- 371 (V\yeth/\f 0 ma), HC\/—‘/’% W \froPharmay’\%X B2\ (1 deni x),
| DX- 375 (I déni I Ngyalt JTK109
(Japan Tobacdb) hb 6130 (Pharrnasset N?Q (Roche) - Roche) ,
R- 7128 5( Rocrﬁ’@) MK- 0608 (I sis/ Merck), 1NX-8014 (I nhi bi teég -8018
(I'nhibitex), 1NX-189 (Inhibitex), GS 91O (G| ead), A-8483837 (Abbott),

ABT- 333 (Abbott), ABT-072 (Abbott), A-837093 (Abbott), BI-207127

(Boehri nger-1ngel heim, BlLB— 1941 (BoehringeriIngel heim, M-3281 (Merck),
VCH- 222/ VX- 222 (Vi roChena ﬁa VCH 916 (ViroChem, VCH 716(ViroChen),
GSK- 71185 (d axo SmithKl ithe ! AMRDQ3 (Anadys), 10 GSK- 625433 (d axo

Smi thKline), XTT-2125 (X : naceutlcals) and those disclosed in N
et al., Current Qpinion in Drug D scovery and Devel opnent, 7(4):446 (2004);
Tan et al., Nature Reviews, Igg867 (2002); and Beaulieu et al., Current
Qpinion in | nvesti gational Drugs, 5:838 (2004). Qher HCV pol ynerase
inhibitors u in.the sent ¢ but
are not |imt 1?8cwpﬁ8¥@ﬁ%f %pgggﬁ%HR%#ﬁéiﬁﬁgﬁpg%gﬁﬁéﬁﬂ:f%ﬁ% 1&&%& VO
08/ 0824%» »MQhQé 1%?&3)%51 Y&DaQ%Q&%éﬂchc\mpﬂﬁéd@ﬁ&hﬁnnmw%aa@mem

09/ 0321 032124 and WD 09/ 032125, I nt erfqerons usefkl) in the
presént a&ud@B@: Ht nmnéleahd cm@tm@@sqlilh@llltﬁéfélﬁaﬁﬂ? B4rupdgipreidip Gpadionsy!

interferon nterferon,alf fL.elon @é}%t]wﬁﬂd
PEG i nt é’r"?%’a’%% S’i‘ b‘ﬁgbté&ﬁ? Wétgt"é ﬁ‘l’o?%gé fc S oh frpha conj ugat es” are
i nterf enpRsgHopiA JXBLIBEHEEBS5 should give the desared chloroqumolme B6, which can used in

Suzuki coupling reactions.
Scheme 3 shows a method useful for making the boronic acid compounds of

10 formula C4, which are useful intermediates for making the Compounds of Formula (),

where in “C” is a monocyelic 5 to 6-membered heteroaryl (examples: thiophene or

pyridine).

15
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covalently attached to a PEG nolecule. Illustrative PEGinterferon al pha
conjugates include interferon al pha-2a (RoferonTM Hoffman La- Roche,

Nut | ey, Ne@20evged) in the fow of pegyl ated interferonpralrpisasiam2(ie7g., as
sol d under the trade nane PegasysTn), interferon alpha-2b (IntronTm from
Scheri ng- Pl ough Corporation) in the formof pegylated 25interferon al pha-2b
(e.g., as sold under the trade nane PESE ntronTM from Scheri ng- Pl ough
Corporation), interferon al pha-2b-XL (e.g., as sold under the trade nane

PEG I ntronTm, int erof eron al BE‘%a-@c (Berofor Al phamﬁ nger |ngel heim
| ngel hei m C?L@L)&PEG—LN ewfw | anbda—GRr i S0 ehsdSawjbb and
ZynoGenetics), entpron al f.a-R2b z‘;l pha fusion pol ypeptides, gaterferon

fused with the human bl ood protein al bum n (Al buferonTM*230 Human Genone
Sci ences), Orega $hterferon (Inffrcia), Locteron controlled rel ease
interferon (Biolex/OctoPlus), Bionmed-510 (onega interferon), Peg-1L-29
(ZyrnoGenetics), Locteron CR ((Octoplus), R-7025 che), | BN a~2b- XL
(Fl ane} Technol ogi es), belerofipn i WO 2011/ 11242 % 7 85
(Naut i | us) and..caqeens rol as derTHed ﬁét ' 9"2’(7)\4‘110f a
consensus sequence of naturally ocB@rring interferon al phas (I Fer genTm
Anmgen, Thousand Caks, Califorpia). Antibody therapy agentgs useful in the
present conpositions and net hods include, but are not limted to,

ant i bodi es speci

fic.to I.L-10 a hose di j Patent 5
Publ i cati on N&® S@‘g‘%@@g}l}@}% ?ruﬁgnoﬁflciiz%a %ﬁgﬁgpﬁﬁgﬁa&ﬁ?&nﬁmﬁo ocl onal
ant i body,, 261 d¥dierbbtTRBrohlcaddly]l @naRindsf feniuki O (Krhehe 3nubhen cedted dith

encodi ng the humani zed 1208 Igrr:é and heavy chains were de os'& with the
Aner b camn Npet@itd amiso @sid) (BE AArOHATChY PEsCRiE ) & AHRMPRSF < PTRIEGYF and
PTA-5922, respgctivel y), ' ; tafeXieRbeestef isvi r al

pr ot eas e?oﬁﬁtﬁfegfss%&?é%dﬁ%%te@ E@e{pﬂregg‘)é%ltan%%%%?ﬁc?gn’s and met hods

10i ncl udgnvdael tafie disired infitlizie d@ivatne €8V The oteeide cimthich bt epnveHeY/tpp ot ease
inhibitors useful in the present conpositions and nethods include, but are
not | i nibosenataC4 tibseradipdienoedddyied TepEoNpat ent Nos. 7, 494, 988, 7, 485, 625,
7,449,447, 1 L1Gahl s ulFR002RRRBEIRe cdFRRNANI6R G CSADES119168,
U82005017664&08%%53%%‘%81%% * 0820050249762 and US20070042968;. and

| nt gpnatyiigoie hreRisbiul madrinediaNsor ki B0BAPUIMDODBeoBIO0R WP ¥ADY24 61 and
WO 08/ 124148, Addit]onal HCV protease inhibitors useful in the present
conposi t§ srhegd %{’W%d%lsiaﬁém%&?ﬁ "are not linmted to, VX-950

(Tel aprevir, Vertex), VX-500 (Vertex), VX-813 (Vertex), VBY-376 (Virobay),
B1- 201335 (Boehringer Ingel heim, TKEhédde4(Medivir/Tibotec), ABT-450
(Abbott/Enanta), TMC-435350 (Medivir), RG7227 (Danoprevir,

| nt er Mune/ Roche) ,~EA- 058 (Abbot nghdta), EA-O t/Enanta), GS-9256
(G l'ead), |DXBEHX) | demxP 5K (Achi+Pt on) | 4 (Achillion),
GS- 9132 D1 D2 1

QEt O
Br—@-i B Br - Br‘-@_—K—Br

D3 D4 1
O
O ( )
S, e : )—l< — BT
Br—@*Br o NHBoc _K"NHz
b7
D5 De

0Q, s i

P ! N
— B R O Y
pg PG c3
15 When heteroaryl bromoacetyl C1 is not comsmercially available, it can be prepared

by performing Friedel-Crafts acylation on a heteroaryl bromide of formula D1 using well-



25(G | ead/ Achillion), ACH 1095 (G ead/ Achillon), IDX-136 (ldenix), 1DX-316
(lIdenix), I'TM\8356 (InterMine), |ITMN-8347 (InterMine), 1TM\- 8096

(I nt er Murv®,20117TIvD$29587 (1 nt er Mune), BMS- 650032 ( Bri st ol PEArsso1sqeiivb) ,
VX-985 (Vertex) and PHX1766 (Phenoni x). Further exanples of HCV protease

I nhbitors useful in the present conpositions and 30 net hods include, but
are not limted to, those disclosed id°Landro et aL, Biocheni st ry,

36(30: 9340-9348 (1997); Ingallinella et alL, Biochem stry, 37(25):8906-8914
(1998) ; kidwmusthBdaer., dhosaliescribed by §rivkace: @hem Grert Soeg(PfB/}in Tram- 11938 (1998) ;

viral, 43 Qo7shad RS U ot R S et Ospe ks REBE e e bt

et al ., pRatbnidrtila BE(A kLoBBdmRlle 64994 D2 dahzigskie lebmitated vbidd tepaine,
27(1):42-48 (1997); Bio Wrld Today, 9(217):4 (Novenmber 10, 1998); U S
Pat ent Ruiskpale; orprgde thespowsposyufopnda§ s 2007/ 0274951; and

S oy e AR O L D St 0
pr ot eas tilla bipling vathugedtbxyiviny heibpiytssantnciorthopicsinon sf apellatiwhedslyshcl ude,
%tl 1?&?@?@?@ Mﬁ 5 1%8]@@%;12517&%}‘@% ﬁr\giitgg toct%gg)eoéjeggr%ed in Chogf\ger al.,J Org.
Chem., 62:2535-2543 (1997), and Scott et al., J. Am. Chem. Soc., 106:4630 (1984)), to
provide the ethyl-vinyl ether intermediate D4. Treating D4 with N-bromosuccimide gives
10 the desired bromoacetyl intermediate C1, which can then be elaborated to advanced
intermediates C3 or C4 for Suzuki coupling.
Alternatively, a heteroaromatic dibromide of formula D5 can be lithiated using n-
butyl lithium and then quenched with N-Boc-glycine Weinreb amide to provide a Boc-
protected B-keto amino compound of formula D6. Removal of the Boc group using TFA,
15  for example, provides an amine compound of formula D7, which can then be coupled with
an N-protected amino acid using typical amide bond forming reagents such as HATU to
provide a ketoamide compound of formula D8. Upon heated in the presence of ammonium
acetate, compound D8 can be cyclized to the imidazole analog of formula C3.

Scheme 5 shows a method useful for making the boronic acid compounds of formula

20 E4, which are useful intermediates for making the Compounds of Formula (I).

Scheme 5
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25 A heteroaromatic diamine E1 could be converted to a bicyclic imidazole E3 using

the two step coupling-cyclization procedure described, for example, in Scheme 3. The

corresponding boronate E4 can then easily be obtained from bromide E3 via well-known



and pharmaceutically acceptable salts thereof. Viral replication inhibitors
useful in the present conpositions and nethods include, but are not limted
to, HCV rwpl2otages2onhi bitors, | RES inhibitors, NS4A i nhipbirtuses,1/0NS37

5hel icase inhibitors, NS5A inhibitors, NS5B inhibitors, ribavirin, AZD 2836
(Astra Zeneea), viram dine, A-831 (Arrow Therapeutics), EDP-239 (Enanta),
ACH- 2928 (Achillion), GS-5885 (G leady$ an antisense agent or a therapeutic
vacci ne. Viral entry inhibitors useful as second additi onal

t her apeptdnGsidIeBb® ENaid B4 pieseiied a0 iMasicilamsoualidg petiwsdin 4 Sicukde, but are
not limted to, PRO 206 (Progenies), REP-9 0 (REPICor), SP-30 (Samaritan
Phar mac eeuplisglpsicessig prav %@G%@W@Q?ffom‘la DHCV NS4A inhibitors useful in

t he useful igQthe pre MPRSRA Jﬁ‘ﬁﬂ}% i el vidhhe not
imited to, Rt SHENhafoM) A 7,3%%86 élndng 273, 885;
U.S. Pakgniki PbpligapioosssNo. US20090022688; and International Publication
Nos. WD 2006/ 019831 and WD 2006/ 019832. Additional HCV NS4A inhibitors
usefl as second 15additional therapeutic agents in the present

conposi tions and net hods include, bithealeds NOt limted to, AZD2836 (Astra
Zeneca), ACH- 1095 (Achillion) and ACH 806 (Achillion). HCV NS5A

i nhibitors_useful in the present=gonpositions fan ket ds/ '\ Ndetbut are
not i ni téd%&o r oW aNt FESsy—PRPI 1:14953/ HAUo N LHI - 1301
(Presidi o) Yaps Clo! (Brig¥olNMlrs Squi bBF. 20HCV repl i Bade

i nhi bitors f¥seful in the pr-eseﬁt conpesi tions and net hods include, but are

not limted to, t¥bse disclosed iA U S. Patent Publication No.

US20090081636. WD 2011/ 112429PCT/ US2011/ 027117 90 Ther apeuti c
vacci nes useful i417¢he presents/sQnpositions and yethods i de, Jput are
not |imited_tom lGEgl 6134 - ¥ § 5005

(d obei mune), TGH40XT ( enf) Y'GNI - 103 (GEdi funé), HepawaXx ' (Vi Rex
Medi cal ), ChronVac-C (1 novi o/ Tri pep); Pevi PROTM ( Pevi on Bj ot ect),” HCV/ MF59
5 (Chiron/ Novartis), MBL-H®&! (MassBiol ogics), 0I-5005 (Qd obel nmune),

CT-011 (Cur e-l;?%ﬂ%u-[(?K@ﬁe(%lﬁg%eglééﬂ%&eét%ihazﬁé(Mhﬁé Cof (of bbtohRrackjebt i onal

t herapeutic agents us in the present conpositions
shown) and the fused bi-aryl tricyclic bromide A6 using, for example, the methods

10 described in Angew Chem. Int. Ed. Engl., 40, 4544 (2001) provide the compounds of

formula G1. Compounds of formula G1 can then be used to provide compounds of formula

1. Ny al t i -s}-—eSLUP3(sh( e}

G2 by removal of the nitrogen protecting groups of G1. An appropriate cap of group R can
be added to the deprotected amino groups of G2 using reactions including, but not limited
to acylation (with an acyl chloride or amino acid coupling reagent such as HATU or

15  HOBYEDCI, sulfonylation (with a sulfonyl chloride) or alkylation (with alkyl halide or
reductive amination) to provide the desired Compounds of Formula (I).

Scheme 7 shows alternative methods useful for making the Compounds of Formula

() via a Suzuki Coupling process.

20 Scheme 7
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and net hods include, but are not limted to, Ritonavir (Abbott), TTO033
(Benitec/ Tacere Bio/Pfizer), Sima-034 (Sima Therapeutics), GN1-104

( GENi nmurne®,20GiH13095 10 (d obel nmmune), | DX-102 (1 deni x) pCcrasemitozmiTm (1 CN
Phar maceuticals, Costa Mesa, California); Humax (Genmab), |TX-2155
(I'threx/ Novartis), PRO 206 (Progenies), HepaC de-1 (NanoVirocides), MX3235
(M geni x), SCY-635 (Scynexis); KPE02003002 (Kernin Pharrna), Lenocta

(Vi oQuest Pharnmaceuticals), JET - Interferon Enhancing Therapy (Transition
Ther apeut i cs¥imifataxbicyche bihaseoPhannna)E3 af {Hed0bityelic\Horaphaet fsnula

151 ncor por at ed, Exton, Pennsylvani a);  Tagi,bavirin (Val ean

Phar mac &Jt9e8 BF d9ined\psing e apfthrds ey Seusthes By a(%é’li‘i"’d@%%‘%‘ﬁ%‘?d 05- 9450
(G lead); v e Dix c%h{% (APaehiad H1SaN 180 HeSutthdrMborated
Phaunac)enﬁ?lggagfgg%%ﬁﬁﬁ%?( I\%h\?artl é)gl?dslgg:?s 14%6{3TM (1'SI'S Pharmaceuti cal s,
Car | sbadsingabi &xmmila)the Hefiods fereiided iRiSsbempaé abhes, tmpw@yidedas Sompewndied

Col oradq) ; Thypaosi nT Sci C.on har,maceut i cal a teo, California);
20 N@xaﬁ%ﬂ%ﬁ*ﬂxxﬁwﬁ ‘?fﬁ%n&g*raﬁﬁﬁ@é‘&?ﬁ aﬁsﬁ,b’%ﬁcﬁiﬂg@o&%ﬂéﬁ @P{})ﬁi’ni a): NKB- 122
(. lenKen Bioscience Inc., North Carolina); Alinia (Romark Laboratories),

| NFORM 1 (a combination of R7128 and | TWMN-191); and nycophenol ate nofeti l
( Hof f man- LaRoche, Nutley, New Jerseyohemee doses and dosage regimen of the

ot her agents used in the conbi nation therapi es_--~2§ gf the preasent e;;ﬁr;venti on
for the tregtngnt or preventio CWgi nf eCti:’ﬁ%ﬁ—W” by the
att endi ng QJ"H‘JI‘} ' 318% neg CiTi Illl_isi,{zgler ation jaiYapproved d ’sgﬁ'i‘"eand
dosage regimel~i n~the ackage 1 nsett .. he age, sex and genera ealth of
the patient; and ghe type and sevggity of the viral inféction or rel ated
di sease or disorder. Wen adm nistered in conbination, the Fused Tricyclic

Silyl Conpound(s) __,aknd Ht he ot her _agent(s) can bg...§0 dm ni st ered
si mul t aneously (if el _nn e NCONpOSI tion Dr;ﬁf?ﬁﬁ_@wmsi tions
one right after™thp Mé@%{fe%é@)&.j arTy->Thi's m yntsaf.ul when

t he conponents of The combinati ol dre given on Wifferent dosifg 'schedul es,
e.g., one conponent is admpistered once daily and another conponent is
adm ni stered every six hours, or when the preferred WO

2011/ 112429PGTbtispe b GavklyCd e bblorrmvmnelineinidaelfdrimgaBoL428 b8i f f er ent

e.g., one is_a takl et .and one is. DS ' 15 Ag separate
dosdde fQrRiEd iugé?%é’lzalﬁo"%?l&bﬁ/%’ %13’8%%@%% fo tfe “&%%‘%a%ﬂf,b%ggtg%‘{ al daily
dosage QfrotilEprBludieastorniia IEUsKiEh Eai by whistorBiet yb tHedimbtangkis)f farrowle I3or when
adm ni st'ered ‘as conbi nati on therap can range from apout .1 \%ﬁ?&? out 2500

5ny per whing methodrowglirkoann i thessskpied in taeark aBTERRic SWERFSIH )58 °Bh the

target of thera th j.ent and the route of admnistration. In one
enbodi ne ?nk}{eﬁég§81§%%e:6?§&%‘efom about 10 to about 1000 ny/day, adm nistered
in a single dose or in 2-4 divided doses. In another enbodi nent, the dosage

254 Wi ded deseme dhatvet THRO LA hEBU MRt o Bl H SRt PRC IR L1
doses 1R B A ge 1 rom abour 1 to- about 50
ng/ day, asioxylisbeidedaling, daghpgloevalioeete.) are incorporated as part of structures,

Methods have been described in the general literature as well as in Banchard US

2009/0068140 for the preparation of such amino acid-derived intermediates.

20 | One skilled in the art of organic synthesis will recognize that the synthesis of fused
tricyclic cores in Formula (I) may require protection of certain functional groups (i.e.,
derivatization for the purpose of chemical compatibility with a particular reaction
condition). Suitable protecting groups for the various functional groups of these compounds
and methods for their installation and removal can be found in Greene ef al., Protective

25 Groups in Organic Synthesis, Wiley-Interscience, New York, (1999).

One skilled in the art of organic synthesis will also recognize that one route for the

synthesis of fused bi-aryl tricyclic cores in Formula (I) may be more desirable depending on



or in 2-4 divided doses. In another enbodi ment, the dosage is from about
500 to about 1500 ng/day, adm nistered in a single dose or in 2-4 divided
doses. | nwetwil1ia4r0ot her enbodi nent, the dosage is from aboais2&0021107 about
1000 ng/day, admi nistered in a single 15dose or in 2-4 divided doses. In
yet anot her enbodi nent, the dosage is from about 100 to about 500 ng/day,
adnministered in a single dose or in 273 divi ded doses. In one

enbodi ment, when the additional therapeutic agent is INTRONA interferon

al pha 2fc(B6RBer shhlipeavbitltadite AdditvSdlyeoianddlRidoudhe Qowpl Jecogtizsthagent is
adm ni stered by subcutaneous. inj ectc{,fna[?t 3M Ug 12 %ﬁ%flo' SNUTI.W for 24
weeks oin WEapsstsshe arder ptreactings iy diferfrom that presented erel BRIl o o di ment

weeks o e St . : , | pha 2b
oo By OB NN pd i FE TR handman mpha b

i s admi ni st eDed skijled ibthatastnd ovgsanicyyethtesio il recbgsizer gt ig/swadirsis @f ¢aia a

f 40 to 150 neg/week t t 24 25l

Crmbodh e Vel EoES Qe e bHA Toanes B eats Geugaat o1 a7 ReBeRN ATt er  er on

al pha. 25, deGOBTTH:ird!shih SHRRRLS i tiekiomRlimiiad Raahe)se drfirsacagent s
y

adm ni stere subcut aneous or ‘intranuscular injection at 3MU(11.1
mcg/ nL) £TbWn derivative éast amgid balBlz, oreskss at elevaied EmpstA et e WEPl Wit or 12

weeks fol | owed by 3M U TEW f or : i | i ment,
when t haSiddeih 3 GFHRNng ﬁ‘?ﬂ&*ﬁ%ﬁﬁ%@%@%@@sg@m i ‘*m%?@é@%‘% ali?%ﬁg* 2a
pegyl ated (cCamERF&Gafhibn oBvia) kpdiss Edrtemiplatetl imthis ingeriRaatimye bedn desegfedt i s
adm ni st ered by subcutaneous injection at 180 [ ] ali Lugé 180. ng/ 0. 5L,
oncé0a et lighiuae aliasorpandie Skl o "HONPEPENS 1 HSBREHPIROBTRRES 7117 02

I n yet anothe nbodi : L h i ankloeS
I NFéReeﬁHﬁWP%ﬁafig%‘ﬁﬂ%ﬁ'%ﬁlté%‘g%g%é%gm?%feﬁw aj\X/&a{i' IKS%F%% %g.{mg{{%nggnig this
agent i sjadpilnist ef terdyiredibiutiamenpstiemny basteiabve been deserigedrinahp §va2 blgeeks

for first tine treatnent and up to 15 [ TIW,for 24 we
non- r essbaBioFkligratyg ag pyBmET! 1ﬁ1§ﬁmpe§{¥%gﬁ°—£ﬁ§r {:ﬁg\pr%ﬁ%%g%’(%at%,ﬁc when t he
addi t | 0Rgle iBANAREHIIA 130RMId nfRbliR by DHIEMRAGKAIW YDAOHIS abl e as

REBETCL 11 baviti'n from Schering-Pl ough “or COPEGUS ribavirin from
Hof figannchanpRdehsye Oririnse Beetipnal Srauprl ransfosmatdonst’ editedy SH1gdd3deRof from

about 600 t o, about 0 /.G, for, at. | : - LA rpent ,
one or MOHEIZY ﬁgbgdlléﬁayg‘?’%?’ﬁe%\ém§%1ﬁf181i‘/?\@ggﬁ%graﬁgghﬁ%b&nag%gﬁhggg?ghdfﬂ%i th
one or @VF&Q@B&&PWR. thesepeutic agents selected from an interferon, an
i mmunonodul ator, a viral replication_inhibjtor, an anti s&gg%tﬁggn

_ t, a

t herapeuti ¢ VBecitareng maldriasl uspd pychibe Aatermeghate RTgPared Usne 5%hi bi tor
a viral protease, i nhibitor Vi -ﬁl‘ﬁ?ﬁe | 1A QL diel Qkine @oMdnBbn4lol yner ase
i nhi bi to@ﬁg 1’%&?&5’:"}@8%@{?8 i’n%)a% qer%él(?%tﬁg}rld a vidrlglaé%r?t ri;_nlgnﬁi bitor, a viral
assenbl ik dis! Q6udmg banhothiiyed thdilagion( dstidaticonatysieflizpddycl onal ), and any

agent 15 useful for treating an RNA: dependent pol Fase-r i sorder.
I n anot hdwomatostirhi ard aldfe HEh mﬁeé”a@o‘?‘f‘gg’ﬁﬁg?aBtg“f‘?vﬁig‘%br}ge%ogﬁAtl%ﬁf\?}g%tg é%h are
including physical constants and spectral data.
\
Uses of the Fused Tricyclic Silyl Compounds

» The Fused Tricyclic Silyl Compounds are useful in human and veterinary medicine
for treating or preventing a viral infection in a patient. In one embodiment, the Fused
Tricyclic Silyl Compounds can be inhibitors of viral replication. In another embodiment,
the Fused Tricyclic Silyl Compounds can be inhibitors of HCV replication. Accordingly,

30  the Fused Tricyclic Silyl Compounds are useful for treating viral infections, such as HCV.
In accordance with the invention, the Fused Tricyclic Silyl Compounds can be administered

to a patient in need of treatment or prevention of a viral infection.



adm ni stered wth one or nore additional therapeutic agents selected from
an HCV protease inhibitor, an HCV pol ynerase inhibitor, an HCV replication
i nhi bi t orvoaonuiakeesi de, an interferon, a pegyl ated i nt ecrarseniaaml?
ribavirin. The conbi nation therapies can include any 20conbi nati on of these
addi ti onal therapeutic agents. I n anot her enbodi nent, one or nore
conpounds of the present invention aré%admi nistered with one additional

t herapeutic agent selected froman HCV protease inhibitor, an interferon, a
pegyl at ed i NAQEdRIMRTY, d6nd drvisodimisi, thennwintibh paivideh exctlends doli treating aoirel or

more conpounds of the present invention aée 25adniq;stered mh%ﬂh%ro

addi t i ondbctiondn apetistit cOmPERNG adBindyeIRg olpepalin R LTERLYe AL G HithiFYr , an
HCV replicati i nhi bét.Qr I i ol , | at ed

it er  oPBh s iR A S ContboBH o Bhidac Al B s e v e
conpounds of the present invention are adm nistered with an HCV protease
inhipitor and ribavirin. In another specific 30 enbodi ment, one or nore

conpounds of the presgpiathRUESE PAK ehiién ofliPRivitieidad Vliish a pegyl at ed
interferon and ribavitin. Th another enbodi nent, one or nore conpounds of

the present i | O | B ad o bdudehi1 g6 Redhk bpprverthipraaet i
agents sel ec:@é%p%éom a CW%%@%@@ \(/:\D 2011/ 112429PC%L/ 2011??27117 93
i nhi bi t eifection ddGiédriephé Eltvivaridderfainytodvirusesnucl eosi de, an interferon, a

| ated interf d ribavirin. | ' :
Conbbunds of LoBplsSSBRV P RO et oA TERS Shot TRCoHE O or o
addi ti onal. L L ARRULEGACERNEEnSAIRRIRY, ddm AcHBPAl ekadniise | nhi bi tor,

a viral *protease 1 nhibitor, an interferon, and a viral r,epli,cg i on
i nhi bi t dyasamur #nashdseaeadduirmeMellesomeerraliipry. kofpenssaalids, TR Es ent

invention are adgnistered with o I Ikl kibpagent s
sel ect ednFRYAlIEH %ﬁtﬂ(‘} Ief}?reé’}\fglit o V%%?Vglfﬁvgfjg&aﬁ i IrntgF %B?J&I%a seﬁ?ﬁlﬁ%dgi%?b?, an
interferon, apdndeMbbd@nchemhd Baviviilak niftdlondreing treatmids hepatigiviodiusent , one
or nore conpounds of the present invention are 10 adm nistered with one or
nmor é 5additfecteeral t her apeutic agents sel ected froman HCV pol ynerase
inhibitor, a viral protease inhibitor, an interferon, and ribavirin.

Treatment or Prevention of HCV Infection

The Fused Tricyclic Silyl Compounds are useful in the inhibition of HCV (e.g.,

20  HCV NS5A), the treatment of HCV infection and/or reduction of the likelihood or severity
of symptoms of HCV infection and the inhibition of HCV viral replication and/or HCV
viral production in a cell-based system. For example, the Fused Tricyclic Silyl Compounds
are useful in treating infection by HCV after suspected past exposure to HCV by such
means as blood tiansfusion, exchange of body fluids, bites, accidental needle stick, or

25  exposure to patient blood during surgery or other medical procedures.

In one embodiment, the hepatitis C infection is acute hepatitis C. In another
embodiment, the hepatitis C infection is chronic hepatitis C.

Accordingly, in one embodiment, the invention provides methods for treating HCV
infection in a patient, the methods comprising administering to the patient an effective

30  amount of at least one Fused Tricyclic Silyl Compound or a pharmaceutically acceptable
salt thereof. In a specific embodiment, the amount administered is effective to treat or
prevent infection by HCV in the patient. In another specific embodiment, the amount

administered is effective to inhibit HCV viral replication and/or viral production in the

patient,



I n one enbodi nent, one or nore conpounds of the present invention are

adm ni stered with one additional therapeutic agent selected froman HCV

pol ymer aswoizntwip420r, a viral protease inhibitor, an inPerfiscan/jo2ant a
viral replication inhibitor. In 15 another enbodi nent, one or nore
conmpounds of the present invention are admnistered with ribavirin. In one
enbodi ment, one or nore conpounds of the present invention are administered
with two additional therapeutic agents selected froman HCV pol ynerase

i nhi bitor, aTHéFadedmiicassilyltunyduads argnlsonkeful grthe prepadtian wid al
replication inhibitor. 20ln another enbodi t, one.or re .o unds of
the presxasttipmolessrgeainsastays don ngtf@ri‘@alwlﬁ%? PPTb‘aR?F}Hi%%hei Hﬁﬂf‘%‘% “and

anot her 4t i : el i : BRI
conpoundu G RRHF aRERPR for donifyiRs AARKEHCRPHLAPIN I haorie
i nt er f epRimtRAs wathii KB5S AL Weich peuticella soregningtooksi far mivee pawkirful entatiral

t herapeutic agent is sel ect f . I i nhi,bi . a. Vi

DI ot 5 6 EOm AT Brrihesmgisd i WP T uier i F SimPPRR s brore i otebiilin] {1
anot her oF@%ﬁﬁiHﬁ%&hc %ﬂﬁing_rsitg@f SthePARRUAdSo e OV rBslemeNt i nvention are
adm ni stered wth ribavirin

| ) , Interferon and a viral protease_inhibitor.
In anot her effhedimpoditiorsradsombinatowoefsbepwsens inveRopeaskeitsefuhidnt i on are

adm nistered with ribaviri.n, interfe e i.nhi bi 30l
o S el R P PSR SRR B G Qg oy Lt B or 301
adm ni stguepksWhdynditfePaMhéir Butigeicay| RUARIaRdmbo eeprrieyof distas¢ plodpecdy dnd
In a further enbodi ment, one or nore conpounds  of thh resent invention are
\i%m;gh i}rapensevwarﬁenfﬁ:rbamqrm asidusaibed i HONM @l 1Y BM@%@% i bi t or
429PCT/ US2011/.0 .94 a : i '
0 AT mpert B O A o 30 or o
E%ﬂyl ?t Qﬁl%ﬁl‘isﬁﬁffdte_rquahﬁdlﬁlamilﬁesriisd‘lmi mimsix Gonpresnotypes 1dhpugll fi Witk twat i on
e to their activity, the Fused Trjeyclic Silyl 0 f [
vet o | na¥ PSR TS 5 nl ok ol et esiies e TR EEn R Bt e '
i1y . . e . . :
pat i enf%?%%ﬁgcggloﬁﬁggg(ﬁ;ﬁ)ﬁﬁhoé&%ué A hRK tIBE EMEYHibdtion i Vased hechdean in a
15  questioned, and thus types 7, 8, 9 and 11 isolates have been reassigned as type 6, and type
10 isolates as type 3 (see Lamballerie et al., J Gen Virol, 78(Pt1):45-51 (1997)). The major

genotypes have been defined as having sequence similarities of between 55 and 72% (mean

64.5%), and subtypes within types as having 75%-86% similarity (mean 80%) when
sequenced in the NS-5 region (see Simmonds et al., J Gen Virol, 75(Pt 5):1053-1061
20 (1994)).

Combination Therapy

In another embodiment, the present methods for treating or preventing HCV
infection can further comprise the administration of one or more additional therapeutic
25  agents which are not Fused Tricyclic Silyl Compounds.
In one embodiment, the additional therapeutic agent is an antiviral agent.
In another embodiment, the additional therapeutic agent is an immunomodulatory
agent, such as an immunosuppressive agent.
Accordingly, in one embodiment, the present invention provides methods for
30  treating a viral infection in a patient, the method comprising administering to the patient: (i)
at least one Fused Tricyclic Silyl Compound, or a pharmaceutically acceptable salt thereof,

and (ii) at least one additional therapeutic agent that is other than a Fused Tricyclic Silyl



When adm nistered to a patient, the Fused Tricyclic Silyl Conmpounds can be
adm ni stered as a conponent of a conposition that conprises a

phar macewoDcallym24eecept abl e 10 carrier or vehicle. The pCcEdsai1tiopxenti on
provi des pharmaceutical conpositions conprising an effective anount of at

| east one Fused Tricyclic Silyl Conmpound and a phafinaceutically acceptable
carrier. In the pharnmaceutical conpos®lions and nethods of the present

invention, the active ingredients will typically be adm nistered in
adni xt uremobi, Sitick@hkie MenmtesiniaistEdddrs tapeilicablfyctiveltectadr piavintrespect to
the intended formof admnistration, i.e., 15oral tablets, capsules (either

sol i d_-fl\/iffﬂeiﬂfecg@m -solid filled or liquid filled), powders for
constitutl Onwﬁ%}a;{dgﬁﬁi:st%ﬁingla'cégﬁ)%aﬁgﬁ BREMY ke FLAHINAS o padEHPherapeutic
an e T'rke;

suspensi ons, and consistent with conventional pharmaceutical
pract i cagentfmrthexanpinetior, or a phaimagelrtical ampisiton or gompesifYrSHOBTPTSEIE et s or

capsul es, the active dr onponent. ma e combi ned w t : non-t oxi c
ohar i dirirealic geeaty Y AETIHar e da Ay aider SEReASY il Py,

sucr Oseco@chfx%Hly,'th&hern&%ﬁﬁﬁ&ﬁéwm tRA kR 16e. diheahmuumdliasphRbe actbeb &i um
sulfate, talc, mannitol, ethyl alcohol (|IC}UId forms) and the like. Solid

f or m pr epdr amitonaicnrtbérapiemepivd different aptosnts (didfessné fesagr emgraiiLPTedMec apsul es,

cachets and s ositories. P t : i f from
Shout 0 aBenp SRRt tghe SRl THUS B Gt Bl Hadh plRes, afGF,
cachet s RRYcIGAMSHIRnoRRd BRd bis eilliRcnad tleichedids agat fay s psastittabliised or or al

adm ni stration. 25Moreover, when desired or needed, sui abl(f bil%gers,
| ubriDcanmmeunii(dpseee snarntpinAgeEls desage Byt (8 nd°4s t%taH%a ths 18>

I ncor por at edrlig Bnd Qx%bg‘ciliﬁ‘}eﬂ{, Ghe a%@éa%@gle%\g%@?ﬁﬁ H.ch(ifr)]zF@_%@b@ﬁ&ﬁ adS@higkied,

natural suga corn sweeteners, natural and synthetic guns such as acaci a,
sodi um ajughpatiene whebhx ydditibyd] eledripeutis egerie) ertirbie peophlylacts orherapentiss .
Among the lubricants there may be nentioned for use in these dosage forns,
boric acifigct. SbWraHYS® benzoate, sodi um acetate, sodium chloride, and the

like. Disintqgrants diBGldienSiRE {bastitRk BubseTHieylcns 8ilyuUahp@uid andnidk t he

i ke. Sweetening and avoring agents an'drd%;eservatl ves may _also b

i ncligdechddhnel thpppapiciager(s) agSadnigisieted prdesgsreopunaly smeloyed Phee S¥& ut i ons,
suspensi ons and enul si ons and . i.ncl ude, wat or water-propyl ene glycol
sol uti or?ﬁe‘Ptélarep“anggf EP&P%FWP&%%%%‘“%F&& d]\{\{?ec())rﬁ?ﬁl'pr eparations may al so

i ncl ude sol uty,QRsthtPEmbAtifdRaERat REBE dheFutat THEyCliAISHY! Compoteichnartee sol i d

form preparations which are intended to be converted, 5shortly before use,
to | i quialditome hermpewtitaeentés) rer adsipistsredinglosesy loysy glﬁ{lé?%fﬂ)s%ﬁ{‘?ﬂ‘%‘&‘?at i on.

e St ol FELAUB PR RS osanil pishany,  COT
gl yegy i des ormGafQacthet émbodimeh, thetat haabttoest FuaeriTtitpslia Silyb€ompemsdindnt i s
T Xt ar o ths SqNAH) GUATRAEO RS LA TSI Re L 288 Ao DG (EeoREb and
thereby t%?nll bl do¥es commonly employed when such agents are used as monotherapy for treating
a viral infection.
In one embodiment, the at least one Fused Tricyclic Silyl Compound and the
25  additional therapeutic agent(s) are present in the same composition. In one embodiment,
this composition is suitable for oral administration. In another embodiment, this
composition is suitable for intravenous administration. In another embodiment, this
composition is suitable for subcutaneous administration. In still another embodiment, this
composition is suitable for parenteral administration.
30 Viral infections and virus-related disorders that can be treated or prevented using the
combination therapy methods of the present invention include, but are not limited to, those

listed above.

In one embodiment, the viral infection is HCV infection.



Additionally, the conpositions of the present invention nmay be fornul ated
in sustained release formto provide the rate controlled rel ease of any one
or nore oVothe/aesrponents or active ingredients to opti RCTASRéI@NAPEUti C
effects, i.e. , antiviral activity and the |ike. Suitable dosage forns for
sustai ned rel ease include |ayered tablets containing 15| ayers of varying
disintegration rates or controlled reBease polyneric matrices inpregnated
with the active conponents and shaped in tablet form or capsul es containing
such i npr egnaheg least ene Bpsd| Tatcedip®ityl Whnpeiupdend thermtlitionglgherapeutic | n one

enmbodi nent, the one_or re Fused. Tricyclic Si.lyl ounds are

adni ni spEEE) enack wdlﬁzmqﬁoa%%wc@#bo%i%ﬁg{sh ﬁgﬁﬁﬁggﬁ R 1) F‘@O‘i‘f&%@e ¢

Tricycl EP{O&@%M&%E?M% € agegﬁi MaRdreEQdrey0bAt aMBNALEAION of one or kbBreone
p p

enbodi nment’, maceutical p aration conprising at |east one Fused
Tri cycl agenSi 6fid coficdvipatiomdhérspy. nA denver dboagerps 1essdrequen admmstrasiomof PR or

preparation i s subdjvided.i.nt nit dases contai.ni f i anount s of
T T g U R T T

convent i onal [hxd QEbodmdatiRtREniatRaa iaNRasRhb ®dsed TspReBilylel y, and the
present conpositions can contain, in one enbodinent, from about af 1% to

about 9@¥pbunhendirseddiionaylerppcuts pgentedmay irupis sheggsisieacsit aofral ol une. In
vari ours“.gﬁrfmodit néts the present conpositions can contain, in one
embodi cuan g B 88100 t 0 about 70% or from about 5%to about 60% of the

Fused 30 Tri oymliigitSiclexhmprepoadiifieial tyrapeiighigents veefuliimethe Presemguant i ty of
Fused Tricyclic Silyl Conpound in a %Jnit dose of ngrqgarati.% mjlﬁ%tbe vari ed
or a8 usoegositienn aanethadsielpde apigrriosspen ARUPAMOIYIRGTS Wi BRIHERD t he
WO 2011/ 112429 2 QAR ET ¥ virs ol aRaqHhibér, B to about
1000 ng,m glrtroé %g%atg%sg%%%’ %gal,jegaf%ﬁ% to ab’ou\tf1 1(5% y[’iﬁet%;;_and 11 ng to about 100
ny. For pnoolevEdd @hitétor,taherd pteatasel aihihitoroseigd helgasp inhahitor crevrian gradation st er ed

PR T g T R s o TR S
dosage ig Rg@gioﬂhg{ aﬁﬁ%ﬁyiageﬁt\ﬁ@efdi 1o destiflosERNAV@peAdadd phiginerperélagd | n
e I e , e

anot her otal daily dosage is admnistered in
15 disorder.

In one embodiment, the additional therapeutic agent is a viral protease irthibitor.
In another embodiment, the additional therapeutic agent is a viral replication

inhibitor.
In another embodiment, the additional therapeutic agent is an HCV NS3 protease

20  inhibitor.
In still another embodiment, the additional therapeutic agent is an HCV NS5B
polymerase inhibitor.
In another embodiment, the additional therapeutic agent is a nucleoside inhibitor.
In another embodiment, the additional therapeutic agent is an interferon.
25 In yet another embodiment, the additional therapeutic agent is an HCV replicase
inhibitor.
In another embodiment, the additional therapeutic agent is an antisense agent.
In another embodiment, the additional therapeutic agent is a therapeutic vaccine.
In a further embodiment, the additional therapeutic agent is a virion production
30 ishibitor.
Tn another embodiment, the additional therapeutic agent is an antibody therapy.

In another embodiment, the additional therapeutic agent is an HCV NS2 inhibitor.



three divided doses over a 24 hour period. In still another enbodinent, the
total daily dosage is admnistered in four divided doses over a 24 hour
period. TWeanmunt29and frequency of adm nistration of tireTRSs@d/oTrinTyclic
Silyl 10 Conpounds will be regul ated according to the judgnent of the
attending clinician considering such f%ctors as age, condition and size of
the patient as well as severity of t hé synptons being treated. Cenerally, a
total daily dosage of the Fused Tricyclic Silyl Conpounds range from about
0.1 to about I2e@ldarajheyembedimens, thﬁ@@(éhoﬂﬁéﬁh@&@eéﬁ% agenf is andde¥ P44y occur
dependiqﬁgﬁ? the target of therapy, the patient and the route of 15
adni ni stTaY8h. In one enmbodi nent, the dosage is fromabout 1 to about 200
ng/ day, admi mh si@heknbbdan&itngk additissal dierapeufle dgait s AedCYASS4B idhibiemot her

enbodi ment, the dosage is fromabgut 10 to ahout 2000 adni .ni stered
in a single dogeother grppogliment; f\‘?‘F‘é@‘él“@l%?éé@raﬂeﬁt*%ﬁ%‘{qﬁésra"e%gﬂ%%f’ﬂ“%’% dosage
is from about 0 . .0l ok 5L On 1cS) Rghaeflese or in
2-4 (5ji vi ded %gfgts%ntoﬁlﬁ?glﬁpﬁl%gggg erﬁgﬁgg@%ﬁ%ﬁkgﬁg dlosage IS frgm 20 about
500 to ahidbitor2000 ng/ day, adm nistered in a single dose or in 2-4 divided

doses. The co sitions_ of .the inventiaon can.fur nrise one or
mor e addi ti ofRPPRHE, Pentale ﬁf]‘il,no’éeé Rlé%?%e&g? P! f%%’s%eﬁ:’f&%g}gé 8\8/%
herein. Accongi;Rgh¥s erhBbddAEntMR Q8B thdrifouBt @M ts A NEN F0RhidiYi des
conpositions conprising: (i) at |east one Fused Tricyclic Silyl Conpound or
a phar nmaceut iloalfinthex taiing thandditions) Serapepii agsabisen HipY ent aelabitqronal

h [ h F Lcyellc 9 , d
phar Tacout | Qo Recantedir g o ARy Bt el RIS, Fooei T on

are toggphspoeffective to treat HCV infection. I n one enbodi ment, the
present invention provides conpositions conprisin nd of Fornul a

. O I g a Conpo
(1) and a phdneaeembpdiziony t toag} @e@aﬁlﬂti%g.emﬁﬁpwpa%gﬁ’é% RERIS8%i ment, t he
present .in i 'Hgﬁ mest i ons conprising a Conpound of Fornul a
(r)y, a 6 %%ﬁ@%%@pf@%$¥é acgég?gb gﬁbarrier, and a second therapeutic agent
sel ect ed frormtstt agsthepersionisheit] thg additibA! therapoutic agerdgermigise a viral
i mmunonodul at ors, . and anti-infective agents. WO
2011511 2osmeTnhibenandgpinymungmodulatory pgetin ot her  embodi ment, the present

| nvent | on pr ol des GATRASLAKRAS FORRGSIN hohpSRIPALAA oimpfies FYbBu{cklse 2

phar maceutic y acceptable carrier, and wto additional therapeutic agents,
each of iwhibithr ardean independeniatoyrysgétdct ed from t he group consisting of 5 HCV

antiviral agents,  inmmunopodul ator.s... and, anti -i nf i : i I n one
aspect t he. preoatier PROGHRE SN T gyitote oRpeutieef siipAQSltif pllkbRe 7 Y
ef f ecti vighaBLMd Phucddosid@ast one Fused Tricyclic Silyl Conpound, or a
pharmaceutically 10 acceptable salt, solvate, ester or prodrug of said

congéund and la sphthenembedimeny, the addiioptldberaPHicasents CYBRIE or di | uent .

immunomodulatory agent and a nucleoside.

In one embodiment, the additional therapeutic agents comprise an HCV protease
inhibitor and an HCV polymerase inhibitor.
In another embodiment, the additional therapeutic agents comprise a nucleoside and
25  an HCV NS5A inhibitor.
In another embodiment, the additional therapeutic agents comprise a viral protease
inhibitor, an immunomodulatory agent and a nucleoside.
In a further embodiment, the additional therapeutic agents comprise a viral protease
inhibitor, a viral polymerase inhibitor and an immunomodulatory agent.
30 In another embodiment, the additional therapeutic agent is ribavirin,
HCV polymerase inhibitors useful in the present compositions and methods include,
but are not limited to, VP-19744 (Wyeth/ViroPharma), PSI-7851 (Pharmasset), RG7128
(Roche/Pharmasset), PSI-7977 (Pharmasset), PSI-938 (Pharmasset), PSI-879 (Pharmasset),



I n anot her aspect the present invention provides a kit conprising an anount
of at | east one Fused Tricyclic Silyl Conpound, or a pharmaceutically
accept ablwo=altt11240| vat e, ester or prodrug of said conpeamasand/ioanianount
of at |east one additional therapeutic 15agent |isted above, wherein the
anounts of the two or nore active ingredients result in a desired
therapeutic effect. In one enbodi ment 84t he one or nore Fused Tricyclic
Silyl Conpounds and the one or nore additional therapeutic agents are

provi de@Si-B61 (EhasdntRes - 263584,/ fillbmviRfiss) SHTHTAD/ VX169 (WgoGhemor e Fused
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used as recerve e ntermedi ates that are not conmercially
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spectra wer.e aj 0 0 .
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Investigational Drugs, 5:838 (2004).
Other HCV polymerase inhibitors useful in the present compositions and methods
15  include, but are not limited to, those disclosed in International Publication Nos. WO
08/082484, WO 08/082488, WO 08/083351, WO 08/136815, WO 09/032116, WO
09/032123, WO 09/032124 and WO 09/032125,
Interferons useful in the present compositions and methods include, but are not
limited to, interferon alfa-2a, interferon alfa-2b, interferon alfacon-1 and PEG-interferon
20 alpha conjugates. "PEG-interferon alpha conjugates” are interferon alpha molecules
covalently attached to a PEG molecule. Illustrative PEG-interferon alpha conjugates
include interferon alpha-2a (Roferon™, Hoffman La-Roche, Nutley, New Jersey) in the
form of pegylated interferon alpha-2a (e.g., as sold under the trade name Pegasys' "),
interferon alpha-2b (Intronm, from Schering-Plough Corporation) in the form of pegylated
25  interferon alpha-2b (e.g., as sold under the trade name PEG-Intron™ from Schering-Plough
Corporation), interferon alpha-2b-XL (e.g., as sold under the trade name PEG-Intron™),
interferon alpha-2c (Berofor Alpha™ Boehringer Ingelheim, Ingelheim, Germany), PEG-
interferon lambda (Bristol-Myers Squibb and ZymoGenetics), interferon alfa-2b alpha
fusion polypeptides, interferon fused with the human blood protein albumin (Albuferonw,
30 Human Genome Sciences), Omega Interferon (Intarcia), Locteron controlled release
interferon (Biolex/OctoPlus), Biomed-510 (omega interferon), Peg-IL-29 (ZymoGenetics),

Locteron CR (Octoplus), R-7025 (Roche), IFN-0-2b-XL (Flamel Technologies), belerofon



Int-la To a solution of L-valine (10.0 g, 85.3 mml) in 1M aqueous NaCOH
solution (86 nL) at roomtenperature was added solid sodium carbonate (4.60
g, 43.4 mwolp1/Tike910 reaction m xture was cooled to 0 EcCfiuseoibarhy7 and
then methyl chloroformate (7.20 nL, 93.6 mml) was added dropw se over 20
m nutes. The reaction m xture was then allowed to warmto roomtenperature
and allowed to stir at room t enperat uB® for an additional 4 hours. The 1
reaction m xture was then diluted with diethyl ether (100 nmiL), the

resul ti mn%%sgtah@ Bo@ssus @@t 8koh @s dbfifkd By Redmineion of o cendenatsadgiends oL hl ori ¢

acid (1 16 mol ) 15 was added sl he reactlon extracted th
Et 0AC (Batnrailw@cmmnammeltfﬁ@n@mhm Héffrgﬁﬂgﬁdn%%e x\,/\@? T i

fil d and
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light and heavy chains were deposited with the American Type Culture Collection (ATCC)
as deposit numbers PTA-5923 and PTA-5922, respectively), and the like).
Examples of viral protease inhbitors useful in the present compositions and methods
10 include, but are not limited to, an HCV protease inhibitor.
HCYV protease inhibitors useful in the present compositions and methods include, but
are not limited to, those disclosed in U.S. Patent Nos. 7,494,988, 7,485,625, 7,449,447,
7,442,695, 7,425,576, 7,342,041, 7,253,160, 7,244,721, 7,205,330, 7,192,957, 7,186,747,
7,173,057, 7,169,760, 7,012,066, 6,914,122, 6,911,428, 6,894,072, 6,846,802, 6,838,475,
15 6,800,434, 6,767,991, 5,017,380, 4,933,443, 4,812,561 and 4,634,697, U.S. Patent
Publication Nos. US20020068702, US20020160962, US20050119168, US20050176648,
US20050209164, US20050249702 and US20070042968; and International Publication
Nos. WO 03/006490, WO 03/087092, WO 04/092161 and WO 08/1241438.
Additional HCV protease inhibitors useful in the present compositions and methods
20  include, but are not limited to, VX-950 (Telaprevir, Vertex), VX-500 (Vertex), VX-813
(Vertex), VBY-376 (Virobay), BI-201335 (Boehringer Ingelheim), TMC-435
(Medivir/Tibotec), ABT-450 (Abbott/Enanta), TMC-435350 (Medivir), RG7227
(Danoprevir, InterMune/Roche), EA-058 (Abbott/Enanta), EA-063 (Abbott/Enanta), GS-
9256 (Gilead), IDX-320 (Idenix), ACH-1625 (Achillion), ACH-2684 (Achillion), GS-9132
25  (Gilead/Achillion), ACH-1095 (Gilead/Achillon), IDX-136 (Idenix), IDX-316 (Idenix),
ITMN-8356 (InterMune), ITMN-8347 (InterMune), ITMN-8096 (InterMune), ITMN-7587
(InterMune), BMS-650032 (Bristol-Myers Squibb), VX-985 (Vertex) and PHX1766
(Phenomix).
Further examples of HCV protease inhbitors useful in the present compositions and
30  methods include, but are not limited to, those disclosed in Landro ef al., Biochemistry,
36(31):9340-9348 (1997); Ingallinella et al., Biochemistry, 37(25):8906-8914 (1998),
Llinds-Brunet ef al., Bioorg Med Chem Lett, 8(13):1713-1718 (1998); Martin ef al,
Biochemistry, 37(33):11459-11468 (1998); Dimasi et al., J Virol, 71(10):7461-7469 (1997),



99 0 )110 HOHO NH2N Owve 00 int-2a To a solution of D phenylglycine
(10.0 g, 66.1 mml) and NaOH (21.2 g, 265 mmol) in water (60 nL) at 0 C was
added netwgl2ochiienef ormate (10.2 nmL, 133 mol ) 5dr opwi S@COUESR01202THINUt es.
The resulting m xture was allowed to stir at O C for | hour, then was
acidified using concentrated hydrochloric acid (25 nL, 300 mol ). The
acidic solution was extracted with Et8Ac (3 x 100 nL) and the conbi ned
organics were dried over MJSO4, filtered and concentrated in vacuo to

provi depapeurd ﬁrwen?@ng( 18¢3:607-694 Y99 W Elebulias ol Seidepai __()Qtéizmﬁrt her
purification 10The fol I'owi ng i nt er nedi at es_can bg) Freg the reaction
of gl yc{H¥®7); IﬁlﬂWéﬂﬂrfé’dahcﬁ&:& Adplergmbenid A298)y Hsh ety ‘i%m@sﬁl? Nf®t hyl

chl or of D& 1,
N e e i E I SR

Pr epar atWwomsaf767at wWionekli 2479, Barpe2adod atd- 8 99/07734 and WO 05/087731.

5 Further examples of HCV protease inhibitors useful in the present compositions and

methods include, but are not limited to, the following compounds:

10



HOHO NH2 O Int-3a 20A solution of D phenylglycine (20.0 g, 132 nmol ), 37%
aqueous fornmal dehyde (66 nL, 814 mmpl) and 5 % Pd on carbon (8.0 g, mmol)
in a mxtwoeoafiiepevhanol (80 nL) and 1 N HCl (60 nlL) wa®Cplise@d/ogmia

hydr ogenati on shaker and shook under an at nosphere of 35-40 psi hydrogen
for 4 hours. The reaction was then flushed with nitrogen, filtered WO
2011/ 112429PCT/ US2011/ 027117 100 thro§ah a celite pad and concentrated in
vacuo to provide Conpound Int-3a (29.7 g, pant) as a white solid, which was
used without further peiacat i on. EXAMPLE 4 5Prepapatton of | nternediate
Conpound Int-4e P(O )2 H3COT-L.N.CBz 0 H3C0 HBCO\Irri.N. CBz 0 HHz
(50 psi), MOHO | ™~ nt - 4c N

OWN NH,
H H N
N _N




Step A - Synthesis of Internediate Conpound Int-4b 10To a sol ution of

met hyl 2-(benzyl oxycar bonyl am no) - 2- (di net hoxyphosphoryl) acetate (10.0 g,
30. 2 molwormadeétiagodescri bed in Hanada et al., O ganic Pertuses;/oEngt i sh;

20: 4664 - 4667 (2009)) in THF (100 nL) at -20 C was added

tetramet hyl guani dine (4.20 nL, 33.2 mmol ). The reaction m xture was all owed
to stir at -20 C for 1 hour then di hy88o-2H pyran-4(3H) -one (Int-4a) was
added (3.1 nmL, 33.2 mmol) in THF (5 nL) and 15 the reaction m xture was
warmed to roomtenp ure and stirred for about \(5 hours. EtO0Ac (200 ni)
was added and the organic méture was washed W t

brine (50 ni). The m ki, were c mol ned &4n

filtered and c cud. ele ﬁro ucil was puri fied?using
flash chro . len @n 330 g usT\Ea 0- 35%

Et OAc/ hexan as t he ePuent provi de 2(@ oynd Int-4bgs a white solid

(615 ng, 45%. 1% CDC13) 5 7.40-7.30 6.00 (br s, 1H), 5.12 (s,
3.80-3.65 (m ,292(|n 2H) , 252248(in 2H), Step B -

Synt hesis of Interne te Conpound Int-4c To a sol ution of

Int-4b (2.43 g, 7.96 I) |n met hanol (160 i) preVoust 25purged with N2

was added (')Ol 2- Bi BS) 2, 8- di net hyI Qhosphol et han H

(cycl ooct a§~%ee)rhod| &GF‘WF{ S@,O( 487 S A nder N2.

The mixturd NIPLQ 7 801 Was shaken in %rrﬁsh k Dpasat Ué for 18

hours at 50 p c?ﬂ' r evacuating the d](og suspensi on was

filtered and i ate S concentrated yrrd.e Corrpound Int-4c as a

white solid (1.30 g, 53% 1H NWR (CDC13) 6 40730(|n 5H), 5.32 (br s,

1H), 5.12 (s, 2H), 4.40-4.30 (m 1H), 4.00-3.95(n H, 3.75 (s, 3H),
3.40-3.25 5(m 2H), M0195(m 1H), 1.50-1.45 (n¥ 4H). Step C -
Synthesi s of |nternedqte Corhoynd Int-4d o To usgf ON of 50%

pal I adi um »,ar bon i : %HJ'[_ Y M under
ni trogen wa ded };] ntj: i 08 g, 3.45 N é ng® the solution
10 was pl aced O for 30 seconds ayrdyt hen: wa 6gened to a hydrogen

filtered through a |te pad and the pad washed with ethanol (2 x 20 nL).

gas bal | oon f 20h ter evacuating t hyarPyen, the suspensi on was
The filtrate was contentrated to provide a colorless oil (585 ng, 98%.

11-1NVR (CDCI 3) 5 4. 06- 96(m 2H) 3.73 (s, 3H), 8- 3.28 (m 3H),
1.92-1.78 (m 1H), 1. ~-1 47 15To a sol uti of the colorless oil
(585 ng, 3.37 mmmol) awm ne (0.71@ ni, 5. 9 |nHCHZClZ (6
m) was adde&o‘retmylH oYo t e~{® 29 '0§| 7@ ‘a)hlarre SECN on

m xture was \ t ‘Poomterrp &l f @ 5 Bours. Water

(15 ni) was”g nd the ueous m xture raa:t ed™i th CH2C12 (3 x 20
inL). The combiaed of fani ¢ layers were drie er ’@2804, fi |tered and
concentrated in vacuo. The 20 crude product was purified using flash

chr omat ogr aphy on an Redi - Sep col um usi mg, 0ci3% MeOH/ CH2Cl12as t he
el uent to provide Corrp Int 4d as a colorless oil /4600 o 779 . 1H NWR

(CDC13) 6 5.2% 5.18 (iff, 428 (m 1H), 4. .9 3.75
(s, 3H), 3r6‘§"¢© 3@ l_m s@?r} %\/& %%48@,

AH) . \)bo /(

_4.\



25 Step D - Synthesis of Internediate Conpound Int-4e To a solution
of conpound Int-4d (600 nmgy, 2.59 mml) in THF (5 nL) was added |ithium
hydr oxi dewoonoiyeat e (218 ng, 5.19 mmol) in water (5 neCT/UBh@10eHET i on
m xture was allowed to stir at roomtenperature for 2 hours then
concentrated to half volune. The aqueous m xture was then acidified with 6N
HC1 and extracted with EtOAc (7 30 x 80 nL). The combined organic |ayers
were dried over Na2SO4, filtered and concentrated to provi de Conpound
Int-4e as an of f-whi\{e solid (485 ng, 86% . 11-1NMR (CD30D) 4.09-4.07 (m
1H), 3.96-3.92 (m , 3.65( 3H), 3.40-3.34 (£% 2H) 2511.99 (m 1H,
1.56-1.47 (m 4H). { 1A201D. 102 EXAWPLE 5 rgpangt ilon QG
I nt er medi at e Conpou ) -13) 2 H3QOYLN, CBzNocYr OF 1(S, S-Me-BPE)- O
El NH H3CON, CBz &\?BE%-O HZZ(SD psi), MeOH | )@&Oﬁt-ﬁ c/tc
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and pharmaceutically acceptable salts thereof.
Viral replication inhibitors useful in the present compositions and methods include,
but are not limited to, HCV replicase inhibitors, IRES inhibitors, NS4A inhibitors, NS3
5 helicase inhibitors, NS5A inhibitors, NS5B inhibitors, ribavirin, AZD-2836 (Astra Zeneca),
viramidine, A-831 (Arrow Therapeutics), EDP-239 (Enanta), ACH-2928 (Achillion), GS-
5885 (Gilead); an antisense agent or a therapeutic vaccine.
Viral entry inhibitors useful as second additional therapeutic agents in the present
compositions and methods include, but are not limited to, PRO-206 (Progenics), REP-9C
10 (REPICor), SP-30 (Samaritan Pharmaceuticals) and ITX-5061 (iTherx).
HCV NS4A inhibitors useful in the useful in the present compositions and methods
include, but are not limited to, those disclosed in U.S. Patent Nos. 7,476,686 and 7,273,885;
U.S. Patent Publication No. US20090022688; and International Publication Nos. WO
2006/019831 and WO 2006/019832. Additional HCV NS4A inhibitors useful as second
15  additional therapeutic agents in the present compositions and methods include, but are not
limited to, AZD2836 (Astra Zeneca), ACH-1095 (Achillion) and ACH-806 (Achillion).
HCV NS5A inhibitors useful in the present compositions and methods include, but
are not limited to, A-832 (Arrow Therpeutics), PP1-461 (Presidio), PPI-1301 (Presidio) and
BMS-790052 (Bristol-Myers Squibb).
20 HCV replicase inhibitors useful in the present compositions and methods include,
but are not limited to, those disclosed in U.S. Patent Publication No. US20090081636.
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To a solution of nethyl 2-(benzyl oxycarbonyl am no)-2-(di net hoxyphosphoryl)
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allowed to stir at -20 C for 1 hour then tertbutyl 4-oxopiperidine-1
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(M 1H) , (Aha8&): SCV-07 (SciClone Pharmaceuticals); NIM-881 (Novartis); ISIS 14803™ (ISIS

Pharmaceuticals, Carlsbad, California); Ijie];ﬂ:azyrneTM (Ribozyme Pharmaceuticals,

Boulder, Colorado); ThYIIlOSil’lTM (SciClone Pharmaceuticals, San Mateo, California);

20  Maxamine™ (Maxim Pharmaceuticals, San Diego, California); NKB-122 (JenKen
Bjoscience Inc., North Carolina); Alinia (Romark Laboratories), INFORM-1 (a combination
of R7128 and ITMN-191); and mycophenolate mofetil (Hoffman-LaRoche, Nutley, New
Jersey).

The doses and dosage regimen of the other agents used in the combination therapies

25  of the present invention for the treatment or prevention of HCV infection can be determined
by the attending clinician, taking into consideration the approved doses and dosage regimen
in the package insert; the age, sex and general health of the patient; and the type and
severity of the viral infection or related disease or disorder. When administered in
combination, the Fused Tricyclic Silyl Compound(s) and the other agent(s) can be

30  administered simultaneously (i.e., in the same composition or in separate compositions one
right after the other) or sequentially. This particularly useful when the components of the
combination are given on different dosing schedules, e.g., one component is administered

once daily and another component is administered every six hours, or when the preferred
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U oty i o Siatbientoitete il odbunt el Phoingta™ -
Conpoundyy fifbeiineous injection at 3MIU(12 meg)/0.5mL/TIW for 24 weeks or 48 weeks for first

20 time treatment.

In another embodiment, when the additional therapeutic agent is PEG-INTRON
interferon alpha 2b pegylated (commercially available from Schering-Plough Corp.), this
agent is administered by subcutaneous injection at 1.5 meg/kg/week, within a range of 40 to
150 mcg/week, for at least 24 weeks.

25 In another embodiment, when the additional therapeutic agent is ROFERON A
interferon alpha 2a (commercially available from Hoffmann-La Roche), this agent is
administered by subcutaneous or intramuscular injection at 3MIU(11.1 meg/mL)/TIW for at
least 48 to 52 weeks, or alternatively 6MIU/TIW for 12 weeks followed by 3MIU/TTW for
36 weeks.

30 In still another embodiment, when the additional therapeutic agent is PEGASUS
interferon alpha 2a pegylated (commercially available from Hoffmann-La Roche), this
agent is administered by subcutaneous injection at 180 mcg/ImL or 180 mcg/0.5mL, once a

week for at least 24 weeks,
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stirred mxture of Int-6a (50.0 g, 0.412 nol), ethyl glyoxylate (81.5 ni,
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immunomodulator, a viral replication inhibitor, an antisense agent, a therapeutic vaccine, a
viral polymerase inhibitor, a nucleoside inhibitor, a viral protease inhibitor, a viral helicase
inhibitor, a viral polymerase inhibitor a virion production inhibitor, a viral entry inhibitor, a
viral assembly inhibitor, an antibody therapy (monoclonal or polyclonal), and any agent

15 useful for treating an RNA-dependent polymerase-related disorder.

In another embodiment, one or more compounds of the present invention are
administered with one or more additional therapeutic agents selected from an HCV protease
inhibitor, an HCV polymerase inhibitor, an HCV replication inhibitor, a nucleoside, an
interferon, a pegylated interferon and ribavirin. The combination therapies can include any

20 combination of these additional therapeutic agents.

In another embodiment, one or more compounds of the present invention are
administered with one additional therapeutic agent selected from an HCV protease inhibitor,
an interferon, a pegylated interferon and ribavirin.

In still another embodiment, one or more compounds of the present invention are

25  administered with two additional therapeutic agents selected from an HCV protease
inhibitor, an HCV replication inhibitor, a nucleoside, an interferon, a pegylated interferon
and ribavirin.

In another embodiment, one or more compounds of the present invention are
administered with an HCV protease inhibitor and ribavirin. In another specific

30  embodiment, one or more compounds of the present invention are administered with a
pegylated interferon and ribavirin.

In another embodiment, one or more compounds of the present invention are

administered with three additional therapeutic agents selected from an HCV protease



106 acet at e/ hexanes as the eluent to provide endo Int-6¢c (10.9 g, 9% as a
brown oil: 111 NWR (300 MHz, CDCl13) 8 7.34-7.19 (m 5H), 6.00-5.95 (m 1H),
4.18 (g, W 20111142y 311), 3.47 (s, 111), 3.03 (s, 1H), 2PCIMUSeae,/03H16.5 Hz,
1H), 2.41 (s, 1H), 1.86 (d, J = 8.2 Hz, 1H), 1.26 (t, J= 6.6 Hz, 3H), 1.17
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Conp@sind ahd vif#l replication inhibitor.

In still another embodiment, one or more compounds of the present invention are

administered with ribavirin, interferon and a viral protease inhibitor.
In another embodiment, one or more compounds of the present invention are
administered with ribavirin, interferon and an HCV protease inhibitor.
30 In another embodiment, one or more compounds of the present invention are
administered with ribavirin, interferon and boceprevir or telaprevir.
In a further embodiment, one or more compounds of the present invention are

administered with ribavirin, interferon and an HCV polymerase inhibitor.



BocOxal yl Chl ori deBocO LOH DVSO/ Et 3NH I nt-7alnt-71) A 2 L, 3-necked
round bottomed fl ask equi pped with an overhead stirrer and a N2 inlet was
charged wvohon/gedi2ati on of oxalyl chloride (130 ni, O.2@&CEFaiSponi027117

di chl oronet hane 20 (250 nL). The solution was cooled to -78 C, and a
solution of DMSO (20 ni, 0.28 nol) inngd%chl oronet hane (30 nL) was added
dropwi se. After 30 mnutes, a solutio f (8)-NBoc-prolinol (Int-7a, 40 g,
0.2 nol) in dichloronethane (200 n) was added dropvvise. After 30 m nutes,
tri et hyl ani ndn@npathengmbadigienpbie Gasogdgaporads tidhepicsant Siyenligivatehe f | ask

was transferred to.an. icel i.ed for another 30 m nutes.
The reac@%ﬂls‘%ge&rﬁv Qﬁgfr’%ﬁ %ﬁ?‘?ﬁ?@ég\}}\?g %d ﬁ%’%‘}r’%{ug'ronet hane (200 nm.) and
washed successively with H20, 1M HCl, saturated NaHCO3, and brine. The

organi c |layer was dried over Na2SQ4, filtered, and concentrated to provide
Conpound Int-7b (40 g) as d=empesitions and ddaunis@atoy

oy k : S WaS MWt hout further
t . : ! . .
Pt 56 % e Ry A ad e, AR PG OO

Int-7c Int- ?ﬁkgurﬂifs SRR @bgdprpound

s added a sol ution” of
amoni a dnd IMeid riglieipar Ad déscohed 8 ve] the Fused\ raryebo BHy] Gaaopdumds aR0Befl MeOH,

1.05 nol, 260 . nol % . An ot.hermwas noted and the.internal reaction

t enper atfgF Beatine B 28 §nbre gﬁyj’t‘&%‘go’(’;‘n a\‘ﬁ%nq”%’srh?etegﬁlbﬂ?‘gacti on was allowed to
stir for 30 niyhh 88malisté@@0 & BARAE AP @ed TRARDCIY S Wondpbngs c.te2 mol , 130
nole %9 was added portionwi se over a 5 mnute period, during which tinme the

i nt er nal adngaistaregshastaeenperoaenirad ajcompesiied thap cerppiites @Phamapgetiqaliy eesapablgas

| d to.stir f. t 15.hour - eact i
el o it euidle, TREHeA iyt Boy B PRSI REt {ofangs Pl IR EAL LG
di chl or opifhatiee fehbintaddt Wadtene (Osdd Trcyclbsildr@anpandayé b phasnsmepivaiyed,

washed water (0.25 L), dried over, K MgSai, filtered and concentrated in
vacua. Tarechtellp gaaiepbindhe ghermasewical omumpsitiopn anbmebiods o1 the Bresend (100 nL)

and hexyOR Tl pge SPntan SLLBIEALS) ol PRTERET 2L <,
30% et hydaraaehatadlbhexitibisselctfed wiginredpéoe th thadeended doum{ admingiiatien, Cenpound
(5. Ty ol #Rlerscappies (Sthppsalieb e sors: g ied gt il Powdgm o g
%o rzrgz)a hg%ngt{i@_ut?igﬁporaﬂgeﬁ‘%ﬁxiils? dsPersiBid granvbb€ Byrbps, SHPeh8ShS afd tHenNfi@T sRMdi at e
consistent with conventional pharmaceutical practices. For example, for oral administration
in the form of tablets or capsules, the active drug component may be combined with any
oral non-toxic pharmaceutically acceptable inert carrier, such as lactose, starch, sucrose,
20 cellulose, magnesium stearate, dicalcium phosphate, calcium sulfate, talc, mannitol, ethyl
alcohol (liquid forms) and the like. Solid form preparations include powders, tablets,
dispersible granules, capsules, cachets and suppositories, Powders and tablets may be
comprised of from about 0.5 to about 95 percent inventive composition. Tablets, powders,
cachets and capsules can be used as solid dosage forms suitable for oral administration.
25 Moreover, when desired or needed, suitable binders, lubricants, disintegrating agents
and coloring agents may also be incorporated in the mixture. Suitable binders include
starch, gelatin, natural sugars, corn sweeteners, natural and synthetic gums such as acacia,
sodium alginate, carboxymethylcellulose, polyethylene glycol and waxes. Among the
lubricants there may be mentioned for use in these dosage forms, boric acid, sodium
30  benzoate, sodium acetate, sodium chloride, and the like. Disintegrants include starch,

methylcellulose, guar gum, and the like. Sweetening and flavoring agents and preservatives

may also be included where appropriate.



20Int-7c N-Brono succinimde (838.4 ng, 4.71 mmol) was added in
portions over 15 mnutes to a cooled (ice/water) CH2C12 (20 nL) sol ution of
Int-7c (IWO&0y/1124250 mmol ). The reaction m xture was al lPORa$2410/08t11T for 75
m nut es and concentrated in vacuo to an oil. The crude product was purified
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volatile 1NZogeidAerm grepaptioppinside selutipes, sespsvaensiand eRRHRMONSTRE Ma¥sul t i ng

resi due #eRaPRhid bt R BENGEN R@gﬁ%&m%{ﬁa GlieraPRfbclifF aqueous layer vas

extract e wat er organi c ase was ed (MgSM),
filtered, andLigoiiclent padpachtions prgwlsdeéndhiadgoimibn fdr-zﬂt@hrasaiadndmwt&ltml id (374

mg). I1-1 ) . 8: br s, 4.70 (m 3.31
(m 1H, 50ver’f‘*§§8b‘é‘§1‘%ﬁdtaﬁe wéiﬁefpﬁg PERATH! %@@%ﬁz@f@%ﬁ tge 001!V§@ﬂ7d1 17 (s,

. 8Hst %h%ﬁig befOleliRE gaﬁlﬁtﬁ% f’ébfﬂb §fa§oﬁ§ fok Rithefralc? BatenteraPbRina st aioa!
Interne Compound Int-7e (-2 Int-7b 10To a suspension of Int-7b
(140 g, &)10591qml ﬁonlnm1mhﬁe(sgbﬁ0nmysm80m¢ml&msomsUCC| ni m de (200 g,
1.1 nol). m xture was_ al to s

N2
for moobi 1o RO R e R R pibive B R hSURETE iy e Mo 98

resul ting Iyé&ﬁibswfecd@@@b@wrlﬂ fiR0nieRbdOng thd £Aive algreéhiEn iddiogsaahy (et hyl
acetate eluent) to tElrow de 230 g of Conpound Int-7e. MS (ESI) rrile (MrHt):

396. 15 lsmeqeepccusky ?Wé‘s@ssbkﬁ“l‘llmﬁ e PP dereha@aegsoeens migtury i then poured
10 into convenient sized molds, allowed to cool and thereby solidify.

Additionally, the compositions of the present invention may be formulated in
sustained release form to provide the rate controlled release of any one or more of the
components or active ingredients to optimize therapeutic effects, i.e., antiviral activity and
the like. Suitable dosage forms for sustained release include layered tablets containing

15 layers of varying disintegration rates or controlled release polymeric matrices impregnated
with the active components and shaped in tablet form or capsules containing such
impregnated or encapsulated porous polymeric matrices.

In one embodiment, the one or more Fused Tricyclic Silyl Compounds are
administered oréily.

20 In another embodiment, the one or more Fused Tricyclic Silyl Compounds are
administered intravenously.

In one embodiment, a pharmaceutical preparation comprising at least one Fused
Tricyclic Silyl Compound is in unit dosage form. In such form, the preparation is
subdivided into unit doses containing effective amounts of the active components.

25 Compositions can be prepared according to conventional mixing, granulating or
coating methods, respectively, and the present compositions can contain, in one
embodiment, from about 0.1% to about 99% of the Fused Tricyclic Silyl Compound(s) by
weight or volume. In various embodiments, the present compositions can contain, in one
embodiment, from about 1% to about 70% or from about 5% to about 60% of the Fused

30 Tricyclic Silyl Compound(s) by weight or volume.

The quantity of Fused Tricyclic Silyl Compound in a unit dose of preparation may

be varied or adjusted from about 1 mg to about 2500 mg. In various embodiment, the



Br Roc C4ABr Int-7e Na2S03 Boc ,Nt CE 11 Br Int-7d To a suspensi on of
Int-7e (230 g, 0.58 nol) in EtOH/ H20 (1:1 ratio, 3000 nL) was 20 added
Na2S03 ( A8 2g11/5289n0l ). The resulting m xture was al | orea/useo1gtoeTirat mld
reflux for about 15 hours, After cooling to roomtenperature, the m xture
was extracted wth dichl oronethane tw and the conbi ned organic | ayers
were concentrated under vacuumto a s -solid. The resulting residue was

purified using chromatography on silica gel to_provide Conpound Int-7d. M5
(ESI) m quaptitybis fronsabput Pmgimabaw, 1944 8121 1 gng to about 500 mg, 1 mg to about 100

mg, and 1 mg to about 100 mg.

For convenience, the total daily dosage may be divided and administered in portions

during the day if desired. In one embodiment, the daily dosage is administered in one

5  portion, In another embodiment, the total daily dosage is administered in two divided doses
over a 24 hour period. In another embodiment, the total daily dosage is administered in
three divided doses over a 24 hour period. In still another embodiment, the total daily
dosage is administered in four divided doses over a 24 hour period.

The amount and frequency of administration of the Fused Tricyclic Silyl

10 Compounds will be regulated according to the judgment of the attending clinician
considering such factors as age, condition and size of the patient as well as severity of the
symptoms being treated. Generally, a total daily dosage of the Fused Tricyclic Silyl
Compounds range from about 0.1 to about 2000 mg per day, although variations will
necessarily occur depending on the target of therapy, the patient and the route of

15  administration. In one embodiment, the dosage is from about 1 to about 200 mg/day,
administered in a single dose or in 2-4 divided doses. In another embodiment, the dosage is
from about 10 to about 2000 mg/day, administered in a single dose or in 2-4 divided doses.
In another embodiment, the dosage is from about 100 to about 2000 mg/day, administered
in a single dose or in 2-4 divided doses. In still another embodiment, the dosage is from

20 about 500 to about 2000 mg/day, administered in a single dose or in 2-4 divided doses.

The compositions of the invention can further comprise one or more additional
therapeutic agents, selected from those listed above herein. Accordingly, in one
embodiment, the present invention provides compositions comprising: (i) at least one Fused
Tricyelic Silyl Compound or a pharmaceutically acceptable salt thereof; (i1) one or more

25  additional therapeutic agents that are not a Fused Tricyclic Silyl Compound; and (iii) a
pharmaceutically acceptable carrier, wherein the amounts in the composition are together
effective to treat HCV infection.

In one embodiment, the present invention provides compositions comprising a
Compound of Formula (I) and a pharmacentically acceptable carrier.

30 In another embodiment, the present invention provides compositions comprising a
Compound of Formula (I), a pharmaceutically acceptable carrier, and a second therapeutic
agent selected from the group consisting of HCV antiviral agents, immunomodulators, and

anti-infective agents.



Compound Int-7e (2.63 g, 5.0 nxnol) was dissolved in THF (30 nL) and the
resulting solution was cooled to -78 C, then n-BuLi (1M in hexane, 2.2 ni,
5.5 mol )wb 2zmg11agded and the reaction was all owed to sPCI/USee112071m7 nut es.
N fluorodi benzenesul fonimde (1.6 nL, 5.0 nmmol) was added at -78 C and the
reaction mxture was allowed to warm%ow{y to roomtenperature again. The
reacti on was quenched with agq. NH4Cl en partitioned between water and EA.
The organic |ayer was dried over Na2SO4 and concentrated in vacuo. The
resulting residue was purified using flash 10 col umm chr onmat ogr aphy

(Gradi ent of Eeppdepenpeldingni, icHuescht BieITIORPYS BEEYRIMROSitions 9oraprisadpound

L OB kEt iR Qrephpdtaltir ol iR o i Miagpnd g, P FECT

of I nt ertiegpaite a@@ﬁ@&i&ﬂﬁi of ﬁfllroﬁbuﬁ?ﬁe;ﬁenﬁ@@Zseid&ted&h)ﬂ theagroOp tdristxking bf
compound, _CBz- proline , 0.2 rml) |n THE 1(2,500 mL) and Et3N 20 (20 niL)
was éddeﬁca’r@mfélea%f’%@pl%wow HEHRRPE- ISP 285082 ol ) at i ce water

bath. Then the resulting solution was allowed to warmto room tenperature
and stirred for 1h. Then a solution of CH2ZN2 (0.22 nol) in ether was added
slowy until no N2 gas evol uti on was Iﬁﬁtsed Acetic acid (4 nL) was added
and the reactljlnon mxtur was allowed to stir.for 1Q mn

Na
sol uti on was r?é’ﬁaél?ﬁ%a PRESE0h VERER PIGNITST {1l camBRsing At %aﬂwigglgic?nes 25

Wi th et hytbecohabent oTE?leQét%Q tFﬁsédaM?dy%hMSﬂﬁ Cappiunader ApH-edla@8Eallya2S04,
and concentrat ed tonﬁrow de crude product.” The crude product was then

purllf(] edacgsptalgje edl setvatchederetr pgrdaph 9t ssid mmpmd@ed apbemmaeepesally E. Acetate =

3:1) to Qc%gﬁaﬁgca%@ ﬂfg;lelor}tdﬂ%ent( 38 g, 70%vyield). 1N2010.7118 ill

In another aspect the present invention provides a kit comprising an amount of at
least one Fused Tricyclic Silyl Compound, or a pharmaceutically acceptable salt, solvate,
ester or prodrug of said compound and an amount of at least one additional therapeutic

15  agent listed above, wherein the amounts of the two or more active ingredients result in a
desired therapeutic effect. In one embodiment, the one or more Fused Tricyclic Silyl
Compounds and the one or more additional therapeutic agents are provided in the same
container. In one embodiment, the one or more Fused Tricyelic Silyl Compounds and the
one or more additional therapeutic agents are provided in separate confainers.

20

EXAMPLES
General Methods

Solvents, reagents, and intermediates that are commercially available were used as
received. Reagents and intermediates that are not commercially available were prepared in

25  the manner as described below. "H NMR spectra were obtained on a Bruker Avance 500

(500 MHz) and are reported as ppm downfield from Me4Si with number of protons,
multiplicities, and coupling constants in Hertz indicated parenthetically. Where LC/MS

data are presented, analyses was performed using an Applied Biosystems API-100 mass

spectrometer and Shimadzu SCL-10A LC column: Altech platinum C18, 3 micron, 33 mm x
30 7mm ID; gradient flow: 0 minutes — 10% CH3CN, 5 minutes — 95% CH1CN, 5-7 minutes —

95% CH;CN, 7 minutes — stop. The retention time and observed parent ion are given.

Flash column chromatography was performed using pre-packed normal phase silica from

Biotage, Inc. or bulk silica from Fisher Scientific. Unless otherwise indicated, column



Step B - Synthesis of Internediate Conpound Int-8¢c Cbzp b z HBr N O Int-8b
5 To a solution of Int-8b (38 g, 0.14 nol) in acetic acid (20 nL) was added
dr opwi se W 2agquieesrs HBr solution (11.2 g, 0.14 nol). AfPer/usRotin2711he

m xture was poured into an agqueous NaHCO3 sol ution and extracted three
times with ethyl acetate. The conbi ned organic |ayers were washed with
brine, water, dried over Na2SO4 and cofftentrated in vacuo 10 to provide
Conpound Int-8c (30 g, 68%yield). Step C - Synthesis of Internediate
Conpoundchrematgaraphy RaEpaomeR usingearrdrM dyutiongd hexargaety! swtalstvm sol uti on

of Int ound Int-8d (8.4 g, 64 nmol n DMF (70
) mng)g(,d/lg ]%BE%(]W éthgl%%e%%'?}))“ The m xtuﬁe vvag al | oned %ol stir a'g 100

Cin a seal ed tube for about 15 hours. The sol vent was renpved and the

resulting residue was purified usip | upm. chr omat ogr aphy on silica gel
(DCM MeOH = 20:1) to provide mwpﬁgéﬁtﬁ&he. (6 g, 59%vyield). 20
5 Preparation of Intermediate Compound Int-1a
~ 7 o
2 —»  Ho A M
NH N~ "OMe
Y Ll

Int-1a
To a solution of L-valine (10.0 g, 85.3 mmol) in 1M aqueous NaOH solution (86
mL) at room temperature was added solid sodium carbonate (4.60 g, 43.4 mmol). The
10 reaction mixture was cooled to 0 °C (ice bath) and then methyl chloroformate (7.20 mL,
93.6 mmol) was added dropwise over 20 minutes. The reaction mixture was then allowed
to warm to room temperature, and allowed to stir at room temperature for an additional 4
hours. The reaction mixture was then diluted with diethyl ether (100 mL}, the resulting
solution was cooled to at 0 °C, and then concentrated hydrochloric acid (18 mL, 216 mmol})
15  was added slowly. The reaction was extracted with EtOAc (3 x 100 mL}) and the combined
organics were dried over MgSQOy, filtered and concentrated in vacuo to provide Compound

Int-1a (13.5 g, 90%), which was used without further purification.

The following intermediates can be prepared by the reaction of L-valine with
20  isopropyl chloroformate (Aldrich Inc.), 2-methoxyethyl chloroformate (Aldrich) or with 1-

methylcyclopropyl hydroxysuccinimide respectively, using the method described above:

J\ ‘[(\N o’\/OCH3 \g/\N’u‘ >4

O
mll
2
O

Int-1b Int-1c Int-1d

25
EXAMPLE 2

Preparation of Intermediate Compound Int-2a



Step D - Synthesis of Internediate Conmpound Int-8f CbzCbz r.-1N SEM CIN
<311 i Cy<31 Ht SEM It - Bel nt - 8f To a solution Int-8e (4 g, 14.7
nmol ) i n WBRo(140242pi L) was added NaH (6.6 g, 60 % cont erCT/UBB011/02Tl ) at O
C. The mxture was allowed to stir at roomtenperature for 30 25 m nutes
and then cooled to 0 C, and SEMC1 (2.4.9, 14.7 mmol) added dropw se. The
N201 0.7118 112 resulting m xture was %?Iowed to stir at 0 C for 2 hours.
The sol vent was renoved under vacuum and the resulting residue was purified

usi ng colum chr omat ogr aph silica gel ( OH =20:1) to provide
Compound Int-8f. (2 g, 34% | d). SStepE- tohe5|s of Internediate
Conmpound I nt-8g Cbhzpbz t [ JT. Nw2NBSRE- -8fInt-8g To a

solution of Int-8f (2 g,H H, in THF (2 Oreded dropwi se n-BuLi
(2.5 nm, 6.3 mol) at -78 (bat h) under N2 purot ction. The resulting
solution was allowed 10 to stir at t[;tlﬁizterrperature for 30 mnutes, then a
solution of NBS (0.89 g, 5 mmol) in 10 m.) was added dropw se at -78

C. The m xt urgo waslutibh 6NBhHHeAyIBlyicned10.0 £866:1 indhol) ah®MaORNE 1thgreaqueous
NHACLl sol ution was added. The organi ¢ | ayer. was separat ed_ and
mmol) in water (60 mL) at 0 °C was added methyl chloroformate {10.2 mL, 133 mmol)
5  dropwise over 20 minutes. The resulting mixture was allowed to stir at 0 °C for 1 hour,
then was acidified using concentrated hydrochloric acid (25 mL, 300 mmol). The acidic
solution was extracted with EtOAc (3 x 100 mL) and the combined organics were dried
over MgSO0y, filtered and concentrated in vacuo to provide Compound Int-2a (12.6 g, 91%),
which was used without further purification.
10 The following intermediates can be prepared by the reaction of glycine, L-Alanine
and 4-F phenylglycine, respectively with methyl chloroformate (Aldrich Inc.) using the

method described above:

0O =
HO M. hHo AN HO M
N YN TN
Int- 2b Int-2c Int-2d
15
EXAMPLE 3
Preparation of Intermediate Compound Int-3a
HON A, T HOG A~
0 o |
Int-3a

20 A solution of D-phenylglycine (20.0 g, 132 mmol), 37% aqueous formaldehyde (66

mL, 814 mmol) and 5 % Pd on carbon (8.0 g, mmol) in a mixture of methanol (80 mL) and
1 N HC1 (60 ml) was placed on a hydrogenation shaker and shook under an atmosphere of
35-40 psi hydrogen for 4 hours. The reaction was then flushed with nitrogen, filtered



concentrated in vacuo off to provide a crude residue, which was purified
usi ng columm chromat ography on silica gel (pet. ether:EtOAc =3:1 as the

el uent) twopopaviieesl nt-8g (400 15ng, 16.5%vyield). EXAMPCEUS201R0pAT at i on
of Internediate Conpound Int-9e Step A - Synthesis of Internediate
Compound Int-9¢c A m xture of conpoundll t-9a (50.0g, 179.9 mmol), conpound
Int-9b (43.0 g, 199.8 mml), and trietﬁ@lanine (30 m., 215,5 mmol) in DW
(100 m.) was_allowed to stir 1N2010.7118 113 at room tenperature for_ about
4 days. tbrongh ageliteqad apdeonseniralggd & varen t%a%&ﬂq@mw@ﬂﬂéaggﬁ &V Fexu#e) and
the result]ng t] i I 100 m.), dried over

sodi um s‘lliﬁtéfggléé%r%’ @%@%ru%%ﬂﬁwv%&% E{ugﬁgétg)\%( de Conpound Int-9c as a
brown gel (74.5 g, -100%yvyield), which was used w thout further
purification. 5 Step B - Synthesis I %{ di at e Conpound Int-9d
Compound Int-9¢c (20 g, crude, -48. =—ammoni um acetate (20.0 g, 256.6
rnrngl ), and o-xylene (P0G Mshn\WeT8csddede COnPpoatPidil4ePr essure vessel . The
resulting mxture was allowed to stir at 140 for 2.5 hours, then cool ed
to roomtenperature and 10 concentrated in vacuo. The resulting residue was
taken up in ethyl acetate (ﬁgﬁﬁnb%, washed with saturated sodi um carbonate
solution, dried over su@bUnmls e, and concentrated in vacuo. The

resulting residue was puriffi Hd usi ng_a. 330 G |, S0 i J-bca cel uim/ Combi - Fl ash
system (20-50% et, acetate in hexape ) t((‘)g%p“rﬁovi (:]Z%JO%PC obnd Int9d as an
orange solid (15. , 81%ytrerd). 15 Btep C -—Synwhesis ofryTnternedi ate
Conpound Int-9e § A sol yH on & d Int-9d (4H0%,A4ER2 mol ),

trifluoroacetic acli (1 (10 ~E~y130. 6 no ndl ), Haffl reh MePtdr oneg hdhe (10 nl) was
allowed to stir at™PBom tdnpérature f6f> about 15 hours, th&h*has
concentrated in vacuo. The resulting residue was taken up in

0O o)
1. PA/C, Hp O o) O

O
—  Hgo A A
s N“OCH,8 HC’\"/\NJ*OCHa
2.CKCO)OCH; O L

Int-4d int-4e

LU11
L]} ]

Step A — Synthesis of Intermediate Compound Int-4b

10 To a solution of methyl 2-(benzyloxycarbonylamino)}-2-(dimethoxyphosphoryl)
acetate (10.0 g, 30.2 mmol, made as described in Hamada et al., Organic Letters; English;
20: 4664 - 4667 (2009)) in THF (100 mL) at —20 °C was added tetramethylguanidine (4.20
mL, 33.2 mmol). The reaction mixture was allowed to stir at -20 °C for 1 hour then
dihydro-2H-pyran-4(3H)-one (Int-4a) was added (3.1 mL, 33.2 mmol) in THF (5 mL) and

15  the reaction mixture was warmed to room temperature and stirred for about 15 hours.
EtOAc (200 mL) was added and the organic mixture was washed with water (3 x 50 mL)
and brine {50 mL). The organic layers were combined and dried with Na;SOs, filtered and
concentrated in vacuo. The crude product was purified using flash chromatography on an
ISCO 330 g Redi-Sep column using 0-35% EtOAc/hexanes as the eluent to provide

20  Compound Int-4b as a white solid (615 mg, 45%). 'H NMR (CDCls) § 7.40-7.30 (m, 5H),
6.00 (br s, 1H), 5.12 (s, 2H), 3.80-3.65 (m, 7H), 2.92 (m, 2H), 2.52-2.48 (m, 2H).

Step B — Synthesis of Intermediate Compound Int-4c
To a solution of Int-4b (2.43 g, 7.96 mmol) in methanol (160 mL) previously
25  purged with Ny was added (—)-1,2-Bis((25,55)-2,5-dimethylphospholano)ethane
(cyclooctadiene)rhodium(l) tetrafluoroborate (487 mg, 0.880 mmol) under N;. The mixture



20 di chl oronmet hane (60 m.), washed with saturated sodi um carbonate, dried
over sodium sul fate, and concentrated in vacuo to provi de Conpound I nt-9e
as an of fwahwtietigebid (3 g, -100%yield), which was use@Chiushaato2fiurt her
purification. Int-9f was prepared from
N-BOC-trans-fluoro-L-proline, (available fromAlfa) 25 using the nethod
descri bed above. |Int-9f Int-9g was prepared from

N- Boc- 4, 4-di fl uoro-L-proline, (A drich) using the nmethod descri bed above.
1N201 0. 7118 114 Br HN Int-9g I nt-9h was prepared from BOC- HYP- CH,
(avail able from Al drich) using the 5 nmethod descri bed above. 6TBS I nt-9h
Int-9i was prepared fromcomercially avail abl e BOC- 4- am no- pyrrolidi ne-2-
10 carboxylic acindoogzitthg t he net hod descri bed above. RH2 Int-9i

Int-9] was prepared fromcomercially avail abl e BOC-4-am no-pyrrolidine-2-
carboxylic acid using the nethod descnjbed above, with appropriate

functionalization with 15 nethyl chloroformate as in exanple 1.
was shaken in a Parr shaker apparatus for 18 hours at 50 psi of Hy. After evacuating the

lydrogen, the suspension was filtered and the filtrate was concentrated to provide

Compound Int-4¢ as a white solid (1.30 g, 53%). 'H NMR (CDCly) & 7.40-7.30 (m/, SH),

5.32 (brs, 1H), 5.12 (s, 2H), 4.40-4.30 (m, 1H), 4.00-3.95 (m, 2H), 3.75 (s, 3H), 3.40-3.25
5 (m,2H),2.10-1.95 (m, 1H), 1.50-1.45 (m, 4H).

Step C — Synthesis of Intermediate Compound Int-4d
To a suspension of 50% palladium on carbon (10% wet, 200 mg) in absolute ethanol

(20 mL) under nitrogen was added Int-dc (1.06 g, 3.45 mmol). With stirring, the solution

10 was placed under vacuum for 30 seconds and then was opened to a hydrogen gas balloon
for 2 hours. After evacuating the hydrogen, the suspension was filtered through a Celite pad
and the pad washed with ethanol (2 x 20 mL). The filtrate was concentrated to provide a
colorless oil (585 mg, 98%). 'H NMR (CDCly) § 4.06-3.96 (m, 2H), 3.73 (s, 3H), 3.48~
3.28 (m, 3H), 1.92-1.78 (m, 1H), 1.61-1.47 (m, 6H).

15 To a solution of the colorless oil (585 mg, 3.37 mmol) and triethylamine (0.710 mL,
5.09 mmol) in CH2Cl, (6 mL) was added methyl ch]ofoformate (0.290 mL, 3.76 mmol).
The reaction mixture was allowed to stir at room temperature for about 15 hours. Water (15
mL) was added and the aqueous mixture was extracted with CHxClz (3 » 20 mL). The
combined organic layers were dried over Na;SQOy, filtered and concentrated in vacuo. The

20  crude product was purified using flash chromatography on an ISCO 24 g Redi-Sep column
using 0-3% MeOH/CH;Cl; as the eluent to provide Compound Int-4d as a colorless oil
(600 mg, 77%). "H NMR (CDCls) § 5.27-5.18 (m, 1H), 4.38-4.28 (m, 1H), 4.06-3.96 (m,
2H), 3.75 (s, 3H), 3.69 (s, 3H), 3.39-3.30 (m, 2H), 2.09-1.94 (m, 1H), 1.59-1.48 (m, 4H).

25  Step D — Synthesis of Intermediate Compound Int-4e
To a solution of compound Int-4d (600 mg, 2.59 mmol) in THF (5 mL) was added

lithium hydroxide monohydrate (218 mg, 5.19 mmol) in water (5 mL). The reaction
mixture was allowed to stir at room temperature for 2 hours then concentrated to half
volume. The aqueous mixture was then acidified with 6N HCI and extracted with EtOAc (7

30 = 50mL). The combined organic layers were dried over Na;SOq, filtered and concentrated
to provide Compound Int-de as an off-white solid (485 mg, 86%). "H NMR (CD;0D) &
4.09-4.07 (m, 1H), 3.96-3.92 (m, 2H), 3.65 (s, 3H), 3.40-3.34 (m, 2H), 2.10-1.99 (m, 1H),
1.56—1.47 (m, 4H).



H3C01 FIN O Int- 9j

Ther .
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_ I nt-9k was prepared from 2S-car boxy pi peridi ne
(prepared according to nethod described in Gudasheva etal .,

J Med. Chem

I nt - 9k POTABRO MAS7IPT epar ed

from 2S- car boxy-4, 4-F piperidine (prepared according to the method

descri bed in Chi nese Patent No.

CN 101462999) .

10 above. | nt-9m

Int-99g was prepared fromcomercially available Int-90 using the nethod 15

descri bed above
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EXAMPLES.
Preparation of Intermediate Compound 5f
P(OXOCHg),
Boc H3CO. N,CBz r?loc ?oc
U H e
N °© (S,5-Me-BPE)- O
[ﬂj e Rh)*BF4- . .
NH HsCO. N,CBz HsCO i coe

° N e B H 4, (50 psi), MeOH \g/\ﬁ

\

! Int-5a Int-5b
t?oc '?‘c
N N
O 1. TFA O
1. Pd/C, Hp . JOL 2. AcCl Ao
— HaCO A e noo A
N™ "OCHs; ) N “OCH
2. CCO)OCH3 "J,AH 3. LiOH N s
Int-5d Int-5f

Step A — Synthesis of Intermediate Compound Int-2a

To a solution of methyl 2-(benzyloxycarbonylamino)-2-(dimethoxyphosphoryl)
acetate {1.50 g, 4.52 mmol) in THF (5 mL) at ~20 °C was added tetramethylguanidine (625
puL, 4.98 mmol). The reaction mixture was allowed to stir at ~20 °C for 1 hour then tert-
butyl 4-oxopiperidine-1-carboxylate was added (992 mg, 4.97 mmol) in THF (2 mL) and
the reaction mixture was warmed to room temperature and stirred for about 15 hours.
FtOAc (90 mL) was added and the organic mixture was washed with water (3 x 20 mL) and
brine (25 mL). The combined organic layers were dried over NaySOy, filtered and
concentrated in vacuo. The crude product was purified using flash chromatography on an
ISCO 40 g Redi-Sep column using 0-35% EtOAc/hexanes as the eluent to provide
Compound Int-5a as a white semi-solid (1.1 g, 61%). 'H NMR (CDCls) § 7.40-7.30 (m,
5H), 6.02 (br s, 1H), 5.12 (s, 2H), 3.80-3.40 (m, 7H), 2.90-2.80 (m, 2H), 2.45-2.35 (m,
2H), 1.45 (s, 9H).

Step B — Synthesis of Intermediate Compound Int-5b

To a solution of Int-5a (1.30 g, 3.21 minol) in methanol (90 mL) previously purged
with N was added (-)-1,2-Bis((2S,58)-2,5-dimethylphospholano)ethane
(cyclooctadiene)rhodium(]) tetrafluoroborate (197 mg, 0.354 mmol) under Na. The mixture



SiInt-9g nCPBA --)1... CH2A2r Nyoc I NN, H) vS* Int-9r 0 0O 20
Synthesis of Int-9r |1N2010.7118 116 Conmpound Int-9q (712 ng, 1.68
mrol ) waswoizesialied in DCM (17 nmL), solid nCPBA (839 ngpPCEB0ummwitl7 was
added and the reaction was stirred for about 15 hours at roomtenperature.
The reaction m xture was then diluted with DCM (150 nL) and quenched by the
addition of 1 N aq. sodiumbisulfate (40 nL). The organi c phase was 5
separated and then washed with saturated aqueous sodi um bi carbonate (2 x 60
m), brine (60 nmL), dried over anhydrous MySH4, filtered, and concentrated
i n vacuo. The resulting crude Int-9r was purified using silica gel

chromat ography (80 g Redi Sep(r) Si02 cartridge; 1-9% MeOH / Et OAc gradient)
to provi de Conpomndotimd - 9r (458 ngy, 60%vyield) as a yellow solid. 10

103

was shaken in a Parr shaker apparatus for 18 hours at 50 psi of Hy. After evacuating the

hydrogen, the suspension was filtered and the filtrate was concentrated to provide

Compound Int-5b as a colorless oil (1.00 g, 77%). 'H NMR (CDCl) 8 7.40-7.30 (m, 5H),

5.35-5.25 (m, 1H), 5.10 (s, 2H), 4.40-4.35 (m, 1H), 4.20-4.10 (m, 2H), 3.70 (s, 3H), 2.70~
5 2.55 (m, 2H), 2.00-1.90 (m, 1H), 1.65-1.40 (m, 11H), 1.30-1.20 (m, 2H).

Step C - Synthesis of Intermediate Compound Int-5¢
To a solution of 50% palladium on carbon (10% wet, 250 mg) in absolute ethanol
(20 mL) under nitrogen was added Int-5b (1.00 g, 2.46 mmol). With stirring, the solution
10 was placed under vacuum for 30 seconds and then was opened to a hydrogen gas balloon
for 2 hours. After evacuating the hydrogen, the suspension was filtered through a Celite pad
and the pad washed with ethanol (2 x 20 mL). The filtrate was concentrated to provide
Compound Int-5¢ as a colorless oil (670 mg, quant.). 'H NMR (CDCl3) 6 4.21-4.08 (m,
2H), 3.73 (s, 3H), 3.31 (d, J = 6.0 Hz, 1H), 2.75-2.57 (m, 2H), 1.84-1.70 (m, 1H), 1.68~
15 1.56 (m, 1H), 1.45 (s, 9H), 1.45-1.20 {(m, SH).

Step D — Synthesis of Intermediate Compound Int-5d
To a solution of compound Int-5¢ (670 mg, 2.46 mmol) and triethylamine (0.520
mL, 3.73 mmol) in CH,Cl, (10 mL) was added methyl chloroformate (0.210 mL, 2.72
20 mmol). The reaction mixture was allowed to stir at room temperature for about 15 hours.
Water (20 mL) was added and the aqueous mixture was extracted with CH,Cl; (2 % 15 mL).
The combined organic layers were dried over Na;SOy, filtered and concentrated ir vacuo.
The crude product was purified using flash chromatography on an ISCO 24 g Redi-Sep
column using 0-3% MeOH/CH,Cl as the eluent to provide Compound Int-5d as an off-
25  white solid (515 mg, 63%). "H NMR (CDCl) § 5.26-5.17 (m, 1H), 4.38-4.30 (m, 1H),
4.20-4.07 (m, 2H), 3.75 (s, 3H), 3.68 (s, 3H), 2.71-2.57 (m, 2H), 2.00~-1.85 (m, 1H), 1.87-
1.48 (m, 2H), 1.44 (s, 9H), 1.35-1.18 (m, 2H).

Step E — Synthesis of Intermediate Compound Int-5e

30 Compound Int-5d (300 mg, 0.908 mmol) was dissolved in a mixture of TFA (2 mL)
and CH,Cl, (10 mL) and the solution was allowed to stir at room temperature for 1 hour
before it was concentrated in vacuo to provide a solid. To this residue triethylamine (0.760
mL, 5.45 mmol) in CH,Cl; (10 mL) was added followed by acetic anhydride (0.086 mL,



Int-9s was prepared from (1R, 3S, 4S)- N BOC- 2- azabi cycl o[ 2. 2. 1] - hept ane- 3-
carboxylic acid using the nethod described above for the synthesis of
conpound wot208wr11242bnt - 9s 15Int-9t was prepared from 15 @C®fUS2011/027117
2(S)-azabicycl o[ 2. 2. 2] - oct ane- 2, 3-di carboxylic acid 2-tert-butyl ester
(comrercially available from Wixi Apptech Co) using the nethod descri bed
above for the synthesis of conpound Int-9r, to provide 10.1 g of Int-9t.
20l nt-9t 11\ 12010. 7118 117 To a solution of 2-acetyl-5-bronothi ophene
(10.0 g, 48.8 mmol) in anhydrous CH2C12 (120 inL) at room tenperature was
added bromne (7.79 g, 48.8 mmol). The resulting reaction was allowed to
stir at roomtenperature for 20 hours, then was concentrated in vacuo to
provi de I nt-10a agnanyzl |l ow solid (14.0 g, quant.), which was used 5w t hout
further purification. Step B - Synthesis of |nternediate Conpound Int-10b
Bos Br_o_acO O (s) O hit-10b 10To a sqjution of Int-10a (13.9 g, 48.8 mol)
and N-Boc-proline (22.1 g, 103 mmol) in anhydrous acetonitrile (250 nlL) at
room t enper at ur eo.9¥asmeld dedeedin nsopropyiived byt arpmicned@e Orappt 15101 mmol ). The
reacti on was al | e lentcehcestatet in akuol THO BrUdE BEHR@ WA bwifi@ ufm@Flasil6 hours, then Et OAc
(500 ni) and wat gf.. {300 0t 19680 £, RELedoandsd: b hyetscvene separated. The

organi ¢ sol ution was washed wiih.saturated, AQUeaus SRH Uhkps carbonat e
sol ution (500 m.f,
5 5.37-521 (m, 1H), 4.73-4.62 (m, 1H), 4.42-4.32 (m, 1H), 3.69 (5, 3H), 3.18 (s, 3H), 3.18—
3.00 (m, 1H), 3.07-2.95 (m ,1H), 2.55-2.41 (m, 1H), 2.07 (5, 3H), 1.78-1.49 (m, 3H), 1.38-
1.21 (m, 2H).

Step F — Synthesis of Intermediate Compound Int-5f

10 To a solution of compound Int-Se (247 mg, 2.59 mmol) in THF (3 mL) was added
lithium hydroxide monohydrate (77 mg, 1.83 mmol) in water (3 mL). The reaction mixture
was allowed to stir at room temperature for about 15 hours then concentrated to half
volume. The aqueous mixture was then acidified with 1N HC1 to pH 4 and extracted with
EtOAc (7 x 15 mL). The combined organics were dried over Na; SOy, filtered and

15  concentrated to provide Compound Int-5f as an off-white solid (106 mg, 45%). "H NMR
(CD30D) 6 5.52-5.43 (m, 1H), 4.71-4.62 (i, 1H), 4.44-4.31 (m, 1H), 3.91-3.81 (M, 1H),
3.70 (s, 3H), 3.12-2.99 (m, 1H), 2.58-2.46 (m, 1H), 2.10 (m, 4H), 1.86-1.54 (m, 2H), 1.50~
1.21 (m, 3H).

20 EXAMPLE 6

Preparation of Intermediate Compound Int-6f



15 dried over MgpSH, filtered and concentrated in vacuo to provide Int-10Db
(21.2 g, quant.), which was used wi thout further purification. Step C -
Synt hesi swof2oimtier2eedi at e Conpound | nt-10c Boc SN 20l nt PCOWS2011/027A17
suspension of Int-10b (11.7 g, 28.0 mml) and NH40Ac (43 g, 559 mmol) in
anhydr ous tol uene (200 nL) was heated to 100C and allowed to stir at this
tenperature for 12 hours. The reaction m xture was then cooled to room
tenperature, and Et 0Ac (500 nlL) and water (500 nL) were added. The | ayers
wer e separated and the aqueous |ayer was 25 extracted with Et0OAc (2 x 200
mL). The conbi ned organics were dried over MgSO4, filtered and concentrated
in vacuo and the resulting residue was purified using flash chronmat ography
on an | SCO 330 gmediHSep col um (10-80% Et OAc/ hexanes as eluent) to
provide Int-10c (6.18 g, 56 %. LRVs: (MtH)+ = 398.1, 400.1. 12010.7118

118 EXAMPLE 11 Prepargid on of |Internediate Conpound Int-I|I[f
Step A - Synthesis ofinternediate Conpound It-ha Me 5lt-ha To a

sol ution of 2-acetylthiazole (0.0 g, 78.6 nml) in anhydrgus MeOH (150 ni)
at room t enper at ur e ¥as adde fi met hyl Qrthofo(@hte .9, 488 mmol) and

heated to 50C and was al | owed*t o stir at tw¥s Teapera e for 12 hours.

Et OAc (600 nlL) was tien added and 10 thé*®esulting solwf]on was washed with
sat urat ed aqueous sodi um bi carbonate sol ution (600 nL)egQg brine (600 nL).
The organic | ayer wagrdried hvef*MyS@,o filt Band conmcentrated in vacuo
to provi de Conpoundelsmia (4l Yy, SOWFa whiftH was used without further
purification. 15 Step B - Synthesi s™fT'tt er mred’at e Conpound It-Jib M

friOve Br-S
H
LiOHH0 o Oo

H,0, THF RN
Boc

Int-6f

pt ol uenesul f oni c &@fdi@l4:%a§;;?ﬁ.7EﬁvﬁM'. he*g;ggﬁtiﬁ@?&gaction was

Step A — Synthesis of Intermediate Compound Int-6b

A stirred mixture of Int-6a (50.0 g, 0.412 mol), ethyl glyoxylate (81.5 mL, 50% in

5  toluene, 0.412 mol) and PPTS (0.50 g, 2.00 mmol) in benzene (600 mL) was heated to
reflux in a Dean-Stark apparatus until no further water (~8 mL) azeotroped from the
reaction (~ 4 h). The resulting mixture was concentrated in vacuo. The crude residue Int-
6b was used without purification: 'H NMR (300 MHz, CDCly) & 7.72 (s, 1H), 7.36-7.24
(m, 5H), 4.61 (q, J = 6.9 Hz, 1H), 4.35 (9, /= 7.2 Hz, 2H), 1.62 (d, J = 6.6 Hz, 3H), 1.34 (t,
10 J=72Hz, 3H).

Step B — Synthesis of Intermediate Compound Int-6¢
To a stirred solution of crude Int-6b in methylene chloride (600 mL) at —78 °C were
added the following in 10 minute intervals: TFA (31.0 mL, 0.416 mol), boron trifluoride
15  etherate (51.3 mL, 0.416 mol) and freshly distilled cyclopentadiene (32.7 g, 0.494 mol).
After less than 2 minutes the reaction forms a thick brown mass. After 6 hours at 78 °C
the reaction was allowed to slowly warm to room temperature for about 15 hours, at which
time the reaction had formed a dark brown solution. The reaction was quenched with
saturated aqueous NapCOs (~ 900 mL) and stirred for 30 minutes. The resultant solids were
20  removed by filiration through Celite®. The aqueous filtrate was extracted with methylene
chloride (3 % 100 mL). The combined extracts were washed with saturated aqueous NaCl
(2 % 75 mL), dried over Na;SQs, filtered and concentrated in vacuo. The crude product was

purified using flash column chromatography (silica; 8 x 18 cm) using 10% to 25% ethyl



Int-l1ib To a solution of It-ha (8.0 g, 46.2 mol) in anhydrous THF
(150 nm.) at -78C under nitrogen was added n-butyl lithium(23.1 n., 2.0 M
46. 2 rmMmow® 201240 m nutes. 20 The reaction m xture wagCalusowam21107 stir at
-78C for 45 mnutes, then a solution of carbon tetrabrom de (15.9 g, 48.0
mol ) in anhydrous THF (50 nlL) was added dropw se over 10 m nutes. The
cooling bath was renoved and the reaction m xture was then allowed to warm
to OCon its owmn. The reaction m xture was then quenched with saturated
ammoni um chl oride solution (50 nmL.). The reaction m xture was then dil uted
with water (150 nL) and 25 diethyl ether (150 nlL) and separated. The
organi ¢ phase was washed with brine (200 nlL), dried over MgSO4, filtered
and concentrat edmetiomacuo. The resulting residue was purified using flash
chr omat ogr aphy on an |1 SCO 330 g Redi -Sep col um (0-20% Et OAct hexanes as
eluent) to provide Conpound Int-lib (747 g, 65 %. 30 Step C - Synthesis
of Internedi ate Conpound Int-11c 1200.7118 119 -(1) Br4 ' Int-1 Ic To a
sol ution of | nt - hekthe/eifned theyelueR @ pBvidrmpb Jnt-forfl 08 1Ytk D GHICIYR (100 ) at
room t enper at ur e v aders 7BEA(@4nt.0o-s38 th, Wol408 (/270 ug k), 34The resul ting
reaction was 5 allayed & 0y S g, 2k s AN LEEREY B W £ 20k, i/ 1.8Qur s, and then
was concentrated n %%?*S?’” ;I'p&*jlga%&l qgg&g d’/i was taken up in diethyl
ether (300 nL) ahd™¥ b dqueEous Nd *solut I gh i;zi c()r7;f$<and separat ed. The
organi ¢ phase wa¥owadhEIMRCOPMFRERET) S 7Bt e Sefr i B E dPer 20804, filtered
and concent r at ed (@, HH)WATEOHL B870x; Ovh-8e, 2E0IGLITes- I Hat 1H), 286 ( BD.B37 g, 92%, which
was used W thout «fuy, bived, s P8y if ks akd @ 0= 6.410, B, ep @J-7.8yniHhesi @, of

I nternmedi ate Conpgund It-lid Br

10 Step C -Synthesis of Intermediate Compound Int-6d
A mixture of exo-Int-6¢ (15.8 g, 0.582 mol) and 10% Pd/C (4.07 g, 50% wet) ina
1:2 mixture of EtOH/EtOAc (150 mL) was shaken in a Parr hydrogenation apparatus under
an atmosphere of Hy (50 psi). After 23 hours the mixture was filtered through Celite® and
the filtrate concentrated in vacuo. 'H NMR analysis of the resulting residue (10.8 g)

15  showed some aromatic resonances present. Repetition of the hydrogenation procedure
using 10% Pd/C (2.0 g) afforded Int-6d (10.0 g, quant.) as a brown oil: lH NMR (300 MHz,
CDCls) 6 4.18 (q, J = 7.2 Hz, 3H), 3.54 (s, 1H), 3.32 (s, 1H), 2.62 (s, 1H), 2.23 (s, 1H),
1.64-1.39 (m, 5H), 1.31-1.20 (m, 4H).

20  Step D — Synthesis of Intermediate Compound Int-6e
To a stirred mixture of Int-6d (36.6 g, 0.236 mol) and saturated aqueous Na;CO;

(300 mL) in THF (600 mL) at 0 °C was added di-ters-butyl dicarbonate (59.0 g, 0.270 mol).
The reaction mixture was allowed to slowly warm to room temperature over 6 hours. After
68 hours the reaction mixture was diluted with EtOAc (250 mL) and water (250 mL). The

25  agueous layer was extracted with EtOAc (2 x 200 mL) and the combined extracts were
washed with saturated aqueous NaCl (2 x 75 mL), dried over N2;SOq, filtered and
concentrated in vacuo. The resulting residue was purified using flash column
chromatography (silica; 16 x 10 cm) using 10-20% ethy! acetate/hexanes as the eluent to
provide Compound Int-6e (49.0 g, 84%) as a pale yellow oil: "H NMR (300 MHz, CDCl3)

30 84.35 (s, 0.6H), 4.22-4.10 (m, 2.4H), 3.81 (s, 0.45H), 3.71 (s, 0.55H), 2.66 (s, 1H), 1.96—
1.90 (m, 1H), 1.76-1.50 (m, 3H), 1.55-1.45 (m, 5H), 1.39 (s, SH), 1.30-1.23 (m, 4H).

Step E — Synthesis of Intermediate Compound Int-6f



Int-1id To a solution of 2-acetyl-5-bronothiazole (5.63 g, 27.3 nmol) in
anhydrous CH2Cl12 15 (100 nL) at roomtenperature was added brom ne (4.39 g,
27.3 molwo 20he1eeacti on m xture was allowed to stir at Pcoarseei@fopanat ur e
for about 15 hours for 48 hours, then was concentrated in vacuo to provide
Compound It-lid as a yellow solid (8.63 g, quant.), which was used w thout
further purification. 20 Step E - Synthesis of Internediate Conpound Int-1
| e Bos Br _ krNOO" It-lie Conmpound It-lie was prepared from
conmpound It-lid using the nethod described in Exanple 3, Step B. 25 Step F
- Synthesis of Internediate Conpound It-1f 1N2010.7118 120 Boc SN Int-I1|f
Compound I nt-11f was prepared from conpound hit-lie using the nethod
described in Exampie718s Step C. LRVS: (M4-11)+ = 399.0, 401.0. 10 Step A -
Synt hesis of Internedi ate Conpound Int-12a To a sol ution of

5- br onot hi ophene- 2-carboxylic acid (7.6 g, 34.4 nmmol ) in anhydrous CH2Q 2

(270 nmL.) at room tenperature was added oxalyl chloride (3.80 nL, 44.5
To a stirred mixture of Int-6e (49.0 g, 0.182 mmol) in 1:1 THF/water (600 mL) was

added LiOH*H,0 (15.3 g, 0.364 mol). The reaction mixture was warmed to 60 °C for 47
hours, cooled to room temperature and concentrated in vacuo to remove excess THF. The
resulting residue was diluted with CH,Cl, (200 mL) then acidified with 2N HCI until pH ~
5 4. The aqueous layer was extracted with CH,Cl, (4 x 100 mL) and the combined exiracts
were washed with saturated aqueous NaCl (25 mL), dried over NaySOsq, filtered and
concentrated in vacuo to provide Compound Int-6f (41.2 g, 93%) as an off white solid: 'H
NMR (400 MHz, DMSO-d) 8 12.44 (s, 1H), 4.13 (s, 0.56H), 4.06 (3, 0.47H), 3.61 (d, J =
4.0 Hz, 1H), 2.59 (s, 1H), 1.75-1.45 (mn, 5H), 1.39 (s, 4H), 1.32 (s, SH), 1.23 (t, /= 8.4 Hz,
10 1H); Optical Rotation: [0]%5-169.0° (¢ = 1.1, CHCl3).

EXAMPLE 7

Preparation of Intermediate Compound Int-7d

15 Step A — Synthesis of Intermediate Compound Int-7b

Bog Oxalyl Chloride B 0
N

L}/\OH DMSO/Et;N (_I\L\:/IAH
Int-7a Int-7b
A 2 L, 3-necked round bottomed flask equipped with an overhead stirrer and a Ny

inlet was charged with a solution of oxalyl chloride (130 mL, 0.26 mol) in dichloromethane

20 (250 mL). The solution was cooled to -78 °C, and a solution of DMSO (20 mL, 0.28 mol)
in dichloromethane (30 mL) was added dropwise. After 30 minutes, a solution of (S)-IV-
Boc-prolinol (Int-7a, 40 g, 0.2 mol) in dichloromethane (200 mL) was added dropwise.
After 30 minutes, triethylamine (140 mL, 1.0 mol) was added to the solution, and the flask
was transferred to an ice/water bath and stirred for another 30 minutes. The reaction

25  mixture was diluted with dichloromethane (200 mL) and washed successively with HxO,
1M HC, saturated NaHCO3, and brine. The organic layer was dried over Na;SOq, filtered,
and concentrated to provide Compound Int-7b (40 g) as an oil, which was used without

further purification.



mmol ) dropw se. The resulting reaction was allowed to stir at room
tenperature for 1.5 hours, then heated to reflux and allowed to stir at
this tenpeoavuwrEa2f20r 1 hour. The reaction 15 m xture waPCrask@d/oen1T oom
tenperature, concentrated in vacuo, and the resulting residue was dissol ved
i n anhydrous acetonitrile (180 nL) and cooled to -15C

(TrimethylsilyHdi azonet hane solution in hexane (25.8 m., 2 M 51.6 nmol)
was added dropw se over 20 minutes and the resulting reaction was all owed
to stir at -15C for 1 hour. A hydrobrom de solution in acetic acid (7.2 L,
33 W% 41.6 mvol) was then added to the 20 cool ed reaction m xture

dropwi se and the resulting reaction was allowed to stir at -15 C for
additional 20 m mutiesus The reaction m xture was concentrated in vacuo and
the resulting residue was dissolved in ethyl acetate (300 nL) and washed
with water, saturated aqueous sodi um RQjcarbonate sol ution and brine (200 niL
each). The organic phase was dried over [N2010.7118 121 MySH, filtered
and concent r at edStpB ~Sadeo otlieerprioviae@dnrpound I nt-12a as a |light yellow
solid (6.5 g, 63%, which was used w tgout further purification. Step B -
Synt hesis of Internediate ;C?g nd Hz&rﬂi;LZcX Corrpound I nt-12c was

synt hesi zed from I nt-12a actonrdi t d yQescribed in Exanpl e 10,
Steps B and C. Int-1c2: LRVE (0 TH) o modl4. A3 LE 13 10Preparation of
I nt er redi at e Conpound Int-13d Step A - Synt heS| s of I nt ermedi at e Conpound
Int-13b 0 ¢) pH tol) c1,1(0,-"" "2) NH3, H20"CHz hit-13al nt-13b 15Et hyl
chl oroformate (12 rrLT°11¥25(8M‘FT)wl)|WnsaifB‘t}*s ptioRyff armpyqpia i MO prepaie drop-wise to a
cool ed sol ution (enb3) modf 7 ¥ ang@iMVEOR anfPro0 mEMeEHL BO5@n0l260 58 % Ammol ), TEA (7. 71
mL, 55.5 Mol )s TRBerh 68 Wdidibrd Ghe et FedbtionRSpeaiule Gk b@ogto . frer 20 m nutes at

-5C before saturalgd ruu%%ﬁu%\?ed%)rfom,@@s%gmmeﬂf;@m@@&lédtgwnwas al | oved to

stir at roomtenpe atur vol at.i | and t he

resul ting residu& Oﬁé’go%tmkme /"bwas addegﬁﬂﬁwlse 140 mr?ﬁ pex\%(feuflﬁ:ml}}}/i i ssol ved white
preci pitate was fiineed @ﬁ“%fe’l‘“’e&ﬁﬁ inprpaped 86‘”%6‘{ ﬁ E’F GRS The or gani ¢
| ayers were dri edbrdwels iNs2S00 tappapiisohre Bipveacten @ﬂmﬁeﬁaswﬁeef@te‘%'b provi de the
desired produat (a:d.afl ihe rastingfedfidueus 4déd disibrophius1 L@l wakr OF ht -TA3b) . M5 ( ESI)
ne ( M+1-1 1) : 24%rganic layer was separated, washed water (0.25 L), dried over MgSOQ,, filtered and

concentrated in vacuo. The residue obtained was slurried with hot ethyl acetate (100 mL)

and hexanes (100 mL) and the slurry was allowed to cool to room temperature. The cooled

slurry was then filtered and the collected solid was washed with 30% ethyl acetate/hexanes,

15 then dried under vacuum to provide Compound Int-7c¢ (66.2g, 70% yield). 'H NMR
(DMSO) &: 11.68/11.59 (br s, 1H), 6.94 (s, 1H), 6.76 (s, LH), 4.76 (m, 1H), 3.48 (m, 1H),
3.35-3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H).

Step C — Synthesis of Intermediate Compound Int-7d

h/zft;»{; 7 NBS a/ \/{\lj

20 int-7¢ Int-7d
N-Bromo succinimide (838.4 mg, 4.71 mmol) was added in portions over 15
minutes to a cooled (ice/water) CH,Cl, (20 mL) solution of Int-7c¢ (1.06 g, 4.50 mmol).
The reaction mixture was allowed to stir for 75 minutes and concenirated in vacuo to an oil.
The crude product was purified using silica-gel RPLC (Acetonitrile/ water/ 0.1% TFA) to
25  separate the mono bromide from its dibromo analog (over bromination) and the starting

material. The RPLC elute was neutralized with excess NH3/MeOH, and the volatile



Step B - Synthesis of Internediate Conpound Int-13c 25 GozLawessen's
reagent Cbz ?N1,S NH2NH2 Int-13blnt-13c | N2010.7118 122 Lawesson's
reagent (We.2011¢112429. 9 mmol ) was added to a stirred sl urpgTafS2ethe2ant de
Int-1313 (18 g, 72.6 mml) in PhMe (200 ni) at roomtenperature. The
reaction m xture was heated to 100C for 3 hours before the sol vent was
renmoved. The resulting residue was purified using flash chromatography on
silica gel (DCM MeOH=1:0-20:1) to provide 5 Conmpound Int-13c (18 g). M
(ESI') infe (Mrll+): 265. Step C - Synthesis of Internmedi ate Conpound
Int-13d pbzethanol reflux Br NH2BrCs) Int-13clnt-13d 10A m xture of
hit-13c (10.0 g, 37.8 mmol) and the bronpacet ophenone (10.0 g, 35.9 mol)
in EtOH (100 nL) meas7iheat ed at 90C for 3 hours. The reaction m xture was
cool ed and concentrated in vacuo, and the resulting residue was purified
using flash chromat ography on silica gg) to provide Conpound Int-13d (11
g). M5 (ESI) mle (MtH+): 444. 20 :

component was removed in vacuo. The resulting residue was partitioned between CH,Cl,

and water, and the aqueous layer was extracted with water. The combined organic phase

was dried (MgSO4), filtered, and concentrated to provide Compound Int-7d as a white solid

(374 mg). "H NMR (DMSO0) &: 12.12 (br s, 1H), 7.10 (m, 1H), 4.70 (m, 1H), 3.31 (m, 1H;

5  overlapped with water signal), 2.25-1.73 (m, 4H), 1.39/1.17 (s, 3.8H + 5.2H).

Alternative Synthesis of Int-7d

Step D — Synthesis of Intermediate Compound Int-7e

D e
Qj N e (_T/(N Br
Int-7b Int-7e

10 To a suspension of Int-7b (140 g, 0.59 mol) in THF (2000 mL) was added N~
bromosuccinimide (200 g, 1.1 mol). The mixture was allowed to stir at room temperature
under N; gas for about 15 hours. The solvent was then removed in vacuo, and the resulting
residue was purified using silica-gel chromatography (ethyl acetate eluent) to provide 230 g
of Compound Int-7e. MS (ESI) m/e (M+H"): 396.

15
Step E — Synthesis of Intermediate Compound Int-7d

Br
N

N
Int-Te int-7d
To a suspension of nt-7e (230 g, 0.58 mol) in EtOH/H,0 (1:1 ratio, 3000 mL) was

20  added NaySOs (733 g, 5.8 mol). The resulting mixture was allowed to stir at mild reflux for
about 15 hours. After cooling to room temperature, the mixture was extracted with
dichloromethane twice and the combined organic layers were concentrated under vacuum to
a semi-solid. The resulting residue was purified using chromatography on silica gel to
provide Compound Int-7d. MS (ESI) m/e (M+H"): 317.

25



A sol ution of compound Int-9e (1.0 g, 3.42 nrnol), conpound Int-14a (0.95
g, 4.54 mol ), HATU (1.3g, 3.42 mol ), and DMF (10 nL) was allowed to stir
at room twoperiaties2e f or about 15 hours. The sol uti on wagCrhspoidiokutezd with
et hyl acetate (100 nlL), washed with brine (3 X 40 nlL), dried over sodium
sul fate, and concentrated in vacuo. The 25 resulting residue was purified
using an 80 g silica gel colum/ Conbi-Flash system (0-5% net hanol in

di chl oronet hane) to provi de Conpound Int-14b as a gel (1.12g, 68% . EXAVPLE
15 Preparation of Internmedi ate Conpound Int-15c |N2010.7118 123 To a
solution of compound Int-7d (0.5 g, 1.58 nmmol) in DME (15 nL) at room5
tenperature under N2 was added PdCl2(dppf)2 (258 ng, 0.30 mmol). The
reaction m xturemams7iat | owed to stir at 100C for 5 mnutes, then a solution
of conpound Int-15b (592 ny, 3.16 nmol) and K2CO3 (654 ng, 4.74 mmol ) in 15
mL H20 was added to the reaction mxtyfge in 3 portions over 10 m nutes. The
resulting reaction was allowed to stir for an additional 30 minutes, after
whi ch time thin- Seyersynabrsoffedegrapyoeiialfysi s i ndi cated 10 consunption of
conpound Int-7a. The reaction saas allowed toss{ir for an additional 30

m nutes, then was concentraqfﬁqfn:vanugrqaqg>uﬁ "resulting residue was
taken up in 150 nL ethyl ace sThe organﬂgcﬁ se was separated, washed
with water (50 mL), brine and QQged over sodil ym sulfate. After filtration,

the organic | ayer co I N Vi ting residue was
purified using fla\é\ﬁé %'39(%é %%nmm? @ﬁgg SQQH}&E& g? i t OAc/ Hexane) to

provi de 600 ng of“"éf‘agrﬁﬁ‘ts‘lfmﬁas oAl 5E ?%"“8‘?0‘}/ &P’?W“e% 51 Y 7 ng). HPLC (C18
col um Geni ni 5uwﬂ@ﬁaﬂd@wawsa*}med%stlrﬁ‘orczf’@mfes ¥EABVS: |v| T+ = 379 EXAMPLE 16
Preparati on of | mcexibesheati@inide (ool dd mimal) w6 gided at— 78 °C and the reaction

mixture was allowed to warm slowly to room temperature again. The reaction was
quenched with ag. NH4Cl then partitioned between water and EA. The organic layer was
dried over Na,SO, and concentrated in vacuo. The resulting residue was purified using flash

10 column chromatography (Gradient of EtOAc:petroleum ether from 0-20% EtOAc) to
provide Compound Int-7f. (63 % yield). MS (ESI) m/z (M+H)": 464,466. YENMR =-
151.8 ppm

EXAMPLE 8
15 Preparation of Intermediate Compound Int-8g

Step A ~ Synthesis of Intermediate Compound Int-8b

sz
\—{ N\@.<= Ne
CH,N, SN

Int-8a Int-8b
To a solution of compound CBz-proline (50 g, 0.2 mol) in THF (500 mL) and Et;N

20 (20 mL) was added dropwise isopropyl chloroformate (25 g, 0.22 mol) at ice water bath.
Then the resulting solution was allowed to warm to room temperature and stirred for 1h.
Then a solution of CH,N; (0.22 mol) in ether was added slowly until no N; gas evolution
was noted. Acetic acid (4 mL) was added and the reaction mixture was allowed to stir for 10
minutes. NaHCOjs solution was then added and the reaction mixture extracted three times

25  with ethyl acetate. The organic layers were combined, dried over Na,;SO4, and concentrated
to provide crude product. The crude product was then purified using column
chromatography on silica gel (Pet Ether: E.Acetate = 3:1) to provide Compound Int-8b (38
g, 70% yield).



I nt - 9el nt - 16al nt - 16b Conpound hit-9e (4.2g, 12.24 mmol),

bi s(pi nacol at 0) di boron (Conpound Int-16a, 6.5g, 25.6 mml), Pd(PPh3)4
(0.563g, wWo491mmred2p, potassium acetate (3.1 g, 31.58 nmmpCr/uR301a/007117

1, 4-di oxane (100 nm) were added to a 350 nL pressure vessel. The resulting
m xture was degassed and allowed to stir at 80 C for 20 hours. The reaction
m xture was then cooled to roomtenperature and filtered. The filtrate was
concentrated in vacuo and the [N2010.7118 124 resi due obtai ned was
purified using flash colum chromatography on silica gel (0-2% nethanol in
di chl oronet hane) to provide Conpound Int-16b as a white wax (2.5 g, 46.5%.
EXAMPLE 16a 5Preparation of Internediate Conpound Int-16¢c |Int-9glnt-16c¢c
Conpound Int-9g @Boi@7igs 13. 31 nmol ), bi s(pinacol at on)di boron (6.8 g, 26.78
mol ), Pd(PPh3)4 (0.76 g, 0.66 nmol), potassium acetate (2.0 g, 20.37 mmol)
and 1,4- 10 dioxane were added to a 5Q¢ nL flask. The resulting suspension
was degassed and allowed to stir at 80 C for about 15 hours. The reaction
m xture was then cooled to roomtenperature and filtered. The filtrate was
concentrated in YaoUQyaad otiendies capendabsai ned was purified using a 220 g

| SCO silica colum on Conbi-Flash Rf with elution of 0-4% nmethanol in

di chl oronet hane to provi de Cogpound Int-16c g8 a wax (5.4 g, 85%. 15

I nt-16d, Int-16e, Int-16f an ’In._@ﬁgfﬁﬁre epered from Int-9h, Int-9f,
Int-9s and Int-9t, respectiVely\using the[Eéngg descri bed above. B 0 Cyoc
(RPF Int-16e ©

Int-8b Int-8¢

To a solution of Int-8b (38 g, 0.14 mol) in acetic acid (20 mL) was added dropwise
an aqueous HBr solution (11.2 g, 0.14 mol). After 10min, the mixture was poured into an
aqueous NaHCOj solution and extracted three times with ethyl acetate. The combined
organic layérs were washed with brine, water, dried over Na;SO, and concentrated in vacuo

10 to provide Compound Int-8c (30 g, 68% yield).

Step C — Synthesis of Intermediate Compound Int-8e
bz
foz HaN  NH K,CO. ’
[ 2! 2 3 N
EN \_(Bl‘ + \Hr ACOH E\}——@
N o) H
int-8c Int-8d Int-8e

15 To a solution of Int-8¢ (10 g, 32 mmol) and compound Int-8d (8.4 g, 64 mmol) in
DMF (70 mL) was added K2CO; (18 g, 126 mmol). The mixture was allowed to stir at 100
°C in a sealed tube for about 15 hours. The solvent was removed and the resulting residue
was purified using column chromatography on silica gel (DCM: MeOH = 20:1) to provide
Compound Int-8e. (6 g, 59% yield).

20
Step D — Synthesis of Intermediate Compound Ins-8f

’Cbz ,Cbz
EM-CI
= ——
\‘ N \‘ h{
H SEM

Int-8e : Int-8f
To a solution Int-8e (4 g, 14.7 mmol) in THF (40 mL) was added NaH (6.6 g, 60 %
content, 16.17 mmol) at 0 °C. The mixture was allowed to stir at room temperature for 30
25  minutes and then cooled to 0 °C, and SEM-C1 (2.4 g, 14.7 mmol) added dropwise. The



)0_, B EXAMPLE 17 Preparation of Internediate Conpound Int-17 [N2010.71 18
125 Step A - Synthesis of Internediate Conpound It-17a Int-17a A m xture
of 6- bromwo2enapkizhoi c acid (80,3 g, 319 mml ), di phenylPphamspdionyiild azi de
(71 mL, 352 nranol) and triethylamne (50 nL, 358 mmol) in tert-butanol
(400 nL) was heated to reflux and allowed to stir at this tenperature for
15 hours. The reaction m xture was then cooled to roomtenperature and
poured over saturated aqueous NaHCO3 sol ution (600 nL) and stirred
vigorously for 30 m nutes. The resulting suspension was filtered, washed
with water (200 nL) and dried in vacuo at 65 C. The resulting white solid
10 was suspended in MeOH (500 nL) and cooled to -78 C, then HCl gas was
bubbl ed into themrmtwse until saturated. The reaction mxture was then
allowed to stir at roomtenperature for 15 hours, after which tinme the
resulting solids were collected by fili{yation, then washed with ice-cold
MeOH (100 m.) to provide Conpound Int-17a as an off-white solid (74.8 g,
91%), which was us®ide wikttrdrauidliofedtosting P “qer2 hdujs Tt splesat. wed reRRUEOMSO- d6) S
10.5-10.0 (br s, valxﬁakﬂd,the&sﬁmggrésﬂuewﬂﬂ)nﬁed%si%olérﬂ,chr&ﬂtc&p&'dﬂﬂuca g&H), 7.92 (d, J=
9.0 Hz, 1H), 7. 8ﬂ)cgv§MeO’H_=DZO:I)Z)'pl@gqe%o%uném-ﬁ;kﬂ, 34_‘77)&&1@' 7.51 (m 1H). LRWVE
(M2H) + = 223. Step B - Synthesis of Internediate Conpound It-17b

5  Step E - Synthesis of Intermediate Compound Int-8g

’\bez prz
N i N
n-Buli \_<\
L0 e (L
N NBS Y CBr
SEM SEM
Int-8f Int-8g

To a solution of Int-8f (2 g, 5 mmol) in THF (20 mL) was added dropwise n-BuLi

(2.5 mL, 6.3 mmol) at -78 °C (bath) under N, protection. The resulting solution was allowed
10  to stir at this temperature for 30 minutes, then a solution of NBS (0.89 g, 5 mmol) in THF

(10 mL) was added dropwise at -78 °C. The mixture was allowed to stir at -78 °C for 1 hour

and then aqueous NH,Cl solution was added. The organic layer was separated and

concentrated in vacuo off to provide a crude residue, which was purified using column

chromatography on silica gel (pet. ether;EtOAc =3:1 as the eluent) to provide Int-8g (400
15  mg, 16.5% yield).

EXAMPLE 9

Preparation of Intermediate Compound Int-9e

Br
oc
Br Heoc

Int-9a Int-9b Int-9¢
BOC /N H
— —— Br
a m
Br N S N
H
Int-9d Int-9e

20
Step A — Synthesis of Intermediate Compound Int-9¢
A mixture of compound Int-9a (50.0g, 179.9 mmol), compound Int-9b (43.0 g,
199.8 mmot), and triethylamine (30 mL, 215.5 mmol) in DMF (100 mL) was allowed to stir



20Jut -17adut-17b To a solution of Conpound Int-17a (74.8 g, 289
nunol) and triethylamne (120 nL, 860 nrnol) in CH2C12 (500 nL) at 0 C was
added acewvpcoanhyapi de (27.5 nL, 292 mmol ). The resul ti RgTASACMOZTI1ITAS
warnmed to roomtenperature and allowed to stir at this tenperature for 1.5
hours. The reaction mxture was filtered and the filtrate concentrated in
25 vacuo. The resulting residue was triturated with hexanes (500 ni) and
the resulting solids were filtered, washed with hexanes (100 niL) and dried
in vacuo at 55 C for 1 hour to provide Conpound Int-17b as an off-white
solid (60.6 g, 79%, which was used without further purification. Il NWR
(DVSO-d6) 5 10.1 (s, 1H), 8.30 (s, 1H), 8.09 (s, 1H), 7.85- 7.76 (m 2H),
7.62-7.53 (in, 2kpeo2140 (s, 3H. LRVS: (MrH) + = 265. 30 1N2010.7118 126
Step C - Synthesis of Internediate Conpound Int-17c Int 17blnt-17c To a
solution of Conpound Int-17b (60.6 g, ;229 nmol) and acetic anhydride (120 5
m.) in acetic acid (500 nL) at 0 C was added a solution of fumng nitric
acid (36 nl) in Acehicpeardicthr {344 days) Eigt o (@embwarthePadipdaths, The resul ting
reaction was war pRgonlkntQQie tMRabiRlobl: £ wakalwisgbiid 3ed oohig@ianel y at this

tenperature fpl’ lslo'dém Qﬁa{{er a con-[gﬁqteﬁ ﬁ%goit%vﬂé éSLlH)(u@ Iﬂ@@csasi Herlh‘é‘éi @ij and t he
coll ected solids were va ed w then recrystallized from

e _was th water (100 mi),

EtOH (1.4 L) to Brovide %‘r%*b%a&‘ﬁfa’wl“*\g’?‘- ég“gg“tan of f-white solid (58.5 g,
83%, 10 which’was used without further purification. NMR (DMSO d6) 6 8.95
(br s, 1H), 8. 46 StuB - ShhesisQf [@erptpiare YqfpondBni@dd (s, 1H), 7.92-7.87 (m 2H),
7.72-7.67 (m | H), Gm3@nd16t9c 34D crude, ~48% Dhnpl, andmbaibmndcetdle(29.0 8, 2566 To a sol uti on of
Conpound | nt - 17¢ ;916 and o-Bylencl( @9 mDIHRAe Jaada b aVRGH pebDveddd. ) ToVRSIgdded 6 N HCL (150

mi) and the resul ting rGAEH) QM e 183159 theocked wSoRRelpdhl-qued to stir at
for 6 t hen

hi ) . |
Xt ur o hes {1 ¢ aPeiaHA TR eI Bep R By g ST RETRERA' LT, TP RS0
m.) and dried in wigshed iyish saiprategsodium carbonate solution, dried over sodium sulfate, and
concentrated in vacuo. The resulting residue was purified using a 330 g ISCO silica
column/Combi-Flash system (20-50% ethyl acetate in hexanes) to provide Compound Int-
9d as an orange solid (15.5 g, 81% yield).
15 ‘
Step C — Synthesis of Intermediate Compound Int-9e
A solution of compound Int-9d (4.0 g, 10.2 mmo}), trifluoroacetic acid (10 mL,
130.6 mmol), and dichloromethane (10 mL) was allowed to stir at room temperature for
about 15 hours, then was concentrated in vacuo. The resulting residue was taken up in
20  dichloromethane (60 mL), washed with saturated sodium carbonate, dried over sodium
sulfate, and concentrated in vacuo to provide Compound Int-9e as an off-white solid (3 g,

~100% yield), which was used without further purification.

Int-9f was prepared from N-BOC-trans-fluoro-L-proline, (available from Alfa)
25  using the method described above.

N
N N
H

(R

F
Int-9f
Int-9g was prepared from N-Boc-4,4-difluoro-L-proline, (Aldrich) using the method

described above.



20 Cfor 2 hours to provide Conpound Int-17d as a yellow solid (47.9 g,
95% , which was used wi thout further purification. 1HNVR (DVBO d6) 6 8.45
(d, J= 9.woha11/1i#29 8.09- 8.00 (m 3H), 7.84 (d, J= 9. 6PHT/US2H)L/027A173- 7. 67
(m 1H), 7.21 (d, J= 9.6 Hz, 1H), 3.33 (br s, 1H). |1N2010.7118 127 To
a solution of Conpound Int-17d (47.9 g, 179 mmol ) and ammoni um chl ori de
(14.4 g, 269 mmol) in water (100 nL) and THF (250 nlL) was added iron powder
(50 g, 895 mmmol ). The resulting reaction was heated to 60C and allowed to
stir vigorously at this tenperature for 3 hours, then cooled to room
tenperature, The reaction mxture was 5 filtered through a Celita pad and
rinsed with MeOH until the Celite was colorless. The conbined filtrate and
ri nsings were copeenvnated in vacua and the resulting residue was purified
imedi ately on a silica gel plug (17 cmL>< 14 cmW eluting with 1%

MeOH CH2C12 (7 L) to provide Conpound,|nt-17e as a brown solid (40.5 g,

95% . Ili NVR (DMBO-d6) 5 7.85-7.79 (m 2H), 7.32-7.29 (m 1H), 7.03-6.96
(m 2H), 4.86 (br s, 10 4H). LRNﬁ;igkﬁg?F 28%38. Step F - Synthesis of

| nt er nedi at e Conpound It-17f Boc N 9so Br Int 17elnt-17f 15To a
solution of Conpound Int-17e (40.5 g, 17X ), N-Boc-proline (45.0 g, 209

nmol ) and dii sopropyl ethylamne (90 nL, 5%/Fmmol) in anhydrous DMF (1 L) at
0 C was added HATU (78 g, 205 nmmol ). fhg resulting reaction was warmed to
roomtenperature then allowed to stir at this tenperature for 9 hours.
Water (1.5 L) was added to the reaction m xture and the resulting solution
was extracted with Mrith wespregared from BOCHH, (vaigHi 1849 SPY%ni ¢ extracts were
washed wi t h bri neetfiod degeriied pbpve. dri ed over Na2SO4, filtered and concentrated

in vacuo. The resulting residue i |l ved in MeOH (75 nmL) and water
(1.5 L) was added. The resulting h r Y5 mi xture was allowed to stir
vigorously for 2 hours, then filtered, T ilter cake was washed with

water (1 L) and dried in vacuo at 55 C to‘gfgvide Compound I nt-17f as an

of f-white solid (66.5 g, 90%, which was used

Int-9i was prepared from commercially available BOC-4-amino-pyrrolidine-2-
10 carboxylic acid using the method described above.

o %BOC

N

NH,
Int-9i
Int-9j was prepared from commercially available BOC-4-amino-pyrrolidine-2-
carboxylic acid using the method described above, with appropriate functionalization with

15 methyl chloroformate as in example 1.
7
m"<:>“<tﬁz;;oc
HN N

H3;CO._NH
T
Int-9j
Int-9k was prepared from 2S-carboxy piperidine (prepared according to method
described in Gudasheva et al., J. Med. Chem Ther. 1996, 31, 151).

20



25 without further purification. 111 NVR (DMSO d6) 69.45-9.42 (m 1H),
8.12-8.09 (m 1H), 8.00 (s, 1H), 7.52-7.47 (m 1H), 7.36-7.33 (m 1H),
7.19-7. 08WVOrep1111H24295. 58 (s, 1H), 5.45 (s, 1H), 4. 35-4.2PCrmS2011i6)7117
3.45-3.31 (m 2H), 2.33-2.13 (m 1H), 2.0-1.75 (m 3H), 1.46- 1.38 (m 9H).
30 Step G- Synthesis ofinternmedi ate Conpound It-17 12010.718 128 Int

17f I nt-17 A sol ution of Conmpound Int-17f (66.5 g, 153 nmol) and
Acetic acid (500 nL) was heated to 60 C and allowed to stir at this
tenperature for 1 hour. The reaction m xture was 5 cooled to room
tenperature, water (1 L) was added and the m xture was adjusted to pH 8
using solid sodium carbonate. The aqueous m xture was extracted with CH2Cl12
(2)< 1 L) and theneomis ned organic extracts were dried over Na2SO4,
filtered and concentrated in vacuo to provide Conpound Int-17 as a crude
brown solid (63.7 g, quant.), which wgg used without further purification.
111 NWR (DVMSO-d6) 5 13.0-12.5 (m 1H), 8.34 (d, J= 9.0 Hz, 101H), 8.25-8.23

(m 1H), 7.78-7.60 (m 3H), 5.11:4 1k, 3.70-3.56 (m 1H), 3.51-
3.39 (m 1H), 2.45-2.24 (m |IH), 2. Nm 3H), 1.49-0.95 (m 9H).
LRVS: (MH) + =- 416. Corrpound | n&- J7g was prepared from

N-BOC-trans-fluoro-L-proline, using the, 15 rret hod described above. Int-17g

Conmpound I nt-17h was epared from N roI i ne, using the
20 met hod descri bed lag" prep‘"“Fdrff"mfsi??’b@ES 88’!"?8‘1"]6 t“"""’ié;amr n§ppr epared from

BOC- HYP- OH, usi neethod desoitstl i Sbinegr@aent Yop @ 0#82%%hove.

5
s Y} poc
HNJC?
F

F
Int-91

Int-9m was prepared from 2S-carboxy morpholine, using the method described

10  above.
s ) soc
HN’%?i7

O
Int-9m

Int-9q was prepared from commercially available Int-90 using the method
15  described above

Boc gy

Hozc\[& :___....._.,B' Br—@—’f_o;z":> NH,OAc
d g

) EtzN, DMF xylenes, 120 °C
Int-90 int-2p

Boc mCPBA o C /\
O : J\( j CHClp ’Hi
Int-9q Int-9r

20  Synthesis of Int-9r



1N2010. 71 18 129 Int-17i 5Conpound Int-17j was prepared from L-pipecolic
acid, using the nethod described above. Int-17j Conmpound 1 n117k
was prepawedofwiam22S- car boxy norphol i ne, using the net hedTiG2deseTiibed
above. Int-17k Compound Int-171 was prepared from (1R, 3S,

48) - N- BOC- 2- azabi cycl o[ 2. 2. 1] - hept ane- 3- carboxylic acid, using the method
descri bed above. BOCi N 15 Int-171 Compound Int-17m was prepared from
2(8)-azabicyclo[ 2. 2. 2] -octane- 2, 3- dicarboxylic acid 2-tert-butyl ester,
using the method descri bed above. [N2010.71 18 130

IN2010.7118

116

Compound Int-9q (712 mg, 1.68 mmol) was dissolved in DCM (17 mL), solid
mCPBA (839 mg, 8.39 mmol) was added and the reaction was stirred for about 15 hours at
room temperature. The reaction mixture was then diluted with DCM (150 mL) and
quenched by the addition of 1 N aq. sodium bisulfate (40 mL). The organic phase was

5  separated and then washed with saturated aqueous sodium bicarbonate (2 x 60 mL), brine
(60 mL), dried over anhydrous MgSOs, filtered, and concentrated in vacuo. The resulting
crude Int-9x was purified using silica gel chromatography (80 g RediSep® Si0; cartridge;
1-9% MeOH / EtOAc gradient) to provide Compound Int-9r (458 mg, 60% yield) as a
yellow solid.

10
Int-9s was prepared from (1R,38,48)-N-BOC-2-azabicyclo[2.2.1]-heptane-3-

carboxylic acid using the method described above for the synthesis of compound Int-9r.
Br-@‘(/\ P BOC

e

Int-9s
15 Int-9t was prepared from 15 g of 2(S)-azabicyclo[2.2.2]-octane-2,3-dicarboxylic
acid 2-tert-butyl ester (commercially available from Wuxi Apptech Co) using the method
described above for the synthesis of compound Int-9r, to provide 10.1 g of Int-9t.

A L] e

HN N

20 Int-9t
EXAMPLE 10

Preparation of Intermediate Compound Int-10c

Step A - Synthesis of Intermediate Compound Int-10a

O
oL D4
S Br

Int-10a

23



I nt-17m Exanpl e 18 5Preparation of Intermedi ate Conpound Int-18 To a
sol ution of Conpound Int-17 (21 g, 50.4 mmol ), bis(pinnolato)diboron (14.1
10 g, 55.wormulin2ead KOAc (7.5 g, 76.4 mol) in 1, 4-di oramase@a@/onit)7 was
added a prem xed solution of Pd(dba)2 (1.16 g, 2.01 mmol) and
tricycl ohexyl phosphine (1.14 g, 4.06 nml) in 1, 4-dioxane (10 nL). The
resulting reaction was heated to 100C and allowed to stir at this
tenperature for 4 hours, then cooled to roomtenperature. The reaction

m xture was filtered through Celite, and the Celite was rinsed with CH2Cl12
(100 m.) and the combined 15filtrate and washi ng was concentrated in vacuo.
The resulting residue was purified using flash chromatography on an | SCO
330 g Redi-Sep cohuomigising a gradient of 0-70% Et OAc/ hexanes as el uent to
provi de Conmpound Int-18 as a yellow solid (19 g, 82%. 111 NVR (DVSO d6) 8
13.0-12.5 (m 1H), 8.40-8.36 (m 2H), ,/;84-7.63 (m 3H), 5.13-4.93 (m
111), 3.73-3.57 (m 1H), 3.51-3.41 (m 1H), 2.44-2.25 (m 1H), 2.18-1.95
(m 3H), 20 1.40-1. OR agditionRfi3-4petyl-5-bviSthiofhivte HIp.4-¢, 48.808up]) inENYMA E 19 Preparati on
of Internediate CoRRALKL) iRbn tOGmnut MRQHQ L ERAA7 b Lsk Aiell & To a sol ution of
50% pal | adi um Onreﬁlﬂiﬁ&%@tio‘\;ag%)omto’sﬁrgécgmmgerawf@m%%egw%t hanol 5 (100 m—)

under nitr ogen agoqgr?n%gdei; %&uo Y(\)%x%vh%(?nqg(g asSa-yglm;r DRq (@4-.0%5 thlng%lcmals Ls@ie ( 5.00 g, 26.4

5  without further purification.

Step B - Synthesis of Intermediate Compound Int-10b
Bo

C
Brﬂ—«c_oy(—s){\lj
s o]
Int-10b

10 To a solution of Int-10a (13.9 g, 48.8 mmol) and N-Boc-proline (22.1 g, 103 mmol)

in anhydrous acetonitrile (250 mL) at room temperature was added diisopropylethylamine

(18.0 mL, 101 mmol). The reaction was allowed to stir at room temperature for 16 hours,

then EtOAc (500 mL) and water (500 mL) were added and the layers were separated. The
organic solution was washed with saturated aqueous sodium bicarbonate solution (500 mL),

15 dried over MgSOy, filtered and concentrated /n vacuo to provide Int-10b (21.2 g, quant.),

which was used without further purification.

Step C - Synthesis of Intermediate Compound Int-10c

Boc
Br—@_'(/': M
H

20 Int-10c
A suspension of Int-10b (11.7 g, 28.0 mmol) and NH4OAc (43 g, 559 mmol) in

anhydrous toluene (200 mL) was heated to 100°C and allowed to stir at this temperature for
12 hours. The reaction mixture was then cooled to room temperature, and EtOAc (500 mL)
and water (500 mL) were added. The layers were separated and the aqueous layer was

25  extracted with EtOAc (2 x 200 mL). The combined organics were dried over MgSOq,
filtered and concentrated in vacuo and the resulting residue was purified using flash
chromatography on an ISCO 330 g Redi-Sep column (10-80% EtOAc/hexanes as eluent) to
provide Int-10c¢ (6.18 g, 56 %). LRMS: (M+H)" = 398.1, 400.1.



mml ). Wth stirring, the solution was placed in vacua for 30 seconds and
then was put under H2 at nosphere using a hydrogen gas-filled balloon. The
reacti on wiexoaliiowwed to stir for 2 hours, then the reacPCoUSkélamk7IWas
evacuated in vacua and pl aced under nitrogen atnosphere. The reaction

m xture was then sonicated for 10 m nutes and nethanol (50 nL) 10 was
added. The resulting solution was then placed under H2 at nosphere again and
allowed to stir for 2 hours. After evacuating the flask of hydrogen, the
reaction mxture was filtered through a Celite pad and the pad was washed
wi th nethanol (2 x 200 nL). The conbined filtrate and washi ngs were
concentrated in vacua and the resulting residue was dissolved in CHCl12 (75
m.). The resul ti mgowsoliziti on was purified using an |1 SCO 330-g Redi -Sep 15
col um (0-10% net hanol / CH2C12 as el uent) to provide Conpound Int-19a as a
yellow solid (3.76 g, 89% . Step B - Syhthesis of Internedi ate Conpound
Int-19b NH2 20l nt-19b To a solution of Conmpound Int-19a (1.00 g, 6.28
mol ), HATU (2.63 g, 6.91 mmol) andEXMPEBHr opyl et hyl amine (3.28 ni, 18.8
mmol ) in anhydrous DVF (20 pippratingS Ingeth@éige Bopuidme4®H (1. 49 g, 6.91 nmol).
The resul ting reggld @RaWasrridRE88cHpsIRIm M.t rogen at nosphere and was al | owed

to stir at roomtenperature for 17 hougs. The reaction mxture 25 was then
partitioned between Et0Ac (100 ni) SEtyur at ed aqueous NaCl solution (100
m.). The aqueous | ayer was extracted t 0Ac (4 x 100 nmL) and the

conbi ned organj c extracts were washe ith brine (4 x 100 nmL). The

resulting solution was dried over NaZ$( " filtered and concentrated in

vacuo. The resul ti ngToedyignss? tidhisledt) aBq mmpp iesmbiespw MeIHH™D and was

purified via chrenenogreyrvyasadiditmet otet®8G2-¢e ReuidS8etr- col uim (0- 5% 30

met hanol / CH2C12 aSeedulib@in el (1.0 g, 4. Dbhbol) EThE BB wat hed B ID SerS a@in Or ange Oi |

(0.713 g, 329 . ERlandwkiYiiir o dMtbhpoddOR2) nots 280c (6003 Qdbhenshaed Ba 132 Step C

Synt hesis of |t %Iré mkgassé%@&%w&g&%hls sfed s4Geous WA AatdlbiOBnRb cf@Mpound | nt - 19b
nmo } 0

(3.00 g, 8.41 n 70, s. pl aces .under. nitrogen
at mosphere, heat &% "f“!ob“f”é?o?ﬂg' R oreaf a’bv\“/éam@'tedo"gesrp%sg)“’g tere?ﬁ“lds tenperature for 18

hours. The react Bk e owEgdeCopewd Y Hpbht PR 84t tfe, then was
concentrat ed i n wileudrtheliyeficgiod y resi due obt ai ned was diluted with CH2C12
and the solution was neutralized using saturated aqueous NaHCO3 sol ution
(125 nL). The \¥ eswd & iSmgesbpfirarsice Gmpandie-/thas 10 al l owed to stir for 1 hour
and then separated. The aqueous | ayer extracted with CH2A 2 (2 x 200
m.) and the conbi ned organic extr %f‘t‘g\ Meoncentrated in vacuo to provide
Compound I nt-19c as an orange foam (2s04\g, 86%, which was used w thout
further Int-11b
To a solution of Int-11a (8.0 g, 46.2 mmol) in anhydrous THF (150 mL) at -78°C
under nitrogen was added n-butyl lithium (23.1 mL, 2.0 M, 46.2 mmol) over 10 minutes.
20  The reaction mixture was allowed to stir at -78°C for 45 minutes, then a solution of carbon
tetrabromide (15.9 g, 48.0 mmol) in anhydrous THF (50 mL) was added dropwise over 10
minutes. The cooling bath was removed and the reaction mixture was then allowed to warm
to 0°C on its own. The reaction mixture was then quenched with saturated ammonium
chloride solution (50 mL). The reaction mixture was then diluted with water (150 mL) and
25  diethyl ether (150 mL) and separated. The organic phase was washed with brine (200 mL),
dried over MgSOy, filtered and concentrated in vacuo. The resulting residue was purified
using flash chromatography on an ISCO 330 g Redi-Sep column (0-20% EtOAc/hexanes as
¢luent) to provide Compound Int-11b (7.47 g, 65 %).

30  Step C- Synthesis of Intermediate Compound Int-11c



purification. 1HNVR (CDC13) 8 11.61 (br s, 0.32H), 11.04 (bra, 0.68H),
8.93-8.85 (m 1,68 H, 8.38-8.30 (m 0.32H), 8.08-7.70 (m 2H), 7.53-7.40
(m 1H), wo20t151429(m 1H), 153.64-3.51 (m 2H), 3. 34-3PCI/USAY11DBH)117
2.51-2.11 (m 6H). LCVMs: (MrH)+ = 281. Step D - Synthesis of Internediate
Conmpound Int-19d Int-19d 20To a OC sol ution of Conpound Int-19c (2.03 g,
7.24 mol) in CH2Cl2 (75 nlL) under nitrogen, was added

3-chl oroperoxybenzoic acid (1.50 g, 8.69 mml). The resulting reaction was
allowed to warmto roomtenperature while stirring for 18 hours, then the
reaction mxture was cooled to OC and quenched by addi ng 10% Na2S03
solution (25 nL). The organic solvent was renoved in vacuo and the

remai ni ng aqueousN2giofugi on was 25 directly purified using an |1SCO 80 g
Redi - Sep col um (0-10% CH3OH CH2C12 as the eluent) to provide a bright

yel | ow foam product. This material undgywent a second flash chromat ography
purification using an I SCO 80 g Redi-Sep colum (0-10% CH3OH CH2C12 as the
el uent) to provide Conpound Int-19d ag~M | joght yellow foam (1.85 g, 86%,
11-1 NWR (CDCI3) 5 11.69 (hr s, 0.8 ) 12 (hr s, 0.83H), 8.59-8.38 (m
2.83H), 8.04-7.96 (d, J= 12010.7118 183 95 Hz, 0.1711), 7.88-7.81 (d, J=
8.2 Hz, 0.17H), 7.75-7.67 (d, J= 9.4 W=me 0. 8311), 7.36- 7.23 (m 111),
5.43-5.34 (m 111), B .50nichofBe11017.42499,6 mdroiRidanByafdes chip, (1béhy) at2. 43-2. 06 (M
6H)' 5 St ep E - %&Q'&JH {ur%wgs dde%§E6mglm%th§term %éjteslll re;cg@n wasI nt-19e A

sol ution of Co aﬁ'clngito st1ratroom m erature org71-10urs any therrnrr[a)s noenpat g;'vacuozT}{ezo m‘) was
pl aced under ni tr eh na to the resulti ng

cool ed sol ution ‘“&W&d’@ﬁ”‘ﬁ‘f‘i"é’t‘lﬁw g (e m(‘)landolﬁ% Fﬂ‘i""’““’?“%%%mml . The
resulting reacti TR0 Bl |egarpidatd OThe erapic fhesp weg @ashe! TiEhtveter andibpinsn a sol ution of
phosphoryl chl or idge overMghd, fsredAndbbnedmmapl ) vicse PHRAGABmfod@ InviLle (S added
dropwi se over 10 glshopiRs was IBBvihReGhirgmanms. al lowed to stir for an

addi ti onal 10

Step D - Synthesis of Intermediate Compound Int-11d

Br—Q_SM—Br

Int-11d
To a solution of 2-acetyl-5-bromothiazole (5.63 g, 27.3 mmol) in anhydrous CH,Cl,
15 (100 mL) at room temperature was added bromine (4.39 g, 27.3 mmol). The reaction
mixture was allowed to stir at room temperature for about 15 hours for 48 hours, then was
concentrated in vacuo to provide Compound Int-11d as a yellow solid (8.63 g, quant.),

which was used without further purification.

20  Step E - Synthesis of Intermediate Compound Int-11e
Boc

Int-11e
Compound Int-11e was prepared from compound Int-11d using the method
described in Example 3, Step B.
25
Step F - Synthesis of Intermediate Compound Int-11f



1.75 hours at 0 C then was quenched by the dropw se addition of water (3.0
m.). The resulting reaction mxture was neutralized to pH 7 using 2N NaCH
(- 15 miL)wotzhemiberaded 15 directly onto a 120 g Redi - SepCtalSanm/o2md?
purified using 0-10% CH3OHICH2C12 as the eluent to provide a yellow solid
product. The yellow solid product (containing both isoners of Conpound
Int-19e) was then separated into individual isoners using sem-preparative
HPLC (Luna C18, CH3CN'water with 0.05% TFA). The isonerically clean
fractions were conbined with saturated NaHCO3 solution (10 nL) and the
organi c solvent was renoved in 20 vacuo. The renai ni ng agueous portion was
extracted with Et0OAc (3 x 100 nL) and the conbi ned organic extracts were
dri ed over Na2SOfyoibrilit ered and concentrated in vacuo. The resulting

resi due was dissolved in a mxture of CH3CN and water and the sol ution was
freeze-dried for about 15 hours to prqyj de Conpound Int-19e as an off-white
solid (463 ng, 23%. | HNVR ( CDCl 3) 6 11.10 (br s, 111), 8.87 (br s, 111),
7.89-7.68 (m 211), 7.53- 257. 42 MG Blc 111) 5.52-5.40 (d, J= 8.0
Hz, 1H), 3.69-3.53 (m 211), \ 2.52-2.11 (m 6H). EXAMPLE
20 Preparation of Internedi ate Co undul)#g_épe 30 Step A - Synthesis of

I nt ermedi ate Conpound I nt-20b 1N2010.7118 4 1. NNAc-L-Proline
2HATU, DI PEA H2 DVF 2. AcOH, 70C I nt -12048 nt - 20b To a sol ution of
Int-20a (6.1 g, 32. 7catbael 11Negpeptey from coooll Inptle (sBg tigneth@4. 35 rnnol ) and
HATU (13.7 g, 34d§&bmka)nplkﬂs§ﬁdﬁymsamﬁﬁﬁwﬁ9é161& m.) was added 5

di i sopropyl et hyl am ne (16.91 nm, 96.9 mmol) dropw se over 15 minutes at ice
tenperature The reaction was warne terrperature and allowed to stir
for 3 hours. The reaction was then dE ReLE Et 0OAc (500 niL) and the
organi c | ayer washed with waFRptiop Firmifise )“p"“‘*f‘ﬁ’é queous | ayer was
back-extracted with Et 0Ac (100 rr]§3< 2). The cpgbi g€l organic | ayers were
washed with brine, dried ov%@&_i_u @-é(ﬁ foncentrated in vacuo.
The 10 crude product was pur/TI usi ng flash chromat ography using a 1% -2
% MeOH CH2C12 as eluent to prowide the intern@gdftate amide (4.1 g). The

am de was dissolved in glacial acetic acid apd was heated at 60- 70C for 1
hour. The reaction m xture was_dil, utw t 0OAc (100 triL) and cooled in
i ce bath. Saturated Na2CO3 sol uti on sas-adee slowy until the pH = 8. The
organi c | ayer was separated and the aqueeus | ayer was extracted with EtO0Ac
(250 15 mx 2). The conbi ned organic | ayers were washed with water and

g:)irrgghngril ﬁ? t(g%/g;g%m%}ém%eerd%d angnaﬁﬁ?qgentrat ed in vacuo to provide

Toa SOlU.thIl of 5-bromothiophene-2-carboxylic acx§ (7.6 g, 34.4 mmol) in
anhydrous CH,Cl; (270 mL) at room temperature was added oxalyl chloride (3.80 mL, 44.5
mmo}) dropwise. The resulting reaction was allowed to stir at room temperature for 1.5
hours, then heated to reflux and allowed to stir at this temperature for 1 hour. The reaction
15  mixture was cooled to room temperature, concentrated in vacuo, and the resulting residue
was dissolved in anhydrous acetonitrile (180 mL) and cooled to -15°C.
(Trimethylsilyl)diazomethane solution in hexane (25.8 mL, 2 M, 51.6 mmol) was added
dropwise over 20 minutes and the resulting reaction was allowed to stir at -15°C for 1 hour.
A hydrobromide solution in acetic acid (7.2 mL, 33 wt%, 41.6 mmol) was then added to the
20 cooléd reaction mixture dropwise and the resulting reaction was allowed to stir at -15 °C for
additiona} 20 minutes. The reaction mixture was concentrated in vacuo and the resulting
residue was dissolved in ethyl acetate (300 mL) and washed with water, saturated aqueous

sodium bicarbonate solution and brine (200 ml each). The organic phase was dried over



| nt - 20bl nt - 20c Int-20b (925 ng, 3 mml ), (Pinacol)2B2 (1.6g, 6.3
mml ), Pd(PPh3)4 (174 ngy, 0.15 mmol), potassium acetate (736 ng, 7.5 nmol)
and 1, 4- dwoxane116490 int) were added to 350 25 nlL press®ce/usesspb711The
resulting m xture was degassed, purged with nitrogen and allowed to stir at
80 C for 17 hours. After the reaction was cooled to roomtenperature the
solution was diluted with CH202(300 niL) and filtered through a celite plug.
The filtrate was washed with NaHCG3 sol ution (50 nl) and water (50 nL). The
conbi ned organic |ayers were washed with brine, dried over MpSO™4, filtered
and concentrated in vacuo. The crude 1N2010.71 18 135 product was purified
using flash chromat ography using a 0-5 %eO0H CH2C12 as eluent to provide
Conmpound | nt - 20cmedib@isry, 70 % contai ns sonme pinacol). Ms: M+ = 356. 2;
11-1 NWMR (500 MHz, CD30D): 8 8.1-7.4 (m 3H), 5.3 (m1H, 3.9 (m 1H),
3.7(m 1H), 2.4 (m 1H), 2.0-2.2 (m Qk), 1.39(bs, 12H). 5 Exanple 21
Preparation of Internmedi ate Conpound Int-21d NH2 NH2 O poc HO Int-21la

I nt-21b 130C MgSOy, filtered and concentrated in vacuo to provide Compound Int-12a as a light yellow

solid (6.5 g, 63%), which was used without further purification.
Step B - Synthesis of Intermediate Compound Int-12¢

Compound Int-12¢ was synthesized from Int-12a according to the methods
described in Example 10, Steps B and C. Int-1¢2: LRMS: (M+H)" = 414.2.

EXAMPLE 13
10 Preparation of Intermediate Compound Int-13d

Step A - Synthesis of Intermediate Compound Int-13b

(0]
OH
m 1) Ct)J\o/\ mNHz
N o) >
\ 2) NHs, H;0 N o]
Cbz be
Int-13a Int-13b
15 Ethyl chloroformate (12 mL, 125 mmol) in 180 mL of THF was added drop-wise to

a cooled solution (-5°C) of compound Z-Pro-OH (13.8 g, 55.5 mmol), TEA (7.71 mL, 55.5
mmol). The resulting sturry was allowed to stir for 20 minutes at -5°C before saturated
NH4OH (15 mL) was added. The solution was allowed to stir at room temperature for 18
hours, volatiles were removed, and the resulting residue was taken up in EtOAc (180 mL).
20  The undissolved white precipitate was filtered off and rinsed with EtOAc (100 mL). The
organic layers were dried over Na;SO4 and concentrated in vacuo to provide the desired
product (13.5 g) as off-white amorphous solid (Int-13b). MS (ESI) m/e (M+H"): 249.

Step B - Synthesis of Intermediate Compound Int-13c
25

C Lawessen's reagent Cbz

S "“—“"’“’[%

Int-13b Int-13¢



Int-21c Int-21d 10 Step A - Synthesis of Intermedi ate Conpound Int-21c
A sol ution of Conmpound Int-2l1la (7.35g, 39.3 nmmol ), Conpound Int-21b (9.88
g, 39.3 mwol2puiane42di i sopropyl et hyl am ne (10 nL, 57.5 mplCxr/useo1DoE714740 i)
was cooled to 0 C. HATU (15.0 g, 39.45 mmol) was added slowy to the cool ed
solution and the resulting reaction was allowed to warmto roomtenperature
on its own, then stirred at room 15 tenperature for 19 hours. The reaction
m xture was then diluted with ethyl acetate (300 nmL) and washed with brine
(3 x 100 nL), and the organic phase was dried over sodiumsulfate, filtered
and concentrated in vacuo. The residure obtained was purified using a 330 g
| SCO silica colum (0-5% net hanol in dichloronethane as eluent) to provide
Compound | nt - 21cmasoalibrown gel (15.1 g, 91%. 20 Step B - Synthesis of
I nt er redi at e Conpound I nt-21d Compound Int-21c (15.1 g, 35.9 mmol)
was di ssolved in acetic acid (50 nL) i a 500 nL flask. The resulting
solution was heated to 60C and allowed to stir at this tenperature for 4
hours, then cool ed tlevrogmrerifdedd fnecahddedn edmdsiavettrdamdyacuo. The 25
resul ting resi duetvwasgsdi7scehohecbhiie 2@ imCiw omoamtrvad She@@h nittke dri ed (sodi um
sulfate and  1N2QQexbdio J0Bocks3 Fnos:ostioktMe ColkddOR ah&Ys. TheldsiliRf @shuaad concent r at ed
| n vacuo to provide. CAnRQNAn il ;an,l,ga%elg%cgmwﬂmbh%pwe 0g, 76%, which

+

was used without furt anal . cal cd or:
C161- 118Br P2N3D2 “HeF " gt’ﬁpﬁ%ﬁ?{ My “g S5Exanpl e 22 Preparation of

| nt er nedi at e Conpound I nt-22e H5 0ClorNIT)
Step C - Synthesis of Intermediate Compound Int-13d

Chz
NGOS . }_@_Br othanolrefx WP ote
d thanolreflux

l-‘ s N
S

S

Int-13¢ Int-13d
10 A mixture of Int-13¢ (10.0 g, 37.8 mmol) and the bromoacetophenone (10.0 g, 35.9
mmotl) in EtOH (100 mL) was heated at 90°C for 3 hours. The reaction mixture was cooled
and concentrated in vacuo, and the resulting residue was purified using flash
chromatography on silica gel to provide Compound Int-13d (11 g). MS (ESI) m/e M+H'):

444,
15
EXAMPLE 14
Preparation of Intermediate Compound Int-14b
Int-14a Int-14b
20

A solution of compound Int-9¢ (1.0 g, 3.42 mmol), compound Int-14a (0.95 g, 4.54
mmol), HATU (1.3g, 3.42 mmol), and DMF (10 mL) was allowed to stir at room
temperature for about 15 hours. The solution was then diluted with ethyl acetate (100 mL),
washed with brine (3 X 40 mL), dried over sodium sulfate, and concentrated in vacuo. The

25  resulting residue was purified using an 80 g silica gel column/Combi-Flash system (0-5%

methanol in dichloromethane) to provide Compound Int-14b as a gel (1.12g, 68%).

EXAMPLE 15
Preparation of Intermediate Compound Int-15¢



Int-22c 10 Step A - Synthesis of Internediate Conpound Int-22b Usi ng
the nmet hod described in Exanple 21, Step A Conpounds Int-2la and |Int22a
wer e coupweaotinips2eovi de Conpound Int-22b as a brown gel PCTAIS2019/028B1%9 . Step
B - Synthesis of Internediate Conpound Int-22c 15Using the nethod described
in Exanple 29, Step B, Conpound Int-22b was converted to Conpound Int-22e
as a brown solid (11.20g, 93%, which was used w thout purification.
EXAMPLE 23 20Preparation of Internediate Conpound Int-23e 1N2010.7118 137
Int-23clnt-23e 0 BOG HO Int-23e Step A - Synthesis of Internediate Conpound
Int-23c A5 L- 3 necked round bottoned flask, equipped with a mechanical
stirrer, 5 tenperature probe, addition funnel and N2 inlet, was charged
with the Schol | kepéioahs ral auxiliary-(Int-23a, 200 g, 1.09 nol, 1.0 eq),

bi s(chl oronet hyl ) di net hyl silane (Int-23b, 256 g, 1.63 nol, 1.5 eq), and
THF (2 L, Aldrich anhydrous). The flask was cooled in a dry ice/ 2-propanol
bath until the internal tenperature reached -75 C n-Butyl lithium (A drich

2.5 %
200 A +1i N PdClz(dppf)z N Boc
<;f”~ N> \ /) \ s&
O KCOs
B(OH),
Int-7d Int-15b ' Int-15¢

To a solution of compound Int-7d (0.5 g, 1.58 mmol) in DME (15 mL) at room
5  temperature under Ny was added PAdCly(dppf), (258 mg, 0.30 mmol). The reaction mixture
was allowed to stir at 100 °C for 5 minutes, then a solution of compound Int-15b (592 mg,
3.16 mmol) and K,CO; (654 mg, 4.74 mmol) in 15 mL H2O was added to the reaction
mixture in 3 portions over 10 minutes. The resulting reaction was allowed to stir for an
additional 30 minutes, after which time thin-layer chromatography analysis indicated
10 consumption of compound Int-7a. The reaction was allowed to stir for an additional 30
minutes, then was concentrated in vacuo, and the resulting residue was taken up in 150 mL
ethyl acetate. The organic phase was separated, washed with water (50 mL), brine and
dried over sodium sulfate. After filtration, the organic layer was concentrated in vacuo and
the resulting residue was purified using flash liquid chromatography (0% to 100%
15  EtOAc/Hexane) to provide 600 mg of compound Int-15¢ (> 85% purity, theory 597 mg).
HPLC (C18 column Gemini 5u 1104, 150X21.2 mm, 5 micron). FABMS: MH' =379

EXAMPLE 16
Preparation of Intermediate Compound Int-16b

QC
&
L
8 H

Int-9¢ Int-16a Int-16b

OC

20

Compound Int-9e (4.2g, 12.24 mmol), bis(pinacolato)diboron {Compound Int-16a,
6.5g, 25.6 mmol), PA(PPhs)4 (0.563g, 0.49 mmol), potassium acetate (3.1 g, 31.58 mmol)
25  and 1,4-dioxane (100 mL) were added to a 350 mL pressure vessel. The resulting mixture
was degassed and allowed to stir at 80 °C for 20 hours. The reaction mixture was then

cooled to room temperature and filtered. The filtrate was concentrated in vacuo and the



Min hexanes , 478 nL, 1.19 nol, 1.09 eq) was added via a dropping funnel
over 1 hour 10 while maintaining the internal reaction tenperature between
-67 C andwo26113124Bhe resul ting orange-red sol uti on was &Crawsed 10271gr adual |y
warmto roomtenperature for about 15 hours. The reaction m xture was then
re-cooled to OC and quenched with 500 nL of water. Diethyl ether (2L) was
added and the | ayers were separated. The aqueous |ayer was extracted with 1
L of diethyl ether. The conbi ned organic | ayers was washed with water 15
and brine, dried with MgpSO4, filtered, and concentrated in vacuo to provide
480 g of an orange oil. This material was |eft under vacuum for about 15
hours to provide 420 g of oil (mxture of Int-23c and Int-23c'). The crude
product was spli téioties t wo batches and purified via silica gel

chromat ography on a 1.6 Kg flash colum. The columm was eluted with

gradi ent of 0-4%Et20 in hexanes. The,product fractions were concentrated
in vacuo 20 at a bath tenperature at or bel ow 40C to provide 190 grans of
Conpound | nt - 25 refi@Oaipéd ebsahirificShigyilasB columByhrvinbiessipty opflicd epl &P e di at e Conpound
Int-23d 1N2010. 44k ik 3&10RAmEhahe) to ProvitR Cl@6lnd Iatuakles b @tit exexh fd6a%Kk equi pped with
a nmechanical stirrer, addition funnel, tenperature probe, external water
bath and N2 inlet was charged with dInt-23c (196 g, 0.643 nol, 1.0
eq) and nethanol (1.5 L). Aqueou ﬁ%@' 610% by vol une) was added
at room tenperature over 30P1'Fﬁafr“ﬂ3’f‘§§“° ?ﬂ?‘“ﬁp"md?'ﬁ’léxot her m observed. 5 The
tenperature increased to 37 C the dr opped back down. eﬂwe reaction m xture

was allowed to stir at roo rrp,@raturefor 3 QoK was nonitored by
TLC and LCMS. The reacti r es. rmtra el in vacuo to an
oi l. Additional net hanm@% 200 L) \Aa%g ded and tHe reaction mixture
was concentrated in v&cuo again. The res t| ng crude product was dried
under house vacuumfor ab Hbt g 19 hours. The cryggepr oduct was 10 then

di ssolved in CHZClZ m i odide (96.4 g,

0.643 mol, 1.0 eq c?g%%ﬁlg%l “‘rmc‘)"éj%%%’t’aﬁ"wé%d‘%“’“(jggg%rm 1 929(m)l 30
eci) was added sI“tB\?\W ;}dag;;s@,w?ggOﬁquﬂ)@gtasmaﬁemﬁoaﬁoém Bt #i ng, causing the
t enper at ure t 00| porease sdid 3F00@Liflse nThy eeevitioeraeendny psieseseh @d fll tion mxture
was al |l owed t o St stir 2680 °0 QEBul1 SRFRE ITad resttien thighire #as thasod togbm whi ch time the M
of an ali C]UOt i ”%9%%%&%&%1@51&@%&%@9@&Sztv&notahd‘t@ 3B ttdined . 15 The

reaction mxture was i ! co n G 1@11&1' t”\lwﬁ)ire]lﬁtl a&obgurs and then
Boc- anhydri de (ng punﬁaclus E{) it O%g!:a hl(mqro @0 bi R T@g’/)r emction mxture

was then al |l owned “te'Ba“@f“ld}“m‘ﬁ‘fme?%’%tﬁf’r?védﬁﬁe uf’ure as%\‘?af‘g“ two days, the reaction
m xture was ditPuted with EtOAc (2 L) and water (1 L), and he |l ayers were
separ at ed. The aqueous-1ghaske, Watsf axint- -te vexchrepired Fons@EPhit- 96 fnt Bt OAC. The

combi ned or gani C hAMSE, fspidveR, wisi @ehodbicsdivenaber (500 mL), and brine (500 20
m.), dried with MpSH4, filtered ampét concentrated |nB<yCacuo to a yellow oil
(380 g). The crude product / N into two 18 rtlons for

conveni ence and each portjo Jsl ed vi a :Eh I ica gel

chromat ogr aphy. Col um kj}nﬁltl qp§d for a 1 ortlon fof crude product are
as follows. The 180 gramisanpl e of crude p duct vvas | oaded onto a 191 g
Si02 cartridge and purified on aod.5 Kg S| 02 col unge The col um was el uted
using a 0% 25 20% Et 0Adhexahs radi ent as }n@nl e phase to provide 52
grans of pure Int-23d gn ddi t kgnal fragtls Hof t-23d that contained a
smal | anount of a Bo%@l ine |rrpur|ty |rrp,w fractions fromthe two
col utms wer e reconbi riéd and "T'e- purified.! After chromat ogr aphy, conpound

I nt-23d was obdai ned as an oil which solidified to a white solid on
standing (128 g, 65%vyield over thegkkwagisteps.) 30

Preparation of Intermediate Compound Int-17



Step C - Synthesis of Internediate Conmpound Int-23e A solution of Int-23d
(8.5g, 31.1 mmol) in nmethanol (100 nm.) and 1.0 M aqueous KOH sol ution (48
m., 48 nmwOD)2oma24b|l owed to stir at roomtenperature foPCasae11037117
1N2010. 71 18 139 hours, neutralized with 48 m of 1.0 M aqueous HCl
solution to pH -5, and concentrated in vacuo to an oil. The resulting
resi due was extracted with dichloronethane (2 x 100 mL) and the conbi ned
organic |l ayers were concentrated in vacuo to provide Conpound Int-23e as a
gel (7.74 g, 9699 . Chiral purity was determ ned using a Chiralcell AD-H
colum, SFC 5 node, CO2/ MeOH 90/ 10. EXAMPLE 24 Preparation of Internediate
Conpound | nt - 249 10 Step A -Synthesis of Internedi ate Conpound I nt-24a
Mercuric acetatemnedhd71338 g, 44.8 mmol) was dissolved in water (45 nmL), and
THF (45 nL) was added. To this yellow solution at roomtenperature was
added (chloronet hyl)- dinmethyl vinylsil,ane (5.65 g, 41.9 mmol) which becane
honbgeneous in 30 seconds. The resulting solution was allowed to stir for 5
m nutes, then aqs@ousyeddet ifi@hdiadSompdu)d v 15 added, followed by a sol ution
(45 nmL) of NaBH4 (0.5M #mc . Di et hyN (160 m.) was added and
the mxture stirred at room ature>for di'®i onal 1 hr. The
m xture was then saturated with N&C1 and the Iayerg separated. The organic
| ayer was washed with brine (100 niL), dried ®YH Na2so4, and concentrated
in vacuo to provide @owpleeﬁﬁ@mmm—ﬂa@@awwgy66196¥“P1é§*§‘e‘6iplf°sp(l®/‘72 g, 89% . NWR
(CDCI 3) 8 3. 845 3zzida(7( 11, 32Mnpl) @D RetiBhmifeg 50 25§ miflol) 3rkerdbu@d! (0mLIH) , 1. 10- 1. 05
(m 2H), 0.148 ( Sash& o refrlx @R alBwad o) R &pSard forl ok, Medt.adoe Conmpound
Int.-24b | N2010'mZ(;I&t]é§Jas then cooled to room temperature and poured over saturated aqueous NaHCO;

solution (600 mL) and stirred vigorously for 30 minutes. The resulting suspension was

filtered, washed with water (200 mL) and dried in vacuo at 65 °C. The resulting white solid

10 was suspended in MeOH (500 mL}) and cooled to -78 °C, then HCI gas was bubbled into the

mixture until saturated. The reaction mixture was then allowed to stir at room temperature

for 15 hours, afier which time the resuliing solids were collected by filtration, then washed

with ice-cold MeOH (100 mL) to provide Compound Int-17a as an off-white solid (74.8 g,

91%), which was used without further purification. "H NMR (DMSO-dg) § 10.5-10.0 (br s,

15 3H), 8.23 (s, 1H), 7.99 (d, J = 9.0 Hz, 1H), 7.92 (d, J = 9.0 Hz, 1H), 7.84 (s, 1H), 7.68-7.65
(m, 1H), 7.56-7.51 (m, 1H). LRMS: (M+2H)" = 223.

Step B — Synthesis of Intermediate Compound Int-17b

20 Int-17a Int-17b
To a solution of Compound Int-17a (74.8 g, 289 mmol) and triethylamine (120 mL,

860 mmol) in CH,Cl, (500 mL) at 0 °C was added acetic anhydride (27.5 mL, 292 mmol).
The resulting reaction was warmed to room temperature and allowed to stir at this
temperature for 1.5 hours. The reaction mixture was filtered and the filirate concentrated in

25  vacuo. The resulting residue was triturated with hexanes (500 mL) and the resulting solids
were filtered, washed with hexanes (100 mL) and dried in vacuo at 55 °C for 1 hour to
provide Compound Int-17b as an off-white solid (60.6 g, 79%), which was used without
further purification. 'H NMR (DMSO-d) 8 10.1 (s, 1H), 8.30 (s, 1H), 8.09 (s, 1H), 7.85—
7.76 (m, 2H), 7.62-7.53 (m, 2H), 2.10 (s, 3H). LRMS: (M+H)" = 265.

30



140 To a solution of Int-24a (5.72 g, 37.4 mol) in CH2C1l2 (50 nlL) was
added i m dazole (3.82 g, 56.1 mml). The m xture was allowed to stir at 0 C
and tertbwoybdimetbyl silyl chloride (8.46 g, 56.1 muol) paaaisséiome1added
over 10 mnutes and the reaction m xture was warnmed to room tenperature and
stirred for about 15 hours. Water 5 (50 nL) was added and the | ayers
separated. The aqueous | ayer was extracted with CH2C12 (3 x 30 nL) and the
conbi ned organic |ayers were dried over Na2SO4, filtered and concentrated
in vacuo at 80C to renove residual tert-butyldinethylsilyl chloride and
afford the desired product Int-24b as a colorless oil (9.82 g, 98%. 1HNWR
(CDhC13) 8 3.75 (t, J=7.4 Hz, 2H), 2.78 (s, 2H), 0.99 (t, J= 7.4 Hz, 2H),
0.87 (s, 9H), O0.ovao(dd 6H), 100.02 (s, 6H). Step C - Synthesis

of i nter medi at e Conpound | nt - 24c To a sol ution of

(R)-2-1sopropyl- 3, 6-di net hoxy- 2, 5- di hyigy opyrazine (6.16 g, 33.4 mol) in
THF (60 trilL) was added TBAI (617 ng, 1.67 mmol). The m xture was cooled to
15 -78C and a solerq-ovwhets oHu@mdipre (raoar il 2 5M i n hexanes, 36.75 mmol) was
slowW y added over 10 minutes. The reaction muxti{tte was allowed to stir at
-78 C for 30 minutes, thew b |IL_II:1E(\H(5' s slowy added over 10
m nutes. The reaction was “al o stir af - sor 2 hours then all owed
to warned to roomtenperat umer7and stirred formabeut 15 hours. The reaction

was quenched by addi{rJaQJhqufof&% - 1611@01@02@91%05&@&&%9@@2@0vacuo wat er

dded (50 niL ¥l
2‘ep:r ag ed. T%’IGJ ol IL)machcTc%(Sqar%E) Cv@ars%ge agoﬁg)o m@gx gi:i?tilrn%yﬁ)s }[Aﬁre(; dri ed

over Na2So4, fil f*éef"”eaﬁ’dgﬁ‘aﬁ/)gr(‘}w&séﬁ’f’rzg‘f”gd f?“&/‘%f%’mf%as FoVI’d8™t he crude
product. Furt her tpemraufeidgtinehigomiyly etdfs f@r?rf%ﬁ’h‘t%@é‘bveaﬁﬁn ‘5.”“3‘80 g | SCO

Redi - Sep sil i ca gelfitedkndiincoligiedsgjidaves| wahwtvitpfate(THR @L2thepreerhstallizedr adi ent  of

0- 10% Et OAc/ hexangseh fiaLiesotiherkasimack pnosust shndssadewas a 25 | i ght
amber oil (8. 69 QuiclB3Ahea wiklcht BMR: %&3)H%&h&d9&9€ms,ﬂdﬁ)8ﬂé3 94-3.89 (m

1H), 3.79-3.71 (m .z . 1H), 1.25-121 (m
1H . 1.06-0.95 (1§ 5433“% g?’@@“( i%ﬂ%”“‘gq”? iy (Hr]’nzzlmﬁ” 1 69-0.66 (m
2H), 0.12-0.02 (m 12H). Step D - Synthesis of Internediate Corrpound

I nt-24d 30To a THR Bobutdion¢8@iymrefdIii{< 24c (8.65 g, 20.8 mmol) cool ed

to OC was slowy added a solJ#ion of tetrabut <Pzammn| um fluoride (31.3 ni,
1.0Min THF, 310rrrm|)7nv nutes, Jhe&" an,mxture was al l owed to
warmto roomterrperatureofo Owt 15 hours 5tirring. The reaction was

t hen concentrated in vacuo, mand t he crude inZOfi 718 141 product
C_h{ ﬁmat og_r aloPedf on aTJa%Qung,ok&QggBﬁﬁIm?ﬁg g%d rhafof} in@RbH G i fiFes UST NQ adC:42t01§4d
Wi radient o S e oun n
as a gol orl ess oi ded%f?%gwm i¢] eres‘i “ @T%%toﬁ(i%d%%ggég@m
3.98-3.91 (m 11f‘)th‘“%‘“p8%“‘%°’7é°“(sr’r‘]e"‘?‘iT“"°°2‘“‘6’§em("§e The jegofion myxhuaggiay 32 (m 111),
2.30-2.18 (m 1Hyfilteref arg the pliepigst splidyjvere finsqd)with wateg (HO0mLyppd drie ’hV““‘Sl’llf5 0.93-0.85 (m
2H), 0. 74-0. 680 ( nT foIhibyrs to @avililcodpd@ Ifti17d abfpllow Slid@? Fe, 95%Hymdlvessi s of
| nt er nedi at e ConpRuwighok AfierdéBication. 'H NMR (DMSO-de) 6 8.45 (d, J = 9.6 Hz, 1H), 8.09-

8.00 (m, 3H), 7.84 (d, J = 9.6 Hz, 1H), 7.73-7.67 (m, 1H), 7.21 (d, J = 9.6 Hz, 1H), 3.33 (br

s, 1H).

25  Step E — Synthesis of Intermediate Compound Int-17e
NO,

Int-17d Int-17¢



To a Et20 (30 nL) solution of Int-24d (2.12 g, 267 mmol) was added pyridine
(720 8.82 mmol ). The m xture was cooled to OC and thionyl chloride (575
itL, 7.90wormoin)112429in Et20 (2 nL) was slowy added over PETrESamti®@2711The
reaction mxture was allowed to warmto roomtenperature for about 15 hours
wWith stirring. The reaction mxture was filtered and the filtrate
concentrated in vacua to provide the crude product. Further purification by
col um chr omat ography using a 80 g |1 SCO Redi -Sep silica gel colum wth
CH2C12 and a gradient of 0-3% MeOH as the eluent afforded the desired
product Int-24e as 15 an anber oil (417 ny, 16% . 111 NWR ( CDC13)
54.22-3.62 (m 711), 2.50-2.13 (m 4H), 1.58-1.41 (m 1H), 1.32-0.65 (m
9H), 0.24-0.04 (mM20BH)!8 Step 0- Synthesis ofinternedi ate Conmpound | nt - 24f
To a solution of Int-24e (417 ngy, 1.40 mol) in MeOH (10 nL) was added a
10% 20 aqueous HCl solution (10 nmL). The resulting m xture was allowed to
stir at roomtenperature for about 15 hours and concentrated in vacua. The
resul ting resi due wa¥ 2edrerepesrareldntiidd o tipmeR and ampppnipg shioidid t hen di ssol ved
in CH2C12 (3 nl) (and28n@@) it Gater(1)0 mLTed TH (30 5D|watafdehiropepydea@tied

di i sopropyl et hyl a9¥ini®1). (He26hiting feactio was BeatBd 40 C Adloel® st @ppibdyanhial | owed to stir
at room tenper at W6 Af bRt nods, BEHERd Bk Riferd 3k reliich AkRRRAt € (703 25 nm,

3.22 mnol ) WaSS %gegegg?‘%g aﬁ Cegcitgiﬁ %ag%?gr'{séd%gh M@)‘?—{ un%ﬁ t&mer(feﬁélj,%a]é%{oﬂgsp %t 15 hours at

room t enper at ur e ant on rated I n vacua. crude product was
further purifi ed HEPHGEOPUTR KFSHEREHE 2pea R r Ry 8% *§ | SCO Redi - Sep
silica gel col unmunififdtimedpgner 2siighet! ipe ddient 14 et WOdWEEE O Adhexanes mi xture as
the el uent to proxdien,Compoumneidt CrimpouRifit-129s dbrowasnlyas0.5gi%%Y 34 ngy, 23% . |11
NVR (CDC13) 4. 22:frQIMIom) s 153)-7.794n, 39 3294 @uMu), 1b)-6.9630, 88488035, 70 (m 3 H),
2.32-2.09 (m dHy fevidokesy -7, 1.24-0.88 (m 611), 0.16-0.05 (m 611).
Step H Synthesis of | n% ernmedi ate Conpound Int-24g 1N2010.7118 142 To
a solution of corTEound I nt-24f (218 ng, 0.758 narnol) in THF (3 rap was
added | it hi um hy d#o%i HefroHemydraterted g, 1.52 mmol) in water (3 ni). The

reaction m xture was all owegh,to stir at rog °t|§ rature for about 15 hours
t hen concentrated in va al f vol uge. tﬁﬁfs m xture was then
acidified with INHCL to p d extracted s0ACc (5 x 30 nL). The

conbi ned organic |ayers werg,gried over Na2SOf, ,4i|tered and concentrated
in vacuo to provide und .| nt - 24 ff-whi | 7 , 879 .
111 NVR (CDCLY) 1. 44‘0"0*‘3@%?‘9‘%@?°‘“R‘%“§ﬁ?%7§%‘5?’2{?0@19&’, Yot i 2%’%15 6 EXAWPLE
25 10Prepar at i off™} a“ig fisoErryEay e CtBnp S aed i P PME fifL) A0 °C was
added HATU (78 g, 205 mmol). The resulting reaction was warmed to room temperature
then allowed to stir at this temperature for 9 hours. Water (1.5 L) was added to the reaction
mixture and the resulting solution was extracted with MTBE (3 x 1.5 L). The combined
20  organic extracts were washed with brine (3 x 1 L), dried over Na SOy, filtered and
concentrated in vacuo. The resulting residue was dissolved in MeOH (75 mL) and water
(1.5 L) was added. The resulting heterogeneous mixture was allowed to stir vigorousty for
2 hours, then filtered, The filter cake was washed with water (1 L) and dried in vacuo at 55
°C to provide Compound Int-17f as an off-white solid (66.5 g, 90%), which was used
25  without further purification. 'H NMR (DMSO-ds) & 9.45-9.42 (m, 1H), 8.12-8.09 (m, 1H),
8.00 (s, 1H), 7.52-7.47 (m, 1H), 7.36~7.33 (m, 1H), 7.19-7.08 (m, 1 H), 5.58 (s, 1H), 5.45
(s, 1H), 4.35-4.21 (m, 1H), 3.45-3.31 (m, 2H), 2.33-2.13 (m, 1H), 2.0~1.75 (m, 3H), 1.46—
1.38 (m, 9H).

30  Step G- Synthesis of Intermediate Compound Int-17



< OCH3 Int-23d >r'r_ 11 HInt-2n HLH 0 NH3, H20 I nt-25d Br
I nt-25c was prepared fromlnt-23d using the nethods described in Exanpl es

and 8. hiwe2bd/mae9prepared from | nt-25c using the net heds/usesaneted in
Exanpl e 7.

IN2010.,7118
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O
Int 17f Int-17
A solution of Compound Int-17f (66.5 g, 153 mmol) and Acetic acid (500 mL) was
heated to 60 °C and allowed to stir at this temperature for 1 hour. The reaction mixture was
5  cooled to room temperature, water (1 L) was added and the mixture was adjusted to pH &
using solid sodium carbonate. The aqueous mixture was extracted with CH,Cl, 2 x 1 1)
and the combined organic extracts were dried over Na;SO, filtered and concentrated in
vacuo to provide Compound Int-17 as a crude brown solid (63.7 g, quant.), which was used
without further purification. 'H NMR (DMSO-de) & 13.0~12.5 (m, 1H), 8.34 (d, /= 9.0 Hz,
10 1H), 8.25-8.23 (m, 1H), 7.78-7.60 (m, 3H), 5.11-4.93 (m, 1H), 3.70-3.56 (m, 1H), 3.51-
3.39 (m, 1H), 2.45-2.24 (m, 1H), 2.13-1.85 (m, 3H), 1.49-0.95 (m, 9H). LRMS: (M+H)* =
416.

Compound Int-17g was prepared from N-BOC-trans-fluoro-L-proline, using the
?OC
N
(R)

15  method described above.
I
®
Br

Int-17g

Iz _,2

Compound Int-17h was prepared from N-Boc-4,4-difluoro-L-proline, using the

20  method described above.
QC
.
(I
—1-
@ :
Br

-4

Int-17h

Compound Int-17i was prepared from BOC-HYP-OH, using the method described
25  above.



15EXAMPLE 26 Preparation of Internediate Conpound Int-26b 20 Step A -
Synthesis of Internmedi ate Conpound Int-26a Int-9a (Aldrich, 9.0 g, 32,4
mrol ) andwOnot128e4207. 74 g, 29.85 nmol ) were dissol ved i RCDNS2¢13021rL) .
Triethylamne (10 nL, 71.83 nmmol) was then added slowy at room tenperature
and the m xture was stirred for about 15 hours. Ethyl acetate (500 nlL) was
added, and the organic | ayer was washed with brine (3 x 100 nmi.), dried over
sodium 1N201 0.7118 143 sulfate, and concentrated in vacuo to an oil. The
resulting residue was purified using a 220 g ISCO silica colum wth

gradi ent of 0-20% ethyl acetate in hexanes as the eluent to provide
Conmpound Int-26a as a gel (12.3 g, 83%. 5 Step B - Synthesis of

| nt er medi at e Conpoungiis nt - 26b A 350 m pressure vessel was charged
with Int-26a (12.3 g, 26.96 mml ), ammoni um acetate (18.0 g, 233.7 mmol),
xylenes (50 nlL), sealed and stirred at,,0120 C for two hours. After cooling
to roomtenperature, the suspension was concentrated in vacuo. The
resulting residue was dissolved in ethyl "acetate (300 nL), washed with
water (100 nl) 10 and saturated sodi um caetonate solution (100 nl). the
conbi ned organic |layer was dried o m sul fate, and concentrated in
vacua The resulting residue was f $fi ed using a 330 g ISCO silica
colum with gradi ent of 10-50% LEE§E§%etatgqsn hexanes as an el uent to
provi de Conpound Int-26b as a pale solid (8.5 g, 72%. 15EXAMPLE 27
Preparation of Internediate Compound FHY: 27b

5 Compound Int-17§ was prepared from L-pipecolic acid, using the method described

above.

Int-17j
Compound Int-17k was prepared from 2S-carboxy morpholine, using the method

10  described above.
OC

S0

Int-17k
Compound nt-171 was prepared from (1R, 38, 48)-N-BOC-2-azabicyclo[2.2.1]-

heptane-3-carboxylic acid, vsing the method desctibed above.
I?OC

Int-171

Br

15

Compound Int-17m was prepared from 2(S)-azabicyclo[2.2.2]-octane-2,3~
dicarboxylic acid 2-tert-buty! ester, using the method described above.



Step B yoc NN NSi Int-27b Step A - Synthesis of Internedi ate Conpound
Int-27a A 100 nL round bottoned flask was charged with Int-17e (2.7g, 11,4
mol ), | nwe2000as29(2.2 g, 7.77 mmol ), anhydrous THF, amrdT/US2011/027117

di i sopropyl ethylamne (2 n., 15 nmmol), and cooled to 0 C HATU (3.0 g, 7.89
mmol ) was then added and the resulting reaction was allowed to stir at 0C
for 6.5 hours, during which tinme the reaction warnmed to roomtenperature,
and then the reaction mxture was diluted with water (150 nlL). After
filtration, the crude solid was purified using a 330 g I SCO silica colum
on Conbi - Flash 1 N2010. 7118 144 system (eluted wth 0-5% nethanol in

di chl oronet hane) to provi de Conpound Int-27a as a foam (3.55 g, 96% . Step
B - Synt hesi s of N2poaripredi ate Conmpound I nt-27b 5A m xture of Int-27a (2.0
g, 4.18 nunol) and acetic acid (20 nL) was allowed to stir at 60 C for 5
hours and was then cooled to roomtenpegsature. The acetic acid was then
renmoved in vacuo and the resulting residue was purified using a 120 g | SCO
silica colum on Conbi-Flash RF system (0-88% net hanol in dichl oronet hane)

to provide Compound Int27b as a sol i lﬁﬁ@m%. 10 EXAMPLE 28
Preparati on of Conpound 2 O N

Br

Int-17m
Example 18
5 Preparation of Intermediate Compound Int-18
Boc O Boc N C
13 ] ' 4
@/hsf — dka’{:@
& H F H
Int-17 Int-18

To a solution of Compound Int-17 (21 g, 50.4 mmol), bis(pinacolato)diboron (14.1

10 g, 55.5 mmol) and KOAc (7.5 g, 76.4 mmol) in 1,4-dioxane (20 mL) was added a premixed
solution of Pd(dba); (1.16 g, 2.01 mmo}) and tricyclohexylphosphine (1.14 g, 4.06 mmol) in
1,4-dioxane (10 mL). The resulting reaction was heated to 100 °C and allowed to stir at this
temperature for 4 hours, then cooled to room temperature. The reaction mixture was
filtered through Celite, and the Celite was rinsed with CH;Cl, (100 mL) and the combined

15 filtrate and washing was concentrated in vacuo. The resulting residue was purified using
flash chromatography on an ISCO 330 g Redi-Sep column using a gradient of 0-70%
EtOAc/hexanes as eluent to provide Compound Int-18 as a yellow solid (19 g, 82%). 'H
NMR (DMSO-dg) 8 13.0-12.5 (m, 1H), 8.40-8.36 (m, 2H), 7.84-7.63 (m, 3H), 5.13-4.93
(m, 1H), 3.73-3.57 (m, 1H), 3.51-3.41 (m, 1H), 2.44-2.25 (m, 1H), 2.18-1.95 (m, 3H),

20 1.40-1.02 (m, 21H). LRMS: (M+H)" = 464.

EXAMPLE 19

Preparation of Intermediate Compound Int-19e

25 Step A — Synthesis of Intermediate Compound Int-19a

Hz
HN

N
. <
N



15 Step A-Synthesis of Internmedi ate Conpound | nt-28a A 200 nL fl ask
was charged with boronic acid Int-18 (0.55 g, 1.19 nmol), brom de 1nt-26b
(0.35 g, wodoimmed2y, PdC dppf-di chl or onet hane conpl ex (@6T$2010/0@81MTM0l ), a
solution of sodiumcarbonate (1.5M 1.0 nmL, 1.5 mml), and 1, 4-di oxane (10
m.). The resulting m xture was degassed and refl uxed at approxi mately 80C
under nitrogen 20 atnosphere for about 15 hours. The reaction was then
cool ed and concentrated in vacuo to provide crude product as an oil.
Further purification was acconplished using a 80 g | SCO 1N2010.7118 145
silica colum on Conbi-Flash RF systemw th a gradi ent of 0-4% methanol in
di chl oronet hane as the eluent to provide Conpound Int-28a as a pal e foam
(320 ny, 58% . L@wBoanal. calcd. For: C3911481\1604Si 692.4; Found: 693.4
(MtH +. 5 Step B - Synthesis of Internediate Conpound Int-28b Conpound
Int-28a (320 ng, 0.462 mmol ) was di ssqkyved in dichloromethane (3 nL) and
trifluoroacetic acid (3 nL) was added. The resulting solution was all owed
to stir at roomtenperature for 5 hours and then concentrated in vacuo to
provide Conpound Int-28b as a solid ("¥2% ng), which was used for the next
reaction without purf, akcﬁiﬁ&n'om%pallghugtaﬂdarb&;(TO%sytmdl@i—nSbs@fteeﬁ&ﬂpound 2 A
100 niL flask V\@S rglggnl g %ﬂm%&d&&‘;an%ﬁl&m(r%aﬁoh&%mg%ﬂﬁ nmol ), acid

list-la (200 ng, lsor | et n ni., 3.75 mmol ), DWMF
(5 nL) and 15 coB‘f“@H“f“gy‘D fhe mmu‘%ﬁ?ﬁwmga Qnenwasw{ hen added and

the resulting sor“tﬁfrﬁmﬁn%@‘ﬁvaa&wgam%ﬁ\% aiﬁ°i‘c?“?‘8’6‘f?’i”f”’éﬁb‘éﬁdéﬁs’ﬁre After 2.5
hours the reacti &n2Mes thgpaleterctidnl sk pomeend ratecknd riped aderoiregerd puri fi ed using
reverse phase che@ppizegmapdasin (D Q8orateicadifd 14 tigite aad mebrer(sosilt h 0. 1 % TFA as

an eluent) pr QY I deadaaCo m(?e's'tmg Rluds wd thWaEe@unS&)hJ a%o{pﬂdgngafﬁgnd 4989 . LCVS anal .
calcd. for: C431, to sérl%Ngl(l)oqrsS Aﬁgg‘%cu%ing tEe Jﬂgfhy(ﬁ(g;x tﬁl’a r&%n]lr;ln)u;]re was ﬁtgry‘]e COITpOUI’ldS

set forth in the

bed ab d
substituting thethéf’ﬁ%tagﬁ‘?elp‘ﬁta’é“hr"é"&&“fsﬁ’ ? g&H’?fﬂ’% & xzogeﬁ)h%(%wm meﬁrh ﬁo alvgve o

filtrate and washings were concentrated in vacuo and the resultmg residue was dlSSOlVGd in
CH,Cl, (75 mL). The resulting solution was purified using an ISCO 330-g Redi-Sep

15  column (0-10% methanol/CH,Cl, as eluent) to provide Compound Int-19a as a yellow
solid (3.76 g, 89%).

Step B — Synthesis of Intermediate Compound Int-19b
NH

O\rrnﬁff)
Bgfee
R
20 Int-19b
To a solution of Compound Int-19a (1.00 g, 6.28 mmol), HATU (2.63 g, 6.91
mmol) and diisopropylethylamine (3.28 mL, 18.8 mmol) in anhydrous DMF (20 mL) was
added Boc-Pro-OH (1.49 g, 6.91 mmol). The resulting reaction was placed under nitrogen
atmosphere and was allowed to stir at room temperature for 17 hours. The reaction mixture
25  was then partitioned between EtOAc (100 mL) and saturated aqueous NaCl solution (100
mL). The aqueous layer was extracted with EtOAc (4 x 100 mL) and the combined organic
extracts were washed with brine (4 x 100 mL). The resulting solution was dried over
Nay SO, filtered and concentrated in vacuo. The resulting residue was dissolved in CH,Cl,
(10 mL) and was purified via chromatography using an ISCO 80-g Redi-Sep column (0-5%
30 methanol/CHiClz as eluent) to provide Compound Int-19b as an orange oil (0.713 g, 32%).
ESI-LRMS: (M+H-C4Hg0,)" = 257.



(MrH) Conpoun d No. Ms 04+11) 1 808.3 86 938.2 15 833.4 87 946.2 16 833.4
88 914.2 55 825.2 89
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Step C— Synthesis of Intermediate Compound Int-19¢

<

N S
Z
N

Int-19¢

5 A solution of compound Int-19b (3.00 g, 8.41 mmol) in CH;COOH (70 mL) was

places under nitrogen atmosphere, heated to reflux and allowed to stir at this temperature for
18 hours. The reaction mixture was cooled to room temperature, then was concentrated in
vacuo. The oily residue obtained was diluted with CH,Cl, and the solution was neutralized
using saturated aqueous NaHCO; solution (125 mL). The resulting biphasic mixture was

10  allowed to stir for 1 hour and then separated. The aqueous layer was extracted with CH,Ch,
(2 x 200 mL) and the combined organic extracts were concentrated in vacuo to provide
Compound Int-19¢ as an orange foam (2.04 g, 86%), which was used without further
purification. TH NMR (CDCl3) § 11.61 (br s, 0.32H), 11.04 (br s, 0.68H), 8.93~8.85 (m,
1.68 H), 8.38-8.30 (m, 0.32H), 8.08-7.70 (m, 2H), 7.53-7.40 (m, 1H), 5.51-5.43 (m, 1H),

15 3.64-3.51 (m, 2H), 3.34-3.13 (m, 1H), 2.51-2.11 (m, 6H). LCMS: (M+H)" = 281.

Step D — Synthesis of Intermediate Compound Int-19d

5
pase!
g
Int-19d

20 To a 0 °C solution of Compound Int-19¢ (2.03 g, 7.24 mmo}) in CH,Cl; (75 mL)
under nitrogen, was added 3-chloroperoxybenzoic acid (1.50 g, 8.69 mmol). The resulting
reaction was allowed to warm to room temperature while stirring for 18 hours, then the
reaction mixture was cooled to 0 °C and quenched by adding 10% Na,SO; solution (25
mL). The organic solvent was removed in vacuo and the remaining aqueous solution was

25  directly purified using an ISCO 80 g Redi-Sep column (0-10% CH3;OH/CH,Cl; as the
eluent) to provide a bright yellow foam product. This material underwent a second flash
chromatography purification using an ISCO 80 g Redi-Sep column (0-10% CH;OH/CH,Cl,
as the eluent) to provide Compound Int-19d as a light yellow foam (1.85 g, 86%). 'H NMR
(CDC13) § 11.69 (br s, 0.17H), 11.12 (br's, 0.83H), 8.59-8.38 (m, 2.83H), 8.04-7.96 (d, J =
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9.5 Hz, 0.17H), 7.88-7.81 (d, J = 8.2 Hz, 0.17H), 7.75-7.67 (d, J = 9.4 Hz, 0.83H), 7.36~
7.23 (m, 1H), 5.43-5.34 (m, 1H), 3.56-3.48 (m, 2H), 3.24-3.06 (m, 1H), 2.43-2.06 (m,
6H).

Step E — Synthesis of Intermediate Compound Int-19¢

Int-19¢

A solution of Compound Int-19d (1.84 g, 6.20 mmol) in CH,Cl; (20 mL) was
placed under nitrogen atmosphere, cooled to 0 °C, and to the resulting cooled solution was
added triethylamine (1.04 mL, 7.45 mmol). The resulting reaction was allowed to stir for
10 minutes, then a solution of phosphoryl chloride (1.14 g, 7.45 mmol) in CH,ClL, (10 mL)
was added dropwise over 10 minutes. The reaction was allowed to stir for an additional
1.75 hours at 0 °C then was quenched by the dropwise addition of water (3.0 mL). The
resulting reaction mixture was neutralized to pH 7 using 2N NaOH (~ 15 mL), then loaded
directly onto a 120 g Redi-Sep column and purified using 0-10% CH;OH/CH,Cl; as the
eluent to provide a yellow solid product. The yellow solid product (containing both isomers
of Compound Int-19¢) was then separated into individual isomers using semi-preparative
HPLC (Luna C18, CH3CN/water with 0.05% TFA). The isomerically clean fractions were
combined with saturated NaHCO; solution (10 mL) and the organic solvent was removed in
vacuo. The remaining aqueous portion was extracted with EtOAc (3 x 100 mL) and the
combined organic extracts were dried over Na;SOq, filtered and concentrated in vacuo. The
resulting residue was dissolved in a mixture of CH;CN and water and the solution was
freeze-dried for about 15 hours to provide Compound Int-19¢ as an off-white solid (463
mg, 23%). 'H NMR (CDCls) § 11.10 (br s, 1H), 8.87 (br s, 1H), 7.89-7.68 (m, 2H), 7.53-
7.42 (4, J = 8.6 Hz, 1H), 5.52-5.40 (d, /= 8.0 Hz, 1H), 3.69-3.53 (m, 2H), 3.26 (br s, 1H),
2.52-2.11 (m, 6H).

EXAMPLE 20
Preparation of Intermediate Compound Int-20¢

Step A — Synthesis of Intermediate Compound Int-20b
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1. N-Ac-L-Proline O

Ha HATU, DIPEA B"%N ~F

Br H2 _—P—M_E-—-» H ‘ 7

2. AcOH, 70 °C

Int-20a _ Int-20b

To a solution of Int-20a (6.1 g, 32.7 mmol), N-acetyl-L-proline (5.4g, 34.35 mmol)
and HATU (13.7 g, 34.35 mmol) in anhydrous DMF (100 mL) was added
5  diisopropylethylamine (16.91 mL, 96.9 mmol) dropwise over 15 minutes at ice temperature
The reaction was warmed to room temperature and allowed to stir for 3 hours. The reaction
was then diluted with EtOAc (500 mL) and the organic layer washed with water (200 mLx
2). The aqueous layer was back-extracted with EtOAc (100 mLx 2). The combined organic
layers were washed with brine, dried over MgSO,, filtered and concentrated in vacuo. The
10  crude product was purified using flash chromatography using a 1% -2 % MeOH/CH;Cl; as
eluent to provide the intermediate amide (4.1 g). The amide was dissolved in glacial acetic
acid and was heated at 60 - 70 °C for 1 hour. The reaction mixture was diluted with EtOAc
(100 mL) and cooled in ice bath. Saturated Na,COs solution was added slowly until the pH
= 8. The organic layer was separated and the agueous layer was extracted with EtOAc (250
15  mLx 2). The combined organic layers were washed with water and brine, dried over
MgSOy, filtered and concentrated in vacuo to provide Compound Int-20b (3.75g, 38 %).
LCMS: M* =308

Step B — Synthesis of Intermediate Compound Int-20c

o Pd(PPhs),
(Pinacol),B 0}3
Int-20b Int-20c

20

Int-20b (925 mg, 3 mmol), (Pinacol),B; (1.6g, 6.3 mmol), PA(PPhs)s (174 mg, 0.15
mmol), potassium acetate (736 mg, 7.5 mmol) and 1,4-dioxane (100 mL) were added to 350
25  mlL pressure vessel. The resulting mixture was degassed, purged with nitrogen and allowed
to stir at 80 °C for 17 hours. After the reaction was cooled to room temperature the solution
was diluted with CH,Cl, (300 mL) and filtered through a celite plug. The filtrate was
washed with NaHCOs solution (50 mL) and water (50 mL). The combined organic layers
were washed with brine, dried over MgSOy, filtered and concentrated in vacuo. The crude
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product was purified using flash chromatography using a 0 -5 %MeOH/CH,Cl, as eluent to
provide Compound Int-20c (750 mg, 70 %, contains some pinacol). MS: MH' =356.2; 'H
NMR (500 MHz, CD;0D): § 8.1-7.4 (m, 3H), 5.3 (m,1H), 3.9 (m, 1H), 3.7(m, 1H), 2.4 (m,
1H), 2.0-2.2 (m, 6H), 1.39(bs, 12H).

Example 21
Preparation of Intermediate Compound Int-21d

NH

Y A
/@ s HOON,  — g ALK
Br H

NH, e
F EF
Int-21a int-21b Int-21¢
BOC
oy
B e y
Br }N{)\‘"IZF
F
Int-21d

Step A — Synthesis of Intermediate Compound Int-21c

A solution of Compound Int-21a (7.35g, 39.3 mmol}, Compound Int-21b (9.88 g,
39.3 mmol) and diisopropylethylamine (10 mL, 57.5 mmol) in DMF (40 mL) was cooled to
0°C. HATU (15.0 g, 39.45 mmol) was added slowly to the cooled solution and the
resulting reaction was allowed to warm to room temperature on its own, then stirred at room
temperature for 19 hours. The reaction mixture was then diluted with ethyl acetate (300
mL) and washed with brine (3 x 100 mL), and the organic phase was dried over sodium
sulfate, filtered and concentrated in vacuo. The residure obtained was purified using a 330
2 ISCO silica column (0-5% methanol in dichloromethane as eluent) to provide Compound
Int-21¢ as a brown gel (15.1 g, 91%).

Step B — Synthesis of Intermediate Compound Int-21d

Compound Int-21c (15.1 g, 35.9 mmol) was dissolved in acetic acid (S0 mL) ina
500 mL flask. The resulting solution was heated to 60 °C and allowed to stir at this
temperature for 4 hours, then cooled to room temperature and concentrated in vacuo. The

resulting residue was dissolved in dichloromethane (200 mL), dried (sodium sulfate and



842.0 85 858.1 106 816.0 EXAMPLE 29 Preparation of Conpound 54
12010.7118 Step A - Synthesis of Internediate Conpound Int-29a A m xture
of Int-1ANO(911B4249 21. 1 nmol ), bi s(pinacol ato) di boron @ETAS2¢,1/02812 5
mol ), PdCl2(dppf) (1.54 g, 2.11 nmmol) and potassium acetate (6.21 g, 63.3
mmol ) in dioxane (120 nmL) in a seal ed tube was degassed via alternate
vacuum and argon flushes. The reaction was then heated to 100 C and al | owed
to stir at this tenperature for about 4 hours. The reaction m xture was
cooled to roomtenperature and diluted with Et0Ac (200 nL), filtered
through Celite , and the collected solide were washed with EtOAc until the
10 filtrate was colorless. The |layers were separated and the organi c phase
was washed sequeRPP8MY with saturated aqueous NaHCO3 (2 x 25 ni) and
saturated aqueous NaCl (3 x 25 nL), dried over Na2SO4, filtered and
concentrated in vacuo. The resulting nesidue (16.3 g) was taken up in
CH2C12 and purified usi ng) flash chromat ography on an | SCO 330-g Redi - Sep
col uMm usi ng 0- 3T EERRPHER e FRcoreHEt 3oyt rrRly Resea #¢24a°% he el uent to 15
provi de Conpound bibyytselid G40y Brap Fhigh wasgiepd yithous fughed ppifiegtionh PR edlddd.  ESI - LCVB
2.14 mn; [ MEH for: 500 ENMRO{ 40D 0Byd: 4082 w133 (hr s, 0.32H), 10.79 (hr s,
0.48H), 8.58 (d J 8.1 Hz, 0.60H), 8.45 (d, J- 6.6 Hz, 1H), 7,99 (dd, J=
8.4, 0.6 Hz, 0;60H), 7.93 (s, 0.80Hg,f.82 (d, J = 9.0 Hz, 0.52H),
775768(m 1H) 7.55 (d, J= 8 0 545538(m 1H), 4.08-3.60
(m 3H), 3.00-2.80 (m 1H), "fi"a%‘f"?fé“}"“‘ﬁ?if)“ic"‘f‘?% % 12H). 20 Step B -
Synthesis of Internedi ate Conpound Int-29b 1N2010.7118

BOC NHé BOC
NH | ]
SO . ol » Br N’U)LN)
Br NH, H Hy

Int-21a Int-22a Int-22b
?OC

88

Int-22¢ -

10 Step A — Synthesis of Intermediate Compound Int-22b
Using the method described in Example 21, Step A, Compounds Int-21a and Int-
22a were coupled to provide Compound Int-22b as a brown gel (12.5 g, 81%).

Step B — Synthesis of Intermediate Compound Int-22¢
15 Using the method described in Example 29, Step B, Compound Int-22b was
converted to Compound Int-22¢ as a brown solid (11.20g, 93%), which was used without

purification.

EXAMPLE 23
20 Preparation of Intermediate Compound Int-23e



148 A nmechanically stirred m xture of Int-29a (9.25 g, 18.5 mmuol),
Int-26b (8.89 g, 20.3 mml ), PdC12(dpp() (2.03 g, 2.78 mml) and sodi um
car bonat ew0208211942955. 6 Mol ) in 1:2 water/di oxane (600PgC)USat110ZTINT
tenperature was purged with dry N2 for 10 m nutes then argon gas for 5

m nutes. The reaction m xture was then heated to 85 C and allowed to 5 stir
at this tenperature for 3 hours. The reaction m xture was cooled to room
tenperature then filtered through Celite and the collected solids were
washed with Et OAc until the filtrate was colorless. The organic |ayer of
the filtrate was separated and washed with saturated aqueous NaC (3 x 50
m.), dried over Na2SO4, filtered and concentrated in vacuo. The resulting
resi due (18.8 g)pwasstaken up in CH2Cl2 and purified using flash 10

chromat ography on an | SCO 330-g Redi-Sep col umm (0-5% MeOH CH2C12 gr adi ent
eluent) to provide Conpound Int-29b (3,80 g). Conpound Int-29b was was
further purified via chromatography using an | SCO 330-g Redi -Sep col um
(0-100% Et OAc/ hexangs) jo provid g)lfl dNQp ound I nt-29b (2.81 g, 20%
as an off-white SO@’IEM%% oo %NNR (CDC13): 8
11.60-11.40 (m 0.3BH), 14.20-11900 m ‘zL5N C&Sa*ilo 903 10. 40 (m 0. 55H),
10.30-9.90 (m O. 50H7“3“8 T8, 58 ( \1H) 8&20 98 (m TH), 7.96-7.46 (m
7H), 7.40-7.28 (in, 5H) 7.20-7.R8. (m Om3% Hf** 5.65%%38 (m 2H),
4.10-3.55 (m 4H), 3. 02- 2.80 (m 2H), 2.55-2.37 (m 1H),| 1.60-1.45 (m
18H), 1.25-1.15 (m 1H), 0.56-0. 25 (m 6H). 20 Step C - Synt hesis of
Conmpound 54 To a stirred solution of Int-29b (2.80 @ 3.84 mmol) in
CH2C12 (24 nmL) at roomtenperature was added TFA (5 F’d the resulting
solution was allowed to stir at roomtenperature for 3 hbgirs. The reaction
m xture was then concentrated in vacuo to provide a browyp,oil internediate,
whi ch was used without further purification. Lyophilization of an 25
aliquot from1:1 MeCNwater (3 nmL) at room tenperature for 36 hours

af forded an of f - Vit 4 evisisiotravier fearsd@-es| - Ms: [ MtFir = 529. NVR
(DVBO0-4): 8 9.35 (brAs§L-3hédyed roghd Sgonfeth flasis cquipppf) with gmdShpnigapptirrer) - 8. 0 Hz, 114),
8.41 (s, 1H), 8. Qapddlelprotk, ditn HynelkndD, dnlgt, wad cheged with i@ FohollKopBeFiral m 514), 7. 82
(d, J= 9.0 Hz, 1H}pad. (I.Ytlsa(é%g?li 05D, 1.0 &), BenibrbmethdiTisitig (mel2b), 2564. 69 (d, J =
?H)S Hi 5%H% dd3 ?%, %%TA‘]lg %E&’L 1&(1?!): anh%dr %egagkv(amoolédl_ll)a1dry3<x/08 2. 93 (m)
0.38 (s, 3H), O. §grotagol ba%tll_lﬁhl the mternal’teﬁger re r%agh J'S dgsg?ua/[]hthlum%M?ﬂc?%g br own oi |
intermedi ate in DNFheBO: 48Nl 419 1HL @%Rﬁg’aséﬂ’ﬁ’é’&adﬂpg‘%@i"ﬂﬁw @Ayl ami ne (6.7 ni,
38.4 mol ). The méuainthingy is olent] regrtionygmeratitelbeyypet61°6 adt 76 fC- ke t hi s t enper at ur e
for 30 mnutes, tRERgESierds(Bhoxyean Banyl a4 0 epm tedperatuk KPHRO. 7118 149
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sol ution was cool ed b gag%drmpdg V&S J.hen added and
the resulting reacti %‘eth’(}\%er&l)i"s dgagd%m%?mgme P SI%%GO 15 ‘m nutes, then

the cooling bath %fﬁ%edl‘”é‘}f&\)’éﬁethélrm“tWé‘:"f"@%féfrfga%la%g“gf wed o warmy slowy
t 0 room t enperlat upddrinsririgdiwith MehRy fltpied ad eoaeentiptein viere o PREY 439IEPBhed 5 to stir at
room t enper at ur e ofafif oitt s natelidh wisdat usierasyahmdir bhagdt &chows t¢ fovided?eg of ¢iI500 nl). The
reaction m Xture WS i ReRang hheueddeet ot isaldvelciwast dried in vacuo to

pr ovide a crude %mgMasﬂn(aﬁel%og)tog\Qltﬁy%1%§ﬂgﬂo§l§tm YR whaddld 2 and pUI’I fied

using flash chromato 0- ERGALM with a 0-10%
met hanol / CH2C12 r%& gﬁtt‘) (¥? ue’nt'gliexanes T§\}m Ct?ﬁ cugw@%%dm c% l g). This

rrp
conpound was fzﬂrtah*’é’F‘hFW‘ia‘f“F@d‘bE]?\'“ﬁ ‘&%r?vﬁélgf’%“sl @é@"’fﬂ 'f "(é&%GO_D Redi - Sep
colums with a 0-#E% Et 0Ac/ hexanes and t hen 75% Et OAc/ Hexanes eluent to
provide purified Conpound 54(2.25 g) as an off-white solid. BSI-LCVS 1.54
m n; [M411+ = 843S¢epB—SynthesiS of Intermediate Compound Int-23d



Step D - Synthesis of the di hydrochloride salt of Conmpound 54 15To a

sol ution of Conpound 54 (2.25 g, 2.67 mol) in MeOH (24 nlL) at room

t enper at we 2omigi1agded 2N HC1 in ether (2.66 ni, 5.33 mmpCY/UsTie/oeasul ting
reaction was allowed to stand at roomtenperature for 5 m nutes, then was
concentrated in vacuo. The resulting residue was dissolved in a 1:2 mxture
of acetonitrile:water (15 nL) and the resulting solution was |yophilized at
roomtenperature for 72 hours to provide the 20 di hydrochl oride salt of
Conpound 54 as an off-white solid (2.26 g, 64% over 2 steps). ESILRVS [ MtH]
843. 1H NWVR (DMSO-d6): 8 14.76 (br s, 1H), 14.35 (br s, 1H), 8.70-8.57 (m
1H), 8.52 (s, 1H), 8.20-8.07 (m 2H), 8.07-8.02 (m 2H), 8.02-7.93 (m 3H),
7.88-7.80 (m 1Hnoid74d (d, J= 8.5 Hz, 1H), 7.15 (d, J= 8.5 Hz, 1H), 5.51
(t, J =85 Hz, 1H, 5.405,29 (m 1H), 4.64-4.45 (m 2H), 4.42 (t, J = 7.5
Hz, 1H), 4.03 (t, J =8.0 Hz, 1H), 3.5 (s, 25 3H), 3.53 (s, 3H), 3.32-2.97
(m 5H), 2.20-2.10 (m 1H), 2.00-1.90 (m 1F1), 1.65-1.53 (m 1H), 1.25
(dd, J= 15.0, 9.5 Hza 51 blheckeDro@d bofaniSd flagkrquipieiyyith anefi@icdl gimerpddit@n 5 Hz, 3H), 0. 74
(d, J = 6.5 Hz, Blds terkberdPe frsbe, cxddihl watbt balland 16 inleBid) charfeXhidRbuipo30 30Pr epar at i on

of Corrpound 67 9;61g80643m41r1]% Q@mdBR1 € 9DV £fubosdic @ootdier iBgpound 67 usi ng
the net hod descrc(}jug% tgg)mtm T reover%&%%s Wl amlldEE bgivédon of Conpound
69 69 10 Step A “@Wﬁi“ﬁ T o P A Y Ha | AL

The temperature 1ncreased to 37 °C then dropped back down The réajlclillgn mlxturgg v;as
allowed to stir at room temperature for 3 hours and was monitored by TLC and LCMS. The
reaction mixture was then concentrated in vacuo to an oil. Additional methanol (3 x 200
mL) was added and the reaction mixture was concentrated in vacuo again. The resulting
crude product was dried under house vacuum for about 15 hours. The crude product was

10 then dissolved in CH,Cl; (750 mL) and Et;O (1250 mL) and sodium iodide (96.4 g, 0.643
mol, 1.0 eq) was added. Diisopropylethylamine (336 mL, 1.929 mol, 3.0 eq) was added
slowly over 25 minuteé with efficient stirring, causing the temperature to increase to 35 °C
then decrease again. The reaction mixture was allowed to stir at room temperature for 2
hours, at which time the MS of an aliquot indicated consumption of the starting material.

15 The reaction mixture was allowed to stir for an additional 2 hours and then Boc-anhydride
(281 g, 1.286 mol, 2.0 eq) was added. The reaction mixture was then allowed to stir at
room temperature/. After two days, the reaction mixture was diluted with EtOAc (2 L) and
water (1 L), and he layers were separated. The aqueous phase was extiracted with 500 mL
of EtOAc. The combined organic layers were washed with water (500 mL), and brine (500

20 mL), dried with MgSOs, filtered, and concentrated in vacuo to a yellow oil (380 g). The
crude product was split into two 180 g portions for convenience and each portion was
purified via flash silica gel chromatography. Column conditions for a 180 g portion of
crude product are as follows. The 180 gram sample of crude product was loaded onto a 191
g SiO; cartridge and purified on a 1.5 Kg SiO; column. The column was eluted using a 0%-

25  20% EtOAc/hexanes gradient as the mobile phase to provide 52 grams of pure Int-23d and
additional fractions of Int-23d that contained a small amount of a Boc-valine impurity. The
impure fractions from the two columns were recombined and re-purified. After
chromatography, compound Int-23d was obtained as an oil which solidified to a white solid
on standing (128 g, 65% yield over the three steps.)

30
Step C — Synthesis of Intermediate Compound Int-23e

A solution of Int-23d (8.5g, 31.1 mmol) in methanol (100 mL) and 1.0 M aqueous
KOH solution (48 mL, 48 mmol) was allowed to stir at room temperature for about 15



Il Si Int-3la To a solution of dichlorozirconocene (Cp2ZrCl12) (4.2
g, 14.2 rnnol) in 40 nL THF at -78 C was added n-13uLi (1.6 Min hexane, 18
m., 28.4 woeb)/11342e resulting reaction 15 was al |l owed t ®@C3ftseorfior7117 hour at
this tenperature, then a -78 C solution of diphenyldiallylsilane (2 g, 14.2
mml) in 17 nmL of THF was added and the resulting reaction was allowed to
stir for 1 hour at -78 C and for 18 hours at 25 C. The reaction was cool ed
to -78 Cand a -78 C solution of iodine (9 g, 35.5 mol) in 20 nL THF was
added at and the reaction was allowed to stir for 1 hour. The reaction was
t hen quenched 20 with 10% aqueous H2SO4 and the organi c phase was extracted
with ether. The organic solution was washed sequentially with saturated
aqueous NaHCO3 s&¥200i7dh and brine, dried (Na2SO4), filtered and
concentrated in vacuo. The resulting residue was purified using

| N2010. 7118 151 1SCO 120 g colum (hexane) to provide Conmpound Int-31la,
2.75 g (49% . 111 NWR (CDC13) 8 3.44 (dd, J= 21, 10.0 Hz, 2H), 3.33 (dd, J=
4.7, 10.0 Hz, 2Hpourspeupgized prith 43 pfof 1.QM grgeoysdig! solgfion 15 K5, afhwrwenfrﬁedmzH) 0. 63 (dd,
J= 11.1, 14.2 Hz yacidld)ap oi) Tees(lt®g re@lielWas exfiactEt vétp di@lorom@yurthrel8t L) of | nt er medi at e
Conmpound | nt - 31b ad¥RO combif orgehiblaytR wake conk&htrfied SOhckit td @dVidOFompound Int-23¢

(2R) - (-) -2, 5-di hydr, 9z734§9444 mxam,asywazaae&mm&walcp%rcmp@mm&1: g, 4.36 mol )
in THF (8 m) %/vamog e; ‘?&]‘ (2.5 Min hexane, 1.8 nL, 4.58 10 nmmol). The
resulting reac a ovved to stir for 20 m nutes, then Conpound
Int-31a (2.75 g, 6. 98 mmol, in 2 nL of THF) was added and the reaction was
allowed to stir at -78 C for 4 hourEXAMERB24 eacti on was quenched with
saturated aqueous NHACI sol btpagrion efintbmtchiee Comgamine-24gayer s were extracted with
Et OAc. The conbi neg¢ Qr gaeboededsuti on was, washed wi th bnine sol ution, dried
(Na2so), fil tered and comeentr at e N VAacuwasmcthe™MEEur {1 ng 15 resi due was
purified using an | SCO 40 g coI um (§Padi ent from 0%"8 2.5% ether in

hexane) to provide Cor‘rpoun nt-31b, 783 ngy 440/2 NVR (CDC13) 8 4.05 (m
- A o
HgCO N SOCH,
T omuten N o P pyr, EGO
TR, 275 Tepmso ™~ - HO/\/S'— '
Int-24¢ . Int2ad
OCH;, Boc O ?oc o]
/k/( ]/ 1 10% HCI N ,.\JJ\O/ LIOH-H,0 N "\”\OH
HyCO [ el [ ]
s.—— 2 DFEA - H,0, THF o
o™ 3 Bog® A A
Int-24e int-24f int-24¢9

10 Step 4 — Synthesis of Intermediate Compound Int-24a
Mercuric acetate (14.3 g, 44.8 mmol) was dissolved in water (45 mL), and THF (45

mL) was added. To this yellow solution at room temperature was added (chloromethyl)-
dimethylvinylsilane (5.65 g, 41.9 mmol) which became homogeneous in 30 seconds. The
resulting solution was allowed to stir for 5 minutes, then aqueous NaOH (3M, 45 mL) was

15  added, followed by a solution (45 mL) of NaBH,4 (0.5M) in 3M NaOH. Diethyl ether (160
mL) was added and the mixture stirred at room temperature for and additional 1 hr. The
mixture was then saturated with NaCl and the layers separated. The organic layer was
washed with brine (100 mL), dried with Na;SO,, and concentrated in vacuo to provide
Compound Int-24a as a colorless oil (5.72 g, 89%). 'H NMR (CDCls) 8 3.84-3.75 (m, 2H),

20 2.81 (s, 2H), 1.34-1.31 (m, 1H), 1.10-1.05 (m, 2H), 0.148 (s, 6H).

Step B — Synthesis of Intermediate Compound Int-24b



3.96 (t, J= 3.4 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 3.49 (dd, J= 2,8, 0.4
Hz, 1H), 3.26 (dd, J =6, 9.4 Hz, 1H), 2.30 (m 1H), 1.96 (in, 1H), 1.60
(m 2H), wo2tm1d29(m 3H), 1.08 (d, J= 6.9 Hz, 3H), 0. 9eT0IS8@1(021112H),
0.72 (d, J=6.6 Hz, 3H), 0.49 (dd, J= 11.0, 14.4 Hz, 1H), 200.35 (dd, J=
11.0, 14.2 Hz, 1H), 0.16 (s, 6H). Step G Synthesis of Internediate
Conmpound 1 nt-31c HO Boc "11 'Si." Int-31c 25 To a 0C sol ution of
Compound Int-31b (780 ng, 1.92 nmol) in MeOH (9 nL) was added 10% aqueous
HC1 (3 nL) and the resulting reaction was allowed to stir at room

I N2010. 7118 152 tenperature for 18 hours. The reaction m xture was
concentrated in vacua and the resulting residue was coevaporated wi th MOH
twi ce. The resul m2ag7white foam was dissolved in a mxture of ether (6 nl)
and CH2C12 (9 nmL), and to the resulting solution was added

di i sopropyl ethylamne (I m, 5.7 mmol ), The resulting reaction was allowed
to stir at room5 tenperature for 18 hours, thendi-t-butyl dicarbonate (922
ng, 4.22 mol) was athdedhticurtintHels F2esiTH inpign Pe®? i vHwededal | owed to stir at
25 C for 2 days. imldaRle (3328 56. Qinol)l Phb idikiEre WA ot dd @ntirpoUC @drei-nt 0 col d wat er and
the organic | ayeg, Wasnfslildhese sk, hmﬂn@é&slow@tlﬁed%nﬂahnm& a@ani ¢ sol utions

were washed with brine soI L utio Led (Na2aod ) abdi | sk £{@nd concentrat ed
in vacuo. The t h& &S ree‘gtlb]r S rle\i@lss%Jj ea 1 0H.(8 ). cooled to

10 0 C and aquto(d m&’“ﬁaﬂﬁ‘—f“‘%‘m’ﬂf’? SGW" Thy agppous %Veré"”rﬁ’%?%xg”%&&%dded The
resul ting reacti 6n3ab a*a‘lﬂleefwé’ded%%iws werp drisdpveeNpIe HeHar | then t he
reaction m xtur emmmaammufoat@@%rmvelmaqtbm@mmﬂ@mqkhldieﬁnhe organic | ayers
were extracted V\/iaiffohit@h@@&educ'[h@zﬁ@srzbchdaadonngg,mk%) oMt cmmy) snas washed wit h

brine sol ution, qg({??—f”ﬁ%\%ﬁ?)@(dﬁ) o8 897 AR QBEE B Bk Al Vacua to

provi de Corrpound was used w thout further purification. 15
Step D - Syntﬁ%3|§(616 I nternmedi ate Conpound Int-3 Id /sI\ Int-31d To a

sol ution of Conpound Int-31c (ca 320 ng, ca 1 mmol) in DVF (3 nL) were 20
added tri et hyl amiseeC{Quréds ofiiiermégio Corpopd Intggdd 2, 4' - di br onbacet ophenone (673
ng, 2.4 mmol). The resudiiibigEry-Biegbpybrb-di@sogh b-alyedpytagnest b e, 350r 2 hours at 25
C1 then the reacwvanEML@wMedﬂng(ﬁamé n&M@lﬂelﬂm&@&m&aﬁhtJ he or ganl C

RS e ik AL sy SETRLIRSL a6 Ut on ves washed
with brine solution gi 84 1Z .
added overlO mmutes The reactionf mixture was 1o stir at ~78 °C for 30 minutes,

then Int-24b in THF (20 mL) was slowly added over 10 minutes. The reaction was allowed
to stir at —78 °C for 2 hours then allowed to warmed to room temperature and stirred for
about 15 hours. The reaction was quenched by addition of MeOH (5 mL), concentrated in

20 vacuo, water added (50 mL) followed by diethyl ether (50 mL) and the layers were
separated. The organic layer was washed with water (2 x 50 mL) then dried over Na;SOs,
filtered and concentrated in vacuo to provide the crude product. Further purification by
column chromatograpy on a 330 g ISCO Redi-Sep silica gel column using a eluent of
CH,C, with a gradient of 0~10% BtOAc/hexanes afforded the desired product Int-24c as a

25  light amber oil (8.65 g, 63%). 'H NMR. (CDCls) § 4.07-3.99 (m, 1H), 3.94-3.89 (m, 1H),
3.79-3.71 (m, 2H), 3.68-3.63 (m, 6H), 2.32-2.17 (m, 1H), 1.25-1.21 (m, 1H), 1.06-0.95
(m, SH), 0.88 (s, LOH), 0.74-0.68 (m, 1H), 0.69-0.66 (m, 2H), 0.12-0.02 (m, 12H).

Step D ~ Synthesis of Intermediate Compound Int-24d

30 To a THF solution (60 mL) of Int-24c¢ (8.65 g, 20.8 mmol) cooled to 0 °C was
slowly added a solution of tetrabutylammonium fluoride (31.3 mL, 1.0M in THF, 31.0
mmol) over 5 minutes. The reaction mixture was allowed to warm to room temperature for

about 15 hours with stirring. The reaction was then concentrated in vacuo, and the crude



concentrated in vacuo. The resulting residue was purified using an | SCO 80
g colum 25 (gradient fromO0%to 30% Et OAc in hexane) to provide Conpound

I nt-31d (W620n12829% from Conpound | nt-31b). | HNVR ( COCe8Y/UB201/087141, J =
8.5 Hz, 2H), 7.62 (d, J= 8.7 Hz, 2H), 5.50-4.90 (m 3H), 4.26-4.06 (m 1H),
3.00-2.45 (m 2H), 1.75-1.60 (m 1H), 1.47-1.44 (m 9H), 1.31-1.13 (m 3H),
1.00-0.79 (m 3H), 0.24-0.18 (m 1H), 0.16-0.12 (m 6H). LRVMS: (M Boc+H)=
410. 30 1N2010.71 18 153 Step E - Synthesis of Internediate Conpound Int-3
le Br HN/N B ¢ To a solution of Conmpound Int-31d (263 ng, 0.52 nmol)
in o-xylene (2 nL) in a pressure vessel was added anmoni um acetate (279 ny,
3.6 mol ). The resulting reaction 5 was heated to 140 C and allowed to stir
at this tenperatme@ofios 1.5 hours, then cooled to 25 C. The reaction

m xture was poured into saturated aqueous NaHCO3 sol ution and the organic

| ayer was extracted with EtOAc. The cqpbi ned organi c sol ution was washed
with brine solution, dried (Na2SO™4), filtered and concentrated in vacua.
The resul ting resbdlterowsserapad ink 120 @ 1SG8 ReigSensilicd SCDwp@sing a EBICUmth (gr adi ent from
0% to 30% Et OAC prhich@xasie)e0H@HIR) afiic@Mdnteprdiaepapind Hendd-addeiored 70 My (67%) .

1T NIVIR (CDC13)>11(§69g,9Z‘;3) 1%k B&:mﬁﬂswo?(éﬁi)(zbﬁn-s51,(m]431>1584-347309 (br d, J =

s i e Ve b G 1

131120(m1 13.8 Hz, 1H),
0.26-0.07 (m TH™ SFE’FQWWWIEB 7. i 2y B4y - Synthesis of
I nt er nedi ate Conpound Int-3 |f To a sol ut| on of Conpound Int-31e (170

ng, 0.35 nmmol), CeirpaueiskfTierddiat 2@pountgnt-2&. 59 nmol ) and PdC12(dppf) 2- CH2C12
conpl ex (29 ng, 0. 03K JAPPE) mi) Bhudionds 16k28XK@ ey, A6Ammid) washaBd pethe dzoaqueous 2 M

Na2CO3 sol ution 223 m,, emgpclol)ad e, WiSi\M@si2odeanssed, heated
to 100C and al | O&\gd Thg'meér to(;r d%c)ﬁ}l oﬁd\f@ p,L pQOQu;qg- The Feaction

mi xture was then ncEB%?Zé’&) “(af)smé@a@ °E’ierfnﬁ’€uq%elrher°’1%u°l°£rt’“61}3fewas alg %l Ttered through a
celite pad. The f”Ff{“ﬁOrr%?f“é”%mcf%PPe‘éﬁthP‘&st“étH“‘f“ﬁg VECHBOHHE e resul ting
resi due was puri filteedang b figptearmeent8B wero ¢ Previfethrerode grpdaetiFatie from 0% t o 55%
Et OAc i n hexane) pir@cafih Gyoicken csaapebHthsidg 30 JHEO RRiISEp sitigp, gel #@%h wit RMS:  (MFH) + =
783. 25 Step G - cﬁ)&ﬁh&&%@k&m@f 0-SoNidoAUNEL RSt afforded the desired product Int-24e as

15 an amber oil (417 mg, 16%). "H NMR (CDCl3) & 4.22-3.62 (m, 7H), 2.50-2.13 (m, 4H),

1.58-1.41 (m, 1H), 1.32-0.65 (m, 9H), 0.24-0.04 (m, 6H).

Step G — Synthesis of Intermediate Compound Int-24f
To a solution of Int-24e (417 mg, 1.40 mmol) in MeOH (10 mL) was added a 10%
20  aqueous HCl solution (10 mL). The resulting mixture was allowed to sfir at room
temperature for about 15 hours and concentrated in vacuo. The resulting residue was
coevaporated with MeOH (3 x 30 mL) and then dissolved in CH,Cl, (3 mL) and ERO (6
mL). To this solution was added diisopropylethylamine (750 pL, 4.30 mmol) and the
reaction allowed to stir at room temperature After 7 hours di-ters-butyl dicarbonate (703
25 mg, 3.22 mmol) was added and the reaction was stirred for about 15 hours at room
temperature and then concentrated in vacuo. The crude product was further purified using
column chromatographed using a 12 g ISCO Redi-Sep silica gel column with CHCl, and
gradient of 0~50% EtOAc/hexanes mixture as the eluent to provide Compound Int-24f as an
amber oil (94 mg, 23%). 'H NMR (CDCL) 5 4.22-4.01 (m, 1H), 4.10-3.94 (m, 1H), 3.85~
30 3.70 (m, 3 H), 2.32-2.09 (m, 1H), 1.44 (s, 7H), 1.24-0.88 (m, 6H), 0.16-0.05 (m, 6H).

Step H — Synthesis of Intermediate Compound Int-24g



 N2010. 7118 154 69 A 0 C solution of Conpound Int-31f (212 ng, O0.27
nmml) in CH2C12(6 nL) was treated with TFA (2 nlL) and the resulting

reacti on wiexoaliiowwed to stir at 25 C for 4 hours. 5 ThePCgaSRO10/02TILIXE Ur €
was then concentrated in vacuo and the resulting residue was dissolved in
MeOH (10 nlL) and treated with 4N HCL in dioxane (1 nmL). The m xture was
allowed to stir for 5 mnutes at 25 C, then was concentrated in vacua The
resulting residue was dissolved in DM (3 nlL), cooled to -30 C and treated
with Moc-Val-OH (99.4 ng, 0.57 mol ), diisopropylethylamne (0.33 ni, 1.89
mmol ), and HATU (221 ng, 0.58 10 mmol ). The resulting reaction was all owed
to stir at -30C for | h, then warned to OC and stirred at this tenperature
for an additi onan@oosirs. The reaction m xture was poured into cold water
and the resulting precipitate was collected by filtration and purified
using G lson HPLC (CH3CN-H20, 0.1% TFA), to provi de Conpound 69. Conpound 69
was dissolved in MeOH (10 nL) and treated with 4 N HCL in dioxane (0.3 nlL)
fol | owed by concent rtaisdutionbScommund fue-2ih (2t Sang 768 mng intTHRG diLdwrehdtst hl or i de sal t

of Conpound 69 ( fidlidm WBoxide B WbhydrbeDng, {inkdditin FateBO L) Cher@itiGingpureA Cl' ... Cl) St ep

B pl MO | nt-32alAt, %%124sﬂiatéo%ﬁmﬁeéw&aat!\{ﬁQ%thheQ}onm@&émJaMmSt ep C Step D
z 201 nt-32dint-32e 1 N2010

5  with BtOAc (5 x 30 mL). The combined organic layers were dried over Na;SQs, filtered

© aqueous mgxture was then acidified with 1N HCI to pH 4 and extracted

and concentrated in vacuo to provide Compound Int-24g as an off-white solid (157 mg,
87%). 'H NMR (CDCls) $1.44 (s, 8H), 1.34-0.78 (m, 9H), 0.17-0.03 (m, 6H).

EXAMPLE 25
10 Preparation of Intermediate Compound Int-25d
PSIEy S Ap RS I
<N I OCHy —~ Ny /g (N\/{’:‘j
/sr‘ o u ’?‘\ H
nt-23d In-25b Int-25¢ Int-25d

Int-25¢ was prepared from Int-23d using the methods described in Examples 7 and
8. Int-25d was prepared from Int-25¢ using the methods described in Example 7.

15 EXAMPLE 26
Preparation of Intermediate Compound Int-26b

BCC
3

Int-9a Int. 23d int-26a
e
N
Step B / )——( Y
— N Sl
Br Int-26b

20  Step A — Synthesis of Intermediate Compound Int-26a
Int-9a (Aldrich, 9.0 g, 32.4 mmol) and Int-23d (7.74 g, 29.85 mmol) were dissolved
in DMF (50 mL). Triethylamine (10 mL, 71.83 mmol) was then added slowly at room
temperature and the mixture was stirred for about 15 hours. Ethyl acetate (500 mL) was

added, and the organic layer was washed with brine (3 x 100 mL), dried over sodiumn



155 Step A - Synthesis of Internediate Conpound Int-32b To a 1000 niL fl ame
dried flask was added Int-32a (28.09 g, 181.1 nmmol), bronochl oronet hane
(23.5 niL,wBaRtizt1iearel ), and anhydrous THE (400 nmlL). The ®oraiSean/oxms? cool ed
to -70 C. n-BuLi (2.5Min hexane, 145 niL, 362 mmol) was added slow y over
5a period of 1 hour. After the solution was allowed to stir at -70 to -60 C
for 20 mnutes, it was allowed to warmup to roomtenperature in an hour.
Sat urated NHA4CL solution (200 nL) and Et20 (200 nL) were added. The organic
| ayer was separated and the aqueous |ayer was extracted with Et20 (100 mni)
twice. The organic |ayers were conbi ned, washed with brine, dried over
Na2SO4, filtered and concentrated at 25 C. The resulting residue was 10
purified using fhash7ichromat ography on silica gel (240 g, eluted with
hexane) to provide Conmpound Int-32b (17.2 g, 51.9% . Step B - Synthesis of
| nt er medi at e Conpound I nt-32c To a 50Q,1L flane dried flask was added
(R)-2-isopropyl -3, 6-dinethoxy-2,5- 15 di hydropyrazine (10.0 g, 54.3 mmol)
and anhydrous THRIf{Q@6cconderated Fhyacugio knofli Trrrespiting residyo Wesgurifigs vsiig8228,  n- BuLi (2. 5M
i n hexane, 24.0 giscobRa blumireihpraisf aoichedy! eteoginkesees asActlanttd he sol uti on was
allowed to stir ghiiq é8upbund Rt2638a A @MHLB). | Nt-32b (in 5 nL anhydrous THF)
was added dropvvise. After the solution was allowed to stir at -78 Cfor 1
hour, it was allowed to warmup to roomtenperature in two hours. \Water
(100 nL) and Et 28Rr50798 Afrg™ ’Fg"mé‘ifﬁﬂizsﬁhe organi ¢ |l ayer was separated
and the aqueous | ayef 3Rabereesge reue tasdheigpd it ot Bp2 19E AP wi ce. The organic

| ayers were conbiamedivm weigd e sviist- hmnph) i xpienss (WmLk gale westinkP BOYC forf j | t er ed and
concentrated i n vagsia. Afh@olh@sidbnt tbipgatire it dip@sinass Plidnirded @ebcbsi Nng f 1 ash

tchr onat _ogr apcgy Oahegéshlhttng@sicg@&as &ié@vzgn etf] ool Rradelodln xl/agzlr dr@§ﬂ teh 0% t 0f 3%

0 provide ou nt - 32¢ .43, . EReGasanyNt hesis o

I nternedi ate rrﬁngﬁaﬁu r te% Sr?%‘-mécﬁ‘émge % ““°9‘f%’§“§" gxg%ﬁf?r%g)?%‘éelgye assdl?iarﬁ(gded conpound
Int-32c (11.5 g, “SroR 1 Be st o ey e s me "F‘%B”” ) was added.
The sol ution was vsisk HleBCP glics toupn with eredaief VSWpEP et PP S hour s and
concentrated i n via@uopovilh@mpesiUht26énge miesliddies. WS di ssol ved in 30 20 nL MeOH
and concentrated again to renove water and HCl. This process was repeated
three times. The resulting residue yasissol ved in DCM (50 nL) and Et20
(70 mL). DI PEA (15.4 ni, 861:;?%%&)1;@%@&&@0% LR 34.75 mol) were added.
The solution was allowed to Stir. at roomte‘f‘r‘peraturesggr for about 15

hours. Di-tert-butyl dicgtbepate (18.9 1200.7118 N—
' Q Boc NS
O NH, HOJKC7 Step A O o
Br /Si\ O NHz

Int-17e Int-23d Br nt-27a

?OC

Step B ‘ N Ny

ep

o /’i'\?_(’si/
Br”

int-27b
Step A — Synthesis of Intermediate Compound Int-27a
‘ A 100 mL round bottomed flask was charged with Int-17e (2.7g, 11.4 mmol), Int-
20  25d (2.2 g, 7.77 mmol), anhydrous THF, and diisopropylethylamine (2 mL, 15 mmol), and
cooled to 0 °C. HATU (3.0 g, 7.89 mrhol) was then added and the resulting reaction was
allowed to stir at 0 °C for 6.5 hours, during which time the reaction warmed to room
temperature, and then the reaction mixture was diluted with water (150 mL). After

filtration, the crude solid was purified using a 330 g ISCO silica column on Combi-Flash



156 g, 86.9 mmvl) was added. The solution was allowed to stir at room
tenperature for 4 hours. Water (100 nmL) and EtOAc (100 nL) were added. The
or gani ¢ Iwgepimass2gepar at ed and t he aqueous | ayer was ePpCrast@d/oxiiih Et OAc
(100 nL) twice. The organic |ayers were conbi ned and washed with brine,
dried over anhydrous Na2SO4, filtered, and concentrated 5 in vacuo. The
product was purified using flash chromat ography on silica gel (220g,

Hexane/ Et OAC. 0% to 20% to provide Conmpound Int-32d (7.9 g, 75.9%. Step D
- Synthesis of Intermedi ate Conpound Int-32e Int-32d (7.9 g, 26.4 mol) was
di ssolved in MeOH (100 mL) and the resulting 10 solution was cooled to 0 C
KOH (1IMin water, 39.6 nL, 39.6 mmpl ) was added and the resulting reaction
was allowed to siN2f10at180 C for 2 hours, and then warned to room tenperature
and allowed to stir for 3 hours. HC1 (2N, 20 nlL) was added slowy until the
reaction mxture was a pH - 4, then the acidified solution was concentrated
in vacuo. To the resulting residue was added water (150 ni) and Et0Ac (200
m). The organi ¢ SFEyErIrsh feem ek dblegmdrme 1t ?‘i‘é"d&ﬁﬂ’é‘ﬁﬂ’émﬁﬁﬁf‘é"r was extracted
with Et0Ac (2 x 1B0GHLY %%Fhe organic | ayers were conbi ned, washed with
brine, dried over anhydrous Na2SO4, filtered, and concentrated in vacuo.
The resul ting resLAue,Was ohd-sbiat Laasum for about 72 hours to provide
Conpound I nt-32e (7.4 purification.
20EXAMPLE 33 repar %x%rel '?{9 (m & gan&%&gac% %JlM&tpﬁ Compound

| nt - 33a was madeaL?%l% P%’é%?sﬁ’n'g’°"zfﬁé°é‘ip?‘be@&mf“ﬁ f‘°édwﬁs§h°“8t ep A and
substituting COrrmem‘br"wmomﬂ‘?'gre%?gf@éwemmﬁedium&aizﬂ CSF%%“’B“““ Synt hesi s of
Compound 53 5Cor’rpro¢md—F5®RW&Senn(&d“@malsnongdrthlwemﬂmehtgdowe?;@rpwbéldt i n Exanpl e 29,
Steps B and C andmsubafiiitssd $1mg Conpound I nt-33a for Conpound Int-29a. Step
C- Synthesis @f the D hydrochloride Salt of Conpound 53 The di hydrochl oride
salt of Conpound 53 was made using thg Jethod described in 10 Exanple 29,
Step D and substituting Conmpound 53 und 54. ESI-LRMS [ MtHr 825. 5.
NVR (CD30D): 8.25-8.15 (m 1H), 17°p§%’°“7"f§q3‘p%% 9H), 5.95-5.75 (m 1H), 5.6-

5.4 (m 2H), 4.6-4.4 ( mex2 18( 9373‘8,,(@ 6H), 2.9-2.6 (m
IH), 2.2-2.0 (m 2H), 1.4 1Y oN8ytm 14 H, 0.4 (s, 3H, 0.34
(s, 3H), 0.3-0.2 (m 2H). int-18 28 5
Boﬁ‘ O Step B
PO-OQL T =
int-28a 7~
u =
Int-28b f'\ lnt1a

15 Step A — Synthesis of Intermediate Compound Int-28a
A 200 mL flask was charged with boronic acid Int-18 (0.55 g, 1.19 mmol), bromide
Int-26b (0.35 g, 0.80 mmol), PdCl*dppf-dichloromethane complex (65 mg, 0.08 mmol), a
solution of sodium carbonate (1.5M, 1.0 mL, 1.5 mmol), and 1,4-dioxane (10 mL). The
resulting mixture was degassed and refluxed at approximately 80 °C under nitrogen
20  atmosphere for about 15 hours. The reaction was then cooled and concentrated in vacuo to

provide crude product as an oil. Further purification was accornplished using a 80 g ISCO



15EXAMPLE 34 Preparation of Conpound 56 Step A - Synthesis of Conmpound
I nt - 34a Compound Int-27b (5.0 g, 10.86 nmol), conpound Int-16¢c (5.6
g, 11.78 woub)y11P2€12(dppf) dichl oronet hane conpl ex (1. PCE/US2010821mD| ), an
aqueous sol ution of sodium carbonate (1.5 M 12 ni, 18 mmol), and

1, 4-di oxane (70 nL) were added to a 500 nL flask. The resulting reaction
was degassed, put under nitrogen atnosphere, then heated to 25 90 C and
allowed to stir at this tenperature for 5 hours. The reaction m xture was
then cooled to roomtenperature and concentrated in vacuo and the resulting
resi due was diluted 1N2010.7118 158 with dichl oronmet hane (300 nmL). The
resulting solution was filtered and the filtrate was concentrated in vacuo
and the residue abtarmned was purified using a 330 g I SCO silica colum /
Combi - Fl ash system (0-90% et hyl acetate in hexanes as eluent) to provide
conpound Int-34a as a solid (3.7 g, 4% yield). LCMS anal 729 (MrH)+. 5
Step B - Synthesis of Conpound I nt-34b Conmpound Int-34a (2.9, 3.98
mml ) was taken uifa éohmilinchhmrianet Semevit dgddient of 0-ddetiemlinhe resul ting sol ution
was added trifl ugnRacekhds @dubht b Eidtmpoutd 8-8LS bl bagIRRGEWON Was 10

allowed to stir Q&Msragghrcglctd.q,gpﬁ;ﬁskw‘sg@mrFouﬁd:g;g)_y(mﬂ)ft hen the reaction mxture
was concentrated in vacuo. The residue obtained was taken up in nethanol

(100 nm) and to the resulting solution was added HCl in dioxane (4.0 M 4.5
mL). The resul ¥i fepBoVitetot srrdiveorrewtit#4%ed in vacuo to provi de conpound
Int-34b as a solid, Gdmpoi s (128wel 0962 mirellrtes dissplvediedichjoigpiipie 1) on.

and trifluoroacetic acid (3 mL) was added. The resulting solution was allowed to stir at
room temperature for 5 hours and then concentrated in vacuo to provide Compound Int-28b
as a solid (225 mg), which was used for the next reaction without purification.

10
Step C ~ Synthesis of Compound 2

A 100 mL flask was charged with diamine Int-28b (225 mg, ~0.46 mmol), acid Int-

1a (200 mg, 1.14 mmol), diisopropylethylamine (0.5 mL, 3.75 mmol), DMF (5 ml) and

15 cooled to 0°C. HATU (435 mg, 1.14 mmol) was then added and the resulting solution was
allowed to warm to room temperature After 2.5 hours the reaction was partially
concentrated i vacuo and purified using reverse phase chromatography (0-90% acetonitrile
in water with 0.1 % TFA as an eluent) provided Compound 2 as a white solid (180 mg,
49%). LCMS anal. caled. for: Ca3HsiNzOgSi 806.4 ; Found: 807.4 (M+H)'".

20 The compounds set forth in the table below were made using the method described
above and substituting the appropriate reactants and reagents:

Compoun Compoun MS

d MS d
+

No. (M+H) No. (M+H)
1 808.3 86 9382
15 §33.4 87 946.2
16 $33.4 88 9142
55 §25.2 89 8701
s6 | 8433 90 8341




15 A sol ution of compound Jut-34b (3.98 mmol ), conpound It-la (1.6
g, 9.13 mol ) and diisopropylethylamne (6 nL, 45 mol) in DM (3 nL) was
cool ed t owo20110.12430TU 20 (3.2 g, 8.42 mmol) was then adaet/tsbawioy71td t he
cool ed solution and the resulting reaction was allowed to stir at 10 C for
2 hours. Water (0.5 nL) was then added to quench the reaction and the
resulting solution was added dropwi se to 500 nL of water with stirring. The
resulting suspension was filtered and the collected solid was purified
using a 120 g ISCO silica gold colum / Conbi-Fl ash system (0-6% net hanol
in dichloromethane as 25 eluent) to provide conmpound 56 as a white solid
(1.25 g, 37%yield for 2 steps). 1H (600 MHz, CD30D) 8 8.58 (1H), 8.46
(1H), 8.18-8.15 @abhsie. 95-8.05 (311), 7.95 (2H), 7.80 (1H), 5.48-5.42
(2H), 4.5 (2H), 4.45-4.35 (1H), 4.08-4.05 (1H), 3.70-3.60 (6H), 3.60-3.15
(1H), 3.10-2.90 (2H), 2.10-2.00 (2H), ,},90-1.18 (1H), 1.40 (1H), 1.05-0.75
(13H), 0.45 1N2010.7118

65 8234 91 1
70 868.2 92 844.0
" 862.0 o3 834
7 845.0 o4 844.0
7 808.0 o5 822.1
74 9072 o6 822.1
76 794 o 820.1
- 9242 0 816.0
78 836.1 100 870.1
-0 836.1 101 9101
80 9162 102 870.1
81 900.1 103 9302
83 924.2 104 840.0
84 900.1 105 842.0
85 858.1 106 8160
EXAMPLE 29

Preparation of Compound 54



159 (3H), 0.40 (3H). LCMS anal. calcd. for: C43H52F2N806Si 842. 4; Found:
843.4 (MrH)+. HRMS anal. calcd. for: C43HS52F2N806Si 842. 3747; Found:

843. 3821.whnepanat2von of the di hydrochloride salt of Comrpoarsdoid3®2B8Conpound
56 was taken up in nethanol and to the resuling solution was added HClL (1M
in ether, 200 nole %9. The reaction was allowed to stir for 10 m nutes,
then the reaction m xture was concentrated in vacuo to provide the

di hydrochl oride salt of Conpound 56 as a white solid, which was used

wi t hout further purification. 10EXAMPLE 35 Cell-Based BCV Replicon Assay
Measur enent of inhibition by conpounds of the present invention was
performed using the HCV replicon system Several different replicons
encodi ng di f f er epbkoibidys genot ypes or nutati ons were used. |In addition,

pot ency neasurenents were nmade using 15 different formats of the replicon
assay, including different ways of meagurements and different plating

formats. See Jan M Vrolijk etal., A replicons-based bioassay for the
measur enent of interfer {n patient;<§$4ﬁNchrogk@Wpepatlt|s C, 110 J.
VI ROLOGI CAL METHODS Ql~ JreeStrev e ol t—et—al ., Inhibition of

Hepatitis C Virus “Repl j,cation by 2'- m@gbfred Nucl eosi de Anal ogs,
278(14) J. Bl OLOG CAL CHEM STRY 11979 20 (2003). However, the underlying

principles are common to .all of thegg det erm nati ons, and are outlined

bel ow. TagMan(r) - Bas@qﬁf§§§yq€?ef' B “Eﬁnﬁpounds of the present invention
wer e assayed for cel K=pased” ant i -HCW-acti] ty using the follow ng protocol.
Replicon cells were "seeded abt2855000 c%ﬁ}%kmell in 96-well collagen

| -coated Nunc plates in the presence of the test conpound. Various

concentrations of test conpound, typlcally in 10 serigl 2-fold dilutions,

were added to the assay m xture, mn the starting @EQEratlon rangi ng
from250 jiMto 1 p.M The final @?%?TMSOS% fetal

ﬁtN @Q f/ )\
bovi ne serumwas 5% in the assayﬁ arvested on day 3 by
the addition of Ix cell lysis bufferFFAnblon“cat 30 #8721). The replicon
RNA | evel was neasured using real tinme PCR (TagMan(r) assay). The anplicon

was |l ocated in SB The g éﬁ%?lnerifxeéé' §B 2F ATGGACAGECECCCTGA (SEQ ID
NO 1); 5B.2R TT &) Q robe sequence was
FAM | abel ed CACGCCAT@EB@EE’FG%E%"‘ Q’EFL o™ ‘15@‘“*‘%‘&“’)‘11 on (88, 23.2
mmol), PACly(dppf) (1.54 g, 2.11 mmol) and potassium acetate (6.21 g, 63.3 mmol) in
dioxane (120 mL) in a sealed tube was degassed via alternate vacuum and argon flushes.
The reaction was then heated to 100 °C and allowed to stir at this temperature for about 4
hours. The reaction mixture was cooled to room temperature and diluted with EtOAc (200
mlL), filtered through Celite®, and the collected solide were washed with EtOAc until the
10 filtrate was colorless. The layers were separated and the organic phase was washed
sequentially with saturated aqueous NaHCO; (2 x 25 mL) and saturated aqueous NaCl (3 x
25 mL), dried over Na;SOy, filtered and concentrated in vacuo. The resulting residue (16.3
) was taken up in CH,Cl; and purified using flash chromatography on an ISCO 330-g
Redi-Sep column using 0-30% EtOAc/hexanes then 30% EtOAc/hexanes as the eluent to
15  provide Compound Int-29a (9.02 g, 85%) as a light brown solid. ESI-LCMS 2.14 min;
[M+H]" = 500. "HNMR (CDCL;): 8 11.33 (br s, 0.32H), 10.79 (br s, 0.48H), 8.58 d,J=
8.1 Hz, 0.60H), 8.45 (d, J = 6.6 Hz, 1H), 7.99 (dd, J = 8.4, 0.6 Hz, 0.60H), 7.93 (s, 0.80H),
7.82 (d, J = 9.0 Hz, 0.52H), 7.75-7.68 (m, 1H), 7.55 (d, J = 8.7 Hz, 0.60H), 5.45-5.38 (m,
1H), 4.08-3.60 (m, 3H), 3.00-2.80 (m, 1H), 1.51 (s, 9H), 1.40 (s, 12H).
20
Step B — Synthesis of Intermediate Compound Int-29b



160 (SEQ ID NO 3). GAPDH RNA was used as endogenous control and was
anplified in the sanme reaction as NS5B (multiplex PCR) using prinmers and
VI G| abelwo 2prishies2zpecommended by the manufacturer (PE ApplritsdoiBioonyst em) .
The real -time RT-PCR reactions were run on ABI PRI SM 7900HT Sequence
Detection Systemusing the following 5 program 48C for 30 minutes, 95C for
10 m nutes, 40 cycles of 95C for 15 sec, 60C for 1 mnute. The ACT val ues
(CT5B-Crawnn) were plotted against the concentration of test conpound and
fitted to the signoid dose-response nodel using XLfit4 (MDL). EC50 was
defined as the concentration of inhibitor necessary to achieve CT=1 over
the projected baseline; ECO0 the concentration necessary to achieve CT=3.2
over t he basel i ngpod1Al ternatively, to quantitate the absol ute anmount of
replicon RNA, a standard curve was established by including serially
diluted T7 transcripts of replicon RNA n the Tagman assay. Al TagMane
reagents were from PE Applied Biosystems. Such an assay procedure was
described in detail Amec@niguy st admofdi-29I9.25 &, At mom) dntdBi B$° eAgent s and

Chenot her apy 50: »5Q:43n, 2R2Qpdn 236 .78 o) and sodivdkiGMbora@ plsh £ 696 fnGHB assay data for
various replicong,a tengMEﬁwn&)A@@%&%eﬁth&le%ﬁggeim)déﬁlf@r@bﬁl%éormounds of the
Thi s data indi caf"@eepHEi ¢ REB"EopEuNas wfe the' e

resent |nvent|on are hlghly
active versus % Wit @isipapeeiedpr %)‘T"“IH@V‘?@S‘R“‘F%W ‘6’8?‘?§° HdRETShts. 20 No. la
(H77) Ib (Conl) Benfilkdd tiRioeh CABLOB O @Y ectBizolidINE@Meshed with EtOAC until the

filtrate was colorless. The organic layer of the filirate was separated and washed with
saturated aqueous NaCl (3 x 50 mL), dried over Na;SOq, filtered and concentrated in vacuo.
The resulting residue (18.8 g) was taken up in CHCl, and purified using flash

10 chromatography on an ISCO 330-g Redi-Sep column (0-5% MeOH/CH,Cl, gradient eluent)
to provide Compound Int-29b (5.80 g). Compound Int-29b was was further purified via
chromatography using an ISCO 330-g Redi-Sep column (0-100% EtOAc/hexanes) fo
provide putified Compound Int-29b (2.81 g, 20%) as an off-white solid. ESI-LCMS 1.70
min; [M+H]" =729. "H NMR (CDCl3): 8 11.60-11.40 (m, 0.36H), 11.20-11.00 (m,

15 0.12H), 10.90-10.40 (m, 0.55H), 10.30-9.90 (m, 0.50H), 8.70-8.58 (m, 1H), 8.20~7.98 (m,
1H), 7.96-7.46 (m, TH), 7.40-7.28 (m, O:SH), 7.20-7.08 (m, 0.34 H), 5.65-5.38 (m, 2H),
4.10-3.55 (m, 4H), 3.02-2.80 (m, 2H), 2.55-2.37 (m, 1H), 1.60-1.45 (m, 18H), 1.25-1.15
(m, 1H), 0.56-0.25 (m, 6H).

20  Step C - Synthesis of Compound 54
To a stirred solution of Int-29b (2.80 g, 3.84 mmol) in CH>Cl; (24 mL) at room
temperature was added TFA (5 mL) and the resulting solution was allowed to stir at room
temperature for 3 hours. The reaction mixture was then concentrated in vacuo to provide a
brown oil intermediate, which was used without further purification. Lyophilization of an
25  aliquot from 1:1 MeCN/water (3 mL) at room temperature for 36 hours afforded an off-
white solid intermediate. ESI-MS: [M+H]" =529. "H NMR (DMSO-d): 8 9.35 (br s, 1H),
8.96 (br s, 1H), 8.51 (d, J = 8.0 Hz, 1H), 8.41 (s, 1H), 8.06 (dd, /= 8.5, 1.5 Hz, 1H), 7.97-
7.87 (m, 5H), 7.82 (d, J = 9.0 Hz, 1H), 7.77 (br s, 1H), 5.34 (t, /= 8.5 Hz, 1H), 4.69 d,J=
6.5 Hz, 1H), 3.83 (t, /= 12.0 Hz, 3H), 3.22-3.09 (m, 1H), 3.08-2.93 (m, 1H), 1.55 (dd, /=
30 14.5, 6.5 Hz, 1H), 1.21 (dd, J= 14.5, 10.5 Hz, 1H), 0.38 (s, 3H), 0.35 (s, 3H).
To a stirred solution of the brown oil intermediate in DMF (60 mL) at 0 °C was
added diisopropylethylamine (6.7 mL, 38.4 mmol). The resulting solution was allowed to

stir at this temperature for 30 minutes, then (S)-2-(methoxycarbonylamino) -3-



982) 4a (D41 878) 1 a (Y9311) 1 a (L3 1 V) 1 0.003 0.003 0.003 NA 0. 26
0.067 NA NA 2 0.01 0.004 0.019

WO 2011/112429 PCT/US2011/027117

IN2010.7118

149

methylbutanoic acid (1.48 g, 8.45 mmol) was added and the resulting solution was cooled to
-50 °C. HATU (3.28 g, 8.64 mmol) was then added and the resulting reaction was allowed
to stir at —50 °C for 15 minutes, then the cooling bath was removed and the reaction was
allowed to warmly slowly to room temperature on its own. The reaction was then allowed
5 fo stir at room temperature for about 14 hours and diluted with water (500 mL). The

reaction mixture was filtered and the collected solid was dried in vacuo to provide a crude
product (5.4 g) which was dissolved in CH;Cl; and purified using flash chromatography
using an ISCO 330-g Redi-Sep column with a 0-10% methanol/CH2Cl; gradient eluent to
provide Compound 54 (3.41 g). This compound was further purified using using two ISCO

10 120-g GOLD Redi-Sep columns with a 0-75% EtOAc/hexanes and then 75%
EtOAc/Hexanes eluent to provide purified Compound 54 (2.25 g) as an off-white solid.
ESI-LCMS 1.54 min; [M+H]" = 843,

Step D ~ Synthesis of the dikydrochloride sait of Compound 54

15 To a solution of Compound 54 (2.25 g, 2.67 mmol) in MeOH (24 mL) at room
temperature was added 2N HCl in ether (2.66 mL, 5.33 mmol). The resulting reaction was
allowed to stand at room temperature for 5 minutes, then was concentrated in vacuo. The
resulting residue was dissolved in a 1:2 mixture of acetonitrile:water (15 mL) and the
resulting solution was lyophilized at room temperature for 72 hours to provide the

20  dihydrochioride salt of Compound 54 as an off-white solid (2.26 g, 64% over 2 steps). ESI-
LRMS [M+H]" 843. 'H NMR (DMSO-dg): 3 14.76 (br s, 1H), 14.35 (br s, 1H), 8.70-8.57
(m, 1H), 8.52 (s, 1H), 8.20-8.07 (m, 2H), 8.07-8.02 (m, 2H), 8.02-7.93 (m, 3H), 7.88-7.80
(m, 1H), 7.45 (d, J = 8.5 Hz, 1H), 7.15 (d, J = 8.5 Hz, 1H), 5.51 (t, J= 8.5 Hz, 1H), 5.40-
5.29 (m, 1H), 4.64-4.45 (m, 2H), 4.42 (t, J = 7.5 Hz, 1H), 4.03 (t, J = 8.0 Hz, 1H), 3.56 (s,

25 3H), 3.53 (s, 3H), 3.32-2.97 (m, 5H), 2.20-2.10 (m, 1H), 2.00-1.90 (m, 1H), 1.65-1.53 (m,
1H), 1.25 (dd, J = 15.0, 9.5 Hz, 1H), 0.97-0.81 (m, 7H), 0.79 (d, /= 6.5 Hz, 3H), 0.74 (4, J
= 6.5 Hz, 3H), 0.39 (s, 3H), 0.28 (s, 3H).

EXAMPLE 30
30 Preparation of Compound 67
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Int-30a was converted to the Compound 67 using the method described in Example
29.

EXAMPLE 31
Preparation of Compound 69

MeQ' \L( & t' OMe
s
H
St

69
10 Step A~ Synthesis of Intermediate Compound Int-31a

7N
Int-31a
To a solution of dichlorozirconocene (Cp,ZrCly) (4.2 g, 14.2 mmol) in 40 mL THF
at -78 °C was added n-BuLi (1.6 M in hexane, 18 mL, 28.4 mmol). The resulting reaction
15 was allowed to stir for 1 hour at this temperature, then a -78 °C solution of
diphenyldiallylsilane (2 g, 14.2 mmol) in 17 mL of THF was added and the resulting
reaction was allowed to stir for 1 hour at -78 °C and for 18 hours at 25 °C. The reaction
was cooled to -78 °C and a -78 °C solution of iodine (9 g, 35.5 mmol) in 20 mL THF was
added at and the reaction was allowed to stir for 1 hour. The reaction was then quenched
20  with 10% aqueous H,S0O, and the organic phase was extracted with ether. The organic
solution was washed sequentially with saturated aqueous NaHCO; solution and brine, dried

(Na,SOy), filtered and concentrated in vacuo. The resulting residue was purified using
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ISCO 120 g column (hexane) to provide Compound Int-31a, 2.75 g (49%). "H NMR
(CDCl) 6 3.44 (dd, J=2.2, 10.0 Hz, 2H), 3.33 (dd, /= 4.7, 10.0 Hz, 2H), 1.20 (m, 2H),
0.93 (dd, J= 5.9, 14.7 Hz, 2H), 0.63 (dd, /= 11.1, 14.2 Hz, 2H), 0.19 (s, 6H).

5  Step B~ Synthesis of Intermediate Compound Int-31b

.

N
|
N\:_)\OMe

H\ﬁ;'

/Si\
Int-31b
To a ~78 °C solution of (2R)~(-)-2,5-dihydro-3,6-dimethoxy-2-isopropylpyrazine

(0.61 g, 4.36 mmol) in THF (8 mL) was added n-BuLi (2.5 M in hexane, 1.8 mL, 4.58

10 mmol). The resulting reaction was allowed to stir for 20 minutes, then Compound Int-31a
(2.75 g, 6.98 mmol, in 2 mL of THF) was added and the reaction was allowed to stir at -78
°C for 4 hours. The reaction was quenched with saturated aqueous NH,Cl solution and the
organic layers were extracted with EtOAc. The combined organic solution was washed
with brine solution, dried (Na,SOy), filtered and concentrated in vacuo. The resulting

15  residue was purified using an ISCO 40 g column (gradient from 0% to 2.5% ether in
hexane) to provide Compound Int-31b, 783 mg (44%). 'H NMR (CDCl5) § 4.05 (m, 1H),
3.96 (t, J= 3.4 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 3.49 (dd, J = 2,8, 0.4 Hz, 1H), 3.26 (dd, J
=6, 9.4 Hz, 1H), 2.30 (i, 1H), 1.96 (m, 1H), 1.60 (m, 2H), 1.37-1.17 (m, 3H), 1.08 (d, /=
6.9 Hz, 3H), 0.99-0.86 (m, 2H), 0.72 (d, J = 6.6 Hz, 3H), 0.49 (dd, /= 11.0, 14.4 Hz, 1H),

20 0.35(dd, J=11.0, 14.2 Hz, 1H), 0.16 (s, 6H).

Step C - Synthesis of Intermediate Compound Int-31c

/Si\
Int-31c
25
To a 0 °C solution of Compound Int-31b (780 mg, 1.92 mmol) in MeOH (9 mL)

was added 10% aqueous HCI (3 mL) and the resulting reaction was allowed to stir at room
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temperature for 18 hours. The reaction mixture was concentrated in vacuo and the resulting
residue was coevaporated with MeOH twice. The resulting white foam was dissolved in a
mixture of ether (6 mL) and CH,Cl, (9 mL), and to the resulting solution was added
diisopropylethylamine (1 mL, 5.7 mmol). The resulting reaction was allowed to stir at room
5  temperature for 18 hours, thendi-t-butyl dicarbonate (922 mg, 4.22 mmol) was added and

the resulting reaction was allowed to stir at 25 °C for 2 days. The reaction mixture was then
poured into cold water and the organic layer was extracted with EtOAc. The combined
organic solutions were washed with brine solution, dried (Na;S0,), filtered and
concentrated in vacuo. The the resulting residue was dissolved in MeOH (8 mL), cooled to

10 0°C and aqueous 1 M KOH solution (3.3 mL, 3.3 mmol) was added. The resulting reaction
was allowed to stir at 25 °C for 1 hour, then the reaction mixture was acidified with 10%
aqueous HCI and the organic layers were extracted with CH>Cl,. The combined organic
solution was washed with brine solution, dried (Na,SOy), filtered and concentrated in vacuo
to provide Compound Int-31¢, which was used without further purification.

15
Step D — Synthesis of Intermediate Compound Int-31d

Int-31d
To a solution of Compound Int-31¢ (ca 320 mg, ca 1 mmol) in DMF (3 mL) were
20  added triethylamine (0.74 mL, 5.3 mmol) and 2,4’-dibromoacetophenone (673 mg, 2.4

mmol). The resulting reaction was allowed to stir for 2 hours at 25 °C, then the reaction

mixture was poured into cold water and the organic layers were extracted with EtOAc. The
combined organic solution was washed with brine solution, dried (Na;SOy), filtered and
concentrated in vacuo. The resulting residue was purified using an ISCO 80 g column

25  (gradient from 0% to 30% EtOAc in hexane) to provide Compound Int-31d (263 mg, 27%
from Compound Int-31b). "H NMR (CDCls) § 7.76 (d, J = 8.5 Hz, 2H), 7.62 (d, /= 8.7
Hz, 2H), 5.50-4.90 (m, 3H), 4.26~4.06 (m, 1H), 3.00-2.45 (m, 2H), 1.75~1.60 (m, 1H),
1.47-1.44 (m, 9H), 1.31-1.13 (m, 3H), 1.00-0.79 (m, 3H), 0.24-0.18 (m, 1H), 0.16-0.12
(m, 6H). LRMS: (M-Boc+H)" = 410.

30
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Step E ~ Synthesis of Intermediate Compound Int-31e

Br\@\(\
“
/N

HN:

To a solution of Compound Int-31d (263 mg, 0.52 mmol) in o-xylene (2 mL) ina
pressure vessel was added ammonium acetate (279 mg, 3.6 mmol). The resulting reaction
5 was heated to 140 °C and allowed to stir at this temperature for 1.5 hours, then cooled to 25
°C. The reaction mixture was poured into saturated aqueous NaHCO; solution and the
organic layer was extracted with EtOAc. The combined organic solution was washed with
brine solution, dried (Na;SOy), filtered and concentrated in vacuo. The resulting residue
was purified using an ISCO 40 g column (gradient from 0% to 30% EtOAc in hexane) to
10 provide Compound Int-31e, 170 mg (67%). ' NMR (CDCl3) & 7.73-7.20 (m, 4H), 5.50
(br's, 1H), 4.09 (br &, J = 12.5 Hz, 1H), 2.94-2.46 (m, 2H), 1.90 (br s, 1H), 1.60~1.47 (m,
9H), 1.31-1.20 (m, 1H), 1.13-1.01 (m, 1H), 0.81 (dd, J = 5.3, 13.8 Hz, 1H), 0.26-0.07 (m,
7H). LRMS: (M+H)" = 490.

15 Step F - Synthesis of Intermediate Compound Int-31f

Boc
Bog¢
Srﬁ‘ :é +Int-31e — J\Q&
Int-31F

F Int-18

To a solution of Compound Int-31e (170 mg, 0.35 mmol), Compound Int-18 (295

g, 0.59 mmol) and PdCly(dppf),-CH;Cl; complex (29 mg, 0.035 mmol) in 1,4-dioxane (4
mL) was added aqueous 2 M Na,CO; solution (0.53 mL, 1.05 mmol). The mixture was

20  degassed, heated to 100 °C and aliowed to stir at this temperature for 2.5 hours. The
reaction mixture was then cooled to 25 °C, diluted with EtOAc and filtered through a celite
pad, The filtrate was concentrated in vacuo and the resulting residue was purified using an
ISCO 40 g column (gradient from 0% to 55% EtOAc in hexane) to provide Compound Int-
31f (212 mg, 78%). LRMS: (M+H)" = 783.

25
Step G — Synthesis of Compound 69
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A 0 °C solution of Compound Int-31f (212 mg, 0.27 mmol) in CH,Cl; (6 mL) was
treated with TFA (2 mL) and the resulting reaction was allowed to stir at 25 °C for 4 hours.
5  The reaction mixture was then concentrated in vacuo and the resulting residue was
dissolved in MeOH (10 mL) and treated with 4N HCl in dioxane (1 mL). The mixture was
allowed to stir for 5 minutes at 25 °C, then was concentrated in vacuo. The resulting
residue was dissolved in DMF (3 mL), cooled to -30 °C and treated with Moc-Val-OH (99.4
mg, 0.57 mmol), diisopropylethylamine (0.33 mL, 1.89 mmol), and HATU (221 mg, 0.58
10  mmol). The resulting reaction was allowed to stir at -30 °C for 1h, then warmed to 0 _°C and
stirred at this temperature for an additional 2 hours. The reaction mixture was poured into
cold water and the resulting precipitate was collected by filtration and purified using Gilson
HPLC (CH3CN-H;0, 0.1% TFA) to provide Compound 69. Compound 69 was dissolved
in MeOH (10 mL) and treated with 4 N HCl in dioxane (0.3 mL) followed by concentration
15  in vacuo to provide the dihydrochloride salt of Compound 69 (147 mg, 56%). LRMS:

(M+H)* = 897.
EXAMPLE 32
Preparation of Intermediate Compound Int-32e
OMe
e a @ N=0
C~g{ stepA®N\_) stepB g
— Si, —— =N sO
MeO ¢/
int-32a Int-32b Int-32¢
Boc Boc
MEOZC N H02C N
Step C Step D );
i L seer [

U <

20 Int-32d Int-32e
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Step A — Synthesis of Intermediate Compound Int-32b
To a 1000 mL flame dried flask was added Int-32a (28.09 g, 181.1 mmol),
bromochloromethane (23.5 mL, 362.2 mmol), and anhydrous THF (400 mL). The solution
was cooled to -70 °C. n-BuLi (2.5M in hexane, 145 mL, 362 mmol) was added slowly over
5 arperiod of 1 hour. After the solution was allowed to stir at -70 to -60 °C for 20 minutes, it
was allowed to warm up to room temperature in an hour. Saturated NH4Cl solution (200
mL) and Et;O (200 mL) were added. The organic layer was separated and the aqueous
layer was extracted with Et;0 (100 mL) twice. The organic layers were combined, washed
with brine, dried over Na;SOs, filtered and concentrated at 25 °C. The resulting residue was
10 purified using flash chromatography on silica gel (240 g, eluted with hexane) to provide
Compound Int-32b (17.2 g, 51.9%).

Step B — Synthesis of Intermediate Compound Int-32c
To a 500 mL flame dried flask was added (R)-2-isopropyl-3, 6-dimethoxy-2,5-
15  dihydropyrazine (10.0 g, 54.3 mmol) and anhydrous THF (200 mL). The solution was
cooled to -78 °C. n-BuLi (2.5M in hexane, 24.0 mL, 59.7 mmol) was added dropwise.
After the solution was allowed to stir at -78 °C for 30 minutes, Int-32b (in 5 mL anhydrous
THF) was added dropwise. After the solution was allowed to stir at -78 °C for 1 hour, it
was allowed to warm up to room temperature in two hours. Water (100 mL) and Et;O (150
20  mL) were added. The organic layer was separated and the aqueous layer was extracted with
Et,0 (100 mL) twice. The organic layers were combined, washed with brine, dried over
NaySO,, filtered and concentrated in vacuo. The resulting residue was purified using flash
chromatography on silica gel (40 g, eluted with Et,O in Hexane: 0% to 3%) to provide
Compound Int-32¢ (10.43 g, 58.0%).
25
Step C — Synthesis of Intermediate Compound Int-32d
To a 500 mL flask was added compound Int-32¢ (11.5 g, 34.8 mmol) and MeOH
(80 mL). 10% HCI (20 mL) was added. The solution was allowed to stir at room
temperature for 5 hours and concentrated in vacuo. The resulting residue was dissolved in
30 20 mL MeOH and concentrated again to remove water and HCl. This process was repeated
three times. The resulting residue was dissolved in DCM (50 mL) and Et;0 (70 mL).
DIPEA (15.4 mL, 86.9 mmol) and Nal (5.2 g, 34.75 mmol) were added. The solution was

allowed to stir at room temperature for for about 15 hours. Di-fert-butyl dicarbonate (18.9
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g, 86.9 mmol) was added. The solution was allowed to stir at room temperature for 4 hours.
Water (100 mL) and EtOAc (100 mL) were added. The organic layer was separated and the
aqueous layer was extracted with EtOAc¢ (100 mL) twice. The organic layers were
combined and washed with brine, dried over anhydrous Na,SO,, filtered, and concentrated
in vacuo. The product was purified using flash chromatography on silica gel (220g,
Hexane/EtOAC: 0% to 20%) to provide Compound Int-32d (7.9 g, 75.9%).

Step D — Synthesis of Intermediate Compound Int-32e

Int-32d (7.9 g, 26.4 mmol) was dissolved in MeOH (100 mL) and the resulting
solution was cooled to 0 °C. KOH (1M in water, 39.6 mL, 39.6 mmol) was added and the
resulting reaction was allowed to stir at 0 °C for 2 hours, and then warmed to room
temperature and allowed to stir for 3 hours. HCI (2N, 20 mL) was added slowly until the
reaction mixture was a pH ~ 4, then the acidified solution was concentrated in vacuo. To
the resulting residue was added water (150 mL) and EtOAc (200 mL). The organic layer
was separated and the aqueous layer was extracted with EtOAc (2 x 100 mL). The organic
layers were combined, washed with brine, dried over anhydrous Na;SOy, filtered, and
concentrated in vacuo. The resulting residue was dried under vacuum for about 72 hours to

provide Compound Int-32e (7.45 g, 99%) which was used without further purification.

EXAMPLE 33
Preparation of Compound 53

N o
BN
% N
N 7
+13<:o>\Lﬁ Ny ,ﬁ O O ﬁ/\\—@s?\
5'; 53 /

Step A — Synthesis of Intermediate Compound Int-33a

BOC BOC
N N N, N
o~y —— (I

O H F O N “F
Br Int17g (pinacol),B Int-33a

62
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Compound Int-33a was made using the method described in Example 29, Step A
and substituting Compound Int-17g for Compound In¢-17h.

Step B — Synthesis of Compound 53
5 Compound 53 was made using the method described in Example 29, Steps B and C
and substituting Compound Int-33a for Compound Int-29a.

Step C - Synthesis of the Dihydrochloride Salt of Compound 53
The dihydrochloride salt of Compound 53 was made using the method described in
10  Bxample 29, Step D and substituting Compound 53 for Compound 54. ESI-LRMS [M+HT*
825.5. 'H NMR (CD;OD): & 8.25-8.15 (m, 1H), 7.95-7.25 (m, 9H), 5.95-5.75 (m, 1H), 5.6-
5.4 (m, 2H), 4.6-4.4 (m, 2H), 4.3-4.1 (m, 2H), 3.7 (s, 6H), 2.9-2.6 (m, 1H), 2.2-2.0 (m, 2H),
1.4-1.2 (m, 3H), 1.1-0.8 (m, 14 H), 0.4 (s, 3H), 0.34 (s, 3H), 0.3-0.2 (m, ZH).

15 EXAMPLE 34
Preparation of Compound 56
o S 0 OCH;,
/
H3CO
Sl’
AN

YOG, T -0

F — Int-34;
20 Int16c F Pd mediated /s. nt-34a

Compound Int-27b (5.0 g, 10.86 mmol), compound Int-16¢ (5.6 g, 11.78 mmol),
PdCly{dppf) dichloromethane complex (1.7 g, 2.08 mmol), an aqueous solution of sodium
carbonate (1.5 M, 12 mL, 18 mmol), and 1,4-dioxane (70 mL) were added to a 500 mL
flask. The resulting reaction was degassed, put under nitrogen atmosphere, then heated to
25 90 °C and allowed to stir at this temperature for 5 hours. The reaction mixture was then

cooled to room temperature and concentrated in vacuo and the resulting residue was diluted
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with dichloromethane (300 mL). The resulting solution was filtered and the filtrate was
concentrated in vacuo and the residue obtained was purified using a 330 g ISCO silica
column / Combi-Flash system (0-90% ethyl acetate in hexanes as eluent) to provide
compound Int-34a as a solid (3.7 g, 46% yield). LCMS anal 729 (M+H)",

Step B ~ Synthesis of Compound Int-34b

Boo TFA H20

SO0 - EEO-0-G,

AT e F ST Int-34b F

Compound Int-34a (2.9, 3.98 mmol) was taken up in dichloromethane (10 mL) and

to the resulting solution was added trifluoroacetic acid (10 mL). The resulting reaction was

10  allowed to stir at room temperature for 5 hours, then the reaction mixture was concentrated
in vacuo. The residue obtained was taken up in methanol (100 mL) and to the resulting
solution was added HCl in dioxane (4.0 M, 4.5 mL). The resulting solution was
concentrated ir vacuo to provide compound Int-34b as a solid, which was used without
further purification.

15

Step C ~ Synthesis of Compound 56

SN

N

W |m-1aK 3 im(‘] {2 N oguim”“
F - 56

S i nt3an HATU

A solution of compound Int-34b (3.98 mmol), compound Int-1a (1.6 g, 9.13 mmol)
and diisopropylethylamine (6 mL, 45 mmol) in DMF (3 mL) was cooled to -50 °C. HATU

20 (3.2 g, 8.42 mmol) was then added slowly to the cooled solution and the resulting reaction
was allowed to siir at 10 °C for 2 hours. Water (0.5 mL) was then added to quench the
reaction and the resulting solution was added dropwise fo 500 mL of water with stirring.
The resulting suspension was filtered and the collected solid was purified usinga 120 g
ISCO silica gold column / Combi-Flash system (0-6% methanol in dichloromethane as

25  eluent) to provide compound 56 as a white solid (1.25 g, 37% yield for 2 steps). 1H (600
MHz, CD;OD) § 8.58 (1H), 8.46 (1H), 8.18-8.15 (2H), 7.95-8.05 (3H), 7.95 (2H), 7.80
(1H), 5.48-5.42 (2H), 4.5 (2H), 4.45-4.35 (1H), 4.08-4.05 (1H), 3.70-3.60 (6H), 3.60-3.15
(1H), 3.10-2.90 (2H), 2.10-2.00 (2H), 1.90-1.18 (1H), 1.40 (1H), 1.05-0.75 (13H), 0.45
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(3H), 0.40 (3H). LCMS anal. caled. for: C43HsF2N3O4Si 842.4; Found: 843.4 (M+H)".
HRMS anal. caled. for: CqsHs,FaNgOeSi 842.3747; Found: 843.3821.

Preparation of the dihydrochloride salt of Compound 56

Compound 56 was taken up in methanol and to the resuling solution was added HCl
(1M in ether, 200 mole %). The reaction was allowed to stir for 10 minutes, then the
reaction mixture was concentrated in vacuo to provide the dihydrochloride salt of

Compound 56 as a white solid, which was used without further purification.

EXAMPLE 35
Cell-Based HCV Replicon Assay
Measurement of inhibition by compounds of the present invention was performed
using the HCV replicon system. Several different replicons encoding different HCV
genotypes or mutations were used. In addition, potency measurements were made using
different formats of the replicon assay, including different ways of measurements and
different plating formats. See Jan M. Vrolijk et al., A replicons-based bioassay for the
measurement of interferons in patients with chronic hepatitis C, 110 J. VIROLOGICAL
METHODS 201 (2003); Steven S. Carroll et al., Inhibition of Hepatitis C Virus RNA
Replication by 2'-Modified Nucleoside Analogs, 278(14) J. BIOLOGICAL CHEMISTRY 11979
(2003). However, the underlying principles are common to all of these determinations, and

are outlined below.

TaqgMan®-Based Assay Protocol: Compounds of the present invention were assayed for
cell-based anti-HCV activity using the following protocol. Replicon cells were seeded at
5000 cells/well in 96-well collagen I-coated Nunc plates in the presence of the test
compound. Various concentrations of test compound, typically in 10 serial 2-fold dilutions,
were added to the assay mixture, with the starting concentration ranging from 250 pM to 1
pM. The final concentration of DMSO was 0.5%, fetal bovine serum was 5%, in the assay
media. Cells were harvested on day 3 by the addition of 1x cell lysis buffer (Ambion cat
#8721). The replicon RNA level was measured using real time PCR (TagMan® assay).
The amplicon was located in 5B. The PCR primers were: 5B.2F,
ATGGACAGGCGCCCTGA (SEQ. ID NO. 1); 5B.2R, TTGATGGGCAGCTTGGTTTC
(SEQ. ID NO. 2); the probe sequence was FAM-labeled CACGCCATGCGCTGCGG
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(SEQ. ID NO. 3). GAPDH RNA was used as endogenous control and was amplified in the
same reaction as NS5B (multiplex PCR) using primers and VIC-labeled probe
recommended by the manufacturer (PE Applied Biosystem). The real-time RT-PCR
reactions were run on ABI PRISM 7900HT Sequence Detection System using the following

5  program: 48°C for 30 minutes, 95 C for 10 minutes, 40 cycles of 95°C for 15 sec, 60°C for 1
minute. The ACT values (CTsg-CTgappn) were plotted against the concentration of test
compound and fitted to the sigmoid dose-response model using XLfit4 (MDL). ECsp was
defined as the concentration of inhibitor necessary to achieve ACT=1 over the projected
baseline; ECqg the concentration necessary to achieve ACT=3.2 over the baseline.

10 Alternatively, to quantitate the absolute amount of replicon RNA, a standard curve was
established by including serially diluted T7 transcripts of replicon RNA in the Tagman
assay. All TagMan® reagents were from PE Applied Biosystems. Such an assay procedure
was described in detail in e.g. Malcolm et al., Antimicrobial Agents and Chemotherapy 50:
1013-1020 (2006).

15
HCYV replicon ECsg assay data for various replicons and mutants was calculated for
selected compounds of the present invention using this method and is provided in the table
below. This data indicates that the compounds of the present invention are highly active
versus a wide variety of HCV NSS5A replicons and mutants.
20

2b 3a 4a

(ABO3 | (NC0O | (DQA41

la 1v 2a la
000) | 982) | s7g) | (YO | A31V)

No. |\ w77y | (Cont) | (FH)

1 0.003 | 0.003 0.003 NA 0.26 | 0.067 NA NA

2 0.01 | 0.004 | 0.019 NA 0.05 NA NA NA

15 | 0.088 | 0.011 0.12 NA 1 NA 131 NA

16 0.04 | 0.004 0.06 NA 0.23 NA 146 NA

20 0.14 | 0.004 0.3 NA 0.26 NA 921 NA
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42 | 0.012 | 0.005 >10 NA 114 NA 103 NA

44 >1 0.007 >10 NA 31 NA | 1392 NA

45 >1 0.009 >10 NA 52 NA 2637 NA

46 0.26 | 0.004 0.6 NA 2.4 NA 497 NA

47 0.4 0.007 1.7 NA 5.5 NA 1598 NA

48 0.05 | 0.004 0.07 NA 0.25 NA 329 NA

49 0.04 | 0.014 | 0.037 NA 0.2 NA 185 NA

50 | 0.505 | 0.008 1.62 NA 3 NA 1148 NA

51 >1 0.05 >10 NA >100 NA 8415 NA

53 | 0.016 | 0.003 | 0.026 NA 0.09 0.1 10 64
54 | 0.009 | 0.002 0.03 128 0.18 0.02 65 10
55 0.07 | 0.006 0.15 NA 0.8 0.35 27 62
56 | 0.016 | 0.003 | 0.027 48 0.35 0.02 46 16

57 | 0.068 | <0.05 0.069 NA | 0.798 | 0.652 50 NA

58 0.03 | 0.002 0.15 NA 0.8 0.36 118 NA
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60 0.06 | 0.003 0.09 NA 2.9 0.129 96 NA

61 0.06 } 0.005 0.005 NA 0.2 0.076 350 NA

65 0.06 | 0.004 0.3 NA 1.7 NA 44 NA

66 | 0.002 | 0.005 0.08 >100 | 0.15 NA 260 32

67 0.19 | 0.011 0.16 NA 5 0.5 380 NA

70 | 0.012 | 0.007 0.04 NA | 0.118 | 0.077 25 NA

71 0.12 | <0.002| 045 NA 0.9 NA 188 NA

72 0.1 0.004 | 0.496 NA | 2411 | NA 246 NA

77 >1 85 >10 NA >100 | >100 | >1000 NA

78 | 0.015 | 0.001 0.04 NA 026 | 0.137 90 NA

79 | 0.127 | 0.012 | 0.315 NA 4.4 0.45 351 NA

80 >1 >1 >10 NA >100 | >100 | >1000 NA

81 094 | 0012 | 0.712 NA 9.69 >10 | >1000 | >100

83 >1 52 >10 NA >100 | >100 | >1000 NA

84 >1 2.4 >10 NA >100 | >100 | >1000 NA
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85 | 0.102 | 0.009 | 0.065 NA 0.69 1.16 728 89

86 >1 141 >10 NA | >100 | >100 | >1000 | >1000

87 >1 2.5 >10 NA >100 | >100 | >1000 | >1000

88 >1 4 >10 NA >100 { >100 | >1000 | >1000

89 | 0.054 | 0.006 0.5 NA | 0.275 | 0.035 211 NA

92 | 0.015 | 0.003 0.02 48 0.35 0.02 46 NA

94 | 0.008 | 0.002 0.03 129 0.2 0.02 65 10
95 >0.1 | 0.015 | 0.032 NA | 0.066 | 1.217 210 9
96 0.04 | 0004 | 0.013 49.3 | 0.099 | 0.936 51 1

97 | 0.005 | 0.002 0.005 17.11 | 0.09 | 0.029 30 15

99 NA NA NA NA NA NA NA NA

100 | 0.043 | 0.002 0.023 NA 7.4 <0.2 204 117

101 >1 0.023 >10 NA 546 | >100 | >1000 { >1000

102 | 0.084 <2 0.097 NA 7.5 03 438 113

103 >1 61 NA NA NA NA NA NA
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104 | 0.021 | 0.003 NA NA 1.173 | 1.08 186.2 >100

105 | 0.021 | 0.003 | 0.141 NA 0.17 0.18 151 43

106 | 0.016 | 0.006 0.046 NA | 0435 | 0429 52.6 37.1

NA = not available

Wherein gtla_H77 was prepared as described in Yi et al., J Virol. 2004,
78(15):7904-15.; gtlb_conl was prepared as described in Lohmann et al., Science 1999,
5 285(5424):110-3; and gt2a_JFH was prepared as described in Kato et al., Gastroenterology.
2003, 125(6):1808-17. Chimeric replicons contain NSSA from patient isolates of genotypes
1a, 1b, 2b, 3a and 4a as indicated.

The study of the HCV life cycle has been difficuit due to the lack of a cell-culture

10 system to support the HCV virus. To date, compounds in different structural classes acting
on different sites within the HCV polyprotein have demonstrated efficacy in various
species, including humans, in reducing HCV viral titers. Furthermore, the subgenomic
replicon assay is highly correlated with efficacy in non-humans and humans infected with
HCV. See K. del Carmen et al., Annals of Hepatology, 2004, 3:54.

15 It is accepted that the HCV replicon system described above is useful for the
development and the evaluation of antiviral drugs. See Pietschmann, T. & Bartenschlager,
R., Current Opinion in Drug Discovery Research 2001, 4:657-664).

EXAMPLE 36
20 Pharmacokinetic Analysis of Compound 56
Various pharmacokinetic parameters for compound 56 were measured in rats, dogs

and monkeys as described below.

I. Dosing and Sample Collection
25
Rats
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Male Sprague-Dawley rats (Charles River, Co.) were pre-cannulated (femoral
artery) in order to facilitate precise blood sampling times, to increase throughput and to
reduce the stress on the animals caused by serial bleedings. Following an overnight fast, rats
were dosed with the dihydrochloride salt of compound 56 orally at 5 mg/kg as a suspenson
in 0.4% hydroxylpropy! methylcellulose (HPMC) or intravenously at 2.5 mg/kgasa
solution in 20% hydroxypropyl-8-cyclodextrin (20% HPBCD). Blood was collected into
heparin-containing tubes serially from each animal at 0.25, 0.5, 1, 2,4,6,8,24and 48 hr
(PO), and 0.167,0.25, 0.5, 1, 2, 4, 6, 8, 24 and 48 hr (IV) post-dosing and centrifuged to

generate plasma. The plasma samples were stored at 20°C until analysis.

Dogs

Following an overnight fast, male beagle dogs were dosed with the dihydrochloride
salt of compound 56 orally at 2 mg/kg as a suspenson in 0.4% hydroxylpropyl
methylcellulose (HPMC) or intravenously at 1 mg/kg as a solution in 20% hydroxypropyl-
p-cyclodextrin (20% HPBCD). For oral dosing, the animals were typically restrained by
hand and dosed by oro-gastric intubation. Dogs were fed approximately 4 hours after
dosing. Blood samples were collected from the jugular or cephalic vein at 0.25, 0.5, 1,2,4,
6,8, 12, 24, 48, 72 and 96 hrs (PO) and 0.167, 0.25,0.5, 1, 2, 4, 6, 8, 12, 24, 48, 72 and 96
hrs (IV) post-dosing and centrifuged to generate plasma. The plasma samples were stored at

20°C until analysis.

Mornkeys

Following an overnignt fast, male cynomolgus monkeys were dosed with the
dihydrochloride salt of compound 56 orally at 2 mg/kg as a suspenson in 0.4%
hydroxylpropy! methylcellulose (HPMC) or intravenousty at 1 mgkgasa solution in 20%
hydroxypropyl- B-cyclodextrin (20% HPBCD). For oral dosing, the animals dosed by oro-
gastric intubation. Monkeys were fed approximately 1 hour before dosing and 4 hours after
dosing. Blood samples were collected from the saphenous and/or cephalic vein at 0.25, 0.5,
1,2,4,6,8,12, 24, 48, and 72 (PO), and 0.167,0.25,0.5, 1,2, 4, 6, 8, 12, 24, 48, and 72 hrs
(IV) post-dosing and centrifuged to generate plasma. The plasma samples were stored at
20°C until analysis.

11. Plasma Analysis (for all species)
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Collected plasma samples were analyzed for the presence of compound 56 using
LC-MS/MS as described below.

HPLC/API-MS/MS equipment
5 The HPLC/API-MS/MS system for the example data consisted of a HPLC
pumping system and a auto sampler with the sample tray refrigeration option connected
directly to a triple quadrupole mass spectrometer with an API source. Typical HPLC
methods for the example data was based on a fast gradient of two solvents: solvent A
consisted of 0,1% formic acid in water, and solvent B consisted of 0.1% formic acid in
10 acetonitrile. A fast linear gradient (start at 90% A for 0.2 min, ramp to 95% B from 0.2 to
0.5 min, hold at 95% B until 0.5 min, then ramp back to 90% A from 1.0 to 1.1 min, then
hold at 95% A from 1.1 to 1.2 min) was used. The flow rate for the HPLC system was set to
1 mL/min throughout the HPLC gradient; the HPLC column was a Halo C18 column (2.7
micron particle size, 50 x 2.1 mm). The example compounds were analyzed by positive ion
15  atmospheric pressure chemical jonization tandem mass spectrometry (APCI-MS/ MS). Asa
general procedure, selected reaction monitoring (SRM) methods were developed for each
compound prior to analysis of the plasma samples. Normally, the individual SRM
transitions were based on a fragmentation from the protonated molecule ((MH].) to a
characteristic product ion.
20
Using the methods described above, the following pharmacokinetic parameters were

calculated in rats, dogs and monkeys and the results are summarized in the table below.

Systemic Volufme *QOral Effective Half-
Clearance | o ";’bu tion | Bioavailability Life
M L)
(mL/min/kg) (L/kg) (%) (hours)
Rat
(5 mpk/PO 5.6 3.7 28 7.6
2.5 mpk /IV)
Dog
(2mpk/PO; 1 mpk/ 0.8 1.3 8.7 18
V)
Monkey
(2mpk/PO; 1 mpk/ 1.2 1.7 11.7 17
V)




0.015 0.003 0.02 48 0.35 0.02 46 NA 94 0.008 0.002 0.03 129 0.2 0.02 65
95 >0.1 0.015 0.032

WO 2011/112429 PCT/US2011/027117

10

IN2010.7118

167

*calculated by dose-normalized area under the concentration-time (AUC) between PO and IV

The present invention is not to be limited by the specific embodiments disclosed in
the examples that are intended as illustrations of a few aspects of the invention and any
embodiments that are functionally equivalent are within the scope of this invention. Indeed,
various modifications of the invention in addition to those shown and described herein will
become apparent to those skilled in the art and are intended to fall within the scope of the
appended claims.

A number of references have been cited herein, the entire disclosures of which are

incorporated herein by reference.

10
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WHAT IS CLAIMED IS:

1, A compound having the formula:

=z

M
or a pharmaceutically acceptable salt thereof,
wherein:

A s waikylene»N(W)(Rl b, —alkyir;:nf.:—l\f(Rl6)(Rz 1, 4 to 7- membered monocyclic
heterocycloalkyl, 7 to 11- membered bicyclic heterocycloalkyl or R'®, wherein said 4 to 7-
membered monocyclic heterocycloalkyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or said R"® group can be optionally fused to a 3 to 7-membered
cycloalkyl group, a 4 to 7-membered heterocycloalkyl group or an aryl group; and wherein
said 4 to 7- membered monocyclic heterocycloalkyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or R*°group can be optionally and independently substituted on one
or more ring nitrogen atoms with R* and on one or more ring carbon atoms with R, such
that two R'? groups on the same ring carbon atom, together with the carbon atom to which
they are attached, can join to form a spirocyclic 3 to 7-membered cycloalkyl group or a
spirocyclic 4 to 7-membered heterocycloalkyl group;

B is 5-membered monocyclic heteroarylene group or a 9-membered bicyclic
heteroarylene group containing at least one nitrogen atom, wherein said 5-membered
monocyclic heteroarylene group and said 9-membered bicyclic heteroarylene group can be
optionally fused to a benzene, pyridine or pyrimidine ring, and wherein said 5-membered
monocyclic heteroarylene group or its fused counterpart and said 9-membered bicyclic
heteroarylene group or it’s fused counterpart, can be optionally and independently
substituted on one or more ring nitrogen atoms with R® and on one or more ring carbon
atoms with sz;

C is a bond, -C(R*)=C(R’)-, -C=C-, phenylene, monocyclic heteroarylene or bicyclic

heteroarylene, wherein said phenylene group, said monocyclic heteroarylene group or said
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bicyclic heteroarylene group can be optionally and independently substituted on one or
more ring nitrogen atoms with RS and on one or more ring carbon atoms with R'%;

D is —alkylene-N(R")(R'"), —alkylene-N(R*)(R'"), 4 to 7- membered monocyclic
heterocycloalkyl, 7 to 11- membered bicyclic heterocycloalkyl or R, wherein said 4 to 7-
membered monocyelic heterocycloalkyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or said R" group can be optionally fused to a 3 to 7-membered
cycloalkyl group, a 4 to 7-membered heterocycloalkyl group or an aryl group; and wherein
said 4 to 7- membered monocyclic heterocycloalkyl group, said 7 to 11- membered bicyclic
heterocycloalkyl group or Rngroup can be optionally and independently substituted on one
or more ring nitrogen atoms with R* and on one or more ring carbon atoms with R"™, such
that two R'? groups on the same ring carbon atom, together with the carbon atom to which
they are attached, can join to form a spirocyclic 3 to 7-membered cycloalkyl group or a
spirocyelic 4 to 7-membered heterocycloalkyl group;

M is a bond, ~C(R"}-, -O-, -N(R®)-, -S(O). -C(R*)=C(R%)-, -C(R*)=N-,

N=C(R?)-, -C(R")-O-, -0-C(R")a-, -C(R"2-N(R%)- or -N(R®)-C(R")o-, such that two vicinal
R” groups of M', together with the carbon atoms to which they are attached, can optionally
join to form a 3- to 7-membered cycloalkyl group, a 3- to 7-membered heterocycloalkyl
group or a 5- to 6-membered heteroaryl group;

X' is -C(R%)- or -N-;

X? is -C(R%)- or -N-;

each occurrence of R'is independently C;-Cs alkyl, -alkylene-O-(C;-Cq alkyl), Ci-Cs
haloalkyl, 3- to 7-membered cycloalkyl, 4- to 7-membered heterocycloalkyl, aryl or
heteroaryl, wherein said 3- to 7-membered cycloalkyl group, said 4~ to 7-membered
heterocycloalkyl group, said aryl group or said heteroaryl group can be optionally
substituted with up to three groups, which can be the same or different, and are selected
from C1-Cg alkyl, 3- to 7-membered cycloalkyl, 4- to 7-membered heterocycloalkyl, aryl,
heteroaryl, halo, C,-Cg haloalkyl, -Si(R'*)s, -CN, -OR?, -N(R*),, -C(O)R"’, -C(O)OR?, -

C(OINR?),, -NHC(O)R™°, -NHC(O)NHR?, -NHC(O)OR?, -OC(O)R™®, -SR® and -S(O):R"";

each occurrence of R? is independently H, C;-Cq alkyl, -C;-Cg haloalkyl, 3 to 7-
membered cycloalkyl, 4 to 7-membered heterocycloalkyl, C;-Cs hydroxyalkyl, -OH, -O-
(Cy-Cg alkyl), halo, -CN, -NHy, -NH(C;-Cs alkyl), -N(C;-Cs alkyl), -NHC(O)-(C1-Ce alkyl),
~C(O)NH-(C-Cs alkyl), -C(O)N(C-Cg alkyl),, or ~Si(R)s;

117
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each occurrence of R* is independently H, C1-Cy alkyl, C-Cg haloalkyl, -C;-Cs
alkylene-OC(O)(C;-Cg alkyl), C,-Cg hydroxyalkyl, 3 to 7-membered cycloalkyl, 4 to 7-
membered heterocycloalkyl, aryl or heteroaryl wherein said 3- to 7-membered cycloalkyl
group, said 4- to 7-membered heterocycloalkyl group, said aryl group or said heteroaryl
group can be optionally and independently substituted with up to three groups
independently selected from -OH, halo, C;-Cq alkyl, C;-Ce haloalkyl, -NH(C;-Cs alkyl) and -
N(C1-Cg alkyl)z;

each occurrence of R? is independently H, -C;-Cs alkyl, C;-Cs haloalkyl, -
[CRINR®), -C(OR', -COF-[CRNINR ), -C(O)-[CR )]¢R',-C(O)-
[CRN2INRC(0)-RY, -CO)CRNJNR)SO-R', -C(0)-[CRT,INR)C(O)O-R', -
C(O)-[CR)],C(O)O-R! or -alkylene-N(R)-[C(R");]-N(R%)-C(O)O-R';

each occurrence of R’ is independently H, C;-Cs alkyl, -Si(R")s, 3- to 7-membered
cycloalkyl, 4- to 7-membered heterocycloalkyl, aryl or heteroaryl;

each occurrence of R® is independently H, C;-Cs alkyl, 3- to 7-membered cycloalkyl,
4 to 7-membered heterocycloalkyl, aryl or heteroaryl, wherein said 3- to 7-membered
cycloalkyl group, said 4- to 7-membered heterocycloalkyl group, said aryl group or said
heteroaryl group can be optionally and independently substituted with up to two R® groups,
and wherein two R® groups that are attached to a common nitrogen atom, together with the
nitrogen atom to which they are attached, can optionally join to form a 4~ to 7-membered
heterocycloalkyl group;

each occurrence of R is independently H, C;-Cg alkyl, C;-Cg haloalkyl,
-alkylene-O-(C-Cy alkyl), silylalkyl, 3- to 7-membered cycloalkyl, 4 to 7-membered
heterocycloalkyl, aryl or heteroaryl, wherein said 3- to 7-membered cycloalkyl group, said
4- to 7-membered heterocycloalkyl group, said aryl group or said heteroaryl group can be
optionally and independently substitated with up to three R® groups, and wherein two
geminal R’ groups, together with the common carbon atom to which they are attached, can
optionally join to form -C(=0)-, -C(=8)-, -C(=NH)-, -C(=N-OH})-, -C(=N-C;-Cq alkyl)-, -
C(=N-0-C;-Cg alkyl)-, -C(=N-(3 to 7-membered cycloalkyl))-, -C(=N-O-(3- to 7-membered
cycloalkyl))-, -C(=N-(4 to 7-membered heterocycloalkyl))-, -C(=N-O-(4- to 7-membered
heterocycloalkyl))-, a 3 to 7-membered cycloalkyl group or a 4- to 7-membered
heterocycloalkyl group, such that no two adjacent -C(R")2- groups can join to form a —
C(=0)-C(=0)-, -C(=8)-C(=8)-, ~-C(=0)-C(=8)- or ~C(=8)-C(=0)- group;
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each occurrence of R® is independently H, C;-Cs alkyl, halo, -C;-Cg haloalkyl, C;-Cs
hydroxyalkyl, -OH, ~C(O)NH-(C;-Cs alkyl), -C(O)N(C;-Cs alkyl), -O-(C;-Cy alkyl), -NHy,
NH(C,-Cs alkyl), -N(C;-Cg alkyl), and -NHC(O)-(C;-Cs alkyl) or ~Si(R'*)s;
each occurrence of R!%is independently C;-Cg alkyl, C-Ce haloalkyl, 3 to 7-
membered cycloalkyl, 4 to 7-membered heterocycloalkyl, aryl, or heteroaryl;
each occurrence of R'! is independently H, C;-Cs alkyl, C;-Cs haloalkyl, -
[CR™INR), -C(OIR', -CO}[CR)2JNR,
-C(O)-[CRINRECT(0)-RY, -COMCRRINRIC(O)O-R', -C(O)-[CR)2]C(O)O-R,
CONCRNINRHSO,R! or -alkylene-NR®)-[C(R)2]3-NR®)-C(0)O-R};
each occurrence of R'? is H, C;-Cs alkyl, C;-Cg haloalkyl, 3 to 7-membered
cycioaikyl, 4 to 7-membered heterocycloalkyl, aryl, heteroaryl, halo, -CN, -OR?, -
N(R®),, -C(O)R'?, -C(OYOR?, -C(OIN(R?),, -NHC(O)R’, -NHC(O)NHR?, -NHC(O)OR’, -
OC(O)R", -SR?, ~S(0)2R1° or Si(R'?); and wherein two R" groups together with the carbon
atom(s) to which they are attached, can optionally join to form a 5 to 7-membered
cycloalkyl or 4~ to 7-membered heterocycloalkyl ring;
each occurrence of R'? is independently selected from C;-Cg alkyl, 3- to 7-
membered cycloalkyl, 4- to 7-membered heterocycloalkyl, aryl, heteroaryl, C;-Cs haloalkyl,
-CN and -OR®, wherein two R*® groups, together with the silicon atom to which they are
attached, can optionally join to form a 4- to 7-membered silicon-containing
heterocycloalkyl ring;
each occurrence of R is independently a monocyclic 5- to 7-membered
silylheterocycloalkyl ring or a bicyclic 7- to 11-membered bicyclic silylheterocycloalkyl
ring wherein said silylheterocycloalkyl rings contains as heteroatom ring members:
()  one-SiR™)-;
(i)  one-N(R%-; and
(iii)  one optional and additional heteroatom ring member elected from the
group consisting of nitrogen, oxygen and sulfur,
and wherein an R" group can be optionally and independently substituted on one or two
ring carbon atoms with R'%;
each occurrence of R'° is independently:
()  Ci-Cealkyl substituted with -Si(R")3;
(i) 3 to 7-membered cycloalkyl substituted with -Si(R"*)s;
(iii) 4 to 7-membered heterocycloalkyl substituted with -Si(R")s;



NA 0.17 0.18 151 43 106 0.016 0.006 0.046 NA 0.435 0.429 52.6 37.1 NA not
avai l abl e Wherein gtl a H/7 was prepared as described in Yi et aL, J Viral.
2004, 78(Wb)20in2044295.; gtl b_conl was prepared as descri lpet/tisroliobrmann et

al ., Science 1999, 5 285(5424):110-3; and gt2a JFH was prepared as
described in Kato et al., Gastroenterghggy. 2003, 125(6):1808-17. Chineric
replicons contain NS5A from pati ent ates of genotypes la, Ib, 2b, 3a
and 4a as indicated. The study of the HCV ljfe cycle has been difficult due
to the lack of a ceY) - cRhienykwbstguted sritmSIE' s)upport the HCV virus. To date,

conmpounds in diff e@?nt @-Meﬁﬁ)te%dq{etéfbﬁﬁﬁﬁs%{eﬁwm -Si(R'%);, wherein said

heteroaryl has one or two ring nitrogen atoms and no other ring
heteroatoms; or
(vi)  -(CHa)-R",
and wherein when R'® is said 3 to 7-membered cycloalky! group, said 4- to 7-membered
heterocycloalkyl group, said pheny! group or said heteroaryl group, then R can be
optionally substituted with up to three groups, which can be the same or different, and are
selected from C-C alkyl, halo, -C;-C¢ haloalkyl, C;-Cg hydroxyalkyl, -OH, ~-C(O)NH-(C;-
Cg alkyl), -C{O)N(C;-Ce alkyl)y, -O-(C1-Cq alkyl), -NHy, -NH(C,-Cy alkyl), -N(C;-Cq alkyl),
and -NHC(O)-(C-Cg alkyl);
each occurrence of R'” is independently:
()  a5-to 7-membered silylcycloalkyl ring having one -Si(R'*);- ring
member; or
(i)  a5-to 7-membered silylheterocycloalkyl ring having one -Si(R'*)-
ring member, and one to two heteroatom ring members, which can be
the same or different, and are selected from the group consisting of
nitrogen, oxygen, and sulfur, such that the -Si(R”')g- group must be
bonded only to ring carbon atoms; or
(ili)  a7- to 11-membered bicyclic silylheterocycloalkyl ring having one -
Si(R"),- ring member, and one to three heteroatom ring members,
which can be the same or different, and are selected from the group
consisting of nitrogen, oxygen, and sulfur.
and wherein an R'7 group can be optionally and independently substituted on one or two
ring carbon atoms with up to two R" groups;
each occurrence of q is independently an integer ranging from 1 to 4; and
each occurrence of r is independently an integer ranging from 0 fo 6,
wherein at least one of A and D is R'® or —alkylene-N(R'®)(R ).

2. The compound of claim 1, wherein B is 5-membered monocyclic heteroarylene
group containing at least one nitrogen atom, wherein said 3-membered monocyclic

heteroarylene group can be optionally fused to a benzene, pyridine or pyrimidine ring, and



on different sites within the HCV pol yprotein have denonstrated efficacy in
various species, including humans, in reducing HCV viral titers.

Fur t her nowe,20tia2e£abgenoni ¢ replicon assay is highly corcalstedondith
efficacy in non-humans and humans infected with HCV. See K del Carnen et
al ., Annals of Hepatol ogy, 2004, 3:54. 15It is accepted that the HCV
replicon system descri bed above is uséful for the devel opnent and the

eval uation of antiviral drugs. See Pietschmann, T. & Bartenschlager, R,

Curr ent v@mrgh@adis%%ﬁ&emuwm }B&ﬁ@a@gl@he 2003 08 116 ke 6d)nterBAMah Be 36
20Phar macol dneti ¢ Anal ysis of Conpound 56 '

. . Various phar n&lﬁ%%l geti C
par anet epsiohdly adripdapetdd Sely\sebwitied v PaeI0f MOTEHRE NHBEE HNHS HoTiKe 4L
descri bed bel ow. .1, Dog%ng 0ansd .ﬁgﬁpl e Collection 25 Rats 1200.718 165 Ml e
Spr ague-BEWF RPTF HPE CHERAFICEE BN Er; Co.) were pre-cannul ated (fenoral
artery) in order to facilitate precise blood sanpling tines, to increase

t hroughput and to reduce the stress on _the aninal § . caused by seri
bl codi ngs.  FoliccHiRg VB OBt o QSR8 2 S SO S o PHergerty 2

di hydr oc i I . suspenson 5 in
0. 4%2) hyd%]%)%lnge?%%%é nﬁé%‘%%ggﬁ%ﬁﬁgg‘go?k I’\/lglgl{O g% I?%I??é%gg%ﬁg%y at Io2. 5 ng/ kg as

a sol ut i laerbey Rk pORGX yiempysaid # {eYchonbsied menpendicpEomycloplkybaroiss
65 °7, o s 10 Brp com g Qi yedly 5348 45k ey LHTb AR, T ol 8- 23
24 and %ﬁeﬁfm&h \{zteﬂfezaagmzj %tgugg%mﬁﬁ?% gﬂoﬁygﬁﬁ Wier@ergidate 7phasiteredThe

pl asma sanples were 5tore ~anal ysis. 10 Dogs , Fol | owi ng
an over ninghtcykhs hetenvaydodkdgrenpegdommtiendbsid infeneneandly sUhsHdvEE AP 8RE de

It of d 56 orally at ' %yt |
ot hy eGSR E RN A 3o R USRS o T, B, B
hydr oxy pingPilo R 2 kdups Ve tedextd tinl a2 dtbih] GRYtheirwith dreadartebositorg to thechani mal s

were typically restrained b ) _
they are attached, can join to form a spirocyclic 3 to 7-membered cycloalkyl group, or a

spirocyclic 4 to 7-membered heterocycloalkyl group; wherein at least one of Aand DisR".

4. The compound of any of claims 1-3, wherein A and D are each independently

selected from:

R4 R*

R4
; R¢ R ; N
KRG G T

N,
HC CH3 n,¢7 “CHy

R R R 4
M AR A &
. ~CH
Si7
OH !\CHS U
R4
N
and & \(_%7
5. The compound of any of claims 1-4, wherein A and D are each independently
selected from:
R4 1,34 R4 R4



hand and dosed by oro-gastric intubation. Dogs were fed approximately 4
hours after dosing. Blood sanples were collected fromthe jugular or
cephal i c weinat12£925, 0.5, 1, 2, 4, 6, 8, 12, 24, 48, PETAId019M2tms ( PO
and 0.167, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 48, 72 and 96 hrs (1V)

post - d05|ng and centrlfuged to generate plasna The plasnma sanples were
stored at 2020C until anal ysis. Monkeyg4 Fol | owi ng an overni gnt fast,
mal e cynonol gus nonkeys were dosed with the di hydrochl oride salt of
conmpound 56 orally at 2 ng/kg as a suspenson in 0.4% 25 hydroxyl propyl
nethyleellulose (HPMO) _or i trave ously at 1 sol ution 20%
hydr oxy gt opy| Lheqmpprid auy e ??\‘“{SZ%‘%IHP flessys 1 gg?’h%?’élleaglbg?%enf$%%§nlﬁnal s
dosed byn@ép%ﬂ@éﬁglc i ntubation. Mnkeys were fed approxi mately 1 hour

bef ore 05|ng and 4 hours after dosing. Blood sanples were collected from
t he saphenous gnd@or cephalic vein at 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 48,
and 72 (R 7, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 48, and 72 hrs 30
(I'V) post-doglin d centrifuged to generate plasma. The plasnma sanpl es

wer e stored C unt ) fiQrs. i es)

| N2010. 7118 166 M“? scted *\Sgén'taﬁak;ﬁ@egpﬁﬁar{%kgné 3£’e§“%’§’??"?he

pr esencecyafoatkyiypo Bm@h mémbeied @ele@qysbmyhar}d esbetetvady] bed 8lis CPCCIRAL CvS/ VB
equi pnen te | e data .consisted of a
HPLC pud%ﬂﬁg’ é%ﬁ‘gBQ%BBW éﬁm&F@ﬁf?%iﬁggnﬁpgﬁF?gy refrigeration
option c%gwng}]rg fdphet@oyl 11 pl € quadrupol e mass spectroneter with an
APl source ypi C

LC nethods for the exanple data was based on a fast
gr adi ent of two sol vents: solvent A consisted of 0.1%formc acid in water,

d sol t f 0.1%.f d Ja
Toees v cHEC TSR aP oot S8 SR PR SE RS Sre b, o
m n, holdyay %&9/% tldﬂz@fﬁsr(omg)gg e, raF, hackn i, beaddboh phemm) shd® 'tie 1. 1

mn, then hol Afrom11t012mn) was used. The flow rate for

t he HPLGHQWL@W@\@@S@@'??% 1 mL/min throughout the HPLC gradient; the HPLC
colum was a Halo C18 colum (2.7 mcron particle size, 50 x 2.1 mm. The
exanpl e conpounds were anal yzed by positive ion 15 atnnspherlc pressure
cheni cal 8.i oni Ziad ¢ompduad d€ amyreddaispec’, roinetinadARCurMR/eMBR | ids a gener al
procedure, selected reaction nonitoring (SRM nethods were devel oped for
each compound prior to analysis of the gl agnma sanples. Normally, the

i ndi vidual SRMtransitions were Hge® I'r;.agment ation fromthe
protonated nolecule ([M1].) to a chadactleri”sti c product ion. 20 Using the
met hods descri bed above, the follow n maGgoki netic paraneters were
calculated in rats, dogs and nonkeys and the results are summarized in the
t abl e bel ow.

9. The compound of any of claims 1-8, wherein B is:

N
10.  The compound of any of claims 1-9, wherein C is:
s N %
s, oI O]
v 2 X .
- N
= e

ring substituent selected from halo, 3- to 7-membered cycloalkyl, 5- or 6-membered

, wherein R'? is an optional single



Systenmi ¢ Cearance (ni/mn/kg) Volune of Distribution (L/kg) *Oral
Bi oavai lability (% Effective Half-

/1V) 5.6 802028117426 Dog

Life (hours) Rat (5 nplc/PO 2.5 npk
PCT/US2011/027117

heteroaryl, -O-(C;-Cs alkyl), -O-(Cy-Cs hydroxyalkyl) and -O-(C;-Cs alkylene)-OC(O)-(Ci-

Cs alkyl).

11.  The compound of any of claims 1-10, wherein C is:

Nt

wherein R'? is an optional single ring substituent selected from F, -OCHj, pyridyl,

-OCH,CH,0H, -OCH;CH,0C(0O)CHs, cyclopropyl and thiophenyl.

12.  The compound of any of claims 1-11, wherein C is:

|

?

13.  The compound of any of claims 1-12, wherein the group:

has the structure:

33—3
N N
Hﬁ)—s

N
\._/

{ ]
=

334
N H
g "
. ﬁ)——$



(2npk/PO; 1 twit/ IV) 0.8 1.3 8.7 18 Mnkey (2nplc/PO; 1 nmpk/ IV) 1.2 1.7
11.7 17 1N2010.71 18 167 *cal cul ated by dose-normalized area under the
concent r avpantfite29 ( AUC) bet ween PO and |1V The present iPPavarstéion2iig7 not to
be limted by the specific enbodinents disclosed in 5 the exanples that are
intended as illustrations of a few asp&gts of the invention and any

enbodi nents that are functionally equi1 |l ent are within the scope of this

i nvention. Indeed, various nodifications of the invention in addition to

those shown apg descri bed hi n wll becapparent toose skilled in
the art ang—4re-innt ended el fakh within theg spape, of theappended cl ai ns.
10A nunbe ?%T'k’ence @- b cité @ b4 he -@' s ,\é‘rgcl osures of
whi ch are incorporated herein Iy reference. H H

o == Y O
N N N N
0 Vi ’ .
or N
o S o - o
[ H H H )

14.  The compound of any of claims 1-13, wherein the group:

M‘l

A=
(NS

s*)—s“

15.  The compound of claim 1, having the formula:

. j/”faf‘ !
( Qt H H

has the structure:

\7)t

z

(Ic)
and pharmaceutically acceptable salts thereof,

wherein:



WO 2011/ 112429PCT/ US2011/ 027117 168 WHAT IS CLAIMED I'S: A conpound havi ng
the formula: (1) or a pharmaceutically acceptable salt thereof, wherein:

A is -al kyDenstyMgR9) (R11), -alkylene-N(R16)(R11l), 4 to PCcTmSpdaaoet17
nmonocyclic heterocycloal kyl, 7 to 11- nmenbered bicyclic heterocycl oal kyl or
R15, wherein said 4 to 7- nenbered nonocyclic heterocycl oal kyl group, said
7 to 11- nenbered bicyclic heterocycl daf kyl group or said R groupcan be
optionally fused to a 3 to 7--nenbered cycl oal kyl group, a 4 to 7-nenbered
het er ocycl oal kW pHahPERe, BL oAH- @EMberdd @itRoclid hoteeraylensad Tmbntbered- nenber ed
monocycl i c heterocycl oal kyl group, said 7 to 11- nenbered bjcyclic.

het er ocyhi¢yshk kyleragrdens, gihersii snih Phenylane Pt HAPT §F %rﬁt?n?%%?éfdsﬁwﬂl?

substityted on, one or .Q of i j g i nor e
g carisonodtishe Btes” 3 oBHR e SRIPE iy lick ¥ I PRoRNS 4

car bon a?agpena@gi@_tshwiwﬁe;& Iwitgm@) to awb @roupt omhitlo calrmlbeztllgne ltsamy ondidfestrt. el can
join to forma spirocyclic o 7- red c oa oup_.or

spi r ocyeselegted fron hral @r'?elﬂell‘?g?f@ﬁz Sgg‘jﬁgﬁb gy?ly%P’&H'b??%d h%{er@%ds “%"iﬁfs"l%er ed
raonocycli Gy hgter qar up- @¥.(@.8: adcla Ldcalk@h.er oaryl ene

gr oup co%%@’n?n@lgs }wgas a%?u’g’ '%I ?jr S%e%’ 5aﬂt%gf’rénl%)\/\,h egg)i%rfgs aéic%la@ menber ed
nonocycl i ¢ hetaeh oecurteaneotif oupdereddediyd-S3Rhenbd B bercyEPic. syek &abal yvi ene

group can be optional | us 0 a benzene, pyridine or pyrimdine ring,
and wher'&#sh08% Hmﬁﬁﬂgﬂégigﬂsﬁg%g%yclic het eroaryl ene group or its fused

counterpart aggdy $ahdrefcdBNReiesidbikslly T, el A0 ar YWeRE ggrupufhaderei t ' s fused
counterpart, can be optionally and independently substituted on one or nore

ring nitattghed tathesamd Siratewe, eimebintodivan ar-(GHek- ¢1rGHekr BONPaWs with RL2;
Cis a bond, -G R5)=C(R5):nphenyl clic heteroarylene or bicyclic
het er oar yl ene®® 8%5F’°%éf% %H%%’%@%@ﬂg?g§§% sai d nonocyclic heteroaryl ene
group or sai deacM@c@@ichtd PR 2Q I LIGRAMAE QAT BLF1;169 bi cyclic heteroaryl ene
group can be optionally and, i ndependentl u i pne or nore ring
ni trogen at oneachioperrrsCa AHR O 1BHPCRIETHY é(@pﬁ%hﬁﬁ%@ﬁog m with R12;

D is -al kyl eng- 7al : ~ & b nagrred
nonocyclic he?aggg)?%%rfég%%%ﬁ %fhg%%g%nﬁge%ﬁ%é%%?é%I&%alﬁg&;r ocycl oal kyl or
R15, whemembedihdtefodyolodkyhmmamber ed nonocyclic heterocycl oal kyl group, said
7 to 11- nenbergd bigycli het er ocycl.o Ik&I group or said R 5 groupcan be
optional |y fuS¥d CEHEDSe O tﬁJW§Wﬁ@%@'y yel‘oal kyl group, a 4 to 7-nenbered
het erocycl oal kyl group or an aryl group; and wherein said 4 to 7- nenbered
monocyclic heterocycloal kyl group, said 7 to 11- nenbered bicyclic

het er ocyté.oal K¢ cgnpaypdad clgnddpwhesinde ivpt i onal | y and i ndependent |y
substituted on one or nore ring nitrogen atons with R4, and on one or nore
ring carbon atons with R12, such tha groups on the sane ring
carbon atom together with the carb atgmto which they are attached, can
join to forma spirocyclic 3 to 7: e&Jd cycl oal kyl group or a
spirocyclic 4 to 7-nenbered heter%&yc | group; ML is a bond, -C(R7)2-,
-0-, -N(R6)-, -S(0)2..-C(R2)=C(R2)-, - = -NC(R2)-, -C(R7)2-0-,

N,
-0-C(R7)2-, - 7)2-N(R6) - or. - N(R6)-C(R() 2- hth jginal R7
oroups. oMM Roghenepigiel HoEkemearbua ke bHG L ROP Rl Tachea
can opt | afekhrlohn-doulaBAGICH CeytidRieaatinaymlaal kyl group, a 3- 1o

7- menber ed héterocycl oal kyl group or a 5- to 6-nmenbered heteroaryl group;

17.  The compound of any of claims 15 or 16, wherein C is:

aWa

18.  The compound of claim 1, having the formula:



X1is -C(R5)- or -N-; X2 is -C(R5)- or -N; each occurrence of R is

i ndependently Cl1-C6 aI kyl, -alkyl ene-0-(Cl-C6 al kyl), Cl-C6 hal oal kyl, 3-
to 7- menbwoediieyed2oal kyl, 4- to 7-nmenbered het er ocycl oalPkyluS2@n k7107

het eroaryl, wherein said 3- to 7-nenbered cycl oal kyl group, said 4- to

7- menber ed heterocycl oal kyl group, said aryl group or said heteroaryl group
can be optionally substituted with upi?® three groups, which can be the
sanme or different, and are selected from Cl-C6 al kyl, 3- to 7-nenbered

cycloal kyl, 4- to 7-menberegh®{erocycl oal kyl, aryl, heteroaryl, halo,
C1- Cshal oal kyl , -Si (R13)3, 2

-C(O) R, -C(O)OR3 -

C(0) N(R3) 2, -NHC(0)R1, N= and

-S(0) 2R1; @Ach ocgqur r eypee a {CG al kyl ,

- C1- Cshal oal kyl, \3 t gber &g

het er ocycl oal kyl/ al o, -CN,

yd
-NH2, -NH(Cl-C6lal kyy), -N(C -Céal ky1)2 -NHC(O) (C1-C6 a kyI
-C(O)NH(C1-C6 a ), -C(O0)N(Cl-C6 al kyl)2, or -Si(R13)3;
2011/ 112429PCT/ US2011/ 027117 170 ch occurrence of R3 is
i ndependently H, Cl1-C6 al kyl, C1- cshall | kyl, -Cl1-C6 al kyl ene-0OC(0) (C -C6
al kyl), red cycl oal kyl, 4 to 7- menbered
heterocy((:‘%I%d)%?&x&eﬁ&la%’%&epﬁigbtlée%(l)tér{ﬁ?émewrrere| n said 3- to 7-nenbered
cycl oal kyherginoup, said 4- to 7-membered heterocycloal kyl group, said aryl
group or said heteroaryl pup can be optionally and i ndependently
substituted wich oﬁ‘ﬁ‘r’fedc?ﬂg% Sgroups i ndependently selected from-OH, halo,
Cl-C6 alkyl, C-Cs haloal kyl, -NH(CI1- al yI) and - N(Cl-C6 al kyl)2;
each occurrence of R4 is i ndependen,td\\ﬁ/, -C6 al kyl, C1-C6hal oal kyl ,
[C(R7)2],IN(R6) 2, -C(0)R1L, C(O) 21q R6)2 -C(0)-[C(R7)214-R1,

49 LAmAamIdo K o) 12100 0v0- R
- or
- al kyl ene- N(R@ch PQ@WQTQ%KIQWWE%’@?@ }R%&X))E“ Ogcég%ﬁ?dtcurrence of R5is

i ndependent 'y H, r&ga?tg{(?(k is m(%p(e chscs 519)(1701"‘{%‘@1?* eac%ytgh% kyl, 4- to

7- menber ed he?erocyc t er oar ccurrence of
R6 i s i ngepRedierhé yand Sﬁ‘ter@ﬁomhlm;w fo &rmtm(@ﬂahﬂmf(%z}:sy@‘@al wd, 4 to

7- menber ed het er ocycl oal kﬁ% %{ é rﬁé{tl_grﬁgryl wherein said 3- to
7-menber ed cy@ABACKYTeNGE 8L, isdapependent mber ed het er ocycl oal kyl group,
said aryl gro Eaﬁf%l:egfglﬁpw e optionally and
|ndependently%&gﬁt%ﬂﬁa@tgﬁ\%ﬁt up to Rg@g)ggrjoups and wherein two R6
groups that are attached to a conmon nrtrogen atom together with the
nrtrogen 0 which .t are att.ac oforma 4-
to 7- rren‘b r ed %%F‘BPB%WI%&KKWQ dﬁlmshx%dlg %%r%}?%{éééﬁ(%b gﬁ%égodf?{s
mdependg{( %)H Cl-C6 al kyl, C1- CGhaI oal kyl, -al kylene-0-(C -C6 aI kyl),
silylalkyl, 3- to 7-menbered cycloal kyl, 4 to 7-membered heterocycl oal kyl,
aryl or het eroaryl, wherein said 3- to 7- menber ed cycl oal kyl group, said 4-
to 7-me red eter I & kelcgr,oar yl
aroup cafObe 3Bt PORBTIES SRa Phe A B T O e A e Thr e Re
groups, and wher ein two gem naI R7 gr oups t oget her wrth t he common car bon
atomto whichthe are ttac can o i@gnallf/lja form-C(=0)-,
(=S -, 21 =flibg di ydach toffeeorﬂp axHrs ims -0\ 0- 1 Coal kyl ) -
-C(=N-(3 to 7-nenbered cycloal kyl))-, -C(=N-0-(3- to 7-nenbered
cycloalkyl))-, -C(=N-(4 to 7- rrerrbered het er ocycl oal kyl))-, -C(=N-0-(4- to
7- menber ed. betreaocmpbmuid@x:ﬂe)n)n-l havigg the srueiBigher ed cycl oal kyI group or a 4-

to 7-menber edﬁ;r ocycl oal kyl group, such that no two adj acent C(R?) 2-
rf\‘e CH;R8 is

groups can a - - =0) )
gr oup; 5 1 2% %ﬁ@%@@%ﬁw msvg;‘%: 3
[ ndependent ly H, ]gé:) al kyl , Hh -Cr-Cs hal r xyaI kyl ,

y
-OH, -C(0)NH (C1- aIkyI) -C(0)N(C1-C6 al ky1) 2, -O(ClCG atkyl), -NH2,
-NH( C1- C6 al ky N(.C I (R13)3
each occurrgp if’ { ) g&%B to
7- menbered cydT ? yi @y br
het er oaryl ; c occurreanpf R11 is |ndependently H, G°%C6 al kyl,
G -C6 hal oal kyl , {C(R7)21gN(R6) 2, -C(0)R1, -C(0)4C(102]gN(Re) 2,
C(0)4C(R7) 2], i N(R6)C(0)-R1, -C(0) 1C(R7)21qN(R6)C(0)O-R :
-C(0)-[C(102]1gC(0)0-R1, C(0O)[C(R7)2]gN(R6)S02-R1 or
-al kyl ene-N(R6) -[ C(R7) 2] g- N(R6) - C(0) 0- R1; each occurrence of R12 is
H, Cl-C6 al kyl, Cl1-C6 haloalkyl, 3 to 7-nmenbered cycloal kyl, 4 to
7- menber ed heterocycl oal kyl, aryl, heteroaryl, halo, -CN, -0R3,




N(R3)2, -C(0)R10, -C(0)OR3, -C(O)N(R3)2, -NHC(0)R1, -NHC(0)NHR3,

-NHC(0) OR3, OC(0)R10, -SR3, -S(0)2R1 or Si(R13)3 and wherein two R12 groups
t oget her wot2h1yihied2ear bon aton(s) to which they are attaebedS2aamnptional |y
join to forma 5 to 7-nenbered cycl oal kyl or 4- to 7-nenbered

het er ocycl oal kyl ri ng; each occurrence of R13 is independently
selected from Cl-C6 al kyl, 3- to 7- néibered cycloal kyl, 4- to 7-nenbered
het er ocycl oal kyl, aryl, heteroaryl, Cl-C6 haloal kyl, CN and -0R3, wherein
two R13 groups ogether with the silicon atomto whi ch t hey re attached,

can optionall into forma 4- to7rre sr |con conta
het er ocycl Oﬁy g %}curma m y a
monocyclic t o B TR TS {| Hle&Focycl odhy k N norH i tycl % c 7- to

1 1-nenbered bicycl f'c sinIhEtc ocycl oal kyl ring wherein sard
silyl heterocycl gal kyl rings contains as heteroatomring nenbers: (i) one

(i) one -N(R4 and(|||) one optional n ddltlonal het e tomring
menber el ecte e grou iost i n? i ngl sul fur,
and wher ei ri* QR 5?'1 ¢ %ﬁw T Fand. shb$t® tuted on
one or two ring g on atomsvar each oecutrence of" 6 is

i ndependently: (i) Cl-C6 al kyl s'Ubstltuted with -Si (R13)3; (ii) 3to

7- menber ed aI Kyl

substi t ut dW|th )3; (iil) 4to7rrerrbered
het er ocyc), (D t ),% M}gl t| tut ed
with -Si (I5213)“3; »‘6" ¥enes 1Heroa°frygl siﬁrb ( RLEHS
wherein said h roaryl has one or two ri ng n\ trcﬁ'gen atomsfa (no_ot her
ring heteroatons; or (vi) -(CH2),-Rl7, and wherein when R16 |s sai d 3to

7-menbered e oal kyI group, said 4- to 7- ered_heter cl oal group,
-\he TN
ferént

urﬂo %hl ch

and are sel ect fr*om C1- CG **él ., hal o, -

H“‘al oal kyl , "c
hydr oxyal kyl, -OH, -C(0)NH (C1C6 alkyl), -C(O)N(C1 -C6 al kyl) 2, -0-(C1-Co6
al kyl), - Na@ &I@IH( CG al kyI ) kyl and - NHC( Cl1- C6
al kyl); ol ,@Q;Cnd @@ S ‘H: mber ed

si |yl cycl oal ?j”‘fr ' ‘ il H 5 (R13) 2{@“
chd&’;[fp L\ & /J\l Q?I'&O(;H HaCOﬁ’I{) L)\[S\ CH@,
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menber; or (ii) a 5- to 7-menbered silyl heterocycl oal kyl ring having one
-Si(RI3)2- ring nenber, and one to two heteroatomring nmenbers, which can
be the sawo20rvdef2berent, and are sel ected fromthe grorpTasasii®eimy of

ni trogen, oxygen, and sulfur, such that the -Si (R13)2- group nust be bonded
only to ring carbon atons; or (iii) a 7- to 1 1-nenbered bicyclic

silyl heterocycl oal kyl ring having onel80Sj (R13)2- ring menber, and one to
three heteroatomring nenbers, which can be the sane or different, and are
selected fro grQup consi sting of nltrR A and sul fur. and
wherei n anHBRIHY I o 4Cynet optionally substituted on one
or two ring car j , ence of qis
i ndependently a |nteger fom 1 to 4; and each octUkr®he® of r is

i ndependent |y an integer rangi&d FrB®¥0 to 6, wherein at |eAst b8 f A and
Dis R15 or -al kylene-N(R16) (R11). 2. The conpound of claiml1, wherein Bis
5- menber ed clic heteroaryl ene group ntai ning at | east one nitrogen

atom mheregaggg%d 5- nenber ed clu& oarylene gro, n be
optionally fus @&ggg?;%eg%eggﬁigﬁﬁpéine or” ,\ H \AD
2011/ 112429PCT/'US 2 wherein sald ocyclic

het er oaryl ene group or its fused counterpart can be opt|on IIy and

i ndependent | tituted on one or nore n|trogen atons with R6 and on
one or nor &¢ % arhon atons with Rlzaw onpound of any of clains 1
and 2, wherein e @ ach |ndependent nber ed rronocycl iC
heterocycloalkyl bered, bicyclic hEterocyc O

wherein said 4 to 7- nenbere : ¥Gl, i C het er ocycl oal kyft or sald R15
group can be optionally fused ™0 a 3 to 7- menbered cycl oal rodp, adto
7- menbered heterocycl oal kyl group or an aryl group; and mhereln said 4 to
7- nenbered nonocyclic heterocycloal kyl group can be optionally and

i ndependent | stituted on one gr nore r n|trogen atonB with R4, and
on one or AP %Q?’t P B AN, RL2 2 Ak ol OMps on the
sane ring carbo ' Phe Cah by

attached, can j to forma sprrocyclic 3 to Henbered éyt,ualkyl gr oup,
or a spirocyclic 4 to 7-menbered heterocycl oal kyl group; whérein at | east
one of A and Dis R15. 4. The conpound of any of clains 1-3, wherein A and
D are each |3@ der{ |y sel ect ed-fgom 5The]conpennd of~gn | aims 1-4,
wherein A an : y ey, S€Pelft €dM qﬁﬁ& N Heonpound
any of claims of Bn ET% wher ei n e&RhHoccurrenoe R4 is

i ndependent | y: wherein Rl KH Cl-C6 al kyl, G- C6ha|oa|’y|, 3- to 7-
menber ed

it heYar e




cycloal kyl, 4- to 7- nenbered heterocycl oal kyl, aryl or heteroaryl and Ra
Is Cl-C6 alkyl, Cl- C6 haloal kyl, silylalkyl, 3- to 7- nmenbered cycl oal kyl
or 4- to weo:amaniesred heterocycl oal kyl, aryl or heteroarCT/USZ011/0kBE1TONPOUNd
of any of clains 1-6, wherein le is nethyl, ethyl, propyl, isopropyl,
t-butyl, cyclopropyl, -CH2CH2Si (CH3) 3, CHZCHZCFS Pyranyl benzyl or
phenyl, and Rl is nethyl, ethyl or |sé§}opyl 8. The conpound of any of
claims 1-7, wherein each occurrence of R4 is: 0 H3COBrr 9. The conpound

of any of cl qgg; mhereln B is: 10. e,coppnound of anyve cl ai nms
1-9, mherehﬁ £ %?% ﬁg&4 ®no
5

20-(C1-C6 al kyl | - Yyal Kyl ) an *1’;%
al kyl ene) - OCXO) ClCB al kyl). The conpou of any of cl al 1-10,

wherein Cis; tz. R12 mhereln R12 S an optlonal single ring substituent

sel ected fr(%% = OCHZCHZOCXO)C}Bh/ cl opropyl
¥ ,,ﬁﬁo off anM ﬁé@m chs:  13.

and thlophényW ki .
The conpound of any' of clainms 1-A2, mhereﬁh
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has the structure: 14. The compound of any of clainms 1-13, wherein the
group: has the structure: 15. The conpound of claim 11, having the formula:
(I'c) and ywbarnmaewwi cal |y acceptabl e salts thereof, whePermsS20 27117

2011/ 112429PCT/ US2011/ 027117 177 C is phenylene, 5- or 6- nenbered
nonocycl e heteroaryl ene or 9-nenbered bicyclic heteroaryl ene, wherein said
phenyl ene group, said 5- or 6-nenbered®honocycl e heteroaryl ene group or
sai d 9-nmenbered bicycle heteroaryl ene group can be optionally and

i ndependent | stjifuted with upto two g , phich can be\k e sane or
di fferent, g, i (RS : - \

Z?eC Ry Bic 57 - WE G )
6- menber ed hetigg Ny ( CTHE %Ikyl) - 0- §$ﬂ 106 Tydroxiiatiy!h , or

-0- (Cl-C6 al kyl¢ene) - OCXO) (C1-&6 al kyl); each occurrence~of Z is
i ndependently -Si (Rx)2-, -C(R)2- or -S(0)2-, such that at |east one

occurrence of Zis -Si(Rx)2-; each occurrence of le is independently

Cl- C6 al kyl gr oups tha§' re atta h t he sane S%;;?ﬁg] conbi ne
to fom a #f U % h, artee {

i ndependent |y §? ; rénce of R1 | i Adependentl 10 C6 al kyl ;
each occurrence df R4 is indepepdently -C(0) R7) NHC( 0) OR1; each

occurrence of R7 is independently Cl-C6 al kyl, Cl-C6silylalkyl or 4 to 7-
menber ed het ycIoaIkyI and Qgph occur oft is independently 1 or 2.
16. The cor ;ﬁgﬁp i rgin 045§F2:;
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wherein R12 is an optional single ring substituent selected fromF, -OCHS,
pyridyl, -OCH2CH20H, - OCH2CH20C(0) CH3, cycl opropyl and thiophenyl. 17. The
conpound w0 2any11e629cl ai ns 15 or 16, wherein Cis: 178 PCT/US2011/027117

(1d) and pharmaceutically acceptable salts thereof, wherein each occurrence
of R4 is: each occurrence of Z is independently -Si(le)2- or -C(RY)2-;
each occurrence of le is independentl?ggl-CB al kyl, or two | e groups that
are attached to the same Si atom conbine to forma -(CH2)4- or -(CH2)3-
group; an QPR . ; that at

| east one 3 ¢

clains 15- U N
of any one “clains 15-19, Wi
di hydrochl ori'de salt of a conpound of any of clains 1-20.
of clain13¥having the structure:

HEgooazi »{iﬁ@@%@

. The conpound
2-. 21. The
22. The conpound
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WO 2011/ 112429PCT/ US2011/ 027117 183 184 or a pharmaceutically
accept abl e salt thereof
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or a pharmaceutically acceptable salt thereof,

23.  The compound of claim 1 having the structure:
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190 or a stereoi soner thereof. 24. A pharmaceutical conposition conprising
an effective anount of the conpound of any of clains 1-23, or a

phar macewOcallym2eecept abl e salt thereof, and a phar maceariusadlip2aetept abl e
carrier. 191 25. The pharnmaceutical comnposition according to claim 24,
farther conprising a second therapeut Hgﬁagent sel ected fromthe group
consisting of HCV antiviral agents, nonodul at ors, and anti-infective
agents. 26. The phai naceutical conpositi on accordl ng to claim?25, further

conprising a pd jhRerapeutic agent sele t he group consi sting of
HCV pr ot ead€’ | - Y- @ NS5A i nhi b|*t3 nﬁ%—%ol yner ase
i nhi bitors. 27 Jude of «:'- = Is accordl te any o -23, or a

phar maceutical | ' accept abl e” ; gHeof in the preparatf

medi canment for inhibiting HCV 5I§ activi ty or for preventi ahdfor
treating |nfect|on by HCV in a patient in need thereof. 28. A nmethod of
treating a p | |nfectedvm h, HCV co r%ﬂpngthe step of adm nistering
an anount ©of ound ac Ha clains 1-23, rtf%’

phar maceut i cal ;%@-@eﬁﬁw kit ef‘eof : ‘ CE? &¥d/ or treat
i nfection by H i'h said pat 29. The rret hod o claim 28,
further conprising the step of adm nistering pegyl ated-interferon al pha and

an HCV prote 0 said patient. 30. The od according to claim 28 or
29, further cdw siagy t h& step of adnmi"Fsi efi pgLibaxirin to said patient.
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or a stereoisomer thereof.

24. A pharmaceutical composition comprising an effective amount of the compound of
any of claims 1-23, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.
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25.  The pharmaceutical composition according to claim 24, further comprising a second
therapeutic agent selected from the group consisting of HCV antiviral agents,

immunomodulators, and anti-infective agents.

26.  The pharmaceutical composition according to claim 25, further comprising a third
therapeutic agent selected from the group consisting of HCV protease inhibitors, HCV
NS5A inhibitors and HCV NS5B polymerase inhibitors.

27.  Use of the compound according to any of claims 1-23, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for inhibiting HCV NS5B

activity or for preventing and/or treating infection by HCV in a patient in need thereof.

28. A method of treating a patient infected with HCV comprising the step of
administering an amount of the compound according to any of claims 1-23, or a
pharmaceutically acceptable salt thereof, effective to prevent and/or treat infection by HCV

in said patient.

29.  The method according to claim 28, further comprising the step of administering
pegylated-interferon alpha and an HCV protease to said patient.

30.  The method according to claim 28 or 29, further comprising the step of

administering ribavirin to said patient.



