ANTI VI RAL COVPOUNDS W TH A FUSED TRI CYCLI C RING FI ELD OF THE | NVENTI ON: The
present invention is related to novel conpounds of the general formula I,
(R1a) (1)woheixo2tmut omeric forns, their stereoi soners, ProeiB2@anedgs, their
prodrugs, their isotopes, their N-oxides, their nmetabolites, their
pharmaceutically acceptable salts, polynorphs, solvates, optical isomers,
clathrates, co-crystals, conbinations with suitable nmedi canent,

phar maceuti cal conpositions containing them nethods of making of the above
conpounds , and their use as antiviral candidate, nore specifically as

anti - HCV. BACKGROUND OF THE | NVENTI ON Persi stent hepatitis C virus (HCV)

I nfection is a nmajqr t ' -3% of the world
popul ation and is MTM@& Fgﬁ&%?gﬁ{gr‘&h&b%kbg%gt{&&%@gw\@er di sease
culmnating with liver cirrhosis, hepatocellular carcinoma and |iver
failure [ Szabo E, Lotz G et al., Pathol. Oncol. Res. 2003, 9, 215-221;

Hoof nagl eFIEED OR-EHRINMENTYONO97, 26 15S-20]. An estimated 170 mllion chronic
carriers worldwi de are at risk of developing |iver disease. In the United
St at es al Tegpreskntinléntionisatlateahs AnicCednmpound e alicegbnetd torhiily 1,.and t he nunber of
HCV rel ated deaths is ('hgscreasi ng significantly over the years [Barnes E.,
WHO factsheet 2010. Avairkable at: http://ww. whoi nt gzacci ne

resear ch/ di seases/ vi reg [8n/index2. htm ].eNhically, chronic
infection is often asyrrptorraq\lg ci%)thd Fext per jods | asting for decades
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their tautomeric forms, their sterecisomers, their analogs, their prodrugs, their isotopes,
their N-oxides, their metabolites, their pharmaceutically acceptable salts, polymorphs,
solvates, optical isomers, clathrates, co-crystals, combinations with suitable medicament,
pharmaceutical compositions containing them, methods of making of the above

compounds , and their use as antiviral candidate, more specifically as anti-HCV.

BACKGROUND OF THE INVENTION

Persistent hepatitis C virus (HCV) infection is a major health problem globally affecting
~3% of the world population and is an important contributor to chronic liver disease
culminating with liver cirrhosis, hepatocellular carcinoma and liver failure [Szabo E,Lotz G,
et al., Pathol. Oncol. Res. 2003, 9, 215-221; Hoofnagle JH., Hepatology 1997, 26 15S-20].
An estimated 170 million chronic carriers worldwide are at risk of developing liver disease.
In the United States alone ~3 million are chronically infected with HCV and the number of
HCV related deaths is increasing significantly over the years [Barnes E., WHO factsheet
2010. Available at:
http://www.who.int/vaccine_research/diseases/viral_cancers/en/index2.html]. Clinically,
chronic infection is often asymptomatic with latent periods lasting for decades before
manifestation by which time extensive liver damage has occurred. HCV is spread primarily
by unscreened blood transfusions and use of contaminated needles and syringes; the
highest risk groups are intravenous drug users and people who received blood
transfusions (mainly haemophiliacs) before 1990 when screening for HCV was introduced.
Factors that have been reported to influence the rate of HCV disease progression include
age (increasing age is associated with more rapid progression), gender (males have more
rapid disease progression than females), alcohol consumption (associated with an
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mani festati on by which tinme extensive |iver danmage has occurred. HCV is
spread primarily by unscreened bl ood transfusions and use of contam nated
needl es awo 201i2n3pes; t he hi ghest risk groups are intravPemaBxizipidgouser s
and peopl e who received bl ood transfusions (mainly haenophiliacs) before
1990 when screening for HCV was introduced. Factors that have been reported
to influence the rate of HCV di sease progression include age (increasing
age is associated with nore rapid progression), gender (nmales have nore
rapi d di sease progression than femal es), al cohol consunption (associated
with an 1

increased rate of disease progression), HIV co-infection (associated with a markedly
increased rate of disease progression), and fatty liver.

Despite significant efforts, no vaccine exists for HCV and until a year ago the standard
therapy for HCV was a combination of pegylated interferon (PEG-IFN) o and weight based
ribavarin (RBV), which was inadequate for majority of the patients and therapy associated
side effects such as pancytopenia, flu-like symptoms or depression were commonly
observed leading to early treatment discontinuation [Fried MW, et al., N Engl J Med. 2002,
347, 975-982]. The approval of two direct acting agents (DAA) i.e. 1% generation protease
inhibitors, Incivek and Victrelis in May 2011 ushered in the era of specifically targeted
HCV therapy[Jesudian AB, Gambarin-Gelwan M and Jacobson IM., Gastroenterology
Hepatol. 2012, 8, 91-101.

The combination of above mentioned DAAs, Peg-IFN and RBV (triple therapy)
substantially increases the rate of sustained virologic response in treatment naive and
experienced patients. However, a number of issue restrict the usage of these drugs — i)
complex treatment algorithms issued by the regulatory bodies; ii) they are restricted to
genotype 1; iii) low barrier to resistance mutations and iv) increased cost of therapy
leading to limited access to care. Hence, there exists a need for alternative therapeutic
strategies that ensure broader genotype coverage, better efficacy, better tolerance and
limited selection of resistant HCV variants.

The sequence diversity of HCV is complex with the virus organized into 6 distinct
genotypes and over 100 subtypes. Additionally, HCV exists as many closely related viral
sequences, termed as quasi-species, in the infected individual, making specific
pharmaceutical targeting of HCV proteins challenging due to the rapid evolution of escape
mutants. It is increasingly evident that a broad collection of specific, pan genotypic anti-
viral drugs targeting multiple essential viral functions, in addition to the current viral
therapies will be required for effective global control of HCV.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a novel compound of
the general formula (1), its tautomeric forms, its stereoisomers, its analogs, its prodrugs, its
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DESCRIPTION OF THE INVENTION

HCV is a member of the Flaviviridae family of enveloped, positive stranded RNA viruses
belonging to the genus Hepacivirus. The genome is a single ~9.6kb strand of RNA and
consists of one open reading frame that encodes for a polyprotein of ~3000 amino acids
flanked by untranslated regions at both 5" and 3’ ends. This precursor polyprotein is then
processed by viral and cellular proteases to yield 10 separate mature viral proteins critical
for replication and assembly of progeny viral particles. The organization of the structural
and non-structural proteins in the HCV polyprotein is as follows: C-E1-E2-P7-NS2-NS3-
NS4a-NS4b-NS5a-NS5b. The three structural proteins C, E1 and E2 are involved in
packaging of the virus and the infectivity cycle. The function of the p7 protein is unknown.
Of the non-structural proteins, NS2 is a zinc dependent metalloproteinase that functions in
conjunction with a part of NS3 protein. NS3 protein has two catalytic activities associated
with it: a serine protease at the N-terminal end which requires NS4A as a cofactor, and an
ATPase dependent helicase activity at the C-terminal end. NS5A is a membrane anchored
phosphoprotein  that is present in basally phosphorylated (56kDa) and
hyperphosphorylated (58kDa) forms. Its precise role has not been determined but it has
been shown to play a role in RNA binding, multiple host protein interactions, and interferon
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wherein, Rla, RLto R7/, m n, Y, ring A ring Dand ring E are as defined
her ei nbel ow. I n another aspect, the present invention provides a

phar macewpDecal3/eedsposi ti on, contai ning the conmpound of ®he/BEN2OR00T or nul a
(1) as defined herein, its tautoneric fornms, its stereoisoners, its

anal ogs, its prodrugs, its isotopes, its Noxides, its netabolites, its
phar maceutically acceptable salts, its polynorphs, its solvates, its
optical isomers, its clathrates, or its co-crystals in conbination with the
usual pharmaceutically enpl oyed carriers, diluents and the |ike are useful
for the treatnment of HCV infection. DESCRI PTION OF THE I NVENTION HCV is a
menber of the Flaviviridae fam |y of envel oped, positive stranded RNA
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of novelwh%pg;gp,ounds of the general formula I,

Ring ‘A’ is a 5 to 10 membered saturated carbocycle, the said carbocycle may be a
monocyclic system, or a fused- or bridged- or a spiro- bicyclic system;

ring D is selected from substituted- or unsubstituted- 5 to 10 membered carbocycles,
substituted- or unsubstituted- 5 to 10 membered heterocycles containing 1 to 3
heteroatoms/groups selected from N(R?), S(O),, O or C(=0), substituted- or unsubstituted-
aromatic carbocycle, and 5 to 6 membered substituted- or unsubstituted- aromatic
heterocycle containing heteroatoms selected from N, S or O;

Ring ‘E’ is selected from 5 to 10 membered carbocycle and 5 to 10 membered
heterocycle, the ring ‘E’ may be monocyclic, fused bicyclic, bridged bicyclic or spiro
bicyclic;

Y is selected from CH(R??) and N(R?)



their tautoneric fornms, their isoners, their isotopes, their netabolites,
their prodrugs, their pharnaceutically acceptable salts, pharnmaceuti cal
conposi t iwexsmB7Nni ng them net hods of nmaki ng of the a&bouB20awnfroUnds
and their use as antiviral conmpounds; wherein, Ring "A is a5 to 10
menbered saturated carbocycle, the said carbocycle may be a nonocyclic
system or a fused- or bridged- or a spiro- bicyclic system ring Dis

sel ected fromsubstituted- or unsubstituted- 5 to 10 nmenbered carbocycl es,
substituted- or unsubstituted- 5 to 10 nenbered heterocycles containing 1
to 3 heteroatons/groups selected from N(R8), S(O)p, 0 or C( 0)
substituted- or unsubstitutedaromatic carboc 6 ne

subst it l'ﬁ del selgeted e dig prauRtongistienel B ﬁéf@?@@yol R Q,Q)(rrpéN?ﬁ g Rh@ 3\’ "oat ons
sel ect e@s(ﬂﬂmduo quP 0, R WSCEN (RS-, sel ecpé%bct(L@yN@ﬂ@qﬂﬁb c@rtg)wgd))
may

car bocycl ete qgycle, the ring 'E

nonocycIFﬁscOC(F@@@ W%%BI p&R @?Qﬂg@éf\‘@ c?ycl Ic or spiro bicyclic; Yis
sel ect ed;S(FP NCCEHORERY) gb&@ 10Ls sel ected fromthe group conshgd i ng of
17-1C

R8 0 R300 R8 R9) NC(=0) N( R10 R8S02N( R9
Read(= 3%% At g)@(Fg N0, RE( RO) NC=0) N(RL) - (R9)-

R8a0C( =0) N( R9) CRa( Rb) C(RG (Rd) C( 0) N( Rl)
R8( R9a) m is03egaRy] CRepEIeD(y-@) N@mpcquamme from the group consisting of halogen,

substituted- or unsubstituted- C1 alkyl, R®#C(=0)-, R®0-, R®0C(=0)-, R®*C(=0)0-, and
R®(R%)NC(=0)-;

R? is selected independently at each occurrence from the group consisting of substituted-
or unsubstituted- Cy alkyl, R®C(=0)-, R**S0,-, R®0C(=0)-, R R*)NC(=0)-,
R®0C(=0)N(R%)C(R?)(R")C(=0)-, R*0C(=0)N(R%C(R?)(R°)C(R%)(R%C(=0)-,
R®(R®)NC(=0)N(R'*)C(R*)(R")C(=0)-, R*(R°)NC(=0)N(R'*)C(R*)(R°)C(R°)(R")C(=0)-,
R®S0O,N(R%)C(R?)(R?)C(=0)-, RBSO.N(R%)C(R?)(R")C(R*)(R%C(=0)-, and
R®0C(=0)N(R%)C(R?*)(R®)SOy;

R? is selected independently at each occurrence from the group consisting of
R®C(=0)N(R®)-, R®OC(=0)N(R%)-, R¥(R*)N-, R¥R%)NC(=0)N(R'%)-, R¥*SO,N(R®-,
R**OC(=0)N(R°)C(R?)(R")C(=0)N(R™)-, R**0C(=0)N(R®)C(R?)(R")C(R°)(R")C(=0)N(R™)-
, R%(R%*)NC(=0)N(R®)C(R*(R")C(=O)N(R")-, and
R®(R*NC(=O)N(R®*)CR*R")C(R°)(R*)C(=0)N(R™")-;

R® is selected from O and N(R'");

R* is selected independently at each occurrence form CR¥RP), O, N(R""), substituted- or
unsubstituted carbocycle, substituted- or unsubstituted- heterocycle, substituted- or
unsubstituted- arylene and substituted- or unsubstituted- heteroarylene, wherein,

substitutions on carbocycle, heterocycle, arylene, and heteroarylene are selected from
the group consisting of halogen, substituted- or unsubstituted- C+ alkyl, and alkyl-O-;

R® is selected from hydrogen and substituted- or unsubstituted- alkyl;

R® and R’ are independently selected from the group consisting of hydrogen, halogen,
substituted- or unsubstituted- C1. alkyl, R®0O-, and R} R%)N-;

wherein, R%, R°, R* and R' are independently selected from the group consisting of
hydrogen, substituted- or unsubstituted- Ci.s alkyl, substituted- or unsubstituted- aryl,
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R8( R9a) NC(=0) N( R9) CRa( Rb) C(RG) (Rd) C(=0) N(R1) -; Rla is sel ected

i ndependently at each occurrence fromthe group consisting of hal ogen,
substi t utwo-20v02u333ubsti tuted- 01_6 al kyl, R8aC(=0)-, RBOVAB20RYDIV{7=0) -
R8aC(=0)0-, and RB(RO)NC(=0-; R2 is selected independently at each
occurrence fromthe group consisting of substituted-or unsubstituted- 01-6
al kyl, R8aC(=0)-, R8aS02-, R8a0C(=0)-, R3(R9)NC(=0) -,
R8a0C(=0) N( R9) C( Ra) (Rb) C(=0) -, R8a0C(=0) N(R9) C(Ra) (Rb) C(RG) (Rd) C(=0) -
R8('R9) NC(=0) N(R1) C( Ra) ( Rb) C(=0) -,

R8( R9) NC( O)N(Rl)C(Ra)(Rb)C(RG)(Rd)C( 0) R8502N(R9)C(Ra)(Rb)C( 0)
R8S02N( R9) C( Ra) ( Rb) C( Q %% C(=0) N( R9 2-; ‘Roa is
sel ect e§UPHiEEREn B HPPYPSHIUL (ﬂ?t‘%feérd r%é@“@orﬂﬁ%“@?%’ﬁﬁdcSY@‘i’%‘fM"nan%f

R8aC( =0k Mdrtlted- &%ﬁ@&bs@)dwﬁbtero@@&b ) N-,  RB('R9) NC(=0) N(R10) -
R8aS02N(R9) -, R8a0C( =0) N( R9) C( Ra) ( Rb) C( =0) N( R1) -

%?8{% ) %}EN %%ﬁ? @?&%ﬁgtﬁﬁ@@@%& a?rig{\lgﬁéﬁ%stltuted- or unsubstituted- Ci6 alkyl,

R8( R9a) m@q&mtw RY ORI RE) | ( Rebstiitely N RIJubstitRBdh beteedandt subsfitutedr Or and
N(RL1); uﬁs dsﬁtu?e”d[ %gﬁlgﬁlk;}l %%%@B?ﬁpfehy Cf\jnsﬁ fﬂut8§cr‘r!sft gform CRa(Rb), O,

N(R11), DSt it ‘unsu ute car Tuted or
unsubst iy ted rocycl e, substi.tut unsubstltuted e _and
SUberTt b stiede EERS fhuscormisiid aﬁﬁxﬁre%éﬂ SheREh oo uelcRe e

car bocyaelk§i, ;b@habawclsebstaumberw, urssistietear QﬁVIWs@B@tltaﬁéE- sl @m‘du@étltﬁfeﬁm t he
group c%n3|st| ed- 01 6 a and

n hal ogen, substi t ut ed- unsuhbstjtu
o Ryt - R8s SubstidEeaty Loty et e oaol At Pttt i wEBuRtet oo
al kyl; Retetdt§clR{ are independently selected fromthe group consisting of
hydr ogen, hal ogen, substituted- or unsubstituted- 01_6 al kyl, R8bO-, and
R8( R9) Nt el Rl franﬁydrE@en SPsRftufRl- B @néuﬁgﬁ%adQWIngmﬁ)el ected fromthe

gr oup con3|st|ng

R? R° R°and RY are independently selected from the group consisting of hydrogen,
halogen, substituted- or unsubstituted- Ci6 alkyl, substituted- or unsubstituted- aryl,
substituted- or unsubstituted- heteroaryl, substituted- or unsubstituted- cycloalkyl, and
substituted- or unsubstituted- heterocyclyl; R?, R®, R°and R® together with the carbon atom
to which they are attached may take part in forming substituted- or unsubstituted-
carbocycle, or substituted- or unsubstituted- heterocycle containing 3 to 10 atoms;

m is an integer ranging between 0 to 2, selected independently at each occurrence;
n is an integer ranging between 0 and 2;
p is an integer ranging between 0 and 2;

when n = 2 and R*is selected as CR?(R®) for both the occurrences, two R®s together can
form a bond to form a alkenylene linkage or two R®s and two R®s together can form bonds

to form alkynylene linkage;

‘alkyl’ may be substituted with 1 to 4 substituents selected from the group consisting of
oxo, halogen, cyano, aryl, hereroaryl, cycloalkyl, R'*SO.-, R'®0-, R'??0C(=0)-,
R'?C(=0)0-, (R'®)(H)NC(=0)-, (R"™)(alkyl)NC(=0)-, R'*C(=O)N(H)-, R'?(H)N-,
R'%(alky)N-, R"}(H)NC(=0)N(H)-, and R'?(alkyl)NC(=O)N(H)-;

‘cycloalkyl’ and ‘carbocycle’ may be substituted with 1 to 2 substituents selected from the
group consisting of oxo, halogen, cyano, aryl, hereroaryl, alkyl, haloalkyl, R'22C(=0)-,



hydr ogen, substituted- or unsubstituted- 01 _6 al kyl, substituted- or
unsubstituted- aryl, substituted- or unsubstituted- heteroaryl,

substi t utwa-20w02u333ubst i t ut ed- cycl oal kyl, and substi t uP€adABIN2/054007
unsubstituted- heterocyclyl; R8a is selected fromthe group consisting of
substituted- or unsubstituted- 01-6 al kyl, substituted- or unsubstituted-
aryl, substituted- or unsubstituted- heteroaryl, substituted- or
unsubstituted- cycloal kyl, and substituted- or unsubstituted- heterocyclyl;
R8b is selected fromthe group consisting of hydrogen, substituted- or
unsubstituted 01-6 aIkyI per hal oal kyl, substituted- or unsubstituted-
aryl, substituted; ubstltuteggeteroaryl substituted;

unsubst it UBSd= ﬁ/ E‘y OC4{d)-s uBst ¢ =R - % (RN&GH i tﬁt é%ih\é)t’\@ o@QIcI y1;

R11 is w*ae%@m rftyormzm)ﬂr qYeRIIGNN- wasrl)mcwcgﬁtm)oradm@ hket-ashn)-Ky!
group; RG and Rd, are mdependently sel ected romthe group

consi st 'e{?@ d8|]c apé'nqgtt%g%ﬂ?oc{ﬁ/gll e qfidy be gBﬁé‘thL{)&? Wﬂh ol E%ﬁHQﬁﬁér@é‘%&chteQﬁm@n alkyl,

substit unsu uté unsu
het er oathd grogpissnsistingea- hatngeunmtm,swamt tadirowyé)h dxaCkyaIKyl &hdo ﬁtbm:hoathyled or

b - d bo
unsubst Uy o ok SRS YL, B o5 A0 ek 95! i atay Ereafir bon
unsubst M&ik)dlicaﬂb'bblﬂtt e Habr, slhb|s$®zt-ut®malfaﬂtkwﬁﬁdbsalkvlbﬁ(e@)NMWéf,oelixrdt e

t ai ni 2, | ect ed
cont o o msGTENT %, L0 HDIPUGTIA L2, o ect o
p i s anN(HiSgerHaNGiyng between 0 and 2;

‘heteroaryl’ or ‘aromatic heterocycle’ may be substituted with 1 to 2 substituents selected
from the group consisting of halogen, nitro, cyano, hydroxy, G to GCs alkyl, C3 to Cs
cycloalkyl, 3- to 6- membered heterocycle, C to Cg perhaloalkyl, alkyl-O-, perhaloalkyl-O-,
alkyl-N(alkyl)-, alkyl-N(H)-, HoN-, alkyl-SO,-, perhaloalkyl-SO,-, alkyl-C(=O)N(alkyl)-, alkyl-
C(=O)N(H)-, alkyl-N(alkyl)C(=0)-, alkyl-N(H)C(=0)-, H:NC(=0)-, alkyl-N(alkyl)SO.-, and
alkyl-N(H)SO2-, HoNSO,-;

ring carbons of ‘heterocyclyl’ and ‘heterocycle’ may be substituted with 1 to 2 substituents
selected from the group consisting of oxo, halogen, nitro, cyano, aryl, hereroaryl, alkyl,
R'%0-, R™0C(=0)-, R'?*C(=0)0-, R'"*(H)NC(=0)-, R'*(alkyl)NC(O)-, R™*C(=O)N(H)-,
R'™2(H)N-, R'"(alky)N-, R"?(HINC(=O)N(H)-, and R'*(alkyl)NC(=O)N(H)-; the substituents
on ring nitrogen(s) of ‘heterocyclyl’ and ‘heterocycle’ are selected from the group
consisting of aryl, hereroaryl, alkyl, R'**C(=0)-, R'**S0,-, R'?*0C(=0)-, R"*(H)NC(=0)-,
R'?(alkyl)NC(=0)-;

R is selected from hydrogen and alkyl;
R'% is selected as alkyl, perhaloalkyl;
R'® is selected from hydrogen, alkyl, perhaloalkyl.

Whenever a range of the number of atoms in a structure is indicated (e.g., a C1.12, C1.s, G-
s, or Cy4 alkyl, alkylamino, etc.), it is specifically contemplated that any sub-range or
individual number of carbon atoms falling within the indicated range also can be used.
Thus, for instance, the recitation of a range of 1-8 carbon atoms (e.g., C1-Cs), 1-6 carbon
atoms (e.g., G1-Cs), 1-4 carbon atoms (e.g., C1-C4), 1-3 carbon atoms (e.g., C1-C3), or 2-8
carbon atoms (e.g., C»-Cg) as used with respect to any chemical group (e.g., alkyl,

alkylamino, etc.) referenced herein encompasses and specifically describes 1, 2, 3, 4, 5, 6,
7



when n = 2 and R4 is selected as CRa(Rb) for both the occurrences, twd Ras
together can forma bond to forma al kenyl ene |Iinkage or two Ras and two
Rbs t ogetwerowzn1i3or m bonds to form al kynyl ene |i nkage; PCalRyi12/050047 be
substituted with 1 to 4 substituents selected fromthe group consisting of
oxo, hal ogen, cyano, aryl, hereroaryl, cycloal kyl, R12aS02-, R12b0-,
R12a0C(=0)-, R12aC(=0)0-, (R12)(H NC(=0)-, (R12)(alkyl)NC(=0)-,

Ri 2ac(.0O)N(H) -, R1I2(H N, Ri2(al kyl)N, R12(H NC(=0)N(H)-, and

R12(al kyl ) NC(=0) N(H) -; tycloal kyr and tarbocycle' may be substituted with 1
to 2 substituents selected fromthe group consisting of oxo, hal ogen

cyano, hereroaryl, al kyl, haloal kyl, Rl2aC(=0)-, R12aS02-

RlZaOC( o¥ 9, 11@12&@%9@120#@% AR a@)appwmteaﬁﬁwj ﬂe(a%)sub rw%@eregim 0_,

R120_0 121(—@|c|ébﬁo}ﬂ\btom‘:é 1 E( chrboR latom &1 24 dNee T AN -5 c%ﬂ&bn atoms, 1-6
R12(al kyI IC(=0) N( H) "“or 'aromatic carbocycl e’ é a)e substi tuted

with 1 PB@”S@IB@& ﬂJeﬁ?@OEe@t%‘ﬁe& & FIIRPE HEOGE o Y E@HQF SHPAE &7 OngarBefen,

Nitro, QYA 1-1yEHrBay atoﬁhs t101 0€arBbrk ¥lomsD 3-3 SarBén am{soalwérbo@atdm)s -5
member ed heterocycl e, to 06 perhal oal %@@ al k per hal oal ky1- 0-,

al kyl N( &R1egnyatom @&parnem)atom%fﬂ cargp gfontsy 2:8 cqsé%aioaeﬁ By7 Caspn atorms,

al kyl - Cp= @)M@é%é{tb}ns, 28 keatten=Horhk H-12 caﬂbtsbrlatd}%salskzvbeirﬁénaboms 3-5 carbon
C(=0)-. al kyl - N(al kyl') S02-, al k S02-, H2NS02-;

| Kyl =0 | N
? et gr oagw’” 3’ ﬁﬁ@ﬁﬁtqt@“ﬁe? é1BEAE) AOMfrny 5 reqnoe&omsu g%f’rh oS, 310

substit 'éQrﬂb_bﬁ aﬁ@rh@csﬂd édr@éﬁ bmgrsﬁﬁl@ ca R @tbm@g 4C!§ c@r@bﬁ%@ms n4i6r@1arb6ryan0,
hydr oxy, t o 06 aIkY to 06 cycloal k

het er oc@&qné'S 4] cargop ElgRes: H‘afF 63PRY 1atorasg. kP C@ibon ;?é%%l”oéfl’ E?IFPOO atoms 4-11

al kyl - Nealo) latoms, &bt 2NeHarbonHtbins, ¢tk kié agitdpriat@er hal oal kyl - S02-,

al kyl - C(. 0)N(al kyl) -, al kyl C(=0)N(H) -, al kyl - N(aI kyl ) C(=0) -

al kyl - N(H) C(=0)-, H2NC(=0)-, al kyl-N(al kyl)S02-, and al kyl - N( H) S02-,
H2NS02-; ring carbons of teterocyclyr and 'heterocycle' may be substituted
with 1 Quexfdudhembodiaents ofdhe presdntfinantiohé eprnopqundmhsirgtiiand) ag descabed

R ool nabiYe Wheihit M8 A &isklecighh T PBband) 1! RlZR}aé?gbj N(RlH?Z i L
sttt Ao Bt OaTe St &gveghon 5%%?@%@%&'%%’3%{283 Dty ected 35

sel ect eR¥oOEO)RERYCRYR ) CUB)INGRI%Dg of aryl, hereroaryl, alkyl, R12aC(=0)-
R12aS02-, R12a0C(=0)-, R12(H) NC(=0) -, R12(al kyl)NC(=0)-;

In any of the embodiments of the invention described above, m is particularly selected as 0

at all the occurrences;

In any of the embodiments of the invention described above, Y is particularly selected as
N(R?);
In any of the embodiments of the invention described above, R? is particularly selected as

R*OC(=0)N(R°)C(R*)(R")C(=0)-;

In any of the embodiments of the invention described above, ring E is particularly selected
as -

/LNH
O:z_

In any of the embodiments of the invention described above, R® is particularly selected as
NH;



R12 is selected from hydrogen and al kyl; Rl2a is selected as al kyl,

per hal oal kyl ; R12b is selected from hydrogen, alkyl, perhal oal kyl. Wenever
a range ovoths/muwsber of atonms in a structure is indi carea/Igmigoj4oer 01 12,
01-8, Cl- 6, or 01-4 alkyl, alkylam no, etc.), it is specifically

contenpl ated that any sub-range or individual nunber of carbon atons
falling within the indicated range al so can be used. Thus, for instance,
the recitation of a range of 1-8 carbon atons (e.g., 01-08), 1-6 carbon
atons (e.g., 01-06), 1-4 carbon atons (e.g., 01-04), 1-3 carbon atons
(e.g., 01-03), or 2 8 carbon atons (e.g., 02-08) as used with respect to
any chem cal group al kyl am no, etc.) ,referenced herein
enconpadsad @ e§ﬁ8’@F’Fﬁ‘%{‘éﬁ Pfythlé"é’@m'%ge%”b%d agoveg R'is paticufarlygselegtedigs 11

and/ or %ﬁeﬁﬁér@ﬁn@hq’ﬁg‘artl@ﬁa dai €, as well as any sub-range thereof
(e.g., 2 carbon atonms, 1-3 carbon atons, 1-4 carbon atons, 1-5 carbon

3OS, 45 8 RO BB AR 5 Ty LA Al eclauE 0PN A OMe dadosigfpon

at ons, car on a car on a 2 carbon ato
at ons, 2elécied@bdwdmgens, 2-5 car bon atoms, 2 6 carbon atons, 2-7 carbon
atons, 2-8 carbon atons, 2-9 carbon atons, 2-10 carbon atons, 2-11 carbon

atons, Jaaycarih@nembMent% éf @R heBnt@dnoBBscriBed mwomr@t o, pértuﬁulaﬂy bon
at ons, rbon at.ons, carbon ato 10 car bon

3-7 -8
o, 3eIfgdRBb A T GHesEd SALRRTR AL SRS e oAb BReSaHE CORPEM Gy bon
atons, 4nd herrd@emat ons, 4-8 carbon atons, 4-9 carbon atons, 4-10 carbon
atons, 4-11 carbon atons, and/or 4-12 car bon atons, etc., as appropriate).

One of fghey, ”E‘S?Ot%”&ﬂ \Aﬁdlfﬁtentrshgf R{eeﬁ%ﬁtudn“& ﬂoQ&' db%v&o ‘Jﬁ[“?s %Telet:fébné@a (1)

as descri bed above, erein, ring Alis se as c pentane. In any of

the enbéilerantaneoR'tineoariputatiyi wiecirss as |Fbe<aCh=lQ)Néq Rs C;ﬁa@iN Bu"l )arm ys
| ect nbodi nent s of
sel ec ega%ulgﬁ?g’&éc‘tg% dB%EQiR%P&)C%@e@( e 1s o e{rfbtﬁe%/ct eegE difaembodi ments o

t he invention descri ove, mis parti asOat all the
occurrences; In any of the enbodi nents of the invention described above, Y
is particularly selected as N(R2); )~NH

x(
OLLL‘

R® is particularly selected as NH; R* is particularly selected as phenylene, n is particularly
selected as 1; R R°® and R’ are particularly selected as hydrogen; Ring D is particularly
selected from a six membered carbocycle and seven membered heterocycle containing
one heteroatom;

General terms used in formula can be defined as follows; however, the meaning stated
should not be interpreted as limiting the scope of the term per se.

The term "alkyl", as used herein, means a straight chain or branched hydrocarbon
containing from 1 to 20 carbon atoms. Preferably the alkyl chain may contain 1 to 10
carbon atoms. More preferably alkyl chain may contain up to 6 carbon atoms.
Representative examples of alkyl include, but are not limited to, methyl, ethyl, n-propyl,
iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, and n-
hexyl.

‘Alkyl" as defined hereinabove may be substituted with one or more substituents selected
independently from the group comprising of oxo, halogen, cyano, aryl, hereroaryl,
cycloalkyl, R'80,-, R"0-, R'%0C(=0),, R'®C(=0)0-, (R")(H)NC(=0)-,

9



In any of the enbodi ments of the invention described above, R2 is
particularly selected as R8a0C(=0) N(R9) C(Ra) (Rp) C(=0)-; In any of the
enbodi merwe 20f3/@2i837i nventi on descri bed above, ring E |sPﬂaﬂBunumanWN
selected as - In any of the enbodinents of the invention described above,
R3 is particularly selected as NH;, In any of the enbodi nents of the

I nvention descri bed above, R4 is particularly sel ected as phenyl ene, and n
is particularly selected as 1; In any of the enbodi nents of the invention
descri bed above, IR6, R6 and R7 are particularly selected as hydrogen; In
any of the enbodi nents of the invention described above, Ring Dis
partlculaﬁly sel ected f &Q rbochIe and seven nenber ed

het eroc&%l HalkgM &~ ngRo Qé't\‘@'ll oaﬁorﬂ" '\1| n %nﬁa”ﬁd{‘ thB RN 0fNd he

i nvent i ey QIRﬁNGP@#N@-bOWﬂwerélh )2 As kElestel ¢@hﬁﬂ§oﬁt§ &V&ﬁd)@lﬁ)ﬂt ef?eis &ledtéd
parti cuI arI sel ected as ngb

Pt | cuffam Jd and Sedaioalvh aas R ¥ b ban utiRgen, FRAEEPeBalgivh cul ar 1 y

sel ected as -

The term “haloalkyl” used herein means an alkyl group as defined hereinabove wherein
at least one of the hydrogen atoms of the said alkyl group is substituted with halogen. The
haloalkyl group is exemplified by monofluoromethyl, 1,2-dichloroethyl and the like. The
term “perhaloalkyl” means an alkyl group as defined hereinabove wherein all the
hydrogen atoms of the said alkyl group are substituted with halogen. The perhaloalkyl
group is exemplified by trifluoromethyl, pentafluoroethyl and the like.

The term “cycloalkyl” as used herein, means a monocyclic, bicyclic, or tricyclic non-
aromatic ring system containing from 3 to 14 carbon atoms, preferably monocyclic
cycloalkyl ring containing 3 to 6 carbon atoms. Examples of monocyclic ring systems
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.
Bicyclic ring systems are also exemplified by a bridged monocyclic ring system in which
two non-adjacent carbon atoms of the monocyclic ring are linked by an alkylene bridge.
Representative examples of bicyclic ring systems include, but are not limited to,
bicyclo[3.1.1]heptane, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclo[3.2.2]nonane,
bicyclo[3.3.1]nonane, and bicyclo[4.2.1]nonane, bicyclo[3.3.2]decane,
bicyclo[3.1.0]hexane, bicyclo[410]heptane, bicyclo[3.2.0]heptanes, octahydro-1H-indene.
Tricyclic ring systems are also exemplified by a bicyclic ring system in which two non-
adjacent carbon atoms of the bicyclic ring are linked by a bond or an alkylene bridge.
Representative examples of tricyclic-ring systems include, but are not limited to,

tricyclo[3.3.1.0%Inonane and tricyclo[3.3.1.137

Jdecane (adamantane). The term cycloalkyl
also include spiro systems wherein one of the ring is annulated on a single carbon atom
such ring systems are exemplified by spiro[2.5]octane, spiro[4.5]decane,
spiro[bicyclo[4.1.0]heptane-2,1'-cyclopentane], hexahydro-2'H-spiro[cyclopropane-1,1'-

pentalene].

The term “cycloalkenyl” as used herein, means a cycloalkyl group as defined above
containing at least one double bond.

10



R3 is particularly selected as NH;, R4 is particularly selected as
phenylene, n is particularly selected as 1; IR6, R6 and R7 are particularly
sel ect ed WO 2hsdneipen; Ring D is particularly sel ected fPomIB22/a5mENber ed
carbocycl e and seven nenbered heterocycl e containing one heteroatom

General terns used in fornmula can be defined as follows; however, the
nmeani ng stated should not be interpreted as limting the scope of the term
per se. The term "al kyl", as used herein, neans a straight chain or
branched hydrocarbon containing from1l to 20 carbon atons. Preferably the
al kyl chain may contain 1 to 10 carbon atons. Mre preferably aIkyI chain
may contain up to 6 carbon atons. Representative exanpl es of alk I ncl ude,

but ar e TRBEN 1FRIRREYCE" atetsRy INerebt HYpansA BYlpFYStendBags: Bpel carh °rb WS

sec- but Wh;chnﬁ&ud&tdybloamsﬁ tibikendd-MRMHryhatid SRRSM. Yl , neopentyl, and
nhexyl . ' Al kyl" defi ned herei nabove may be substituted with one or more

substituents sel ect ed i ndependently fromthe group conprising of oxo,

hal ogencyepamrg, cpdlydikenyEaRd eambbtycle ¥E ldefhdd hereRbBaso may B2 hstituRE2RAC( =0) -
one or more substituents selected independently from the group comprising of oxo,
halogen, cyano, aryl, hereroaryl, alkyl, haloalkyl, R'*C(=0)-, R'S0,-, R"0-,
R'220C(=0)-, R"C(=0)0-, R'?(H)NC(=0)-, R'?(alky)NC(=0)-, R'?*C(=O)N(H)-, R"?(H)N-,
R'(alkyl)N-, R"™2(H)NC(=0)N(H)-, and R'*(alkyl)NC(=O)N(H)-; wherein R is selected
from hydrogen and alkyl; R'?* is selected from alkyl and perhaloalkyl; and R'® is selected
from hydrogen, alkyl and perhaloalkyl.

The term "aryl" refers to a monovalent monocyclic, bicyclic or tricyclic aromatic
hydrocarbon ring system. Examples of aryl groups include phenyl, naphthyl, anthracenyl,
fluorenyl, indenyl, azulenyl, and the like. Aryl group also include partially saturated bicyclic
and tricyclic aromatic hydrocarbons such as tetrahydro-naphthalene. The said aryl group
also includes aryl rings fused with heteroaryl or heterocyclic rings such as 2,3-dihydro-
benzo[1,4]dioxin-6-yl, 2,3-dihydro-benzo[1,4]dioxin-5-yl, 2,3-dihydro-benzofuran-5-yl, 2,3-
dihydro-benzofuran-4-yl, 2,3-dihydro-benzofuran-6-yl, 2,3-dihydro-benzofuran-6-yl, 2,3-
dihydro-1H-indol-5-yl, 2,3-dihydro-1H-indol-4-yl, 2,3-dihydro-1H-indol-6-yl, 2,3-dihydro-1H-
indol-7-yl,  benzo[1,3]dioxol-4-yl, benzo[1,3]dioxol-5-yl,  1,2,3,4-tetrahydroquinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, 2,3-dihydrobenzothien-4-yl, 2-oxoindolin-5-yl.

Aryl as defined hereinabove may be substituted with one or more substituents selected
independently from the group comprising of halogen, nitro, cyano, hydroxy, C4 to Ce alkyl,
Cs to GCs cycloalkyl, 3- to 6- membered heterocycle, C; to Ce perhaloalkyl, alkyl-O-,
perhaloalkyl-O-, alkyl-N(alkyl)-, alkyl-N(H)-, HoN-, alkyl-SO,-, perhaloalkyl-SO,-, alkyl-
C(=O)N(alkyl)-, alkyl-C(=O)N(H)-, alkyl-N(alkyl)C(=0)-, alkyl-N(H)C(=0O)-, HoNC(=0)-,
alkyl-N(alkyl)SO.-, alkyl-N(H)SO.-, HoNSO,-.

The term "hetercaryl” refers to a 5-14 membered monocyclic, bicyclic, or tricyclic ring
system having 1-4 ring hetercatoms selected from O, N, or S, and the remainder ring
atoms being carbon {with appropriate hydrogen atoms unless otherwise indicated),
wherein at least one ring in the ring system is aromatic. Heteroaryl groups may be
optionaily substituted with one or more substituents. In one embodiment, 0, 1, 2, 3, or 4
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9 Rl2ac( 0)0_5-12, , (I-{ Y(HNC(=0)-, (R12)(alkyl)NC(=0)-,
R12aC(=0) N(H) -, R12(H) N, Ri12(al kyl )N, R12(H) NC(=0)N(H)-, and

R12( al kylwBCOB0RNG3H) - ; wherein R12 is sel ected from hydPoganmaeossadkyl ;
Rl12a is selected fromal kyl and perhal oal kyl; and R12b is selected from
hydr ogen, al kyl and perhal oal kyl. The term "hal oal kyl " used herein neans an
al kyl group as defined herei nabove wherein at | east one of the hydrogen
atons of the said alkyl group is substituted with hal ogen. The hal oal kyl
group is exenplified by nonofluoronethyl, 1,2-dichloroethyl and the Ilike.
The term "perhal oal kyl" neans an al kyl gr oup as defined herei nabove wherein
all the hydrogen atons of the said alk group are substituted wt

hal ogen #CHECIFECRANE &N RYIBIGPIUIRPEC BlRY Iﬁupﬁfeaieﬁwﬁ $°fﬁ$ﬂ?§?%§f<?mpfes of
pent af | u@re@@trrﬂybr@n@i iReidel b?rrdyThq $:@LiVricely cluemkyi hren@fﬁ deeshihed@bslyl, means

a nonocycl i c, ricyclic non-aromatic ring st em contar ni ng

from3 péﬁ%%%r B%ﬁiﬁze{y%rrﬁw?irief%rmx} %%@V'@IW@ZEVEI’%“‘ AV PHRKEEBHE ai ni ng

3 to 6 ganhemyat %zrrﬁfxamﬂbﬁﬁyiﬁ trs@i@@@cy%a&aidmg @M@me n%EHﬂﬁ(azolyi
cycl opropyl, cycl obut cycl openty

9/ ét%/c ohex ohepty
cycl oocw'rlzoflﬁiaex)cr Ingolkziriyd §v§i8éﬁ%yr5frie @@Gléke?%rfri d@&o% é)eﬁrfrta'@é%iyf

nonocy ¢ bkgzdthiB@asiipt e&%dz@xd&i&ﬁ&ri t Vi@dd]#}n ahi It SRR esy a0 M uiRhzdIiRG,
nonocyclic ri ng}gare i nked al k%( ene bridge. Represent atr ve exanpl es

of bi cy®Hi®¥ri f%@@mnrcrr@rhud%yram& 1S AR R begzolbienyl, 2.5
bi cycl Okiﬁadraiﬂiﬁept anennmmk ~c?rﬂa1zhm@§z@rpre bi cystles, M%]r@%@@eeayr

bi cycl of 3. nonane, C nonane, and bicycl o[ 4 1] nonane,

bi cycl of & @3@}%%%2&%% Q"bpﬂywq) 3[43.C 1306}3?@%%% thehikgy el of 410] hept ane,

bi cycl o[ 3. 2. 0] hept anes, octahydro-1Hindene. Tricyclic ring systens are

al so exen{‘)el ified @%f a bi c clic ring sgstem in which two nonadj acent car bon

at oms ofe¥erRary &g defined i“ﬁ inabave imkel tfg}*bat'th?HthSfﬂ O ol RPre el e,
Represe@bre&ﬂeuenc%aﬁwr@rsj f.@in threl?@d ESmprisiiy SHrEiyEn, hifre! eido, rhwro@r €, it

limted to, tric nonane an trrcYCIo

(adarmnta byl Onig S Srehalilis s Rymoapend iiaaeis st S oS MAZRrS: one o

t he r: n}g peshamrwm edrksarrN(@n@r NAHIIE/1-SRIHPORI,RL, CdIky3-ST)-, rpérgarssaﬁrrfswg aéIRyI-
exenplif]e

dec I
"01 nept SeoB I Fe RGO RHET AR AR EXE=a e Fa ROy K o o A TR -
pent al ea)y-NEg1)EELTANA d:ymzquadl—lygoyl FRasoused herein, rreans a cycl oal kyl

group as defrned above containing at |east one double bond.

The term "heterocycle" or "heterocyclic" as used herein, means a ‘cycloalkyl’ group
wherein one or more of the carbon atoms replaced by —O-, -S-, -S(Oy)-, -S(0)-, -N(R")-, -
Si(R™R"-, wherein, R™ and R" are independently selected from hydrogen, alkyl, aryl,
heteroaryl, cycloalkyl, and heterocyclyl. The heterocycle may be connected to the parent
molecular moiety through any carbon atom or any nitrogen atom contained within the
heterocycle. Representative examples of monocyclic heterocycle include, but are not
limited to, azetidinyl, azepanyl, aziridinyl, diazepanyl, 1,3-dioxanyl, 1,3-dioxolanyl, 1,3-
dithiolanyl, 1,3-dithianyl, imidazolinyl, imidazolidinyl, isothiazolinyl, isothiazolidinyl,
isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolinyl. oxadiazolidinyl, oxazolinyl,
oxazolidinyl, piperazinyl, piperidinyl, pyranyl, pyrazolinyl, pyrazolidinyl. pyrrolinyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, thiadiazolinyl, thiadiazolidinyl, thiazolinyl,
thiazolidinyl,  thiomorpholinyl, 1.1-dioxidothiomorpholinyl  (thiomorpholine  sulfone).
thiopyranyl, and trithianyl. Representative examples of bicyclic heterocycle include, but are
not limited to 1,3-benzodioxolyl, 1,3-benzodithiolyl, 2,3-dihydro-1,4-benzodioxinyl, 2,3-
dihydro-1-benzofuranyl, 2,3-dihydro-1-benzothienyl, 2,3-dihydro-1 H-indolyl and 1,2,3,4-
tetrahydroquinolinyl. The term heterocycle also include bridged heterocyclic systems such
as azabicyclo[3.2.1]octane, azabicyclo[3.3.1]nonane and the like.
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The term "carbocycle" as used herein, nmeans a cyclic system nmade up of
carbon atons, which includes cycl oal kane, cycl oal kenes and aromatic

syst ens. vOpebhoal2k3glz, cycl oal kenyl and carbocycl e as def Po@dBliaz/eim@bove may
be substituted with one or nore substituents sel ected i ndependently from
the group conprising of oxo, hal ogen, cyano, aryl, hereroaryl, alkyl,
hal oal kyl , R12aC(=0)-, R12aS02-, R120-, R12a0C(=0)-, 2ac(.0)O0-,

R12(H) NC(=0 -, R12(al kyl)NC(=0O -, R12aC(=0)N(H)-, R12(H)N-, R12(al kyl)N-,
R12(H) NC(=0) N(H) -, and R12(al kyl ) NC(=0) N(H) -; wherein R12 is selected from
hydrogen and al kyl; Rl2a is selected from al kyl and perhal oal kyl; and R12b
is selected from hydrogen, al kyl and perhal oal kyl. The term"aryl" refers
to a nmonoval ent nmonocyclic, bicyclic or tricyclic aromatic hydrocarbon ring

system Hexo®ces gﬂfupafnﬁ}/ K Q&Wltdté&blﬂl%@@@fﬁbﬁhs mnapdﬁehw mord isOhARESHS
fluorenyl |nde$%§ﬁdazu and the like. Aryl ou al so incl ude

parti al P§legigdyp %”tbfytfq"%cthﬁrﬂﬁmfﬁ ceyerisieg of o%‘% Wr SRy 5R0- AN as

, e: Laﬂy?éermplhtaw emeeo Trpezm (dOR! ">y OG}D-a|F$1é(H Ne[LeieSREaMkyNOIOF, f used
W et ef.0

> 3. di hytr %M['k B B kaibyn- B N aPoN AR S RGN

2, 3-di hy\ﬁﬁ'e%lbemzoﬁé”s%'bcfed/krorﬂh rogemymoamﬁnmﬁﬂrsa@e@ctéb from alkyl and
2, 3-di hydr o- benzof uran ydr o- benzof uran-6-yl, 2,3- dihydro-1

di
H i ndolpsrhg?loa'ki' §”€1ﬁ1yd|~°r Bgﬁdﬂi frﬂ@d‘yd@%r‘ albyl andpRY@ISIY! H- i ndo1- 6-yI,
2, 3-di hydro-1 Hi ndol-7-yl, benzo[l 3] di oxol-4-yl, benzo[l 3] di oxol-5-yl,
1,2,3,4- tetrah§ rqu|noI|n 4-tetrahy dr0|so ui no

| |

2, 3- di hyISBEYOtHPEh- rﬂ%lf“rﬂ?ro%|%‘H@éﬁ'tPﬁ?dso@ll””QAWT g8( Séié‘l"i*%éélbﬂlélﬂ%it%above
may be %elbétbutﬂﬂérﬁdthw érbu@%r’rﬁfrlsi’rﬁ@r@f Sé#‘?ﬁtﬂetrékéaiw &WIEW@G J@deRéﬁqQ@pt ly
fron1the1group c nitro, 06

al kyl, 08 P58 c?cK%%yp ?lbﬂg\lc n@t)r’mé‘fh@EF' & er'%éé'@?t@d f@m msdr%en

per hal oah# ¥lkyl; @'Ryd s&bcte@ﬂbﬁaélmlawbel@raloa&dyk)éhd W%ﬂlgyélécted ablythyodah: ,

H2N- alk I-SOZ- erhaloalk | -S02-, al kyl C(=0) N(al kyl)-, alkyl - C( O)N(FD
aIkyI $ yaJkyI N(FDCX 0) H2NC(=0) -, al kyl - N(aIkyI)SOZ-

al kyl - N(H)SOZ- H2N802- The term'’ heteroaryl" refers to a 5-14 nenbered

nonocyc bi c C]IC or tricyclic rij syst em havin ri het er oat ons
el oot od e i SoNeBRS 3 Ikt OriSerdmkd e 5 e PBIRe BOLRGP GBI wi ¢
appr opr oRé etk HEP IS NcarbsH Borkdl @SEarbbhigr vkS ubsifliteat @l)cycloheiapknioahs | £ast
one r|n% in the rlng Hysten1|s aromatic. Heteroaryl groups nmay be

opt i onaf¥§oReXeEeNS g d18liken one or nore substitic.,,nts. In one embodi nent,
o, 1, 2, 3, or 4 atons of each rlng of a heteroaryl group may be

substit ed by, bst,i t uent | es of heter s include

pyri dyl | BPRIRIGH" Mg 10 SHT GRyATOe SO Ao S R B AU GAERE Y of y1
im dazolaMbtheit mg’:lztoi cdrbon é@mqme'bycnqt;ymhlqaﬁbros@wb@a@loyihe dysirt dysRanhy |
pyri dazin ra2|n triazinyl. triazolyl; thladlazolyl,

m di n
|squ|n5]%ﬁf?g¥B@H§%& i%W?F gﬁéﬂﬁ%ﬁuranyl, i ndol i zi nyl, imidazopyridyl,

tetrazolyi, ben2|rn|dazoly| benzot hi azol yl, benzothladlazolyl

benzoxa azoI zaJndo dazo rid |na

A RTINS LT AR AT
benzo( bhtahh@nyb 4 rsthyleddiiBBijgiAing o ndn bdjpydent oh@hlrk: c] - 1, 2, 4-tri azol yl,
pyrrol o[ 3,4-d]-1, 2, 3-thazol yi, oyclopentatriazolyl. 3FprrroIo[3,4-c]

i soxazolyl and the like. heteroaryl as defined herei nabove may be

subst i t ut esmyéund mmeteearousmteﬁs SMbéMiaIeQEﬁhérn%eb@tﬁiaﬂ’;ﬂ aceuteaeadantheredr n t he

ro conprj si.n nitro, al kyl, 03 to
06 35c| SERGrbRe MroTiapde g PelroRbo B RCianala il 15k SRS B 1y
al kyl - , perhaloalk 1-0-, al kyl-N(al kyl) -, aIkyI- N(H) -, H2N-, aIkyI-SOZ-,

per hal oaI Kyl msthal | al ky( B2 Nf‘@ﬁky?t (p=(4- %r( (B 11=((3)=§methgxycarbonyljamino-3-

al kyl - N(al k : - @2-, and
a kgl NE ms%@?%mgh%g?éy%hdu%ﬁh 1A 5Unyard BNGena[2, 310k ba M Alridhord
yhphenyl)-1H-benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-

yhcarbamate.
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The term "heterocycle" or "heterocyclic" as used herein, neans a tycloal kyr
group wherein one or nore of the carbon atons replaced by -0-, -S,

-S(02) -, wWB(2093/02133R( Rm) -, - Si(RmM Rn-, wherein, Rm and RaTAB®12/ndegendent|y
sel ected from hydrogen, alkyl, aryl, heteroaryl, cycloal kyl, and

het erocycl yl. The heterocycle may be connected to the parent nol ecul ar

noi ety through any carbon atom or any nitrogen atom contained within the
het erocycl e. Representative exanples of nonocyclic heterocycle include, but
are not limted to, azetidinyl, azepanyl, aziridinyl, diazepanyl,

1, 3- dioxanyl 1, 3- dioxolanyl 1 3 dithiolanyl 1 3 dithianyl

|n1dazoI|n |n1dazol hi azol i di ny

i soxazol i |me] h¥bxazol i ﬁ?h 1 1%5?)@(@ M’? gé»?a(éﬁ £zm?th%yca@ﬁaﬂ§3é@6? Bdi nyl ,

oxazol i nyl, Méﬂ\@%bta(ﬁbﬂ)’dyrroﬁ’dlﬁ@fﬂ)a Bédlhydﬂi ﬂernlaShtﬂwh 2 @mﬁ.aawq Wyhag@-i nyl
pyrazol i di nyI nyl, tetra

oy ot LlFRBl 2T o2 T PRe A Bl i xR g B patppmate.

t hi azol i di nyl, thionorpholinyl, 1.1-dioxidothionorpholinyl (thionorpholine
sul f one). thiopyranyl, and trithianyl. Represent ati ve exanpl es of bicyclic
het erocycl e include, but are not |imted to 1, 3-benzodi oxol yl ,

1, 3-benzod.thewhy! , 2, 3¢d)- hxdnSQS B&MMSQXL ®)l2- r’RetBoxycarbonyI amino-3-

bt BN, ol O oo ™ ¥

bridged het eri9pga:1d[g]inmidaid2sy|)gysidpersyarRmMY)GyREDYBR1-dxdduiat-2yBcarbamate.
azabi cycl o[ 3. 3. 1] nonane and the IiKke. Fbterocyclyl group may be
substituted on ring carbons with one or nore substituents sel ected

i ndependently fromthe group conprising of oxo, halogen, nitro, cyano,

aryl, hereromepi al kyl (( 2Sglﬁlgﬁ’s,,zs%?@i?ﬁgf@()sh2?}@%aﬂé@carb8ﬁﬂidfﬂuh@é =0 -

R12(al kyl ) NC( 0O
( |§<a. R ) A W A A 85 K M LI A N
sel ect ed frompimﬁlylpgﬁ%eaﬂqdmh.&xiol 2F§A)%9c|b§e dﬁa‘ﬁﬁﬁ(ﬂds - - Rlokybutand-

per hal oal kyl ; is selected from hydrogen, al kyl and per hal oal kyl .
Fbterocyclylyl‘jlam?ﬁ‘%y further be substltut ed on ring nitrogen(s) wth
substituents selected fromthe group conprising of aryl, hereroaryl al kyl ,
R12aC(=0) -, R12aS02-, R12a0C(=0)-, R12(H) NC( O) R12(al kyl ) NC( =0 -

wherein RL2 is selectedfromh drogen and al kyl ; 'R12a is selected from

al kyl and Jemptybal kyl ; (@hd-(f138S)<-(Bdf4A FIRHEES tmetheyearboaylaminerd
per hal oal kyl methylbutanoyl)pyrrolidin-2-yl)-1H-naphthol[1,2-d]imidazol-7-yl)phenyl)-1H-

benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

6. methyl ((S)-1-(((1S,2R)-2-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

According to a feature of the present invention, the compounds of general formula | where
all the symbols are as defined earlier, can be prepared by methods given in Schemes
given below or example. Representative procedures are shown below, however; the
disclosure should not be construed to limit the scope of the invention arriving at compound
of formula | as disclosed hereinabove.

Scheme 1: The amide coupling between 4-halobenzene-1,2-diamine 1 and 2-amino
cyclopentanecarboxylic acid 2 (individual isomers RR, SS, RS and SR could be made by
14



The term oxo' neans a dival ent oxygen (=0) attached to the parent group.
For exanple oxo attached to carbon forns a carbonyl, oxo substituted on

cycl ohexawe 20mvars33a cycl ohexanone, and the |ike. The terer/BIMYDFAVED’ neans
the ring systemunder consideration is either annulated with another ring

at a carbon atom of the cyclic systemor across a bond of the cyclic system
as in the case of fused or spiro ring systens. The term ' bridged neans the
ring system under consideration contain an al kyl ene bridge having 1 to 4

met hyl ene units joining two non adjuscent ring atons. A conpound its

stereoi soners, racenates, pharnaceutically acceptabl e salt thereof as

descri bed herelnabove mhereln t he conB of general formula | is selected
from 1 Mmethods known in the literature, Tet. Lett., 2002, 43 5401 -5404; J. Am. Chem. Soc., 1999,

met hyl ((48) - 2544 156%; 29, @sy(ﬁ}n(éoég {s( 798-4808) nvigHt eSOy tharfemRatlohast g10- 3-
rrethylbutanoyl) rrolidin: 2w¥1 di hydr o- 34 benzo[ 2, 3] oxepi no[ 4, 5-d]im d
azol - 8- %H'@rﬁf liges 3a and 3b whic can be converted to the benzimidazole compound 4 by

H- benzokddizafidhasie] eiiref\aYeh gdr sm%é eahltrbnmde?obaa& bvhmam@zs@@mr%nn@ermedlate
yl) carbamate, WO 2013/ 021337P /1B2012/ Q5400

met hy| ((§)copld bg yntbegized péner 41qm aidelyde 5(<(r§i°r2 Wﬁ@?'h%w&aJr Bée1 GR6R no- 3-

2000, 43, 2049-2063; ibid, 2005, 48, 7351-7362; W02009102633 A1). Wittig reaction on
5 using the appropriate base and solvent might lead to the formation of 6 which on
reduction with Pt-based reagents amongst others may lead to the formation of the acid 7
which under acidic conditions may lead to the formation of 11. Alternatively, 11 could be
also synthesized from the phenol 8 which on alkylation might lead to the formation of 9
which on acidic/basic hydrolysis could lead to the synthesis of the acid 10. Cyclization of
10 under acidic conditions might lead to the formation of 11. On treatment with isoamyl
nitrite in an appropriate solvent, oxime 12 might be generated from 11 which upon reaction
with Boc-L-prolinal under basic conditions may lead to formation of 13. Treatment of 13
with triethyl phosphite might lead to the formation of 14. One-pot Pd-catalyzed C-C
coupling of 1,4-diphenylboronic acid/boronate with 14 and 4 or sequential coupling of 1,4-
diphenylboronic acid/boronate with 14 and 4 followed by de-protection and amide
formation with (S)-2-((methoxycarbonyl)amino)-3-methylbutanoic acid or similar moieties
according to coupling methods known in the art might lead to the formation of 16 or
compounds of formula I. Similarly, compounds with oxazole fused tricyclic system could be
prepared starting from a-halogenated 11 followed by O-alkylation with boc-protected L-

proline and cyclization using ammonium acetate.
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met hyl but anoyl ) pyrrolidi n-2-y1)-4,5-di hydro-1 H-napht ho[1

, 2-1imdazol -7-yl)phenyl)- 1

H benzo[ awonhtszred372- Acycl opent yl ) am no) - 3- et hyl - 1 PCT/IB2012/054007

- oxobut an- 2-yl ) carbamate. 3.

met hyl ((S)-1-(((1S,2S)-2-(6-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am no- 3-
nmet hyl but anoyl ) pyrrol i di n-2-y1)-4,5-di hydro-1 H naphtho[ 1

, 2-1imdazol -7-yl)phenyl)- 1

H benzo[ d] i m dazol - 2- Acycl opentyl ) am no) - 3-net hyl - 1

- oxobut an- 2-yl ) carbamate. 4.

met hyl ((S)-1-(((1S, 2S)-2-(6-(4- g 2-((S)-1-((S)-2-(net hoxycar bonyl )am no- 3-
net hyl b ralllﬁ;yqq’rmprupgﬁvmhnggn%@l) _o,ﬁr,ngl_adpﬁmptgiep below could "be synthesized by

H benzofaiodlrerte® ap&ledpratodbil M dazol - 8- yl) phenyl) -1

H benzo[ d] i m dazol - 2- Acycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-

yl) car bamate. 5.

met hyl ((S)-1-(((1S,2S)-2-(6-(4-(2-((S)-1-((S)-2-(nmethoxycarbonyl)am no- 3-
met hyl but anoyl ) pyrrolidin-2-y1)-1 H naphtho[1 , 2-d]im dazol -7-yl)phenyl)-1
Hobenzo[ d] i m dazol - 211) cycl opeanl%Ag'f‘ﬁ no) - 3- net 1- oxobut an- 2-y1) car bamat e
. 6 n=1—3( N\

met hyl ((S)-1-(((1S, 2R) - 2- (6- (= 2+ EA@S};«;Q- (et hoxycar bonyl ) am no- 3-
met hyl but anoyl ) pyrrol i di n- 2-%/)&1,\l 1 apht 1 ,2-®l]imdazol -7-yl)phenyl)-1
Hoenzo[ d] i m dazol - 211) cycl @ ntyl ) am no) - 3- net hyl - 1- oxobut an- 2-y1) car bamat e
. N~R L=Cy

FOOH P = protecting group

NH

X NH, H
e L !
coupling reagent,
X NHy base, solvent NH + O@ Cyclization X\@N
—_— e e
NH © X NH N
2 H
Py \@ NH
1 H 3a NH, 3b 4 P
Ph3P(CH3),COH intramolecular

)
X\©/CHO base, solvent X\©/\/\MC02H reduction X COH  acylation
—_ -
el e S
X A
. 6 7 A=0,CH2
)
n=13

Z

Br(CH,)3 sCO,EL inlram_olecular [e]
X\©/OH alkylation X\©/O\/VCOQE1 hydrolysis X O\/\PYCOQH acylation 1
n=t3 T n=13
8 9 10
CHO A=0,CH2

X A X A
N—Boc 0) )
isoamyl nitrite, x A = n=13 P(OE1); A n=13
solvent
"m — @3: . NH.OAc N N=OH  solvent N NH
N~OH

0 Boc=N’ | Boc—N"
12 - J
13 14
i. de-protection
i ~ o A=0,CH2
"HOL A n=13
\r(\N)kO/ ( A N\
A=0,CH2 IS} H NH
i - AL~
{ N coupling reagent, — o
RQ OR N N PN
0 ’ Pd-coupling NH NH solvent e
14+ B B+ 4 ————— HNY o 4></ HN. _O
RO OR HQN N__o ¥
i o)
sequential coupling </N 15 w“"\fNH 16 ~
“Boc
A
Scheme 1 !

Scheme 2: Substituted diamine 17, prepared by methods well known in the art, could be
coupled to 2 by methods known in the art and cyclized (similar to Scheme 1) to generate
18. De-protection of hydroxyl group of 18 and alkylation under basic conditions with
synthon 14 might lead to the synthesis of 19. De-protection of 19 under acidic conditions
and sequential coupling with (S)-2-((methoxycarbonyl)amino)-3-methylbutanoic acid or

similar moieties might lead to the formation of 20 or compounds of formula .
16



According to a feature of the present invention, the conpounds of general
formula | where all the synbols are as defined earlier, can be prepared by
nmet hods gwoem3dniBchenes gi ven bel ow or exanpl e. Repr esenraBiuzopoecedur es
are shown bel ow, however; the disclosure should not be construed to limt
the scope of the invention arriving at conpound of fornmula I as disclosed
her ei nabove. Schene 1: The am de coupling between 4-hal obenzene-1, 2-di am ne
1 and 2-am no cycl opent anecarboxylic acid 2 (individual isoners RR, SS, RS
and SR coul d be nmade by 14 nethods known in the literature, Tet. Lett.,
2002, 43, 5401-5404; J. Am Chem Soc., 1999, 121, 7574-7581; Tet. Asynm,

2008, 19, 2796-2803) m% result in the formatlon of a m xture of am des
3a and MK OMROHAOH o@ﬁ)@r@'eferwat%ed%ﬁsﬂmba@zvopgu'ed?%paﬂmpsaze@ly

cycl i zakdioWiny thé aBbidsrbtodold RYilart i Ng agent or under basic or acidic
conditions. Internediate 11 could be synthesized either from al dehyde 5 or
fromphenol 8 (ref. J. Med. Chem, 2000, 43, 2049-2063; ibid, 2005, 48,
7351-7362; W2009102633 Al ). Wtti g reaction on 5 using the appropriate
base and solvent might lead to th fgrmatlon of 6 which on reduction with
Pt - based reagents anmongst ot he1rss y Iead t%g[? formation of the acid 7
whi ch under acidic conditions n I ormation of 11.
Alternatively, 11 could be als @a Yrdth t he phenol 8 which on

al kylation mght lead to the,.forhation of 9 which on acidic/basic

hydrol ysis could lead to the(synt hesi $.pb ddecacid 10. Cyclization of 10
under acidic conditions m ght |'®ad tohe formation of 11. On treat nent
with isoanyl nitrite in an appropriate solvent, oxinme 12 m ght be generated
from 11l wh| ch upmlmgrreeactl on with Boc-L-proli naI under basic conditions may
| ead t o rf @t Aat Gheel 13 mt of 13 with triethyl phosphite mght |ead
to the for won of 14. One~p d- catal yzed C-C coupling of

1, 4- di phenyl bor oni ¢ aci d/ boropdte with 14 and 4 or sequential coupling of
1, 4- di phenyl boroni ¢ aci d/ boronat e Wf"t"ﬁ”y and 4 foll owed by de-protection
and am de formation with (S)-2- ((rre’trh gvrbonylggm no) - 3- met hyl but anoi ¢

acid or simlaL.nieties accor di ng tgugmgreagerpl I ngs on known in the art
m ght | ead,to*tHe Iwéf{;ﬁw\@; [sdmnpgund@lg\ %;}_Q Simlarly,
conmpounds wi th oxazo fused i

ifcyclic system ud red starting
from a- hal ogenat ed Qe ol l ewed by 0-al kyl ati W t h boc- p%t@ct ed Lproline
and cyclization using amoni um acetate. SimY corrpoundsHNy)got h gener al
formul a as depi cted bel ow coul d be synt hesi zedO%y fol |l ow ngot he above

protocol . Scheme 2

Scheme 3: Diazotization followed by Sandmeyer reaction on synthon 21 may lead to the
formation of 22. Synthesis of 23 may be accomplished by halogenation of 22 by suitable
halogenating agents. O-alkylation of 23 with Boc-L-proline using an appropriate base like
triethylamine, 4-methylmorpholine, diisopropylethylamine and solvent like DMF, 1,4-
dioxane, THF, acetonitrile might lead to the formation of 24. Cyclization of intermediate 24
using ammonium acetate might lead to the formation of synthon 25. Following a similar
synthetic sequence as in Scheme 2, formation of 27 might be achieved starting from 18
and 25.
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Schenme 1 Scheme 2: Substituted diam ne 17, prepared by nethods well known
inthe art, could be coupled to 2 by nethods known in the art and cycli zed
(simlar wo283mems371) to generate 18. De-protection of rgansaybogoaoup of 18
and al kyl ati on under basic conditions with synthon 14 mght |lead to the
synthesis of 19. De-protection of 19 under acidic conditions and sequenti al
coupling with (S)-2-((methoxycarbonyl)am no) - 3-net hyl but anoi c acid or
simlar noieties mght |lead to the formati on of 20 or conpounds of formula
. 16 Simlar conpounds with general fornula as depicted bel ow coul d be
synt hesi zed by follow ng the above protocol or simlar. Schene 2

Similar compounds with general formula as depicted below could be synthesized by

following the above protocol.

A=CH2, 0O
5@ N
:
8o yc RN

O
Ql o] O HNn
f Y =0orNH Y
w NH L =-C=0, CF,, -OCHj, -0, Cy
[So]
I
i. diazotization i
H.N ii. Sandmeyer Boc-L-proline
2 reaction X halogenation X base, solvent X o) NH;0Ac Y N
A X 3
g D O
° © © ° N Y=0o0rNH N
X=Br,1,Cl Boc” o Boc”
2 22 23 24 25
i. de-protection
; ~ o
. z
HO. ~
oo
n=0.1 o N n=01
i. Py-deprotection N N coupling reagent, \ N
ii. 25, arylation “"Mv\ o“\©: V"@ solvent e o 3\
o BT~ T :
N, H N O H
“Boc 26 p=NH e NH k
ﬁ“‘l J\H Pt
HN o]
Scheme 3 o0 Y
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Schene 3: Diazotization followed by Sandneyer reaction on synthon 21 may
lead to the formation of 22. Synthesis of 23 nay be acconplished by

hal ogenatworromf02287by sui t abl e hal ogenati ng agents. O0-alPkyhBriians4067 23 with
Boc-L-proline using an appropriate base like triethyl am ne,

4- et hyl nor phol i ne, diisopropyl et hyl am ne and sol vent |ike DW, 1, 4-

di oxane, THF, acetonitrile mght lead to the formation of 24. Cyclization
of internediate 24 using amoni um acetate mght lead to the formation of
synthon 25. Following a simlar synthetic sequence as in Schene 2,
formati on of 27 m ght be achieved starting from 18 and 25. Simlar
compounds with general formula as depicted bel ow coul d be synthesized by

fol | owi ﬁtj’”’cﬁ‘?é”%@(/@ep%ﬁ%%'r‘ve”“%rm%ﬁrR!%p%FPd USENIpPYOHNEHE SCRGBRt RSAVIFRS e
pr epar e@epp®i Ng synt hetic schene | provided bel ow. HO

G NHBoc
Br NH, EDCI, HOBt Q@ NHBoc ar N
\©: _DIPEA,DMF | \C[ J% _acetic acid_ MQ
1,16 h \'(Q \Q “eoc, 100 N =
40-50% |G 80-85% NHBoc

(Suzuki 1)

(Suzuki 2) H D
(Suzuki 2) Boc”
n=12 H

N J:;
Conditions used for Suzuki {1} and {2} N 1
s N Po{PPhs)s, Na;COs, DME-H,O (3.1) Bog, l\ O Q Q N HN<g,e

I MW, 120 °C, 4C min N " ™N

OO e H

N

H

n=12

N .
% Yield for Suzuki (1) and (2): 60-70%

C it for de-p ion and amide

i. TFA DCM, 1t, 2 h, quantltat\ve
ii (S)Z((meth xycarbonyljamino)-3-methylbutanoic
cid, HATU, DIPEA, DMF, 0 C m,15h

o % yield: 10 - 20% -3 N
3. o:’ H % yield: ~NH le#Q
2 - o-dris, TEHOOCT

Scheme [

A further embodiment of the present invention includes pharmaceutical compositions
comprising any single compound, a combination of two or more compounds delineated
herein, or a pharmaceutically acceptable salt thereof, with a pharmaceutically acceptable

carrier or excipient.

Yet a further embodiment of the present invention is a pharmaceutical composition
comprising any single compound or a combination of two or more compounds delineated
herein, or a pharmaceutically acceptable salt thereof, in combination with one or more
agents known in the art, with a pharmaceutically acceptable carrier or excipient.
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(Suzuki 1) Scheme |I A further enbodi nent of the present invention includes
phar maceuti cal conpositions conprising any single conpound, a conbination
of two orwourss/eespounds del i neated herein, or a phar maeeutiBmat/h3s007
acceptabl e salt thereof, with a pharnaceutically acceptable carrier or
excipient. Yet a further enbodi nent of the present invention is a

phar maceuti cal conposition conprising any single conpound or a conbination
of two or nore conpounds delineated herein, or a pharmaceutically
acceptable salt thereof, in conmbination with one or nore agents known in
the art, with a pharnaceutically acceptable carrier or excipient. It wll
be further appreci ated that conpounds of the present invention can be

adni ni st é’V'EBeé@tWéPE@P@t%tPPWWP%%WﬁRE%?e”é@’é‘ﬁ'ﬂt'O”d?a”d%ee%F’m'H'Stered

conbi natk aRe %Ié f&cﬁ%‘v‘pﬁﬁrm@@élﬁlca@@jﬁ@ drQskd ﬂﬁ&orﬁbm@ﬂ'cﬁV\ﬂlﬂi oM Bakbtd 8gdnts
i nfections or %6‘ nptons assocjated with HCV infection. O her agents to

be admi H?%tr%roorPYP BRI G SHeslions Of theoRRRIATS Sissecduss M RV drfeetidipounds

of the pieseadentIVEMe adminiteredan tddrivaRites Wit adbsRpEeR 62YsRBinBNorHGY
i nfection that SUP presses HCV viral replication by direct or indirect

mechani SAEPOHTKISs 8 MfeRIESENhUVEaECN tRudsotheraries é‘?j’ figeasess sayshfie HOV

modul at ﬂfféctbﬁQhatem%s%es lI—l@I\ﬁM‘rQﬁ@ﬁh@h@ﬂ%y deay baindftedtthedHaRisaR: Fheéa.,
consensus interferon, interferon-beta, interferon-g

ol i gonu@PRYE iNFiges AUl RHMTIER &9, hoéh'm'“(}‘t"feamo%%b%ﬁ%fse’iaﬁk?ﬂe’C”ﬁﬁ"f‘?fpf‘ “SRhSy
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life cyé?%'ca "r‘i‘c? HBNgby Figetingt ot e Pioding gF r’r‘f’e]"f £80Mgdp Wethe viral
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one e di ment of t resent invention. is

site (IR Accor di ng h

i oot e D SN BRI LS DRSPS POV EeGiTe: Ng*ARAN o8 NPARIGEY by an
RNA- cont ai ning virus conprising co-admnistering to a patient in need of
such tr eatsraing t@n@tQarnomaerreanﬂg;anﬁéwtswieemaeﬁhaéélﬂﬁmt &tﬁn@dsmmsmrtae grédeat of a

host i nmune  nodul r an e antiviral

oot na Rt aa Birher forpase REPRFETCS ST (Arasth LB LT e oo Bdgmpound

or conbbpahotomiedd &9 MeatHEs p@l@/ﬁ’bi’&%eph@ﬁmﬁrdté‘%@nﬁ\lm pidtei NOSA ppsemt | cal |y
ost i mmune nodul ator are, but not

accept abl e _salt t her eof . r’rH of the
linited af‘g'”t?rﬁ?'erfqoé?@ﬁ gt rY)ﬁ' %Eég/l ated-interferon-al pha, interferon-beta,
i nterferon-gamma, a cytokine, a vaccine, and a

Accordingly, one embodiment of the present invention is directed to a method for treating

or preventing an infection caused by an RNA-containing virus comprising co-administering
to a patient in need of such treatment one or more agents selected from the group
consisting of a host immune modulator and a second or more antiviral agents, or a
combination thereof, with a therapeutically effective amount of a compound or combination
of compounds of the present invention, or a pharmaceutically acceptable salt thereof.
Examples of the host immune modulator are, but not limited to, interferon-alpha,

pegylated-interferon-alpha, interferon-beta, interferon-gamma, a cytokine, a vaccine, and a
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vacci ne conprising an antigen and an adjuvant, and said second antiviral
agent inhibits replication of HCV either by inhibiting host cellular

functi onswasssaizaz3ed with viral replication or by targePcmgBpmobzoers of the
viral genone. Exanple of the RNA-containing virus includes, but not limted
to, hepatitis Cvirus (HCV). A further enbodi nent of the present invention
is directed to a nethod of treating or preventing infection caused by an
RNA- cont ai ni ng virus conprising co-adnmnistering to a patient in need of
such treatnent an agent or conbi nation of agents that treat or alleviate
synptons of HCV infection including cirrhosis and inflammuation of the
liver, with a therapeutically effectjive anount of a conpound or conbi nation
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present i nvention with at 1east one of an HV inhibitor, an HAV i nhibitor
and an HBV inhibitor. In addition, the present invention provides the use
of a compyURe %?boai're%mfﬁaqPrsﬁerafmvc?amem@ea@ PHEOH QU EPRLNG P PHFveRting

t her apeiédtiah| dausss BptaAbRRA LB hfairinte viegf corﬁm @o Qﬁmﬁw&m@%rﬁ patiatt ect ed
fromthepgroup consi sting of a host inmune tor and a second or nor e
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particularly hepatitis viru ost 1 nmmune nodul ators
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pegyl at ‘édcdm‘ékﬂé fsan aRe@bnMne bgémrthar @eatbe;samentsntoercﬁﬁa@@ GRBEA byah @awki ne,
a vacci ne, a vaCC|neHﬁonpr|S|ng an_antj gen and tgn .adjuvant, .and.sai d

second HH'E‘PO? icieageMIUs HRVhitfecioRdNRY. MG Ugs. Srt ISRPtdiniesy hBIPtS, HiPRA ng
host celdpiHaat, inmﬁllronélfméﬁpcsa@nmde Afpienkdl, &tepariavi! tigranavir, bymcariget i ng

proteins of the vira n used in the abgve or qther tretnents
ROl e 0 R 7 R N S LB it e 0 Y e el
Wi th on@b@éavm)éfavmg&ntn@vua@uﬁbefdemdduh@rw@ ﬁdm\Leem@az saseopémuﬂdudernpure
formor, Wneesuc f orms exi st

n phar tic y acceptabl e
t her eof 20nP% EAR4F i@y, Cog’ﬁgﬁt'@bm@%t m@r GPNRINEERUS | %‘i‘ﬁ!eée
adm ni sbear s ||ame@t(phaﬁm|@®¢,mgqhowrrp05| ti on containing a therapeutically
effective anmount of the conpound or conbination of conpounds of interest,
or their pharmaceutically acceptable 8alt thereof, in conbination with one
or nore agents as defined herei nabove, and a pharnaceutically acceptable
carrier. Such pharnmaceutical conpositions can be used for inhibiting the
repl | cat| on of an RNA conta| n| ng VI rus, part| cuI arI Y. Hepat| tis C VI rus
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pharmaceutically acceptable salt thereof, and one or nore agents as defined
her ei nabove, with a pharnaceutically acceptable carrier. Wien adm ni stered
as a conbwoanizmi3vhe therapeutic agents can be fornul aPet/IB®1yefa0at e
conpositions which are given at the sanme tine or within a predeterm ned
period of tinme, or the therapeutic agents can be given as a single unit
dosage form Antiviral agents contenplated for use in such conbination
t herapy i nclude agents (conpounds or biologicals) that are effective to

inhibit the formation and/or replication of a virus in a mammal, including
but not limted to agents that interfere with either host or viral
mechani sns necessary for the formation and/ or lication of a virus in a

mamal . S$ge f?cﬁkifetﬁﬁtsa BaliFNb B3y deor 'B@Cfepd’l’ﬁhal?ﬁﬂaﬁté?r JiUs apona geRtore giReq v
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gel usi ageslinvabits @BRdatias o HOW @therBY nstingei daY belRfR thaicBiond 8xdRRted Wit anol
acetone and their caonbi nations. Preparative LC-MS nethod is al so used for

the pur VirgldgRlicaierner %P@@H?%Er%eé%%?f BRUrHPEBPRE: Salts of compound of

formula | can be obtained by dissolving the conpound in a suitable solvent,
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chl or of or m or a | ow nol ecul ar wei ,ght aliphatic al Cﬁh0| for exan‘la)?é_‘eteie
or

et hanol " PeSBB BN, ARNeHVALNE RE RO BYRMUE 2Ride ngchigergivs3qoxg

base ase el bﬁ?qburé\ f&ﬁf g€ whehé sth derms &har nﬁﬁmiﬁia@édtlcﬁw h@oepﬂabﬂeﬁ‘éalew
article in Journal armaceutical  sci ences vol une 66, 19 (1977)"

and in Hﬁ%oéﬂefaﬁt'\tﬂlvaﬁwﬁ%&BWPE@F'O%af fheranedfie POPRS, Ca@e@eeégm%f?terﬁﬂcﬁsﬁe by
P. H Ei nphginatkaidanshsssmidnl @nfaimey Suidiapaltitaly-eiféeive(2A8M of theTompdiind

suitable salts can ,al so be found 1n Rem ngton's Pharnmaceutjcal Sciences,
18th edOf CRRRRAILTT CORPRYN Y APAREst P4 dRqirPhapRaceuisly Jpcertalls sal eraefur nal
of Phar [rReaHbihattn e 6A6 6r nﬁﬁe aderk8 o LR Tifdd hE@ina®ys e, a phahaeaitidagy a sal t
of an alkali netal (e, um or pot assi unz, al kal i ne earth et al (e.qg.,
cal ci un.)acce(p}tabé?nﬁgmqmﬁgf:h 9%afmaceutlcal compositions ‘can be used for inhibiting the

replication of an RNA-containing virus, particularly Hepatitis C virus (HCV), by contacting

said virus with said pharmaceutical composition. In addition, such compositions are useful

for the treatment or prevention of an infection caused by an RNA-containing virus,

particularly Hepatitis C virus (HCV).

Hence, a still further embodiment of the invention is directed to a method of treating or
preventing infection caused by an RNA-containing virus, particularly a hepatitis C virus
(HCV), comprising administering to a patient in need of such treatment a pharmaceutical

composition comprising a compound or combination of compounds of the invention or a
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The conpound of the invention or a conposition thereof can potentially be
adm ni stered as a pharnaceutically acceptabl e acid-addition, base

neut r al i 2&0 2013/d3$7t i on salt, forned by reaction with i rorgamiizomoéds, such
as hydrochloric acid, hydrobrom c acid, perchloric acid, nitric acid,

t hi ocyanic acid, sulfuric acid, and phosphoric acid, and organi c acids such
as formc acid, acetic acid, propionic acid, glycolic acid, lactic acid,
pyruvic acid, oxalic acid, malonic acid, succinic acid, maleic acid, and
fumaric acid, or by reaction with an inorganic base, such as sodi um
hydr oxi de, potassi um hydroxi de. The conversion to a salt is acconplished by
treatnment of the base conpound wth at |east a stoichionetric anpunt of an

appr opr pa@@a&@p@pa"yrggqqpéﬂql@salt thereof pdipRg O MOry AgYYS fa definedhereinabeveor gani ¢
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C). The WRasLPEMESIEA a9 e EPBPINalQ 5B ?@9@5@5@9%@ ' G3in b foBPYaIgHt 2Dut of
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net abol i ¢ products. are produced. For exanple, a carboxylic acid group can
be est e PBIIBVINGLIOR th a methyl group or ethyl group to yield an ester.
When an ester is admnistered to a subject, the ester is cleaved,
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can be converted into esters via treatnent with a car OX%'HIC acid in the
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ester, aewechabeut Z0°R\b absiitel0sSC, ecgpt, arvestzgrvisest ierspedfidallp nadntigneslibgite t ut ed,
e.g., wth fms@@ha/l hal o, or nethoxy substituents aryl and aryl-I|ower alkyl
esters, “BA"$EY°™ | ower - al kyl ani des, di-Iwer alkyl amides, and hydroxy

am des. Thausgethligieeasnthei owmbh@oﬂthemlrﬁenpmomtrd;asnw @Hﬁtalmaadreplmriedaﬂm

conposi t| on, containing the,co the era r.mul a s defined
Sbove. i1 8" oafiig Bbh Hbsste oF PRRE s, 3F 1 Bonl i aBulrh e
pr odr ugsrystdilizingstbe opsidud btytamabﬁrtom atsadata@abmgntesuch s pemaaézodlethgalsethert S

its splvate

h |
e ooy Tabblsl| whef EEBRIGR, AR Rnahd AR AEROR! Betohd of Bk EofRingiols ( n ¢ ne
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ar nac | CA .
P Moot FfombitfaTh) PR sdRBls. streb vl RUER Eb sl SL RUEE gt Sl ' o
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oxi de adasdrivbtdefaiom Si gma Chem cal Co., St. Louis, M) (e.g., 5% Crenophor
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et hanol ), propylene glycol (e.g., 40% propyl ene glycol/10% et hanol / 50" Y

wat er), polyethylene glycol (e.g., 40% PEG 400/ 60% sal i ne), and al cohol
(e.g., 40%0eptsaned3’60' Y water). A preferred pharnmaceuti ear/iBzne/H&007 S

pol yet hyl ene gl ycol, such as PEG 400, and particularly a conposition
conprising 40% PEG 400 and 60% water or saline. The choice of carrier wll
be determned in part by the particular conpound chosen, as well as by the
particul ar nmethod used to adm nister the conposition. Accordingly, there is
a wde variety of suitable formulations of the pharmaceutical conposition
of the present invention. The follow ng fornmulations for oral, aerosol,
parenteral , subcutaneogus, intravenous, intraarterial, int rarruscul ar,

i nt er peSRlDAESIMPUEE: of formulay! GarbH aPtalgRi Y desoMncbiie FOMAREPE A SUEARIR ar y

and ar e spiefOfopxample h'd“&alorTﬂwecphﬁfrB@eﬁ?Béﬁ isgigh a§ QRaRRichioRae o@%ﬁlohﬂorm
adm ni ster ed parentera intr avenousl intraarteri al

subcut aREBIRY JolqcHf W&@Pﬁﬁ'fﬁhﬁf% ?'ﬁ?"r‘%tf%%m@e eétgaqoherr 'awera%n%rwtych WRus, the

i nvent i eqenPr@dtcdie withO RO SdesirédSadi®r orP dasdt & adesaflBBNiist BalgkoB.Mhat gonpri se
a solution of the co%Found of the invention dissolved or suspended in an

accept abl@r@areytica! Sais: APWeY PR et una]|of FURMRCAUHER! iSEIRNCeNEQIUAF 9§

aqueous pagél 1o @me@h@m h&RIo8Bk 6f SHRMmiakbsutichl Mk lp%be‘ﬁt@suééléétﬁm Q(&U@é I, the
requirenents for eff ye pharmaceutical carrie

conposi Y bl Eénrehv’éé@h'a%%m"'e@ WRBRENOYVilgY- dt%n(%PogkuLi'%tS PhSLt'tﬁE'eéattS Cae

Phar maceg\sbi 66 @064 WHaR@Mﬁvytdﬁ"saWhlaﬁﬁacelltlé’al EhiemiedCaiin GanpRayk FRIbhétﬁ@t?' phi a,
PA, Banker and Chal ners &pqes 238- 250 %19@@& and ASHP Handbook on
9904ph1 anﬁ hg c(eg

| nj ect a@o@pﬂ‘bggaﬁ%l%e alpuEas b YeRs yoCleggenes;, 2-19

conposi {igms. I%Eb&d&tﬁpleo Hé&ldéﬁ%ecaebmlomlaﬁgalmtme@x(&@nbaduuﬁatﬁrfwtassuum
bacterlostats and solutes that render the formulation i sotonic W|th t he

bl ood ofane ¢3ihRaial( &G cFPFEAHL O AR AHTR 8L tand non- aqueous sterile
suspensions that can include suspending agents, solubilizers, thickening
agent s, _stabilizers, and Etr eservati ves. The c;)cggound can be adninistered in

phy5| dhegPeRPyRd ofdbe pvablion gfia qasmositinn heseclcra petantialy beagminsieredath as a

steri| e al pHamhecduticalyxddéestable Adididddifon, ibasé tndutrr@zmtoeradduﬁarh iSBIE . fo RRBLEBNS
dextrose and rel at ed sugar sol uti ons, an al such as et hanol

i sopr op&FRSHION MR INAkGRAT 8cifs, SPS%?E&V"@B'?JP"'%%"E'? d?¥§5°br9ﬂ“ct?é’59a88@§7 orig j3gighol

gl ycol Snltﬁdlédfldaﬁtld@?ﬂﬂdb@lﬂes@qu@@mdoran@@hM%H@)YbQ!&@ ah¥ ®@danic acids such as
di met hyl sul f oxi de, g)@écerol ketal s, such

2, 2- di miRTAYR1 249,326 f610a ORI #ich SilyColg ﬁ%’Fjs'aC%%‘Hd Y"Hes 9eide dAlieredt yeol )

400, annfildnic acifiducyinRCdci, ntaldigbtid, &td finRBteitidnbr BY yeeRtiorti®ith ah w@d’ﬂganlc
acetylated fatty aci ng‘la\éY ride with or wthout the addi tion

phar mac @8%§:cSHNya% sed o¥ife £ RYPSFY™ QYFEPKIGR Al NSoSYVEFSID &%taeﬁa'érﬁ

sus pendlaﬁ@rq@ieﬁéd b ueatrraﬁ]t pE®kivase @amb@tmﬁr With aﬂtebytlacgbubmbmtc amount of

hydr oxypr opyl net l.ul o e or C net h el lul ose, or enulsif

agent s éHo‘*p \éfqpé'?tequé‘f Ay c e f ]| Srt diss ‘F in rBingft Oir%%?erﬁ’Ersa

f or mul atas @ighyl fétHe'd d@h)ﬂ%ﬁ:ét@kﬁ ld:ﬁlor(ﬂbtlnﬂ&ithan‘begﬁétﬁ@tcﬁ andintle sivd)tdhatthe aoidlis .
i oils useful in such fo | ations cl ude peanut,

Speci fic ( r n

Sby bean 208 iha Sl SR TheomtTe % FENBEH e et PIRERE (9

Sui t abl gefuricho ‘@a@t%(ﬁ oc). US feBulbdg St @’(e@tbutét@é Bpdradn<dslyionehh 88 bedRhe aci d,
stearic acid, and isost earl c acid. Ethyl oleate and isopropyl nyristate are

exanpl eSUe! solution with af'%ﬁstRP@(ﬁob’eBEters Sui tabl e soaps for use in
parenteral fornulations include fatty al kali netal, anmonium and

triethanolamne salts, and suitable deter ents i nclude (a) cationic
det er ged'8 HEERISqEerY &f tas £opPeunds QBRI apikifte BiesBRf IMEMAN B8Y, baind

al kyl p)bFép(é'réH u;néterlebétf&.f.c(éa/}nre@b@ruroreéaatﬁfngentrﬁa at¥ifa ¥Smpbafid eXREGPAE,
al kyl , and olefin sul fonates, alkyl, olefin, ether, and nonoglyceride

sul f at e§p¥%‘t¥l agliyer FBInECATIE 08 §OMPIeK TABRNG AENty B Pepatalinasie fiasterepgeric

exanpl egat/dérhyleRBY ﬂﬁct@h’aﬂ@?staﬁu?&t%ﬁ o6l doldhinanedniabg@phy.and pol yoxyet hyl ene
pol ypropyl ene copol yners d) anphoteric detergents such as, for exanple,

al kyl - p-am nopr opi onates, and 2-al kyl -i m dazol i ne quaternary anmoni um
salts, and {efh Vﬂr&&r‘abesdetnbérse@f derivative of a compound, which derivative, when

administered to warm-blooded animals, e.g. humans, is converted into the compound
(drug). The enzymatic and/or chemical hydrolytic cleavage of the compounds of the
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The parenteral formulations typically will contain from about 0.5% or |ess
to about 25% or nore by weight of a conpound of the invention in solution.
Pr eser vatwoesisand3puf f ers can be used. In order to m ni RCTABLN2/@3400m nat e
irritation at the site of injection, such conmpositions can contain one or
nmore noni oni c surfactants having a hydrophile-lipophile balance (HLB) of
fromabout 12 to about 17. The quantity of surfactant in such fornul ations
will typically range from about 5% to about 15% by wei ght. Suitable
surfactants include polyethylene sorbitan fatty acid esters, such as
sorbitan nonool eate and the high nol ecul ar wei ght adducts of ethyl ene oxide
wth a hydr08h0b| c base, forned by the condensation of propyl ene oxide with

pr opy| eREESGI ESEILORRECHIS: 1B fUER A mﬁarﬁ%tha& iherRrovatndiye Tpie dRAERLCAPOXYHG t - dose

or mult !am@oét%g?@@'réléa%lﬂtéﬁd‘ﬂfes motetg NoramorATBO WS ofiNmAirtIndntoried o€ afe be
stored in a freeze-dried (lyophilized) condition re?w ring Om%/a(gt he

addi t i oM AliRRd &9 Eyaf n%ntpwame&a%uepm RIS, are Brooueetvp &, SXRaIR. a qagpoxylic

i nj ecti @gig, grbtipredh %eééferméuoé gt GuithS § - m&K&I%{]‘B@d BNBMYS gidlp &b tyidld ah0ddidr ons
and sus enS| ons can é)rare fromsteri wders, granules, and

t abl et s Wherogi esler f%?ﬁ’l‘ﬂ!”éﬁt 8R40 3 SIS the eLSF?dé% clequed. fneymatially o gjon-

transde@ﬁa}m@lrcum/ rr@dilﬁ:fﬁ%ﬁy, Midaten | okﬁmlytl@llyh@sév@él tﬁléldniorimgﬂohs agt and
are suitable in the context of t resent invention for aggl fcation to

skin. FEPRNICafiOYRsCAYPE BRI 'PSer‘jh‘* OigifiSi (F-S1 rAKYPVANRIAN BIRS) YNiLh A%y

i quid sehidd deved WahnREnédiateicoapbliNe whFR WibsdfuehtE adtdepddedio idla the
invention dissolved in diluents, such as water, saline, or orange juice;
(b) capéﬁq'v@sco"’??&é'ﬂ%*ts tabl ets, |ozenges, and troches, each cont ai ni ng a
pre-determ ned anount of the corrpound of the invention, as solids or
granul es; owder s (%%? sus ensi_ons in an a ropr| ate |jquid;

(c )
sui t abl g IOQFU(S’ﬁscarLl N st oAYingatng feq'qi98 and u%wf'eat'ogueﬁ “%Fs vvat er
and al ceb®bsundsQbr ay%apér@tel;ﬁtdaemzj thebsuiigd cahmpebfd witAndsditaslepgdrivatiziyd ene

al cohols, either with or without the addition of a pharnmaceuticall
accept aBpen suFraRRamRe: G RIPYRS cRjeRe copyerefuni ?5?@@"%1&8?\‘6“9% HRe

forns cearbbeyn@f adidién GiglbRaecd af @ calysof Exérhﬁlbéf‘dﬂ ceivable NalédHee pedthtigri ni ng,
for exa surfactants, lubricants, and inert fillers, such as | actose,

sucr osew%%{'leél'ﬂﬁwcﬂﬂ]&?ﬁlﬂg{t%d oéHHSLtbéF'qudarb@PCh?%‘lﬁlré‘f‘b'f%‘P'F&d 48T i3l G3€" one or

nmore of nio'o?éﬂe@se,e UCTAIRR, BBBRI t Addi-lowd Nakyartib  POVEtHkSt assibrs, algy.ni c
aci d, m crocr alline cellul ose, acacia i uar col | oi dal

el atin, gu
si | i con9HmeiRy! '”OEWBE%I?%@CV@Q@%E%%I?JKY 819@3 ﬁﬁ&ﬂé@i%@&ﬁé‘@é’i (&St ci um
st ear at @walbyl’(b&yrﬁélﬁﬁlréﬁ& )]?I%@felr§ eaf:| hengnebi® BET-lowee bRyiedttsrs, €6), aéw S,
di luents, bufferi \%&E? di si.nte ratlng‘a rmlstenlngg %
preserv&?‘ie\rfé?t'o'?ﬁ“%( tﬁﬁtegg%ﬂt’ ithpefhynag @df‘%%%%?%?“@@ﬁﬁ:ﬁ Yigng aryl
exci pi emjvisr alkQredige, Araiies, I6Wer-ARTRMIER, SinfecQRP Wik, BOd BEdrexyt amides. fl avor,
usual | y sucrose and acacia or tragacanth, as well as pastilles conprising a
compound of the invention in an inert base such as gelatin and glycerin,
or sucr gsgs amlpr@g@mimenﬁammih@nprovw@b% praRchat &Richll denpoRiod] Edritgning the
addition to the ¢ ound of i nyention sucBgexc; ients as are kpown in

the art CORROWHItHE ofenerR {9F’8%‘én )"iasv gRtinegh a JRUPREES Bt [N wi t h

ot her Slﬂtdr@cbécﬁn@r@”ﬂ@@l’dl@uegalﬁs h@ofﬂ@@@ it@t@ota@bal@otsutﬁsmtmd atniagBed, oitbe
adm ni st er Q@UVI a, | n

f
ot ef or aBIGAERUIES! 1% RS ECPHERYY BIARARE FarmS PORGIcTEn 18 SeliFieSc i APicahd

propel | apinerd )il @athraiey senitageenatald hecsrompaiondgitothet hiial pygiidcomicamyn be
about O. 01% Cf about 5 %gf %kgﬁ preferably about 1% to about 10% by

wei ght . 2§¢RPIRAlE FalEE3nPilugnis an urse, be nontoxic, and preferably sol uble
in the propellant. Representative of such surfactants are the esters or
parti al ty aci cont al nin car.bo such as

1
Py or 6 The g euliy Aeasoile FATEE (e inianD ™ ProiSB ond thele Shmraly

ol est er ireriandhel (Qimpoaﬁdi @$ thd trf\‘reﬁtlibnabrhcpbﬁé ltﬁatﬁﬂisymdétrmmeam@w effdctd bb
est.e m xed or nat

cyclic dri de uch a cer can be
ol oy e NGt e OO B an SR BhaTFRSHICEHY e able 3 TIREISIN by
\Q/e: ght chldd@?emﬁérw@gl t0. 999, saptie f eg@bépnolf Ennomlnmru}s DderdAtive onbastdr &P/anclir he o

al ance e c 0 or ar i rqopel | ant carrjer can also be
hot uaeaiengauiEonanadis or S EhEmical CBn ekl MaLls ey Crittitdher osol
f or mul aELBYs et@molEOP samey 1I0Pd Cranesr E/FopBsaRRyor Ze% OrammshoAELH0ysuch as
di chl or odi f | uor onet hane, propane, nitrogen, and the |like. They al so can be
formul ated as pharmaceuticals for non2pressured preparations, such as in a
nebul i zer or an atom zer. Such spray fornul ations can be used to spray

nmucosa. Additionally, the conpound of the invention can be nade into
supp05| tor| es by m Xi ng WI t h a var| ety of bases such_ as emul si fying bases

. o o o o



For exanple, a typical pharmaceutical conposition for intravenous infusion
could be made up to contain 250 ml of sterile Ringer's solution, and 100 ng
of at | eaw020m@2¢BApound of the invention. Actual netho®#€TiiB201po&PEr | Ng
parenterally adm ni strabl e conpounds of the invention will be known or
apparent to those skilled in the art and are described in nore detail in,
for exanple, Rem ngton's Pharnaceutical Science (17th ed., Mack Publi shing
Conmpany, Easton, PA, 1985). It will be appreciated by one of ordinary skil
inthe art that, in addition to the aforedescribed pharnaceuti cal
conpositions, the conmpound of the invention can be fornulated as i ncl usi on
conpl exes, such as cyclodextrin inclusion conpl exes,

Li poson@gﬂaé‘alﬁr sl%?Wéer’teo qd¥ohete- B ctipobimpynet HB’CP'ﬁ\Pe/ﬁt P%‘ﬁ”?'@oe@ p‘é(?ttefcul ar

tissue, psyeihyrRhe lguepneid, 40%% Q@O/G@%%%'hﬁ’é&saﬁ@ﬁ@bh& 6?' 1492 binBRSIBIES can
al so be used to increase the half-life nmpound t he_invention. Many

met hods W&%)- adAreigHPE pPBrrmaCﬁP%‘i?éF?rﬁ'ﬁr IS %\éeé'%%”e ¥CUeBoP; g5feF B 100t BRd

exanpl e aﬁém&ﬂy atcoaiposmaneomﬁf@m BB 40BAE B8O wier d6:A1ind. OBR clidiee U. S.
Pat ent s 235,871 501, 728, 837 028, and 5,019, 369. The present

i nvent i 8F1C%'%Wﬂir%ﬂ‘ﬂ%@'%edp'ﬁmehhﬁR?étfcu@éﬁﬁ%%”%ﬁhos@l%nﬁ%%'i' Ag oY e

conmpoungsrtefilaf Fetr@eNRealo hammisiar the Lomposies. NestorlIRYE, thérkSs haHd@IRidLE
fOI’I’TB its stereoisoners its analeéjge%lts grodrugeprlts |sotopes its

met abol Pf %@tabletfemﬁﬂ%.t%@éme.%rw SPABPRIIALPE e PraseniBY§BF phs, its
sol vates, its optical isoners, its clathrates and its co-crystals in
conbi nation wth the usual phar maceut i cizhla%eerrpl oyed carriers, diluents and

the |ikéNealptowige (pEmURHORM OO LRh &CHRSP RS SHRRHIHISOS n INFANENUSnpounds

of the innsaRbliANInGamubeUIAdMisipstivhesl, tdtta, dﬁ@@a%hlélfacﬁhlﬂ@traﬁ&m breerrlerdijne
di sease, condition or disorder. Such doses are known in the art (see, for

exanpl eex?rﬁgam%ﬂ{h%@w@ég%'“ﬂ@ference (2004)). The conpounds can be

adm ni st ered usi ng techni ques such as those described in, for exanple,
Wasserman et al er p. 1258-1268 é1975 and Physici ans' Desk

Ref er end8¢ %‘@frﬂa‘?&t'ca'ﬂ?ﬂ?@éwoﬁgﬁa'@ RGoAYMINiSifrech HREENHIANs Shd NYG¥eSHegi mens

can be dﬂﬂa@rtaﬂm?ds@o@umwml iafadermamgantrathgdang, éreibiraings@BarkNOVKug, @hd hose
of ordi naré ski in the art. Cenerall ZI treatnment is initiated with

smal | er "YERERILROVIHE? CAMBOPIEQY ton RAMRIAATIRHAERSS BabPormResecd spbiit Obf ¢ he

present thawiddudt of tHeahemtibe bissbied sosirgenddd ih RereagndolbYasRblitdorcfoement s
until the OF'[I mum ef fect under the circungtances is reached. The present

met hod PaRMSIHoRYRNSHRIRGHARG FHeRSoRNBBNTRABEOSp FAWIC BIStE BIFCHY of at
| east omeluigigoound of the invention per kg body wei ght of the individual.
For a 70 kg patient, dosages of from about 10 pg to about 200 ng of the
conpound of the invention would be nmore commonly used, depending on a

pati ent Cyvepdly Sleabg@ichddnts RS REBSIRe dRAdrMEeuatal e;&armi ror@afénmal domipBiibng to
T AR A N Tl L AN, )
condi ti Wa@@edﬁlcLpbmdotammaﬁ@npmd@lbmat PQ, @@a;kérOar@b@uélmlarsfrwdEg pagey
et 90" 8o 88 (G4 S IOk PG B70Tan S B s 4B O
0. 15 nye30. A988). 08[2(51 rasgmpesuﬁor@,mdmdéSsmgnorw céntamiried ah@@xudmﬁteghmf@uer day
e 00 Ea sl T AL tohet i TPt P E e il Bt e
subj ect iheided fetiprRingarReaqubdys dnarn@Xadiebss saliibushefBions thed,cah iRBudd 0
suspending agents, solubilizers, thickening agents, stabilizers, and preservatives. The
compound can be administered in a physiologically acceptable diluent in a pharmaceutical
carrier, such as a sterile liquid or mixture of liquids, including water, saline, aqueous
dextrose and related sugar solutions, an alcohol, such as ethanol, isopropanol (for
example in topical applications), or hexadecyl alcohol, glycols, such as propylene glycol or
polyethylene glycol, dimethylsulfoxide, glycerol ketals, such as 2,2-dimethyl-1,3-dioxolane-
4-methanol, ethers, such as poly(ethyleneglycol) 400, an oil, a fatty acid, a fatty acid ester
or glyceride, or an acetylated fatty acid glyceride with or without the addition of a
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my, 15 ng, 0.020 ng, 25 ng, 50 ng, 75 ng, 100 ng, 150 ngy, 200 ng, 250 ng,
500 ng, 750 ng, or 1000 ng/ kg body wei ght per day. In accordance wth
enbodi mrerwe,20t¥e1present i nventi on provi des mnet hods of PCEAB2MYP54007
preventing, ameliorating, and/or inhibiting a hepatitis C virus infection
conprising adm nistering a conmpound of formula (1) or a salt thereof. The
terns "treat," "prevent," "aneliorate,” and "inhibit," as well as words
stenm ng therefrom as used herein, do not necessarily inply 100% or
conplete treatnent, prevention, anelioration, or inhibition. Rather, there
are varying degrees of treatnent, prevention, anelioration, and inhibition
of which one of ordinary skill in the art recognizes as haV|ngIa potenti al

benef i t PBAMAcEHHGEY APcePEIG BYrTaciantich a8 &s3aptor & drierDRViepSPPRIIRE AABREs can

provi desady IOUPctAf %‘ébbdnféf@' ﬁfetﬁy!déﬁlﬁlawt hWr@%&@Fde%bthﬂé&lhlo@éat bpn, or
inhibition of the disorder in . For exanp di sorder, 1including

synpt om§AEPXEBAYIEFIKIRSet Weerr@ﬂ?'fy”}ga%geﬁ@ %@&JB@&U@W%@HP%)@&WF@S 100% 90%
80% 70% 60% 50% 40% 30% 20% or 10% Furthernore, the treatnent,
prevention, anelioration, or inhibition provided n% the inventive method

can i nclQla&seiub it PRRRLera) fRTMRIPBH INchide Reypielmy AN, Yegetable iBA YPtheHe or

more copg.t '@dé%lfi@re@)‘rﬁ'ﬂpéé)'ﬂfﬁ oRé bRl Gh %‘Qélﬁl%rmlﬂat@ms |ﬁ§0@@rpeaﬁtht5@oy5é&rn
pur poses herei n "treat nent revent i on, "anel iorat 1 nhi bition"

can encofits% CGEPWHgCQrHeO“M?rSQ%tm@FU"ﬂ rRndanierer’, SB‘Fabée @WP'SﬁanWSEJhdl tion

t her eof pa#éﬂte&élcfefrﬁ'lﬂaﬁcﬁ]svmélbdé Bl%ld zﬁbl@nétééﬂb adld!‘earfdelfsaétéék’ﬂj 264 lEr’@Ki)} Wi an
"animal" which in turn incl udes such as, wthout limtation, the

or der R@agmopgppygrwrpﬁtggaﬁqe@m%{%o&%atej%%ﬂ,y Ei_‘%fb‘?ﬁ??flspha such as rabbits. It
is preferred that the rramml s are fromthe order Carnivora, including

Fel i nes {Jcat s) and Cani nes gsr) IS nore 1,lor eferred that the manmal s
are fromUiRRe SRS ONnIS 'BdPéﬁftrW ! OFVH‘HPMSH@C'%@H%”‘E%\%' AWHO—HIMNEY pi gs)

or of thetidrdeimifesaisdaatsyliable iderrgehtd thelody i (Bpsatiohier deds: Eentbtsuth? abDt
preferred that the mammel s are of the order Prlmates oj ds, .or .Si moi ds

( monkey §¥aBPleo AimaiRY! gy %WHP'HB’OP%!?eEhG%r?ékyéﬁw%l%%‘) ha'ﬂ?se@e%'%ﬂ"’? y

pr ef er r @dtef@ni@budnsad, g dXarRIb, alkyk ah@r aAd’ ber&bulfdﬁﬁfb@t amyl 'olefi, &itgert and he
introduction of a virus into cells or tissu ep atitis C virus

(HOV). Mengahesride sufates; Id WasYSCHRIEST (G ”9P'PG'§ qegeg%%%s%’s%f A EEBMRIEL h

repl i catatgn.anihé abxidiel, e ity ORckiR\aIKBAoRIETIRISTT Aed (dlyoxpamyleh& dpdllprapylamd i body
titer in san;ﬁl es qf a biol ogl cal fluid, %ljch as bl ood, usi nrg 5)% enzyne
i munoa&eRRYMeshéd) YTPRAYIEdetgIasgifosiShcasePhERMPIRc RS- ABINDRIARANAlRSs ed

t echni quag 2- eﬁlgﬂ}hmdézdﬁ?ﬁe BGiterdiry @amohib sghsCam (&) mias@aYherssfc! ei ¢ aci d
sequence bas anplification, and the like. A virus may infect an organ,

e.g., liver, and cause dlsease,.e.g., hepatitis, cirrhosis, chronic |iver
di sease TaApaheabiOahliglics tgSEdlyVaMmBontdinerdne BBt 005%d e |d¥edy Iaab@trés% efers to
any substan%e meant .to alter the working of the hunoral or celluylar inmune

syst em 81°'& ¥L‘i‘i§i‘9é’&9f a §ATROWNHRf1Be Hﬁi(&m'%{t 9reOIYliARY GERS SRV SR R RUTHIS Rkt

cell - rrgdea@sw i Nhl evoemté gﬁlnlnhlﬂf egrf @lrnﬁ]ﬁétel irfa g ?ttllqhéssnepbﬁsﬁj@@bﬁn@hm

st eroi ds cortlco st er oi.ds COl On Stlmj at CtOI’S

£ et or o COmPEIIGrE GRS PEE 9T SN SNt B T M S EB G foaPle

present phrMeAt(HOB) GAnfrém haddut TRUkd igpbet genotTyipeguantityHoV . sutiactante imfsughe
t he resent inve | on al nst

ggboghn?%rgu?a&gﬁguﬂﬂﬁjg&mg%w %Sfrom about 5% to al outa%} Vlgy V\%ght Sbit[]a%lé a

surfactants include polyethylene sorbitan fatty acid esters, such as sorbitan monooleate

| b,

and the high molecular weight adducts of ethylene oxide with a hydrophobic base, formed
by the condensation of propylene oxide with propylene glycol. The parenteral formulations
can be presented in unit-dose or multi-dose sealed containers, such as ampoules and
vials, and can be stored in a freeze-dried (lyophilized) condition requiring only the addition
of the sterile liquid excipient, for example, water, for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions can be prepared from sterile

powders, granules, and tablets.
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Fol | owi ng are the abbreviations used and neaning thereof in the
specification: DCM dichl oronethane. TFA: trifluoroacetic acid. Boc:

tert - but Wwoxysarissnyl . CDCl 3: Deut erochl orof orm DVSO d@CTDBI0R2/h3A007

sul foxi de-d6. DMF: N, N-dinethyl formam de. THF: Tetrahydrofuran. DVE 1,
2-di net hoxyet hane. EtO0Ac: Ethyl acetate. DI PEA: N, Ndiisopropyl ethyl am ne.
Pd(PPh3) 4: Tetrakis(triphenyl phosphi ne)pal | adi un(0). Na2504: sodi um

sul phate. EDCl: N-(3-Di nethyl am nopropyl)-/V-ethyl carbodiimde. HOBt: 1-
Hydr oxybenzotri azol e hydrate. HATU:. O0-(7-Azabenzotriazol -1-y1)-N, N, A/ c/ V-
t et ramet hyl ur oni um hexafl uor ophosphat e. DDQ

2, 3-Di chl oro-5, 6-di cyano- pbenzoqui none. D:  Met hanol -d4. NaHCO3: sodi um
bi car borigPigal fp@ulatm/nar BEHAIBRithose @, arﬂ@ﬁﬁfuh@étréﬂtqef mPledrU%é?'e%ﬁ%éFe well

pet rol euAdwd ethosdBLKill ihlited aiPahd @FeTBneBIelih @E Ebritdit QR BHeQIESMR Yhveriish for

foll ow n exan;gl es are provided to further illustrate the present invention
and t hePBPISAHOEIOKM not be construed in any way to linit the scope of the
present invention. Al iHNVMR spectra were determned in the solvents

i ndi cated and chem cal shifts are reported in 8 units downfield fromthe
i nt er nal CEPHARNSPUfiaRle a?@rﬁ'ﬁdéﬁ'ﬂ'éﬁet'%ﬂ%)coﬁﬁ'at ?H@aP%’r‘%?‘EJH“Qf@uﬁLFq rﬁf an
const ankfe@hv@ dfaLt tgct b&nbl%rfdzoi( tr'lé)mvérttloﬁatﬁ@soﬂ/fed”h)tlll%ﬁtsOEudths weddrer s,
t he peak vaI ues%%{]ven are for the dom nant isoner (rot arrer/tautorrer

Exanpl efaﬂf}eep%r g% d¥iRet FR)I %%Pé;)i'eﬁ (Sé%flet‘ﬁ Eaéjetsz '(’Seftgfs( ?”(*(’S?Chfs @E@j 2-
(et hOXﬁsmémwF;/aaﬁ?etdetwmeeaethntbut @féﬂébﬁt?&hﬁr@bt dhe rim;énuéa 4s Boflds or

hydr o- 3Hben 2 %)oxepl % m i dazo Iy cP
H- benzopEﬁqutﬁSdQB wders; (d) suspensions in an appropriate liqui and swtable emulsions.

ypcycl Opmwmﬁmlaﬁﬁm%aﬁ%%edlm@%t@bwcﬁrasamatér)@rﬁf@@dﬁﬂs?fdr@&ﬁﬁh@lén@th&)tol Step
1: Mxture of tert-b

(( 1R, 2SPeP2Y (L8R r?(B‘d %BrWWéerﬂﬂ fleghtiangiier WE gpwiigytythe A99HiRat L AND
tert- buwémta(cbauo%ﬁ) adcdphabla Birmatdnt dsue peidied sy ort AsrmnmsityireysdeppeChydule

car bamat e

(1S, 2R f‘?""’és(‘iaé‘r e 196, L 9EanG RS i 5985 lach pRlAtm APE SR NG .cfon sxample,

[ synt he%um&tm& m@hdaheceﬁldl iRt fleRC sLEEEs Iaatobe] §WRRGHY, @alciuAB Y RhAN, add08,

19, 2796-2803 .62 mmpol ) was di ssol ved in DVF $12 nm_). and Hunig's
base (1°9%SiCh 9. Q@'e ?ﬁéb'”&'d‘éi PEOP BRE OhiACESEr SHSaPOIRRHHHEOM. 91 g,
9.93 rm@ta)rch B‘otettbistararﬁ [ ztlgmki aickt MicocrfstalMTTéIRIGRE! atati® ydainaddad ghieBT
(1.01 g, 62 mmol) after 10 mn. followed %04 br omobenzene- 1, 2- di ami ne

(1.36 gFO'P'dfé FHiRoM) dioider CEARSAHEBRII0SE FRAUM:THRICH MAGRSHHRY SIS 3B CalclWhed t o

stir ovetdatgét ziad tseéarmfel sleati€ acieiplafld Vih&T extiserasidesorand, tigengy, gfwfeﬁﬁg vver e
extracted with, et acet ate 00 mL) twice. The Qonbl ned eth acet

ext ract §‘99\%t?’edl§f”it t&%ﬁ@%t%s ISIENNG: HeURt PeserYalivRse a?’%rdﬂgc@éerﬁ?’e% re to

obtain @h@rrnm&alo@ttawy whinpativie expigiehfsl €doksngeolboth®) cahrsdried rtag ympyuld adi ent
elution with ethy acetate hexane (20-309% . to obtain a mxture o

regi o- i S@eRAieNt (i’ ?Lé YT, A5YRIlY BHETRRRANG (RF AR O" RERSANEY  ase Wl g P%?t'ﬁlgs 2H) ,
7.13-6. %mbmm@bl)oorr@oﬁﬁd of the ivantidiin al irfeB-taseOsom as%‘blahrﬁaricﬁg@cé}ﬁl om 2H),

fﬂ 58538@@%?]%5%503%9@ Lﬁﬁo q\/&%) arlt_g thejtlke contammé in acjkﬂ_gn to the co ?oour:tL H

of the invention, such excipients as are known in the art.

An compound of the present invention, alone or in combination with other suitable
components, can be made into aerosol formulations to be administered via inhalation. A
compound or epimer of the invention is preferably supplied in finely divided form along with
a surfactant and propellant. Typical percentages of the compounds of the invention can
be about 0.01% to about 20% by weight, preferably about 1% to about 10% by weight.
The surfactant must, of course, be nontoxic, and preferably soluble in the propellant.
Representative of such surfactants are the esters or partial esters of fatty acids containing
from 6 to 22 carbon atoms, such as caproic, octanoic, lauric, palmitic, stearic, linoleic,
linolenic, olesteric and oleic acids with an aliphatic polyhydric alcohol or its cyclic
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Step 2: tert-butyl

((1R, 2S) - 2-(5-brono- 1H benzo[ d] i m dazol - 2-yl ) cycl opentyl ) carbamate (1b):
The m xt uwe 201f3/w37r egi oi sonmers (1.2 g, 3.26 mmol) as syarhBaiizedodm Step 1
(1 a) were taken in acetic acid (10 nL) and heated at 60 QC for 10 h. The
reacti on was cool ed and nost of the acetic acid was renoved under reduced
pressure and the contents were neutralized with saturated NaHCO3 sol uti on.
The organics were extracted with ethyl acetate (100 nm.) tw ce. The

conbi ned ethyl acetate extracts were dried over Na2SO4 and concentrat ed
under reduced pressure to obtain a brown mass which was purified by colum
chr omat ogr aphy 5% gradient elution with eth acet at e- hexane (30-40% to

I
obt ai n PABYYOE| MixEehFSiRE, SYCH. 33 Mixedgangatura oNeRIdas0er Ve eIEeddeT e 6 12. 1

(brs, 1|§|ﬁ1rfaclarﬁ?can7co5%tltﬁfé frérH) aboYJt 4)81'°/Z t@%b()mi 244 by We t 6f 3179 Edmpddition, 6. 42
(brs, 1H) na 52 -1.54 %m 6H) 1.21
(s, 9H pre@rflbgg(pr@ aPRM-t) aﬁ(/f tQ@POEt ??(ﬂ-l-+§|)'e bS'@@ of tl'lee?qmmt? is ordinarily

((1R ZSbro%eﬂém( 4 &ef’mér canSalé b MRRIdBY bs Bedirelt, & RXeEIMNI R fenin#andshpdanyd) - 1Hoben

zo[ d] i m_dazol cl opentyl ) car bamat e

1, 4- bi s(These Be@sg'efpffé%tﬂWICaf E'ae%k"ﬁ%é‘é‘éﬁgﬁp"?Pi%%lé%%é’n@f’@?‘ﬁf‘ﬁe%%dus| ng

: het pgoggﬁﬂﬁhﬂﬁo&mﬁ%m%dné rbrmoaﬁrbgéﬂ?am%e (ide.3TBey &s& camBE Yoraiithted
ert-buty

1R
(5- brond? Ppé( H[‘%ﬂ'ﬁ 167 892 BIesUPARESRAT BRE SHOAr B AR IFeL 9 2R Al iEdTe

previ ousush gpral Goruthtiods 88h BADEAd tWapraydresbsho a degassed mi xture of DME- H20
(3:1,4 nm) in a mcrowave vial followed by Na2003 (0.84 g, 7.9 mvol) and

Pd(PPh3)4 (7 nol% . The mixture was irradiated with mcrowaves at 120 QC

for 40 mgaitigRglyt the doﬁﬁﬁbh@ﬂf ffBSsvenasn exi baaiae |M.fbtshp§dsh}95rlle@l§3ﬁﬁ1@<ti® Wil
washed with brine. The et Qalspfaacet ate extracts were dried over Naz2SO4,

concent AaYXENRESASES RYCR BYISfYB9 e o i WRIBLSHYPIR Ragh c*'mfm%t'e@% aphy

(60% et Byitabhs R ab@nal@mm)strétwnqﬁhaderbrbmwd bé pes“sarrr@mtaﬁhpéﬁ)s Z:Ee@ns @3&4} 1H
NVR (400 MHz, d, J=8 52 (s,

CD30D) :
1H), 4. pasigs §9arpﬁ,‘ orgs srqfay f@rr’gélag cgtitalpmg mddlt;)nlltg tI1e g@ﬂ?%ndgpgredlfngﬁu%
12H), 1c2deds @areMnoRiin thelaz: t5 ®8.appfditiaik) -

The concentration of the compound in the pharmaceutical formulations can vary, e.g., from
less than about 1% to about 10%, to as much as 20% to 50% or more by weight, and can
be selected primarily by fluid volumes, and viscosities, in accordance with the particular
mode of administration selected.

For example, a typical pharmaceutical composition for intravenous infusion could be made
up to contain 250 ml of sterile Ringer’s solution, and 100 mg of at least one compound of
the invention. Actual methods for preparing parenterally administrable compounds of the
invention will be known or apparent to those skilled in the art and are described in more
detail in, for example, Remington’s Pharmaceutical Science (17th ed., Mack Publishing
Company, Easton, PA, 1985).

It will be appreciated by one of ordinary skill in the art that, in addition to the
aforedescribed pharmaceutical compositions, the compound of the invention can be
formulated as inclusion complexes, such as cyclodextrin inclusion complexes, or
liposomes. Liposomes can serve to target a compound of the invention to a particular
tissue, such as lymphoid tissue or cancerous hepatic cells. Liposomes can also be used
to increase the half-life of a compound of the invention. Many methods are available for
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Step 4: (S)-tert-butyl

2-(8-(4-(2-((1S,2R) -2-((tert-butoxycarbonyl)am no)cycl opentyl)-1Hbenzo[d]i m
i dazol - 5-wD)2ptsenyBy - 4, 5- di hydr o- 3H benzo[ 2, 3] oxepi no[ 4, BcajiBmiziesuod 2-
Apyrrolidi ne-1-carboxylate (1d): A solution of (S)-tert-butyl

2- (8- brono- 4, 5-di hydr o- 3H benzo[ 2, 3] oxepi no[ 4, 5-d] i m dazol - 2-
Apyrrolidine-1-carboxyl ate [synthesized using the procedures described in
W2009102633] (0.10 g, 0.23 nmmol ) and tert-butyl

((1R 2S)-2-(5-(4-(4,4,5,5-tetranet hyl 1, 3, 2-di oxabor ol an- 2-yl ) phenyl ) -1
H-benzo[ d] i m dazol - 2- yI)cycIopentyI)carbanate (lc) (0 14 g, 0.28 nmml) from
the previous step in a mxture of H20 was degassed using

ni t r ogeR'YIENY d'PO%‘Efn‘?ﬁ AS geRArgRY d%rf?ér\%i‘ta@ps% Slzé’k@ etla'15A'me’ﬁ§V afFaP e PPh3) 4

(0. 03 9Bidbrd23, sap{1hsvrif Bddedicatds bE3 ari atmd 1481 G308 MAVES1 B86gl20 QC
for 40 mn. The contents were taken up in et hyf acetate and washed with

wat er. The organic |ayer was dried over Na2504 and concentrated under

redUCGdTﬁéeﬁﬁe@étﬂ i efiniansot fb@o\ﬁdeléd% 9ﬁmedtld&1“c@mpb@ﬁloﬁurcbﬁﬂaﬁ‘ﬂw ¥nd | ash
chr omat ogr aglm\éi’f (60% Et OAc/ hexane) a yellow solid
W3 aigﬁ

1H NMVR € otrig 9engrat. f@ﬁwlaaé &% delngd agoyes_ s geutéwier@ﬁprm%% 4.20

(m 3H) ste?ecﬁ&m%eréoitd ﬂhal&j‘él 1ts Aréthogs, 99 iddpebtits ntdbalits8is pRarmtAddutichigS- 1. 51
(m 18H), mz 731 40 ( M+l

St ep5: rré‘F‘FﬁHtit{'%fa'is (t @9#'@59“32"‘% golvatep it grirakisomess. s CiRfy e ARy ) ami n

o- 3- crystals in combination with the usual pharmaceutlcally employed carriers, diluents and the

rrethlbutanol yrrolidin-2- di hydr o- 3H—ben2023oxe|no4 -dlimd
azol - y like, an% fgr use in any of the n?(atrzods descrlbe% herein. [ ] P [ ]

yl )phenyl) 1H benzo[d]i m dazol 2- Acycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-

yl) car bamat e ound 1) The internediate (1d) fromthe previous step
(0.1 g, 6%@%”@’ %éhedirysaﬁ'%aaﬁ RE CRIMNI{iSteRge 'rhﬁodoﬁﬁﬁu(ﬁdF%P trip)ireghdhedded

drop W gRehse, tddaditieadt Idfslardarxtsucﬁ Rsedald khowri ﬂ‘fe @rﬁ(ﬁéeﬂdr@&aﬁi‘pleadwb tion,
the m xture was stirred roomterrperaturefor . The m xture was

evapor at EYSEgNer YRS SR%(ﬁ@”F? i €004 ed TR t FPORRNAT | Caé‘t R&r agBIniiRrad nusing

product tgmnibbids satH aé Bhddé @)scmdst.toph VarsexhAloRy) Wasseaan 8t 8D, Ghideauss, By

further purificatio The crude TFA
1258-1268 (1975) and Phys:c:ans Desk Reference, 58th ed., Thomson PDR (2004).

Suitable doses and dosage regimens can be determined by conventional range-finding
techniques known to those of ordinary skill in the art. Generally, treatment is initiated with
smaller dosages that are less than the optimum dose of the compound of the present
invention. Thereafter, the dosage is increased by small increments until the optimum
effect under the circumstances is reached. The present method can involve the
administration of about 0.1 ug to about 50 mg of at least one compound of the invention
per kg body weight of the individual. For a 70 kg patient, dosages of from about 10 ug to
about 200 mg of the compound of the invention would be more commonly used,
depending on a patient’s physiological response.

By way of example and not intending to limit the invention, the dose of the
pharmaceutically active agent(s) described herein for methods of treating or preventing a
disease or condition as described above can be about 0.001 to about 1 mg/kg body weight
of the subject per day, for example, about 0.001 mg, 0.002 mg, 0.005 mg, 0.010 mg, 0.015
mg, 0.020 mg, 0.025 mg, 0.050 mg, 0.075 mg, 0.1 mg, 0.15 mg, 0.2 mg, 0.25 mg, 0.5 mg,
0.75 mg, or 1 mg/kg body weight per day. The dose of the pharmaceutically active
agent(s) described herein for the described methods can be about 1 to about 1000 mg/kg
body weight of the subject being treated per day, for example, about 1 mg, 2 mg, 5 mg, 10
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salt was dissolved in anhydrous DMF (3 L), cooled to O 9C and DI PEA (0. 09
g, 0.66 nmmol) was added to it and the contents were stirred for 5 m n under
ni t rogen wonosyphkesse. (S)-2- ((nmet hoxycarbonyl ) am no) - 3- meChgBat/es0éc aci d
(0.05 g, 0.26 nmmol) followed by HATU (0.1 g, 0.26 mml) were added to it
and the reaction mxture was gradually warnmed to rt and stirred overnight.
Crushed ice was added to the reaction m xture and the precipitate was
filtered, washed with n-pentane and purified by preparative HPLC (0.022 g,
20% . 1H NVR (DMSO-d6, 400 MHz), 6 12.20-11.80(m 2H), 8.30-8.10 (m 1H),
7.85-7.30 (m 10H), 7. 11 7. 00 (m 2H) 5.10-5.02 (m 2H), 4.40-4.25 (m
3H), 4.10-4.05 ( %360-3.48(m6 , 3.10-3.07 (m
oH) . 2. 818 15600, (02‘#201@99 25 619950@1%5 (W PO, 108420 U9 79, 508 P9 253

C. Exam?b@%d%ﬁlp@dcﬁhgﬂk@%&ﬁ?%bdh(}Sec-i)daif (((1S 2R) - 2- (6- (4- (2 ((S)-1-((9)-2-
(met hoxycarbonyl )am ' no- 3-nethyl butanoyl)pyrrolidi n-2-yl)-4,5-di hydro-1
Hnapht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) -1

H benzo[gllacedrda?@ wah %rﬁ&ddﬁﬁ@ﬂ@nﬂﬁég%@bé}ﬂ)|n3ent|on§)rowdes methods of treating,
rret hyl - 1- oxobut an- 2- 3_’[?& car banat e ound 2% . . tert-butyl

(1S, 2RPIYEQE1% r BREIST R0 N3l o |“?H *Eiﬁ%la epeils, & o\fi@ﬁf y]f?‘HQF‘bS PEsinGa) -

Title CopmmMierinps coipdunRidf Zeehuly(1f stld LaintRgebthe procedure as described in
Steps 1 and 2 of Exanpl e 1, using

(1R, 25)-2-((tert-butoxycarbonyl)am no)cycl opent anecar boxylic acid

[ synt heghge@drisifgat’ h%rw@@eduﬁ@ﬁo@@%ah@eﬂwm Tas nadle ds ORoroAS tamRiify
2008, 19, 2796 2803] and - bronpbenzene- 1, 2-di am ne as the starti nr%]
1H),

mat er i alerefQMNRR (SRSON Rﬁi” eDC1o8) negeFsaihL 7mI?U (PQ%1py compisie Areime

7. 35- 7 Ebv(eﬁlwn“@mehéra@@n4or991h(tj”ﬂon1|‘9{athér aﬂere“ar@Q/a{rﬂhg Jdébreeé &QTéhtrﬂQnt( m
1H), 2.40-1. 60 ﬁ I-g 1.30 (s, 9H);
m z 381 pgeye@m%nel@gégn Zandtlglplpltlgn gi,yvhlch one of ordinary skill in the art recognizes

((1S, 2R)as21a</ﬁg(a4p&tént¢a| beheflt & rtr&m‘&;ﬁdrwa; -elfedt. AndhiexedpRe g meentivenisiyds - 1Hben
zol dJi mcgr?é%lwde gnv an?%F }/Iezlel%rf ltjr((jlag{%?rgeent (pzrg\)/entlon amelioration, or inhibition of

the disorder in a mammal. For example, a disorder, including symptoms or conditions

thereof, may be reduced by, for example, 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%,

20%, or 10%. Furthermore, the treatment, prevention, amelioration, or inhibition provided

by the inventive method can include treatment, prevention, amelioration, or inhibition of

one or more conditions or symptoms of the disorder, e.g., cancer. Also, for purposes

herein, “treatment,” “prevention,” “amelioration,” or “inhibition” can encompass delaying the

onset of the disorder, or a symptom or condition thereof.

In accordance with the invention, the term subject includes an “animal” which in turn
includes a mammal such as, without limitation, the order Rodentia, such as mice, and the
order Lagomorpha, such as rabbits. It is preferred that the mammals are from the order
Carnivora, including Felines (cats) and Canines (dogs). It is more preferred that the
mammals are from the order Artiodactyla, including Bovines (cows) and Swine (pigs) or of
the order Perssodactyla, including Equines (horses). It is most preferred that the
mammals are of the order Primates, Ceboids, or Simoids (monkeys) or of the order
Anthropoids (humans and apes). An especially preferred mammal is the human.

The term "viral infection" refers to the introduction of a virus into cells or tissues, e.qg.,
hepatitis C virus (HCV). In general, the introduction of a virus is also associated with
replication. Viral infection may be determined by measuring virus antibody titer in samples
of a biological fluid, such as blood, using, e.g., enzyme immunoassay. Other suitable
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Moo (R\",,..- .:(S) HN "Boo Title conpound was synt hesi zed by
foI | om ng the procedure as described in Step 3 of Exanple 1, using the
i nt er mediwbeo0(32R)337r om previ ous step. 1H NVR (400 MHz, EDTIB01&070@0- 7. 80
(m 2H), 7.60-7.55 (m 4H), 7.50-7.40 (m 2H), 4. 97- 4. 80 (m 1H), 4.30-4.20
(m 1H), 3.40-3.30 (m 1H), 2.40-1.60 (m 6H), 1.50 (s, 12H), 1.30 (s, 9H);
mz 503.69 (Mr+1l). Step 3: (S)-tert-butyl
2-(7-(4-(2-((1R 25)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1Hbenzo[d]im
i dazol - 6-yl ) phenyl) -4, 5-di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 2- Apyrrol i di ne- 1-
car boxyl ate (2c):

diagnostic methods include molecular based techniques, such as RT-PCR, direct hybrid
capture assay, nucleic acid sequence based amplification, and the like. A virus may infect
an organ, e.g., liver, and cause disease, e.g., hepatitis, cirrhosis, chronic liver disease and

hepatocellular carcinoma.

The term "immune modulator" refers to any substance meant to alter the working of the
humoral or cellular immune system of a subject. Such immune modulators include
inhibitors of mast cell-mediated inflammation, interferons, interleukins, prostaglandins,

steroids, cortico-steroids, colony-stimulating factors, chemotactic factors, etc.

It should also be understood that the compounds of the present invention can inhibit
multiple genotypes of HCV. In one of the embodiment compound of the present invention
are active against the 1a, 1b, 2a, 2b, 3a, 4a and 5a genotypes.

Following are the abbreviations used and meaning thereof in the specification:

DCM: dichloromethane. TFA: trifluoroacetic acid. Boc: tert-butyloxycarbonyl. CDCls:
Deuterochloroform. DMSO-ds: Dimethyl sulfoxide-ds. DMF: N, N-dimethylformamide. THF:
Tetrahydrofuran. DME: 1, 2-dimethoxyethane. EtOAc: Ethyl acetate. DIPEA: N, N-
diisopropylethylamine. Pd(PPhs)4:  Tetrakis(triphenylphosphine)palladium(0). NaySOu:
sodium sulphate. EDCI: N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide. HOBt: 1-
Hydroxybenzotriazole hydrate. HATU: O-(7-Azabenzotriazol-1-yl)-N,N,N',N*-
tetramethyluronium hexafluorophosphate. DDQ: 2,3-Dichloro-5,6-dicyano-p-
benzoquinone. MeOD: Methanol-ds. NaHCO;: sodium bicarbonate. HCI: hydrochloric acid.
ACN: Acetonitrile. pet-ether: petroleum ether. HPLC: High Performance Liquid
Chromatography.

The following examples are provided to further illustrate the present invention and
therefore should not be construed in any way to limit the scope of the present invention. All
"HNMR spectra were determined in the solvents indicated and chemical shifts are reported
in & units downfield from the internal standard tetramethylsilane (TMS) and interproton
coupling constants are reported in Hertz (Hz). In case of mixture of the isomers, the peak
values given are for the dominant isomer (rotamer/tautomer).
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| 4) NBoc N-.0" N . . KH Title conpound was synt hesi zed by foll ow ng
the procedure as described in Step 4 of Exanple 1, using the internediate
(2b) fromwvohlelymessrous step and (S)-tert-butyl 2-(7- PCT/IB2012/054007

br ono- 4, 5- di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 2- Apyrrol i di ne- 1-car boxyl at e

[ synt hesi zed using procedures described in W2009102633] as the starting
materials. 1H NVR (DMSO D6, 400 MHz) 6 12.10 (bs, 1H), 11.80 (bs, 1H),
7.83-7.50 (m 9H), 6.85-6.80 (m 1H), 4.82-4.73 (m 2H), 4.40-4.20 (m 2H),
3.55-3.50 (m 1H), 3.10-3.01 (m 3H), 2.90-2.70 (m 3H), 2.40-1.70 (m 8H),
1.60-1.51 (m 18H) m z 715. 40 Mr+1

Ste4rreth| S 1S, 2R) - 2- ( 6- 2- -1-((S)-2- (et hoxycar honyl

o- 3P % ‘ ( ) (F( %paratlo)n o(f f‘n (( g)—1-((f1(R,%S)-2 {5 -(4-(2- ((g) 1-((S)- 2}/ )amn
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-3H-
benzo[2,3]oxepino[4,5-d]imidazol-8-yl)phenyl)-1H-benzo[d]imidazol-2-

yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 1):

Step 1: Mixture of tert-butyl ((1R,2S)-2-((2-amino-4-bromophenyl)carbamoyl)cyclopentyl)
carbamate AND tert-butyl ((1R,2S)-2-((2-amino-5-bromophenyl)carbamoyl)cyclopentyl)
carbamate (1a):

(1S,2R)-2-((tert-butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized using
procedures described in Tetrahedron: Asymmetry, 2008, 19, 2796-2803] (1.52 g, 6.62
mmol) was dissolved in DMF (12 mL) and Hunig’s base (1.73 mL, 9.93 mmol) was added
followed by EDCI hydrochloride (1.91 g, 9.93 mmol). To this stirred mixture at room
temperature was added HOBT (1.01 g, 6.62 mmol) after 10 min. followed by 4-
bromobenzene-1,2-diamine (1.36 g, 7.28 mmol) after another 10 min. The brown mixture
was allowed to stir overnight after which ice cold water was added and the organics were
extracted with ethyl acetate (100 mL) twice. The combined ethyl acetate extracts were
dried over Na,SO,4 and concentrated under reduced pressure to obtain a brown mass
which was purified by column chromatography by gradient elution with ethyl acetate-
hexane (20-30%) to obtain a mixture of two regio-isomers (1.16 g, 46%). 'H NMR (400
MHz, DMSO-D6): & 8.93 (br s, 2H), 7.13-6.97 (m, 2H), 6.74-6.71 (m, 2H), 6.68-6.60 (m
4H), 5.15-5.02 (m, 2H), 4.18-4.13 (m, 2H), 3.01-2.93 (m, 2H), 1.95-1.34 (m, 12H), 1.26 (s,
18H). m/z 398.10 (M*) and 400.10 (M*+2).

Step 2: tert-butyl ((1R,2S5)-2-(5-bromo-1H-benzo[d]imidazol-2-yl)cyclopentyl)carbamate
(1b):

The mixture of two regioisomers (1.2 g, 3.26 mmol) as synthesized in Step 1 (1a) were
taken in acetic acid (10 mL) and heated at 60 °C for 10 h. The reaction was cooled and
most of the acetic acid was removed under reduced pressure and the contents were
neutralized with saturated NaHCO; solution. The organics were extracted with ethyl
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met hyl but anoyl ) pyrrolidi n-2-y1)-4,5-di hydro- 1H napht ho[ 1, 2-d] i m dazol - 7-yl)
phenyl) - 1Hbenzo[ d] i m dazol - 2-yl ) cycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-yl
) car bamatwoQCmmosnd 2) : Titl e conpound was synt hesi zedThB20i2bi4080d ng t he
procedure as described in Step 5 of Exanple 1, using the internediate (2c)
fromthe previous step. 1H NVR (DVSO-d6, 400 MHz), 6 12.20-11.80 (m 2H),
7.78-7.74 (m 4H), 7.56-7.49 (m 6H), 7.30-7.28 (m 2H), 5.06-5.02 (m 1H),
4.08-4.04 (m 2H), 3.80-3.75 (m 4H), 3.51 (s, 6H), 3.05-3.00 (m 4H),
2.21-1.80 (m 12H), 0.97-0.68 (m 12H), mz 830.6 (M++1). mp.: 235-238 C
Exanpl e3: Preparationofrrethyl((S) 1-(((1S,25)-2-(6-(4-(2-((S)-1 -((S)-2-
(met hoxycar bonyl )am i no-3-net hyl butanoyl)pyrrolidi n-2-yl)-4, 5-di hydro-l
Hnapht h@[:qtatza (disp Mo Awise- Eh%,q:grﬁtpiggg,gm/llace até extracts were dried over Na,SO, and

H- benzolghddmtrd@aolindér YredGaeel %@ﬁr&&@%tﬂéﬁh Bbrown mass which was pUI’Ierd by
met hyl - 1- oxobut an car bamat e tert-

(1S 25 F OB OGO RS By AT T Ao T B R AP @PIARHEltd P

Et tle iﬂ@gwybmnayww 1 ged). by NNk (906 VHHZ bRSw-epedurer ass dapcrizeed in
eps an of
(15p25) 7RI((Rett) Hﬁ%ﬁ%d%dﬁw 7§ﬁ17n%1) &)cilipehtanear Bbxdi$-¢-1acim 1),

[ synt hegigedl4p&hNEH)PLogedsY @8, aHS €L e BH) Nmé- 38 oM CardnBs2.20011,2)66 (16)
5629-5632] and 4- brom)benzene 1, 2-di am ne as startl ng materials. 1H NWR

(400 MHz, CDCI3) 6 7.80- 7.70 (m 1H), 7.50-7.45 (m 1H), 7.35-7.30 (m
1H), 4.97-4.90 (m 1H), 4.80-4.70 (m 1H), 4.50-4.40 (m 1H), 3.60-3.50 (m

.1H)’ > é?ep:; tert( utyl](m%’ 25) ?5(]4 30 ,é,g"tetral?%éthgl ?9,2%|oxaggpolan[g-yl enyI? (Me+ 1)

benzo[d]imidazol-2-yl)cyclopentyl)carbamate (1¢):

Dy

NHBoc

1,4-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene  [synthesized using the
procedures described in W0O2003/105237A1] (1.3 g, 3.9 mmol) and tert-butyl ((1R,25)-2-
(5-bromo-1H-benzo[d]imidazol-2-yl)cyclopentyl)carbamate (1b) from the previous step (0.6
g, 1.58 mmol) was added to a degassed mixture of DME-H,O (3:1, 4 mL) in a microwave
vial followed by Na,CO; (0.84 g, 7.9 mmol) and Pd(PPhs)s (7 mol%). The mixture was
irradiated with microwaves at 120 °C for 40 min and the reaction mass was extracted with
ethyl acetate and washed with brine. The ethyl acetate extracts were dried over NaxSOu,
concentrated under reduced pressure and purified by column chromatography (60% ethyl
acetate-hexane) to obtain the title compound (0.25 g, 32%). 'H NMR (400 MHz, CDsOD):
7.82 (d, J = 8.4 Hz, 2H), 7.76-7.62 (m, 4H), 7.52 (s, 1H), 4.42-4.31 (m, 1H), 3.62-3.51 (m,
1H), 2.43-1.56 (m, 6H), 1.42 (s, 12H), 1.24-1.20 (m, 9H). m/z 504.2 (M*+1).

Step 4: (S)-tert-butyl 2-(8-(4-(2-((1S,2R)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
benzo[d]imidazol-5-yl)phenyl)-4,5-dihydro-3H-benzo[2,3]oxepino[4,5-d]imidazol-2-
yhpyrrolidine-1-carboxylate (1d):
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Step 2: tert-butyl

((1S,25)-2-(5-(4-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an- 2-yl ) phenyl) - 1Hben
zo[ d] i m da@abt3eyi3ycycl opentyl ) carbamate (3b): Ti tl e eOFABLNZIOHAET

synt hesi zed by follow ng the procedure as described in Step 3 of Exanple 1,
using the internediate (3a) fromprevious step as starting material. 1H NWR
(400 MHz, CDCI3) 6 7.95-7.76 (m 2H), 7.65-7.58 (m 4H), 7.56-7.50 (m 2H),
5.01-4.85 (m 1H), 4.25-4.20 (m 1H), 3.40-3.30 (m 1H), 2.30-1.60 (m 6H),
1.45 (s, 12H), 1.35 (s, 9H). mz 503.69 (Mt+1l). Step 3: (S)-tert-butyl
2-(7-(4-(2-((1S,25)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1Hobenzo[d]im
I dazol - 6-yl ) phenyl) -4, 5-di hydr o- 1H napht ho[ 1, 2-d] i mi dazol - 2- Apyrrol i di ne- 1-
carboxylate (3c): Boc N ---

g SO

A solution of (S)-tert-butyl 2-(8-bromo-4,5-dihydro-3H-benzo[2,3]oxepino[4,5-d]imidazol-2-
yhpyrrolidine-1-carboxylate  [synthesized using the procedures described in
W02009102633] (0.10 g, 0.23 mmol) and tert-butyl ((1R,2S)-2-(5-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)-1H-benzo[d]imidazol-2-yl)cyclopentyl)carbamate (1c¢) (0.14
g, 0.28 mmol) from the previous step in a mixture of DME-H,O (3:1, 4 mL) was degassed
using nitrogen gas for 15 min. Sodium carbonate (0.12 g, 1.15 mmol) and Pd(PPh3)4 (0.03
g, 0.023 mmol) were added and irradiated using microwaves at 120 “C for 40 min. The
contents were taken up in ethyl acetate and washed with water. The organic layer was
dried over Na,SO; and concentrated under reduced pressure to obtain the crude
compound which was purified by flash chromatography (60% EtOAc/hexane) to get a
yellow solid (0.1 g, 60%). 'H-NMR (400 MHz, CDCls) & 7.83-7.35 (m, 10H), 5.07-4.90 (m
2H), 4.40-4.20 (m, 3H), 3.70-3.10 (m, 5H), 2.95-2.90 (m, 1H), 2.45-1.82 (m, 8H), 1.65-1.51
(m, 18H), m/z 731.40 (M*+1).

Step 5: methyl ((S)-1-(((1R,2S5)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-3H-benzo[2,3]oxepino[4,5-d]imidazol-8-
yl)phenyl)-1H-benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yl)carbamate (Compound 1):

)\NH SR 0
%O*Q% y

O
\

The intermediate (1d) from the previous step (0.1 g, 0.14 mmol) was dissolved in DCM (5
mL) and TFA (0.2 mL) was added drop wise to the reaction mixture at 5-10 °C. After
completion of addition, the mixture was stirred at room temperature for 2 h. The mixture
was evaporated to dryness and triturated with diethyl ether to obtain the product as TFA
salt (0.07 g) which was taken to next step without any further purification. The crude TFA
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Titl e conpound was synt hesi zed by follow ng the procedure as described in
Step 4 of Exanple 1, using the internediate (3b) fromthe previous step and
(S)-tert-Wot2913/@21337- PCT/IB2012/054007

br ono- 4, 5- di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 2- Apyrrol i di ne- 1-car boxyl at e

[ synt hesi zed using the procedures described in W2009102633] as the
starting materials. 1H NVR (400 WMHz, CDCI3) 6 7.80-7.40 (m 9H), 6.95-6.90
(m 1H), 4.95-4.83 (m 2H), 4.30-4.15 (m 2H), 3.55-3.40 (m 3H), 3.10-3.05
(m 2H), 2.90-2.80 (m 2H), 2.40-1.70 (m 8H), 1.60- 1.51 (m 18H), nmz
715. 40 (M++1).

<0 et L ki 02 e (4 650 % 60 o BE gy oy ) o

met hyl buimapyhg BMdiécPﬂo' il it taexcbhreﬂtsan&bfydé@f&% rﬁmnmdaohllroaeﬁi]amﬁaséaé@l -7-yl)
phenyl) - 1Hbenzo d] i m dazol - %C%Cl O%Snty am no) - 3- ne éﬁ% - oxobut an- 2-yl
) car bam®ke{( YERIbAY) ammlq )raetyREGNAE %)Qﬁtghe%?Q By f?'&ﬂ"‘fe@v@hg t he
pr oceduHA TS (00§ Cd.2O RfindlwSicedided @ it Exa @aétlommxﬂge me zgrétllﬁwrw#raé@ (3c)

fromthe previous step. 1H NVR (DVBO d6, 400 MHz 0-11.80 (m 2H),

7.78-7. ’PQLW ﬁl{]dzﬂlgredwxggmghMg}r(@Hequ? weas f§ded 4g ﬁ]reﬁﬁjon Ritigesa ”C‘?n 1H),
‘21 g? ‘11 gf]ec(ﬂﬁbtez\hﬁs fllﬁr&pv@sﬁéd v n"dé)ntan@ 2 pﬁjﬁflecﬁtb'i) pre a@ﬁv@H@QC( UIOZQU)

i o208be wARGN INIBRGH 00 VP B (4 208l S8 mastin B3 530 [y e 7 €536
(et hoxy@an banyz. )ﬁmoooms mat Bwlo@o@rqmylz)wyn uol4 25 nn23M)1)4flo ﬂogl(hydm 1Hbenz
o[ 2, 3] ox |no£ d]im daz % a(#énll—l- enzohsﬂlmd

O beyel oAcRr Y BAlNCAL SREEAY i o SBORHT 31 Ph) AP Orad (v (B S8

12H), m/z 845.40 (M*+1). m.p.: 253 °C.

20 C

Example 2: Preparation of methyl ((S)-1-(((1S,2R)-2-(6-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-
naphtho[1,2-d]Jimidazol-7-yl)phenyl)-1H-benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-
methyl-1-oxobutan-2-yl)carbamate (Compound 2):

Step 1: tert-butyl ((1S,2R)-2-(5-bromo-1H-benzo[d]imidazol-2-yl)cyclopentyl)carbamate
(2a):

Title compound was synthesized by following the procedure as described in Steps 1 and 2
of Example 1, using (1R,2S)-2-((tert-butoxycarbonyl)amino)cyclopentanecarboxylic acid
[synthesized using the procedures described in Tetrahedron: Asymmetry, 2008, 19, 2796—
2803] and 4-bromobenzene-1,2-diamine as the starting materials. 'H-NMR (400 MHz,
CDCls) 5 7.80-7.70 (m, 1H), 7.50-7.45 (m, 1H), 7.35-7.30 (m, 1H), 4.97-4.90 (m, 1H), 4.80-
4.70 (m, 1H), 4.50-4.40 (m, 1H), 3.60-3.50 (m, 1H), 3.40-3.30 (m, 1H), 2.40-1.60 (m, 4H),
1.30 (s, 9H); m/z 381.97 (M*+1).

Step 2: tert-butyl ((15,2R)-2-(5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-
benzo[d]imidazol-2-yl)cyclopentyl)carbamate (2b):

36



Step 1. (S)-tert-butyl

2-(8-(4-(2-((1S,25)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1Hbenzo[d]i m
i dazol - 6-wD)2ptsanyBy - 4, 5- di hydr o- 1H benzo[ 2, 3] oxepi no[ 4, BcajiBmiziesuod 2-

yl ) pyrrolidine-1-carboxylate (4a): Title conpound was synt hesi zed by
followi ng the procedure as described in Step 4 of Exanple 1, using
internmediate from Step 2 of Exanple 3 (3b) and (S)-tert-butyl 2-(8-

br ono- 4, 5- di hydr o- 3H benzo[ 2, 3] oxepi no[ 4, 5-d] i m dazol - 2- Apyrrol i di ne-1-carb
oxyl ate [synthesized using the procedures described in W2009102633] as the

starting materials. 1H NWR (400 MHz, CDCI3) 6 7.83-7.35 (m 10H), 5.07-4.90
(m 2H), 4.40-4.20 (m 3H), 3.70-3.10 (m 5H), 2.95-2.90 (m 1H), 2.45-1.82
(m 8H), 1.65-1.51 (m 18H), 731.50 (M++1).
Step2:nmethyl ((S)-1-(((1S, 2 2-£6-(4-(2-((S)-1-((S)-2-(met hoxycar bonyl ) am n
o- 3- 0~
nmet hyl but anoyl ) pyrrolidin-2-yl)-4 rq;q -benzo[ 2, 3] oxepi no[4,5-d]imd
azol -
yl ) pheny1) - 1H benzo[ d] i m dazol - 2- Acycl ® (f no) - 3- net hyl - 1- oxobut an- 2-
yl)carbamate (Conpound 4): Title corrpound oY synt hesi zed by follow ng the
procedure as described in Step 5 of Exanple 1, B ng the internedi ate (4a)
fromthe previous step. 1H NVR (DVBO-d6, 400 MHz), 6 12.20-11.80 (m 2H),
8. 30- 8. Ttle(¢anpgund 7waSH sytiesizash byl faHpwing, the- Wowumnaszdeﬁcn@dm 3tep®B e 2H),
4. 40- 4. e B @ (1[1|1N|%h1)4 (g 6H),
3 10.3 63 é"ﬁ! S'”g%%gnt§ r@eqd étm %HL% %Béigbf‘éoﬁ%)s Oé'@z Eff% 3
(M++1) . 7rﬁ0p7802rn02|2)426@755 (m, 4H), 7.50- 740 m, 2H) 497480 (m 1H , 4.30-4.20 (

1H), 3.40-3.30 (m, 1H), 2.40-1.60 (m, 6H), 1.50 (s, 12H), 1.30 (s, 9H); m/z 503.69 (M++1).

Step 3: (S)-tert-butyl 2-(7-(4-(2-((1R,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-

benzo[d]imidazol-6-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-

ey

N . TS
W SateTaticot
NN
H

-

Title compound was synthesized by following the procedure as described in Step 4 of

carboxylate (2c):

Example 1, using the intermediate (2b) from the previous step and (S)-tert-butyl 2-(7-
bromo-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate  [synthesized
using procedures described in W02009102633] as the starting materials. 'H NMR
(DMSO-D6, 400 MHz) 8 12.10 (bs, 1H), 11.80 (bs, 1H), 7.83-7.50 (m, 9H), 6.85-6.80 (m
1H), 4.82-4.73 (m, 2H), 4.40-4.20 (m, 2H), 3.55-3.50 (m, 1H), 3.10-3.01 (m, 3H), 2.90-2.70
(m, 3H), 2.40-1.70 (m, 8H), 1.60-1.51 (m, 18H). m/z715.40 (M*+1).

Step 4: methyl ((S)-1-(((1S,2R)-2-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound
2):
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Exanpl e5: Preparati onof net hyl ((S)-1-(((1S,2S)-2-(6-(4-(2-((S)-1-((S)-2-

(met hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrroli din-2-y1)-1 H naphthop , 2-
Om i dazolwd-2913)qinasny 1) - 1 PCT/IB2012/054007

H benzo[ d] i m dazol - 2-yl ) cycl opent ypam no) - 3- net hyl - 1-

oxobut an- 2-yl) carbamate (Conpound 5): Step 1: (S)-tert-butyl

2- (7-brono-3H napht ho[ 1, 2-d] i m dazol - 2-yl ) pyrrolidi ne-1-carboxylate (5a):
DDQ (0.41 g, 1.79 mmol) was added to the solution of (S)-tert-butyl
2-(7-brono-4, 5-

di hydr o- 3H napht ho[ 1, 2-d] i m dazol - 2- Apyrrol i di ne- 1-car boxyl ate [synt hesi zed
usi ng the procedures described in W2009102633] (0.5 g, 1.19 mmol) in
benzene (10 m) andSstirred at 80 QC for 3 h. Bgnzd was evapor at ed under
reduced pressure a pesid as purified 9'\”@‘ dan chr omat ogr aphy (60%
Et OAc/ hexane) to affo[\\}j\ihe i @ “ N 6004° 1H NVR (400 Mz,
CDCl 3):-6 8.05-8.03\(\m SR 7 AN 5.24-312 (m 1H,
3.61-3.50 (m 1H), 3. 15-#930 fm 1H), 2.29-2.19 (m 2&Nf, {2.09-2.01 (m
2H),1.54-1.34 (m 9H), nlZ 416.09 (M++1). Step 2. (S)ktert-butyl
2-(7-(4-(2-((1S, 29 -2-((tert-butoxycarbonyl)amn no) cygl opentyl) - 1Hbenzo[ d] i m
I dazol - 6-yl ) phenyl) - 1H napht ho[ 1, 2-d] i m dazol - 211) pyrr ol i di ne- 1- car boxyl ate
(5b):

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1, using the intermediate (2c) from the previous step. '"H NMR (DMSO-ds, 400
MHz), & 12.20-11.80 (m, 2H), 7.78-7.74 (m, 4H), 7.56-7.49 (m, 6H), 7.30-7.28 (m, 2H),
5.06-5.02 (m, 1H), 4.08-4.04 (m, 2H), 3.80-3.75 (m, 4H), 3.51 (s, 6H), 3.05-3.00 (m, 4H),
2.21-1.80 (m, 12H), 0.97-0.68 (m, 12H), m/z 830.6 (M*+1). m.p.: 235-238 °C.

Example 3: Preparation of methyl ((S)-1-(((1S,2S)-2-(6-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-
naphtho[1,2-d]Jimidazol-7-yl)phenyl)-1H-benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-
methyl-1-oxobutan-2-yl)carbamate (Compound 3):

Step 1: tert-butyl ((15,25)-2-(5-bromo-1H-benzo[d]imidazol-2-yl)cyclopentyl)carbamate
(3a):

Title compound was synthesized by following the procedure as described in Steps 1 and 2
of Example 1, using (1S,2S)-2-((tert-butoxycarbonyl)amino)cyclopentanecarboxylic acid
[synthesized using procedures described in J. Org. Chem., 2001, 66 (16), 5629-5632] and
4-bromobenzene-1,2-diamine as starting materials. 'H-NMR (400 MHz, CDCls) & 7.80-
7.70 (m, 1H), 7.50-7.45 (m, 1H), 7.35-7.30 (m, 1H), 4.97-4.90 (m, 1H), 4.80-4.70 (m, 1H),
4.50-4.40 (m, 1H), 3.60-3.50 (m, 1H), 3.40-3.30 (m, 1H), 2.40-1.60 (m, 4H), 1.30 (s, 9H);
m/z 381.97 (M*+1).

Step 2: tert-butyl ((1S,25)-2-(5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-
benzo[d]imidazol-2-yl)cyclopentyl)carbamate (3b):
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Titl e conpound was synt hesi zed by follow ng the procedure as described in
Step 4 of Exanple 1 using the internediates fromthe previous step (5a) and
Step 2 ofwaxarspl2e333 (3b). 1H NVR (400 MHz, CDCI3) 6 8. 1@cCT/IBH1¢/n340d2H) ,
5.40-5.30 (m 1H), 5.02-4.80 (m 1H), 4.20-4.10 (m 1H), 3.75-3.35 (m 2H),
3.25-2.95 (m 2H), 2.55-1.90 (m 8H), 1.60-1.50 (m 18H), mz 713. 40
(M++1) .

Step3:methyl ((S)-1-(((1S,25)-2-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)am n
o- 3-

met hyl but anoyl ) pyrrolidi n-2-y1)-1H napht ho[ 1, 2-d] i m dazol - 7-yl ) pheny1l) - 1Hbe
nzo[ d] i m dazol - 2-yl ) cycl opentyl ) am no) - 3- net hyl - 1- oxobut an- 211) car bamat e
(Conpound 5): Title conpoun s synthesized by foll ow ng the procedure as
described in Step 5 of Exa , using the internediate (5b) fromthe
previ ous step. 1H NVR (DVSO d®; 3gA , 6 13.10 (bs, 1H), 12.25 (bs, 1H),

8.45-8.20 (m 3H), 8.10-7.43 (m 9K) 5-7.33,(m 1H), 7.04-7.02 (m 1H),

5.34-5.29 (m 1H), 4.45-4.40 (m 2H), 5-%20 {m 2H), 3.95-3.75 (m 2H),
% ‘ﬂd (m 12H), 'z 827.40

HN

355351(m 6H), 2.45-1.55 (m 12H),
(Mt+1). mp.: 200-202 C

Exanpl e6: Preparatlonofrrethyl((S) 1-(((1S, 2R) - 2- ?%?—(4 (2-((S)-1-((S)-2-
(et hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrrolidi n-2-y1)-1 H naphthop , 2-
Oom i daza'itle7cqmgqmgnng synthesized by following the procedure as described in Step 3 of

H benzo d I Y. 1
oxobus a@él’h @gﬁb éfrfé% |%%@QQ%WEXP?%%EV|§U§%B de” darting material. "H-NMR
(400 MHz, CDCly) & 7.95-7.76 (m, 2H), 7.65-7.58 (m, 4H), 7.56-7.50 (m, 2H), 5.01-4.85
(m, 1H), 4.25-4.20 (m, 1H), 3.40-3.30 (m, 1H), 2.30-1.60 (M, 6H), 1.45 (s, 12H), 1.35 (s,

9H). m/z 503.69 (M*+1).

Step 3: (S)-tert-butyl 2-(7-(4-(2-((1S,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
benzo[d]imidazol-6-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-

N
\ . 7S
o, OO~ e
NN
H

-

Title compound was synthesized by following the procedure as described in Step 4 of

carboxylate (3c):

Example 1, using the intermediate (3b) from the previous step and (S)-tert-butyl 2-(7-
bromo-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate  [synthesized
using the procedures described in W02009102633] as the starting materials. 'H-NMR
(400 MHz, CDCl3) 5 7.80-7.40 (m, 9H), 6.95-6.90 (m, 1H), 4.95-4.83 (m, 2H), 4.30-4.15
(m, 2H), 3.55-3.40 (m, 3H), 3.10-3.05 (m, 2H), 2.90-2.80 (m, 2H), 2.40-1.70 (m, 8H), 1.60-
1.51 (m, 18H), m/z 715.40 (M*+1).

Step 4: methyl ((S)-1-(((1S,25)-2-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound
3):
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Step 1. (S)-tert-butyl
2-(7-(4-(2-((1R 2S)-2-((tert-butoxycarbonyl)am no)cycl opentyl) - 1Hbenzo[d]i m
i dazol - 6-wD)2ptsenyiBy - 1H napht ho[ 1, 2- d] i m dazol - 211) pyr r olPC@iTREML/eHH80TDOXY| at e
(6a): H Title conpound was synthesized by foll ow ng the procedure as
described in Step 4 of Exanple 1 using the internediates from Step 1 of
Exanple 5, (5a) and Step 2 of Exanple 2 (2b) as starting materials. 1H NWR
(400 MHz, CDCI3) 6 11.70 (bs, 1H), 11.05 (bs, 1H), 8.30-7.45 (m 12H),
5.30-5.20 (m 1H), 4.95-4.80 (m 1H), 4.55-4.40 (m 1H), 3.60-3.05 (m 4H),
2.45-1.90 (m 8H), 1.60-1.50 (m 18H), mz 713.50 (M++1).
St ep2: net hyl ((S)-l;g((ls, 2R)-2-(6-(4-(2-((S)-1-((S)-2-(met hoxycar bonyl )am n
0- 3- H

napht ho[ 1, 2- thﬁ@a)zol 7-yl ) pheny1l) - 1Hbe
nzo[ d] i m dazol - 2-yI") cytHgpe ( @w pt n- 211) car bamat e
(Conpound 6): Title go U /Nt Res yfoIIo the procedure as
described in Step 5 of | & 1 usi ng the internmedHa e§6a) fromthe
previ ous step. 1H NWR ( Od6 400 MHz), 6 13.10 (bs 12.25 (bs, 1H),
8.45-8. 20 (m 3H), 8.10-7.43 (m 9 H, 7.35-7.33 (m O1|—|) 7.04-7.02 (m

1H), 5.34-5 29(m 1H), 4.45-4 40(m 1H), 4.25-4.20 (m 1H), 3.95- 3.75

4 3. 55 0.97-0. 39 2 m
grznl 5|0_I) ZI’ m;s_,_qc)mp%nﬁ waszgy;nF%%zeé by foIIowm(g the prggedure as descrlbe(dnlln Ste||5|)5 of z

Example 1, using the intermediate (3c) from the previous step. '"H NMR (DMSO-ds, 400
MHz), & 12.20-11.80 (m, 2H), 7.78-7.74 (m, 4H), 7.56-7.49 (m, 6H), 7.30-7.28 (m, 2H),
5.06-5.02 (m, 1H), 4.08-4.04 (m, 2H), 3.80-3.75 (m, 4H), 3.51 (s, 6H), 3.05-3.00 (m, 4H),
2.21-1.80 (m, 12H), 0.97-0.68 (m, 12H), m/z 830.6 (M*+1). m.p.: 218-220 °C.

met hyl but anoyl ) pyr roéﬁ'\klﬁl nozrt{j

Example 4: Preparation of methyl ((S)-1-(((1S,2S)-2-(6-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-
benzo[2,3]oxepino[4,5-d]imidazol-8-yl)phenyl)-1H-benzo[d]imidazol-2-
yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 4):

Step 1: (S)-tert-butyl 2-(8-(4-(2-((1S,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
benzo[d]imidazol-6-yl)phenyl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-d]imidazol-2-
yhpyrrolidine-1-carboxylate (4a):

Title compound was synthesized by following the procedure as described in Step 4 of
Example 1, using intermediate from Step 2 of Example 3 (3b) and (S)-tert-butyl 2-(8-
bromo-4,5-dihydro-3H-benzo[2,3]oxepino[4,5-d])imidazol-2-yl)pyrrolidine-1-carboxylate
[synthesized using the procedures described in W0O2009102633] as the starting materials.
'"H-NMR (400 MHz, CDCl3) & 7.83-7.35 (m, 10H), 5.07-4.90 (m, 2H), 4.40-4.20 (m, 3H),
3.70-3.10 (m, 5H), 2.95-2.90 (m, 1H), 2.45-1.82 (m, 8H), 1.65-1.51 (m, 18H), m/z 731.50
(M*+1).

Step 2: methyl ((S)-1-(((1S,25)-2-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-d]imidazol-8-
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Exanple 7: Biological Activity Anti-viral activity of the conpounds of the
i nvention was nonitored using an HCV replicon assay. The Huh7.5/

Conl / SG Neo(bimRmisc2alb cell |ine persistently expressi RGTABWI1ZDIWOT0NI C
genotype I b replicon in Huh 7.5 cells was obtained from Apath LLC. This
cell Iine was used to test inhibition of replicon |levels by test conpound

using Renilla luciferase enzyne activity readout as a neasure of viral
replication efficiency. Briefly, 7000 cells were seeded in 96 well bl ack
cl ear bottom plates and all owed to adhere overni ght. The next day each
conmpound was added in triplicate to the cells at the desired concentration
with a final DMSO concentration of 5% Cells in nedia al one and cells

i ncubat BPRENYhdirbezalinidazo? XB)GVQVB@%Q’T"V@S %é'”eé@ﬂﬂ rloRutatifs pl ates were

i ncubat @fcdroamdiRNCainpduite /i or to running the luciferase assay. Enzyne
activity was neasured using Renilla-d3 o Luciferase Assay kit from Pronega
as per the manuf aeLgrer s instructions. The foll ow ng equation was used to
generate the perce hi bi ti opvgl ue for each fest ncentratl on.

% nhibition - Aver '&? : 7 o Average conpound
val ue(cel I s + drug) X000

N+Z 59DMVBO) The ECS0
val ue was det erm ned @Gr

o hefollw, g equati on:
Y=Bott om + ( Top-Botton)/ ((Logl C50- X)*HI 1Sl ope)“')‘l EG50 val ues/ %

i nhi bitions of conpounds were determned 2-3 tines i /\H@e replicon assay.
It is found that the conmpounds of the present |nvent|\on exhi bit EC50 val ue
between 20 pMto 2 nMfor genotype |b replicon.

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1, using the intermediate (4a) from the previous step. 'H NMR (DMSO-ds, 400
MHz), 5 12.20-11.80 (m, 2H), 8.30-8.10 (m,1H), 7.85-7.30 (m, 10H), 7.11-7.00 (m, 2H),
5.12-4.90 (m, 2H), 4.40-4.15 (m, 3H), 4.10-4.05 (m, 2H), 3.88-3.82 (m, 2H), 3.60-3.48 (m
6H), 3.10-3.07 (m, 2H), 2.30-1.60 (m, 12H), 0.97-0.68 (M, 12H), m/z 845.50 (M*+1). m.p.:
240-242 °C.

Example 5: Preparation of methyl ((S)-1-(((1S,2S)-2-(6-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-
dlimidazol-7-yl)phenyl)-1H-benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate (Compound 5):

Step 1: (S)-tert-butyl 2-(7-bromo-3H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate

(5a):
Br/NQLNB;C

DDQ (0.41 g, 1.79 mmol) was added to the solution of (S)-tert-butyl 2-(7-bromo-4,5-
dihydro-3H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate [synthesized using the
procedures described in W02009102633] (0.5 g, 1.19 mmol) in benzene (10 mL) and
stirred at 80 °C for 3 h. Benzene was evaporated under reduced pressure and the residue
was purified by column chromatography (60% EtOAc/hexane) to afford the title compound
(0.3 g, 60%). 'H-NMR (400 MHz, CDCl3):-d 8.05-8.03 (m, 1H), 7.62-7.50 (m, 4H), 5.24-
5.23 (m, 1H), 3.61-3.50 (m, 1H), 3.15-3.10 (m, 1H), 2.29-2.19 (m, 2H), 2.09-2.01 (m,
2H),1.54-1.34 (m, 9H), m/z 416.09 (M*+1).
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CLAI M5

1. A conpound of forrmula |, its tautoneric fornms, its stereois

its anal ogues, its prodrugs, its isotopically substituted anal ogues,
i twe,20i¥m133al f oxi des, its N-oxides, its pharnace@Ciraptiiyomeeept abl e
its polynorphs, its solvates, its optical isoners, its clathrates or
crystals, (R a) wherein, in the conpound of fornmula I, Rng "A is a

nmet abol
salts,

its co-
5to 10
nonocyc
ring D
car bocy
contain
c(=0),

nmenber e

het er oat ons sel ected fromN, S or O; E is selected from

menber e
nonocyc
sel ecte

menber ed saturated carbocycle, the said carbocycle nay be a
lic system or a fused- or bridged- or a spiro- bicyclic syste

omers,
its

nm

is selected fromsubstituted- or unsubstituted- 5 to 10 nenbered
cles, substituted- or unsubstituted- 5 to 10 nenbered heterocycles

i&n%%l to.3 heteroatoms/%grougs sel ected from NéRS), SéO)g, 0 or
t4't (PGr-Y LAl (U e a2 Av iRy iory @i byaing)cyalnBeEyi-dHe
Ber2diginibistord=y) phemsuinﬁhpﬁthléw%]mgém -pg) bﬁ?&.ﬂ%ﬁb@b@@éﬁtal ni

ng

to 10

$Rar bocycle and 5 to 10 rrenbered heterocycl e, thering '"E nay be

lic, fused bicyclic, bridged bicyclic or spiro bicyclic;; Yis
d from CH(R2a) and N(R2)

N 6 O
- O

Sy

Title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using the intermediates from the previous step (5a) and Step 2 of Example 3
(3b). "H-NMR (400 MHz, CDCl3) d 8.10-7.45 (m, 12H), 5.40-5.30 (m, 1H), 5.02-4.80 (m
1H), 4.20-4.10 (m, 1H), 3.75-3.35 (m, 2H), 3.25-2.95 (m, 2H), 2.55-1.90 (m, 8H), 1.60-1.50
(m, 18H), m/z 713.40 (M*+1).

Step 3: methyl ((S)-1-(((1S,25)-2-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound

5):
Q o¥at ”N\f

H

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1, using the intermediate (5b) from the previous step. 'H NMR (DMSO-ds, 400
MHz), d 13.10 (bs, 1H), 12.25 (bs, 1H), 8.45-8.20 (m, 3H), 8.10-7.43 (m,9H), 7.35-7.33 (m
1H), 7.04-7.02 (m,1H), 5.34-5.29 (m, 1H), 4.45-4.40 (m, 2H), 4.25-4.20 (m, 2H), 3.95-3.75
(m, 2H), 3.55-3.51 (m, 6H), 2.45-1.55 (m, 12H), 0.97-0.68 (m, 12H), m/z 827.40 (M*+1).
m.p.: 200-202 °C.
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Rl is selected fromthe group consisting of R8aC(=0)N(R8)-, R800(=0)N(R8)-
R8( 1R8) N-, R8( R8) NC(=0) N(R1) - , RBS02N( R8) -

R8a00( =0)WOR8)3aRa3Rb) C( =0) N( R1LO) -, PCT/IB2012/054007

R8a0C( =0) N( R8) CRa( Rb) C(RG) (Rd) C(=0) N(R1) -

R8( R8a) NC( =0) N( R8) CRa( Rb) C(=0) N(R1) -, and

R8( R8a) NC(=0) N(R8) CRa(Rb) C(RG (Rd) C(=0)N(R1)-; Rla is selected

i ndependently at each occurrence fromthe group consisting of hal ogen,
substituted- or unsubstitut ed- 01 6 al kyl, R8aC(=0)-, R8b0O-, R8a0C(=0)-
R8aC(=0)0-, and R3(RO)NC(=0-; R2 is selected independently at each
occurrence from t he rouI%tconS| sting of substituted- or unsubstituted- 01-6

al kyl , EXample)) . Jepatationg ; R =@ethylrg (FR)y It{ LS R)-2-(6-(4-(2-((S)-1-((S)-2-
R8a0C( = b'( EéﬂB%h B&hﬁm@hethﬁ%ﬁ%ﬂb%&@duﬁ(ﬁ@%ﬁmwm f2d) C(=0) -

R8( R9) N Rb

R Fo) NGIEUYRgakr) VAreP s} CheRgpllidozel 2y D urionagybarminel ey - 10)
R8S02N( B%Q(ulaa)a‘ﬁlyaéibbulﬁ@)e( onmore) R8a0C( =0) N( R9) C(Ra) (Rb) SO2-, and
R8S02N( R9) C(=0) C( Ra) ( Rb) N( R1) 0)-; Ra is selected |ndependently at each

f
O £ OISR 1 20, RO i SRS -
R8a0(( @pmqﬁg}@qm)-@@ﬂjp@n;@)m-ﬁaphthoﬂ ,2-dJimidazol-2-yl)pyrrolidine-1-carboxylate
R8a0C( =03 N( R9) C( Ra) (Rb) C(RG) (Rd) C(=0) N(R1) -
R8( R9a) =0) N(R9) C(Ra) (Rb) C(=0) N(R1) -, and
R8( R9a) NC( =0) N(R9) CRa( Rpb) C(RG) (Rd) C(=0) N(R1) - O

l\ (R) (S)

\
O H Boc

Title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using the intermediates from Step 1 of Example 5, (5a) and Step 2 of Example
2 (2b) as starting materials. "H-NMR (400 MHz, CDCl3) 3 11.70 (bs, 1H), 11.05 (bs, 1H),
8.30-7.45 (m, 12H), 5.30-5.20 (m, 1H), 4.95-4.80 (m, 1H), 4.55-4.40 (m, 1H), 3.60-3.05 (m,
4H), 2.45-1.90 (m, 8H), 1.60-1.50 (m, 18H), m/z 713.50 (M*+1).

Step 2: methyl ((S)-1-(((1S,2R)-2-(6-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
benzo[d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound

6):
)\NH 3
6 (R) (S
“Nj/

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1, using the intermediate (6a) from the previous step. 'H NMR (DMSO-ds, 400
MHz), & 13.10 (bs, 1H),12.25 (bs, 1H), 8.45-8.20 (m, 3H), 8.10-7.43 (m, 9 H), 7.35-7.33
(m, 1H), 7.04-7.02 (m, 1H), 5.34-5.29 (m, 1H), 4.45-4.40 (m, 1H), 4.25-4.20 (m, 1H), 3.95-
3.75 (m, 4H), 3.55-3.51 (m, 6H), 2.45-1.55 (m, 12H), 0.97-0.39 (m, 12H), m/z 827.50
(M*+1). m.p.: 257-259 °C.
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R3 is selected fromO and N(R11); R4 is selected independently at each
occurrence form CRa(Rb), 0, N(R1l), substituted- or unsubstituted

car bocyclwQ 201821337 ut ed- or unsubstituted- heterocycl e, PeUhB2012/08400- oOr
unsubstituted- arylene and substituted- or unsubstitutedheteroaryl ene,
wherein, substitutions on carbocycle, heterocycle, arylene, and

het eroaryl ene are selected fromthe group consisting of hal ogen,
substituted- or unsubstituted- 01 6 alkyl, and alkyl-0-; R5 is selected
from hydrogen and substituted- or unsubstituted- alkyl; R6 and R7 are

i ndependently sel ected fromthe group consisting of hydrogen, hal ogen,
substituted- or unsubstituted- 01 6 al kyl, R8b0O-, and R3(R9)N-; wherein,
RS, Ro, E%8Plg 4 BiplogicaliAtivB¥ndent |y sel ected fromthe group consisting of
hydr ogepntisitBiIsddtibiyt 1cthe @bmBosiHassfitha! nQentidAluds mbkidred B4iRE bhtHE\ eepliedn
unsubstitutedaryl, substituted- or unsubstituted- heteroaryl, substituted-
or unsuB§ta% uT'%‘%c'S}‘éVo%(l PN 1/ SSmtieshslyceatB acelbringn BetSiSstg Nyt 8¢Rressing a

het er ocyglsttonic d%%@tgbé 198lepidoRdn fHUPNT b ReIY WAy Rbmt Hérh Mpatf Lisobshis ket ed- or
unsubstituted- 01 al k substituted- or unsubstituted- _ar

Kyl . : . |
subst i t {jf@yas GF%WS@B’S‘P%/'P\HP%BE reREEQY I843!S Py 1a STPRYRCEINGF e’ﬂ!%% lusdsraseit ed-

cycl oal nbymeetiviy Rstdolitdseslmesurd % Vibg rédlidbmshhati@sgycl y1; R8b is sel ected
fromthe group consisting of hydrogen, substituted- or unsubstitutedOl 6

ans ubst EFE G700 Sl et bbb O nlORUDE Cth o cB bl a1l
subst i t ovesdight. Tinesexsday eachdsonsiued s@pcdged irRtripli¢ate drtheatediel af herdelsiyett ogen
and SUb%Meﬁrﬁﬁén Ritn Lénﬁﬁg?%l\i/léét@o(ﬁbeﬁte{%h HA'P8%: Cells in media alone and cells
incubated without drug with 0.5% DMSO served as controls. The plates were incubated for
72h at 37°C prior to running the luciferase assay. Enzyme activity was measured using
Renilla-Glo Luciferase Assay kit from Promega as per the manufacturer’s instructions. The
following equation was used to generate the percent inhibition value for each test

concentration.

. Average Control (cells alone +0.5% DMSO) - Average compound value(cells + drug)
% Inhibition = ¥ 100
Average Control (cells alone+0.5% DMSO)

The ECs value was determined using GraphPad Prism and the following equation:
Y=Bottom + (Top-Bottom)/(1+10*((LoglCso-X)*HillSlope))
ECso values/% inhibitions of compounds were determined 2-3 times in the replicon assay.

It is found that the compounds of the present invention exhibit EC50 value between 20 pM
to 2 nM for genotype 1b replicon.
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Ra, Rb, IRG and Rd, are independently selected fromthe group consisting of
hydr ogen, hal ogen, substituted- or unsubstituted- 01 6 al kyl, substituted-
or unsubswot2ot3adi33aryl , substituted- or unsubstituted- ReTaBWAL/YI4007
substituted- or unsubstituted- cycloal kyl, and substituted- or
unsubstituted- heterocyclyl; Ra, Rb, 1RG and Rd together with the carbon
atomto which they are attached nmay take part in form ng substituted- or
unsubstituted- carbocycle, or substituted- or unsubstitutedheterocycle
containing 3 to 10 atons; mis an integer ranging between 0 to 2, selected
i ndependently at each occurrences; n is an integer ranging between 0 and 2;
p is an integer ranging between 0 and 2; when n = 2 and R4 is sel ected as
CRa(Rb) for both the occurrences, two Ras together can forma bond to form
a al kenyl ene Iinkage or two Ras and two Rbs together can form bonds to form
al kynyl &dIMBnkage; 'al kyl' nmay be substituted mﬁth 1 to 4 substituents

sel ected fromthe grouP consisting of oxo, hal oge cyano, aryl,

her er oar yI1. &yempavng, pt forpplg 4oits. tauResig- fommzté eg;omerﬁllg%gqaiqg@s; its

(R12) (H) N( —Prbdﬁugﬁ; Rﬂs%ét@%aﬂ‘y)éﬂ%mgﬁed »ana ﬁg Te)rﬁgtlé%olrteﬁi{tgghh& des, its N-
R12(al kyl) N- -, and RI2 NC(=0) N(H) -, tycloal kyr and

tarbocycl e' 9gesh éS @h@fﬁ’ﬁcﬁﬂﬁ afaeptable ¢ tz %%%Yfp@r@éﬁ,t@ spblagas: 891 0ptasn t he

group conms,gb,ﬂgrsofts aéfp,ratg@bgge&c ¥agio, aryl, hereroaryl al kyl,
hal oal kyl, RI12 (n 12aS02-, R12b0-, R12a0C( 0) R12aC( =0) 0-,

R12(H) NC(=0) - E\(
/Q@—(/

wherein, in the compound of formula |,

Ring ‘A’ is a 5 to 10 membered saturated carbocycle, the said carbocycle may be a
monocyclic system, or a fused- or bridged- or a spiro- bicyclic system;

ring D is selected from substituted- or unsubstituted- 5 to 10 membered
carbocycles, substituted- or unsubstituted- 5 to 10 membered heterocycles
containing 1 to 3 heteroatoms/groups selected from N(R®?), S(O),, O or C(=0),
substituted- or unsubstituted- aromatic carbocycle, and 5 to 6 membered
substituted- or unsubstituted- aromatic heterocycle containing heteroatoms selected
from N, S or O;

Ring ‘E’ is selected from 5 to 10 membered carbocycle and 5 to 10 membered
heterocycle, the ring ‘E’ may be monocyclic, fused bicyclic, bridged bicyclic or spiro
bicyclic;;

Y is selected from CH(R®®) and N(R?)

R' is selected from the group consisting of R®¥C(=0)N(R%-, R®OC(=O)N(R®)-,

R%R)N-, R¥(R%)NC(=0)N(R"?)-, R®SO:N(R%)-,
R®0C(=0)N(R*)CR*(R")C(=0)N(R"%)-,
R®0C(=0)N(R*)CR*R®)C(R*)(RHC(=0)N(R")-,
R¥(R%)NC(=0)N(R%)CR*R°)C(=0)N(R"%)-, and
R®(R*)NC(=0)N(R®)CR*(R")C(R°)(R*)C(=O)N(R"")-;
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R12(al kyl )NC(=0O) -, Rl2aC(=0)N(H)-, R12(HYN-, Ri2(al kyl )N,
R12(H) NC(=0) N(H) -, and R12(al kyl ) NC(=0) N(H)-; "aryl' or 'aromatic
car bocyclw0,20r82133¢ substituted with 1 to 2 substituent #CsaBmar/esodr om t he
group consi sting of hal ogen, nitro, cyano, hydroxy, G to 06 alkyl, 03 to
06 cycloal kyl, 3- to 6- nenbered heterocycle, G to 06 perhal oal kyl,
al kyl -O, perhal oal kyl-0-, al kyl-N(al kyl)-, alkyl-N(H-, HZN, al kyl-S02-5
per hal oal kyl - S02-5 al kyl - C(=0) N(al kyl )-5 al kyl - C(=0) N(H) - 5
al kyl - N(al kyl) C(=0)-5 al kyl -N(H)C(:O)-S H2NC(=0) -, al kyl -N(aI kyl ) S02-5
al kyl - N(H) S02-5 H2NSO2-; teteroaryr or 'aromatic heterocycle' may be
substituted with 1 to 2 substituents selected fromthe group consi stl ng of
hal ogen, nitRo, ScSpIRrsed iipgPendentiyi atigRchgoctkgce amy B’eoﬁrowcﬂ%‘é'ﬁk@ﬂ of3- to
O  Tenber ed MEGDRUBLRE of gn%smafaaalmwpgh , RECIO): QE{SbGOGRPP@ﬂcRabbCyl 0-,
al kyl - N(al kyl ).- F&J_?% H2 N\ aI kyl 5 per haI oal kyl - SO2-
al kyl - C( O)I\ﬁapfq@)PS’}ﬂ ¥R -5 al kyl - N(al kyl ) ¢(=0) -5
al kyl - N(H) ¢( 0) 5 H2NC(=0) -, al kyI N(aI kyl ) S02-, and al kyl - N( H) S02-5
H2NS02-; ri nig® saelectes Imepteed@ﬂb@eaw ocmudehctﬁeftr@ncbhg/@ﬂoep comgyjsting ofubst i t ut ed
i t gg;ntonﬁtg}yaﬁﬁﬁetdusnaﬁsuﬁg BELCE, AR HRE O UP-CEISRSGAgORT. Ox0
Eulg?cl( k0|) ;)NR?QB%NLQ)(#@I 3300 (FONEF WB?th@x):o )-,R12aC( =0) N( H) - R12( H N,
a 8a c
B R R ARG SRR b o

substituents of A _are

sel ected fromf BFDNC@#QMR&)@@? HEP GRYRUBHO)- ﬁéS@EW}G Ra)i(iﬂ?%gi( =0) Rl 2ac( -

sef ected 1o yaoaen A AN Rl PRRMED TR B2 a1

R® sogN A(RIN(R™)C

R* is selected independently at each occurrence from the group consisting of
R®C(=0)N(R®%-, RBOC(=0)N(R%-, R]R%N-, R%R°*)NC(=0)N(R'")-, R®#SO,N(R?-,
R®#OC(=0)N(R®)C(R?)(R")C(=O)N(R'™)-,
R®*OC(=0)N(R®)C(R?)(R")C(R°)(R*)C(=O)N(R™)-,
R¥(R%)NC(=0)N(R%)C(R?)(R°)C(=0)N(R'%)-, and
R¥(R%)NC(=0)N(R%)CR*R®)C(R%)(R%)C(=0)N(R"'%)-;

— —

O)N
N
(=O)N(R")C
(=O)N(R’)
R® is selected from O and N(R'");

R* is selected independently at each occurrence form CR*R®), O, N(R'),
substituted- or unsubstituted carbocycle, substituted- or unsubstituted- heterocycle,
substituted- or unsubstituted- arylene and substituted- or unsubstituted-
heteroarylene, wherein, substitutions on carbocycle, heterocycle, arylene, and
heteroarylene are selected from the group consisting of halogen, substituted- or
unsubstituted- C+ alkyl, and alkyl-O-;

R® is selected from hydrogen and substituted- or unsubstituted- alkyl;

R® and R’ are independently selected from the group consisting of hydrogen,
halogen, substituted- or unsubstituted- C1.¢ alkyl, R®0-, and R}(R%)N-;

wherein, R® R°%, R* and R'® are independently selected from the group consisting
of hydrogen, substituted- or unsubstituted- C1.¢ alkyl, substituted- or unsubstituted-
aryl, substituted- or unsubstituted- heteroaryl, substituted- or unsubstituted-
cycloalkyl, and substituted- or unsubstituted- heterocyclyl;



R12b is selected from hydrogen, al kyl, perhal oal kyl. 2. The conpound of
formula 15 its tautoneric forns, its stereoisoners, its anal ogues, its
pr odr ugs,wote13@eei3opi cal | y substituted anal ogues, its mpCahBRi12/eBip07 t s
sul foxides, its N-oxides, its pharnmaceutically acceptable salts, its

pol ynorphs, its solvates, its optical isonmers, its clathrates or its
co-crystals, as clained in claim15 wherein ring Ais selected as

cycl opentane. 3. The conpound of forrmula I, its tautoneric forns, its
stereoi sonmers, its anal ogues, its prodrugs, its isotopically substituted
anal ogues, its netabolites, its sulfoxides, its N-oxides, its
pharmaceutically accep table salts, its polynorphs, its solvates its

optical ison®rds selpgte@frgfrht,hgtgé@poqormsgng:gf %’rbﬁgtﬁﬁds or yasuBPUPeECi-nalkylai m 1
or 2, wher ei guuhtuted- S61 Qﬁis@gstme&%@ﬁ( -&bé&t%b%( R K sTEOY-Rh@jeroarth; The

corrpound of formula I, its tautoneric its stereoisomers, its
anal ogues, i SUOSHMEGE ugs, UWSPQStit%tSE’op‘?YGE’Ialky' saﬁ%tF‘ﬂQﬂ't%edanﬁf oftRsbstitpieg-

met abol i t es, ndtb@cydhIf oxi des, its N-oxides, its pharnmaceutically acceptable
salts, its polyrmrphs its sol vates, its optical isomers, its clathrates or

t t o i | ect ed
5,50, 1ot Bl 38 il bbb SRl SRR, A PPl kg ect
forms, its sCesedidormarialodlkd, avabidyteds, on tunspbgitutads,arylt ssutstitgs-car |y
substituted @rﬁ%lo&%‘t%ﬁ hét%%aFWtﬁB%tbfeﬁs or bﬁﬁjbEMb{?‘axbﬂf’&an%} df&d’%u%éhtﬂ@ﬁ its

pharmaceutically acce
opti cal ison@‘rlmSUbstttutecﬂdteﬂﬂra@)@iyl,or its co- crystal s, as clained in any one
of clainms 1-4, whereinring Y is selected as N( R2). 6. The conpound of

fornula I, RS i§ stleqs@from Hyardgen antiSubstrited G amelisstituté® aypyeEpes, its
prodrugs, its isotopically substituted anal ogues, its netabolites, its

sul foxi des, gi spht th'a%SRd' bR mpgﬁ@ﬂg' Sldidl %?@Hfl r&f%ksﬁstudg‘ f

pol ynor phs, s Solvares i ia opt omers, its c tes or I'ts
co- cryst al s, hysogsnaj halendy subptiitrd- opr cUnsubsitated, %eﬁMYh pabstititerk| ett ed as

R8a0C(=0) N( R%%s%ﬁﬁ&t(eﬁb)&&roéubsm%{b% Jof urREbARNEE Frchoarft, IMRufAIROUPT Of

fornula |, its tautoneric ts stereol Somers, anal ogues, its
pr odr ugs, |tlsnaubéttt@tﬁﬁc@{clqal@ht@@ﬂ|Sub$téde@ln@1 wub&iltUtB@shQ’f@pémlﬂﬁeB Rt s

sul f oxi des, érﬁoSR*’\'tc&étr%?%wth'tﬁé cBJP)%h%ﬁﬁ% fpithl Me@%e&&a%hh taRe phit In

pol ynorphs, 1ts s ates, its o isoners, 1ts s or
co-crystals, foémln@I%bﬁfédteﬁnOIah@GU@ﬁ@U@ﬁ carpoaYsleL SUMW@ﬁnOFriJmﬁybEmU?d'

sel ected as-peterocycle containing 3 to 10 atoms;

m is an integer ranging between 0 to 2, selected independently at each

occurrences;
n is an integer ranging between 0 and 2;
p is an integer ranging between 0 and 2;

when n = 2 and R* is selected as CR*RP) for both the occurrences, two R®s
together can form a bond to form a alkenylene linkage or two R and two R®s
together can form bonds to form alkynylene linkage;

‘alkyl’ may be substituted with 1 to 4 substituents selected from the group consisting
of oxo, halogen, cyano, aryl, hereroaryl, cycloalkyl, R'*S0O,-, R'*0-, R'?*0C(=0)-,
R'?2C(=0)0-, (R'?)(H)NC(=0)-, (R'?)(alkyl)NC(=0)-, R™C(=0)N(H)-, R'?(H)N-,
R'%(alkyl)N-, R?(H)NC(=0)N(H)-, and R"(alkyl)NC(=O)N(H)-;

‘cycloalkyl’ and ‘carbocycle’ may be substituted with 1 to 2 substituents selected
from the group consisting of oxo, halogen, cyano, aryl, hereroaryl, alkyl, haloalkyl,

R'%C(=0)-, R'S0,-, R'®0-, R'*0C(=0)-, R'C(=0)0-, R"(H)NC(=0)-,
3



8. The compound of fornmula I, its tautoneric forns, its stereoisoners, its
anal ogues, its prodrugs, its isotopically substituted anal ogues, its

met abol i twe,20i%®@133al f oxi des, its N oxides, its pharmcerCiraatdiyomoeept abl e
salts, its polynorphs, its solvates, its optical isoners, its clathrates or
its co-crystals, as clainmed in any one of clainms 1-7, wherein R3 is
selected as NH 9. The conpound of fornmula I, its tautoneric forns, its
stereoi soners, its anal ogues, its prodrugs, its isotopically substituted
anal ogues, its netabolites, its sulfoxides, its N-oxides, its
pharmaceutical Iy acceptable salts, its polynorphs, its solvates its
optical isomer. s its clathr ates or its go-cry k in any one

of clainms 1- '§ (@AWONS(FORs R Cée@%f"éd "Bﬁjenﬁngﬁ%y' '\éde &‘%e@%l"éd as 1.

10. The corrpwp:lmgg]kyimo(atbm -its tautorrerlc forms, its stere0| somers, its
anal ogues, its prodrugs |ts |sotop|cally substltuted anal ogues, its

met abol i tes, ‘SM %rsé’rh%%é g%o%fcé r%;%b %ﬁﬁstltlftl d g@nﬁrws%gt.ﬁf&n%aﬁg@t abl e

salts, its pol'ynorphs at es; I Ssoners, rates or
its co-crystfms theagroub@pnﬁdlngmfmgpgenmltbo leaao nhydioxg, kaoe@ealhleSa, tdR6s and R7

are sel et edoAbliyf 9990 oL norflifod HRGUBHET cf O 2 berplokff kAT 1 ©

forms, its s(fereméon”ers its anaoues call'y
substi t ut ed perhiloglgs)-, i aliey! h‘mll&\ﬂbl |aﬂ@t;N Hi)t, SHS'N'l f alkyldes;, pehaltabyi- 8@3, its
phar maceutic poI tS,S

opti cal |sorr@r(ys)C g@(afkgﬁhra s or ‘co- c ?eg@s)d a(g C?AAI@BR@Q Cr{ b??y one
of clainms 1-HAG( @I)reaéﬁylﬁ\l(taihyQSDzsslksslé\U(é%@d Hfl‘dﬁﬁ)a, si x menbered carbocycl e
and seven nenbered heterocycl e containing one heteroatom 12. The conpound
of fornula | he’@e’tc&rfllauﬁ enehate heteryclet agp toer QMSHORRI ®ith i1t® 2ARabsiguats its

rodrugs, its substitute nal o ts net abql t ts
L T ox des. 4R BRmdBe 0/aLP OBl IHEAAIEER, T ocems MET@Tsgt foCs Bl
pol ynor Fhls a:; ® @?)bytﬁdag@;, 3-t6 60ﬁfemb@]ted llsezmbﬁcle I¢1Stoc¢fﬁ§é1habaﬁylpélkyli@,
Cco-crystals, | I N C erein

sel ec%/ed as F&‘VE?' ﬂgﬂﬁné'km%ﬁ@)selagv 'élﬁ%a a]ﬂ&yl Sv@ perhaloalky-
R8a0C( =0) N( _F@WE&%BM(@(WM NaIRIIG (=0 (Hy- ,Se|6ﬂ*@1 Nda”‘%ﬁ =@}, adlkyl-N)C(=0)-
OCCUNTENCES, 11 NC(=0)-, alkyl-N(alkyl)SOs-, and alkyl-N(H)SO,-, H,NSO,-;

ring carbons of ‘heterocyclyl and ‘heterocycle’ may be substituted with 1 to 2
substituents selected from the group consisting of oxo, halogen, nitro, cyano, aryl,
hereroaryl, alkyl, R'®0-, R"0C(=0)-, R™C(=0)0-, R"H)NC(=0)-,
R'?(alkyl)NC(0)-, R'?C(=0)N(H)-, R'*(H)N-, R'*(alkyl)N-, R"*(H)NC(=0)N(H)-, and
R'2(alkyl)NC(=0)N(H)-; the substituents on ring nitrogen(s) of ‘heterocyclyl’ and
‘heterocycle’ are selected from the group consisting of aryl, hereroaryl, alkyl,
R'22C(=0)-, R'?*S0,-, R'?*0C(=0)-, R'?(H)NC(=0)-, R'?(alkyl)NC(=0)-;

R'2 is selected from hydrogen and alkyl;
R'% is selected as alkyl, perhaloalkyl;
R'® is selected from hydrogen, alkyl, perhaloalkyl.

2. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its

optical isomers, its clathrates or its co-crystals, as claimed in claim 1, wherein ring A

is selected as cyclopentane.



O .HO ThNring Eis selected as-; R3 is selected as NHL R4 is selected as
phenylene, n is selected as 1; R5, R6 and R7 are selected as hydrogen; Ri ng
D i s sel ewbedidnosra si x menbered carbocycl e and seven mreriBroaziodsetzer ocycl e
cont ai ni ng one heteroatom 13. A pharnaceutical conposition conprising a
conpound or a conbi nati on of conmpounds according to any one of clains 1-12
or a pharmaceutically acceptable salt thereof, in conbination with a
pharmaceutically acceptable carrier or excipient. 14. A nethod of
inhibiting the replication of an RNA-containing virus conprising contacting
said virus wwth a therapeutically effective anount of a conpound or

conbi nati on of conpounds of an¥ one of claims 1-12, or a pharmaceutically

accept abl & sh1% CRMRQUSrof famnulal, s tlRY@meric foray |'tﬁg§t%?°'§9ré?/réntt$ AdRIPYHESct i on

caused by anitfIModf@B! & BbBPicKHI sUHsHORRIdraldd@esdiF Métab@tdd) s tsQifekideat itent in
need of such treatnent a t eraé)aeutlcal I %qe% ective anount of a corrpound or
a

conbi nat i on WxEERp B IS PACEHHRIY nRECEptabieaFalis, itS 10lyeRrPlS, piffa SRIES it al | y

accept abl e sgiticat iBsheef rts d@thrdibs ofRé B@@rﬁfals?'a@'dlﬁlﬁqéd imBiameH lorth @ herein
RNA- cont ai ni ng virus |s £ The method of clai m 15,

further corrpr|§|sﬁt‘?°¥qqé‘sﬁ ‘SC&OMRa%ﬁLQePM@ dhe or nore agents sel ected

fromthe group consisting of a host imune nodul ator and an antiviral
agent, or a conbination thereof.

4. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-3,

wherein m is selected as 0 at all the occurrences.

5. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-4,
wherein ring Y is selected as N(R?).

6. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-5,
wherein R? is selected as R®OC(=0)N(R®)C(R?)(R®)C(=0)-, and q is selected as 1.

7. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-6,
wherein ring E is selected as-

)\NH
o



18. The method of claim 17, wherein the host imune nodul ator is sel ected
fromthe group consisting of interferon-al pha, pegyl ated-interferon-alpha,
i nt er f er owolzet3a)2133nt er f er on- gamm, consensus i nt erf er onpCa/IBYIDRI4ME, and a
vaccine. 19. The nethod of claim 17, wherein the antiviral agent inhibits
replication of HCV by inhibiting host cellular functions associated with
viral replication. 20. The nethod of claim 17, wherein the antiviral agent
inhibits the replication of HCV by targeting proteins of the viral genone.
21. The nethod of claim 17, wherein said antiviral agent is an inhibitor of
a HCV viral protein, a replication process or a conbi nation thereof,

wherein said targetlng protein o | ication process is selected fronlthe

"
group conslsthgoBPOHE ¢fdaerdla ;')r'F?t@ @@erlﬁéwmﬁeﬂta&erewra?rﬁoﬁ BeAAUEsS, NS4A,

NS4B, NS5A, @asseaRigy, |tse|§6t6M|caIW‘§hb%ﬁE§d ahdlogliBg il¥Eh&aBoIRds, Bk auMxides, fta!r t her
conprising the step of dm nisterin % Iiaen %ent or conbi nati on of agents

that treat oo Ieévlt%tp@aWB‘F?é Y gice n$AEt IS PAENUBIR IS POMRESr Hhosi s

and i nfl ammegptenl iedméreitd d:l)iﬁhfates?& itsTdeciyBaRogs ehintddtihEnd one ol Elalhes 1-7,
conprising the Stg{%ésgglco admi n| stering one or nore agents that treat

patients forWggree geted By Nthepatitis B (HBV) infection. 24. The nethod
of claim15, further conprising the step of co-adm nistering one or nore
agents that treat patients for disease caused by human i nmunodefi ci ency

virus (H \9 Tﬁg g%ﬁ%d of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-8,
wherein R* is selected as phenylene, and n is selected as 1.

10. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-9,
wherein R°, R® and R’ are selected as hydrogen.

11. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-
10, wherein ring D is selected from a six membered carbocycle and seven
membered heterocycle containing one heteroatom.

12. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-
11, wherein ring A is selected as cyclopentane; R' is selected as
R®0C(=0)N(R*)CR*R®)C(=0)N(R'%)-; m is selected as 0 at all the occurrences;



25. The pharmaceutical conposition of claim 13, further conprising an agent
selected frominterferon, pegylated interferon, ribavirin, amantadine, an
HCV pr ot eseeoixiidsirt or, an HCV pol ynerase inhi bitor, anPECYBhaebHTaEE
inhibitor, or an internal ribosone entry site inhibitor. 26. The
conposition of claim13, further conprising a cytochrone P450 nonooxygenase
I nhi bitor or a pharmaceutically acceptable salt thereof. 27. A nethod of
treating hepatitis Cinfection in a subject in need thereof conprising
co-adm nistering to said subject a cytochrone P450 nonooxygenase i nhibitor
or a pharmaceutically acceptable salt thereof, and a conmpound of any one of
clains 1- 15 or a pharnmaceutically acceptable salt thereof.

O)\NH o
~ Lk
N o
ring E is selected as- O : R® is selected as NH; R* is selected as
phenylene, n is selected as 1; R, R® and R’ are selected as hydrogen; Ring D is

selected from a six membered carbocycle and seven membered heterocycle

containing one heteroatom.

13. A pharmaceutical composition comprising a compound or a combination of
compounds according to any one of claims 1-12 or a pharmaceutically acceptable
salt thereof, in combination with a pharmaceutically acceptable carrier or excipient.

14. A method of inhibiting the replication of an RNA-containing virus comprising
contacting said virus with a therapeutically effective amount of a compound or
combination of compounds of any one of claims 1-12, or a pharmaceutically
acceptable salt thereof.

15. A method of treating or preventing infection caused by an RNA-containing virus
comprising administering to a patient in need of such treatment a therapeutically
effective amount of a compound or combination of compounds of any one of claims

1-12, or a pharmaceutically acceptable salt thereof.
16. The method of claim 15, wherein the RNA-containing virus is hepatitis C virus.

17. The method of claim 15, further comprising the step of co-administering one or
more agents selected from the group consisting of a host immune modulator and an

antiviral agent, or a combination thereof.
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18.

19.

20.

21,

22,

23.

24,

The method of claim 17, wherein the host immune modulator is selected from the
group consisting of interferon-alpha, pegylated-interferon-alpha, interferon-beta,

interferon-gamma, consensus interferon, a cytokine, and a vaccine.

The method of claim 17, wherein the antiviral agent inhibits replication of HCV by
inhibiting host cellular functions associated with viral replication.

The method of claim 17, wherein the antiviral agent inhibits the replication of HCV
by targeting proteins of the viral genome.

The method of claim 17, wherein said antiviral agent is an inhibitor of a HCV viral
protein, a replication process or a combination thereof, wherein said targeting
protein or replication process is selected from the group consisting of helicase,
protease, polymerase, metalloprotease, NS4A, NS4B, NS5A, assembly, entry, and
IRES.

The method of claim 15, further comprising the step of co-administering an agent or
combination of agents that treat or alleviate symptoms of HCV infection selected

from cirrhosis and inflammation of the liver.

The method of claim 15, further comprising the step of co-administering one or
more agents that treat patients for disease caused by hepatitis B (HBV) infection.

The method of claim 15, further comprising the step of co-administering one or
more agents that treat patients for disease caused by human immunodeficiency
virus (HIV) infection.
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25.

26.

27.

The pharmaceutical composition of claim 13, further comprising an agent selected
from interferon, pegylated interferon, ribavirin, amantadine, an HCV protease
inhibitor, an HCV polymerase inhibitor, an HCV helicase inhibitor, or an internal
ribosome entry site inhibitor.

The composition of claim 13, further comprising a cytochrome P450
monooxygenase inhibitor or a pharmaceutically acceptable salt thereof.

A method of treating hepatitis C infection in a subject in need thereof comprising co-
administering to said subject a cytochrome P450 monooxygenase inhibitor or a
pharmaceutically acceptable salt thereof, and a compound of any one of claims 1-
15 or a pharmaceutically acceptable salt thereof.



