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present invention is related to novel conpounds of the general formula I,
10 9 RS RSORUR/RRA4(1) 5Stheir tautoneric forns, their sPeTaprEyn®awyd, their
anal ogs, their prodrugs, their isotopes, their N-oxides, their netabolites,
t heir pharmaceutically acceptable salts, polynorphs, solvates, optical

i soners, clathrates, co-crystals, conbinations with suitable nedi 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. 10 BACKGROMRPATEETHERIVRVENT TN ADEF SIR8tetftERepatitis C virus (HCQV)
infection is a major health problemglobally affecting -3% of the world
popul ation and is an inportant contributor to chronic liver disease
culmnating with liver cirrhosis, hepatocellular carcinoma and |iver

fail ureFIBDRPF BTHENVENTION: al ., Pathol. Oncol. Res. 2003, 9, 215-221; Hoof
nagl e JH., Hepatol ogy 1997, 26 15S-20]. 15 An estinmated 170 mllion
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resear ch/ di seases/vir8 ner/s /s i cal | y, 20 chronic
infection is often asyrrptorréi‘tl c '6 h Iat@ ¢ periods |lasting for decades
bef ore manifestation by which"tine eg?)enm ve Vi ver damage has occurred. HCV

is spread primarily by unscreened bl ood transfusions and use of
cont am itrsirelduiostaticdfernagdheiy stanepisomarhethiir ginatogsr thek pIpdiups, theie isatepesvenous

drug us 0 i I
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di sease progression), HV co-infection (associated with a markedly

i ncrieas BACKGROYNDIOE THEINVENITIOSISi on), and fatty liver. Despite
significant efforts, no vaccine exists for HCV and until a year ago the
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~3% of the worl populatlon 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].
15  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,
20 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.
25 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



5ri bavarin (RBV), which was inadequate for majority of the patients and

t herapy associ ated side effects such as pancytopenia, flu-like synptons or
depr essi omowersg2canmonl y observed | eading to early trealPGEMB2012/054020

di scontinuation [Fried MW etal., N Engl J Med. 2002, 347, 975-982]. The
approval of two direct acting agents (DAA) i.e. 1st generation protease
inhibitors, Incivek and Victrelis in May 2011 ushered in the era of
specifically targeted 10 HCV t herapy[Jesudi an AB, Ganbari n-CGel wan M and
Jacobson I M, Gastroenterol ogy HepatoL 2012, 8, 91-101. The conbi nation of
above mentioned DAAs, Peg-I1FN and RBV (tri pI e therapy) substantially

i ncreases the rate of sustained virologic res onse in treatnment nave and

exper i e HEERPSEAt NP5 JigagaR \REPIessioNnblY crinfeston (agseripiedt Withe? iRatrAbf
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resi stance nmutations and iv) increased cost of therapy leading to limted
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di veBsi ripariniBBV) . whighyreinadequate fes mﬁuqnmsofdhgaﬁilmandwmra@ycﬁsgqqm@@
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related viral sequences, ‘ternmed as quasi-species, In the infected
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gl obal control Y OF THE | NVENT According t0 one

aspect d&teraioé 2012 Mt - 10ﬁventl on there is prOV| ded a novel conpound of 30the
general formula (l), its tautonmeric forns, its stereoisomers, its anal ogs,

its proghdggembindtich 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)

15 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.

20 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-

25 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
30 the general formula (1), its tautomeric forms, its stereoisomers, its analogs, its prodrugs, its
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i sotopes, its N-oxides, its nmetabolites, its pharmaceutically acceptable
salts, its polynorphs, its solvates, its optical isonmers, its clathrates,
or its cowvonysteisigs wherein, Rla, RL to R12, m n, YPCTiIBR1Do&0z) ring A
are as defined hereinbelow 5In another aspect, the present invention

provi des a pharmaceutical conposition, containing the conpound of the
general fornula (I) as defined herein, its tautoneric forns, its

stereoi sonmers, its analogs, its prodrugs, its isotopes, its Noxides, its
nmetabolites, its pharmaceutically acceptable salts, its polynorphs, its
solvates, its optical isoners, its clathrates, or its co-crystals in

conbi nation with the usual pharnaceutically enpl oyed 10carriers, diluents
and t hel90{qRssqrils (Nexides.f df fMdaRAliest nishtPreMaeantitdlye ACrHHaLIBESER PT§ ON OF
THE | NVEBITHHhbHIOK ssivaesTRaRpticapisokless, itk dutrhtes daratsfcararystai®f envel oped,
positive stranded RNA viruses belonging to the genus paci virus. The
genone is a single -9.6kb strand_ ef RNA and, 15 consists of one open readi ng

frame that encodes fofRS |y roflei n of 00 am 8crds flanked by
untransl at ed regi ons Ry R . L scprecursor polyprotein is
t hen processed by viral andk,c pr (,to yield 10 separate mature
viral proteins critical for r fation A senbly of progeny viral
particles. The organization of the stguctural and non-structural proteins
in the HCV polyprotein is as follows: C El -E2-P7-NS2-NS3- 20

NS4a- NS4 NS5 g1 fhe t r et L rQt el E2 are

i nvol ved ieﬁéﬁﬁgéala%gﬁ%g d&’tﬂ?@???sﬁgr@g%%@i%fﬁ'ﬁ?%ﬁ?rfﬁgg@pg. The function
of the p7 protein is, unknown. . the non-structural proteins, NS2 is a zinc
depedeit TAAN| BT eiHgEoiHht AN GRS o aReaseuical FAmBSSHgR, of
NS3 pr Obehtainidljﬁﬂepbm]ﬁelhnv braBe gém—*frélafbglhu{&Klstagdéﬂinédtﬂeeéin,awtaaﬂo&feﬁdf(?ﬂiﬁsh it: a
serine protease at the N-ternnal end ywhjch requiyres. NSAA as of act or,
ond an 35 YeraSiSuttren s ababSHals adDO8 S bERyeS s N kEelsebolits: hebA i s
ahrrerrtr)]r @ﬁiemaawdhmaeg a@bmaﬂéleﬁgants,eitﬂ ﬁol}ﬂﬁorbrlss, prsgwmeé,nitéafapmeﬂl Ysomers, its
phosphoryl at e 56kDa) a perphosphoryl at e 8kDa or. Its precise
o1 o SRt She s Ttk e A vih den bt vt bagsdoaty Popeled R

bi ndiong camigtd, dledthasd thphiké afgudefll ¢sraltd iredtmensftHEWirgsdtienon resi st ance.
Additionally recent evidence suggests that NS5A plays an inportant role in
replication and infectivity of HCV. The NS5B protein encodes an RNA
dependent RNA pol ynerase activity, key to the generation of progeny

Vi ruseSDE\gﬁﬁl?de'I@dPﬁﬁli@LWNﬂbN"W 5 infection mainly affects the liver,
the virus 1s found in other cell types in the body including peripheral

bl ood | H@phizcy tresnlder b treoA/aBidiriehe &mily & eénvelbbed,gduisiive Isirbeddd RRIBOGrusad,

86- 94; i i.shi et al.,, Anti.vir_ Chem Chenother. 03, 14, -297] .
Char act BPEDR o o DS HERTTkie TR ORTOIBY JF PG 58 PFBRTRCY oRRAP B hesi s
has wdef icomsistt o€ ope opea sesdive) fraras ehdiSBicpdast fer a,potyipeotdlBoA ~300@atming aditle NS4B
I ntegr alflalqu?ed ryaﬂlrﬁrﬁrslcége% rrtlagioth%t %lost%%’%%gtseleﬂds. 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-
20 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
25 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
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10 and the RNA dependent RNA pol ynerase NS5B as being its essenti al
conponents. Hence, one of the aspects of the present invention is provision
of novel worppoumdasi4of the general formula I, t hei r t @aToBRBNR/05402r B,
their isoners, their isotopes, their netabolites, their prodrugs, their
15pharmaceutically acceptable salts, pharmaceutical conpositions containing
them nethods of neking of the above conpounds, and their use as antiviral
conpounds; wherein, Ring "A is a saturated carbocycle, which may be a
nonocyclic systemor may be a fused carbocycle or may be a bridged

car bocycl e, the said ring A may contain 5 to 10 carbons; 20 Ring D is
selected from5 to nmenber ed carbocycle and 5 to 10 nenbered heterocycle
the ri n&ee” BnOW{p FB%Y W%&%Nﬁ@'”@%éTHJ'tlﬂ'%K}%%péOte'Br”“tl@éElorﬁ gyeintefesen spiro
bi cycli ggsistance. %blﬁl@hﬁ feEerm e\@é(neg 8418 thA(NRB3A ; (S)Iays dﬂllm;ﬁ)rt%ﬂ{ psté @l from

t he group consi st R13a é') Ri 3a0
25R13( Ri&? 'R@t'qﬁl%'( qqay_gf) N(%&l j1 @@N{‘F& es an RNA dependent RNA
R13a0C( @W%Fﬁb@é&ﬁﬁ( 1A ﬁ’é@lon ofl\loro%eny viruses. While the pathology of HCV

%g?%l%{) %\T(ljé)Rldf 92% %&% 5 Rd%)(}(w%é undalﬁd)ther cell types in the body including

R13( R14abMHerE) NI §irfohacyrds ﬁ(hB@s6RCBJCét-eQ) i lzicrabial IMReét. 2§0§e||1e%©d

|ndependently at each occurrence he gro g consi stin f “hal ogen,

5subst | MR Kogt /inAMGEY i ¢RBdC h@fﬂ‘”@%l%? 112894 Char QB{?’“O” of the
R13a0C( r&)ncasé?ﬂq?aaﬁﬁa@)r@qu.re@ndr RIB( RN BAirédis haé?aem%dsmbq%edsé/ndea@@dent ly

at each qccurr ence roup consi sting of substituted-o
unsubst NS$ gteim 1 %N§|4@yqofa rsg@( NgffB mthrgé%@@braqel@@w _tbe NS5A protein
R13(1614 ) hEtrelRNA o IRAAS reé SRRB6 Btk Beid)its: essential components.

R13a0C( =0) N( Rl4)0(%31)('?13)0( ) (Rd) C(=0) -

é(i?%%(l A :Ocﬁi%%cgﬁl%l%%%@%@%?%é@se&lg%is- |erovision of novel compounds of the

general formula |,
TQ @W\ V@

R R’ R

their tautomeric forms, their isomers, their isotopes, their metabolites, their prodrugs, their
15  pharmaceutically acceptable salts, pharmaceutical compositions containing them, methods
of making of the above compounds, and their use as antiviral compounds;

wherein,

Ring ‘A’ is a saturated carbocycle, which may be a monocyclic system or may be a fused
carbocycle or may be a bridged carbocycle, the said ring A may contain 5 to 10 carbons;

20 Ring ‘D’ is selected from 5 to 10 membered carbocycle and 5 to 10 membered
heterocycle, the ring ‘D’ 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(=O)N(R')-, R'™0C(=O)N(R'¥)-,
25 R™¥(R™N-, R™¥(R')NC(=O)N(R™)-, R'32S0,N(R')-,
R"20C(=0)N(R")CR*R")C(=0)N(R"®)-,



R13S02N( R14) C( Ra) (Rb) C(=0) -, R13S02N(R14)C(Ra) (Rb) C(1 RG (Rd) C(=0)-, and
R13a0C(=0) N(R14) C(Ra) (Rb) S02-; R2a is selected i ndependently at each
occur renceOof2omm2i3z@ group consi sting of PCT/IB2012/054020
R13a0(=0) N( R14) -, R13a00(=0) N( R14) -, R13( R14) N-, R13( R14) NC( =0) N( R15) -,
15R13aSO2N( R14) -, R13a0C( =0) N( R14) C( Ra) ( Rb) C(=0) N( R15) -,

R13a0C(=0) N( R14) C( Ra) ( Rb) C( RG) ( Rd) C(=0) N( R15) -,

R13( R14a) NC(=0) N( R14) C( Ra) ( Rb) C(=0) N( R15) -, and

R13( R14a) NC( =0) N( R14) CRa( Rb) C(RG) (Rd) C(=0) N(R15)-; R3 is independently
selected fromO and N(R16); 20R4 is selected independently at each
occurrengg from CRi Rl%éﬁélmh that, when n = 2 and R4 is

480 e B0
sel ect e® a@%mﬂ:‘) EBrRPGHR 5o ences, two Res t oget her can forma
bond t o 'R L& 'Bop(RPaom@®)t wo Res and two Rfs together gagn form
bonds to?oq&mﬁkéﬁxlﬂﬁe L(': @%gg?\lg%) R6, R7, R8, RO and Rl are
indepen(ﬁ"er‘ﬁl y)’\&,(F &R (ﬁi/)cﬁ( dé‘?ﬁ,)céﬁo)ﬁéqahd R6 together, 25 R7 and Rl
together, or R8 and R9 together independently along with the carbon atons
t o whi clR'? iseseleated indepervisntly @t eiely obcurenge fitorb theegrosi lsonsistingeaf- hatogen,
unsubst i r : tp 8 B bstbhut eds n i ed-

het e?oc?%%ﬁﬂ%@n%%gﬁégmgggst8i1'? S@Woﬁﬁ%guﬁst(})t’uﬁé?@%p;r%‘%E(Bé 0’6
nember edng RIYRI YNEed®)-,or unsubstitutedheteroaryl; with a proviso that the
conmpound of forrmula I mnmust have at | east one cyclic systemforned out of

tei L her Rfum?di@d intB_Bp@dm@Pleat @thZc@%cBl&l'm t&b@fbu]brdbfﬁhidgﬁb 6fha@bst%]’te?ﬂd 51%1 ,

ake part in for ion A sysi.em onl, e 2S5, an

are iEd@b@?ﬁi’@ﬁ?tpgﬁ%éQF'éel?%Id&ﬁ@ﬁ%i" S%)S@'c ésépglzf(ﬂ)gn%{]c thy)B‘Fé@Q}i; hal ogen,

5subst i FIOG-ON(RAISOIS)(RNDED), AEGCAIMIRRIAHIR"CEIRIEEBES) (RL4) N
erern, = 13,114 15 ay/mb oy /Rd loare

hadBen AT NGB MR GRG0 RS QMBI GBS Gkl 016

al kyl, SSONREUTR IR TraDp s PSoLeE® )8R (R°BIBRY OL-4-, 208

bstit h a tituted- bsti tuted- | oal kyl , d
Subst | 1 61 e0C BONIRCIBET I FORCHRet or ocycl yL: o yeeaio e

R? is selected independently at each occurrence from the group consisting of

R'2C(=0)N(R™)-, R'™20C(=0)N(R"™)-, R™¥(R')N-, R"¥(R")NC(=0O)N(R")-,
15 R™SON(R™)-, R"**0C(=0)N(R')C(R*(R”)C(=O)N(R")-,
R™0C(=0)N(R")C(R*)(R")C(R%)(RY)C(=O)N(R")-,

R™¥(R')NC(=O)N

=O)N(R')C(R?)(R)C(=0)N(R")-, and
R™¥(R"3NC(=O)N

(
(R™)CR*R")C(R%)(RY)C(=O)N(R™)-;
R® is independently selected from O and N(R);

20 R*is selected independently at each occurrence from CR%(R"), O and N(R'); such that,
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;

R® R® R’, R%, R® and R are independently selected as hydrogen, or R® and R® together,
25 R’ and R'° together, or R® and R® together independently along with the carbon atoms to
which they are attached forming 5 to 8 membered substituted- or unsubstituted-
carbocycle, 5 to 8 membered substituted- or unsubstituted- heterocycle, 6 membered
substituted- or unsubstituted- aryl, or 5 to 6 membered substituted- or unsubstituted-

heteroaryl;



10R13a is selected from substituted- or unsubstituted- 01_6 al kyl,

per hal oal kyl , substituted- or unsubstituted- aryl, substituted- or
unsubst i twoedt3/dret4er oaryl , substituted- or unsubstitut estcyaBmab/bsmz0 and
substituted- or unsubstituted- heterocyclyl; R13b is selected from
hydr ogen, substituted- or unsubstituted- 01 _6 al kyl, perhal oal kyl,
substituted- or unsubstituted- aryl, substituted- or unsubstituted-

het eroaryl, substituted- or 15unsubstituted- cycloal kyl, and substituted-
or unsubstituted- heterocyclyl; R16 is selected from hydrogen or
substituted- or unsubstituted al kyl group; Ra, Rb, IRG and Rd, are
|ndependently sel ected from hydrogen, hal ogen, substituted- or

unsubst Mt Egyoviea that Hiegamposing of fotr’ﬂt"éd Must havRaideast ope syclicsygem formed

subst i t ghesteitRer RNSWPRY IHEWNER, BekBiRERY alsS pRRSidel 267 208 Flmf%!kb%bittwt ed-
cycl oal k({@’apand substituted- or unsubstl tuted- 20 heter ocycl yl, Ra, Rb,

| RG andf By et qvslic systen PAY WePBdA Oat on(s) to which they are attached
form ng substltut ed- or unsubstituted- carbocycle, substituted- or
unsubst iR LiarstiREtase incheperdently selectad lfrntreag@noupaqgﬂmgmgl@éhwggem hatpgen, sel ect ed

d t 13b ] bet 0 d 2;
o < Blon Bkt or BAGLARRHL TS0 B D- Shal RGRE N2 Qgég?ecf ed from the
t , h |k het |,
oD o BRI S, 2. B A8 Bie ¥ SnagpenSedll Shiasta R droph ekperips or
(RlRZ%Cg =Qh8ubstiflulRl? )i ReMyNGLB8tuted{ B dirgubb eI W)substf(tﬁiba) 6Rll8§u|N|stl|<tgtr$d- o
Rt bocpelemariobUbTabe of Dlie s iiiag Gyoball AiceRIbIG &oretPEtoRE et he

group cessrsdyclg of hal ogen, oxo, 01-6 al kyl, hal oal kyl, R17aC(=0) -
R17aS02-, RO-, R17a0C(=0)-, R17aC(=0)0-, (Rl?)(R18)NC( =0) -

(R17g) C(q‘@)ué\'éﬁéélgq rfro(rrfém? B%{% N é&&%?.iuﬁé%l% k@é&(v@@él@l s’%JB%'ntuteds or

Rl?aSOZN( R18) tituted wit bst1tuent
sel ect ednsybstiutass agf mstﬂgwgr o Umﬁglbéﬂltuiﬁ!§+ beferparyii substitutepaabungupatitateg:

al kyl , al kyl (HHN-, al kyl (al kyl ) N-,
HON- | gé'@%gzﬂﬁyéuf)ﬁﬂ ﬂéé( %”fk@ﬁ“m%qﬁé@% ’)(al kyl )N-, al kyl (H) NC(=O) -,
al kyl (aI %I H2 0 H) NSO2 kyl (al k NSO
Cong02- F Y o R ol Meroah e Bl A eros §Unsds o o onoabaRlc: eq
fromt heumtmu@d-aﬂnmsstbstmged aryl, substituted- or unsubstituted- heteroaryl, substituted- or

15  unsubstituted- cycloalkyl, and substituted- or unsubstituted- heterocyclyl;

R'6 is selected from hydrogen or substituted- or unsubstituted alkyl group;

R? R° R°®and RY are independently selected from hydrogen, halogen, substituted- or
unsubstituted- C+6 alkyl, substituted- or unsubstituted- aryl, substituted- or unsubstituted-
heteroaryl, substituted- or unsubstituted- cycloalkyl, and substituted- or unsubstituted-

20 heterocyclyl, or R? R° R®and R° together with the carbon atom(s) to which they are
attached forming substituted- or unsubstituted- carbocycle, substituted- or unsubstituted-
heterocycle;

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

25 ‘alkyl’ may be substituted with 1 to 4 substituents selected from the group consisting of
halogen, oxo, Ci.s alkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, heterocyclyl, R'2C(=0)-,
R'7280,-, R'0O-, R'?0C(=0)-, R'2C(=0)0-, (R")(R'®)NC(=0)-, (R'"*C(=O)N(R"®)-,
(R")(R™®)N-, (R")(R'™®)NC(=O)N(R')-, and R'"2SO,N(R®)-;



10 of hal ogen, nitro, cyano, hydroxy, alkyl, perhal oal kyl, alkyl -0,
per hal oal ky1-0-, al kyl -S02-, H2N-, al kyl (H)N-, al kyl (al kyl ) N-,
al kyl - C( 28p@2bh32134al kyl - C(=0) (al kyl ) N-, NH2C(=0) -, al kyPCHIBIEX12®4020
al kyl (al kyl ) NC(=0O) -, NH2S02-, al kyl (H)NS02-, and al kyl (al kyl ) NSO2-; ring
carbon(s) of 'heterocycle' may be substituted with 1 to 2 substituents
sel ected fromthe group consisting of hal ogen, nitro, cyano, oxo, alkyl,
R17b0-, R17a0C(=0)-, 15 R17aC(=0)0-, R17(H)NC(=0O -, R17(al kyl)NC(=0O) -
RL7(HN-, Ri7(al kyl)N-, R17aC(=0)(H N, R17(H NC(=0)(H N, and
Rl?(al kyI)NC( =0) (HN-; the substituents on ring nitrogen(s) of

" het erocycl e are sel ected fromthe group consisting o Cg/ R17aS02-,

R17aC( =0Ycloalkyl7 apusieatieny!” i (erRegy<ts) mavahg %Q??t(t'étpféwjh\lé(to SUbSt'tuerﬁ@j R18

and R19 s@l'é@tebﬁﬂﬁﬁﬁtﬁéi@ﬁédd/céﬁélﬁﬁbe& ﬁm@ggnhxc%ogﬁrp e el dantyi, aﬁ"’@daObS
sel ected from al k (ger hal o sel ected fromthe OH%) )
»the

consi sthngSQP h§ %geﬁ bé?@al éﬁfi%ﬁl NG Nev &R elch.@}) Ro
number oR'7g leywi lF@”ﬂR%N@@IO)N%RWQF QM@QQ@Z(N Qtﬁ?? Ca 01-125 01-85 C - 65 or
y y

01-4 al kyl, amno, etc.), it is specifica ontenpl ated that any
b- ted
gk ko YIS 55 SARRNSSABE I R A Bk o

of 1-8 balopem sitronsyane, @ydrom @B&)L, parheloa&vlb@ikyaeon@erb@o@kyl @1-a0¢)H)N:5 4

car bon g 0 0 3 8 ar bon
atoms. ( OMEIR-Brng SRAbO- ARG Tyl SO b BN P

al kyl, alkfalayliNg = Oért HNC =€) etaéwtﬁﬁli\lﬁ’v@a" alky! @ﬂ‘&bwﬁ@sseed la.iﬁi‘d8©peC| f ically
descri bes 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, and/or 12 carbon atons, as
appr opr itt@oargh mwl He SubsatdieosMbr T angeubdiriicdtd selé@ed fromlihd ge@Ipbemstings, 1-3

carbon a -4 carbon atons, 1-5 carbaon. a 6 C n a
Co o8n &l BrlBger il Bralim TG, A Ser By ASRD: PRl e %@82,1 11
carbon aLRNSE,alklk mm{;aamw(alwlmﬁ alRyl T (c0(bigM-, ataikyBC (=0)falIGAND O NIASGIE®)-, 2

car bon AMNRNGD) 1a'kx'§aﬁ‘w®5¥%f@ N@@%F’aﬁﬁa@bwgéeoaegaﬂa?k@ 5Bt o o}m

3-4 carbon atons, 3-5 carbon atons, 3-6 carbon atons, 3-7 carbon atons, 3-8
car bon am@@@rbos(ss) Oéd?q@@mcmeormay Be§9b$il§$t%wltﬁtbtﬁs2 sgbgtituerts gelacted dregn  3- 12

car bon w oug- éor@%rf@@nofat% nd- eﬁtr&arcpgﬁb am&al@ﬂm%borwa’dlfrﬁ%“ 8

car bOI’l n ato 4-11 carbon ato

and/16r @ i@)ﬁboﬁ “HDVR=0kt &' ( a|53§| "é@(ﬁﬂipﬁ HHHY-, RI ffatmeNo R '{16é=QKbM ment s

of the _ ti ( f. e,

wher ¢ nwﬁﬁﬂ“&ﬁ@@ar?ﬂﬁ?ﬁﬁ@q@ POUPN" a0 BptilentS or ARG plieen@POr P,
enmbodi né"rﬂt%ro@:qu rere| sRjegied dreneidBe rarpeRl capeistng vf  dkypaRl eQkary Cée@éct ed as
- N(R2) §'720G(=0)-, R"(H)NC(=0)-, and R""(alkyl)NC(=0);

R", R' and R'® are independently selected from hydrogen and alkyl;
20 R'?is selected from alkyl and perhaloalkyl;
R'" is selected from the group consisting of hydrogen, alkyl, and 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.
25 Thus, for instance, the recitation of a range of 1-8 carbon atoms (e.g., C4-Csg), 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, 8,9, 10, 11, and/or 12 carbon atoms, as appropriate, as well as any sub-range thereof
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151 n any of the enbodi ments of the invention described above, Rl is
particularly selected as R13a0C(=0) N(R14) CRa( Rb) C(=0) N(R15)-; In any of the
enbodi merwe 20f3/@2ii4i nventi on descri bed above, mis part ipculiBzoiyozietoect ed as
0 at all the occurrences; In any of the enbodinents of the invention
descri bed above, R2 is particularly selected as 20
R13a0C(=0) N(R14) CRa(R) C(=0)-; In any of the enbodinents of the invention
descri bed above, R3 is particularly selected fromNH and 0; In any of the
enbodi ments of the invention described above, n is particularly selected as
0; In any of the enbodinments of the invention described above R5 and R6
are independently 25 sel ected fron1hydr_%en and hal ogen,

or and
t oget hek€-@i t'h2 CREPFARIBEYS: drDAROPB APNEh! Phedrdet aloms, akﬁé"@rt?%‘r %O@SSHXG

nenber edaahbseme! €.7 bErb@HYat@ﬁfnst hes @é%@ﬁ“d”t@*ﬂ&ﬁ@f caBen i Ayast hao egsed i bed
above, R7 and Rl are particularly selected as hydrogen, or R7 and Rl

t oget he QRS -1 hearben BESW‘%ﬂ }gscqr%or\],\,ﬁiom erbgRrae Aloisa b 8APER RIS 2R or

si x menpaied sahdecy eh®on bhﬁ‘n§@l-ﬂcé‘r§6tb@£b‘md ©-d Sarbbs HidRid, bt @b atoms,
substituted with one or two alk %ou ps; Inq%‘% of the enbodi nents of the
|

i nveft i 6n 08N Bladsapdvearey & 12 carbgR AIqes; 1Bt FYPeR PRS- A% ogen,

or R9 al&ﬂ)n@ g—@ggﬂobﬁratdmﬂeV*&rmré}@msag%f@arﬁﬁ %hr%h stdexrbah aiomatd-aghed
forma six or seven nenmbered carboc cIe or RS together with the

carbon &8GR BMGnPAA YN AlENatt K Wéﬁ’of‘o?tﬁmé §e’i/§‘f‘1rbﬁﬁ UPRd*RetEPREyCl e

cont ai Nigfgngae7 B%@ﬁ @ﬁirﬁ)s!M 4 BardBY 2Bdmd, g eaibeH i JieAE, 4-0d chinen iafdmatd-on
descri bed above, and R12 ar egrgartl ‘cul ar | y sel ected as hydrogen 10l n

any of CR®OB RHR5eS: ﬁﬁﬁ/t0§46f2 GEFRON HY'BAL§ oM AR BRRIPPIEY)- above, ring Dis

partipcul arly selected as 0O

One of the embodiments of the present invention is compound of formula (l) as described
above, wherein, ring A is particularly selected as cyclopentane;

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

R'20C(=0)N(R")CR(R®)C(=0)N(R®)-;

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, R? is particularly selected as
20 R™O0C(=0)N(R")CR?*R®)C(=0)-;

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

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

In any of the embodiments of the invention described above, R® and R® are independently
25 selected from hydrogen and halogen, or R® and R°® together with the carbon atoms to
which they are attached form a six membered carbocycle;

In any of the embodiments of the invention described above, R’ and R™ are particularly
selected as hydrogen, or R’ and R'® together with the carbon atoms to which they are



NH OL N In any of the enbodi nents of the invention described above, ring A
is particularly selected O N N as cyclopentane, ring Dis particularly

sel ect ed wo,20RINIB4particul arly selected 15 as R13a0C( =@rNiBw@}/eRatR) c, =- - -
( UN(RL5)-, mis particularly selected as 0 at all the occurrences, R3 is
particularly selected fromNH and O, n is particularly selected as 0, RS
and R6 are independently selected from hydrogen and hal ogen, or R5 and R6
together with the carbon atons to which they are attached forma six
menbered carbocycle, R7 and RL are particularly selected as hydrogen, or R7
and Rl together with the carbon atons to 20 which they are attached forma
five or six nmenbered carbocycle, the said carbocycle is unsubstjtuted or
subst i t Giaeegi PN Givedt SWTCRIPRIAC GRrRRAYS!S, Re SAfICHBOGHCE iSanerRiitupd 9

sel ect edygstit ¥ W8 BRe oPfwd Ak QEbUBS; t oget her with the carbon atons to which
they are attached forma six or seven nenbered carbocycle, or RO and R8

toget he(ﬁp %@2 Bt tHaee BéﬁﬂgpéF&ﬁﬁe ﬁrﬂleﬂﬁéj‘gﬁe{éﬁﬁ% %‘E:Sve%%ﬁ&@%@ ‘;3% Bhfcaty"

menber e erocycl e contal nt ng one eteroatom
part i culseletipdsasl Bystregenasr iy dansh BA togalindr witlatheacarbemstoraméo ewnichi thepyase em i s

for med fy el d X rne
useg12 i n%# %?r%ﬁjlfg'lri g‘r%rxbéfégg%? H@&bggéqu %W%‘&g'ie’ ﬁ{)ﬁig/%cfﬂ %Oﬁé%ﬁégﬁ@%rgérgd
shoul d atamsto hichripeiaeal atiachednfotm rigseves memperestf haterocyae woplainingeoneThe

term"alkyl’ s used herein, nmeans a straight chain or branched
hydr ocar bon containing from1l to 20 carbon atons. Preferably the alkyl

chain confain 1 to 10 carbon atons re preferabl Lkyl chain ma
cont ai g 8l Becamastimeits o eRB O eae e Beufplt cebi 21k PTAUPLG. but

are not skledtetied hyaroge®t hyl , ethyl, n-propyl, iso-propyl, n-butyl,
sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, and

nhexyl . 1n any of the embodiments of the invention described above, ring D is particularly selected
as

o]
O%NHK(O
;

In any of the embodiments of the invention described above, ring A is particularly selected

—Q

O)\NH O
~ fok
as cyclopentane, ring D is particularly selected as O ,R'is particularly selected
15 as R™0C(=0)N(R'CR*R")C(=O)N(R'™®)-, m is particularly selected as 0 at all the
occurrences, R? is particularly selected from NH and O, n is particularly selected as 0, R®
and R® are independently selected from hydrogen and halogen, or R® and R°® together with
the carbon atoms to which they are attached form a six membered carbocycle, R” and R™
are particularly selected as hydrogen, or R’ and R'® together with the carbon atoms to
20 which they are attached form a five or six membered carbocycle, the said carbocycle is
unsubstituted or substituted with one or two alkyl groups, R® and R® are particularly
selected as hydrogen, or R® and R® together with the carbon atoms to which they are
attached form a six or seven membered carbocycle, or R® and R® together with the carbon
atoms to which they are attached form a seven membered heterocycle containing one
25 heteroatom, R'' and R are particularly selected as hydrogen, such that at least one cyclic
system is formed out of either R® and R®, R® and R®, or R” and R'®;

9



10 " Al kyl' as defined hereinabove may be substituted with one or nore
substituents selected i ndependently fromthe group conprising of hal ogen,
oxo, Cl1_owel2kigo2133al oal kyl , aryl, heteroaryl, cycl oal kylpCcThB2022/08%8920 Y| |
R17aC(=0)-, R17aS02-, R17130-, R17a0C(=0)-, R17aC(=0)0-, (R17)(R18)NC(=0)-
(R17a) C(=0) N(R18) -, (R17)(R18)N-, 15 (R17)(R18)NC(=0)N(R19)-, and
R17aS2N(R18) -; wherein, R17, R18 and R19 are independently selected from
hydrogen and al kyl, Rl7a is selected fromal kyl and perhal oal kyl, Rimis
selected fromthe group consi sting of hydrogen, alkyl, and perhal oal kyl .
The term "hal oal kyl " used herein neans an aIkyI group as defined
her ei nabove wherein 20 at |east one of the hydrogen atons of the said
al kyl gfastpral dergspasect inteulp £Rn o5l dgiagd a‘FH@”Q’f‘éﬂ GRVRVE": HieolEaniag SideH! i f i ed
by onokhig ABESditerpréteaZrsdinfiflcOhe et &P ofamslidiedriske. The term
"per hal oal kyl " nmeans an al kyl group as defined herei nabove wherein all the
hydr ogen atons of the said alkyl group are substituted wi th hal ogen. The

per hal oghkylerrg awyl Sasewéa)lhbfdnedmbyné fal EﬂrétlﬁtﬁtoﬁlﬁilﬂﬂWr , brapeiedf hybeebdy! and
the like. 25 The term"cycl oal kyl" as used herein, nmeans a nonocyclic,

bi cy€l i €ontginingr frecl i Hcﬁ?r%ﬁrb sc FreiRERDYy heerltd gl i Fonkgin'3tor 8 14

carbon ab®eh, aidhff emakbl mr@@wcdmw Ehar Qﬁé)kydonfdlmguﬁqat 8i BarﬁGn 3afomsb
carbon atons. Exanp nmonocyclic ri Hégtems i ncl ude c o ropyl ,

cycl obutFS‘?PreSES}@F'Y)epé?S%’S}P'eS & elghidglyde, '%‘ﬁ}cﬁr% fipyted é?rd“@%'l’@ proPE‘O

Bi cycl i gsotprogylSHDugMBsetsutdl %e-rmaMmribit@d ndenty! bisbstagd, ﬁ@ébéfn‘am' arkd hi ng
systemin which two non-adjacent carbon atoms of the nobnocyclic ring are
| i nked B?Xlén al kyl ene bridge. Representative exanples of bicyclic ring
systigns i ncl ude but are not Iim ted to, bicyclo[3.1.1]heptane,

bi cycl o[ 2. 2. 1 tane bi cycl o] 2. 2. 2] oct ane, bi cycl o[ 3. 2. 2] nonane,

bi cycl o["’éklé Sﬂé‘er%’iﬁpo ? &Y IQf[ﬂU mi‘f%W&*h@”e Bf ‘Féf@t' 6P Sd?é%Fﬁ%d
bi cycl Oﬁrﬁieiberﬁﬂdhﬂ%&ﬂﬁn thé cytel® [cdiplibiagt GinRalofers Yoo [ 2aﬁ2}|h¢1ratoan@s aryl,
octahydro-1 Hindene. Tricyclic rin 17'gc\gstems are al so ggerrpl |1f,4 8%
bi cycl i @eW‘P?éy'sygi’%?ﬁ”fyﬂr tBIRCYNd nBn-C&AUuj & emCzvar BorPat dhs Btl=the

bi cycli q;ﬂ@c&go)@“e [ i nk@d”py{ geyN@g_lm or an @' (gu;(;N(WF)dge Rep:{ Jﬂemmtl ve

| N | pd tLimt
r ol o IE NS DNG ko il SeNG 3os. ANl | Bocat ( A0 269 . The

term CYMdéééﬂfdéntlftﬂ Sdledied | frsie BRirégers WptieARyIWMRTEiig sucted fidme dlkpgand
annul ated on a si n e, carbon a&{am such ring %stems are exenplifjed by

spi 1 o 2 PEingiaatk, R Spl Pso[sﬂleg']eee Re,the odrepp r‘Ef[ SEQQ | o yydrpoen] Répt afdd 2, 1
- cycl Opeitafioatdl. hexahydro "H spiro[cycl opropane- | ,1 '- pental ene]. The
term "cycl oal kenyl " as used herein, neans a cycl oal kyl group as defi ned

above cefbahHy “ﬁal@élﬁ@%ﬁed%ﬁeu he angapw gﬂo@ggéedéﬂﬂé&“h \Aﬁﬂ{e%%é( Wh@ m"“s used

her ei n, neans a Cc system maae up n at ons I ncl u
cycl2©al Iayleasthml Qfdm&byqrogqh@tomswf theGyaid ekl lkgrbup w@b@tauueéwuh fmlﬂgeeaﬂb@cycl e

as defi ' @Z‘r gﬂﬁgﬁl??‘é%ﬁpbm H%%flﬁdﬂ&rﬁgt  UMb.g agh@ﬂﬁar% aﬁBrtﬁe ﬁuHQSEqé uents

sel ecte ent| omthe group conprisin 0X0

2l kyl . IRITOAPRIRloAkYIAGTemE. an el SRUp 781 PeBTed hREEBEYS OyhereiRLARENE0) O-
(R R Tl oq ST IR e ABRMEREN aoggy. T ponlogi

i ndepenaémpll§fe&@!ﬂl@tﬁ'?é@yﬂrﬂfwmqmmdg@ﬂtﬁwwc@lthw{ind fetikei s sel ected from al kyl
and jgerhal oal kyl, R17b is selected fromthe group

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.
30 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,

10



25consi sting of hydrogen, al kyl, and perhal oal kyl. The term"aryl" refers
to a nonoval ent nonocyclic, bicyclic or tricyclic aromatic hydrocarbon ring
system Bxerepiaeiafi aryl groups include phenyl, napht hylpCTaAR2h2/6%020y] ,
fluorenyl, indenyl, azulenyl, and the like. Aryl group also include
partially saturated bicyclic and tricyclic aromatic hydrocarbons such as

t et rahydr o- napht hal ene. The said aryl group 30 also includes aryl rings
fused with heteroaryl or heterocyclic rings such as

2, 3-di hydrobenzo[ 1, 4] di oxi n-6-yl, 2, 3-di hydro-benzo[ 1, 4] di oxi n-5-yl,

2, 3- dihydro benzof ur an- 5 yI 2 3 dihydro benzof ur an- 4- yI

2, 3-di hydr o- benzof ur an- 6- ydr o- benzof ur an- 6 - di hydro-1
Hin 01 20 € 121]§3I€F?ﬂ‘§ﬁd|bt9¥‘1°[|3rq Ha@,qtaqe,yplcqu[@ %ﬁ]ﬂ%?% é'CFP'P[ﬁc?o?L]”%”%ﬂe

2, 3- di hygyeofs. d"ld]ﬁéﬁbilrrd yl, @@nzo{lb?d |o‘P4<91Ln‘Jm¥he benzelc elaﬂsda Dyedane; y!

1, 2, 3, 4-tetrahydroqui nol i y tetra dr0|squ|no in

2. 5. di nPEeBBYBhRre. Pigye OIﬁO&@thﬁlechlslﬁﬁ Olh SNaQ?S’a%CtM%éH IMRE"8H nabove

may be wbﬁ.etrmge@swntsha@nas@rexambrmeauaﬁhl&@y@r& $|n§%ly§t6ﬁ1eﬁﬁ wma@r@@ad@nt ly
fromthe %oup consi st i n% nitro, cyano, hydrox

al k
Nt cARIN aigms e?hﬁaq’%i wggare "QF‘T&P(@ Rend 8[ SY| léi/l'q{&‘ﬁl %dge H2N-,

al kyl - S&presahtal (& Nrof t@lb)‘fdﬁb'ﬂﬁf} dt@h& YingIDe, @Ukya{ré H NClimfdd - to,
al kyl (al kyl) GE) NSO2-,  al k tlﬁlé | ) NSO2-, and

H2NS02- ”W@'Ofﬁ%1Per]m”%étaé‘rddﬁ%ﬂow Peflor egqney(agaman @derﬁ% e,

bi cycl i %IsoQﬁcI&dé §YiEd sytdrh1@h8dsHt M8 bAtheNthglis 4AnhilBdhed Q@Q@l&é@rb&@bﬁﬁi ed
from0O, N, or S, and the remainder ring atons bei ng carbon

appr opr suehe HiPGr oééﬂe%oné‘r%nleé@g‘pﬁfﬂ%r\ﬁyseSpﬁﬂ?éﬁ‘:&ﬂe mﬁ%rpé‘i ?ﬂd%&anleeast
one gpi ng‘onrcnb.b [ﬂHﬂ:Qh%)(éﬁ(,ﬂ?”ﬂ -SycRipenBhel. HRS@hO@oYd H8pRe[BycIdpdpde-1,15

opti onal t| t ut with one or nore substituents. In one enbodinent, O,
1, 2, 3Pe@Rlereht oms of each ring of a heteroaryl group may be substitut ed
by a substituent. Exanpl es of heteroaryl groups i nclude pyri dyI

1- oxo-pyrid furan t hi en rro oxazol , oxadi az

i daz o PP i SyIpgkenyil G ciRpe i RS ) TSRS YR a (CeB0Re APBYS

pyr| dazbamb.,mr@yeﬁuéasdbrﬁwboumybm nyl, triazinyl. triazolyl, thiadiazol yI

i soqui nol i nyl, benzoxazolyl, 20 benzof uranyl, indoli zi nyI , 1 mdazopyri dyI ,

tetrazol yl, ben2|rn|dazolyl benzot hi azol yl , benzothiadiazolyl,
benzoxadhazt@hy fcarliocsmwlas (RZaiheeh Yhearisrd dm@pygtferdyhadeqw pREPboMitoms,

purinyl, rroo rimdin razolo[3 4] pyri mdi nyl, and
benzo( b{" %é?ﬁ}‘l‘d fy§°g'¥‘w’ F%%@Vﬁy aryl- 4 pyrazol o[ 5,1 -¢c]-1

pyrr ol 0[34 cl]-1, 2, 3- tri azol yi, cycl opentatrl azolyl, 3H pyrrolof 3, 4-c]
i soxazol and t

s defi ned herelnabove

st ¢ B RGeS AT GUBABTS P GRTRe BerBReBaVY MBI IE Wl ¢ he
glrtlzuz{o C@ﬁélo‘f?tnlr]]d‘rll sabsthaémg@elecfutmdhopzew@m fr&lﬁg;ﬁéﬁ@}?bupaédﬁ)ﬁrbs;ri%e{fh@il ln;%
al kyl - rhal o e y a {a
a1 k1 o 2b By iR Py SiaR e RPee B Pl o NE =010
?I kyl (ﬁl (RY)( RN@QcQ)o S@NH;@Q@N FFIF Kyl ((FFI) Nse)g\f,h (mﬂ l%wd:(:ﬁj Nw)*)leoaTd The
erm grocycl.e quc ed herein cl oa
or oup wher éﬁﬁ"@%{é IRt e B R HEBRRdeT LY salestiapr Brarbest and
- S(02) - alkyS(RY? is -sdeBd- from &Ryl and perhaloalkyl, R'"" is selected from the group

25  consisting of 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
30 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-
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Si (R Rn-, wherein, Rmand Rn are independently sel ected from hydrogen,

al kyl, aryl, heteroaryl, cycloal kyl, and heterocyclyl. The heterocycle nmay
be connecweaotim21ize@ parent nol ecul ar noi ety through anyPcanbmn2/esdom or any
nitrogen atom contained within the heterocycle. Representative exanpl es of
nonocycl i c heterocycle include, but are not 5limted to, azetidi nyl,
azepanyl, aziridinyl, diazepanyl, 1,3-dioxanyl, 1, 3-dioxolanyl, 1, 3-

di t hi ol anyl, 1, 3-di t hi anyl , i m dazolinyl,imdazolidinyl,isothiazolinyl,isothi
azol i di nyl,

i soxazol i nyl, isoxazolidinyl nDrphollnyI oxadiazolinyl oxadiazolidinyl
oxazol i nyl, oxazol pi pe i nyl, (Pyrazollnyl
pyr azol PHVAEPr1H WP Bwl r?yfi d'hwprw In&P'n‘i/V' 24 P%?dﬁdf“ﬁ?'a@nlﬂl 2. ihydro-1H

t et r ahy ghiget-hiyeny benid[ﬂ Q]ﬁﬂo&élol ?/lnyl bertzla[miul@mls dinyl 2 3t411earéﬁ>,}dr6wdmonn940
t hi azol | d| nyI t hi onor oxi dot ht onor phol i nyl™ (t hi onor phol i ne

sul f one)l:2$:fit @m}wﬁmoquaﬁw r%:t‘Hihéwype”@%?%édhgﬁﬁwowQrYbI es of bicyclic

het er ocycl e i ncl ude but are not limted to 1, 3- benzodl oxolyl, 1

, 3- benzodlthlol 3-di hydro-1, 4- benzodi oxi n
di hydr oMyl l?én%'ﬂﬁ?‘ é‘ﬁ{ﬂ'”abfvé r@ﬁm%ﬁébsﬁ'ttﬂéﬁi’ﬂ?‘h@’énw moze sukstipaSoseleqied ndol y

and 1, 2inglefendepitly aforer ng‘ﬁ&ld Q:\éhsusﬂﬁ@e dfelﬁélbgﬁléﬁ elﬁl%,y(‘dygn@' ﬁ%er' Hg,
bri dged heterocyclic sy zabi c

7 b cy BPORBARL R B ARAARHEO (A H UGN B etk
subst i t @ied)(RIN-T | BKyCBEHIRSyHNL N ARAHIKCID)E SalAaikyHROID)s el eN®EO)-

i ndependent I %\l fromthe grou8 consi sting of hal ogen, nitro, cyano, 0XO0,

al kyl, REYWINS G AloHpkg NSOy 2261382, R17(H) NC(=0) -, R17(al kyl ) NG(=0) -
R17(1b{)|\|- 20 R17(al kyI)N— R17aC(=0) (H N-, R17(H) NC(=0) (H)N-, and
Rl?(alk I)NC&O%&H{ rein, R17 is selected fromh drogen. and al k

Rl7a is §8I&k erEa W@FS $ha it HaeBRRGIMonREYalS, PE @@r ey B?ﬁthe
group cepgkst hdghgol-4hyil aerfoat@hi Bkiccaadir@erdakoat Ky land Hieé eemeiaby lingr oup

may further be substituted on ring nitro (a%ﬁivmth substltuents 25
sel ect e&iqf}?sorﬁetﬁgeC@P@Up“"ﬁ@nﬁ?ﬁ’@?‘?‘% lf‘ydé?%‘;ﬂ G 4888, ORFTERY Aepyicated),

R17a0C( 5@krain R 1643 Nﬁ(e—ﬁ?)ng in anél riRG7{Rkdey i3 NEHRENS. N‘Jﬁt@fo% orflipt hiaysied ect ed

from hydrogen and alkyl, Rl7a is selected from al ké F‘Eer hal oaI kry
The Per APNEISY SHesltye ‘Wﬁ*x@l‘?eq{tm%rﬁyé@ﬁm&‘e‘@? Lt QngCH BOC{’%‘@F 8. pafemt Odt oup.

For exagples Slexaingtch achkedodo grau;bmayfbérsrmmu@a@qaﬂwmnmm suaplet bt ed on
cycl ohexane forms a CYCI ohexanone, rm'annul ated' neans

the ri ngSSYRAEnSRYEEr MCBNET @¥HH i drpﬁcsmyé‘fji’iheff‘”%ﬁhu héﬁ”é’H RTH arfSeREY! ri ng

at a capkgnasieMridaiole BkebIC ist¥siom @Jm@mypwaaorppr@btmézdme%ﬁmlzm system
as in the case of fused or. spiro ri 5The term ' bri

the ri n§VSY&t¥m ERAYEonERdRY at ”@ﬁo@onﬁﬁ?ﬁaﬁi\’i’al ROURRIINGY i @Sggoxazolyi

20 benzofuranyl, indolizinyl, imidazopyridyl, tetrazolyl, benzimidazolyl, benzothiazolyl,
benzothiadiazolyl, benzoxadiazelyl, indolyl, azaindolyl, imidazopyridyl, quinazolinyl,
purinyl, pyrrolof2,3]pyrimidinyl, pyrazolo[3,4]Jpyrimidinyl, and benzo(b)thienyl, 2,3-
thiadiazolvl, 1H-pyrazolof5,1-ci-1,2,4-triazolyl, pyrrolof2,4-d}-1,2 3-triazolvl,
cyclopeniatriazolyl, 3H-pyrrolo[3,4-¢] isoxazolyl and the like.

25
Heteroaryl as defined hereinabove may be substituted with one or more substituents
selected independently from the group consisting of halogen, nitro, cyano, hydroxy, alkyl,
perhaloalkyl, alkyl-O-, perhaloalkyl-O-, alkyl-SO,-, H2N-, alkyl(H)N-, alkyl(alkyl)N-, alkyl-
C(=0O)(H)N-, alkyl-C(=O)(alkyl)N-, NH>C(=0)-, alkyl(HINC(=0)-, alkyl(alky)NC(=O)-,

30  NH,SO.-, alkyl(HINSO,-, and alkyl(alkyl)NSO,-.

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")-, -
12



having 1 to 4 nethylene units joining two non adjuscent ring atonms. A
conpound its stereoisoners, racemates, pharnaceutically acceptable salt

t her eof awodesoniidzed her ei nabove wherein the conpound offCgaREmabs4hzy mul a |
is selected from 101. nethyl

((29)-1-((2-(5-(4-(2-((S)-1-((S)-2- (net hoxycar bonyl ) 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 Himdazol-211)cycl opentypam no) - 3- et hyl -

- oxobut an- 2-yl ) carbamate. 2. net hyl

((29)-1-((2-(5-(4-(2-((9-1-((S)- 2 (rrethoxycarbonyl)am no- 3-

et hyl but ap]b%l )pyrrolidin-2- e{nl 4,5, 6-tetrahydrobenzo[ 3, 4] cycl ohept a[ 1, 2-
1. 5d] i nioH Rz QW ?'?Hhé%yf)‘dl are independently selected from hydrogen, “alkyl, aryl,

Him dah@iere’%rr | & (fdl Eé{hbyrié@éi’o %H@h&&#oc}cl@*ﬁﬁ%ﬁ@@or%ecbé@)t@Qﬁ@@a’@n@ 3.

met hyl 28 1% é - 2- (et hoxycar bonyl ) am ng- 3-
met hyl bm (A S}'P%'ihffmgﬁ %Wy gt Qf”@Qﬂ‘rﬂfd?rb( Ritrperh Bk Gpitained within the

, 2-1im ﬂa?e%cereylF)d@k@rémb)we Jexbim\or@sdafzMonaéyk)l@mltéw@&teyn@mdBO)ouBaP@etdayI

-oxobut an-2-yl ) carbamate. 204.
((S)>1- {'(”(t?thS?Zeé'dW' %ePQ”Sﬂ o @5'”‘1”3('( 8iazengitbt hesdR¥aP Yo yi-Yiarklay!:31.3-

et hyl batidpamy) pyrstcmhi rI meé):olﬂn b- (ithtam%l%nl;l HigsmBEd@lIL  isothiazolidinyl,
, 2-1imdazol - H-| m dazol 211) cycl opentgpam no) - 3- met yI 1

-oxobut 5oxaz pylcags‘gégﬁi{gmy% qnyl oxadlazollnyl oxadiazolidinyl, © oxazolinyl;
((S)-1- 6(<£z3dﬁda Rzt ( e(ra - yRnyR- EyrRizbmgy,C yb&rzb}{dih m p@rctinyl
nmet hyl but ano | )pyrgrrpgl i drﬁn;] %mﬁ | }q (Og e'EOr ah drobg{]zo | W}T hlgxp/)t a[1

L 2- 25dpyrm@§y |tet5§a H@Hyllsletrfhydroihlenyl thladlazglmyl thladlazolldmyl thlazolmyl

Hi rnbdamézoadm ) CMﬁ.bﬁi@qmoMmm RO)-didxiBBthi or dﬁhgbuztm@rr%rpnbm@armme 6.
met hyl 2-((S) (et hoxycar bonyl ) am no- 3-
met hyl in %t%y(@mé Fﬁ&uprt%tmaayl Rgpry%?ntg tive. %aﬁv)gﬁsoofp) cycllc heterocycle include; but are

H- benzohai :ﬁhﬂé@ﬁbnﬁb%e@zddlbiﬂlﬂaﬂ(ﬂ b@nzodlltﬁltﬂﬂefﬂérhrhidro 1 4 benzodloxmyl 2,3-

H i m dazol - 211%)%%/C|0 ent pam no - oxobut an- 2- B%)q]arbarrate 7.

r

met hyl @fhggort 3(@3h3(d42’ @?%F@j‘%fyl( @S- d'ﬁ‘y‘érﬁeﬂt I'\'b'i?%'éi' yb3-2f no- 3-
met hyl bltétﬁihi&ﬂoh@lﬁbl[ I, IT(h\leﬁer&r WdterotySle dilddyiflEioddl bridged heterocyclic systems such

H benzo[ 2, 3] oxepi ng[ 4, 5-d] i m dazol - 8-
15 s 'azabicyclo[3.2.1]octane, azablcyclo[S 3.1]nonane and the like.

Heterocyclyl group may be substituted on ring carbons with one or more substituents
selected independently from the group consisting of halogen, nitro, cyano, oxo, alkyl,
R'0-, R'0C(=0)-, R'2C(=0)0-, RY(H)NC(=0)-, R'(alkyl)NC(=0)-, R'/(H)N-,

20 R"(alkyl)N-, R"2C(=O)(H)N-, R'(H)NC(=O)(H)N-, and R"(alkyl)NC(=O)(H)N-; wherein,
R' is selected from hydrogen and alkyl, R'? is selected from alkyl and perhaloalkyl, R'"
is selected from the group consisting of hydrogen, alkyl, and perhaloalkyl.

Heterocyclyl group may further be substituted on ring nitrogen(s) with substituents

25 selected from the group comprising of alkyl, R'?SO,-, R'2C(=0)-, R'"?0C(=0)-,
RY(H)NC(=0)-, and R""(alkyl)NC(=0); wherein, R'" is selected from hydrogen and alkyl,
R'2 is selected from alkyl and perhaloalkyl.

The term ‘oxo’ means a divalent oxygen (=O) attached to the parent group. For example

30 oxo attached to carbon forms a carbonyl, oxo substituted on cyclohexane forms a
cyclohexanone, and the like.
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yl ) phenyl) - 1Hi m dazol - 211) cycl opent ypam no) - 3- net hyl - 1- oxobut an- 2-

yl) carbanmate. 8. nethyl

((S)-1-((WOSHBRRAR4(5-(4-(2-((S)-1-((S)-2- (et hoxycar bomrgirjiamizes4820

met hyl but anoyl ) pyrrolidin-2-yl)-1,4,5, 6-tetrahydrobenzo[ 3, 4] cycl ohept a[ 1, 2-
5d] i m dazol - 8-yl ) phenyl) - 1Hi m dazol - 2-yl ) cycl opent ypam no) - 3- net hyl - 1- oxob
utan-2- yl)carbanmate. 9. nethyl
((S)-1-(((1S,29-2-(5-(4-(2-((S)-1-((S)-2-(net hoxycar bonyl ) am no- 3-

met hyl but anoyl ) pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[ 3, 4] cycl ohept a[ 1, 2-
d] i m dazol - 8-yl ) pheny1l) - 1H—| m dazol 2-yl ) cycl opent ypam no) - 3- net hyl - 1- oxobu
t an- 2- 10I%arbamate met

((S) - 1- (e igmpgnnylated’ (rﬂee(@ toe Q)‘g BY§ied) unsle( ARSREEIOAr B SRYET A iRirdawith

Lret hyl buhaReylingatrd &lrbsH Aorr ot the bychic gy e TP adidseamdhbef theZytlicBydeaphs 7- Yl ) p
e

1H-|yn‘? d{y16r-ca3a PIE Yt I $Y$IBT'S3- net hyl - 1- oxobut an- 2-y1) car bamate. 11.
methyl ((S)-1-(((1S,25)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)an no- 3-

15net hyl but ano%l ? pyrrolidin-2-y1)-4,5-dj hydro- 1H- benzo[ 2, 3] oxepi noé4 5-d]im
i dazgl - ghe term “bridged’ means the rlng system under consideration contain an alkylene bri

yl) phenh&mném mnﬁ’étﬁyﬂéne?llﬂl)sQUﬁﬂanﬁ@th haj0ER rifg BRkRY | - 1- oxobut an- 2-

yl)carbamate. 12. neth
((S)-1-(((1R 2R - 2- (5- (4 (2-((S)-1-((S)-2-(net hoxycar bonyl ) am no- 3-
et hyl bug acsrﬁyéonlaylw @ﬂerajlébn?eryl Pacdm4ies, ghémiabaumfﬁnpa@m@e /é]a@){ﬁér@bte@é a[ 1, 2-

20d] i m dazo] - en 1H-| m dazol - 2-yl ) cycl opent ypam no - met hyl - 1- oxo
but }em 28 e§pi @g sgﬁ%b@vg yvaergihth RyPP mpound ofygeneyal forrFr)wIa Iylgselectezi from: y

((S)-1-(((1IR 2R - 2- (5-(4-(2- ((S) 1- ((S)-2-(met hoxycar bonyl ) am no- 3-
met M9l but anoyeihpl2Dt 1-0R115-24-(2E)(S )k 1 BcSiZhiphtioxyearbemuiafin@Boxepi no[ 4, 5-d]ini d

azol -8~ y1) neiyiblhty) @ambﬁl&?sw&hpot)?msmﬂozdﬁmas;awywﬁ)ﬁem;bm an- 2-

25yl b t
(( é) ) (1:aE ( ?TEIH t2-Rpidazql2- )(|)¢¥‘€|QP€(FG)$)3:”1”Q (Bpnethy(- WWW@WBQ&I@BW&M no- 3-
met hyl but 3oyl By s9H-fbRs 2215 s e ik EhBBRRRkcs 2 | | mi dazol - 7-y1) p

heny1) -
1H- i m dazol -2gthybytanopimyriplidiaRi o),4 3-arietralydrabenzolBudlews!ahepte] Gar bamat e.

(Co 5 (s PP S P o RS 3R S e
yhcarbamate.

3. methyl ((25)-1-((2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

20 4. methyl ((S)-1-(((1R,2S)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

5. methyl ((S)-1-(((1R,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-

25 d]imidazol-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate.

6. methyl ((S)-1-(((1R,2S)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-

30 yhcarbamate.

7. methyl ((S)-1-(((15,2R)-2-(5-(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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30net hyl but anoyl ) pyrrolidi n-2-y1) -4, 5-di hydro- 1H napht ho[ 1, 2-1i m dazol - 7-yl
) pheny1) -
1H i m dazwb-281102e3ae| opent yl ) am no) - 3- net hyl - 1- oxobut an- PCyABuaz/binst e.  16.
methyl ((S)-1-(((1R 2R -2-(5-(4-(2-((S)-1-((S)-2-(met hoxycar bonyl ) am no- 3-
met hyl but anoyl ) pyrrolidi n-2-y1)-1H napht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) - 1H-i
m dazol 2- Acycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-y1) car bamat e. 17.
met hyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)am no- 3-
5nmet hyl but anoyl ) pyrrolidi n-2-y1)-1H napht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) - 1H
i m dazol - 2-Acycl opentyl)am no) - 3- net hyl - 1- oxobut an- 2-y1) car banate. 18.
methyl ((S)-1-(((1S,2S ;2-(5-(4-(2-((8@%-((8)-2- nmet hoxycar bonyl ) am no- 3-
net hyl but anoXJlP}‘ES}Y'}'b*l*i”ﬂldﬁz%QyYL')Cyﬁ'PP‘?fHﬂ BPI3- Y- ERI 2= yI ) phenyl) - 1H i
m dazol 2- Acygjcansamaté.) am no) - 3- met hyl - 1- oxobut an- 2-y1) car banate. 1019.
met hyl ((9)- 1_t()h( (1S, 2R) - 2-é5-‘§4-4(12-&§sa]- 1- (2( S) - 2- (et hoxycar bonyl ) am no- 3-
met hyl but #hoVEVBUE ol 1 E1H2BL- 915 (4 i3-Gabhl PR MEtRAy R BAPORMNY$Y) pheny 1) - 4- ch
I28r o- 1{41h mI dagethyBuepal@peidive) @ B8)s-2traRjdivbentoPiydchepia{ H/2) car bamat e.

. e

((S)>1- ()(/( 1lpiglazol-Bo/l)phenyd): {H-1yidazqi- gy )cyclorasttiamtalrhBRTYY Lirkorytan-2-

met hyl but anoyjchmanis@é.i di n- 2-y1) - 1K napht ho[ 1, 2-d] i m dazol - 7-yl ) pheny1) - 4-ch
I -1H ,

15 m dazol® 2NABYLISLA( IR FRRPRSI+ 6 WSk hy(E) - @ediveabopeing bamat e, 21.

met hyl  ((S) - fefhl/lblBndH)py?olidin£4) R4 G(eSetrhhidrébenoEaétmnepri Ranyl ) am no- 3-
met hyl but anoa/l ),pgr raolidin- 2-1y1) -5, 6-di hydr o- 4H benzo[ 3, 4! CP/cI ohept agl, 2-d]o
xazol - 8- Jimidazol-8-yl)phenyl)-TH-imidazol-2-ylycyclopentyl)amino)-3-methyl-1-oxobutan-2-

yl') pbenyl) - lythcarfad@zel - 211) cycl opent yl ) am no) - 3- et hyl - 1- oxobut an- 2-

yl) carbamate. 2022. nethyl ,

((S)-1- ((("Pngisyl (525)(‘5((6ﬁ%@-?-{%ﬁ“:@:@s}-1(§J-€my%aépwﬁﬁww-no- 3-

met hyl but anoykhguta@blishyrroRdit-2)yiy44, B-aitiyaps | e baprabA , Blimsian: aral hohedllipxazol - 8

1 e S RS e S2bbutan s Warodmaie ™ 21 2

y1) car bamat e!H-#Bidagelyyjicyclopentyl) ) y yl)

((S) - 1- (( (HRndfByt @S K Pt((¥B,£8)-2{H)4--($)5) ((3)-Lnmidiwxyeabbamumira-no- 3-

15 methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-d]imidazol-8-

yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate.

12. methyl ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-

20 d]imidazol-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate.

13.methyl ((S)-1-(((1R,2R)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-

25 yhcarbamate.

14. methyl ((S)-1-(((1R,2R)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

15.methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-

30 methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-
1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.
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25met hyl but anoyl ) pyrrolidin-2-yl)-4,5-di hydrobenzo[ 2, 3] oxepi no[ 4, 5- d] oxazol
-8- yl)phenyl)-1H i m dazol - 211) cycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-
y1) car bamsiDen1322134aet hyl PCT/IB2012/054020
((S)-1-(((1S,29)-2-(7-(4-(2-((S)-1-((S)-2- (et hoxycar bonyl ) am no- 3-

met hyl but anoyl ) pyrrolidin-2-y1)-1Hi m dazol - 5-yl ) phenyl ) -4, 5-di hydr o- 1H
30napht ho[ 1, 2-d] i m dazol - 2- Acycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-

yl) carbamate. 25. nethyl

((S)-1-(((1S,2R) -2-(7-(4-(2-((S)-1-((S) - 2- (et hoxycar bonyl ) am no- 3-

met hyl but anoyl ) pyr rol i di n- 2- yI ) 1H i m dazol - 5- yI )phenyl ) -4, 5-di hydro-1H

napht ho[ 1, 2-d] i m dazol - 2- AC}/ nt?/I ; ani nqL) 3-net hyl - 1- oxobut an- 2-
y1)car bana1t6emethy| #p)-1- ﬁ(éﬁ] RJ-2-( 4 (2-1(S)-1-((S)- (methoxycarbonyl)amlno -3-

S)-1- 1
8 s g oot

h
geéaéll)lb?t ggo F}&(}[ﬂp@ RHEPINPY ”PRSB‘Y'B‘ %QPHW‘ ZIY'WH{%‘T%% 2-yl)carbamate. 27.
penpinp yl)

et hyl 17.methyl 1S,2R S h bony| 3-
((S) 1 (((1Sm§tS)y} -) ((f 5 é el ) (met oxycar ony)gtrptlre]aonoyl) yrrol i din

methylbutanoyl pyrr%lldngl -yl)- 1H ngp}zthoﬂ 2- d]|m|dazol 7tyrl1)%lhenyl) 1H-imidaZol-

ylg %H'l mi daZ—?l cy'étobbhﬂ?h@rﬁhﬁ% Slqh‘étﬁ'ﬁ-ﬁm%@bthn&ﬂidaméﬁ@a&@ -2-yl)cycl opentyl)am
no) - 3-
(05 1. (( (et CBSPBI TR 252 LEH BB () ey cab omgmn i no- 3-
)10hrret h>1fl) but aﬂﬁ@bﬁ‘yﬂoﬂbﬁnbﬂbpyﬁbﬂdlﬁ—@’ﬂ))T%nﬁplﬂhb{y@&]rrﬁ-lb‘ampfw BRI 2tH-infbigarol - 7- I

en
1IF3I-| mydazol %VWVFWEFWB%’HF‘W $RatRh YQPPHEN - e8tAM A oxobut an- 2- y1) car bana
te. 139. mefdmbthyl ( 1 S,2R) methoxycarbonyl )amino-3-

Gk

- - b
(ERRIEC. At Caeate MRt i T DU

heny1) - |m|dazol 2- yI)cycIopentyI ammo -3- methyl 1 oxobutan 2- yI?carbamate
IH i m dazol ch é’ %? 2/ % é/ 1- oxobut an- 2-yl ) car bam
ate. 153072 n@? 1S 2 methoxy arbonyl)amino-3-

((S)-1- (((15m3ﬁﬁl/rbata(n5yl Jirrrbﬁdnﬁ(Zsi)I)-ﬂH hé@)thé’ﬁ(zmtnhmz&aranydy) )AYEMOro3tH-
math | but ano rroji - i md -9H-f uoren2y1) 1H i m da
ol B oy %b@%y ;vawcmfngﬁﬁ%mﬁ AR o
21.methyl ((S)-1-(((1R,2S)- (S)-1-((S)-2- (methoxycarbonyl)ammo 3
methylbutanoyl)pyrroI|d|n-2-y|)-5,6-d|hydro-4H-benzo[3,4]cyc|ohepta[1 ,2-d]oxazol-8-
yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate.

20 22. methyl ((S)-1-(((15,2S5)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydrobenzo[2,3]oxepino[4,5-d]Joxazol-8-
yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate.

23. methyl ((S)-1-(((1R,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-

25 methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydrobenzo[2,3]oxepino[4,5-d]Joxazol-8-
yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate.

24. methyl ((S)-1-(((15,2S5)-2-(7-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-

30 naphtho[1,2-d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate.

25. methyl ((S)-1-(((15,2R)-2-(7-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-
16



31. et hyl
((9)-1-(((1S,25)-2-(5-(7-(2-((S) -

1- ((S) - 2- (et hoxycar bonyl ) am no- 3-
met hyl butwoayidy@yssmol i di n-2-y1) - 1H |
3-

) -
m dazol - 5-y1) - 9, 9- dipa®trk3d12/83401d uor en- 2
-yl)-1H
20i m dazol - 2- Acycl opent yl ) am no) - 3- et hyl - 1- oxobut an- 2-y1) car bamate. 32.
methyl ((S)-1-(((1S,2S)-2-(5-(7-(2-((S)-1-((S)-2-(nethoxycarbonyl)am no- 3-
met hyl but anoyl ) pyrrolidin-2-yl)-1H i m dazol - 5-yl ) phenant hren-2-y1)-1H i m da
zol - 2- Acycl opentyl)am no) - 3- met hyl - 1- oxobut an- 2-yl ) carbamate. According to
a feature of the present invention, the conmpounds of general formula 1
where 25 all the synbols are as defl ned earlier, can be prepared by
net hods gi ve?\aﬁhﬁhoi‘ubéé’ﬂf@%da&f’\/%ﬁ' J@yglopaniyhanaing ipmethykd xeBeRE i ve procedur es
are shown bejpabdifaever; the d| scl osure shoul d not be construed to limt
t he scope of the |nvent| on_arr Q??] aﬂéorrpou formula 1 as discl osed

her ei nabovi®: M&EKER)- T (( %?%b%r%ﬁ %TZFKHW“'PX@%BPW' BRIy epar ed by
met hods wel |ml§fh‘9hﬂ0tdn6ﬂ§ﬁ}ﬂ'ohé39-2%ﬂt1H Trﬁ’&ié%!%%)@ﬁenﬁ)oﬂ@naﬁlﬁho[ﬁ&z&nﬁa% may be

achieved leading to t formation whi ch coul d be coupled to the

protécted (FP¥) ‘B’GE’pe@B%mTQl MY cPOPERN Y ERABS i ¢ acid 3 (individual

: Ist?g‘regltsurRe&7 r_?ggth Rfspnq f@RzS)OQ-kﬂgb@ (Xg)dﬁ-ég% Z@ﬁlh@@%ngtgﬁ%ﬁtahgyﬁp?ﬁolidé%s 121,

7574-7581; TeH!HABRAR-S-Fhgnyrof- ”@?b@oﬁa%éﬁm%?q{& Wisvelppartianied-base 1 ke

triethyl am n@ethdt1 a%ﬁwémpryg&mbamgbe dii sopr opyI et hyI am ne and sol vents |ike
DVF, 1, 4-di oxane cetonltrlletoisx( cljization of 4 using

NH40AC colABIMEIEEH( %1 (W5 2B 3 (b2 6%) »%h12dme§%§ﬂr9%ny@émr&%ct ed and
coupbed wit hméﬁ»mataﬁqbwﬁiyh@wmrmsld)@mdﬂmna mﬁbﬁyé ajuﬁlaaguw Wphenysi ng

am de coupling rea i ke carbodiim iumsalts, uronium

salts, carbohyimidR '@@QHV@OP‘?{‘%){(%@@H{@'”@FS H‘eﬁwld %Selétaﬂ 2RA) Cf"rrqagtaitﬁrl ami ne,
4- et hyl nrophethyNEs) d(((fsmpely& @de M 48) JZRnﬁbtlﬁd&}/Ué?B@n))I lakrmdwF

1, 4-di oxane, THF or onet hane eadl

Al ternati vel e héﬂ?“ﬁ”BY'&}’erEFj”f‘ G b dﬁ‘ygéfh1 'Bé‘a%tﬂﬁme%id]irﬁ'dg?f%mﬁ)iph%\f')et i es
10by met hods1inaieazdle- )Flj&?clbpérwlﬂm@t’rﬁl)émmfo)lBﬂhe&hquO(bmut’adSZ Afcafsnmatea | . HOP

protecting O ctl 1. Schene_ 2: Reduction
of 778" Coud B e Ul g et HhE Kok A (R PaRBT R ng

methylbutanoyl)pyrrolidin-2-yl)-1H- |m|dazol 5-yl)-9H-fluoren-2-yl)-1H-imidazol-2-
yhcyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

31.methyl ((S)-1-(((15,2S5)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)-9,9-dimethyl-9H-fluoren-2-yl)-1H-

20 imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

32. methyl ((S)-1-(((15,2S5)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenanthren-2-yl)-1H-imidazol-2-
yhcyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.

According to a feature of the present invention, the compounds of general formula | where

25 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: Halogenation of synthon 1 (could be prepared by methods well known in the
30 art, Tetrahedron, 2000, 56, 5225-5240) may be achieved leading to the formation of 2
which could be coupled to the protected (P = Boc, Cbz) B-aminocyclopentane carboxylic
acid 3 (individual isomers RR, SS, RS and SR could be made by methods known in the
17



either of Pd/C, Pt02 or Raney Ni, Fe/HCl, tin(ll) chloride, titaniun(lll)
chloride or zinc/AcOH 15 could lead to the formation of 8. Diazotization
fol | oned Wo 28MdmEyer reaction of 8 mght |lead to the f@cwaB2oomos200 whi ch
on acidic/basic hydrolysis mght result in formation of 10. One carbon
honol ogati on foll owed by hal ogenations mght lead to formation of 11 from
10. Internediate 11 could further be O-alkylated with 3 in presence of a
sui t abl e base and sol vent and cyclized using NH40Ac to yield 13.

Pd-catal yzed C-C coupling of 13 with 14 20(ref W2009102318 Al) m ght | ead
to the formation of 15 which on de-protection and WO

2013/ 021344PCT/ | B2012/ 054020 co g ing with

(S) - 2- ({IPEAHSX ) Blat-BngPYaftnefQis %ﬁyﬁ@u?ﬁ%i eoci WP%r 28 A PaP8hol €t i es
m ght | eagmin, tdoes syt h@ﬁjo@zws 1@3@@ &OWG&Qt@fbefs@rmatnbthy@nﬁ@eﬁe 3:
Dazotlzatlonfollowe yer reaction on may |l ead to the

f or mat i SiFLHA m?@“'ﬁiﬁntﬁ@@@%@@@% HY SOVERSI |“§%e|?jM5y 1h%1thS’é§rr‘Fat| bf: of 18

Wi th suiata@bhigild e ;anraacwaaﬁ@em:sus.@]ﬁhmh@bbma |2 t&%é/\aohhat&m%fls i€ 1 ne
usi ng an ap&goprl ate base like triet
p

m ne, 4-mnet hol i ne,
di i sOpr 81y '] HGPRIRGRY 8l courig Atith QSR@ (BRRthoxycarbony) %wagbﬁyetlﬂlwutano.c

acet oni tabu'dh%urf@ eﬁﬁ’&ie'o@@ﬂl ngégﬁ&té Wé@rbéﬁimﬂcﬁeszgho@h@hiuﬁaéélt@nur@hlulrrnéﬁfsmdl ate
20 with NH40Ac m lead to the formation of tricyclic system 21. Synthon

25 m ghPaWPQ”Y‘J?'HF'Hg%Q'%ér&i PFRSSRES O \ih Bl bseli k@oUPH‘YH‘@"@? at WFM’B‘E{F’WWH 3

foll OV\B@uéb\pr&p&‘Iéthﬂ@fﬁﬂn@rh u%bwentmklé@w anddfoké\aé IMFgar&aroadmémamsf Ieadlng to
bor onat e/ bor oni ¢ Vi a -cat al ysi s. } ons 21 and coul d be

linked tMHGURAIE. ec&IBrr‘iaH\QQ'hé{eFRfB eﬁ’seidﬂ@r 8 %8@%P9§P§p'?9‘>t%ﬁﬁ‘é{?r moigties

Syntigesb§ midh@fs Knd@nGOReAEIBUZ toTGlrnisPrIRMPddRdD6 thefualla | may be
acconpl i shed by de-protection of 26 and coupling the de-protected amne to

(S)-2-((met hoxycarbonyl ) am no) - 3- nmethyl butanoic acid or simlar noieties
using a suitable conbination of cote grlbedygent s, bases and solvents. WO
2013/ 021344PCT/ I 82012/ 054020 ché)rre 3
halogenatlon ?_W _base, solvent gﬂr M THQ
0-2 p~NH 0-2 HN-p
A=CH2, O X=Cl, Br, |
1 2 4
i. de-protection
1. \/ a
HO\n/\N o0~
_NHiOke EZE‘;'LQQ reagent Q&r Yﬁ
N%N fo = o I QO g
HN A =0 & NH
Y = O and/or NH /O’& // \\ o O\
5 6
Scheme 1:

Scheme 2: Reduction of 7, could be prepared by methods known in the literature, using
either of Pd/C, PtO, or Raney Ni, Fe/HCI, tin(ll) chloride, titanium(lll) chloride or zinc/AcOH
15  could lead to the formation of 8. Diazotization followed by Sandmeyer reaction of 8 might
lead to the formation of 9 which on acidic/basic hydrolysis might result in formation of 10.
One carbon homologation followed by halogenations might lead to formation of 11 from
10. Intermediate 11 could further be O-alkylated with 3 in presence of a suitable base and
solvent and cyclized using NH4OAc to yield 13. Pd-catalyzed C-C coupling of 13 with 14
20 (ref WO2009102318 A1) might lead to the formation of 15 which on de-protection and

18



Schene 4: I n another process, Wttig reaction on mhalo substituted

benzal dehyde 28 5 using the appropriate base and solvent mght lead to the
format i orwof20@2wdiech on reduction with Pt-based reagenPsTaRmngsi4ont her s
may lead to the formati on of acid 30 which under acidic conditions may | ead
to the formation of 34. Alternatively, 34 could also be synthesized from

t he phenol 31 which on alkylation mght lead to the formati on of 32 which
on acidic/basic hydrolysis could lead to the formation of the acid 33.
Cyclization of 10 33 under acidic conditions mght lead to the formation of
34. (J. Med. Chem, 2000, 43, 2049-2063; ibid 2005, 48, 7351-7362;
W2009102633 AIQB treatnment with |soa nitrite in an appropriate

sol vent COWNINGeWiEs (R gHMaioyedieeat)eming WQ@Y\PHP@H'CU%% F SHBHIToMOR{IEH

Boc- L- piaghtiedd t8RskesyriassisCofa@siicbmPbendseof fregh L0 formation of 36.
Treatment of 36 with triethyl phosphite mght lead to the formation of
either 37 or 38. Pd-catalyzed CGC 15 coupling of either 37 or 38 wwth 25
foll owed by de-protection and coupling with (S)-2-

( (et hoxycar bonyl ) am no) - 3- nethylbug noic acid mght lead to the fornmation

iaZzotisatr

of 39 or 4 trl,eg@DL o] ds iseyeed o r arhyg?,,gjis 0] |ng 42
(generated-{r W t A -t fiat e/ bos0 ci d of « Ggh the use of

Pd catal yzed €& C« -¢oupl i ng reactl ons to yief d ?14x Qb1 conpounéls of fornula I.
WO 2013/ 021344PCT/ | B2012/ 054020 Scheme 5: Acet ophenone 45, which is readily
avail able or prepared fromsuitable reagents, could be prot ecet—@ with a

sui tabl e proteetdi ng group to get .46 which could t=hen hal ogena,l@d and

0- al kyl at eg:LTt“efiﬁeHnNaf@Qs & lsoeh @WQM “acconpl i shed
5usi ng anmoni um aéjet%o yi el upon de-p o on of benzylic
hydroxyl group followed by al kylation under basic cond1st| ons with either
synthon 37 or 38 might lead to the synthesis of 50. De-Pfotection of 50
under acidic conditions andp"ggguent |ﬁ|o goupling with

(S)-2-((met hoxycar bonyl )ath 3~ met ?’But anoic acid or simlar noieties
m ght | ead Pt he formati orgougggf;ge;ﬁl orrpounds of formula I. 10 15
Conpounds 0 : % i_mrent i Qn O‘@" vd using synthetic schenes
provi ded bel é e 0y hn® o
15 16 :g <
O>=o
Scheme 2 \

Scheme 3: Diazotization followed by Sandmeyer reaction on synthon 17 may lead to the
formation of 18. Synthesis of 19 may be accomplished by halogenation of 18 with suitable
halogenating agents. O-alkylation of 19 with Boc-L-proline using an appropriate base like
triethylamine, 4-methylmorpholine, diisopropylethylamine and solvent like DMF, 1,4-

10 dioxane, THF, acetonitrile might lead to the formation of 20. Cyclization of intermediate 20
with NH4OAc might lead to the formation of tricyclic system 21. Synthon 25 might be
synthesized from 22 wherein 22 could be O-alkylated with 3 followed by cyclization using
NH4OAc and finally generation of boronate/boronic acid via Pd-catalysis. Synthons 21 and
25 could be linked through C-C coupling method using Pd catalysts to obtain 26. Synthesis

15  of the compound 27 or compounds of formula | may be accomplished by de-protection of
26 and coupling the de-protected amine to (S)-2-((methoxycarbonyl)amino)-3-
methylbutanoic acid or similar moieties using a suitable combination of coupling reagents,
bases and solvents.
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Compounds 1 to 3 were prepared by follow ng the route provided in Schene
Boc-NH O 0 0 s,B-B; 00 Br 8786081866286 i TFA, DCM rt, 2h o _ HO
NBocOC) rwe 201322EDC , HOBt, DI PEA 1/41,r1/ PCT/IB2012/054020

i. diazotization
ii. Sandmeyer x Boc-L- prollne

FeN reaction halogenatlon base, solvent solvent X o NH,0Ac N
- )[ X \
0 Y
N H N

o e
X=Br, 1, Cl Boc Boc

17 18 20 21

P-NH
o

N N

p-N -

x 3 base, solvent O O, NH,OAc Y\r‘D Pd-coupling RO, Y- I
O I O e O

NN RO NN

X=Br1,Cl P = protecting Y = O and/or NH
group

22 23 24 25

i. de-| protectlon 0

i HN,
HOY\N o o
coupllng reagent,
2., 25 Pd- coupllng __solvent IY N
A alaWals

26 27

Scheme 3

Scheme 4: In another process, Wittig reaction on m-halo substituted benzaldehyde 28
5 using the appropriate base and solvent might lead to the formation of 29 which on
reduction with Pt-based reagents amongst others may lead to the formation of acid 30
which under acidic conditions may lead to the formation of 34. Alternatively, 34 could also
be synthesized from the phenol 31 which on alkylation might lead to the formation of 32
which on acidic/basic hydrolysis could lead to the formation of the acid 33. Cyclization of
10 33 under acidic conditions might lead to the formation of 34. (J. Med. Chem., 2000, 43,
2049-2063; ibid, 2005, 48, 7351-7362; W02009102633 A1). On treatment with isoamyl
nitrite in an appropriate solvent, oxime 35 might be generated from 34 which upon reaction
with Boc-L-prolinal under basic conditions may lead to formation of 36. Treatment of 36
with triethyl phosphite might lead to the formation of either 37 or 38. Pd-catalyzed C-C
15  coupling of either 37 or 38 with 25 followed by de-protection and coupling with (S)-2-
((methoxycarbonyl)amino)-3-methylbutanoic acid might lead to the formation of 39 or 40.

Symmetrical compounds could be prepared by coupling 42 (generated from 34) with the
boronate/boronic acid of 42 through the use of Pd catalyzed C-C coupling reactions to
yield 44 or compounds of formula I.

20



N N3"'""ACN, It,
by followi ng the route prov

pr epar ed W9 2bh3/d2e344ng t he route provided in Schenme I1|
2013/ 021344PCT/ 1 B2012/ 054020 Compounds 21 to 23 were prepared by foll ow ng
the route provided in Schene |V Conpounds 24 to 27 were prepared by

16 h 10-20% Boc'

Scheme T Conpounds
I ded in Schene ||

4 to 15 were prepared
5Conpounds 16 to 20 were
POIDTB2012/054020

followng the route provided in Schene V WD 2013/021344

Ph;P(CH,),COH
X\@/CHO base solvent
28

Br(CHy)34COEL

X\©/0H alkylation
L

k4l

isoamyl nitrlte, x

solvent
34

HN~Z
A=CH,, 39 o
A=0,40 j’NO
HN—,
o I

alpha-
" halogenation
_—

o}
41
X=Br,Cl |

i. de- protedlon
i O

HOY\N o~

coupllng reagent,
solvent
43

X A
[ @}
n=1.2
X

O}

intra molecular

A
oY
n=1,2
o
NH

N,
BOC\?:’

A= CHy, 37
A=0,38

N—Boc ( )
=12 POEY,
NH4OAC \SN~OH solven(

Boc~N

boronate of 42

i. 3, O-alkylation
Pd-coupling
_— .

ii. cyclization

X A
1@
- n=1,2 v
he
Ny %N
o g
b

>“”§O 44 OHN <
o=(O 7o
/ \
Scheme 4

\©/\/\MCOZH _ redustion COzH acylation
—_
A=0orCH,
n=1,2
intra molecular o]
X\©/O\/\H,002Et hydrolysis X\©/O\/\M,COZH acylation "
n=12 T n=1,2
32 33
i. 25, Pd-coupling
ii. de-| protectlon
i (@)
CHO HO\n/\ -
N™ "0

coupllng reagent,
solvent

Y
N:

S

H

o

43

Scheme 5: Acetophenone 45, which is readily available or prepared from suitable
reagents, could be protected with a suitable protecting group to get 46 which could be then
halogenated and O-alkylated to possibly yield 48. Cyclization of 48 might be accomplished
using ammonium acetate to yield 49 which upon de-protection of benzylic hydroxyl group

21




PCT/ 1 B2012/ 054020 Conpounds 28 and 29 were prepared by follow ng the route
provided in Schene VI 0 Boc anhydride, NaHCO3 1, 4-di oxane, rt, 16 h (5)
0 HN R5OW6Q043R21340e, Et O LiOH, THF/ EtOH water it, 4 IRCT4B2002/054020 OH DI
PEA, ACN (14'rt, 3 hra O

followed by alkylation under basic conditions with either synthon 37 or 38 might lead to the
synthesis of 50. De-protection of 50 under acidic conditions and sequential coupling with
(S)-2-((methoxycarbonyl)amino)-3-methylbutanoic acid or similar moieties might lead to
the formation of 51 or compounds of formula I.

e}

Ho*to

P~ ~N
n=0,1<:> EO: protection n=0,1 O halogenation =0,1C f base solvent n=0,1
HO P—0 o)LD
X=Br I Cl P
45 46 47 H
i. de-protection
"HO A —
N™ O
Y\H
O
i. Py-deprotection j"r" coupling reagent,
NH40Ac n=0,1 Y\r"‘ ii. 37/38, arylation oA solvent
48 —> N\ | N ————» HN \ _—— -
N P
P—=0
49
“Boc
P and P, = protecting groups
A n=0,1 Y-
{ S | NH Y=0,NH
N
HNTN O )\(.\\\\
== I8}
.2\ HN\(O
</Nfo O
ﬁ NH
0T ™o 51
5 ] Scheme 5
10
15
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BocN .1 '0 5 10 15 20 WD 2013/021344PCT/ 1 B2012/ 054020 Conpounds 30 to
32 were prepared by following the route provided in Schene VII
WO 2013/021344 PCT/IB2012/054020

Compounds of the present invention were prepared using synthetic schemes provided
below:

Compounds 1 to 3 were prepared by following the route provided in Scheme |

5
Boc~, O, o]
NH o
] d 0
H
HO Boc Boc~N Pd(PPhg),, KOAC
DIPEA, ACN NH  ammonium acetate H 1 4-dioxane
O r2h O Q toluene, 110°C, 15 h N MW, 120 °C, 40 min
Br: —————=Br _ =B S I —_— -
Br  87% d 81% N 62%
n=1,2
N i TFA, DCM, rt, 2h
Br N - ~ o
N Ilh'o ii. o H J\
H HoQ H YN o7
~N Boc” N< = H
Boc Boc n=1,2 O
H Pd(PPhg),, K,CO3, DME-H;0 (3:1) H EDCI, HOBt, DIPEA
Q, N MW, 120 °C, 40 min N N ACN, 11, 16 h
PO O
© 30-50% N O 10-20%
N
Boc”
/
O\Fo
o}
NH net 2
H
OO
Ned N)”".O Scheme |
N
o N
j’w
HL (
oo
\
10
15
20
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i.TFA, DCM 45 C, 18h O
i nvention includes pharmaceuti cal
conmpound,we 20mi3at i on of two or

pharmaceutically acceptable salt thereof,

acceptabl e carrier or excipient.

Schenme VI |

5A further enbodi nent of the present
conpositions conprising any single

nore conpounds del i neaCedBiiaz/e34n20 or a
wi th a pharmaceutically

10Yet a further enbodi nent of the present

invention is a pharnaceuti cal

a conbi nation of two or

pharmaceutically acceptable salt thereof,

agents known in the art,

conposition conprising any single conpound or
nore conpounds delineated herein, or a

in combination with one or nore
wi th a pharnmaceutically acceptable carrier or

exci pi ent .

85- 959%@r

151t wi |l

be further appreciated. that conpounds of the

pr esent GOMPOHPIHA I B WBES RIBRRTRP &Y &Rllewingdthe Fute Broxidgedin veheihl naceut i cal

agent, or used in conbination wt
Br%k " HN~gog
n=1,2

A Pd(PPhs)s, K,CO3, DME-H,0 (3:1
MW, 120 °C, 40 min

h one or nore agents 27

i. TFA, DCM, rt, 2 h, quantitative
ii. ~ 0

HOLA
. \H/\NJKO/
0

HATU, DIPEA
DMF,0°C-rt,15h

=7

40-50%

=1,2

g e
N N
T QD’ﬁJm
R A=cH,0 %TD
HEL ;’(

\

X N‘Boc =1,2
) d&%n A
AJ%4!>4i§j%un

10 - 20% (after preparative
HPLC purification)

O

’

A=-CH, O Boc’

Scheme 11

5 Compounds 16 to 20 were prepared by following the route provided in Scheme Il

DDQ, benzene
80°C,3h

Gy e
Br N//\LN)
H
N i orl gor2

\_N HN-Boc

R R=H,Cl

Br

Pd(PPhg)s, KoCOs3, DME-H,0 (3:1)

MW, 120°C, 40 min Bog

40-50%

J~NH \("Q
° s"\\(o "l‘l\ O \HL‘er\TZ o

10

i . Q NH  Boc mMw, 115 °C, 45 min
Br P ’\i
60% N 67%

HN

o o
IB - B\
o ©

KOAG, PdCly(dppf)-DCM
PCya, 1,4-dioxane

O, O NH  Boc
P O AN
(0] N

i. TFA, DCM, rt, 2h

) ~ o
. H
HO ~ J\ e
YN
H O
N N e or2 HATU, DIPEA, DMF
N “\\\II\N \_N~N HN~Boc 25°C, 16 h
O H R 15-25%
R=H,Cl
Scheme 111

o

o]

o)
\
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to treat or prevent hepatitis Cinfections or the synptons associated with
HCV infection. Other agents to be adm nistered in conbination with a
conpound WO 20mhi3at i on of conpounds of the present i nveoTiiBwi2/ns2de

t herapi es for di seases caused by HCV infection that suppresses HCV viral
replication by direct or indirect nechanisns. These 5 agents include, but
not limted to, host immune nodul ators (for exanple, interferon-al pha,
pegyl ated interferon-al pha, consensus interferon, interferon-beta,

i nterferon-gamm, CpG oligonucleotides and the like); antiviral conpounds
that inhibit host cellular functions such as inosine nonophosphate
dehydr ogenase égor exanple, ribavirin and the like); cytokines that

nodul at &O7HARHASS 2 LikRctd W?.re(%t?areckQw{ﬂ"ewmrttﬂ%m%wowdzd in %‘f@”l‘ee't)/m n 6, and
interleukin 10 12); a conpound that enhances the devel opnment of type 1
hel per T cell response; |nterf-r|ng RNA; anti-sense RNA; vacci nes
conprising HCV antigens or anv|o- adj uvant combi nations directed agai nst
HCV, agents that interactiwi R Bé%{lular conponents to block vira

protein synthesis by inhi |t|ﬁ the I hternal ri e (I RES)
initiated translation-step %I 39, V|Q9I repl i cai gk vira
particle maturatio I eivad&Sondd M th agantsdt waifiekod he
viroporin fanﬁfi*éi mewhiane p&g&elns such for exanpl e, HCV P7 and the

i ke; and any agent or conbi nati on of agents that inhibit the replication
of HCV by targeting.ather proteins of the viral genone involved in the

vi ral repllcatlon\and/or interfere with the function of other viral
targets, such 'as H¥@1tors of NS3/ NS4A protease NS3 hel i case, NS5B

pol ymer ase, Aopﬁbteln nd NSS ;oteln cording to yet another
embodi ment , théﬁ&ﬁﬁ?hﬁ@e nsN r1rh present invention may
further conprlsemgﬁnlbltofbﬁ) oﬁw t fs Hi the HCV life cycle,

i ncluding, but not limted tééjhellgaaeo pol ymeg g NMgLREHOPY Ot ease, NS4A
protein, NSH5A protein, and internal ribosone en%%y site (I RES).
Accordingly, one enbodi nent of the present invention is directed to a
nmet hod for treating 25 or preventing an infection caused by an
RNA- cont ai ni ng virus conprising co-adnmnistering to a patient in need of
such treatnment one or nore agents selected fromthe group consisting of a
host i mmune nodul ator and a second or nore antiviral agents, or a
combi natjon thereof, with a therapeutically effective anount of a conpound
or combGRRPCHRIDE4 otrhwensdseRATed H)éfoﬁpté@éﬁt‘e reeRovigad ibpchemgh¥r maceut i cal |y
acceptabl e salt thereof. 30 Exanples of the host inmmune nodul ator are, but
not limted to, interferon-al pha, pegyl ated-interferon-al pha,
i nterferon-beta, |ntetferon ganma, a cytokine, a vacci ne, ag? a vaccine

e

conpri sing an antlge1 d an adjuvant, and said secef ral agent

i nhibits 28 repllca%hQQNQf eIRH$L by i nhi bi |ng%QMKm)w£Llular functions
associ ated wit Wﬁiéf OF sy _ I g probeprns of the viral
genome. Exanpl e df th%’RNA com nlﬁﬁ ViT CTﬁdes bat not limted to,

hepatitis C virus (HCV). A furt%er enbodi ment of the present invention is

directed to a nethod of treati'AgBe 5 preventing infection caused by an

RNA- cont ai ni ng virus conpr|5|ng%gq*adntnlsx@rlng to a pat in need of
such treat nment a 2 e onbirnsad bonen0f a{}ﬁnt &y .@0 Te or alleviate
synpt ons of QDoleﬂetudlng cirrhosis)ahd i nfl& bn of the
liver, with a erapeutlcally eﬁﬁeehwme anount of a conpo or conbi nation
of conpounds of Phe-prkesent i nv kQﬂ or_a pharnaceutlcal y accept abl e

salt thereof. Exanplée of t Hﬂww;%gggtalﬁm virus ingl but not
limted to, hepat} T sB—eHGvé%‘eE L\ €i¥d @Q °of t he present
i nvention provtﬁe@ a netod of treating or pﬁéventln nf egt¥on caused by

an RNA-contai ning virus conpr|5|n% co-adm ni stering to a p c’|ent in need of
such treatnment one or nore agent S™Pfaf treat patients for di sease caused by
hepatitis B (HBV) infection, with a therapeutically effective anount of a
15 conpound or a conbination of conpounds of the present invention, or a
pharnmaceutically acceptable salt thereof. An agent that treats patients for
di sease caused by hepatitis B (HBV) infection nay be for exanple, but not
limted thereto, L-deoxythym dine, adefovir, |amvudine or tenfovir, or any
conmbi nati on thereof. Exanple of the RMA-containing virus includes, but not
limted to, hepatitis C virus (HCV). 20A further enbodi nent of the present

i nvention provides a nethod of treating or preventing



i nfection caused by an RNA-containing virus conprising co-admnistering to

a patient in need of such treatnent one or nore agents that treat patients

for di seawew0wmugedl4by human i nmunodefi ci ency virus (H VpcrnBmae/hzmo with a

therapeutically effective amount of a conmpound or a conbi nation of

conpounds of the present invention, or a pharmaceutically 25 acceptable

salt thereof. The agent that treats patients for di sease caused by human

i mrunodeficiency virus (H'V) infection may include, but is not limted

thereto, ritonavir, lopinavir, indinavir, nelfmvir, saquinavir,
anprenavir, atazanavir, tipranavir, TMC- 114, fosanprenavir, zidovudine,

| am vudi ne, di danosi ne, stavudi ne, tenofovir, zaIC|tab|ne abacavir,

ef avi r ePPMAREYAS %%P%Zg WereREPaieAdy fetigmingpihe route prayided isSehgime Venf uvi rt i de

(T- 3020) or T-1249, or any conbination thereof. Exanple of the

RNA- cont ai ni ng virus includes, but not limted to, hepatitis C virus (HCV)
It can occur that a patient may be co-infected with hepatitis C virus and

one or nore other r¥ictuses, including but not linmted to human

i mrunodefi ci ency Viek 48 (HIV) hepatitis A virus (HAV) andmhéﬁﬁgitis B virus

(HBV). Thus alsé e&a%&mpdated |s conblnatldn therapy to treatswuch

co-infection by Go-atm n| ‘S&I’ it Ehoned, 166 O RO TRt EBT i (sxioﬁ'i’*ﬁﬁ present

i nvention witR,5at T east - of ameIV ‘b|t@%w an V T nhisbi tor and an
HBV inhibitor. In additi om Metahe pr esent " nve @@ DFZ)‘[OVI des the use of a

conpound or a conbination of conpounds oft fie ention, or a

t herapeutically, acceptable salt th , aﬂd one or' nore agents sel ected
fromthe gro ng) 511 0gacfeea h kuw ne~mecuvatcor and a second or nore
antiviral ag a €5ppi-rat on t hereots o prepare a nedi cament for the

treatnment 10 of an i nfection 0&u®e@hby an RNA-containing virus in a
patient, particularly hepatltlsmg:wuwys Exanpl es of the host i mmune

nmodul ators include, but areynot n1ted't; |nterferon aI a,

pegyl at ed- |ra¢cerN Qu Rhe i nt éE°féshE6°ﬁ‘ b%ta{ wL e a cyt oki ne,
a vacci ne, ﬁ Va cc ne cowpr|3|ng sing an anti geny I Qt and said
second ant|V|raI agent inhibits replication of HCV elther ﬁ¥

i nhibiting
host cellular functions associ at ehewtYh 15viral replicatiof or by targeting
proteins of the viral genonme. When used in the above or other treatnents,
conbisnati on of conpound or conpounds of the present invention, together
with one or nore agents as defined herein above, can be enployed in pure
formor, where such forns exist, in pharmaceutically acceptable salt
thereof. Alternatively, such conbination of therapeutic agents can be

adm nistered as a 20 pharmaceutical conposition containing a
therapeutically effective amunt of the conpound or conbi nation of
conmpounds of interest, or their pharnaceutically acceptable salt thereof,
in cgonbination with one or nore agents as defined herei nabove, and a
phaﬁﬂaceutically acceptabl e carrier. Such pharmaceutical conpositions can
be used for inhibiting the replication of an RNA-containing virus,
particularly Hepatitis Cvirus (HCV), by contacting 25 said virus with
sai d pharmaceutical conposition. In addition, such conpositions are useful
for the treatment or prevention of an infection caused by an RNA-contai ni ng
virus, particularly Hepatitis C virus (HCV). Hence, a still further

enbodi ment of the invention is directed to a nethod of treating or 30
previsnting i nfection caused by an RNA-containing virus, particularly a
hepatitis C virus (HCV), conprising admnistering to a patient in need of
such treatnent a pharnmaceutical conposition conprising a conpound or

conbi nati on of conpounds of the invention or a 30 pharnaceutically
acceptabl e salt thereof, and one or nore agents as defined herei nabove,

wi th a pharnmaceutically acceptable carrier.

20

26



When adm ni stered as a conbi nation, the therapeutic agents can be

formul ated as separate conpositions which are given at the sane tinme or

wi thin a woedsteizsitned period 5o0f time, or the therapeuPCt/iByend3ioman be
given as a single unit dosage form Antiviral agents contenplated for use
in such conbination therapy include agents (conpounds or biol ogicals) that
are effective to inhibit the formation and/or replication of a virus in a
manmal , i ncluding but not limted to agents that interfere with either host
or viral mechani snms necessary for the formation and/or replication of a
virus in a mammal . Such 10agents can be sel ected from another anti-HCV
agent; an H 'V inhibitor; an HAV inhibitor; and an HBV inhibitor. Qher
agents to be administered in conbination with a conmpound of the present

i nvent i @dmpgdehdsiso B BYheeiProsEedAp bIBRMIAMNY ERAASRVIHBRIMEEime Wi ch i's
expected to inhibit netabolismof the conpounds of the invention.
Therefore, the cytochrone P450 15 npnooxygenase inhibitor would be in an
anount effective to i nhibi<tovwmetatol i sm of the conpounds of the present

i nvention. Accordi ngl yp-cbhe CYP TThi hit or i s adebni st in an anount such
that the bi bay3g [ Apr| .Mﬁi“_”ﬁhe_cgnp e 2Ar ege ‘Q‘@“ tion is

i ncreased in cogparison '8 tRAE bi oavai | abl ity*™i the absence of the CYP
i nhi bi tor. »2¢7h @n room t enper r i used in the specification denotes

any tenperature ranging between abotf’ 20C to about 40C, except and
ot herw se it |m§wyé®peecmf| ca | ti g_?PE d in Sh “ cat inonc odhe
i nt er nedi at es “anig the—~c Gf—the_presg ained in

pure form 25 in a manner known per se, fgog%exanpl e, by di stilli ng off the
solvent in vacuum and recrystallizing the residue obtained froma suitable
sol vent, such as pentane, %ﬁ@g | ether, |sopropylsrﬁ%A chl orof orm
di chl oronet hane, ethyl acétéate l"acetone or their i nations or subj ecti ng
it to one of the pur |catptﬁﬁﬁ?f‘ét hods, suc oIDiAEtm "}ir omat ogr aphy (e.g.,
flash chromat g@p@%@u&aﬂ SOF teab)] esh& ahzssmn as alum na or
silica gel u " 30el (@nt suet as c¢hl or onet ha é, ethyl acetate, hexane,
met hanol, acetone and their conbinat'kons. Preparative LC-MS nethod is al so
used for the purification of nolecyl.es.described herein. Salts of conpound
of fornula | can be obtained by, di\sj«sil ving the compound in a suitable

HO ~

TN e

o} N H

y SEME HATU, DIPEA, DMF, it 16h 7 N QN\ ° \N)/'\N o
Q ---- MH\ OGO \N/ -/’\Eoc 10-15% (over 2 steps) &H H Q N \J\IH

Z

Scheme VII

5 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.

10 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.

15 It will be further appreciated that compounds of the present invention can be administered

as the sole active pharmaceutical agent, or used in combination with one or more agents
27



5 solvent, for exanple in a chlorinated hydrocarbon, such as nethyl
chloride or chloroformor a | ow nol ecul ar wei ght aliphatic alcohol, for
exanpl e, wOharsal213m | sopropanol, which was then treat edPairtiR2oies4«dmsi r ed
acid or base as described in Berge SSM et al. "Pharnmaceutical Salts, a
review article in Journal of Pharmaceutical sciences volunme 66, page 1-19
(1977)" and i n handbook of pharnmaceutical salts properties, selection, and
use 10 by P.H Einrich Stahland Camille G wermuth, WIley- VCH (2002). Lists
of suitable salts can also be found in Rem ngton's Pharnmaceutical Sciences,
18t h ed., Mack Publi shing Corrpany, Easton, PA, 1990, p. 1445, and Jour nal
of Phar rraceutl cal Science, 2-19 (1977) For exanple, they can be a salt
of an al%¥Fat QFeQraYe"(té‘eaat'“Ss%mf%ﬁHOB? oweawmws %F%@tfﬂﬂé"'@dﬂé{% IRgetion- (e. g.

cal ci umpthé a%!'ﬁ@% W8 dmmdtdred IR cObikediBR ONRH a0torhbundNYEe BbinBinalidn df
conposition thereof can potentially be adm nistered as a pharmaceutically

accept abPBPAIAs- Qb iid iPHIPENh AWENtRILEnCHYe; BBraniesa el diserpesarauses et \oy

react i omf¥dtioR thmmms@ewcﬂﬁ mrﬁu@bn@ﬁoﬂﬂwrmm Br indliré&i ecHv@dhbmagts aci d,
perchloric acid, nitric acid hi O%nl c acid, sylfuric acid, and

phoséhorag%”téé?%deaﬁk!t Rt YEviPE t%\choég 416 medulaiers (erpampls dntederapiabhaci d,

pr opi Onlpégy’ﬂétbél |nt6|*fé/r6ﬁldlphaa§bt¢!;enls@é3Inté?few %teﬂé’r{)mﬂeﬁa méﬁero%élﬁnﬁ-‘a g,
mal oni ¢ aci d, succinic acid, and fumaric aci or éﬁreactlon

with an °|'9%W§§Hi'q,esbad'§’etheé'b@h aﬁ%"'@‘b&‘?"&?ﬁ“ﬁ‘%ﬁ@l'%b't biost &%@i'%fnfﬁﬂ%}@f“ befe. The

conver sna@mdsmeangﬁddhoeﬁhaa@@@mdrb@émae l{)ﬁér XA BEMavin éﬁdemba@@) e Eﬂ@iﬁé‘sﬂd wi th
at least a stoichionetric am)unt of ?ﬁ)gl’ oprl ate acid

free badttimoqyiale dnieae fncAn | WéreP(a'@PGa rlegfsny@nifiteggeiin 6 @”Qémﬁf'é‘ﬂ

et hep, abiiyd R6EPodhE th&hERHPESS Mhe lcba@bphentTst ROk , hedded T hel Feléﬁons@nd t he
acid is adgeed in asimlar solvent. The m xture is mai ntained a sui tabl e

t enper afl#E(08. NN iesRieR FVAS \GRaNgD coprisiie HEYsantioeRy Oééf‘tﬂgeﬁr%‘l’vﬁ”f ates

spont angemsingtiéis dirddtddCadHiy BTy, @gten@fthétqhtetadt)mw HoRt 8ellubs TomPbAéNts @ vent .
30 The stereoi soners of the conpounds of fornmula | of the ﬁ éent i nvention

may be PIOSPANRIPBIFIN PUHRRNG,BY |'”f*\ Riting, e HeigER! GPosams Py 8iF GRECA&LRE & al

conpoungakgiatitth &8p APHOANH raplidatien anitd@locRGirdl 94rti6le MRatevatib® At Neleagent
and separating the diastereoneric salt/conplex by fractional

crydfal WHa29Ks &rogiedciongrmh t%r"ﬁﬂ%‘ir@gFa&’ﬁWyOf FEMRNG SFHENEr P L @Bnot es

a deri vakamgleOHCV PRERAUAE likharhasle bharatdrudmomigion adrgehstirsteiehibR the
war m bl ooded ani IS congerted into the cﬁ%rjgound \Sldrug

Is, e.g. humaps, ,
The enz{FRIERIONG WQV @héarg{g@gpg HYBIr BIORING Ok fEaVER) SeHPMEHBY AR BUREsYIGt ¢ he
present réghegitini QY/GCRERré NitAURB fandiBANSrothdradirdl fﬂ@rg@t@%@cﬂw gl§ Wghibirnof par ent
car boxyl j ¢ is. released, an jeties lit off

remain m%%@g@e%?e %r%ﬂ”ﬁ'l?@ls?z% BOW’WS@SHON% %@8%&55@ %P@ﬁﬁcts are

produced. For exanple, a carboxylic acid group can be esterified, e.g.,

Wi t hhoa mRESINgOtoOkED dhbtrfé'fr fby‘rhbo@rr@euﬁ the ynaeﬂndc@nucgswﬁposwma cﬂrth@:ar@s’ent S
adm ni stered to e est s cl eaved

mon- enzJHEIQsTEY T SHGETPIRS OGRS PUET (AOGF hiarHRylecaeiey nokg ey eal
the ani @m ﬁoigli’rﬁllttm t&melua&eapb@meﬁa&@r AHéal PO e E NISAA ifmloeeﬁh WSHA ppoteint es

(e.qg., &mo ters are cleaved to reveal an internedi ate
conpound” ?ﬁ%a'srlpn?\é%'aﬁé’ﬁwﬁt%l@@ﬁ%boses to yield the active conmpound. The
prodrugs can be prepared in situ during the isolation and purification of

the 15 acesraRdidsne @mbbmmparmbqirysdnembhm it RFeBed itd befetBOIRAURE NG t h a
suitable derivatizin r ex drox rougs can be converted

en
i nt > esPEPEVENIG3HY %l C%HSPPI 4 & >99'P'iat€¥ ngeY! MPHEING CaRIRLUSIENG,

cat al ysto aEyatiapt @5 nebd cdfeqieabreatdlbso beé onarrﬁ@keuggm gblettdi ﬂﬂ&httﬁ@ group
substi t ut ed or unsHyftltuted branched or unbranched | ower al k ester

moi et i eSONYUSIHY, Ofe MAST dBFWPE MEFUIRIBHEN A RGN A MBRENIST %ly?fgeéé% & e g.,
20 di nethybmatisromiehisk, it £therapeyticny @ﬁe&tmmrmo@hkuﬂ a @c&h@d@d oa@ysﬂn@matubrower

al kyl esters i val oyl oxynet hyl ester ester
St or, Bl Sompoviadt a1 e Sestmveriion, o BaplFyaeditaly” BeREPiER Bt RS 1 ut ed.
e.g.30 WIEthmm%%hMﬂ thdalodt iemumet htwwa&iﬂbéﬁel tignNhG amited aod imedéroh@ugtia, al kyl

esters, am de des, di-lwer alk es, and hydro

bR TR R NG AR T s e

conposi \a&he eeMp@iny BY ahhigerc anpad dfuvaht, lahe sarNsscahd faptivitdl @géht)ma@utsief i ned
above, its tautoneric forns, its steregi sonmers, its anal ogues, its
prodrugs, its isotopically substituted anal ogues, its netabolites, its

phar maceutically acceptable salts, its polynorphs, its solvates, its
optical isomers, its clathrates and its co-crystals in conbination with the
usual pharmaceutically 30acceptable carriers, diluents and the |ike.



The pharnmaceutically acceptable carrier (or excipient) is preferably one
that is chemcally inert to the conpound of the invention and one that has
no detri neotal3/ide ef fects or 33 WD 2013/ 021344PCT/ 1BPOTABBBZA032020t OXi Ci ty
under the conditions of use. Such pharnmaceutically acceptable carriers
preferably include saline (e.g., 0.9%saline), Crenophor EL (which is a
derivative of castor oil and ethyl ene oxide available from Sigm Chem cal
Co., St. Louis, M) (e.g., 5% Crenophor EL/5% et hanol/90% sal i ne, 10%
Crenophor EL/90'Y saline, or 50% Crenophor EL/50"Y 5 ethanol), propylene
glycol (e.g., 40% propyl ene glycol/ 10 Y et hanol /50 Y wat er), polyethylene
glycol (e.g., 40% PEG 400/ 60% sal i ne), and al coho ., 40% et hanol / 60" Y
wat er) . r??"ﬁ?té’ﬁero ézhC)éh%mﬁ%ac@mmfe@tm%Mt &ellylar ;5‘5?%'}'@'9%1ﬁ3éﬂ“éa*ﬁf’ywm Viigdich  as
PEG 400 eptiBstidhast H%yltblrgétln)gj ;ﬁroféﬂﬁpﬁsthélxﬁ}al Qé’rfﬂhﬁé $2ehpfO Y PReCRRIALoARSHIRY %0

wat er or saline. carrier wll be determned in part by the
parti culM&Ys Beleet Ryt '&‘Hé‘g’étﬁd todgeg%t’tqs %&'rWH@/ 10 particul ar method used to
adm ni ster the conposition. Accordingly, there is a wide variety of

sui t abl @ f%@ﬂ'eﬁibo@iﬁ%n@foftthél onasRAtioe M dfecBebtd @rﬁbtlﬁﬁd bherepfimpent
i nvention. The foll ow ngq formul ations for oral, aerosol, parenteral,

subc Bt aREYASLNg 'ﬁfercél% ABYRST By BRArGantaining ivites SoRIRESING FO-aPMIISIHEIG Ocheal |

rectal, paf%t\r’rﬁgéétﬁbf s’lﬁcﬁ‘tféaﬁﬁérﬂtdn%eﬁf 6r mﬁ@hatlohﬁﬂégmlsqw tRAf opBIRvidle NO WAy
limting. The pharmaceuti cal nposi tions can be adm ni stered parent erally,

e.g., %Y’F‘BK?%OBEI"FV InfEctieRy t”&P-‘idéﬂlgl §rrhegi® AfNda HEBTEIAION | 4t hgderm Mty a

intrat h@rﬁ‘e@éééﬁtlcﬂry bifdctiENEBREoln@Iok Yo cdMpsund BE compbmation rbf Rfoﬁ?ﬁﬁodﬁés of the
conpositions for parenteral adm nistration that conprise sol ution of 20

the conpRfRA! BICRUNE. ihAeRRrBIRCRICaLY feePriRo!s gapbdiriee- |E|¥a@H'ea€fc@6t Bhfe

car riper comtainddl virub McluRRE Sl b Allmitdintb it Ctus (I-'I‘(chdl ng aqueous and
non-aqueous, isotonic sterile injection solution erall, the

requirenents for effective fphar maceutical carriers for Farente al
conposi t'ebrRfodsr Frabagimentk ot PEPSeRbdegtion Pividasy askeined; of {raatingr or See

Phar mac kgv'eﬁﬁn(?amﬁbcﬁbﬁbaﬁ’é‘e)d @’é’fﬁhmeconialﬁn%lvlrQQb&‘ﬁ ﬁiém&@é@éﬂhstmd Rdel phi a,
PA, Banker and Chal mers, eds Ea es 238 §198 and ASHP Handbook on

| nj ect aBPtée’]f‘)r'Gd%eedT‘Efl 48| redingnignie 5 geis BIYUS & ({ery dyients, fen, disease

conposi thefs bihdpdstis @ %HBVESnf@QlUnalvﬂlhng fetdpetidMandtiacti fadh@udt of a
bacteriostats, and solutes t render the fornulatjon isotonic with the

bl 0dd ofOTREUNCSe 3 ARTBRAREPTY A GOPIREHIdS afifhe ReRfEBLIEVAINIINnYA RARIBGEUSRlY | | o

suspens laecféi)tétﬂ@tsa@@ﬂibrééfc I/md@geﬁumﬂ@a&gpa%m@ for d%é'ab'@lcbuge@ir Sy hbpatkikemi ng
agents, stabilizers, ggr eservati ves. onpound can be adm n| stered in

a phyS| gyl wigatign aa%% | XTI OMt ”an"ra't%@fef?é%éuf’?%ﬂhyeﬁﬁ"?‘? e Wch as a
steril ednididige OF tghfoliibE af¥ cbinBidbfitn tHeRsdf UEkdrhIdat e REALIMEaIniAG WRE!S

includes, but not limited to, hepatitis C virus (HCV).

20 A further embodiment of the present invention provides a method of treating or preventing
infection caused by an RNA-containing virus comprising co-administering to a patient in
need of such treatment one or more agents that treat patients for disease caused by
human immunodeficiency virus (HIV) infection, with a therapeutically effective amount of a
compound or a combination of compounds of the present invention, or a pharmaceutically

25 acceptable salt thereof. The agent that treats patients for disease caused by human
immunodeficiency virus (HIV) infection may include, but is not limited thereto, ritonavir,
lopinavir, indinavir, nelfmavir, saquinavir, amprenavir, atazanavir, tipranavir, TMC-114,
fosamprenavir, zidovudine, lamivudine, didanosine, stavudine, tenofovir, zalcitabine,
abacavir, efavirenz, nevirapine, delavirdine, TMC-125, L-870812, S-1360, enfuvirtide (T-

30 20) or T-1249, or any combination thereof. Example of the RNA-containing virus includes,
but not limited to, hepatitis C virus (HCV).
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dextrose and rel ated sugar solutions, an al cohol, such as ethanol,

i sopropanol (for exanple in topical applications), or hexadecyl alcohol,
gl ycol s, wochizaeiaopyl ene gl ycol or polyethyl ene gl ycolPCT/IB2012/054020

di et hyl sul f oxi de, gl ycerol ketals, such as

2, 2-di net hyl- 1, 3- di oxol ane4- net hanol, ethers, such as pol y(ethyl eneglycol)
400, an oil, a fatty acid, a fatty acid ester 5 or glyceride, or an
acetylated fatty acid glyceride with or without the addition of a
pharmaceutically acceptabl e surfactant, such as a soap or a detergent,
suspendi ng agent, such as pectin, carboners, nethylcellul ose,

hydr oxypr opyl nmet hyl cel | ul ose, or carboxyneth |.cellul ose, or emulsify

agent s Af@NGCREr thakaPAIREE MBY O8I Codaiesipsiwith h%@i's’t S vilveR0f o %m%%t@ea e

f or nul atjreas, In@@HM@EbuIPﬂbtf Ii?hu%léinfb r@maﬁaln,muf@%ﬁ@éﬂcwra@mm ﬂ{e‘baﬁtisCA Qrls -
Specific ex | s useful in such formul ati ons i ncl eanut

soybean H‘é\é)s;??ehe%% Bridee 1B ¥ Aus gisp ¢antegptaien saqmbinatan H‘ieﬁ Yoip tesgat

Sui t abl guérpéd-mfebaShY 86- a&rﬁﬁllété‘rlrgad &fm@mb cOsrahgad iNsrebdit invdatied witte aci d,
stearic acid, and isostearic aci ol eate and | sopropyl nyristate are

exanpl edt @@Sts‘met%@f‘é"'Yé‘i"t’@toécq”d'”&ﬂrﬁ‘ﬂ@tor?L'“od R FBYdNbiéSaps for use in

parenteral fornulations include fatty alkali metal, ammonium and

triet hamolaamlae tﬁé"ﬁréseniiﬂﬂ/eﬁﬂbri aﬂ@k/@esqh@rug@raf% bdlﬁﬂ)wﬂ\@ draa c6ﬁhb|n%ﬂd>r€ of
detergents such as, for ex gg) i met di al anmmoni um hal i

al kyl ~p§PTaPwIdsHT kg Inyeation aé*?ﬁr%‘?ﬁué'cﬂét%cﬁ%tﬁ@@ & derae, a'f‘%P”%i?g%?F%

al kyl, agyhts saretel fidnh e YiouptRdhSisHinRbKY hostah@iun2, medigbr ard@ sedBnd or
m)nogl yceride sul fates, and sul fosuccinates, (c) nonionic det ergent s such

as, for MKQAPIYAl 298NS, o8 RICREDEIANAR thergals toyprepare adnedicrineliiefdae rgaigent

pol yiexyet Iamllﬁﬂé@tld?pba/we@w g@mme@rﬁtmm@s\mu@dh @gﬁmte?amcaﬁﬂﬁh'qm‘t@ Guch
azaoll n

as, for exa% B ani nopr opi onat es, r¥

quaterné(Ws %rﬁfé'&? gst '@Hﬂ‘”éé‘)‘oqﬁ'%’rﬁr%u%@%éff‘a O difed S riRiRtTeoar
formul atiphas pegyiatad-interighdr-aipRat amtBriéronBed) Oititerfbr&i if;@ﬂ‘nrﬂaesﬁ otoripeUta 25% or
nore by wei ght of a conpound of the invention jn sol ution, Preservatives

and buf V8 R lf’e"%@& cofmpriging N IWIRN ANFiaRAdVagT iaf PRt%esSacPPd AAHYIGh at

the siteggent |hlﬂb|@sC|*ebFiHat|oﬁ'é€h|OG/0ém@Sb9irfhrlﬁtlr@aﬁbs@@éltuﬁdrﬂurﬁvﬁgné)éswéra%mﬁh oni c
surfactants havi ng hydr o bal ance (HLB) of from about 12 to

abou? 1Y'ra'1‘ﬁ@'°ah%?ﬁtty¢a'&e“ %P'Pé%@sa&ttﬁ? M'@@@Homgo formul ations will
typically range from about 5% to about 15% by weight. Suitable surfactants

i ncl ude vpdny@dcayh eneassvielirt Aerftedatiier®s, sbn@sih£ioH . of %umbo@m SOEdHhpUNds of
nonool eate and the hlrgéerml ecul ar wei %pt adducts of et %I ene oxide with a

hydr ophdl5 Repa¥dMVanypieadeifen Wi eonaeRYA PEINDAS SPERRA BSTEINGBROYE: Gt bF

pr opyl e@mpwy)égqh pui@ﬁ)rﬁlab'eMr%rr@dsuérowdrmsaémnm swm@emmampa&c%@taurb gat t - dose
or multi-dose seal ed contai ners Suc OU es and vi al S, can be

stored ihFreols AdERRUEY. sycl |°9@Bmam@ﬂ}heé ?@Sﬁ”tﬁéﬁ‘{h ke ﬁ%’“@fﬂt‘ifeij Ife @

addijpi O@hQrfmécB@tlciall esrhpesittdnonehirXg & mteﬁ:% outit&lly e#peaiidl #mokbethe coMbound
i nj ecti ons, | mredi OBngpBBI’I or to use terrpor aneous i nj ection sol utions

and susPER¥NBIARNIQN afrapidaterssh A dhely PhasmapriiaRIvacegpiaRie sai thespef:

t abl et sin derbiaadon, WitHYh@ bl @idse abash Wdidi@inédasirfadpale, g al ﬁéMacé@tically
transder nal drug rel are well known to those of skil)] in the art and

are sui PEHRRAGIS, Ctaﬁ@re%HF'é)&haHT‘a‘ieH@C%r%‘é‘?ﬂs't'ioﬂ%éﬁf‘l B% 4seF 'eppnfiikitig 6?\9 to

skin. 1@edfiestion GtdnORNASIdhiadihe vy, p@fti@hlaﬂﬁﬁepamtsr@tvirgg(H@V) cwrubhedcn@é (a)
liquid solutions, such as an effective anount of a corr}%ound th

i nvet i SATHIES $ith 3 Prainperiicd! C°§l§’8ﬁ't'8§ gEdition.ssich gaf p8?'t'%r?sa’1’°f§éJSFWi' ce;
(b) capsstl g, reanieat or draldrdibs, ofl 87 an@Eson aagkddr Bg hes Rr\ﬁua@mamm av.msng a
pre-determ ne anount of the conpound of the invention, as soli m
gr anul eQart'EH')"‘%omders cﬁe Peli&pensi ons i i an appr opY'fUét e liquid; (e)
sui tabl e enul si ons. L|qU|d formul ati ons can include diluents, such as wat er
and al cohol s exanpl e, ethanol, benzyl al cohol, and ol yet hyl ene
21 Conol SRES hahl (i LEr BTORACIGL P HieeMAaibDi o T BHoR D RATRRERSY kg o
accept aptevestiid MEScAbh caBssPBN GinNGNAGRAtainify vmﬁﬁﬂp‘alrtfc)aldﬂg 2gepdtitis QRHW €
forms c e of the ordinary hard- or soft- F ?] elatin }]lee cont?l ni ng,
for exa@g ), comprising administering to a patient in need of such tréatment a p aceutic

composmon comprising a compound or combination of compounds of the invention or a
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20 surfactants, lubricants, and inert fillers, such as |actose, sucrose,
cal ci um phosphate, and cornstarch. Tablet fornms can include one or nore of
| act ose, wWoeno#Re134aanni tol, corn starch, potato starch, palrgBrizomorod,

m crocrystal line cellul ose, acacia, gelatin, guar gum colloidal silicon

di oxi de, croscarnellose sodium talc, magnesium stearate, calcium stearate,
zinc stearate, stearic acid, and other excipients, colorants, diluents,
buffering 25 agents, disintegrating agents, noistening agents,
preservatives, flavoring agents, and pharnmacol ogi cally conpati bl e

exci pients. Lozenge forns can conprise the conpound ingredient in a flavor,
usual |y sucrose _and acacia or tragacanth, as well as pastilles conprising a
conpoun@hdimackitiGaly astarirble salbiRerent @andipageor maie RISYS g ogtings Reweinghieer i n,
Or sucr Qff aAHArRsekitidallyeRbb b9 arr@e! S, and the like containing, in
addition to the conpound 30of the invention, such excipients as are known

inthe art. An conpound of the present invention, alone or in conbination
with ot N&iens gimnipitered odhSnepilinaliah the hedperin 9as o be Jforivlaterod to be
admi ni Sts@é&ﬁte%o%ﬂo@fﬂi_@h@%@ﬁ-aré\gﬁﬁ_n GO IHROSHMGE fihe P WiRIN PbrebiBRIhin¥gReleN | S
preferably supplied in finely divided formalong with a surfactant and
propél | &h 'mequﬁli‘%merqp@fd&%ﬁ@%fg%ga%?e giNgn BdASBIfEiosEgR [AMvent i on can be
about 0.01%to about 20% by wei ght, preferably about 1%to about 10% by

vei ght . ARR@rad Uidents @Bhtefipidted Gbr GRET fE suBE dd@biINRtbR  thaRgy Pefugk aldentsol ubl e
in the propellant. resentatjve of such surfactants are the esters or

.5 Re . Suc| . .
parti al ((&‘@@ugd?’pr 'P'Q{OQSF?EH*@% a@pﬂfe&i'\‘ﬁ Wgn'ﬂ'PtheafOfraatm M%dﬂp'kﬁ?@mcﬁf Zuch as
capr oi Cyir@¢aPammdlaBEllding Bad bt lirbed & Eg?e_!ritélthak InfeRd Gith leithéH 1Rt 6r viral
ol esteric and oleic acids with an aliphatic_ pol yhydric al cohol or its
cyclic HFpanisHe nexpseaty f@gff@ﬁgrmgt@@@rg@r@glg@tum ohariirain yMaEPRldesCtan be
e”P'l@yeG?er:ﬁB%aﬁ Wef RIdAY frEMMrRBIES tantiEy Beemm aR eV ithiditsr 1 sh ARYUKNiBRGR by
wei ght of the conposition, 10 preferably from about 0.25%to about 5% The
bal ance 28¢ af‘ﬁ@vcgﬁﬁﬁgri-ti on is ordinarily propellant. A carrier can also be
included as desired, e.g., lecithin, for intranasal delivery. These aerosol

f or mul aOiRetsagedfd tBDeidrnifigteldd A RABAMUIBR Wath R Gaddund e e SRsédtamleptiosuch as

di chl or odi f | uor onet hane, propane, nitrogen, and the |ike. They also can be
f or mul ai&#9gs apRUPFRIEMAL PE20 SMPRROXHEANASE cbiiterd WRiIER AP aBXRERtEd &QudMBE i n a

nebul i Zedetolish at Ok Z&mpdkmdSush tﬁé)riﬁVerfti@h.nWhéFéf&@,S tﬁémcﬁ@cﬁﬂérﬁé_ pPasEpray
mucosa. Additionall t he colrggound of the invention can be nade into

Y, .t ] .can b .
suppesi MAPLYYISPASH mh.'mtowworw b?/féﬁ’ iaétﬁr’“_%‘f‘”tbeégeég‘{e %m}b&smsmpm ﬂf ﬁ'@e bases
or wat ecompbutilstofRs Biesehoinbeitdhi AESor&iHgIy 2k eCYRinntHSH RAddniidRtere$ I @t | on
can be presented as pessari ons, creans, gels, 20pastes, foans, or

t
spray f GMPHNERICE PRt %Piﬁﬁ‘,’a”ga“”é(&z f[‘TI:{)ei BRRNEh el Be pERsEAHNYeioa i BAteasedich

carri er sn @mpHrRok RPINB bidhvhildilRy i the absndpRf PRI A Bhibkbe concentration of
t he conpound in the pharmaceutical formul ations can vary, e.g., fromless

t han about 1% to about 10% to as nmuch as 20%to 50% or nore by weight, and
can
20 The term ‘room temperature’ used in the specification denotes any temperature ranging

between about 20°C to about 40°C, except and otherwise it is specifically mentioned in the
specification.

The intermediates and the compounds of the present invention may obtained in pure form
25 in a manner known per se, for example, by distilling off the solvent in vacuum and re-
crystallizing the residue obtained from a suitable solvent, such as pentane, diethyl ether,
isopropyl ether, chloroform, dichloromethane, ethyl acetate, acetone or their combinations
or subjecting it to one of the purification methods, such as column chromatography (e.g.,
flash chromatography) on a suitable support material such as alumina or silica gel using
30 eluent such as dichloromethane, ethyl acetate, hexane, methanol, acetone and their
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25be selected primarily by fluid volumes, and viscosities, in accordance
with the particular node of adm nistration selected. For exanple, a typica
phar macewpcal3/eodposi ti on for intravenous infusion coulPdThB20moE0200 t O
contain 250 ml of sterile Ringer's solution, and 100 ng of at |east one
compound of 30 the invention. Actual nethods for preparing 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 Pharmaceutical Science (17th ed., Mck Publishing Conpany,
Easton, PA, 1985). It will be appreciated by one of ordinary skill in the

art that in addition to the aforedescri bed pharmaceutjcal caonpositions,

t he conﬁB’IﬁHtﬂ'aB?”St reeranadist oS aptiRd SoflpRiuae@ doralbei Ritificalion PfdBaiFdses,

such as geyd&ioed®stdid.n i ncl usi on conpl exes, or 5 |iposones. Liposones can
serve to target a compound of the invention to a particular tissue, such as
| ymphoi d tissue or cancerous hepatic cells. Liposones can also be used to

i ncr easgaftdef bsthpodndf @ f@rfnuﬂ’a £ 84706 BBtaffedtdyedisSonait th@rt:onM@wd tma Rokkbiar e
aval | abl e for preparin osones, as described in exa e, Szoka et

5Anﬁ°"’ﬂ%tvf°r|§ix8’ﬂ3‘ﬁk‘?s'ﬂ Fetieingted bydragarber sael aaﬁﬁettylgh'waﬁétﬁtcg"%of%@s 871,
4 501, 7384 Idh AdTbcRBwedftaibnAiaB6R!, dPexEmeoi®sadl of BUSBbAN vHigowss ovi des

a pharmaceutical caonposition, containing the conPounds of thedﬁeneral

f or mul athan) tigatedemithe dNensissled 36 1 QuPaRer T JesFileed ik sBeder sdfls&itedls, its

anal 0gs; Phérﬁta@étﬂ!&é”@&lts 'atréwb\'ivclirﬁlﬂ@ﬁw Jédrﬁal@%ﬁﬂhéde@ﬁeal'sb@n@é@ﬁd’l@rﬁ@%i cally
acceptable salts angml%a rphs, its solvates, its optical isoners, its

cl at hr aP8ee @ (|19§7 nobgek &f %h%rwae%ﬁﬁlrﬁtﬁ@wwt% selectipauand use

pharlmacgﬁtp 16 Eirlrith SN QYL amAe G Refmutd] \t\mant\ﬁsrambotzbeuété lsesuutaslé shfg cage in
any of the net hods descri bed herein. 8@ ounds t he i nventi on can be

adni ni sPsPehe | fRuad dosBemigfans 5|’i’t3mt7"t‘Fet~’F’%t i §§5’S@d »cYAe tTubtsiing

di sor deConipaa}, ELa6S FaAe1919roow1445 tdng ﬁu?na(l%‘ﬁ@hafrﬁéce@ﬁ@emﬂc%ncb hes, 2019
Physi ci ans'_ Desk Refer enceéélgom he con@ ounds can be admi ni ster ed usi ng

t echni qliEY 7$uéR" §¥aPRigs ey rt?eoéc't‘ait 0 ap ARG - 9-\W\aRIWNR{PAUFSSHM),

Cancer, afk@lindgarthlideBt (2P Scdid@iRlor amehdiis brdamns’ Desk Reference, 58th ed.
Thonson PDR (2004). Suitable doses and dosage regi nens can be determ ned by

convéntional range-finding 25 techniques known to those of ordinary skill

in the ahkcofpbeicdltie mé@t&tnramtcdnspdsmbhrtmir@@t cahtpbtetamanwﬁadima@@e@d ghat are
| ess t han the opt.i mum dose of the co sent i nvention.
AT

Ther eaf AR U&B%'B{g%CCPBtaP'ﬁc%‘%‘éé%“ |”Pu'i@1'6?%r%ﬁf’§'t'%§?'t TP¥REHBY | mum
ef fect whd@on Wie ufdrgm&.a@%aah as hS/@f@@Hﬂ@ﬂb adidlenyaFrsenic 4071, berthrab aciyol ve

E)P et ﬁgrqnﬁu{;z%%lggt:q%%ygglc %md suI%rlc d%% ta%)d %hgggho?lg a%% a];1d %trga{n?cagéldg QScthsrrp ound
20 formic 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 sodium hydroxide, potassium hydroxide. The conversion to a salt is
accomplished by treatment of the base compound with at least a stoichiometric amount of
an appropriate acid. Typically, the free base is dissolved in an inert organic solvent such
25 as diethyl ether, ethyl acetate, chloroform, ethanol, methanol, and the like, and the acid is
added in a similar solvent. The mixture is maintained at a suitable temperature (e.g.,
between 0 °C and 50 °C). The resulting salt precipitates spontaneously or can be brought

out of solution with a less polar solvent.

30 The stereoisomers of the compounds of formula | of the present invention may be
prepared by stereospecific syntheses or resolution of the achiral compound using an
optically active amine, acid or complex forming agent, and separating the diastereomeric
salt/complex by fractional crystallization or by column chromatography.
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30 per kg body weight of the individual. For a 70 kg patient, dosages of
fromabout 10 pg to about 200 ng of the conpound of the invention would be
nore comwol2giumeexd4 dependi ng on a patient's physiol ogi eall/iBEapeies. By
way of exanmple and not intending to limt the invention, the dose of the
pharmaceutically active agent(s) described herein for nethods of treating
or preventing a disease or condition as descri bed above can be about 0.001
to about 1 ng/ kg body wei ght of the subject per day, for exanple, about
0.001 ng, 0.002 ng, 0.005 ng, 0.010 ng, 0.015 5 ng, 0.020 ny, 0.025 ny,
0.050 ng, 0.075 my, 0.1 ng, 0.15 ng, 0.2 ng, 0.25 ng, 0.5 ny, O0.75 ng, or 1
mg/ kg body wei ght per day. The dose of the pharmaceutically active agent(s)
descri bdf#®hEF®i rPrP@frugt rﬂ?”&t%c@r gevaike nefd 8 E%!Hp%dab‘ﬁﬁ'ﬁh 19¢"yalifouth@®oo

rrg/ kg b@dbfrrm\ﬁér@zbttoo\fvaﬁﬁléloéééd %ﬁﬁné?@" élg hﬁﬁéh@drspcﬁfnvéi@éﬂ .rft@rth@x:@ bBnd about
o 56 srslor 8 ol B spmmshii opdie day

ny, 200 Q’H;lg 2@@ ﬁ@zy”@ﬁi ﬁ@/orl hefB'Ga'nﬁyd 'rt'%@@vmﬁ r@{; cﬁ?”\ﬁsvmﬁ ohdh€ day.

| N accopeRRALINVEAtdNSTHROM! BN IkE .a MBARNET BSEME drovENdiugToih QYareRScaiBdxymsls of

treatrngﬁl preventin anel i orati ng, and/or |nh|b|t|n|9 a hepatitis Vi rus

i nf e€t i GROCHMEN i1S i AGasRe NS e MAEY WoMpistRY Biit LB M3 (nroptoesrc & St
t her eof metdpdiited§@Had nahtsAc %téﬂlﬂi@bﬁio@@@ ér@@?odub@d CpasKaRtite, &f carbkys esent

invention can inhibit multiple genoty CV. In one of the enbodrnent

conpoundCigfIrpwR cah @@eﬁ"ﬁterif'ﬁgeﬁﬂr d’r’i”‘a?‘é“%{EY'rgf%U%QéPHy{ 9tye tPa/jeld n esler. o,

3a, 4a gMebrogn @@ﬂé@ﬁs\’ﬁ@rﬁmrs@’&@@@o tae§uBect ! the alster is lére%V@d\tenz%maﬂ@HIInyr&foﬂ, and
"inhibit," as wor ds stennrn?Ptherefro as used herein, do not

necessaremwailti?ﬁ'l% riW?JY RHcRively e OF PEPIEGRY r Y&t e AniofifedicgPatAbn, or

i nhiji t iaAdNicRGloDer sant B@r@st@rﬁi@dV@ﬂW'rﬁ&eﬁ&g(e‘? 'S déf/lowrﬁéthﬁ'eé%tersprvﬁﬂ(ﬁﬂtalr@n
anelioration, and inhibition of which one of ordinar In the art

r ecogni £@§V%t%&vrar@nantﬁar%%tﬁépmehm WP'CBrSUPWSB@h%/‘FQE’”@OF%%EO yigld the,j s
respect ,acﬁ\}@e;dmpb@ﬁ@jr ve net hods 25 can provr de any anount of any | evel of
treatment, prevention, anelioration, or inhibition of the disorder in a
manmal . For exanpl e, a disorder, | ncI udi ng synptons or conditions thereof,
may be madusedruay, cérﬁrbeebﬁe'[ﬂar@ i 0% ARG 18DYoIAR aﬁ@%urﬁ@&@on%f’/qthe?o%

20% or 10% Furthernore, the treatnent, Iﬁgreventr on, anelioration

nhii ¢ PRPRHTSE: BB0Y BSPRRICY RAEHR e RHSITRBAOTRAUNG, it dustiable SRsitelzing

prevent iagént. aF&! éxanld, Qﬂldrd}w gr@urpsbd:érr p& c@ﬁvemdorme &dterdD)iL treaielnt iWdtRSa Or
syrrptom; of the disorder, (% ancer. Al so, pur poses herein
‘g‘?rﬁ i“0

"t r eat mEROXY! 'Cp?%q/érhtth%ﬁreee” Faelven, EX%’Pp'e? r?rfnoﬂﬁ ARJRaleatiel QFR,d(Wﬁ)ass

del ayi nendidtesansiéde efibstiiBedbs ORSIBstituedd, Branthpd @MuAbraboRst Towehn dKkyeesef . |1 n
accordance with the invention, the terms ect incl udes an "aninmal" which

bj
in turnMiRieides % | &3ieT a -IW 8 hod y“ram'ﬁq at'?¥e-alite SRS Fo%tenti a,

suchpoas dmrélﬁylamrhdeﬂrrbeeﬁéldQ{cKllaﬁwmh@JkySQQtBrSaSacylaJledV\%r dilty| leSteRy @r red
t hat the re fromthe order rnivore, includj ng Fel i nes ats) and

Cani nes pt"& ymeinyl esten, B8y GR e & oP 9yt e5efe A8y riONGR ALY RSIE S r oy P 'ézy rder
értl odgetsner &)ptrbrﬁ‘mly:#drgé‘tﬂutgﬂve Qe$vrth<3ﬁeflﬁ)‘rl rmd @vmaﬂofwsl{m}utuehtscefryrédm?har{rrd?L

er sso i ncludin u or se i S S referre a e
oo o Ttek affy! 416 e AW et B Sss o ! I S aiahg RURB AT 8. of 't he
order Ant hropoids (humans and apes). An especially preferred manmal |s the
human erm"vir refers to the introduction of a vi

i nt #>cel FES FPreé%’Hé%"e”HO’b?“”theiér%@\ﬁéﬁ PRAMECHUICESCAIRSFIIONs ?P@%H'Egéhe the

intr oduebmgaurm‘s af \thé Ugeniefal alosriulas B cisaefinadl Taborfeﬁpits qadfitb®eric Mormd, its
infection ma termned b urrng Vi rus, titer in sa | es of

de
a bi ol oar%%ﬂ@/qm%rﬁd 1S AAPHES Ity oY Oard‘QF’n S '§°tap'° 9%'¥Ht%qnﬁﬂ’85’9§§§/ her
sui t abl engdasgyieesiis phardideeditcallyp atibeai® baies) ||t§rpot§/m}§h§, @e RBiveteesits spedal as
ure ass nucl ei c. aci guen

g{)rfﬁ &,%H%%tlts @Frﬁ%scgﬁ’igs CQ\CWS?%%'%%}“P'H?@&W' ?h usua? pharma%gutrcally

30 acceptable carriers, diluents and the like.

The pharmaceutically acceptable carrier (or excipient) is preferably one that is chemically
inert to the compound of the invention and one that has no detrimental side effects or
33



15an organ, e.g., liver, and cause disease, e.g., hepatitis, cirrhosis,
chronic liver disease and hepatocel |l ul ar carcinoma. The term "imune
nodul at orworef3anrs3sto any substance neant to alter the weckilpyiahs4ie
hunoral or cellular imune system of a subject. Such imune nodul ators
i ncl ude inhibitors of mast cell-nediated inflammation, interferons,

I nterl euki ns, prostaglandins, 20steroids, cortico-steroids,
colony-stinulating factors, chenpotactic factors, etc. Follow ng are the
abbrevi ati ons used and neaning thereof in the specification:

ACN: Acetonitrile.Boc:tert- butyloxycarbonyl Cbz Car bobenzyl oxy. CDCl 3:
Deut er ochl or of or m DCM di chl or onet hane. 3-Di chl oro-5, 6-di cyano- p-

benzoquit Qg UneePER: CONP““NScl‘?f|@Spr%‘ﬁplp@?WC&H{'??é'y appgplable carmigisprelessllet hane.

DME: N, incRRIeNsalhérgé. aylofmrsarmaemé?h&%d@ (Aniet i8Yd déritlatitx ofl €adisr oiFENd
N (3-Di rrethyl am nogroplé - Ar-eth Icarbod| I mde. EtOAc: Ethyl acetate.

HATU:  0SHYISRS e Al drom Sipmya RhRMEe! P e ttakitihVia} 619-uaY: Cremophor

hexaf | ugmm@)@@mem% Heline, hyds @@é]h@dHo@ Egl, shkARL or %0°/J‘&f€n%ﬁhb€'&lﬂ50% azol e
hydrate. HPLC - ﬁ Perfor mance Liquid Chronat ogl(@p/ pot assi um

acet at e 9B0H: AIRR 198! (@D 50%0% s BEAPYINS UK I\ﬁm@@ﬁ/ws/bdwaﬁ‘?f

30bi car peRathglendgiycol |4U°)9$*EGM@(D/G®%95aIn|? 8nd AlcbBy1qE ghepyl BihaReIHoRE -
Pd( PPh3?4W Tgt ra%?sfg"t\ﬁelcdqhen IPhos hi ne) pal (I%;/ldl um 0 1 g . Pal | adi um on

char coal""atqﬁbcﬁ‘ﬂrﬁﬁﬂ §| phflrfnapeu al carrier is’ polyethylene gly€ol, such ais PEG 400, and

EJ( ]5(1 ;jl FI;?QC?%SMBHPEQBH@@M@’( e&ﬁmgdwblm@ned) bAdlBo% water or saline. The choice

Bi s(di pﬁéﬁ?’? B'EW@ Qﬁﬁ?rﬂé?‘%‘b@&?@] Ry ERIRGFIGERN CaEPANRd $hoseBorDIVaYk adidy rhe

di chbor gaRichianmetiRRtusel h&admp@térqh@wmgbéwn Addrdihdly, fthé#@ﬁ@acvﬁ@é Garfedy d.
THF: Tetrah(vagrofuran The foll owi ng exanples are thI’OVI ded to further

i |1 ust r &f eUitaRle Brrrrétg%tmns ofthehapnacgygcal composmon of the present invention.

The following formulations for oral, aerosol, parenteral, subcutaneous, intravenous,
intraarterial, intramuscular, interperitoneal, rectal, and vaginal administration are merely

15 exemplary and are in no way limiting.

The pharmaceutical compositions can be administered parenterally, e.g., intravenously,
intraarterially, subcutaneously, intradermally, intrathecally, or intramuscularly. Thus, the
invention provides compositions for parenteral administration that comprise a solution of
20 the compound of the invention dissolved or suspended in an acceptable carrier suitable for
parenteral administration, including agueous and non-aqueous, isotonic sterile injection

solutions.

Overall, the requirements for effective pharmaceutical carriers for parenteral compositions
25 are well known to those of ordinary skill in the art. See Pharmaceutics and Pharmacy
Practice, J.B. Lippincott Company, Philadelphia, PA, Banker and Chalmers, eds., pages
238-250 (1982), and ASHP Handbook on Injectable Drugs, Toissel, 4th ed., pages 622-
630 (1986). Such compositions include solutions containing anti-oxidants, buffers,
bacteriostats, and solutes that render the formulation isotonic with the blood of the
30 intended recipient, and aqueous and non-aqueous sterile suspensions that can include
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
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5 therefore should not be construed in any way to limt the scope of the
present invention. Al 1HNWR spectra were determned in the solvents

i ndi cat eowarrdiahessiscal shifts are reported in 8 units deemfiBmiiziod4aomm t he

i nternal standard tetranethylsilane (TM5) and interproton coupling
constants are reported in Hertz (Hz). In case of m xture of the isoners,

t he peak val ues given are for the dom nant isonmer (rotamer/tautoner). 10
Exanpl el: Preparati onof net hyl ((2S)-1-((2-(5-(4-(2-((S)-1-((S)-2-

(et hoxycar bonyl )am i no- 3-net hyl butanoyl)pyrrolidi n-2-yl)-4,5-di hydro-1
Hnapht ho[ 1, 2-d] i m dazol - 7-yl ) pheny1) -1

H i m dazol - 2-yl ) cycl opent ypam no) - 3- net hyl - 1- oxobut an- 2-y1) car bamat e

(m xt ur 8egfoser apd rp@gﬁ%ﬁggar( &Wgn@nlylco@; such as ethanol, ‘isopropanol (for
St epl: 2ekdmple RN ¥dpicatiohs & Metadee(i(diédHot, glycols, such as propﬁlene gls/qol or

but oxycar bonyl ) am nol) cycl opent anecar boxy{(l ate (trans isoner la 20 To a
stirr edPeYEIHYieBR alyeol, dimethylsulfoxide, glycerolketals, such as 2,2-dimethyl-1,3-dioXolane-

t r ans- 24(hétaahol bathersy shanydiy( amw@ﬁé@y@dl omntaaroﬂ@rd@@wd @ fa®) akid Gst8r 9,

3.49 mml ) [synthesized as descrl Chem , 2001, 66 (16),
56295569219'%?80‘% B @Hna%ti('ﬁteﬁrféﬁiﬁpﬁ%;gl'yféf'%%ﬁ'?eo'( d"”@?“'gtheB aﬁ@“?ﬁnﬂf)a i n
acet oni bhaﬂnﬂac(eﬁﬁb ﬂ*ho@gﬁ.@% E@RlanlsucB a4 % 9Bl oy a\f&:ﬁer@dﬂesusmﬁduhg%gémact ion
was stirred at The 25 contents were concentrated un reduced

pr essur &¢hd a\ﬁ/at B‘?Ct'(‘lo(YaFﬁ_ojn%s AgHwipetlase xt Mekeyarapyiteiayeribiogeet 8fe (2 x

S0m). Ebt%omﬁ&hﬂ@éilu‘lﬁsgaw&nulﬁw(?sag@ﬁfseaﬁmh@ﬂbwrhébé%tél%djudéht@d over
anhydrous Na2SO4 and concentrate nder reduced pressure to get pale yellow

colored oily liquid (1.3 g, 87 9% that was used in the next step w thout
f ur tlger QOils useful in parenteral formulations include petroleum, animal, vegetable, and synthetic

oils. Specific examples of oils useful in such formulations include peanut, soybean,
sesame, cottonseed, corn, olive, petrolatum, and mineral oil. Suitable fatty acids for use in
parenteral formulations include oleic acid, stearic acid, and isostearic acid. Ethyl oleate
and isopropyl myristate are examples of suitable fatty acid esters.
15
Suitable soaps for use in parenteral formulations include fatty alkali metal, ammonium, and
triethanolamine salts, and suitable detergents include (a) cationic detergents such as, for
example, dimethyl dialkyl ammonium halides, and alkyl pyridinium halides, (b) anionic
detergents such as, for example, alkyl, aryl, and olefin sulfonates, alkyl, olefin, ether, and
20 monoglyceride sulfates, and sulfosuccinates, (c) nonionic detergents such as, for example,
fatty amine oxides, fatty acid alkanolamides, and polyoxyethylene polypropylene
copolymers, (d) amphoteric detergents such as, for example, alkyl-B-aminopropionates,

and 2-alkyl-imidazoline quaternary ammonium salts, and (e) mixtures thereof.

25 The parenteral formulations typically will contain from about 0.5% or less to about 25% or
more by weight of a compound of the invention in solution. Preservatives and buffers can
be used. In order to minimize or eliminate irritation at the site of injection, such
compositions can contain one or more nonionic surfactants having a hydrophile-lipophile
balance (HLB) of from about 12 to about 17. The quantity of surfactant in such

30 formulations will typically range from about 5% to about 15% by weight. Suitable
surfactants include polyethylene sorbitan fatty acid esters, such as sorbitan monooleate
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
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purification. 1H NWR (400 MHz, CDClI3), 57.81-7.79 (m 2H), 7.67-7.65 (m
2H), 5.61 (bs, 1H), 5.42-5.20 (m 2H), 4.30-4.22 (m 1H, 3.19-3.14 (m
1H), 2. 15W0.26B8/0203446H), 1.47 (s, 9H); mz 426. 30 ( M++1) PCT/IB203t/eR02)
tert-butyl (2-(5-(4-bronmophenyl)-1Hi m dazol -2-Acycl opentyl)carbanate
(trans 5isonmers)(1b): To the stirred solution of

2- (4- bronmophenyl) - 2- oxoet hy1l-2-((tert-but oxycar bonyl )am no) 10

cycl opent anecar boxylate (1.3 g, 3.05 mmol) fromthe previous step in
toluene (20 nL), ammonium acetate (4.70 g, 61.0 mml) was added and the
contents were heated at 110 QC for 15 h. The reaction m xture was poured
into 100 nL water and extracted with ethyl acetate (2 x 50 nL). The
combi ne§@dPgabieeenias &t snlepee RasHikdgFe ﬁe%‘?ci' Rentameise fusl @8 %fﬂ‘i’ﬁ#t‘ﬁ%a%d Na2SO4

and pur vfascdn®¥ah bé%tbréd)lnuéfﬂe@ibf&fé@t ?@bﬁlﬁf@d caRdmidH %G/nh?bﬂﬁﬁhe teditén get
or ange coI ored solid g H NVR (400 WMHz, CDCI 3 6 7.57-7.47

(m 4H) of tpezgterclg Ilqglq)excggl fgr gga pﬁe \g{ﬂ)er far wigckons; npmed Iy pHor3l§_useq 5 (m

1H), 2. Htelfradddus |HPect|6n &3 |tisns Al sUEFendRfs 1dan Mé"‘ﬂ;bepared from sterlle
St ep3 ‘tert- buté@ UIQ§@4 (4,4,5,5-tetranmet hyl- 1, 3, 2- di oxabor ol an- 2-yl ) pheny

1) - 1|51- POVAPTS 6?'@%@ntyl)car bamat e (trans i soners) (1c): , Boc
---NLC(B N gHN H A m xture of tert-butyl

(2-(5-(4- brom)lphen yl1l)-1H i m dazol - 2- Acycl o entlyl car banat e é%ﬁg, 25 2. 46
mol ) f FERiceIHe '%t{ﬂnéu@c'é'f“éﬁ th??@ttaéts%‘rﬁr‘ﬂﬁﬁf&gioétt é”%‘t?”@é' Yug eelegsenmid Yelhnd
4,4, 4", fnovn B osdof HAliaMkS B tind afe sitiablb, iB e edrisaeiel agInt (nVertidh fodt. 92

mml) |n di oxane (10 nL) was de-gassed with nitrogen for 30 mn after which
Pd(PPhB)aI?JO(“@’['@BtogS M. 07 Mol ) was added and the reaction nixture was
irragiated with mcrowaves at 120 QC for 40 min.

Formulations suitable for oral administration can consist of (a) liquid solutions, such as an
effective amount of a compound of the invention dissolved in diluents, such as water,
saline, or orange juice; (b) capsules, sachets, tablets, lozenges, and troches, each
containing a pre-determined amount of the compound of the invention, as solids or
15 granules; (c) powders; (d) suspensions in an appropriate liquid; and (e) suitable emulsions.
Liquid formulations can include diluents, such as water and alcohols, for example, ethanol,
benzyl alcohol, and the polyethylene alcohols, either with or without the addition of a
pharmaceutically acceptable surfactant, suspending agent, or emulsifying agent. Capsule
forms can be of the ordinary hard- or soft-shelled gelatin type containing, for example,
20 surfactants, lubricants, and inert fillers, such as lactose, sucrose, calcium phosphate, and
cornstarch. Tablet forms can include one or more of lactose, sucrose, mannitol, corn
starch, potato starch, alginic acid, microcrystalline cellulose, acacia, gelatin, guar gum,
colloidal silicon dioxide, croscarmellose sodium, talc, magnesium stearate, calcium
stearate, zinc stearate, stearic acid, and other excipients, colorants, diluents, buffering
25 agents, disintegrating agents, moistening agents, preservatives, flavoring agents, and
pharmacologically compatible excipients. Lozenge forms can comprise the compound
ingredient in a flavor, usually sucrose and acacia or tragacanth, as well as pastilles
comprising a compound of the invention in an inert base, such as gelatin and glycerin, or
sucrose and acacia, emulsions, gels, and the like containing, in addition to the compound

30 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
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The contents were taken up in EtOAc (20 nL) and passed through a celite
bed. The celite bed was thoroughly rinsed with Et0Ac (20 nL). The conbi ned
or gani ¢ agers/ozeise washed with brine, dried over sodi urCsaBphad&o2Nd
purified by flash chromat ography (50% et hyl acet ate/ hexane) to yield a pale
yel |l ow col oured solid (0.7 g, 62%. 1H NWR (400 5 MHz, CDCl 3), 57.79-7.77
(d, J= 8.0 Hz, 2H), 7.61-7.59 (d, J= 8.0 Hz, 2H), 7.32 (s, 1H), 5.20-5.10
(m 1H), 4.30-4.25 (m 1H), 3.39-3.30 (m 1H), 2.14-1.60 (m 6H), 1.36 (s,
12H), 1.30 (s, 9H); mlz 454.28 (Mt+1). Step 4: (2S)-tert-butyl
2-(7-(4-(2-(2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H i m dazol 105-yl ) ph
enyl) -4, 5-di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 2- Apyrrol i di ne-1- carbox¥l ate(tr
ans i Soﬁgmgyur(dqu)eplmg_rwﬁ@e @5qeq}topd$]grleferably suppliedin finely divided form along with

(S)-tert- %&t’aﬁt arld deb@”ﬂ’arﬁ 5’y9icBM§i§r@eri¥é‘bé%a&hh@@Bﬂqp8mﬁﬂd & t@zlentlon can
yl ) pyrrolidi ne-1-carbox % g s/ynt esi zed as reported in
ref. W)?G(?:’PP%Q@@%’] toa@ﬁpyutt @pt/o ém/\sﬂg t, preferably about 1% to about 10% by weight.

(2- (5- (4hesuffablaht hritist, asTEEIYSE, Jbe?nantdk@xé‘ﬁd) oedfamb squbIe in the propellant
yl) phenyl) - 1H i m dazol - 2- Ac%/tcl opent car bamat e ( from

t he PrelARIRSCRIBEYS Of $1/Ch SHITREtANtE a5t mvisielper partial Qﬁt‘?fE)Of 8@@ %@@aﬁ-‘é@?ﬂz'” i ng

ni t rogemroﬁas thar ééib@h Ritordd) Joeh aESEAPIdIE A6RAMAE, Salfl, Palrbitic, 2stdiidmmbikicand
Pd( PPh3) 4 %0 055 ?ﬁr 048 mml wer e added and irradi ated usi niﬁm crowaves

at 120 WF: 2SR, aﬁ%é"‘%‘brﬁ‘:&% withed's 3lighale GB'YPYP'@t U I S

washed whhkjtriga! emixed teds, 9§J¢h0ad ﬂ%@d Wﬁatdfdl @@c@r\r’cﬁ-;rs &ﬁ?@@%n@@e@onﬂ@é\t rated
under redyced pressure to obta was purlfled by

flash cﬁP%%@rBd?a&pWS?tQ@’/érWOMHQx1a/ﬁé9 %bBUb%Q abyp}éYIe@hﬁ/@ B FYBPESHoe. 16 g,

20(())/()71041 ef @b HVRN 488uthiz59.GoEbaLt 5% - Bhe Baléﬁce( 4] th%"&omﬂosﬂt@)n@s %Qinﬁéﬂly 1H),

4H), 2. @l\spp%m Z%argﬂ)canlal%bbq(@%d@%as:ggpﬂed ﬁ,«gz |8éiﬁ1li}uj(l)_p |m,c§|jasal de“%gry(m

St ep5: merhbyd 6ERSYI- fbrrilldtidns-dath- tﬁe?-pl(a(:éii irito t&Dptabid rpseésléop@e@a;srbpéualn)sa@uao 3-
mthylbutaqﬁgrrolldlnz% - di hydr o- 1H—na htho£ %lmdazol 7-yl)
pheny1) 88 %G OrorgyaYe| R P?raﬂ?%é)”déh%'f%yl hey. @ %Sﬂrﬂ SRigmataiebanat e
(m xtur @s@ﬁaﬁﬁ@éatldﬁf&hﬁh fe@@ﬁﬂé@%@bal&hon@ such as in a nebulizer or an atomizer.
(2S5)-tert butly %nu,(t é ééert but ox carbonyl)am

i no)%ycﬁdﬁ'éﬁwﬁor Itigp 8%&'6‘? uged to spray mu dosa.

yl ) phenyl) -4, 5-di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 2-yl ) pyrrolidi ne-1-carboxy
| ate(0. 1 10 0.15 mol) { reV| ous stﬁ% was dissqlved in DCMQ m)
and TFAA\?’é't'Q”?‘HY) ”\‘Réé’”&’dél@ Betmeniighedn B MAIRITP SUBROSHOARS oy MAfRGwith

conpl et ixovariety @d%b*sés)rbuchf'@ mtsﬁyuagvmeﬁdrrwadr edlubilé Baeks.2 Formllgiond Xt ur e
was evapora e%ﬁ yness and triturated with diet héptaEt her to obtajn the

product S4& )ﬁ(a%'aﬁ'taqmﬂ'éﬁﬁat{fa&§%9$d°r?ﬁertt%aﬁ@ﬁﬁsaé'? MPPROGTE3My 9 Br t her
pur iz cabstes. folrhy, &-dprdEfohaxiys abmaining) anadimjondoikd Byrhpelinanagrediaat, ducl. 05 g,
0. 30 mmll), 15 slynt hesi z d as reported in ref. W?2010/ 132538 Al] was added
to acet GRIEFS 3BAE1HOHD N NEIAIRLE qggrogﬂeje hydr ochl oride (0.06 g, 0.30 mmol),
HOBt (0.05 g, 0.30 mmol) and DIPEA (0.18 nL, 0.9 mmol) and stirred for 20
m n. uently crude TFA salt from previous ste 070 was added and
Sl od T Be epRiEgES Oiife Comaot et aa e B3\ R Gatasi ta A & S ifbce and
the requisserbrnabdle 190D dHolEl P! RtBIMOoEH adF0RAE 509, Yarhere Hydleight) avd8an

25 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
30 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).
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20 filtered. The pale yellow solid was purified by preparative HPLC (0.023
g, 20 %. 1H NWR (DMSO d6, 400 MHz), 6 12.10-11.55 (m 2H), 7.82-7.29 (m
9H), 7.05%76.2608/2m3442H), 5.10- 5.05 (m 1H), 4.40-4.32 (mCTABY012/d540%0- 4. 07

(m 2H), 3.87-3.81 (m 4H), 3.51-3.45 (s, 6H), 3.02-2.67 (m 4H), 2.25-1.65
(m 10H), 0.99-0.51 (m 12H); mz 779.50 (M++1). mp.: 148- 150 C. 25
Exanpl e

2:methyl ((2S)-1-((2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl ) am no-3- net hyl
but anoyl ) pyrrol idin-2-yl)-1 ,4,5, 6-tetrahydrobenzo[ 3, 4] cycl ohepta[l ,2- Om
| dazol - 8-yl ) phenyl)-1

H i m dazol - 2-yl ) cycl opent ypam no) - 3- net hyl - 1- oxobut an- 2- ypcar bamat e

(m xture of cis isonmers) (Compound 2): 5

St epl: 24 ﬁnlbfb@nﬁpﬂ@&}ﬁbb Byoéfrﬁi,etderd%a(y( @it m the art that, in addition to the

but oxycar bonyl ).an no) c ent anecar boxyl ate (cis isoners 10 Title
conpoun@QfREess dn@E?r &aﬂ ARG h@ep?ﬁéwpeohéhedé@@&'%{e&apn b&st ep 1

of ExarTMrﬁ]uﬂatétﬁléw ifdISsichr (dohléxeBUtsh Cas b@&}dd)e%tﬁh n%w%hoasmgﬁa@s:abboxyl ic
aci d }Olnt hesi zed as described in Tetrahedron: %/m*retr

370655 BISOMES. NNROSOIRS Skl SeTvextp 43702l £OBOUNG §f (g Inypjtion7iozg) partisylar m
2H), 5. @5sdeb§uchlb'g lynﬁ)hS@tﬁsaQ of %ncb%&]d)hep%tuééelfls 23p &sf&ne%l-d)an a33c25e Bsdd (M
1H), 2.20-1. & . mz 426. 30 I\/Hr+1 2: tert-butyl
(2-(5- (& mcfﬁ?és %pa‘ 'fmf.afﬁqaéwnd?f,ﬂ&@w%@m yWisidams ?é”? ? evaiapleciigr o)
(2b): 2@reparing liposomes, as described in, for example, Szoka et al., Ann. Rev. Biophys.
Bioeng., 9, 467 (1980) and U.S. Patents 4,235,871, 4,501,728, 4,837,028, and 5,019,369.
10
The present invention also provides a pharmaceutical composition, containing the
compounds of the general formula (I) as defined above, its tautomeric forms, its
stereoisomers, its analogs, its prodrugs, its isotopes, its metabolites, its pharmaceutically
acceptable salts, its polymorphs, its solvates, its optical isomers, its clathrates and its co-
15  crystals in combination with the usual pharmaceutically employed carriers, diluents and the
like, and for use in any of the methods described herein.

The compounds of the invention can be administered in a dose sufficient to treat the
disease, condition or disorder. Such doses are known in the art (see, for example, the
20 Physicians’ Desk Reference (2004)). The compounds can be administered using
techniques such as those described in, for example, Wasserman et al., Cancer, 36, pp.
1258-1268 (1975) and Physicians’ Desk Reference, 58th ed., Thomson PDR (2004).

Suitable doses and dosage regimens can be determined by conventional range-finding

25 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

30 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.
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Titl e conpound was synt hesi zed by follow ng the procedure as described in
Step 2 of Exanple 1 using internediate (2a) fromthe previous step. 1H NWR
(400 MHz,wQD@I33R1346 257.60-7.45 (m 4H), 7.23 (s, 1H), PCI0B2196540m 1H),
4.37-4.15 (m 1H), 3.40-3.17 (m 1H), 2.20-1.70 (m 6H), 1.50 (s, 9H); mz
406. 11 (M++1).

Step3:tert-butyl (2-(5-(4-(4,4,5,5-tetranmet hyl-1, 3, 2-di oxabor ol an- 2-yl ) pheny
1)-1H imdazol -211)cycl opentyl)carbamate (cis isomers) (2c): Title
conmpound was synt hesi zed by follow ng the procedure as described in Step 3
of Exanple 1 using interrredi ate (2b) fromthe previ ous step lH-NNR (400
MHz, CDCl3), 6 7.79-7.77

5.20-5. By Q"fﬁy Pf—i)exampﬁ) %f‘dQEPOE nﬁ”tei‘ﬂjng éosﬁn'é t@? (’Pf?”tiqu th? P@SQ_ %‘fo thén 6H),

1. 36 ('sphdrtdceutloalt) atue &idhi(sybdschbdd RErelMbt Fethokld &tt%ﬁtl of Bl%)/eﬁtﬁfgta but yl
2- (8- (4- (2 (2-((tert- butoﬁécarbon yl)am not)ecyclopent I m dazol -

5- Aphen{iBpage ar eonglition @s FeSiPsH @ROYT 8aulpe 9o RS 4P E%QUW] MEkE R28Y Wei9Rbyr r ol |
di ne- 1- oeehoppbais d(a;%drbr eﬂaﬁnple Tdaohtao goﬂﬁ@ul@om MENARS 2@l rhg d.014 owi ng
|

the procedure as described in usi n% | nterrre ate (2c¢)
from5t h&% P04 %Q%pman%lo%%m 810t7515@ﬂ>9|1 @9(@ g, 0.25 mg, 0.5 mg,

, 4,5, 6- ety y@mbmgmd Bod axheheptgal 1, ?héjblb% lofl A% loh AR U iclily Hetive
ne 1- car box g@ate 20 ntdhuem gded%gs ngCI’I bed in W2009/ 102633 y 1H NVR

(400 MHRQE |d§§cr|b§d-pegg3n for4ee gscrigRy meihogz_candye ghaut 21t about X 9 mggk qm

(ZH) gmﬁgd%wé@h{mm§b\)|bje<% bbfigreded par ohl) for éxdhple lat?t § Mg, BGhY, 5 hgbfh 1. 51
m z

St bps: iy P (15020 b5 5 50 e, (Beya! Y. BT HIIFRI SR

25rrthyl79@|hfy1@yh()thgmblb@uylwargﬁﬂbeﬂda@ 5, 6-tetrahydrobenzo[ 3, 4] cycl ohept a[ 1,

2-d] i m dazol - 8-
In accordance with embodiments, the present invention provides methods of treating,
preventing, ameliorating, and/or inhibiting a hepatitis C virus infection comprising
administering a compound of formula (I) or a salt thereof.
15

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.

20 The terms “ireat,” “prevent,” “ameliorate,” and “inhibit,” as well as words stemming
therefrom, as used herein, do not necessarily imply 100% or complete treatment,
prevention, amelioration, or inhibition. Rather, there are varying degrees of treatment,
prevention, amelioration, and inhibition of which one of ordinary skill in the art recognizes
as having a potential benefit or therapeutic effect. In this respect, the inventive methods

25 can provide any amount of any level of treatment, prevention, 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

30 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.
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yl ) phenyl) - 1Hi m dazol - 2- Acycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-yl ) car ba
mate (m xture of cis isoners): (Conmpound 2) WO

2013/ 0213%O0RCI/2BRD12/ 054020 Titl e conpound was synt he®Cczas2tyof4020 owi ng
the procedure as described in Step 5 of Exanple 1 using internediate (2d)
fromthe previous step. 1H NVR (DVBSO d6, 400 MHz), 5 511.88-11.55 (m 2H),
8.15-8.00 (m 2H), 7.82-7.29 (m 9H), 5.15-5.02 (m 1H), 4.40-4.32 (m 2H),
4.11-4.07 (m 2H), 3.87-3.81 (m 4H), 3.51 (s, 6H), 2.94-2.80 (m 4H),
2.14-1.65 (m 10H), 0.97-0.59 (m 14H); mz 793.50 (M++1). mp.: 155-157 C
Exanpl e3: Preparationofrrethyl((ZS) 1-((2-(5-(4-(2-((S)-1-((S-2- 10

(et hox¥car bonyl ) am no- 3- net hyl but anoyl ) pyrrol jdin-2-y1)-4, 5-di hydro 1Hnaph
t ho[ 1, 2IHPPERTBAS With yig hnentan, t!‘l!FMPWi‘&é! J@Pt PEloes (R cﬂb‘é‘f‘ﬂ'yﬁ‘@fﬁhn@) W8l net hyl

-1 1- (ggohitéllﬁités%'r?b%ﬁ%'l B@dRRA L Withb it IMiitieh, thé Drdes HBRIEANa, CLEHTROWNIEL, 3hd the St ep
. -ter u

2-(7- (4°(d2rd-§9?'(19@uhﬁu PHANBE @RPEONY IS RIBfeIEALET BisgRayMals e frarny 8% PrP85- v ) ph
enyl) - 4 Carildri dinerud na@mbbqhétsﬁaﬂ&laarm@%otdoésﬁpw fsoﬂnbﬂal PesfreeriHa@ e at e(ci

s isorre:n? 3a) : 0 Title conpound synt hesi zed by fol | owing t he

procédu a'aé’é%FrP'BéHe PH’eStAétt?d@CW'@ E‘%‘ﬁ"ﬁlg oyVineg4FoNss) |W§VH’@%IK|%\$% 0Zd‘i’ff rom

Exanpl et oﬁﬂe@pP&sm&y@ ‘TnQIDHmQUEéfumgs (HorBeMD 4 35 GhodhYsteferréd that the
H napht B&%[n}r’ﬂezllgmigl m i dazol - 2- Apyrrol i di ne-1-carboxyl at e [synt he5| zed as

describ B0Y/ 16 298] P”T#‘ENMQG(O@WG I9f—|zs'm€l§€l @)OnkSWG 8- 9. WG Pwer 7H)

7.12-6. %Qtf(rébmdd’l_gnur’réngandra &s)( M edpaialfl- ;ﬂ‘@feﬂe@%e(n%aﬁé‘ﬂhe Rk 3. 33 (m 3H),
315280(m4 45- 251.80 (m 8H), 1.60-1.51 (m 18H): mz 665.40

Stens ep2: mePRyPIT 295l dnfegtion] sefer. (oathe (ifyeductipsp! A Yirst REXSRYEr B isFHs R fro- 3-
10 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
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
15 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,

20 steroids, cortico-steroids, colony-stimulating factors, chemotactic factors, etc.
Following are the abbreviations used and meaning thereof in the specification:

ACN: Acetonitrile. Boc: tert-butyloxycarbonyl. Cbz: Carbobenzyloxy. CDCls:
Deuterochloroform.  DCM:  dichloromethane. DDQ:  2,3-Dichloro-5,6-dicyano-p-
benzoquinone. DIPEA: N, N-diisopropylethylamine. DME: 1, 2-dimethoxyethane. DMF: N,
25  N-dimethylformamide. DMSO-ds: Dimethyl sulfoxide-ds. EDCI: N-(3-Dimethylaminopropyl)-
N'-ethylcarbodiimide. EtOAc: Ethyl acetate. HATU: O-(7-Azabenzotriazol-1-yl)-N,N,N',N"-
tetramethyluronium  hexafluorophosphate. HCI:  hydrochloric acid. HOBt: 1-
Hydroxybenzotriazole hydrate. HPLC — High Performance Liquid Chromatography. KOAc:
potassium acetate. MeOD: Methanol-ds. Na,SO4: sodium sulphate. NaHCOs: sodium
30 bicarbonate. NCS: N-chlorosuccinimide. PCys: Tricyclohexylphosphine. Pd(PPhg)s:

Tetrakis(triphenylphosphine)palladium(0). Pd-C: Palladium on charcoal. PdClx(dppf): [1,1'-
40



met hyl but anoyl ) pyrrolidi n-2-y1)-4,5-di hydro- 1H napht ho[ 1, 2-d] i m dazol - 7-yl)
phenyl) - 1H m dazol - 211) cycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2- y1) car bamat
e (m xturwoah13gi2s34%i sonmers): (Conpound 3) Title conpourdTABR®1%YFIIesi zed
by follow ng the procedure as described in Step 5 of 10 Exanple 1 using
intermediate (3a) fromthe previous step. 1H NVR (DVSO d6, 400 MHz), 6
11.88-11.55 (m 2H), 7.88-7.28 (m 9 H), 7.02-6.87 (m 2H), 5.15-5.02 (m
1H), 4.40-4.32 (m 2H), 4.11-4.07 (m 2H), 3.87-3.81 (m 2H), 3.51-3.45 (m
6H), 3.02-2. 67 (m 4H), 2.20- 1.55 (m 12H), 1.10-0.55 (m 12H); mz 779.50
(Mt+1). mp.: 140 C

Exanpl e4: P t frret hyl ((S)-1- 1R 2 2-(5-(4-(2- S-1-((9S) -
ol ﬁw@ﬁﬁ%&?ahio?&a%%r@sﬁéq(lﬂ%wewﬁo(aw Bor 7ot P icboy robe. o\ B o- 11t

napht hOﬂBis @Bﬁi&dyilﬁwéaamho ?erbbbé@é]@lemébopﬂah'&dudﬁw@ Zompiek )ittt | QBmaioyiRaiEneo) - 3- me

t hyl - 1- oxobut an- 2- carb (Co

St epl CER Qet(’QﬂeWP(?ﬁ%hEFr@rlﬁ'f"@rQﬁQSE‘f ?ﬁ}ci 1R (hekpbylie9@rc ar bonyl ) ani no)
cycl opent anecar boxyl ate (4a): 20 Titl e conpound was synt hesi zed by

foI | owi ﬂ@etﬂoéowjn@c@mmmesaarejem\rid@bdoifurtI&reidjus_trate the present invention and

but oxycﬁon%% %t%e%g&é%{agﬁgﬁ\é%%%% ﬂﬁﬁ]ﬁ%ﬁ % %ﬁ%égégggﬁtk eAS\I(I:“ bed
in Tetr élHkiMFbsrpecm weredetgrmined®), tha 9olvems 1ok @03 araiscf@lrrmal shiffs aegt PDEES .
1H NMR €4g nwzdow‘}#eld 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).
10
Example 1: Preparation of methyl ((29)-1-((2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate (mixture of trans isomers) (Compound 1):
15

Step 1: 2-(4-bromophenyl)-2-oxoethyl-2-((tert-
butoxycarbonyl)amino)cyclopentanecarboxylate (trans isomers) (1a):

0 O
O 3O
o]
HN-Boc
20
To a stirred solution of frans-2-((tert-butoxycarbonyl)amino)cyclopentanecarboxylic acid
(0.8 g, 3.49 mmol) [synthesized as described in J. Org. Chem., 2001, 66 (16), 5629-5632]
and 2-bromo-1-(4-bromophenyl)ethanone (0.97 g, 3.49 mmol) in acetonitrile (50 mL)
DIPEA (0.61 mL, 3.49 mmol) was added and the reaction was stirred at rt for 2 h. The
25 contents were concentrated under reduced pressure and water (100 mL) was added and
extracted with ethyl acetate (2 x 50mL). The combined organic layers were washed with
brine, dried over anhydrous Na,SO4 and concentrated under reduced pressure to get pale
yellow colored oily liquid (1.3 g, 87 %) that was used in the next step without further
purification. "H-NMR (400 MHz, CDCls), 5 7.81-7.79 (m, 2H), 7.67-7.65 (m, 2H), 5.61 (bs,
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cbCcl3) 6 7.79 (d, J =8 Hz, 2H), 7.66 (d, J = 8 Hz, 2H), 5.60 (bs, 1H),
5.40-5.20 (m 2H), 4.35-4.30 (m 1H), 3.20-3.15 (m 1H), 2.20-1.60 (m 6H),
1.40 (s, wOR03Ies: mz 326.0 [ (M+1) - 100] (val ue obgemusz1/eF402the

de- Boc product). Step 2: tert-butyl
((1R, 2S)-2-(4-(4-Dbronophenyl)-1Hi m dazol -2-yl)cycl opentyl ) carbamate 5(4b):
IN j HN-Boc HN '",",(S) Title conmpound was synt hesized by foll ow ng the

procedure as described in Step 2 of Exanple 1 using the internedi ate (4a)
fromthe previous step. 1H NVR (400 MHz, CDCI3), 6 7.60-7.56 (m 2H),
7.49-7.45 (m 2H), 7.21 (s, 1H), 5.0-4.95 (m 1H) 4. 35-4. 30 (m 1H) ,

103. 40335 Stms 1H) 2.40-1.60{m 6 1.48/1.3 g |-2 406. 10
(Mr+1) . 25.20dpt 2}t §:p0-4.22 (m, 1H), 3.19-3.14 (m, 1H 15-1.65 (m, 6H) 1.47 (s,

((1R 25)31_?, r{7/§-4(26.“3©‘h\/l4+5)1 5-tetramet hyl- 1, 3, 2- di oxabor ol an- 2-yl ) phenyl) - 1H m
dazol - 211) cycl opentyl )carbamate (4c): 15 Title conpound was synt hesi zed by
follow ng the procedure as described in Step 3 of Exanple 1 using the

t 1 N
13 g $r9 m;@t?i €2; (ﬂmbdtmom gehg bﬁé\?l ) renmg%izbgswik é@&g%arb@?%&%)mtrarisl_b

4.30°4. ?9”‘(%? ﬂ)-i) 339332(m lH) 2.14-1.60 (m 6H), 1.36 (s, 12H),
1.30 (s, 9H); mz 454.20 (M++1). Step 4. (S)-tert-butyl
2-(7-(4-(2-((1S,2R)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H20i m dazol

-5-yl ) phenyl) -4, 5-di hydr o- 1H napht ho[ , \d dazol - 2- Apyrrol i di ne- 1- car box
ylate (4d):

To the stirred solution of 2-(4-bromophenyl)-2-oxoethyl-2-((tert-butoxycarbonyl)amino)

10 cyclopentanecarboxylate (1.3 g, 3.05 mmol) from the previous step in toluene (20 mL),
ammonium acetate (4.70 g, 61.0 mmol) was added and the contents were heated at 110
C for 15 h. The reaction mixture was poured into 100 mL water and extracted with ethyl
acetate (2 x 50 mL). The combined organic layers were washed with brine, dried over
anhydrous Na,SO,4 and purified by flash column chromatography (45% EtOAc/hexane) to

15  get orange colored solid (1.0 g, 81 %). 'H-NMR (400 MHz, CDCly), & 7.57-7.47 (m, 4H),
7.21 (s, 1H), 5.14-4.95 (m, 1H), 4.35-4.15 (m, 1H), 3.39-3.15 (m, 1H), 2.14-1.65 (m, 6H),
1.43 (s, 9H); m/z 406.11 (M*+1).

Step 3: tert-butyl (2-(5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-
20 imidazol-2-yl)cyclopentyl)carbamate (trans isomers) (1¢):

Boc
Q HN
B H
OO
/
\ N

A mixture of tert-butyl (2-(5-(4-bromophenyl)-1H-imidazol-2-yl)cyclopentyl)carbamate (1 g,
25 2.46 mmol) from the previous step, potassium acetate (0.68 g, 6.90 mmol) and
4.4.4' 4'5 55 5-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.3 g, 4.92 mmol) in dioxane (10
mL) was de-gassed with nitrogen for 30 min after which Pd(PPh3)4 (0.08 g, 0.07 mmol)
was added and the reaction mixture was irradiated with microwaves at 120 °C for 40 min.
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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 4c and and (S)-tert-butyl
2-(7-(4, 4yv0,2813134aet hy1l- 1, 3, 2- PCT/IB2012/054020

di oxabor ol an-2-y1) -4, 5-di hydro- 1H napht ho[ 1, 2-d] i m dazol - 2- Apyrrol i di ne-1-c¢c
arboxyl ate [synthesi zed as described in W2009102633]. 1H NWVR (400 MHz,

CDCl 3) 57.83-7.45 (m 57H), 7.20-7.10 (m 1H), 5.07-4.86 (m 2H), 4.40-4.20
(m 2H), 3.50-3.43 (m 3H), 3.15-3.05 (m 2H), 2.97-2.80 (m 2H), 2.45-1.80
(m 8H), 1.60-1.51 (m 18H), mz 665.40 (M+1).

Step5:nmethyl ((S)-1-(((1R 25)-2-(5-(4-(2-((S)-1-((S)-2-(met hoxycar bonyl )am n

-3-
(r)ret hyl bdf'8fegeisyvers takeniein =PAG (20 eilbhged Bassad isHem 8 celito beri Mheieddt - 7- yI)
phenyl) béwmmma@mﬁ }ihisy QitBPEIAP 200 MeL): Erhareédm.néd QKGN MYk Aeps bamat e

(Conpound 4 Titl e conpound was synt hesi zed by follow ng the procedure as

descri b&@sh Sf't@pb@e@fd”EQaQYﬁr éo?ﬂ'uﬂhFH'Qh%tﬁearF%PéFfl'?@detf@SfQ zﬁﬁ‘)"o"ﬂﬁ‘tegﬁaﬁméw ous

step. 1 d%@tk(y@&@@téil@exaﬂgptoyﬂdap‘éﬂezyehgwl:&oﬁ@d(smhd 9, 62%?--1% th@R(ﬂrmo 9H),

7 05 6 0 2 0 (m
zﬁ@p D 7447 78 1J=38z£!3H(Z,séH 5 1-399 . 2’=6$ O(Hf %735 20H)1. 65

(m 10H)3 2005. 9@(@ P, @mo-4.26m, 191z 3/86%.80 ( rﬁMﬂ-bl)sz@caéml@Qy & (€ 12H),

Exanpl e5: Preparatlonofmathyl (S) 1- (((1R 2S)-2-(5-(4-(2-((S)-1- ((S) 2-

(et hoxy SO BtV T¥af2H28 (Metthy | but anoyl )pyrrolidin-2-y1)-1,4,5,6-

20t et r ahydr obenzo[ 3 4] cycl oheptal 1, 2- d] i m dazol - 8-yl )phenyl) 1H-1i m' dazol - 2-

ypcycl o entypa - 3-ne hyI 1- oxobu }/1 carbamate (Exanple 5 Step 1:
(S)-ter ?lelw tetbutyl 2-(7-(4-(2-(2-((tert- butoxyca bonyl)amino)cyclopentyl)-1H-imi azoI

Go(4 2R {1gmbpHb ahiaror &l 1-05@8k% 1Hirehglazol -
Af)hgﬁlylﬁ(@pbéﬂ@ 6- %dg??gﬁydrnogenzggéh]Ic%?rg)h@g%/a[Wd]?ﬁ] aéz%l |'dtr ’

Apyrrol { Mess) {1 Yar boxyl ate (5a):

¢ 9 H
N SN \_N HN-Boc
-

15 The solution of (S)-tert-butyl 2-(7-bromo-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-
ylpyrrolidine-1-carboxylate (0.2 ¢, 0.48 mmol) [synthesized as reported in ref.
W02009/102633] and tert-butyl (2-(5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)carbamate (0.26 g, 0.57 mmol) [from the previous
step] in a mixture of DME-H,O (3:1, 4 mL) was degassed using nitrogen gas for 15 min.

20 Potassium carbonate (0.33 g, 2.40 mmol) and Pd(PPhs)4 (0.055 g, 0.048 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,4 and
concentrated under reduced pressure to obtain the crude compound which was purified by
flash chromatography (80% EtOAc/hexane) to get a pale yellow solid (0.16 g, 50%). 'H-

25 NMR (400 MHz, CDCls), 5 7.85-7.40 (m, 7H), 7.12-6.90 (m, 1H), 5.07-4.86 (m, 2H), 4.40-
4.20 (m, 2H), 3.50-3.33 (m, 3H), 3.15-2.80 (m, 4H), 2.45-1.80 (m, 8H), 1.60-1.51 (m, 18H);
m/z 665.40 (M*+1).
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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 from Step 2 of Exanple 4 (4b)
and (S) - twot2etsuyi442- ( 8- PCT/IB2012/054020
(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1)-1, 4,5, 6-tetrahydrobenzo[ 3, 4] c
ycl ohepta[ 1, 2- 5 d]i m dazol - 2- Apyrrolidi ne-1-carboxyl ate [synthesized as
descri bed in W2009102633]. 1H NVR (400 MHz, CDCI3) 6 7.83-7.45 (m 8H),
5.07-4.86 (m 2H), 4.40-4.20 (m 2H), 3.50-3.43 (m 3H), 3.10-2.80 (m 4H),
2.45-1.80 (m 10H), 1.60-1.51 (m 18H), mz 679.40 (M++l).

10St ep2: met hyl ((S)-1- (((1R, 25)-2-(5-(4-(2-((8)-1-((S)-2-(rret hoxycar bonyl ) am
i no- 3-

et hyl b&tehoy! Ppyr r aPEHYIN- 2- §3F)- (@ (B-(E3-E65)-Ar{RirolRs 2 orysatPPey @y st af 1, 2-

d] i m daza@thyioutanoyl pyrrolldln -2- yI) 4 5 d|hydro 1H- -naphthol[1,2- d]|m|dazol -7- yI)phenyI) 1H
1- oxobut an- 2-y1) car ba

yl ) phenyl)-1H-i mi dazol - 2- am no) - 3- me

mat e ( CHREBENGE Bébcyc'oﬁ%”tyf am' @@ﬁryﬁeepa%at%mweow fngabthe
proceduiRnitss){esmpbhiadi): n St ep 5 of Exarrpl e 1 using internediate (5a) from
the previous step. 1H NWR (DVSO d6, 400 MHz), 6 11.88-11.55 (m 2H),
8045729(m11H) 5.15-5.02 (m 1H), 4.40-4.32 (m 2H), 4.11- 4.07 (m
2H), 3.87-3.70 (m 4, 3.51-3.45 (m 6H), 2.94-2.80 (m 4H), 2.20-1.65 (m
12H), 097071(m H)_,, rﬂz 79 T N5-167 C. 20

Exanpl e6: Preparatroﬁof Ya-(2-((S)-1 -((9)-2-

( met hoxycar bonyl)am h e M i Ny 2-y1)-4,5-di hydro-1
Hoenzo[ 2, 3] oxepi no[4 a oI -85 ey 1)
H i mi dazol - 2-yl ) cycl opent m no) - 3-nethyl -1- oxobut,j?{yl)car bamat e
(Conpound 6): 5Step 1. (S)-tert-butyl @%
2-(8-(4-(2-((1S,2R)-2-((tert-butoxycarbonyl)am no)cy Bentyl) 1H

i m dazol - 5- Aphenyl ) - 4, 5- di hydr o- 1H benzo[ 2, 3] oxepi no[\4, 5-d] i m dazol - 2- y1) py
rrolidine-1- carboxylate (6a): Tit I e conpound was synthesized by follow ng
t he procedure as described in Step 4 of |oExanple 1 using the internediates

from St éP)2edukanpl e247(43-(Gattigricmoyyeabopyliamingcyaapentyl)- 1H-imidazol-5-
(4 4,5, ?D%r?én'yﬁmeﬁ Bivdard. 13- gaﬂ'ltlf’cgiigflf]rmrd’é}o% X/Q%yrf]olrémgﬁbé/ﬂﬁ& vk bgpzol 4, 3] oxep

no[ 4,5 ol =2- Apyrrolidine-1-carbox esl zed u3|n
pr 0d8duPeS mawdr W@@Upreﬁlmmwwgﬁoweﬂ—lﬂ éf‘OU‘L d Enc(®B? rel) 1\ﬂla$)0 (bs,

1H) , 10a§9eci lEb'sthelr'@actro7rr %TJreAé? 5( % §H)\fter50&ﬁplét1cﬁpoi( Q@jdrt%ﬂ) ’théln‘ﬁﬁur% @Qs (m
3H), 3.50-3 m_ 1H), 2.45-1.72

(m 8H) strr;[ecggr_ry_ o5 g r’( eIrg]qyre Wagemra{;@d q\mryrle)ss and trlturate with diethyl ether
to obtain the product as a TFA salt which was used in the next step without any further

purification. (S)-2-((methoxycarbonyl)amino)-3-methylbutanoic acid (0.05 g, 0.30 mmol)

15 [synthesized as reported in ref. WO2010/132538 A1] was added to acetonitrile (10 mL)
followed by EDCI hydrochloride (0.06 g, 0.30 mmol), HOBt (0.05 g, 0.30 mmol) and DIPEA
(0.18 mL, 0.9 mmol) and stirred for 20 min. Subsequently crude TFA salt from previous
step (0.070 g) was added and stirred overnight at rt. The reaction mixture was evaporated
to dryness and the required amide was precipitated out by adding water (20 mL) and

20 filtered. The pale yellow solid was purified by preparative HPLC (0.023 g, 20 %). 'H NMR
(DMSO-as, 400 MHz), 6 12.10-11.55 (m, 2H), 7.82-7.29 (m, 9H), 7.05-6.60 (m, 2H), 5.10-
5.05 (m, 1H), 4.40-4.32 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H),
3.02-2.67 (m, 4H), 2.25-1.65 (m, 10H), 0.99-0.51 (m, 12H); m/z 779.50 (M*+1). m.p.: 148
150 °C.

25
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Step2:nmethyl ((S)-1-(((1R 25)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am n
0- 3-

met hyl butwoayi3y@yssmol i di n-2-y1) -4, 5-di hydr o- 1H benzo[ 2, 3foABpi1zvef44206- d] i m d
azol - 8-

yl ) phenyl) - 1Hi m dazol - 2- Acycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-y1) car ba
mat e 20 ( Conpound 6): Titl e conpound was synt hesi zed by follow ng the
procedure as described in Step 5 of Exanple 1 using HATU, DWF and the
internediate (6a) from previous step. 1H NVR (DVSO d6, 400 MHz),
512.00-11.70 (m 2H), 8.14-6.90 (m 11H), 5.05-5.02 (m 1H), 4.40- 4.10 (m
4H), 3.90-3.70 (m 4 3.60 (s, 6 3.15-3.00 (m 2H), 2.14-1.55 (m
1ok, “oEgamniy A (et (BS-5E- ol R R et adeatborshaine T

met hyl  ethylbufdnolfip girblidin(Byl)4;4.% 6 tétRahykirbbenzofs, 416y clumepeat oony! ) am no- 3-
met hyl but_ar_\% | ) pyr rg?i di n- 2'_n§'1%_4’ 5- di h}/%d:o- 1H b_en];'c? 2, 3foxe ino[4,5-d]imd
azol - g- dlimidazdl-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-

yl) phen@);arburﬁanré (RE@liref\tis YA PERTonRFIUN®)): 3- et hyl - 1- oxobut an- 2-y1) car b
amate (Conpound 7):

10St épl: (1R, 25) - 2- (4- br onopheny1) - 2- oxoet hy1- 2- ((t ert but oxycar bonyl)

ani no) cggdwpent anecar boxyl et e (7a): 0(s) , Bptoromophedyl)-2-oxethyl-2T{(tehe
conmpound was synt hesi zed by foll ow ng the procedure as described in Step 1
of ExanpHEXVARRDBMEIRLYElopantgheramy g (CitIRARSREE( 1R, 25) - 2- ((tert- 1.5
but oxycar bonyl ) am no) cycl opent anecar boxylic acid [synthesized by foll ow ng
the procedures described in Tetrahegr n: Asymmetry, 2008, 19, 2796-2803].
1H NWVR (400 MHz, CDCI3) 6 7.8 5}_8@,@—{), 7.67 (d, J = 8 Hz, 2H),
5.6 (bs, 1H), 5.40-5.20 (m 2 4.35/4. m 1H), 3.19-3.15 (m 1H),
2.20-1.60 (m 6H), 1.40 (s, 9Huntg z 326.2 [(M++1) - 100] (value observed

for the de-Boc product).
10

Title compound was synthesized by following the procedure as described in Step 1 of
Example 1 using cis-2-((tert-butoxycarbonyl)amino)cyclopentanecarboxylic  acid
[synthesized as described in Tetrahedron: Asymmetry, 2008, 19, 2796-2803]. 'H-NMR
(400 MHz, CDCls), 5 7.85-7.79 (m, 2H), 7.70-7.65 (m, 2H), 5.65 (bs, 1H), 5.35-5.20 (m,

15 2H), 4.35-4.22 (m, 1H), 3.25-3.14 (m, 1H), 2.20-1.65 (m, 6H), 1.47 (s, 9H); m/z 426.30
(M*+1).

Step 2: tert-butyl (2-(5-(4-bromophenyl)-1H-imidazol-2-yl)cyclopentyl)carbamate (cis

N
)
N
H HN
Br Y

Boc

isomers) (2b):
20

Title compound was synthesized by following the procedure as described in Step 2 of
Example 1 using intermediate (2a) from the previous step. 'H-NMR (400 MHz, CDCl3), d

25  7.60-7.45 (m, 4H), 7.23 (s, 1H), 5.20-4.95 (m, 1H), 4.37-4.15 (m, 1H), 3.40-3.17 (m, 1H),
2.20-1.70 (m, 6H), 1.50 (s, 9H); m/z 406.11 (M*+1).
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20 Step 2: tert-butyl-

((1S, 2R) - 2-(4-(4-bronophenyl) - 1H i m dazol - 2-yl ) cycl opentyl ) carbamate (7b):
Titl e compount/ozasi4synt hesi zed by foll ow ng the procedureTaB2odesswidbed in
Step 2 of Exanple 1, using the internediate (7a) fromthe previous step.

1H NWVR (400 MHz, CDCI3) 6 7.60-7.56 (m 2H), 7.49-7.47 (m 2H), 7.20 (s,
1H), 5.05-4.95 (m 1H), 4.40-4.31 (m 1H), 3.40-3.35 (m 1H), 2.40-1.60 (m
6H), 1.33/1.26 (s, 9H); mz 406.0 (M++1). 5 Step 3: tert-butyl
((1S,2R)-2-(5-(4-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an- 2-yl ) phenyl) - 1H m
dazol - 211) cycl opentyl ) carbamate (7c): ,Boc ----0" gHN BH(s) / (R N Title
conpound was synt hesi zed b fol | ow n the Frocedure as descri bed |n Step 3

of 10 BRI e31 Uty hel fﬁ@r(ﬁé‘cﬁé MY HAAREL PPN BVt TH1 H NVR

400 MHzm 60 (m 2 7.30 (s, 1
(5. 15-5. 10|d6§£n2]¢|23)|_€)c§&o§e5115ﬂ);1:§§2i35aﬁf8te @?Is?rﬁei@ig%é 30( (m |f)l-i) 2. 19f 1. 60H% m 6H),
1.40 (s, 12H), 1.35 (s, 9H); m z 454.28 (M++1). Step 4: (S)-tert-butyl

2-(8-(4-(2-((1R 25)-2-((tert-kugoxycarbonyl) aat no)cycl opentyl)-1HL. 5i m dazo
-5-yl ) phenyl) -4, 5-di hydro- 1H on[ 2, 3] oxem no[ 4, 5-d] i m dazol - 2- Apyrrol i di
ne- 1-
o N

¢

Title compound was synthesized by following the procedure as described in Step 3 of
Example 1 using intermediate (2b) from the previous step. 'H-NMR (400 MHz, CDCl3), &
7.79-7.77 (m, 2H), 7.70-7.67 (m, 2H), 7.30 (s, 1H), 5.20-5.10 (m, 1H), 4.30-4.25 (m, 1H),
3.39-3.32 (m, 1H), 2.14-1.60 (m, 6H), 1.36 (s, 12H), 1.30 (s, 9H); m/z 454.20 (M*+1).
10

Step 4: (25)-tert-butyl 2-(8-(4-(2-(2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-imidazol-
5-yl)phenyl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-yl)pyrrolidine-1-
carboxylate (2d):

. v [
Bozxj\\\,\ Q O \N#\l HN~Boc

15

Title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using intermediate (2c) from the previous step and (S)-tert-butyl 2-(8-bromo-
3,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate

20 [synthesized as described in WO2009/102633]. 'H-NMR (400 MHz, CDCls), 5 7.83-7.45
(m, 8H), 5.07-4.86 (m, 2H), 4.40-4.20 (m, 2H), 3.50-3.43 (m, 3H), 3.10-2.80 (m, 4H), 2.45-
1.80 (m, 10H), 1.60-1.51 (m, 18H), m/z679.40 (M"+1).

Step 5: methyl ((25)-1-((2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
25  methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-8-
yhphenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl- 1-oxobutan-2-yl)carbamate

(mixture of cis isomers): (Compound 2)
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carboxyl ate (7d): Titl e conpound was synt hesi zed by follow ng the
procedure as described in Step 4 of Exanple 1 using the internediate 7c and
(S)-tert-wot2913/@21348- (4, 4,5, 5-tetranet hyl-1, 3, 2- PCT/IB2012/054020
20di oxabor ol an- 2-y1) - 4, 5- di hydr o- 1H benzo[ 2, 3] oxepi no[ 4, 5-d] i m dazol - 2- Apyr

rolidine-1- carboxylate [synthesized as described in W2009102633]. 1H NMR
(400 MHz, CDCI3) 6 7.78-7.48 (m 8H), 5.07-4.86 (m 2H), 4.40-4.20 (m 2H),
3.70-3.43 (m 3H), 3.05-2.90 (m 4H), 2.45-1.90 (m 10H), 1.50-1.31 (m
18H), mz 681.40 (M++1).
Step5:nmethyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(met hoxycar bonyl )am n
0- 3-
met hyl but anoyl )pyrro(Pl di n-2-y1)-4.5-di hydro- 1H be [ 2, 3] oxepino[4,5-d]imd
azol - 8- )‘ NH
yl ) phenyl)-1Him daZol - & A No) - 2 | - 13y oxobut an- 2-yl ) car ba
mat e (Conpound 7): 5 Ti Ie\\\ 5 i y follow ng the
procedure as described iR StepH2 of Exanpl e 6 using they¥ntermedi ate (7d)
fromthe previous step. 1 VR (DVBO- d6, 400 MHz), 0-11.80 (m 2H),
8.14-6.90 (m 11 H), 5.05-5.02 (m 1H), 4.40-4.10 ( L@i} 3.90-3.70 (m
4H), 3.60 (s, 6H), 3.15-3.00 (m 2H), 2.14-1.95 (m 0.97-0.71 (m
1012H), mz 795.30 (M++1). mp.: 218 C
Exanpl e8: Preparationofrrethyl((S) 1-(((1S,2R) -2-(5-(4-(2-((S)-1-((S) - 2-
(et hox b Y,
t et rahy enzo \?cyc @ﬁ%ﬁég[w ga@?(/lr%ptﬁbzﬂbé%’ 3‘? %ps)hdjae)r?f/ eﬁl‘a-ét;TPdsazol 2-
ypcycl oﬁeamp@ahvmg inermediaye (20) frrabibe previcugl Sterar bR DMESPo 98 N8)iz),
5 0 11.88-11.55 (m, 2H), 8.15-8.00 (m, 2H), 7.82-7.29 (m, 9H), 5.15-5.02 (m, 1H), 4.40-4.32
(m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51 (s, 6H), 2.94-2.80 (m, 4H), 2.14-1.65
(m, 10H), 0.97-0.59 (m, 14H); m/z 793.50 (M*+1). m.p.: 155-157 °C.

Example 3: Preparation of methyl ((29)-1-((2-(5-(4-(2-((S)-1-((S)-2-
10 (methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-

naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-

oxobutan-2-yl)carbamate (mixture of cis isomers) (Compound 3):

Step 1: (25)-tert-butyl 2-(7-(4-(2-(2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-imidazol-
15  5-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate (cis
isomers) (3a):

@, :

e OO0

N RN \_N HN-Boc

o

20 Title compound was synthesized by following the procedure as described in Step 4 of
Example 1, using intermediate 2c from Example 2, Step 3 and (S)-tert-butyl 2-(7-bromo-
4 5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate  [synthesized as
described in WO2009/102633]. "H-NMR (400 MHz, CDCls), d 7.85-7.40 (m, 7H), 7.12-6.90
(m, 1H), 5.07-4.86 (m, 2H), 4.40-4.20 (m, 2H), 3.50-3.33 (m, 3H), 3.15-2.80 (m, 4H), 2.45-

25 1.80 (M, 8H), 1.60-1.51 (m, 18H); m/z 665.40 (M*+1).
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15Step 1. (S)-tert-butyl

2-(8-(4-(2-((1R 25)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H

i m dazol -\soybijphedryl) - 1, 4, 5, 6-t et r ahydr obenzo[ 3, 4] cycl olreptintol2/8s4d3a m dazol
-2- Apyrrolidine-1-carboxylate (8a): Title conpound was synthesized by
follow ng the procedure as described in Step 4 of 20Exanple 1 using the
internmediates from Step 2 Exanple 7 (7b) and (S)-tert-butyl 2-(8-
(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1)-1, 4,5, 6-tetrahydrobenzo[ 3, 4] c
ycl ohepta[ 1, 2- d]i m dazol -211) pyrrolidi ne-1-carboxyl ate [synthesized as
descri bed in W2009102633]. 1H NWR (400 MHz, CDClI3) 511.00 (bs, 1H), 10.20
(bs, 1H), 7.83-7.45 (m 8H), 5.07-4.86 (m 2H), 4.40-4.20 (m 2H),
3.50-3.43 (m 3H) 3.10-2.80 (m 4H) 2 45-1.80 (m 10H), 1.60-1.51 (m

18H), rﬂSle;ﬁ79 ( Mirsidthy 28 g—‘g &SS gnethox carbonyl )amino-3-
P

5St ep2: net h met hoxycar bonyl ) am
no- 3p methy¥bu(tanc?yl pyrgollgjm 2-yl) 4 5 dlﬁydrg 1H-na ho[1 2 d azol-7-yl) phenyIX yh)

met hyl buﬁ@aﬂwz);@w@@;bédwwnm@méw@ PoRoan-ayyespanaeo] dndiuey clophesns af 1, 2-

i m dazol - 8-

yl ) pRenyePMel$k (GAMREHOA 3)- Acycl opent yl ) ani no) - 3- met hyl - 1- oxobut an- 2- y1) car ba
mat e (Conmpound 8): 10 Title conpound was synt hesized by foll ow ng the
procedure as described in Step 5 of Exanple 1 using the internediate (8a)
fromthe previous st§g. 1H NWVR ( DVMSO-d6, 400 MHz) ,—§ 11.88-11.55 (m 2H),
8.31-6.99 (m 11 H) 4/5Nt5-5. 02 2H), 4.11-4.07 (m
2H), 3.87-3.81 (m 2 8 (v, 4H), 2.10-1.40

(m 12H), 0.95-0.54 %f%’éi\\\l\

‘&162 164 C.
15Exanpl e9: Pr epar at i onof yl €(S) - 1- \MS 25) 2 (5- (4 i (S) - 1- ((S) - 2-
(met hoxycar bonypam no- 3- yl but anoyl ) pyrrolidin-2-Y\)-1, 4,5, 6-
t et rahydr obenzo[ 3, 4] cycl ohept a[ 1, 2-d] i m dazol - 8-yl ) phengl) - 1H i m dazol - 2-
ypcycl opent ypani no) - 3- met hyl - 1- oxobut an- 2-y1) car bamatie ( Conpound 9):
Stepl: (1S, 25) - 2- (4- br onophenyl) - 2- oxoet hy1- 2- ((tert but oxycar bonyl ) am no)
20cycl opent anecar boxyl ate (9a):

Title compound was synthesized by following the procedure as described in Step 5 of

10 Example 1 using intermediate (3a) from the previous step. 'H NMR (DMSO-ds, 400 MHz),
6 11.88-11.55 (m, 2H), 7.88-7.28 (m, 9 H), 7.02-6.87 (m, 2H), 5.15-5.02 (m, 1H), 4.40-4.32
(m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 2H), 3.51-3.45 (m, 6H), 3.02-2.67 (m, 4H), 2.20-
1.55 (m, 12H), 1.10-0.55 (m, 12H); m/z779.50 (M*+1). m.p.: 140 °C.
Example 4: Preparation of methyl ((S)-1-(((1R,2S)-2-(5-(4-(2-((S)-1-((S)-2-

15  (methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-
naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate (Compound 4):

Step 1: (1S,2R)-2-(4-bromophenyl)-2-oxoethyl-2-((tertbutoxycarbonyl)amino)

cyclopentanecarboxylate (4a):

20 0

Title compound was synthesized by following the procedure as described in Step 1 of
Example 1 using 2-bromo-1-(4-bromophenyl)ethanone and  (1S,2R)-2-((tert-
butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized as described in

Tetrahedron: Asymmetry, 2008, 19, 2796—2803] as starting materials. 'H-NMR (400 MHz,
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4, (s) ,Boc "",N(s) HO O WD 2013/021344PCT/ 1B2012/ 054020 Title
conpound was synt hesi zed by follow ng the procedure as described in Step 1
of ExanplwODRoissizmig42- br ono- 1- (4- br onophenyl ) et hanone an@CT/IB2012/054020

(1S, 25)-2-((tertbutoxycarbonyl)am no)cycl opent anecar boxylic acid

[ synt hesi zed as described in J. Org. Chem, 2001, 66 (16), 5629-5632]. 1H
NVR (DMSO-d6, 400 MHz), 6 7.90-7.87 (m 2H), 5 7.78-7.76 (m 2H), 7.06-7.03
(m 1H), 5.45-5.30 (m 2H), 4.05-3.95 (m 1H), 2.80-2.75 (m 1H), 1.90-1.40
(m 6H), 1.35 (s, 9H); mz 326.0 [(M++1) - 1001 (val ue observed for the
deBoc product). Step 2: tert-butyl

1S, 25) - 2- (4- ( 4- br onopheny1) - 1H-i mi dazol | o o
31 H BEENG 17 TR oaﬁe'%gaiaﬁmr%@. 8065 M BaRID The b

pr ocedunessas3genc i Hpexbd- @1§tﬁhp12I 261 BORLE 6H), ‘P‘h@ t Oim.rﬁﬁfdz‘@é@o(%)
fromthe reV| gﬁs sf E)IVBOd%Up(mO % %28 (d, J= 8.0 Hz,

2H), 7. ¥ 1152190h(va ObSPf\é?ei”PHt e gle- %OCcPrPEUC%rD 6. 95 (d, J= 8.0 Hz, 1H),
4.05-3.90 (m 1H), 3.10-3.02 (m 1H), 2.10-1.40 (m 6H), 1.35 (s, 9H); Mz
15406 0 Step-21 ) tertSuiyh (B:R,28)2b(f-§romophenyl)-1H-imidazol-2-yl)cyclopentyl)carbamate
(1S 251@ (5-(4-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an- 2-yl ) phenyl) - 1H m
zoF 2 %L cycl opentyl )car bamate (9c):

Title compound was synthesized by following the procedure as described in Step 2 of

Example 1 using the intermediate (4a) from the previous step. 'H-NMR (400 MHz, CDCls),

5 7.60-7.56 (m, 2H), 7.49-7.45 (m, 2H), 7.21 (s, 1H), 5.0-4.95 (m, 1H), 4.35-4.30 (m, 1H),
10 3.40-3.35 (m, 1H), 2.40-1.60 (m, 6H), 1.48/1.33 (s, 9H); m/z 406.10 (M*+1).

Step 3: tert-butyl ((1R,25)-2-(5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-
imidazol-2-yl)cyclopentyl)carbamate (4c):

:1: _Q\H@ 5{\1@ —Boc

15  Title compound was synthesized by following the procedure as described in Step 3 of
Example 1 using the intermediate (4b) from the previous step. 'H-NMR (400 MHz, CDCls),
5 7.79-7.77 (m, 2H), 7.70-7.67 (m, 2H), 7.30 (s, 1H), 5.20-5.10 (m, 1H), 4.30-4.25 (m, 1H),
3.39-3.32 (m, 1H), 2.14-1.60 (m, 6H), 1.36 (s, 12H), 1.30 (s, 9H); m/z 454.20 (M*+1).

Step 4: (S)-tert-butyl 2-(7-(4-(2-((1S,2R)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
20 imidazol-5-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate
(4d):
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Boc --"NLON gHN s BH 20 Title conpound was synt hesi zed by follow ng the
procedure as described in Step 3 of Exanple 1 using the internediate (9b)
from t he woevimas34gt ep. 1H NVR (400 MHz, CDCl 3), 57.85- PCT8BL0r2/033bD0,
7.65-7.60 (m 2H), 7.30 (s, 1H), 5.30-5.10 (m 1H), 4.30-4.20 (m 1H),
3.45-3.30 (m 1H), 2.25-1.60 (m 6H), 1.40 (s, 12H), 1.35 (s, 9H); m z
454.28 (M++1). Step 4. (S)-tert-butyl
2-(8-(4-(2-((1S,2S)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1Hi m dazol -5
11) phenyl) -1, 4,5, 6-tetrahydrobenzol[ 3, 4] cycl ohepta[ 1, 2-d] i m dazol - 2-
Apyrrolidine-1-carboxylate (9d): Boc IN, c.-- 5 Title conpound was
synthesized by follow ng the procedure as described in Step 4 of Exanple 1
usi ng t H&IE; ‘Fﬁ%‘?%&u‘%%%§yr%e%zrﬁ9’ bysjalipwing. tBﬁtRchedure as described in Step 4 of

2- (8- (4F4adpl-1 @élﬁ@ﬂ%tlhbélmédl&te?érc and and (S)- tert butyl 2-( 4 4,5,5-tetramethyl-1,3,2-
di oxabor ol an- 2- i/ I m dazol - 21

d
oo Pl s bt stk o-S b o ots daé@@r-ylmosoﬁ S e

1H NNR QleMz'éd a%e?ﬂoe@ |riLWC§L‘boéb@263é - MMRFQQOd ble &ooi;) 8- 78@3 7. 46 m(

-2.80
B ot IR Yoo (Bl el oo Mudtihoo 1o 3o Ses T inp B £55

St gp5 ey, eD7-d8d (0,184)25052-dbmi,BH) 21.60-9)514nl, 18y, 2nkBBE BOXMEANbONYI ) am n
O_ -

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-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
10 imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 4).

—~—

)\NH H\#:}
OOk
O " HN w”(
)~o

0
\

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (4d) from previous step. '"H NMR (DMSO-d;s, 400 MHz),
0 12.10-11.55 (m, 2H), 7.82-7.29 (m, 9H), 7.05-6.60 (m, 2H), 5.10-5.05 (m, 1H), 4.40-4.32

15 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H), 3.02-2.67 (m, 4H), 2.20-
1.65 (m, 10H), 0.99-0.51 (m, 12H), m/z 779.50 (M*+1). m.p.: 162-165 °C.

Example 5: Preparation of methyl ((S)-1-(((1R,2S)-2-(5-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-

20 tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-8-yl)phenyl)-1H-imidazol-2-
yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Example 5):

Step 1: (S)-tert-butyl 2-(8-(4-(2-((1S,2R)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)phenyl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-
yhpyrrolidine-1-carboxylate (5a):
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met hyl but anoyl ) pyrrolidin-2-y1)-1,4,5, 6-tetrahydrobenzo[ 3, 4] cycl ohept a[ 1, 2-
| i m dazol - 8-

yl ) pheny wolbt3arizdazol - 2- Acycl opent yl ) am no) - 3- net hyl - 1roxabsizns4B20y1) car ba
mate 15 (Conpound 9): Title conpound was synthesized by follow ng the
procedure as described in Step 5 of Exanple 1 using the internedi ate (9d)
fromthe previous step. 1H NWR (DVvSO d6, 400 MHz), 6 11.88-11.55 (m 2H),
8.31-6.99 (m 11 H), 5.15-5.02 (m 1H), 4.40-4.32 (m 2H), 204.11-4.07 (m
2H), 3.87-3.81 (m 4H), 3.51-3.45 (s, 6H), 2.94-2.80 (m, 4H), 2.14-1.50
(m 12H), 0.97-0.70 (m 12H), mz 793.50 (M++1). mp.: 147 C.

Exanpl e10: Preparati onof net hyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((9S)-2-

(et hoxycar bonyl )am i no- 3- net i n-2-yl)-4,5-di hydro-1
Hnapht ho[ 1, 2-d] i m dazal - 7- yN)N -1

H i m dazol - 2-yl ) cycl ope '

(Conmpound 10): 5Step 1:“% y
2-(7-(4-(2-((1S,29-2-( rt-but oxycar bonyl)am no) cycl opentyl)-1H

i m dazol - 5- Aphenyl ) -4, 5-di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 2- Apyrrol i di ne-1-
car boxy Wﬁleecdrﬁﬁiuhd Wad éﬁ]tmmauﬂmmmgmné fpaﬁeaa@ @ydégﬂnb@w.m@tédm of
procedure as described in Ste

f 10 t
DT o St B30l T B At Nt GO tes 1oy §1R S Erage “ol4py and T -T2 @ ©°
(4,4,5, @natsr@mmbvﬂﬁs& aoﬁhm@mqﬁl an4 Bﬁyté)raﬂyoﬁouanhu[dmbybldheptﬁnt210[1 2-d]

Iv\g]zgggilgbr@%]z rlgpylérg Tlre- %Mﬁﬁx%?& e erbyay heslzed as deser b8 hb8a).
'H-NMR (400 MHz, CDCla) & 7.83-7.45 (m, 8H), 5.07-4.86 (m, 2H), 4.40-4.20 (m, 2H),
3.50-3.43 (m, 3H), 3.10-2.80 (m, 4H), 2.45-1.80 (m, 10H), 1.60-1.51 (m, 18H), m/z 679.40
(M+1).

10 Step 2: methyl ((S)-1-((1R,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-8-
yhphenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl- 1-oxobutan-2-yl)carbamate

%NH
© \\ ' ‘(QR) 0
\ N \_-N HN\f
ay

o
\

(Compound 5):

ZT

15  Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using intermediate (5a) from the previous step. '"H NMR (DMSO-ds, 400 MHz),
5 11.88-11.55 (m, 2H), 8.04-7.29 (m, 11H), 5.15-5.02 (m, 1H), 4.40-4.32 (m, 2H), 4.11-
4.07 (m, 2H), 3.87-3.70 (m, 4H), 3.51-3.45 (m, 6H), 2.94-2.80 (m, 4H), 2.20-1.65 (m, 12H),
0.97-0.71 (m, 12H), m/z 793.50 (M*+1). m.p.: 165-167 °C.

20
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Step2: methyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am n
0- 3-

15net hyl bwoanoyd2)3ayrrol i di n- 2-y1) - 4, 5- di hydr o- 1H napht hefT/jag2wd}vsazazol - 7-y
| ) phenyl) - 1H

i m dazol - 211) cycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2- Acar bamat e ( Conpound
10): Title conmpound was synthesized by follow ng the procedure as
described in Step 5 of Exanple 1 using the internmediate (10a) fromthe
previ ous step. 1H NWVR (DVMSO d6, 400 20 MHz), 6 12.10-11.55 (m 2H),
8.08696(m llH) 5.10-5.05 (m 1H), 440432(m 2H) , 411407(m

2H), 3.87- 81 1-3.45 02- 2.20-1. 45

15% o Elomipiess B “Rrebpration, ofg. Septhih » 1ySF (s F Sed e Piamifere: > (™

. Prepar thbﬂimfyaﬁﬂobhb()élﬁ)nols-ﬂétﬁfib Ea)no%t) er()ﬁdl(ﬂz -{1§-3) 5-&m¥6@-1ﬂ
u

A RS B SR DAt b © 1

H-imi daB%et&yVhWﬁhW?%@é\ﬁbﬁﬁ}e(&mﬁéM 6)t- oxobut an- 2-y1) car banat e
(Conpound 11): 5Ste )-tert-but

1 a8eoP R Apnbo Py SR R I AP AR PR Ry g
ol i di ne4rmdami15bd)phemtl)e4 odifyyro-1H-benzé[8,3pxepioaideh-diimidezattchdipyrelidingy 1-

fol |l ow Q@[E ggedure as described in Step 4 of 10Exanple 1 using the
i nternme |ate ro ' Step 2 of Exanple 9 (9b) and (S)-tert-butyl 2-(8-

0]

H
N
- -0k
N SN~N N\_N HN-Boc
(J

Title compound was synthesized by following the procedure as described in Step 4 of
10 Example 1 using the intermediates from Step 2 of Example 4 (4b) and (S)-tert-butyl 2-(8-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-

d]imidazol-2-yl)pyrrolidine-1-carboxylate [synthesized using procedures described in

W02009102633]. "H-NMR (400 MHz, CDCl3) & 11.00 (bs, 1H), 10.30 (bs, 1H), 7.83-7.40

(m, 8H), 5.07-4.90 (m, 2H), 4.40-4.20 (m, 3H), 3.50-3.43 (m, 3H), 3.25-3.10 (m, 2H), 2.95-
15 2.90 (m, 1H), 2.45-1.72 (m, 8H), 1.65-1.51 (m, 18H), m/z 681.40 (M*+1).

Step 2: methyl ((S)-1-(((1R,2S5)-2-(5-(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-
yhphenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl- 1-oxobutan-2-yl)carbamate

20 (Compound 6):
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(4,4,5,5-tetranet hyl-1, 3, 2- di oxabor ol an- 2-y1) -4, 5-di hydr o- 1H benzo[ 2, 3] oxep
ino[4,5- d]imdazol -2-Apyrrolidine-1-carboxylate [synthesized as descri bed
in W2009Y02683321344H NVR (400 MHz, CDCl 3) 511.00 (bs, 1PCT/IBDI130540s, 1H),
7.90-7.30 (m 8H), 5.07-4.90 (m 2H), 4.40-4.10 (m 3H), 3.50-3.43 (m 2H),
3.25-3.10 (m, 3H), 2.95-2.90 (m 1H), 2.45- 151.72 (m 8H), 1.65-1.51 (m
18H), mz 681.40 (Mt+1).

Step2: methyl ((S)-1-(((1S,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)am n
o- 3-

met hyl but anoyl ) pyrrol i di n-2-y1)-4,5-di hydro- 1H benzo[ 2, 3] oxepi no[ 4,5-d]imd

| - 8-
71 ) pheny He- aampaRnd a3 SyithesracoBl o MngHnR gy B desciesbit S99 §1) car ba

mat e ( Cexamprdi Ju%)ng aﬂT_u o[V %n@QHBQh't@ﬂnéhﬁéteS(XBB} e/ 5@@.0% sftéﬁ l'eMNnR t he
procedure as descri | ternediate (1la)

P ot eSMR By 80 MPED, 3 12 ORTR Drmseng T1e60 (Mru i, 5088 86 mal Hoach ry.

8. 14- 7 , 1 3
iy Q0|o(m 4114? 3Bo- 3570Q5T 5H§>23 é(ms &H), 3 6- é@o‘&m QH£@145H)55§§ %HC? 8;@90(%

o 3 i ol g PR th b i &
Exanpl el2: Preparati onof net hyl ((S)-1-(((1R 2R) -2-(5-(4-(2-((S)-1-((9S)-2-
5( met hoXxempl iy pmlnvid(% ‘wé((1r$/2ﬂb)u2 -t (2 (6> 1-(S)-8t(methgxycanhonyhamino-3-

ypoyel onsanpBetroybHCh ARyl SRl AeReof Yol gReN daliiadolgre =
St epl: ( prlzﬂ)yIm ld4Amidazobiybeydppeniylaming)8-methyl-drexdhutax-gyhchdamatani no)
cycl Ope'@é@ﬁ'nﬁoﬁﬁ& 99_xy| ate (12a): 10

10 Step 1: (1R,25)-2-(4-bromophenyl)-2-oxoethyl-2-((tertbutoxycarbonyl)
amino)cyclopentanecarboxylate (7a):

O(S) ,Boc
e
Br N

(R H
o X0

o)

Title compound was synthesized by following the procedure as described in Step 1 of
Example 1 using 2-bromo-1-(4-bromophenyl)ethanone and  (1R,25)-2-((tert-

15  butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized by following the
procedures described in Tetrahedron: Asymmetry, 2008, 19, 2796—2803]. 'H-NMR (400
MHz, CDCl3) 6 7.80 (d, J = 8 Hz, 2H), 7.67 (d, J = 8 Hz, 2H), 5.6 (bs, 1H), 5.40-5.20 (m,
2H), 4.35-4.30 (m, 1H), 3.19-3.15 (m, 1H), 2.20-1.60 (m, 6H), 1.40 (s, 9H); m/z 326.2
[(M*+1) — 100] (value observed for the de-Boc product).

20

Step 2: tert-butyl- ((1S,2R)-2-(4-(4-bromophenyl)-1H-imidazol-2-yl)cyclopentyl)carbamate
(7b):

RLLS)

<L
HN / HN—Boc
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Cyz,Boc Nr_rz.-z,... 00 Title conpound was synt hesi zed by follow ng the

procedure as described in Step 1 of Exanple 1 using

2- br ono- W04etwamaphenyl ) et hanone and PCT/IB2012/054020

(1R, 2R) - 2-((tertbut oxycarbonyl)am no)cycl opent anecar boxyl i c acid

[ synt hesi zed by foll ow ng the procedures provided in J. Org. Chem, 2001,

66 (16), 5629-5632]. 1H NMR (400 MHz, 15 CDCI3), 57.79 (d, J= 8 Hz, 2H),

7.66 (d, J= 8 Hz, 2H), 5.40-5.20 (m 2H), 4.25-4.18 (m 1H), 2.85-2.80 (m

1H), 2.20-2.00 (m 3H), 1.82-1.76 (m 2H), 1.60-1.50 (m 1H), 1.40 (s, 9H).

mz 326.0 [(Mr+1) - 100] (val ue observed for the de-Boc product). Step
tert-but

(:( 1R, 2R)T't@ ‘E%W%‘”Sr‘%%ﬁ%"r‘ﬁﬁﬂedlw fHPWgolne RrOFIUNR: P8 HERERRe Car BigRed &f

20(12b) ExaFﬁbrel £ uemgnﬁw m@brmalawmamémﬁéi pkaolcfuelsk@m mummmm MHQdQD@I?ﬁS
described in tep i nt er ned om t he previ ous

step. 1P-NAR/ Q240 r%ﬂk”éingfm %H)z 76%9 ‘P 58). 6rio- 42%4? ,7“2'1)94740#‘73“?9 By, 7.26
1 M) poltBo (.- ﬂ 2 8132 1

(2538 ;Da@(%ﬁsﬁm) m40 ﬂog5 6Hj; sé/Q a(s_mg drhjzm/gﬁ)@e? dg}{wz 1}105(?5 (mﬂ)

Step>3: tert-butyl

((1R 2R)-2-(5-(4-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an- 2-yl ) phenyl)-1H m

dazol - 2 819r §cledgmiyl Wﬁo%ﬁl b%ft‘a(t4e(4(41&5)tetrq:5whﬂw Ryioxaborolan-2-yl)phenyl)-1H-

imidazol-2-yl)cyclopentyl)carbamate (7c):

4¥©W@b

Title compound was synthesized by following the procedure as described in Step 3 of
10 Example 1 using the intermediate (7b) from the previous step. 'H-NMR (400 MHz, CDCls)

0 7.85-7.78 (m, 2H), 7.65-7.60 (m, 2H), 7.30 (s, 1H), 5.15-5.10 (m, 1H), 4.35-4.25 (m, 1H),

3.45-3.30 (m, 1H), 2.19-1.60 (m, 6H), 1.40 (s, 12H), 1.35 (s, 9H); m/z 454.28 (M*+1).

Step 4: (S)-tert-butyl 2-(8-(4-(2-((1R,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
15  imidazol-5-yl)phenyl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-d]imidazol-2-yl)pyrrolidine-1-
carboxylate (7d):

(0]

¢ [
N v
= -0~
N NN \_N HN-Boc
J -

Title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using the intermediate 7c and (S)-tert-butyl 2-(8-(4,4,5,5-tetramethyl-1,3,2-

20 dioxaborolan-2-yl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-d]imidazol-2-yl)pyrrolidine-1-
carboxylate [synthesized as described in W02009102633]. "H-NMR (400 MHz, CDCl3) &
7.78-7.48 (m, 8H), 5.07-4.86 (m, 2H), 4.40-4.20 (m, 2H), 3.70-3.43 (m, 3H), 3.05-2.90 (m,
4H), 2.45-1.90 (m, 10H), 1.50-1.31 (m, 18H), m/z 681.40 (M*+1).
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,B 5 Title conpound was synthesized by follow ng the procedure as descri bed
in Step 3 of Exanple 1 using internediate (12b) fromthe previous step.

1H NVR (AW0 2M3202133DC| 3), 6 7.85-7.78 (m 2H), 7.70-7.60PCRIBAHY/)5462085 (s,
1H), 5.25-5.10 (m 1H), 4.30-4.25 (m 1H), 3.45-3.30 (m 1H), 2.19-1.60 (m
6H), 1.45 (s, 12H), 1.35 (s, 9H); mz 454.28 (M+1). 10Step 4:
(S)-tert-butyl

2-(8-(4-(2-((1R 2R)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H

i m dazol - 5- Aphenyl )-1, 4,5, 6-tetrahydrobenzo[ 3, 4] cycl ohept a[ 1, 2-d] i m dazol -2
- Apyrrolidine-1-carboxyl ate (12d) TitIe conpound was synt hesi zed by

foll ow n? the procedure as descri in E’ 4 of 15 Exaggl e usi ng the

i nt er mePLeR esP12ERd (@?1‘3&(3885’? ﬁr 544 6%165 14(S: 5 (pedhexy) ‘inQYLlaI’"QO

L er e N q ” iR =gl] i m dazol -
o orat .na%thmowgﬁfgjﬂ%ﬁzwgeﬁ%ﬁgﬁ gorguiphsalaited o) i
DeftP WG F-orgezs

1H NMVR ¥ 24l entyBamne) -Sargthyls -expbutage?-yhparbamate 4 5. 4. 15
(m 2H) (c A3 (m 2H), 3.20-2.90 (m 5H), 2.45-1.70 (m 10H),

1. 60- él (m 18 , mz 679.40 (M++1). 20

Step5 rret hyl ((S) - 1~((§(1R 2R) - 2-(5-(4-(2-((S)-1-((S)-2-(net hoxycarbonyl)am n
0- 3-

met hyl but anoyl ) pyrrofi I"n Q-
d] i m dazol - 8-

yl ) phenyl) - 1H-i mdazo %[I‘ th'\ﬁ 1 obut an- 2-y1)carba
mat e (Conpound 12): WO 2 344PCT/ 1 B2012/ 054020 |, 'd’ e conmpound was
synt hesi zed by fol | owi ng the procedure as descri bed I%pSt ep 5 of Exanple 1
using the internediate (12d) fromthe previous step.y1lH'NVR (DVSO d6, 400
MHz) 5 6 11.88-11.55 (m 2H), 8.20-8.02 (m 2H), 7.78\7.29 (m 8H),
7.08-7.05 (m 1H), 5 5.15-5.02 (m 1H), 4.40-4.32 (m 2H), 4.11-4.07 (m

ilz-l) 308gr$3c Spdui i) s rﬁh&slze& %fdll@wm@l“%e &oé@du?e 94 detridtd) in Btepde b1 55 (M

Exarrpl eEéa'ﬁPl@ éwémdﬁ%f mﬁﬂz E& é?d LS (taqq oug S(t%o (% w@%( @ﬂs@ (€0 2-

MHz), & 12.10-11.80 (m, 2H), 8.14-6.90 (m, 11 H), 5.05-5.02 (m, 1H), 4.40-4.10 (m, 4H),
3.90-3.70 (m, 4H), 3.60 (s, 6H), 3.15-3.00 (m, 2H), 2.14-1.95 (m, 12H), 0.97-0.71 (m,
10 12H), m/z 795.30 (M*+1). m.p.: 218 °C.

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

15 Step 1: (S)-tert-butyl 2-(8-(4-(2-((1R,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-

imidazol-5-yl)phenyl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-
yl)pyrrolidine-1-carboxylate (8a):

\\‘(R) 2(S)
\\ HN‘Boc

Title compound was synthesized by following the procedure as described in Step 4 of
20 Example 1 using the intermediates from Step 2 Example 7 (7b) and (S)-tert-butyl 2-(8-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-

d]imidazol-2-yl)pyrrolidine-1-carboxylate [synthesized as described in W02009102633].
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(et hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrrolidi n-2-y1)-4,5-di hydro-1H
10benzo[ 2, 3] oxepi no[ 4, 5-d] i m dazol - 8-yl ) phenyl) - 1Hi m dazol - 2-yl ) cycl openty
pam no) - 8ormetingi34l- oxobut an- 2-y1) car bamat e ( Conpound 13LT/IB08p034020
(S)-tert-butyl

2-(8-(4-(2-((1R 2R)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H m dazol -5
- Aphenyl ) - 4, 5-di hydr o- 1H benzol[ 2, 3] oxepi no[ 4, 5-d] i m dazol - 2-y1) pyrrolidi ne-
1- carboxylate (13a): 15 Titl e conpound was synt hesized by follow ng the
procedure as described in Step 4 of Exanple 1 using the internediates from
Step 2 of Exanple 12 (12b) and (S)-tert- butyI 2-

(8-(4,4,5, >-tetramet oxabhor ol an i_hydro- 1H benzo[ 2, 3] 0

xepi no['jf’\!il\/I éfQWﬁ&aéQp'?’iﬁAﬂﬁor@F’anéo ?Qé%ﬁﬂ ’yX %@@4[55(%18%5520&1" 86

fol I ow 2:9 g M@QQ@U(neszml)r @"5@@‘43' fh, 2H)\\8300949 20 33H), AhsNdg (4 0forHz,

CDCl 3) 7. 90(m2H) 440420(m3,350343
(m 2m16§b§1§“,1ti3 ni”/ 9402'\4)312 90 (m 1H), 2.45-1.72 (m 8H), 1.65-1.51
(m 18H), mz 681.40 (M++1).

Step2:nmethyl ((S)-1-(((1R 2R)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am n
o- 3-

et hygbaitqmoyi)pymeﬂ@ﬁl d{(By-2-()( 13 .2R)-2-(8i(By2H(S)-1 Ht DenaadtRox3anepy dhido-3- d] i m d
azol

yl ) phenyBiARutanaviRy i idn:axu-d 1p et ANy ditPRE3 L3 Alest Riariall Sxdieaa8- yI ) car ba
mat e ( Conpanyn-1ESiidakol-b-§l)ey@mapentyfamms)-syiéthasi-aebutin-4-pldaavdnige t he
procedure as described in Step 2 of Exanple 6 using the internediate (13a)
from t h&CYFP BoUTSLAY’ step. 1H NMR (DMBO-d6, 400 MHz), 6 12.10-11.80 (m 2H),
8.14-7.00 (m 11 H) 5.05-5.02 (m 1H), 4.40-4.10 (m 5H), 3.90-3.70 (m

3H), 3.55-3.50 (m 6%) 31531(m 2H), 2.14-1.9% (m 12H), 0.97-0.71
(m 1012H), mz 795 )ﬁwa :162-165 C.y \
4

Ex | eld: P t 4- S)-1-((S)-2-
anpl e repara IOﬂOf\ ?’(J\ (\\I diN \‘fog §,(1))4 5( éh)hydro 1

(et hoxycar bonyl ) am | Ry

Hnapht ho[ 1, 2-d] i m dazo -Z-y )plhlenyl) 1 u,,(

H i m dazol - 2-yl ) cycl opent yypam no) - 3- net hyl - 1- oxobutiﬁ}‘;-z y1l) car banat e
(Conpound 14):

10 Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (8a) from the previous step. 'H NMR (DMSO-ds, 400
MHz), & 11.88-11.55 (m, 2H), 8.31-6.99 (m, 11 H), 5.15-5.02 (m, 1H), 4.40-4.32 (m, 2H),
4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H), 2.94-2.80 (m , 4H), 2.10-1.40 (m,
12H), 0.95-0.54 (m, 12H), m/z 793.50 (M*+1). m.p.: 162-164 °C.

15 Example 9: Preparation of methyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-
tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-8-yl)phenyl)-1H-imidazol-2-
yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 9):

Step 1: (1S,25)-2-(4-bromophenyl)-2-oxoethyl-2-((tertbutoxycarbonyl)amino)

(S) ,Boc
BI’ (S) H
0~ 0

o)

20 cyclopentanecarboxylate (9a):

56



15Step 1. (S)-tert-butyl

2-(7-(4-(2-((1R, 2R - 2-((tert-but oxycar bonyl ) am no) cycl opentyl) - 1H

i m dazol -\s02p@en3sl) - 4, 5- di hydr o- 1H napht ho[ 1, 2- d] i m daPorAR20ApYF40m i di ne- 1
- car boxyl ate (14a): Titl e conpound was synt hesi zed by follow ng the
procedure as described in Step 4 of 20Exanple 1 using the internediates
fromStep 2 of Exanple 12 (12b) and (S)-tert-butyl 2-

(7-(4,4,5,5-tetranmet hyl-1, 3, 2-di oxabor ol an-2-y1) - 4, 5-di hydr o- 1H napht ho[ 1, 2
-d] i m dazol - 2- Apyrrolidine-1-carboxylate [synthesized follow ng the
procedures described in W)2009102633] 1H— NIVR (400 MHz, CDCI 3) 6 7.83-7.35
(m 8H . 5.07-4.86 (m 3.50-3. 4 I—%319310
(m, ZFDT't'eZCWOZJ”QON%WY 3'292" lefol'oé’t'i‘g(ﬁ'?? @Pﬁeduie 66- dPSBridenﬁ” 36R) 1 of 2

665. 40 ElMurhple- 1 using  2-bromo-1- (4 bromophe ethanone and  (1S,2S)-2-((tert-
St ep2: rrethy((S 1(((1R 2R) - 2- - 2- (et hoxycar onyl)amn

o- 3- buiGKY IR B YD aREW) %k?P?'@iPP%ﬁ%ﬁb%yﬁ‘i?gg lsyrah?ﬁ; ag describedin J. O
H-napht ilei. 220l %Qag)olse% %ézqhammﬁ biig0- a@mb Mﬂii)) QSYﬁb@LI?QJTt cﬁpam nO) 3-m

et hyl - 1- oxobut an- -

synt fResi’Z&d" 69 'f‘o?'ﬁb%orw P%émpg'é)cécﬂﬁ’%Sgémd%@bﬁ G395 At 'éb 258%? & @npl e 1

USI ng thﬂ%ug%@nl imactmafeﬂ (1%@51 s, ngomvxzm%gn{[gw?%& ﬂio?gfaluﬂelgdgu(%eeff?%@ﬁbb@@ 400
m m

5105@&90(%9 Uﬁ?pi), 104 40432(m 2H), 4.11-4.07 (m 2H), 3.87-3.81 (m
4H), 3.51-3.45 (s, 6H), 6 3.02-2.67 (m 4H), 2.20-1.45 (m 10H), 0.99-0.75
(m 12HStemm2z trpusd ((VM:33)r2-(4r{dobrompphams)- tl-imidazol-2-yl)cyclopentyl)carbamate

(9b):
J/, HN-Boc
HN—".(s) )
10

Title compound was synthesized by following the procedure as described in Step 2 of

Example 1 using the intermediate (9a) from the previous step. 'H-NMR (DMSO-ds, 400

MHz), & 7.68 (d, J = 8.0 Hz, 2H), 7.57-7.54 (m, 1H), 7.48 (d, J = 8.0 Hz, 2H), 6.95 (d, J =

8.0 Hz, 1H), 4.05-3.90 (m, 1H), 3.10-3.02 (m, 1H), 2.10-1.40 (m, 6H), 1.35 (s, 9H); m/z
15  406.0 (M*+1).

Step 3: tert-butyl ((1S,25)-2-(5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-

imidazol-2-yl)cyclopentyl)carbamate (9c):

1oah

20 Title compound was synthesized by following the procedure as described in Step 3 of
Example 1 using the intermediate (9b) from the previous step. 'H-NMR (400 MHz, CDCly),
5 7.85-7.78 (m, 2H), 7.65-7.60 (m, 2H), 7.30 (s, 1H), 5.30-5.10 (m, 1H), 4.30-4.20 (m, 1H),
3.45-3.30 (m, 1H), 2.25-1.60 (m, 6H), 1.40 (s, 12H), 1.35 (s, 9H); m/z 454.28 (M*+1).
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Exanpl el5: Preparati onof net hyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-21-((S)-2-

(et hoxycar bonyl )am i no- 3-net hyl butanoyl)pyrrolidi n-2-yl)-4,5-di hydro-1
Hnapht ho[wp2etsi2m44dazol - 7-yl ) phenyl) -1 H i m i dazol - 2- ylPLegBoopessypam i
no)-3-methyl -1 - 15 oxobut an-2-yl)carbamate (Conpound 15): Step 1:
(S)-tert-butyl

2-(7-(4-(2-((1R 25)-2-((tert-butoxycarbonyl )am no)cycl opentyl)-1H m dazol -5
-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 (15a): 20 Title compound was synthesized by follow ng the procedure as
described in Step 4 of Exarrple 1 using the internmediates from Step 2 of
Exanpl e 7 (7b) %)S% but(\g1 2-(71- ,

(4, 4,5, SI8Rt#: a.@ttﬁgl ugy! 32&86‘1& borsl-antetpytpxycagaonyapigpisyglopentyl)-1H-

H napht | als; Bvd g pd-e[ synt hesi zedb
T e s e s L

11.00 (¥ yrmhﬁime-ﬂocae‘; , 7.83-7.45 (m 7H), 7.20-7.10 (m 1H),
5.07-4.86 (m 2H), 4. 40 4. 20 (m 2H), 3.50-3.43 (m 3H), 3.29- 3.26 (m
2H), 2.97-2.80 (m 2H), 2.45-1788 (m 8H), 1. 610(-61 (m 18H), mz 665. 40
5( M++1) .

St ep2: et hyl ((S)-l-((('?LoS ZRyL @ @ , \1 (( g (et hoxycar bonyl ) am n
0- 3- N

met hyl but anoyl ) pyrrol i d@Z yli) 4, 5-di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 7-yl)
phenyl) - 1H

| d%ZOH‘t%léz%n?y&}naRﬁég 'r?tﬁé@ui?e‘a) b;ﬁ‘fc%%v 'rg% @6%?@%3%@6@6&3‘?@@1%?)(@%@0““

15) € Co oun esi ze the procedure as
descri b&jamplest eU@lr!SJ e Imeampd@teﬁ Wseng ( Sh@r’frb\ﬂ)ér%@d 4t 65(t9;15%{)19thvlo‘n$ £he

08- 6. 96
?L}evhiﬁbﬁlﬁéﬁ&gaﬂﬂi W#ﬁ@(ﬁaﬂ%rﬁg@&o ]%%%I&e%?a[i]-g dinln d5a§87 IWOH e
3.87-3. 8103(h‘fﬁxy|¢F% [syrBhesizesl appdgssribegHn, W@2@@91®2633]( - N (409, MHZ L B0Is)an
10H) ., 019900084 ™ oL8Hbs, THZ 7859%7.28 (ML) 4.08MRe: (AB2HY: 4.25-4.15 (m, 2H),
10 3.50-3.43 (M, 3H), 3.20-2.80 (M, 4H), 2.45-1.80 (m, 10H), 1.60-1.51 (m, 18H), m/z 679.40
(M*+1).

Step 5: methyl ((S)-1-(((1S,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-8-
yhphenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl- 1-oxobutan-2-yl)carbamate

15  (Compound 9):

—~Q

S . {Q

OOy
.. (

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (9d) from the previous step. 'H NMR (DMSO-ds, 400
MHz), & 11.88-11.55 (m, 2H), 8.31-6.99 (m, 11 H), 5.15-5.02 (m, 1H), 4.40-4.32 (m, 2H),

20 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H), 2.94-2.80 (m , 4H), 2.14-1.50 (m,
12H), 0.97-0.70 (m, 12H), m/z 793.50 (M*+1). m.p.: 147 °C.
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15Exanpl el16: Preparati onof met hyl ((S)-1-(((1R 2R)-2-(5-(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)qindzny 1) - 1 PCT/IB2012/054020
H i mi dazol - 2-yl ) cycl opent ypam no) - 3- net hyl - 1- oxobut an- 2- ypcar bamat e
(Conpound 16): Step 1: (S)-tert-butyl

2- (7-brono-3H napht ho[ 1, 2-d] i m dazol - 2- Apyrrolidi ne-1-carboxyl ate 20(16a):
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
by foll ow n%lﬁ_he rocedures rgr ovided in W)2009102633! %.5 g, 19 mmol ) in
benzene E<ABPIR ) Hhd Ereparatorat @b drethyl I(P-T-HES P2t @\7(&%)0} 48&d- under
r educed (peffoXyESrbdnyI él’ﬂihd Smcth@bat 1)Byrbfidiac-Ply-4G din rcﬁﬂli‘lﬂmiIt ogr aphy
(60% Et OAc/ hexane ?c)) afford th g tlﬁ)gg P% VB 1H NIVR (400
Mz, cD8pRhthofl.g-dysigazel-7yhyphanyl)-tH- Eﬁ'd?z@ic? ('Pﬁycﬁmae"t 32'&'"0 3methyl-1- 1y |

3.61-3. 5Qobmanld-l)|)ca$ba5ai’e(tfbn6 undH0): 2. 29-2.19 (m 2H), 2.09-2. 01 (m
2H),1.54-1.34 (m 9H), mz 416 09 (I\/Hr+1) 10Step 2: (S)-tert-butyl

2-(75(4 t y 1 ¢ A= 2- S 1.

d i msdazsqt é ﬁAE@ t;e@:E%E neU} 43g22% at Z&%ggso;yéé@q gf'%rﬂ@B %&E}h%nt (1:|r_|ovvave
vial, 1jmidDiardaiphénys)-4b)diyaso- p)ldfr@eUthmﬂtmd}imidaag@wI)‘purrolmeﬁ wgarboxylate
and(S) Rﬁgat) but yl 2- (7- br ono- 3H napht ho[ 1, 2-d] i m dazol - 2- Apyrrolidine-1-carb
oxylate'15"(16a) (0.4 g, 0.96 mml ), bis(pinacol ato)di boron (0.49 g, 1.92
mmol ), PCy3 (0.03 g, 0.1 mml), KOAC (0.38 g, 3.84 mmol) were added and
purged with nitrogen. Finally, ClZ(dppf) CIﬁZCldduct (0.08 g, 0.1 mml)
was added & purged with nitNog any i yradi afNegZwirL h mi crowaves at 115 QC
for 45 nin. The reaction mdt qur Ao nfio wetgy. and extracted with
ethyl acetate. The orgapi C Ialyer was washed wth saturated brine 20
solution, dried over angygrous sodi um sul phate and purified by col um

chr omat ogr aphy (70% Et OAc/ hexane) to afford the title compound (0.3 g,
7% lmtwmrﬁﬁkﬁﬁdwﬁs sldsiedobyB felow(ng), theéHhrodedlire s Hestribedlin) Stép74of . 47

2 3..48- 1 = 3, ( 1H),
Sy EAnRlE it IRGinTesmaas, Mo ety S Erhoi ) B9 a8 SsbBh a2y
464. 26 (445 5tjetramethyl-1,3,2-dioxaborolan-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-
yl)pyrrolidine-1-carboxylate [synthesized as described in W0O2009102633]. m/z 665.3
(M*+1).

Step 2: methyl ((S)-1-(((1S,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
15 methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 10):

—~—

J~NH H
© c\\(o N N‘ﬁ@‘g) 0
& 00
T\ NN NN
A F \f"w(
HN
=0

\

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (10a) from the previous step. '"H NMR (DMSO-ds, 400

20 MHz), 3 12.10-11.55 (m, 2H), 8.08-6.96 (m, 11H), 5.10-5.05 (m, 1H), 4.40-4.32 (m, 2H),
4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H), 3.02-2.67 (m, 4H), 2.20-1.45 (m,
10H), 0.97-0.68 (m, 12H), m/z 779.50 (M*+1). m.p.: 181 °C.
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25Step 3: (S)-tert-butyl

2-(7-(4-(2-((1R, 2R - 2-((tert-but oxycar bonyl ) am no) cycl opentyl) - 1H

i m dazol -WoAptsanyis- 1H napht ho[ 1, 2-d] i m dazol - 211) pyr r olPCaiTREA/0%82000X Y| at e
(16c¢) : Boc N.., c--- The title conmpound was synt hesized by foll ow ng
the procedure as described in Step 4 of Exanple 1 using the internedi ates
(16b) fromthe previous step and from Step 2 of Exanple 12. 1H NWVR (400
MHz, CDCI3) 58.15-7.32 (m 9H), 7.20-7.10 (m 1H), 5.40-5.10 5(m 2H)),
4.40-4.20 (m 1H), 3.55-3.50 (m 2H), 3.35-3.10 (m 2H), 2.45-1.80 (m 8H),
1.60- 1.51 (m 18H), mz 663.40 (M++1).

S0 LS i (IR ERA 2 67 (i (R o By ) om
et hyl b%em&bmhvl)amnb @m&hylbh&mhbm&w.a Zjiflb-mfijémhroﬁbll ) phenyl) - 1H-i
m dazol - 2- Acycl o ent[yls) 0) - 3- g - 1- oxobut an- gcarbamate ( Conpound
16) : benzo[2; 3]ox pino[4 d]|m|dazol 8-y|)ph nyl)- 1H |m|dazol 2- yI)cy lopentyl)amino)-

3-methyl-1-oxobutan-2-yl)carbamate (Compound 11):

5 Step 1: (S)-tert-butyl 2-(8-(4-(2-((15,25)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)phenyl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-d]imidazol-2-yl)pyrrolidine-1-
carboxylate (11a):

0]

BOC‘N ‘\\\jll\N\ Q O \ #\1 |'ﬁi‘*Boc
O H
Title compound was synthesized by following the procedure as described in Step 4 of
10 Example 1 using the intermediates from Step 2 of Example 9 (9b) and (S)-tert-butyl 2-(8-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-
d]imidazol-2-yl)pyrrolidine-1-carboxylate [synthesized as described in W02009102633].
"H-NMR (400 MHz, CDCl3) & 11.00 (bs, 1H), 10.30 (bs, 1H), 7.90-7.30 (m, 8H), 5.07-4.90
(m, 2H), 4.40-4.10 (m, 3H), 3.50-3.43 (m, 2H), 3.25-3.10 (m , 3H), 2.95-2.90 (m, 1H), 2.45-
15 1.72(m, 8H), 1.65-1.51 (m, 18H), m/z 681.40 (M*+1).

Step 2: methyl ((S)-1-(((1S,25)-2-(5-(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-
yhphenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl- 1-oxobutan-2-yl)carbamate
(Compound 11):

~0
J~NH o O
© \\( N\ N5 ~4ss)
N l Q HN—°
\\ N SN \
G fw,(

20 \

I

Title compound was synthesized by following the procedure as described in Step 2 of
Example 6 using the intermediate (11a) from the previous step. 'H NMR (DMSO-dbs, 400
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HNR I \ NHNHN ( o/0\ Title conpound was synt hesi zed by foll ow ng
the procedure as described in Step 5 of Exanple 1 using the internediate
(16c) frowotzhs/qiadi ous step. 1H NVR (DVBO d6, 400 MHz) pCé/1RB128540%. 85 (m
2H), 8.50-8.30 (m 2H), 8.10-7.65 (m 8H), 7.37-7.25 (m 1H), 15 7.10-6.90
(m 1H), 4H),3.51-3.45(s, mp.:158-161C. Exanplel7: 5.30-5.28 (m 1H),
4.40-4.32 (m 2H), 4.11-4.07 (m 2H), 3.87-3.81 (m 6H), 2.20-1.50 (m 10H),
0.99-0.81(m12H), mz 777.30 (Mt+1).

Preparati onof nethyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-

MHz), & 12.10-11.80 (m, 2H), 8.14-7.00 (m, 11 H), 5.05-5.02 (m, 1H), 4.40-4.10 (m, 5H),
3.90-3.70 (m, 3H), 3.55-3.50 (m, 6H), 3.15-3.10 (m, 2H), 2.14-1.95 (m, 12H), 0.97-0.71 (m,
12H), m/z 795.40 (M*+1). m.p.: 172-174 °C.

Example 12: Preparation of methyl ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-
5 (methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-

tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-8-yl)phenyl)-1H-imidazol-2-

yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 12):

Step 1: (1R, 2R)-2-(4-bromophenyl)-2-oxoethyl-2-((tert-butoxycarbonyl)amino)
cyclopentane carboxylate (12a):

10 o)

Title compound was synthesized by following the procedure as described in Step 1 of
Example 1 using  2-bromo-1-(4-bromophenyl)ethanone and (1R,2R)-2-((tert-
butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized by following the
procedures provided in J. Org. Chem., 2001, 66 (16), 5629-5632]. 'H-NMR (400 MHz,

15 CDClg), 5 7.79 (d, J = 8 Hz, 2H), 7.66 (d, J = 8 Hz, 2H), 5.40-5.20 (m, 2H), 4.25-4.18 (m,
1H), 2.85-2.80 (m, 1H), 2.20-2.00 (m, 3H), 1.82-1.76 (m, 2H), 1.60-1.50 (m, 1H), 1.40 (s,
9H). m/z 326.0 [(M"+1) — 100] (value observed for the de-Boc product).

Step 2: tert-butyl ((1R,2R)-2-(4-(4-bromophenyl)-1H-imidazol-2-yl)cyclopentyl)carbamate
20 (12b):

N
Br—Q\(/\/‘ HN-Boc
HN R ’(R)
Title compound was synthesized by following the procedure as described in Step 2 of
Example 1 using intermediate (12a) from the previous step. 'H-NMR (400 MHz, CDCls), &
7.60-7.56 (m, 2H), 7.49-7.47 (m, 2H), 7.26 (s, 1H), 5.00-4.90 (m, 1H), 4.17-4.10 (m, 1H),

25 3.17-3.12 (m, 1H), 2.38-2.10 (M, 4H), 1.80-1.55 (m, 2H), 1.50 (s, 9H); M/z 405.85 (M*+1).
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(et hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrrolidin-2-y1)-1 H naphtho[1, 2-
Om i dazol -7-yl ) phenyl)-1 Himidazol -2-yl)cycl opentypam

i no) - 3- mewbybi3l2edabut an- 2- 20 yl ) carbamat e (Conpound 1PLI/IR0ep034020
(S)-tert-butyl

2-(7-(4-(2-((1R 25)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1Hi

m dazol - 5-yl ) phenyl) - 1H napht ho[ 1, 2-d] i m dazol - 211) pyrrol i di ne- 1- car boxyl at
e (17a): FI N yR) N FI N Boc The title conmpound was synt hesi zed by

foll owi ng the procedure as described in Step 4 of Exanple 1 using the
intermedi ates fromthe Step 2 of Exanple 16 (16b) and Step 2 of Exanple 7
(7b). 1H NWMR (400 MHz, CDCI3) 57.83-7.52 (m 10H), 5.30-5.20 (m 2H), 4.35-
54.25 (m 2H), 3.55-3.35 (m 2H), 3.29-3.26 (m 1H), 2.60-1.72 (m 8H),

1.65-1. @hdmteﬂtfﬂd)t | mﬁzzF@E‘réﬂ g @Mra‘,é)tetrameth¥| 1,3,2- dloxaborolan 2-yl)phenyl)-1H-

St ep2: net hyl ( S met hoxycar bonyl ) am n
o- 3p imi dgzol- -yl) cyclgpentyl car amate 1 1-((9) - 2-( y yl)

x —a(R)
\©\&/ R

5 Title compound was synthesized by following the procedure as described in Step 3 of
Example 1 using intermediate (12b) from the previous step. 'H-NMR (400 MHz, CDCls), &
7.85-7.78 (m, 2H), 7.70-7.60 (m, 2H), 7.35 (s, 1H), 5.25-5.10 (m, 1H), 4.30-4.25 (m, 1H),
3.45-3.30 (m, 1H), 2.19-1.60 (m, 6H), 1.45 (s, 12H), 1.35 (s, 9H); m/z 454.28 (M*+1).

10 Step 4: (S)-tert-butyl 2-(8-(4-(2-((1R,2R)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)phenyl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-
yl)pyrrolidine-1-carboxylate (12d):

\\‘(R) ;(R)
\\\ HN~pBoc

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

15  Example 1 using the intermediates 12c and (S)-tert-butyl 2-(8-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-yl)pyrrolidine-
1-carboxylate [synthesized as described in W02009102633]. 'H-NMR (400 MHz, CDCl3) &
7.83-7.30 (m, 8H), 5.07-4.86 (m, 2H), 4.25-4.15 (m, 2H), 3.50-3.43 (m, 2H), 3.20-2.90 (m
5H), 2.45-1.70 (m, 10H), 1.60-1.51 (m, 18H), m/z 679.40 (M*+1).

20

Step 5: methyl ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-8-
yhphenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl- 1-oxobutan-2-yl)carbamate
(Compound 12):
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met hyl but anoyl ) pyrrolidi n-2-y1)-1H napht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) - 1H-i
m dazol - 2- Acycl opentyl )am no) - 3- net hyl - 1- oxobut an- 2-yl ) car bamat e ( Conpound
17): 10 Twol2e13zenyeund was synt hesi zed by fol |l owi ng t hePpTaBHd2inHOHE
described in Step 2 of Exanple 6 using the internediate (17a) fromthe
previ ous step. 1H NVR (DVMSO d6, 400 MHz), 6 13.02-11.85 (m 2H), 8.50-8.30
(m 2H), 8.10-7.65 (m 8H), 7.37-7.25 (m 1H), 7.10-6.90 (m 1H), 5.30-5.28
(m 1H), 4.40-4.32 (m 2H), 4.11-4.07 (m 2H), 3.87-3.81 (m 154H),
3.51-3.45 (s, 6H), 2.14-1.65 (m 10H), 0.99-0.51 (m 12H), mz 777.30
(Mt+1). mp.:210 C
Exanpl e18: Prepar at i_onof net hyl ((S)-1-(((1S, 25)-2-(5-(4-(2-((S)-21-((S)-2-
(met hoxycar bonypami ng- 3- net hyl b noyl ) pyrroli din- 1)-1 H naphtho[ 1, 2-
X-yl)c cI opemty

i dazol - 7-yl ) pheny1) A ~NHi IT(l)I da |
‘qu‘@u d’ 8): Step 1:
(S)-tert-butyl N

i no) - 3- met hyl - 1- oxobut g D

2-(7-(4-(2-((1s, 25) - 2- (tggl blh't oxycar bonyl ) am no) cyc\ip ntyl)-1H

i m dazol - 511) phenyl) - 1H napht ho[ 1, 2-d] i m dazol - 211) rolhi di ne- 1- car boxyl at
e (18a): The title conmpound was synt hesi zed by fol [ .owbng the procedure as
described in Step 4 of Exanple 1 using the intermedi%tes fromthe Step 2 of
Exanpl e 16 (16b) and from Step 2 of Exanple 9 (9b). 1H NWR (400 MHz, CDCl 3)

3 ooy i ob Py By SBabie s Pl S35 85 40
(M++1) Example 1 using the intermediate (12d) from the previous step. '"H NMR (DMSO-ds, 400 .
St ep2: ekl 6§ (Rgsti {565 17 2R, s’-.zé-é.o%n(,?zéﬁ?m.ly.éé Th: %HS,f‘%bé‘.?.Yo%C@rﬁ,b%,y' )amn
5 5.15-5.02 (m, 1H), 4.40-4.32 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s,
6H), 2.97-2.94 (m ,4H), 2.14-1.55 (m, 12H), 0.97-0.79 (m, 12H), m/z 793.50 (M*+1). m.p.:
157-162 °C.

Example 13: Preparation of methyl ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-

10 benzo[2,3]oxepino[4,5-d]imidazol-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-
3-methyl-1-oxobutan-2-yl)carbamate (Compound 13):

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

\l\\‘( IQ R)

HN-Boc

carboxylate (13a):

15

Title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using the intermediates from Step 2 of Example 12 (12b) and (S)-tert-butyl 2-
(8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4,5-dihydro-1H-benzo[2,3]oxepino[4,5-
d]imidazol-2-yl)pyrrolidine-1-carboxylate [synthesized following the procedures provided in

20  WO02009102633]. 'H-NMR (400 MHz, CDCls) 5 7.83-7.40 (m, 8H), 5.07-4.90 (m, 2H),
4.40-4.20 (m, 3H), 3.50-3.43 (m, 2H), 3.25-3.10 (m, 3H), 2.95-2.90 (m, 1H), 2.45-1.72 (m,
8H), 1.65-1.51 (m, 18H), m/z 681.40 (M*+1).
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met hyl but anoyl ) pyrrolidi n-2-y1)-1H napht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) - 1H-i
m dazol - 2- Acycl opentyl )am no) - 3- net hyl - 1- oxobut an- 2-y1) car bamat e ( Conpound
18): 10 woizois2eampound was synt hesi zed by foll owi ng t R€eTABBAZOMOBD as
described in Step 5 of Exanple 1 using the internediate (18a) fromthe
previ ous step. 1H NWMR (DMVMSO d6, 400 MHz), 6 13.02-11.85 (m 2H), 8.45-7.06
(m 13H), 5.30-5.25 (m 1H), 4.44-4.32 (m 2H), 4.11-4.07 (m 2H),
3.87-3.81 (m 4H), 3.51-3.45 (s, 6H), 3.12-3.10 (m,1H), 2.14-1.50 (m
159H), 0.99-0.51 (m 12H), mz 777.30 (Mt+1). mp.:171 C

Exanpl e19: Preparationofrrethyl((S) 1-(((1S,2R) -2-(5-(4-(2-((S)-1-((S) - 2-
(et hox§car bonyl ) am no- 3-neth H napht hgo[ 1, 2-

Ot o Sitemy oA D -GSt A e 2 Y LS 31 S DimatehsmmRny B

i NO) - 3- FRdtthbutdn @hhuii 24 Z-dfth)drar1Peraz8] 2 SFensRHeM5 fihidazol-s-
Stepl:tert- buutt og%qﬂ | 91"51 %rormos)ggﬁé[lz( 4-chl oro- Hilarznodazol 2-

S
Acycl ophRRA WBleb' z8l- yg%clop ”M amy FY'H POYRANAYIHFRRAMAR Y t - but yI
((18 2 gC&ﬂﬁ&Jr@A'wa onophenyl) - 1Hi mi dazol - 2- yl)cycl opentyl ) carbamate (0. 15
g, mrol) [7b] in DMF (2 nL) was added NCS (0.074 g, 0.55 mml) at

roomterrperature and the reaction was warnmed to 50C and stirred for

NH R H

1500 WQK
O " HN '”"(
)~o

5 \

Title compound was synthesized by following the procedure as described in Step 2 of

Example 6 using the intermediate (13a) from the previous step. '"H NMR (DMSO-ds, 400

MHz), & 12.10-11.80 (m, 2H), 8.14-7.00 (m, 11 H), 5.05-5.02 (m, 1H), 4.40-4.10 (m, 5H),

3.90-3.70 (m, 3H), 3.55-3.50 (m, 6H), 3.15-3.10 (m, 2H), 2.14-1.95 (m, 12H), 0.97-0.71 (m,
10 12H), m/z 795.40 (M*+1). m.p.:162-165 °C.

Example 14: Preparation of methyl ((S)-1-(((1R,2R)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate (Compound 14):

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

(14a):
\\‘(R)EER)
\\\\I\ HN~Boc

Title compound was synthesized by following the procedure as described in Step 4 of
20 Example 1 using the intermediates from Step 2 of Example 12 (12b) and (S)-tert-butyl 2-
(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-
ylpyrrolidine-1-carboxylate [synthesized following the procedures described in
W02009102633]. 'H-NMR (400 MHz, CDCl;) & 7.83-7.35 (m, 8H), 5.07-4.86 (m, 2H),
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5 20 mn. The contents were diluted by water and extracted by ethyl

acetate. The organic |ayer was separated, dried over sodi um sul phate,
evapor at edountben1yeduced pressure to get crude product WwoTaR20a8540%ed in
the next step without further purification (0.1 g, 62% . 1H NVR (400 MHz,
CDClI3) 6 7.58-7.51 (m 4H), 4.75-4.70 (m 1H), 4.40-4.30 (m 1H), 3.35-3.25
(m 1H), 2.40-1.60 (m 6H), 1.50/1.30 (s, 9H); mz 440.10 (Mt+1l). 10 Step
2: (S)-tert-butyl

2-(7-(4-(2-((1R 2S)-2-((tert-butoxycarbonyl)am no)cycl opentyl) - 4-

chl oro- 1Hi m dazol - 5-yl )phenyl) 1H- napht ho[ 1, 2-d] i m dazol - 2-yl ) pyrrolidine-
1- carboxyl ate was s7ynt hesi zed by foll ow ng

19p
the proéedit éog@ %i%%éﬁiob%ﬂﬁ (A %ﬂ 619 510 E&aﬁ’ﬁp@% %§pr4@ EHe 3R LAREM: at es

(19a) f e t.601B0 .M, 9819), Hi/eBesad (ntgr nedi ate fromStep 2 of Exarrpl e 16
(16b). 1H-N|VR(400M—|z "CDCI 3) 58.20-7.52 (m 9H), 5.40-5.30 (m 1H)

2 45. 1, 734 m 2igrg e ol 2R ?ﬁ‘ZRi?ﬁ; i“-’-rg?-?sggi@mh%yﬁ@gnyﬁaraﬁo@m 1,

St ep3: nmd’nlwlbét(t&)oympx(r(c(h!li@ 2R)-4 2-qibydrd~1Hagph8)o] fL.2{d]i®)dazok Argliprexyit-dHbonyl ) ami n
o- 3-

et hyl bUTSAeY By YF 3RS G K2 1) e R SRR T2 & PR RS, 6P PYTS peny 1) - 4- ch
| oro-1H i m dazol-211)cycl opentyl)am no) 3- et hyl - 1- oxobut an- 2- Acar bamat e
(Conpound 19). WO 2§13/ 021344PCT/ |1 B2012/ 054020 N\l e conpound was

synt hesi zed by foll Jur e as desohil b‘n Step 2 of Exanple 6
usi ng the internedia ou?ﬂ‘t‘\ ”ig) NVR ( DMBO-d6, 400

Miz), 6 13.10-12.30 (m } 8 65 (m 7H),
7.35-7.30 (m 1H), 5 6.8% 6)80Hm 1H) 5. 45- 5.30( . 4.55-4.32 (m

2H), 4.11-4.07 (m 2H), 3.87-3.81 (m 4H), 3.51-3.45"(s, \6H), 2.40-1.65 (m
10H), 0.99-0.51 (m 12H), nmfz 811.40 (M++1). mp.: 255267 C
Exanpl e20: Prepar ati onof met hyl ((S)-1-(((1S, 2S)-2-(5-(4-(2-((S)-1-((S)-2-

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (14a) from the previous step. 'H NMR (DMSO-ds, 400
MHz), & 12.10-11.55 (m, 2H), 8.20-8.14 (m, 1H), 7.80-6.96 (m, 10H), 5.10-5.05 (m, 1H),
10 4.40-4.32 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H), 5 3.02-2.67
(m, 4H), 2.20-1.45 (m, 10H), 0.99-0.75 (m, 12H), m/z779.50 (M*+1). m.p.:142-145 °C.

Example 15: Preparation of methyl ((S)-1-(((1S,2R)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
15  oxobutan-2-yl)carbamate (Compound 15):

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

(15a):

e

o OO~
N .\\\\l N \_N HN-Boc
U F

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

Example 1 using the intermediates from Step 2 of Example 7 (7b) and (S)-tert-butyl 2-(7-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-
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(et hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrrol i di n-2-y1)-1H napht ho[ 1, 2-
10d] i m dazol - 7-yl ) phenyl) - 4- chl or o- 1H- i m dazol - 2-yl ) cycl opent ypam no) - 3- net
hyl - 1- oxwbuosm2e34y1) car bamat e ( Conpound 20): PCT/IB2012/054020
Stepl:tert-butyl ((1S, 25)-2-(5-(4-bronophenyl)-4-chloro-1Him dazol - 2-

Acycl opentyl)carbamate (20a): ClI 15To the stirred solution of tert-butyl
((1S, 25)-2-(5-(4-bronmophenyl)-1Hi m dazol -2- Acycl opentyl)carbamate (0.15
g, 0.369 mmol) (9b) in DV (2 nL) was added NCS (0.074 g, 0.55 nmol) at
roomtenperature and the reaction was warnmed to 50C and stirred for 20 mn.
The contents were diluted by water and extracted by ethyl acetate. The
organi c | ayer. was separated, dried over sodium sul phate, evaporated under

r educed YpPEediding- ircarooryie crlegBhgsizsduc Py whickwiadis RISeRAUres t mEowidsa 4t ep

wi t hout Wogddwabeas)i H-ReMH @oo(MHL, CpCRP8%1.0bHbNMH) 46G0NbE, 1H5DEIs3)7 45 12. 07
(bs, 1H), 7.69- 7%9‘} ?m 2|—§) ?m?. 56-7. 51@)(2m 2|_2|'db 4. 9)8- 4!\(5@9 &g} 1Hé,

3. 10- 3. 80, () 7AY7-18(1861R), D746 tmy2Hp 440-929 gn(2H). 818P;3.43 §B-3T)78-2Pm 3H),

1.57-1. 33¢( [, 9OH),- 2.972. 884 04H(, M-44-1.80StR P8AY, (.&‘»-ﬂaarFm,bmsw, m/z 665.40
2-(7-(4-(2- g?ls’ 2S)-2-((tert-butoxycarbonyl)am no)cycl opentyl)- 4-
chl oPo- M+’ dazol - 5-yl ) pheny1) - 1H napht ho[ 1, 2- d] i m dazol - 2- Apyrrol i di ne- 1-

carboxylate 5(20b): Title conpound was synt hesized by foll ow ng the
proceduStems esondtindd ((B)-St(dpS 2RpR-(BxX4id((©)-1-(Bihgnethexyicatenyhsuiiae-8- ( 20a)

from t he, BRIty Bl Fdtiamtsl vl @Paify - 1 RSB L8-of itk ol- T BotRRgh 48 (MF+1) .

imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 15):

\3\
NH H
S TIVE L
Fe Sy o S
\\ N NN \-N
O
HN
J~o
o)
\
10 Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (15a) from the previous step. 'H NMR (DMSO-ds, 400
MHz), & 12.10-11.55 (m, 2H), 8.08-6.96 (m, 11H), 5.10-5.05 (m, 1H), 4.40-4.32 (m, 2H),

4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H), 3.02-2.67 (m ,4H), 2.14-1.50 (m,
10H), 0.99-0.54 (m, 12H), M/z 779.30 (M*+1). m.p.:163 °C.

15 Example 16: Preparation of methyl ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-
dlimidazol-7-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yl)carbamate (Compound 16):

Step 1: (S)-tert-butyl 2-(7-bromo-3H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate
20 (16a):
B NH  Boc
r > !
e

66



10
Step3:nmethyl ((S)-1-(((1S,29)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am n
o- 3- WO 2013/021344 PCT/IB2012/054020
met hyl but anoyl ) pyrrolidi n-2-y1)-1H napht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) - 4-ch
| oro-1H i m dazol - 211) cycl opentyl)am no) - 3- et hyl - 1- oxobut an- 2- Acar banat e
(Compound 20): HNs) 1....(s) NNHNO/LO\ 15 Title conpound was
synt hesi zed by followi ng the procedure as described in Step 2 of Exanple 6
using the internediate (20b) fromthe previous step. 1H NVR- (400 MHz,
IVEOD), 58.46-8.43 (m 1H), 8.30-8.25 (m lH) 8.10 (s lH) 7. 96 7 94 (m
1H), 7.88-7.87 20 3H). 7.83-7.80 é H}l 38 5. 37
(m " 11 DBE 4843 "Gigh by Tk v 9600, to g PNy of ASTELouky) - blomyoad
4.01- 4. Qf GRSI-SH—H)iphtﬁo[T Zﬁcgllmlﬁé‘ﬁol 2%/4 é‘lld?n@ (Bérbgi‘)ﬂate:fsﬁ%es&eg%y(faﬂomﬁ
2.60-2.50 1H) 9% '3?,, -171&2H)
1.10- 0. 91 OC%qﬂbreS BroyPeé g Y &}ﬂJ«P %%HO §191 1419 mmqu ngene g9 mpra
2013/ Ozéﬁﬁgé&@%%/@%gg&e was evaporated under reduced pressure and the residue
5 was purified by column chromatography (60% EtOAc/hexane) to afford the title compound
(0.3 g, 60%). 'H-NMR (400 MHz, CDCls):-5 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).

10 Step 2: (S)-tert-butyl 2-(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3H-naphtho[1,2-
d]imidazol-2-yl)pyrrolidine-1-carboxylate (16b):

beSa ey

In a 5 — 20 mL microwave vial, 1,4-Dioxane (15 mL) was purged with nitrogen for 10 min
and (S)-tert-butyl 2-(7-bromo-3H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate

15 (16a) (0.4 g, 0.96 mmol), bis(pinacolato)diboron (0.49 g, 1.92 mmol), PCy; (0.03 g, 0.1
mmol), KOAc (0.38 g, 3.84 mmol) were added and purged with nitrogen. Finally,
PdClx(dppf)-CH.Cl, adduct (0.08 g, 0.1 mmol) was added & purged with nitrogen and
irradiated with microwaves at 115 °C for 45 min. The reaction mixture was poured into
water and extracted with ethyl acetate. The organic layer was washed with saturated brine

20  solution, dried over anhydrous sodium sulphate and purified by column chromatography
(70% EtOAc/hexane) to afford the title compound (0.3 g, 67%). 'H-NMR (400 MHz, CDCls)
0 8.46 (s, 1H),7.97-7.95 (m, 1H),7.71-7.47 (m, 3H), 5.23-5.22 (br s,1H), 3.48-3.41 (m,1H),
3.20-3.23 (m, 1H), 2.26-2.19 (m, 2H), 2.61-2.41 (m, 2H), 1.41 (s, 9H),1.30-1.22 (m,12H),
m/z 464.26 (M*+1).

25 Step 3: (S)-tert-butyl 2-(7-(4-(2-((1R,2R)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate (16c):
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Exanpl e21: Preparati onof net hyl ((S)-1-(((1R 2S)-2-(5-(4-(2-((S)-1-((S)-2-
(et hoxycar bonypam i no-3-net hyl butanoyl)pyrrolidi n-2-yl)-5,6-di

hydr o- 4How020{33)2434¢ycl ohept a[ 1, 2- d] oxazol - 8-yl ) pheny1l) - PCIHABIN12/054020

i dazol - 2-yl ) cycl opentypam i no)- 3-nethyl - 1-oxobutan-2-yl)carbamate
(Conpound 21): 5Step 1: (S)-tert-butyl

2- (8- brono-5, 6-di hydro-4H benzo[ 3, 4] cycl ohept a[ 1, 2- d] oxazol - 2-
Apyrrolidine-1-carboxylate (2l1la): To the stirred solution of

(2S) - 2-(2-brono-5-0xo0-6, 7,8, 9-tetrahydro-5H benzo[ 7] annul en-6- yl)
1-tert-butyl pyrrolidine-1,2-dicarboxylate (3.2 g, 7.04 nmmol) [synthesized
using 10 procedures described in W2009/102633] in xylene (25 niL), amoni um
acetate (10.86 g, 141 mmol) wasz—= dded at roomtgnpgrature and the reaction
mass was heated at 1304 f or< v iRxt ure was poured into
water (100 nL) and the ¢ rrpdh d , tHN-gbhlyl acetate (100 mL x
2), dried over sodium syl phat e| concent rated under reduced pressure and
purified by flash col um romat ogr aphy (45-55% 15Et hyl acet at e/ Hexane) to
get the title conpound as side product, orange colored solid (0.7 g, 23 %
yi el d) dherije wombo(rs) waesynthesizdd & foBeving e rodedijré-as described in Step 4 of

e o mRQPecorsith e EIRRRAISHARS) b bl 468 And i gy Per 2t
7.37- 7. E8afiple HH- NMF8$40fD I951z( GPCLHp 8. 15-B62 3n49H)(, M202H) 0 (18, 95} 3.496.(0n 4H),

(28510 5L ?&éﬁ’/l 4494, 28- (A1, 335(S 50 YD 215 %5201 tn 0V k- 56 Bn Z8H), 1.60-

2- (8- (414155186}, maeBBML{Y81)2- di oxabor ol an- 2-y1) -5, 6- di hydr o- 4Hbenzo[ 3, 4]
cycl ohept a[ 1, 2-d] oxazol - 2- Apyrrol i di ne-1-carboxyl ate (21b): B BocN % B,
N SteP0 £- - methyl  ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-

methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-imidazol-2-

yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 16):

)‘NH
\ \‘(R) (R)
N
H

Fo

o)
10 \
Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (16c) from the previous step. 'H NMR (DMSO-ds, 400
MHz), 5 13.02-11.85 (m, 2H), 8.50-8.30 (m, 2H), 8.10-7.65 (m, 8H), 7.37-7.25 (m, 1H),
7.10-6.90 (m, 1H), 5.30-5.28 (m, 1H), 4.40-4.32 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m,
15 4H), 3.51-3.45 (s, 6H), 2.20-1.50 (m, 10H), 0.99-0.81 (m, 12H), m/z 777.30 (M*+1).
m.p.:158-161 °C.

Example 17: Preparation of methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-

(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-

dlimidazol-7-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
20 yl)carbamate (Compound 17):

Step 1: (S)-tert-butyl 2-(7-(4-(2-((1R,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate (17a):
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Titl e conpound was synt hesi zed by follow ng the procedure as described in
Step 3 of Exanple 1 using internediate (21a) fromthe previous step. 1H NWR
(CDCI 3, 490 2M320p134¢ 7.80-7.60 (m 2H), 7.56-7.53 (m 1HpPCTABS(2/d548) (m

1H), 3.80-3.50 (m 2H), 2.95-2.80 (m 4H), 2.40-1.90 (m 6H), 1.48/1.44 (s,
9H), 1.25 (m 12H); nmz 480.90 (Mt+1l) 5 Step 3: (S)-tert-butyl
2-(8-(4-(2-((1S, 2R -2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H m dazol -5
- Aphenyl ) - 5, 6- di hydr o- 4H benzo[ 3, 4] cycl ohept a[ 1, 2- d] oxazol - 211) pyrrol i di ne-
1- carboxylate (21c): 10 Title conmpound was synt hesi zed by follow ng the
procedure as described in Step 4 of Exanple 1 using the internediate from
Step 2 of Exanple 4 (4b) and the boronate internediate (21b) fromthe
previous step. 1H NWR (400 MHz—=—KDCl 3) 6 7. 7% 7. @ém 8H), 5.07-4.86 (m
2H), 4.40-4.20 (m 2H) 37Q y (m 4H), 2.45-1.90 (m
10H), 1.50-1.31 (m 181 ndz X Q m%HN\

158t ep4: met hyl ((S) - 1- (( 'i 25‘43{-2- -(4- -(( -1 ((S) 2 (met hoxycar bonyl ) am
i no- 3-

met hyl but anoyl ) pyrrolidin-2-yl)-5, 6-di hydro-4H benzol 3, 4] cycl oheptal 1, 2-d] o

X?)th 8The title compgund \lNas syntheS|zed byt folllc)>wmg the procedutre as descrlbed in Step 4 of) b
en m dazo open ne car ba
ral b ( ChRBBER 533 e Ty TRAAE OB R R 84Sy b B 1 ¢ he
]E)r oce?EEQampledﬁgtbyﬂherﬂi\/erM@(b BHZ5 COTIERS dgmdllgg?z (RS T ONG), BIBD- %m gﬁnmg)l a13e- (210)
romthe previ

7.8257. 6§%( Z%EI%% g%fé%zyg%(éﬁ%ﬁ% m, 3H) 2. QPI\/!;%EM 8’% 6%71%%1 ﬁ“aﬁfﬂ%ﬁ 10 (m
2H), 3. 99=z86330(m+¥H), 3.51-3.45 (s, 6H), 2.94-2.80 (m 4H), 2.24-1.55 (m

12H), 0.97-0.71 (m 12H), mz 794.50 (Mr+1). mp.: 138-141 C.
Exanpl eggefr epar aidippof Shy--( (s((ﬁé %§)1 gs(égnGéhf%cé&o&ylﬂarﬁ ihh- 2 O

.._)

( met hoxycar bonypam no- 3 (’(@nél?b({ q%ut ano
di hydr oB@ﬁWLQarB]memhﬁmf%ylwH}rmpaﬁﬂ@ 128d m)q@ﬁ@lrﬁrm)phﬁnvl i dajcgizol2-

ypeycl opgalsRRRly)Shind)- TRAGN -1 LoREARH AN Ak 48 [ BaRBS S Fempound 22)

\3\
NH
SVING o
OO
RS ™
O HN "”(
o O
10 \

Title compound was synthesized by following the procedure as described in Step 2 of
Example 6 using the intermediate (17a) from the previous step. 'H NMR (DMSO-ds, 400
MHz), 5 13.02-11.85 (m, 2H), 8.50-8.30 (m, 2H), 8.10-7.65 (m, 8H), 7.37-7.25 (m, 1H),
7.10-6.90 (m, 1H), 5.30-5.28 (m, 1H), 4.40-4.32 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m,

15 4H), 3.51-3.45 (s, 6H), 2.14-1.65 (m, 10H), 0.99-0.51 (m, 12H), m/z 777.30 (M*+1).
m.p.:210 °C.

Example 18: Preparation of methyl ((S)-1-(((1S,2S8)-2-(5-(4-(2-((S)-1-((S)-2-

(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-

dlimidazol-7-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
20 yl)carbamate (Compound 18):

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

imidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate (18a):
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Stepl: (S)-tert-butyl 2-(8-brono-4, 5-di hydrobenzo[ 2, 3] oxepi no[ 4, 5- d] oxazol - 2-
yl ) pyrrolidine-1-carboxylate (22a): 10 Titl e conpound was synt hesi zed by
f ol | owi ngwohe1ymwmzedur e described in Step 1 of Exanpl e PCTAB2MMZ054020

(25) - 2- (8- bronmo- 5- oxo- 2, 3, 4, 5-tetrahydr obenzo[ b] oxepi n-4-yl) 1-tertbutyl
pyrrolidine-1, 2-di carboxyl ate [synthesized as described in W2009/102633]
as the starting material. 1H NVMR (DVSO d6, 400 WHz): 6 7.57-7.53 (m 1H),
7.38-7.35 (m 1H), 157.30-7.28 (m 1H), 4.90-4.82 (m 1H), 4.30-4.26 (m
2H), 3.50-3.45 (m 1H), 3.00-2.95 (m 2H), 2.40-2.20 (m 1H), 2.05-1.90 (m
4H), 1.38/1.15 (s, 9H); mz 435.00 (M++1)

Step2: (S)-tert-butyl 2-(8-(4,4,5,5-tetranmet hyl-1, 3, 2-di oxaborol an- 2-y1) -4, 5-

di hydr obenzo[ 2, 3] oxepi no[ 4, 5- dfFexazol - 2- Apyr ol i e- 1- carboxyl ate (22b):
0,0 Boc LNB\ O \----- N “ Ng75~%(s)
- O-OT
}\J -\\‘\,\N \_N HN-Boc
I

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

Example 1 using the intermediates from the Step 2 of Example 16 (16b) and from Step 2

of Example 9 (9b). "H-NMR (400 MHz, CDCls) & 7.83-7.52 (m, 10H), 5.30-5.20 (m, 2H),

5 4.35-4.25 (m, 2H), 3.55-3.35 (m, 2H), 3.29-3.26 (m, 1H), 2.60-1.72 (m, 8H), 1.65-1.51 (m,
18H), m/z 663.40 (M*+1).

Step 2: methyl ((S)-1-(((1S,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-imidazol-2-
yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 18):

—

O)\NH o i H\(Q
N\ Nl i
OO
.. “(
HN
5 o)
10 \
Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (18a) from the previous step. '"H NMR (DMSO-ds, 400
MHz), & 13.02-11.85 (m, 2H), 8.45-7.06 (m, 13H), 5.30-5.25 (m, 1H), 4.44-4.32 (m, 2H),
4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s, 6H), 3.12-3.10 (m ,1H), 2.14-1.50 (m,
15 9H), 0.99-0.51 (m, 12H), m/z 777.30 (M*+1). m.p.:171 °C.

Example 19: Preparation of methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-
dlimidazol-7-yl)phenyl)-4-chloro-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-

20 oxobutan-2-yl)carbamate (Compound 19):

Step 1: tert-butyl ((1S,2R)-2-(5-(4-bromophenyl)-4-chloro-1H-imidazol-2-

yhecyclopentyl)carbamate (19a):
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20 Titl e conpound was synthesi zed by follow ng the procedure as
described in Step 3 of Exanple 1 using internediate (22a) fromthe previous
step. 1HWDRO(3GEDCI43, 400 MHz): 6 7.66-7.63 (m 1H), 7.5@CTIBD1¢/03402H) ,
5.07-4.90 (m 1H), 4.29-4.21 (m 2H), 3.70-3.60 (m 1H), 3.15-3.05 (m
2H), 2.40-1.70 (m 5H), 1.48/1.44 (s, 9H), 1.25 (m 12H); mz 482.98 (M++1)
Step 3. (S)-tert-butyl

2-(8-(4-(2-((1S,29)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1Hi

m dazol - 511) phenyl) - 4, 5-di

hydr obenzol[ 2, 3] oxepi no[ 4, 5-d] oxazol -211) pyrrolidi ne-1- 5carboxyl ate (22c):
Titl e conpound was synt hesi zed by follow ng the procedure as described in
Step 4 of Exanple 1 using the injernmediaté&s from Step 2 of Exanple 9 (9b)
and the boronate (22b) from tBh i plls8efs.  1H NVR (400 MHz, CDCI3) 6
7.83-7.35 (m 8H), 5.07-4.90 (m A\ .m\g.zo (m 3H), 3.75-3.40 (m
4H), 3.25-3.10 (m 2H), 2.45-1.72 (m/8H), 1. 51.51 (m 18H), mz 682.40
(M++1) .

To the stirred solution of tert-butyl ((1S,2R)-2-(5-(4-bromophenyl)-1H-imidazol-2-
yl)cyclopentyl)carbamate (0.15 g, 0.369 mmol) [7b] in DMF (2 mL) was added NCS (0.074
g, 0.55 mmol) at room temperature and the reaction was warmed to 50°C and stirred for

5 20 min. The contents were diluted by water and extracted by ethyl acetate. The organic
layer was separated, dried over sodium sulphate, evaporated under reduced pressure to
get crude product which was used in the next step without further purification (0.1 g, 62%).
'"H-NMR (400 MHz, CDCls) & 7.58-7.51 (m, 4H), 4.75-4.70 (m, 1H), 4.40-4.30 (m, 1H),
3.35-3.25 (m, 1H), 2.40-1.60 (m, 6H), 1.50/1.30 (s, 9H); m/z 440.10 (M*+1).

10

Step 2: (S)-tert-butyl 2-(7-(4-(2-((1R,2S5)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-4-
chloro-1H-imidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate

(19b):
@

\l\\“('R) AC
N HN~Boc

15  The title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using the intermediates (19a) from the previous step and intermediate from
Step 2 of Example 16 (16b). 'H-NMR (400 MHz, CDCls) 5 8.20-7.52 (m, 9H), 5.40-5.30 (m,
1H), 4.83-4.75 (m, 1H), 4.40-4.35 (m, 2H), 3.55-3.35 (m, 2H), 3.30-3.26 (m, 1H), 2.45-1.72
(m, 8H), 1.55-1.31 (m, 18H), m/z 697.40 (M*+1).

20

Step 3: methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-4-chloro-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 19).
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Stepd:nmethyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl )am n
0- 3-

met hyl butwoayidy@yssmol i di n-2-y1) -4, 5-di hydr obenzo[ 2, 3] oxepirnpiod2/Bs4d3coxazol - 8
-yl) phenyl)-1H

i m dazol - 211) cycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-yl ) car banat e
(Compound 22): 15 Titl e conpound was synt hesi zed by follow ng the
procedure as described in Step 2 of Exanple 6 using the internediate (22c)
fromthe previous step. 1H NVR (DVBO- d6, 400 MHz), 6 12.10-11.80 (m 1H),
8.14-6.90 (m 11 H), 5.15-5.10 (m 1H), 4.40-4.30 (m 4H), 4.15-4.10 (m
1H), 3.95-3.70 (m \C%HCF!) 3.55-3.50 (m 6H), 3.10-2.95 (m 2H), 2.14-1.95 (m
2012H), 0.97-0.71 ( 12H), mz 796.50 (M++1). m 220-222 C. Exanple

23: Pr epar at i onof net NE'S) 5 1- ( (2- )-1-((S)-2-

( met hoxycar bonypamni no- 3=t hyi b\t 3 ' RNEREY 1) 4, 5-

di hydr obenzol[ 2, 3] oxep\ibo[ £ S&Id}qxa al/- 8- 'E"TI ) - m dazol - 2-

ypcycl opent ypani no) - 3- nehy| - 1Hoxob 1)¢ar bamat -'élgfonpound 23): b5Step
1: (S)-tert-butyl HN

2-(8-(4-(2-((1S,2R)-2-((tert-butoxycarbonyl)am no)cy entyl)-1H
i m dazol -511) phenyl) - 4, 5-di hydr obenzo[ 2, 3] oxepi no[ 4, §- d] oxazol -211) pyrrolid
i ne-1- carboxylate (23a): Title conmpound was synthesized by follow ng the

g . ) | : e e
Pr om St e esSERE R sl t Ridifa 8 Wodeabye, 45, diolt ISEPERL ™ P2
22 (22bExampleN/Rsing 0ite MitrmeCE G)9bp framdtbe prodoysnste@HH NSIFOBMI0IB, ¢09 2H) ,
4.40- 4. -3 543l , 1. 8H) ,
1. 65-1. g@*%)gnb 1%8%'1,é?r‘?gm&@%%g?ﬁﬁ)l(ﬂ%%’ 530168 Th, 7H). 735920 el 2 87
St ep2: mBtays.8Q 8, 1HY, B(4BF.26 \M21 )5 4(56-4.32 (M SPHL 4((1S3.02{hnetHh &@rcaBbdmy| ) ari n
0-3-  4H), 3.51-3.45 (s, 6H), 2.40-1.65 (m, 10H), 0.99-0.51 (m, 12H), m/z 811.40 (M*+1).
m.p.:255-257 °C.

Example 20: Preparation of methyl ((S)-1-(((1S,2S8)-2-(5-(4-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-

10 d]imidazol-7-yl)phenyl)-4-chloro-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate (Compound 20):

Step 1: tert-butyl ((1S,29)-2-(5-(4-bromophenyl)-4-chloro-1H-imidazol-2-
yhcyclopentyl)carbamate (20a):

Cl

N
O
SN
(S) H
-Boc

N
H

15 To the stirred solution of tert-butyl ((15,2S)-2-(5-(4-bromophenyl)-1H-imidazol-2-
yl)cyclopentyl)carbamate (0.15 g, 0.369 mmol) (9b) in DMF (2 mL) was added NCS (0.074
g, 0.55 mmol) at room temperature and the reaction was warmed to 50°C and stirred for
20 min. The contents were diluted by water and extracted by ethyl acetate. The organic
layer was separated, dried over sodium sulphate, evaporated under reduced pressure to
20 get crude product which was used in the next step without further purification (0.1 g, 62%).
'H-NMR (400 MHz, CDCls) & 12.07 (bs, 1H), 7.69-7.67 (m 2H), 7.56-7.51 (m, 2H), 4.90-
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15net hyl but anoyl ) pyrrol i din-2-yl1)-4,5-di hydrobenzo[ 2, 3] oxepi no[ 4, 5- d] oxazol
-8-yl)phenyl)-1H

i m dazol -RO2)yehapent yl ) am no) - 3- net hyl - 1- oxobut an- 2- Aearhrarmat/es4Lonpound
23): Title conpound was synthesized by follow ng the procedure as
described in Step 2 of Exanple 6 using the internediate (23a) fromthe
previ ous step. 1H NVWVR (DMSO d6, 400 20 MHz), 6 12.10-11.80 (m 1H),
8.14-6.90 (m 11 H), 5.15-5.10 (m 1H), 4.40-4.30 (m 4H), 4.15-4.10 (m
1H), 3.95-3.70 (m 3H), 3.55-3.50 (m 6H), 3.10-2.95 (m2H), 2.14-1.95 (m
12H), 0.97- 0.71 (m 12H), mz 796. 50 (Mt+1). mp.:166- 168 C

Exanpl e24; Preparatl onof net h%{‘ﬁ Sé ((y(lS 28 2- (7 (4- |(SFS) 1- S 2-

( met hox ¢S BbriyD) 2AP R0 BBZatrolt )%’Dr?@ﬂ 12di & (- A ﬁ‘é 5.yl )p

henyl) - 1.57-1.53 (m, 9H). m/z 440.04 (M*+1). _
4, 5-di hydro- 1H napht ho[ 1, 2- dil m dazol - 2-yl ) cycl opent ypam no) - 3- net hyl -

oxobut a yad)c Jo¥ey

S5t epl. C1® 5) “EIRETRLG) | SFRRIBRISES) 2 e oyoxycarbopaminoleydopenty-4;
but oxycahlbmwﬂﬂratdamj)&ymhepﬂhﬂ Ialmpmhb[d)@d]anldazcﬂﬁw)l)pyrrtﬂlotmea -corporylale was
synt gesi(%d%. by follow ng the procedure as described in Step 1 of Exanple 1
usi ng 2,6-di brono- 3, 4-di hydr onapht hal en- 1( 2H) - one [synt hesi zed using 10
procedures described in W2010/ 117635A1] and

(1S, 25)-2-((tertbutoxycarbonyl i no) cycl opent an rboxylic acid

[ synt hesi zed usi ng prOé:gdura beg JN ~&hem , 2001, 66(16),
5629-5632] as starting t ey ‘ | \ N%I 3) 6 8.09-8.07 (m
1H), 785781(m1l—|)@ 50m2 556550(m1H) 4.30-4.05 (m
2H), 3.30-3.05 (m 4H) 45-1.60 (m 6H), %40 (s, 9H): mz 352.10 [(M+1)
15- 1001 (val ue observed for the de-Boc product).

St ep2: t Aitle- dumpdunt L2 SyntRedizedbino ratowing- e yrdeaniuBdtas afastiitafdlin2S@bi 4riotlaz ol -

Example 1 using the intermediate (20a) from the previous step and Step 2 of Example 16
(16b). m/z 697.26 (M"+1).

10

Step 3: methyl ((S)-1-(((1S,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-4-chloro-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 20):

PP e e
o (S) "&(S) 0
~ \\\\L O O

o

0
\

15  Title compound was synthesized by following the procedure as described in Step 2 of
Example 6 using the intermediate (20b) from the previous step. 'H NMR- (400 MHz,
MeOD), & 8.46-8.43 (m, 1H), 8.30-8.25 (m, 1H), 8.10 (s, 1H), 7.96-7.94 (m, 1H), 7.88-7.87
(m, 3H), 7.83-7.80 (m, 1H), 7.73-7.67 (m, 1H), 5.38-5.37 (m, 1H), 4.50-4.49 (m, 1H), 4.30-
4.29 (m ,1H), 4.15-4.10 (m, 1H), 4.01-4.00 (m, 1H), 3.7 (s, 6H), 3.32-3.30 (m, 2H), 3.10-

20 3.02 (m, 1H), 2.60-2.50 (m, 1H), 2.40-2.15 (m, 6H), 2.10-1.85 (m, 7H), 1.80-1.71 (m, 2H).
1.10-0.95 (m, 6H), 0.91-0.82 (m, 6H); m/z 811.4 (M*+1). m.p.:185-187 °C.
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Acycl opentyl ) carbamate (24b): 20 Title conpound was synthesized by

follow ng the procedure as described in Step 2 of Exanple 1, using the

i nt er medisiDe0(3228344f rom t he previous step. 1H NVR (400 WET/IBIODEZDR)20
57.34-7.30 (m 3H), 4.90-4.87 (m 1H), 4.19-4.12 (m 1H), 3.15-3.13 (m
1H), 3.05- 2.85 (m 4H), 2.45-2.10 (m 2H), 1.90-1.60 (m 4H), 1.50 (s,
9H); mz 432.10 (Mt+1). Step 3: (S)-tert-butyl
2-(5-(4-(2-((1S,2S)-2-((tert-butoxycarbonyl)am no)cycl opentyl) -4, 5-

di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) - 1H-i m dazol - 211) pyrrol i di ne-
1-carboxylate (24c). 5 Title corrpound was synt hesi zed by follow ng the
procedure as described in Step the internedi ates
(24b) fESAMPIR ptlevi BrRpaiation an‘af (§)‘etf‘¥'rt (tﬁ)fﬁz((ﬂﬁ %@%fﬁ ~(4-(2((S)-1-((S)-2-
(4,4,5, bfﬁdx@ﬁ@ﬂbb ém%@S-‘ﬂiélKﬁbedﬂo@l)p?rrMhdlﬁ@?W—’é)ﬁ'—&HyUFH gRzol - 2- Apyrroli

di ne-1- carbo | at e nt esi zed usin rocedures described in ref

W)2010/ QQB?/{A cyglo [t1r2n§1<>|¥ﬁ¥%|r§ wrhenyl)-Nimidagel-dpbcydlerendyamnody (bs,

1035ﬁe|ﬂ1§|&1 -okobutah- @Zr)aarﬁﬁrr(ata d&rhpodrﬂhﬂfﬂ 7 10 (m 1H), 5.07-4.86 (m
440 0 (m 2H) 43%m2,317309(m 3H), 2932.89

) TG b S § %

Step : yI ?'(Ssgg t%@%?ﬁ Brf é?iﬂ?@ ?é%é}fz?[ é}cyggﬁﬁétgﬂbxy 0(|)nyl )am n
0- 3- yI)pyrrolldlne 1-carboxylate (21a):

met hyl but anoyl ) pyrrolidi n-2-y1)-1H i m dazol - 5-yl ) phenyl) - 4, 5- di hydr o- 1H nap
ht ho[ 1, 2-
15d] i m dazol - 211) cycl opentyl ) am no) hyl - 1- oxobut an- 2- Acar bamat e

(Conmpound 24): Title conpoundofas @ egk by follow ng the procedure
as described in Step 5 of Exanple~T Wi ng=the internediate (24c) fromthe

previ ous step. 1H NVR (DMSO d6,\400 MHz), 6 12.10-11.55 (m 2H), 8.13-7.46
(m 9H), 7.31-7.29 (m 1H), 7.04-7.01 (m 1H),

To the stirred solution of (2S)-2-(2-bromo-5-0x0-6,7,8,9-tetrahydro-5H-benzo[7]annulen-6-
yl) 1-tert-butyl pyrrolidine-1,2-dicarboxylate (3.2 g, 7.04 mmol) [synthesized using

10  procedures described in W0O2009/102633] in xylene (25 mL), ammonium acetate (10.86 g,
141 mmol) was added at room temperature and the reaction mass was heated at 130 °C
for 15 h. The reaction mixture was poured into water (100 mL) and the compound was
extracted with ethyl acetate (100 mL x 2), dried over sodium sulphate, concentrated under
reduced pressure and purified by flash column chromatography (45-55%

15  Ethylacetate/Hexane) to get the title compound as side product, orange colored solid (0.7
a, 23 % yield) along with (S)-tert-butyl 2-(8-bromo-1,4,5,6-
tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate as the major
compound. 'H NMR (CDCls, 400 MHz): 5 7.52-7.50 (m, 1H), 7.37-7.28 (m, 2H), 4.88-4.85
(m, 1H), 3.60-3.40 (m, 2H), 2.95-2.80 (m, 4H), 2.40-1.90 (m, 6H), 1.45/1.25 (s, 9H); m/z

20 433.05 (M*+1)

Step 2: (S)-tert-butyl 2-(8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,6-dihydro-4H-
benzo[3,4]cyclohepta[1,2-dJoxazol-2-yl)pyrrolidine-1-carboxylate (21b):

paegese:
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20 5.10-5.05 (m 1H), 6H), 3.02-2.67 (mmup.:181-183 C. 4.40-4.32 (m 2H)
4.11-4.07 (m 2H), ,4H),2.14-1.55(m 10H),0.99-0.51 3.87-3.81 (m 4H),

3. 51- 3. 45W0=2013(0m3442H), mz 779.30 (M++1). WO 2013/ 0213¢2PEX11/BR20402/ 054020
Exanpl e 25: Preparati onof nethyl ((S)-1-(((1S,2R)-2-(7-(4-(2-((S)-1-((9S)-2-
(et hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrrolidi n-2-y1)-1Him dazol -5-yl)p
henyl) -

4, 5-di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 2-yl ) cycl opent ypam no) - 3- net hyl - 1-
oxobut an- 2-y1) car banmat e ( Conpound 25):

5Stepl: (1R, 2S) - 6- br ono- 1- oxo- 1, 2, 3, 4-t et r ahydr onapht hal en-2-y12-((tert-

but oxycar bonyl ) am no) cycl opent anecar boxyl ate (25a): Title conpound was

synt hesi'#EdCHIOGUHA| Wi RY therizesk Bt &Ygrindalfie Rreesduie @sidesaiRgs I BiEPE&hpl e 1,
usi ng 2 Raghblr 00BN irferftical (izwlal?tlrgmhe reMioti)stépieHNAL B eEiZz 20 N#HZgs 10

procedures described_in 2010
I

W) 635A and
(1R, 25) /B0 (-b@ P ot bXyRoaf-BH AT j'a)m4r&9;‘!:§&»} (Bpdit SR%23PH dRy Pk 2233480 (M,
[ synt heahg,ezmw.igogmpeﬁggchsrmm@be;_@ﬂP,Hb@si rh,M 2FBt mahwdrgov+Asyrmet ry, 2008,
19, 2796-2803] as starting materials. 1HNMR (400 MHz, CDCI3) 6 8.09-8.07
(m 1H), 7.85-7.81 (m 1H), 7.55-7.50 (m 2H), 5.56- 5.50 (m 1H),
4.30°4.05 (m 2H), 3.30-3.05 (m 4H), 2.45-1.60 (m 6H), 1.40 (s, 9H); mz

St opa. 1 8198 ot PP EEuaR B IS ERY B hyP oty EmPRBY Hoad ) azol - 2

- yl') cyahiapgsHsyi obarnkRsBidhy0rs B -benzo[3,4]cyclohepta[1,2-d]oxazol-2-yl)pyrrolidine-1-

carboxylate (21c):
() :
= A O-O-TE:
<\l/\’\\\\\ 'e) \_N HN-Boc

10 Title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using the intermediate from Step 2 of Example 4 (4b) and the boronate
intermediate (21b) from the previous step. 'H-NMR (400 MHz, CDCls) 5 7.78-7.45 (m, 8H),
5.07-4.86 (m, 2H), 4.40-4.20 (m, 2H), 3.70-3.43 (m, 3H), 3.05-2.90 (m, 4H), 2.45-1.90 (m,
10H), 1.50-1.31 (m, 18H), m/z 680.40 (M*+1).

15 Step 4: methyl ((S)-1-((1R,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-y1)-5,6-dihydro-4H-benzo[3,4]cycloheptal1,2-d]oxazol-8-
yhphenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl- 1-oxobutan-2-yl)carbamate
(Compound 21):

-0
J~NH H {Q
(0] @]
O HN '”"(
o)§°

\

20 Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (21c) from the previous step. 'H NMR (DMSO-ds, 400

MHz), & 11.85-11.70 (m, 1H), 7.82-7.03 (m, 11H), 5.15-5.02 (m, 1H), 4.44-4.32 (m, 2H),
75



20 Title conmpound was synt hesized by follow ng the procedure as descri bed
in Step 2 of Exanple 1, using the internediate (25a) fromthe previous
step. 1HWORo(4QB4WHz, CDCl 3) 57.34-7.30 (m 3H), 5.19-BcTaBL0r2/034bD0,
4.90-4.87 (m 1H), 4.40-4.30 (m 1H), 3.36- 3.31 (m 1H), 3.05-2.80 (m
4H), 2.45-2.10 (m 2H), 1.90-1.60 (m 4H), 1.50/1.43 (s, 9H); mz 431.85
(M+ 1) . 25 Step 3: (S)-tert-butyl

2-(5-(4-(2-((1R 2S)-2-((tert-butoxycarbonyl)am no)cycl opentyl) -4, 5-

di hydr o- 1H napht ho[ 1, 2-d] i m dazol - 7-yl ) phenyl) - 1H-i m dazol - 211) pyrrol i di ne-

1- car boxyl ate (250) 5 TitIe corrpound was synt hesi zed by foll ow ng t he
procedure as descr g the i terrredl ate
(25b) f forrt-he 'Hr%m&;%oéiéémaﬁti 3s§1 ?éﬁt b@h‘&x?%% Q ), 2.24-1.55 (m

(4, 4,5, 3eHptogmerhyh: 1219, srverexsd onahfm 3 yis pheny 1) - 1HI m dazol - 2- Apyrroll

di ne- 1- carboxyl ate [synthe5|zed usi ng procedures described in ref.
W2010/ 99527A1] as starting materials. 1H NWR (400 MHz, CDCI3) 511.00 (bs,
1H), 10.50 (bs, 1H), 7.85-7.40 (m 7H), 107. 20710(m 1H), 5.07-4.86 (m

5 Baily (59 SBreafagen; ah (etnghis(Shidid iR gRysrr1dia: % (M
St gpéi MeinBiHoxyEarbbniHarhma2Rmeth{IBufaholyBpyirSlidih-2-¢IPH;52- ( met hoxycar bonyl ) ami n
et hy! bHMHEOPSIRAZ-BloxgPinek.o-lo%azol-FYYR YIS TUMIRZR)2) - 4, 5- di hydr o- 1H nap

ht ho[ 1, ¥hcyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 22):
d] i m dazol - 2-yl ) cycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2- Acar bamat e

(Conpourge?S) :1;: H (N-bhiBldi  2-(8-bromo-4,5-dihydrobenzo[2,3]oxepino[4,5-d]oxazol-2-
yhpyrrolidine-1-carboxylate (22a):

(0]
(0]
Boc\ \ Br
N =N

0 o

Title compound was synthesized by following the procedure described in Step 1 of
Example 21 using (2S)-2-(8-bromo-5-0x0-2,3,4,5-tetrahydrobenzo[bJoxepin-4-yl) 1-tert-
butyl pyrrolidine-1,2-dicarboxylate [synthesized as described in W02009/102633] as the
starting material. '"H NMR (DMSO-dk, 400 MHz): & 7.57-7.53 (m, 1H), 7.38-7.35 (m, 1H),

15  7.30-7.28 (m, 1H), 4.90-4.82 (m, 1H), 4.30-4.26 (m, 2H), 3.50-3.45 (m, 1H), 3.00-2.95 (m,
2H), 2.40-2.20 (m, 1H), 2.05-1.90 (m, 4H), 1.38/1.15 (s, 9H); m/z 435.00 (M*+1)

Step 2: (S)-tert-butyl 2-(8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4,5-
dihydrobenzo[2,3]oxepino[4,5-d]oxazol-2-yl)pyrrolidine-1-carboxylate (22b):

piaSases

Title compound was synthesized by following the procedure as described in Step 3 of
Example 1 using intermediate (22a) from the previous step. '"H NMR (CDCls, 400 MHz): &
7.66-7.63 (m, 1H), 7.56-7.53 (m, 2H), 5.07-4.90 (m, 1H), 4.29-4.21 (m, 2H), 3.70-3.60 (m,

20
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< q( Titl e conpound was synthesized follow ng the procedure as
described in Step 2 of Exanple 6 using the internediate (25c) fromthe
previ ous wWoep13/@k4VR (DMSO- d6, 400 MHz), 6 12.10-11. 55PCWIBRIH}/N5482013- 7. 46

(m 8H), 7.41-7.29 (m 2H), 7.04-6.90 (m 1H), 5.10-5.05 (m 1H), 4.40-4.32

(m 2H), 4.11-4.07 (m 2H), 3.87-3.81 (m 4H), 3.51-3.45 (s, 206H),

3.02-2.67 (m,4H), 2.14-1.50 (m 10H), 0.99-0.51 (m 12H), mz 779. 30

(Mt+1). mp.: 224 C.  Exanple

26: Preparationof methyl ((S)-1-(((1S,2R)-2-(7-(4-(2-((S)-21-((9S)-2-

(met hoxycar bonyl ) am no- 3 rret hyl but anoyl ypyrrolidin-2-yl)-1 Hi

m dazol - 5-vyl %gh nyl) - napht ho[ 1 %8| m i dazol - 2- yI )cycl opentgléoam

i no) - 3- E-hY f’éoéx@b@c"ﬁan’Q W19 eﬁr%'éhdt /1-tbipoling 126) (M, s'ghapmiz 462.98
S)-ter I

(2-%5-(4R|E/|2M?)(/1R 2S) - 2-((tert-butoxycarbonyl)anino)cycl opentyl)-1H

napht ho ]li 7 boxyl at

e (26a) b’repﬁ il @%ﬁ%%@z) 2%{&{%‘9@'@@}5‘ ((1ER-BFR) cafs M EMRbIYEBEarty

10

15

20

|m|dazol 5 -yl)phenyl)-4,5-dihydrobenzo[2,3]Joxepino[4,5-d]oxazol-2-yl)pyrrolidine-1-
carboxylate (22c):

ZT

(O]
e LSO )T
C‘\\\\KN N HN=poc

Title compound was synthesized by following the procedure as described in Step 4 of
Example 1 using the intermediates from Step 2 of Example 9 (9b) and the boronate (22b)
from the previous step. 'H-NMR (400 MHz, CDCl3) 6 7.83-7.35 (m, 8H), 5.07-4.90 (m, 2H),
4.40-4.20 (m, 3H), 3.75-3.40 (m, 4H), 3.25-3.10 (m, 2H), 2.45-1.72 (m, 8H), 1.65-1.51 (m
18H), m/z 682.40 (M"+1).

Step 4: methyl ((S)-1-(((1S,25)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydrobenzo[2,3]Joxepino[4,5-d]oxazol-8-yl)phenyl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 22):

e
O)\NH 0 Q H
\x‘\\( I 7 0
R g
. of

Title compound was synthesized by following the procedure as described in Step 2 of
Example 6 using the intermediate (22¢) from the previous step. 'H NMR (DMSO-ds, 400
MHz), 5 12.10-11.80 (m, 1H), 8.14-6.90 (m, 11 H), 5.15-5.10 (m, 1H), 4.40-4.30 (m, 4H),
4.15-4.10 (m, 1H), 3.95-3.70 (m, 3H), 3.55-3.50 (m, 6H), 3.10-2.95 (m, 2H), 2.14-1.95 (m,
12H), 0.97-0.71 (m, 12H), m/z 796.50 (M*+1). m.p.:220-222 °C.
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Titl e conpound was synt hesi zed by follow ng the procedure as described in
Step 1 of Exanple 16, using the internediate from Step 3 of Exanple 25
(25c). 1hwbeR3 (020834 MHz, 10CDCI 3) 58.10-7.45 (m 9H), 7. PET(B2011/BH4020
5.15-5.03 (m 2H), 4.55-4.35 (m 1H), 3.75- 3.35 (m 2H), 3.25-3.15 (m
2H), 2.55-1.60 (m 8H), 1.51-1.30 (m 18H), mlz 663.40 (M++1).

Step2: methyl ((S)-1-(((1S,2R)-2-(7-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am n
0- 3-

met hyl but anoyl ) pyrrolidi n-2-y1)-1Hi m dazol - 5-yl ) phenyl) - 1H napht ho[ 1, 2-d] i
m dazol - 2- yl)cycl opentyl)am no) - 3- net hyl - 1- oxobut an- 2- yl ) car bamat e

( Conmpound 26}: 15 Title conpound was synt hesi zed b)%/ followng the

pr oceduf¥aaWIestd| pEEERAaPR, of oimethyly) ()6 -({EiReS k- (heiFati(@2- ( 26a)
f r om t hemBiKyeaboRYBEmMInD-B-Mdth(IBYBRYBpy#ERdiNEY)-45L2. 10- 11.55 (m 2H),

8. 60-7. grg (m 112%1)[ y@?. 31-7.29 g}g 1H) ﬁp; 10- 6, 8 )éézn 1H), 5.10-5.05 (m
1H), 4. sihydrabenzol2,3lgxepinojd,5-Alexazol:p-yhpheny)-gh-imidazoler* 41y 3. 51-3. 45 (s,
206H) , gl)éﬁ)cl&p&ﬂy()ﬂmirﬂd)@meﬂl =&co'5llte(n12-¥i)3#%arrfﬁté (d(?lﬁr)aﬁn& bEy1) . _

m p.:238-240 C. WO 2013/021344PCT/ 1B2012/ 054020 Exanpl e 27: Preparation of

met hyl bl I R AT W/ O ) rt-b kAR N e {H-
ot hyl b%‘?nof/:l %ép)yt%rﬁtﬂ%ﬁ%ji %K%-Z‘g/%qﬁe}é&%@%ﬁ’@@{/ﬁ%{%ﬁ%ﬁ%ﬁﬁ oA, 2- api
m dazol fvighiapeyppemt ypardihydyot@nreifjdxepinopdhdloaaral-2yl)pyraslidineat-e ( Conpound
27): : )-tert-butyl

2-(5-( 405@6%3%(5@ 2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H5napht ho[ 1
, 2-d] i m dazol - 7-yl ) phenyl) - 1Hi i dazol - 2- Apyrrol i dj ne-1-carboxyl ate (27a):
Titl e conpound was synt hesi zeg foll owi ng the cedure as described in
Step 1 of OmG

N N N HN-Boc

m
o
o
O
V4
Z

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

10 Example 1, using the intermediates from Step 2 of Example 4 (4b) and the intermediate
from step 2 of Example 22 (22b). 'H-NMR (400 MHz, CDCls) & 7.83-7.35 (m, 8H), 5.07-
4.90 (m, 2H), 4.40-4.20 (m, 3H), 3.75-3.40 (m, 4H), 3.25-3.10 (m, 2H), 2.45-1.72 (m, 8H),
1.65-1.51 (m, 18H), m/z 682.40 (M"+1).

Step 2: methyl ((S)-1-(((1R,2S5)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
15  methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydrobenzo[2,3]oxepino[4,5-d]oxazol-8-yl)phenyl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 23):

-0
T e DY,
~ 13O0 ke
. o
O%o
\

Title compound was synthesized by following the procedure as described in Step 2 of
Example 6 using the intermediate (23a) from the previous step. '"H NMR (DMSO-ds, 400

20 MHz), 8 12.10-11.80 (m, 1H), 8.14-6.90 (m, 11 H), 5.15-5.10 (m, 1H), 4.40-4.30 (m, 4H),
4.15-4.10 (m, 1H), 3.95-3.70 (m, 3H), 3.55-3.50 (m, 6H), 3.10-2.95 (m,2H), 2.14-1.95 (m,
12H), 0.97-0.71 (m, 12H), m/z 796.50 (M*+1). m.p.:166-168 °C.
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Exanpl e 16, using the internediate from Step 3 of Exanple 24 (24c) as
starting material. 1H NVR (400 MHz, CDCI3) 58.10-7.45 (m 9H), 7.26 (s,

1H), 5.15%6.208/2m3442H), 4.60-4.35 10(m 1H), 3.75- 3. 35PCHIBAH)/P548225- 3. 15
(m 2H), 2.55-1.60 (m 8H), 1.51-1.30 (m 18H), mz 663.40 (M++1l). Step 2:
met hyl

((S)-1-(((1S,25)-2-(7-(4-(2-((S)-1-((S)-2-am no- 3-net hyl but anoyl ) pyrrolidin
2-y1)-1H i m dazol - 5-yl ) phenyl) - 1H napht ho[ 1, 2-d] i m dazol - 2-yl ) cycl opentyl)a
m no) - 3- net hyl - 1- oxobut an- 2- Acar bamat e ( Compound 27): 15 Titl e conpound
was synt hesi zed by follow ng the procedure as described in Step 2 of

Exanpl e 6 using the internediate (2783.l fromthe previous stggs 1H NVR (400
MHz, Me&#pMPEe g . g Preparalion ) of g mefhyl 75£(§)rﬂ-((é£®=?s)72.-ﬁ72(47(2 Y H(Seey |

5. 30-5. glgnefﬂﬁxyaé'ﬂoon l)ﬁﬁirﬂ:-ﬁ%étﬁylbaté)noyﬂp?r?oﬁdgiiaga-fg? H2Midazol-85y1iphdhylm 3H),

3.70-3. 6H), 2.70-1.95 2010H), 0.99- . 12 mz 777.30
(Me+1) . 4,5-8irr71]ydrol:q H-naphtho[1,2-d]|(rnni]dazol-2-|§P)cyclopentyl)am|n$)r)TJ3-metlF1|)yl-1- z

Exanpl e3foburapag-aénpamar! {oontdcandl24)( (1S, 25) - 2- (5-(4-(2-((9) - 1-((9) - 2-
(et hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrrol i di n-2-y1) -4, 5-di hydr o- 1Hnhaph

t ho[ 1, 2§l m dazol - 7'(%#,???@%@64'—"&0@ %ﬁ&ﬁ%ﬁﬁ%%ﬁkﬁ%ﬁﬁw )(Etzhé(tle}tam no) -

3- net hyl -"1- oxobut an- car bamat e (
(1S, 29) betoRydartonydamiriozeycleppaipoecpeny te@dapboxyl ate (28a): 0 (.w,. gs) O

B
r 0

0 S

o Boc.\¥s)

H
Title compound was synthesized by following the procedure as described in Step 1 of
Example 1 wusing 2,6-dibromo-3,4-dihydronaphthalen-1(2H)-one [synthesized using

10 procedures described in WO2010/117635A1] and (1S,25)-2-((tert-
butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized wusing procedures
described in J. Org. Chem., 2001, 66 (16), 5629-5632] as starting materials. '"H-NMR (400
MHz, CDCls) 5 8.09-8.07 (m, 1H), 7.85-7.81 (m, 1H), 7.55-7.50 (m, 2H), 5.56-5.50 (m, 1H),
4.30-4.05 (m, 2H), 3.30-3.05 (m, 4H), 2.45-1.60 (m, 6H), 1.40 (s, 9H); m/z 352.10 [(M*+1)

15  —100] (value observed for the de-Boc product).

Step 2: tert-butyl ((1S,28)-2-(7-bromo-4,5-dihydro-3H-naphtho[1,2-d]imidazol-2-

yhcyclopentyl)carbamate (24b):
N
N

H 5
Boc~NT9)

H
20 Title compound was synthesized by following the procedure as described in Step 2 of
Example 1, using the intermediate (24a) from the previous step. "H-NMR (400 MHz,
CDCl3) 6 7.34-7.30 (m, 3H), 4.90-4.87 (m, 1H), 4.19-4.12 (m, 1H), 3.15-3.13 (m, 1H), 3.05-
2.85 (m, 4H), 2.45-2.10 (m, 2H), 1.90-1.60 (m, 4H), 1.50 (s, 9H); M/z432.10 (M*+1).
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HN---\ To a solution of (1S, 2S)-ethyl 2-am nocycl opentanecarboxyl ate (0.2
g, 1.27 mmol ) [synthesized using procedures described in J. Og. Chem,
2001, 66 wWOep13/@6R9-5632] in THF (10 nl), acetic acid (@COABIL2/0407 rmol )
and acet al dehyde (0.07 nL, 1.27 mmol) 10 were added and stirred for 1 h at
roomtenperature after which sodiumtriacetoxyborohydride (0.4 g, 1.91
nmol ) was added and stirred at roomtenperature for 16 h. After conpletion,
the m xture was added to saturated NaHCO3 solution and extracted with Et0OAc
(2 x 35 nL). The organic | ayer was washed with brine, dried over Na2SO»4 and
concentrat ed under reduced pressure to get col or | ess oil (0.14 g, 59%

whi ch was taken to 15 next step any purification. 1H NMR (400 MHz,
CDCl 3) , e $o(:tedbuty Zzﬁ) (4-@- (5>, %%)%19”7*3%0’64&33@9)(' amingjsyelgpenivh-4.57 1y |
1 2. @rydrootH-hBphtBSM ,2- m@éazjeﬁ hoR&nyHH-irid@8i-234)8prrdiidinel Fedrodxyite,  3H)
1.05-1. ogwt nephts w]’ 4 H) - mq’zblse?@ Mk+1) . St (Jaypggf 1S, 29) - et)}pg[l

2- ((terl(2 toxycar bonyl )(et hyl ) am no) cycl opent anecar boxyl ate (28b) (s,1 ..
10, &) 0 N--_, Boci\ 20To a stirred solution of (1S,

2S) - et hyl - 2- (et hyl ani no) cycl opent anecar boxyl at e a) (0.22 g, 1.19 mmol)
in 1, 4-Dioxane (10 ni) wasﬁd (0.35 g, 4.16 mmol)
in water (10 nmL) till '?‘ﬁe - { baS| éhlS Boc anhydri de
(0.33 m., 1.43 mml) wagN d‘ﬁeﬁ. ) Hlxture was stirred at room
tenperature for 16 h. T

5 Title compound was synthesized by following the procedure as described in Step 4 of
Example 1, using the intermediates (24b) from the previous step and (S)-tert-butyl 2-(5-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate [synthesized using procedures described in ref. W02010/99527A1] as starting
materials. '"H-NMR (400 MHz, CDCl3) 3 11.00 (bs, 1H), 10.50 (bs, 1H), 7.85-7.40 (m, 7H),

10 7.20-7.10 (m, 1H), 5.07-4.86 (m, 2H), 4.40-4.20 (m, 2H), 3.50-3.43 (m, 2H), 3.17-3.09 (m
3H), 2.93-2.89 (m, 2H), 2.45-1.80 (m, 8H), 1.60-1.51 (m, 18H); m/z 665.40 (M*+1).

Step 4: methyl ((S)-1-(((1S,25)-2-(7-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-
15  d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 24):

S {Q
0
X

HN
O)§o

\

IIII

Title compound was synthesized by following the procedure as described in Step 5 of
Example 1 using the intermediate (24c) from the previous step. 'H NMR (DMSO-ds, 400
MHz), 5 12.10-11.55 (m, 2H), 8.13-7.46 (m, 9H), 7.31-7.29 (m, 1H), 7.04-7.01 (m, 1H),

20 5.10-5.05 (m, 1H), 4.40-4.32 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s,
6H), 3.02-2.67 (m ,4H), 2.14-1.55 (m, 10H), 0.99-0.51 (m, 12H), m/z 779.30 (M*+1).
m.p.:181-183 °C.
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reaction m xture was poured into water and extracted with ethyl acetate (2
x 15 nmL). The conbined organic | ayers were dried over sodiumsulfate and
concent r avedosdess4r educed pressure to get white solid @OTABZ12/62930 whi ch
was used in the next step without any further purification. 1H NVR (400
MHz, CDCl3), 54.25 (bs, 1H), 4.16-4.11 (m 1H), 3.20- 53.19 (m 2H), 2.93
(g, J= 7.2 Hz, 2H), 2.05-1.70 (m 6H), 1.47-1.44 (m 9H), 1.26 (t, J=7.2
Hz, 3H), 1.12 (t, J=7.2 Hz, 3H); mz 285.2 (M+). Step 3:

(15, 25)-2-((tert-butoxycarbonyl) (ethyl)am no)cycl opent anecarboxylic acid
(28c): OH (U\\ gs) 0 ,N__, Boc\

10Toast i rredsol uti onof (15, 25) - et hyl - 2- (ét ert -

but oxyc&*BEWE ) (B hy PYeRAratdeey cPlopdRetink c (Do (i 15 2R 26h(4-@1((S)- (k256
mol ) i méaioxgbxitbodlamihd-3-theth IbuE:irhbg rrof@intd-y1)-a PdmidaaNn-50Afphshyl) it hi um
hydr oxi gg _0.24 %1 g 22 mol }m\?/vas ad 23{( The reg():_ti on mxtur%ybwas»s)ti rred
at room415éﬁgr‘B(¥F|'&1'u\’|'é‘aPBFhQ{1=ﬁTd] idazQla-Vhexclopsntylyamingd-3emeiddhit at ed under

r educed oRbBSRHERYRéHibainate @bmpduhd@g)er and 15 extracted with ethyl
acetate (2 x 35 nL). The aqueous | ayer was acidified by 1IN HCl. and

extract i th gt hyl 1| € x_ 10 3 ined, or ganiL yers
wer e@\/\/ag%ﬁ(jvI Wi tﬁ bri Agﬁ’ggilbg)cﬁ&ﬁegr&(go%’éfﬁ@tgﬂﬁﬁ%@wa@g%gm ratzggltleﬁnder
r educ ed bpioxgcanpenyt)eminiogdydlopempnecrismiylate (20a¥ g, 59% which was used in the
next step without any purification. 1H NVR (400 MHz, CDClI3), 6 4.33-4.29
(m 1H), 3.28-3.18 (m 1H), 3.WQ-2..9 m 2H), 2.00-1.65 20(m 6H), 1.47

(s, 9H), 1.13 (t, J= 7.2 Hz, 3H 57j18 (M+). Step 4: (15,
25) - 2- (4- br onopheny1) - 2- oxoet hyl erd~ Bitexycar bonyl ) (et hyl ) am no)
cycl opent ane carboxyl ate (28d): O Boc., v5

\N\

H

Title compound was synthesized by following the procedure as described in Step 1 of

Example 1, using 2,6-dibromo-3,4-dihydronaphthalen-1(2H)-one [synthesized using
10  procedures described in WO2010/117635A1] and (1R,29)-2-((tert-

butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized wusing procedures

described in Tetrahedron: Asymmetry, 2008, 19, 2796—2803] as starting materials. 'H-

NMR (400 MHz, CDClz) & 8.09-8.07 (m, 1H), 7.85-7.81 (m, 1H), 7.55-7.50 (m, 2H), 5.56-

5.50 (m, 1H), 4.30-4.05 (m, 2H), 3.30-3.05 (m, 4H), 2.45-1.60 (m, 6H), 1.40 (s, 9H); m/z
15  352.10 [(M*+1) — 100] (value observed for the de-Boc product).

Step 2: tert-butyl ((1S,2R)-2-(7-bromo-4,5-dihydro-3H-naphtho[1,2-d]imidazol-2-

yhcyclopentyl)carbamate (25b):
NH
/@\/)hu
Br N (R')O

Boc\Nf-F)

20 Title compound was synthesized by following the procedure as described in Step 2 of
Example 1, using the intermediate (25a) from the previous step. 'H-NMR (400 MHz,
CDCls) 8 7.34-7.30 (m, 3H), 5.19-5.16 (m, 1H), 4.90-4.87 (m, 1H), 4.40-4.30 (m, 1H), 3.36-
3.31 (m, 1H), 3.05-2.80 (m, 4H), 2.45-2.10 (m, 2H), 1.90-1.60 (m, 4H), 1.50/1.43 (s, 9H);
m/z 431.85 (M*+1).
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Toastirredsol utionof (1S, 2S)-2-((tert-

but oxycar bonyl ) (et hyl ) am no) cycl opent anecar boxylic acid (28c) (0.7 g, 2.72
nmol ) i n WON0(3A213¥lL) , 2- bronp- 1- (4- br onophenyl ) et hanone PCOABB 12195482072 nmol )
and DI PEA (0.35 g, 2.72 mol) were added and stirred for 3 h at room
tenperature. The contents were 5 concentrated under reduced pressure and
water (50 nmL) was added to it and extracted with DCM (20 nL x 2). The

conbi ned organic |ayers were washed with brine, dried over Na2SO4 and
concentrated under reduced pressure to get white foam (0.9 g, 73% that was
used in the next step w thout any further purification mz 354 [(V) -
100]. 1QStepb:tert-but 1S, 28 phenyl% 1H i m dazol - 2-

yl ) cycl (%%th%ll ?'PWI“BVXaQ(r é%(ﬁ'a(?e( 1@%%);2 tert butoxycarbony amino)cyclopentyl)-4,5-
Toastiry a@LrHJng hé 3 3-ARid2zd-F-yDpReMmMenididiazl-0XMeYiditing- {-48bkylatd S

but oxyca?gonyl )(e?ﬁy [)amc%no) cycl o)}ggnfﬂg“r?ecar boxyl a?@g%ZBd) (0.900 yé 1.98
nol ) i l uene (12 nl) ammoni um acetate (4.58 g, 59.4 mol) was added and
heated for 18 hr at 110 C. The m xture was added to water (100nm.) and
extracted with DCM (70 nlL Xx 2) The corrbr ned org c Iayers wer e washed
with brine and dried over ; reduced pressure and
purified by flash chroﬁ‘?ﬁtog t ether to get

yel low solid (0.22 g, N & |3) 7.70- 7.60 (m 1H),
7.48-7.46 (m 3H), 716 H) 4.90- 4. (m 1H), 3.30-3.20 (m 2H),
310300(m 1H), 250240(m 1H), 2.00-1.70 (m 5H), 1.50 (s, 9H),

1.18%1. ¥3e ;?dghn (B folibding th
St ep6 (%)T?{ tert t W%SZ gfﬁ?4§%g Wlos%rsg e pr%)%erdtur Srsodxesggbr Com ?Set)et hyl ) am n

xample 1, usrng the mtermedrates (25b) from the prevrous step and (S) -tert- butyI 2-(5-(4-

2§cycl og@mtsysloev;rrer g-9322bpmmetBtenyblary ool Ui @ ppaRRIRRL L 2- ]| m daz

)Ypyrroli 1-"car boxyl a was synt hesi zed

by fol | @arbngylaueésxﬂtmdrlJémsspr@l@ﬁ@rqsute@crlbedSﬂé@ W (A0 10502RBT A1 BSIptarking
i nterme a%ék%ré 284 ﬁfﬁ @b@%‘ :Zjd goed@ﬁ)ddb%b ?fngbvts)é'ﬂoM 1, 4.5, 5

t et r anet 132 |ox or ol an ro- IH
m ddgfol 720 BWKmpW)r 81q744-8@ (., 2} H a0 ém[ %VhtSr@sﬁa ﬂédmugi"hé Hr@)@ dmr es

descr i bagl, '?#%@Q@éé@?%r 8égﬁ1 NBYER, § 00, M"gn @P%@g 66@430]( bs, 1H),

10. 50 (bs, 5.07-4 5034 (m 3H),

3.2-3.2 m 0 40 (m 2H),

2. 25-1. %ﬁé"t mgsrr)me%*iﬁ 5(:593{&?%2%%,4; f ?Zé(é)? &%@(WHE%VCG‘%PEV' %‘é‘

( Mt+1) . methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-
d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 25):

)\NH
\\‘(R) ( S)
\\\
@

o
15 \
Title compound was synthesized following the procedure as described in Step 2 of
Example 6 using the intermediate (25c) from the previous step. 'H NMR (DMSO-ds, 400
MHz), & 12.10-11.55 (m, 2H), 8.13-7.46 (m, 8H), 7.41-7.29 (m, 2H), 7.04-6.90 (m, 1H),
5.10-5.05 (m, 1H), 4.40-4.32 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s,
20 6H), 3.02-2.67 (m ,4H), 2.14-1.50 (m, 10H), 0.99-0.51 (m, 12H), m/z 779.30 (M*+1). m.p.:
224 °C.
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10Step7: met hyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((S)-2-(nmet hoxycarbonyl )am
i no- 3-

met hyl butwoayidy@yssmol i di n-2-y1l) -4, 5-di hydr o- 1H napht ho[ PCZAB}u1vDEk8200! - 7- y| )
phenyl) - 1H m dazol - 2-yl ) cycl opentyl ) (et hyl ) am no) - 3- net hyl - 1- oxobut an- 2-yl )
car bamat e( Conpound 28): 15 Title conpound was synthesized by follow ng the
procedure as described in Step 5 (Exanple 1) using internediate (28f) from
the previous step. 1H NWVR (DVSO d6, 400 MHz), 6 11.80-11.75 (bs, 2H),
8.14-7.92 (m 6H), 7.34-7.31 (m 1H), 6.99-6.96 (m 1H), 5.17-4.99 (m 4H),
4.20-3.85 (m 5H) 3. 55 3.50 (m, 6H), 3.15-2.85 (m 4H), 2.14-1.50 (m
12H), 0.99-0.51 , mz 807.50 ( Mk+1). mP.: 193-195 C. 20

Exanp| oESAMPID 28| oRERARNGT ( (3 - Tty s, ) THbisee: polegout o2

(met hoxmaﬂhﬁwér)ba nanﬁwdmﬂuhmh Y wabmhtzﬂgwa Mﬁalaz‘bl-% phéAyn- 1Hnaph

tho[ 1,2 i mdazo 1)-1H-i m dazol - cl open (rrethyl)amno)
RS np']rnaphmta.&g#z?aﬁ P Pbuciaperybampnetl Txiobyidn 51 15 5s) “ethyi
2- (et hyl)aafbamaty [ anpsuaaeerr boxyl ate (29a): .., 0gs) 0 HN-- To a

solution of (1S,2S)-ethyl 2-am nocycl opentanecar boxyl ate (2 g, 12.72 mmol)

ine h Ly (R0 h mpl ) was
adde pstTl?\r %btbfu%h #ﬁ‘%ﬁd@ %2}?’% éﬁéggc\é/r%fﬁirﬁmﬁo éTﬂylg’ﬁr@ed to
the m xmapi@he[ﬁci dlinnidazadt7-y)ohéro)- tH-fmidazbé-2- Mﬁzyraolmhear@oxmteé%a)onpl etion
of reaction, the mxture was filtered through a pad of celite. The celite
bed was washed with ethanol (20 nmL). The conbi ne rgani c | ayers were
evapor ated under reduced pressure_and the reﬁ dy Sl 4 g, 649% was taken to
next step without any Brgrifljcay R 40\11)\( ) CDCl 3), 6 4.20-4.10
(m 2H), 3.07 (g, J =7 HZNlH) ‘ N 7278 1H), 2.26 (s, 3H),
1.94-1.50 (m 6H), 1. 27@, =

Title compound was synthesized by following the procedure as described in Step 1 of
Example 16, using the intermediate from Step 3 of Example 25 (25c). 'H-NMR (400 MHz,

10 CDClg) 8 8.10-7.45 (m, 9H), 7.26 (s, 1H), 5.15-5.03 (m, 2H), 4.55-4.35 (m, 1H), 3.75- 3.35
(m, 2H), 3.25-3.15 (m, 2H), 2.55-1.60 (m, 8H), 1.51-1.30 (m, 18H), m/z 663.40 (M*+1).

Step 2: methyl ((S)-1-(((1S,2R)-2-(7-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-2-
yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 26):

)\ N H
\\‘(R) 2 S)
\\\ HN
@

o
15 \
Title compound was synthesized by following the procedure as described in Step 2 of
Example 6 using the intermediate (26a) from the previous step. '"H NMR (DMSO-ds, 400
MHz), & 12.10-11.55 (m, 2H), 8.60-7.50 (m, 11H), 5 7.31-7.29 (m, 1H), 7.10-6.85 (m, 1H),
5.10-5.05 (m, 1H), 4.55-4.40 (m, 2H), 4.11-4.07 (m, 2H), 3.87-3.81 (m, 4H), 3.51-3.45 (s,
20 6H), 2.40-1.50 (m, 10H), 0.99-0.51 (m, 12H), m/z 777.30 (M*+1). m.p.:238-240 °C.
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157. 2

Hz, 3H); mz 171.23 (MWM+) Step 2: (15, 2S)-ethyl

2-((tert-butoxycarbonyl) (nmethyl)am no) cycl opentanecarboxyl ate (29b):

procedure as described in Step 2 of 20 Exanple 28, using internediate

(29a)

gs)WO 2bi3/02Be/ Titl e conpound was synt hesi zed by fPolriiBi12Yg54020e

fromthe previous step. 1H NVR (400 MHz, CDCI3), 54.60-4.50 (m

0 (s

1H),

4.19-4.10 (m 2H), 2.56 (q, J= 7.2 Hz, 1H), 2.05-1.70 (m 6H), 3.27 (s,
3H), 1.47-1.44 (m 9H), 1.25 (t, J= 7.2 Hz, 3H); mz 271.29 (M) WO
2013/ 021344PCT/ 1B2012/ 054020 Step 3: (15,

25)-2-((tert-butoxycarbonyl) (net hyl)am no) cycl opent anecar boxylic acid

(29c):

10

15

20

%_('a \é)vlel 2\7\: Igrsez)algtilc\)l_n of methyl ((S)-1-(((1S,2S8)-2-(7-(4-(2-((S)-1-((S)-2-amino-3-

methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-
2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 27):

Step 1: (S)-tert-butyl 2-(5-(4-(2-((1S,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (27a):

H
o OO
N NN Q N HN-Boc
(J

Title compound was synthesized by following the procedure as described in Step 1 of
Example 16, using the intermediate from Step 3 of Example 24 (24c) as starting material.
'H-NMR (400 MHz, CDCl3) & 8.10-7.45 (m, 9H), 7.26 (s, 1H), 5.15-5.03 (m, 2H), 4.60-4.35
(m, 1H), 3.75- 3.35 (m, 2H), 3.25-3.15 (m, 2H), 2.55-1.60 (m, 8H), 1.51-1.30 (m, 18H), m/z
663.40 (M*+1).

Step 2: methyl ((S)-1-(((1S,25)-2-(7-(4-(2-((S)-1-((S)-2-amino-3-methylbutanoyl)pyrrolidin-
2-yl)-1H-imidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-2-yl)cyclopentyl)amino)-3-
methyl-1-oxobutan-2-yl)carbamate (Compound 27):

JNH o

d H
\\\\( hfL‘lﬁS)E?{S) 0
OO Ty

O
o]

\

Title compound was synthesized by following the procedure as described in Step 2 of
Example 6 using the intermediate (27a) from the previous step. 'H NMR (400 MHz,
MeOD), & 8.55-8.47 (m, 2H), 8.20-7.75 (m, 8H), 7.42-7.30 (m, 2H), 5.30-5.27 (m, 2H),
4.65-4.60 (m, 2H), 4.27-4.15 (m, 2H), 3.95-3.85 (m, 3H), 3.70-3.65 (m, 6H), 2.70-1.95 (m,
10H), 0.99-0.80 (m, 12H), m/z 777.30 (M*+1).
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Boc/ Title conpound was synthesized by follow ng the procedure as descri bed

in Step 3 of 5 Exanple 28,

3H), 2.00-1.65 (m 6H), 1.47 (s, 9H); mz 244.08 (Mt+1).

St ep4: (15, 25) - 2- (4- br onophenyl ) - 2- oxoet hyl 2- ((t ert - but oxycar bonyl ) (et hyl)
am no) cycl opent anecar boxyl ate (29d):

f ol | owi

ng the procedure as described in Step 4 of Exanple 28, using

internedi ate 29c as starting material. mz 439.79 (M)
Step5:tert- butyI ((15,25)-2-(5-(4- brormphenyl) 1H i m dazol -

yhcycl openty (net hypcar bamate ﬁ() Titl e conpound was s nth esi ze
fol l owi fgf préftedbifePatationscef p ethyl st (& B B¢ Sk ((Ry2-
i nter We@ln@irﬁ)x%é#b%ﬁ E)émfﬁd Méﬂiﬁl%ta&loyl) BWn(ﬂQl@AM‘thyWi H), 6 7.

4H)

(2m50 2@2%6‘%

60-
O -ingidbanldoyEhABYD - pifazdl- i IesToRaney ety Aoy ﬁﬁﬂ) g

using internediate 29b as starting material.
1H NVR ( AW0 2M3202133DC| 3), 6 4.61-4.59 (m 1H), 3.28-3. 18PCWIBAH}/)5482081 (s,

Titl e conpound was synt hesi zed by

d by

45

St P ( ethyre -0 utaA-2T)dabdate( Sonohd Zef oL but oxycar bony| ) (et hyhan
(0]

5

10

15

20

Step 1: (15,25)-ethyl-2-(ethylamino)cyclopentanecarboxylate (28a):

¢

[ ?(sg <O
5 0
HN

\\

To a solution of (1S,2S)-ethyl 2-aminocyclopentanecarboxylate (0.2 g, 1.27 mmol)
[synthesized using procedures described in J. Org. Chem., 2001, 66 (16), 5629-5632] in
THF (10 mL), acetic acid (0.07 mL, 1.27 mmol) and acetaldehyde (0.07 mL, 1.27 mmol)
were added and stirred for 1 h at room temperature after which sodium
triacetoxyborohydride (0.4 g, 1.91 mmol) was added and stirred at room temperature for
16 h. After completion, the mixture was added to saturated NaHCO; solution and extracted
with EtOAc (2 x 35 mL). The organic layer was washed with brine, dried over Na,SO4 and
concentrated under reduced pressure to get colorless oil (0.14 g, 59%) which was taken to
next step without any purification. '"H-NMR (400 MHz, CDCls), & 4.20-4.10 (m, 2H), 3.56
(0, J = 7.2 Hz, 1H), 2.72 (q, J = 7.2 Hz , 1H), 2.62-2.50 (m, 2H), 1.94-1.50 (m, 6H), 1.28-
1.23 (t, J= 7.2 Hz , 3H), 1.05-1.02 (t, J = 7.2 Hz , 3H); m/z 186 (M"+1).

Step 2: (15,25)-ethyl 2-((tert-butoxycarbonyl)(ethyl)amino)cyclopentanecarboxylate (28b):

¢

[ ?(sg <O
(S) \O
N
Boc” \\
To a stirred solution of (1S, 25)-ethyl-2-(ethylamino)cyclopentanecarboxylate (28a) (0.22
g, 1.19 mmol) in 1,4-Dioxane (10 mL) was added a solution of NaHCO; (0.35 g, 4.16

mmol) in water (10 mL) till the solution turned basic. To this Boc anhydride (0.33 mL, 1.43
mmol) was added. The resultant mixture was stirred at room temperature for 16 h. The
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cycl opentyl)-1Hi m dazol - 5-y1) phenyl) - 4, 5-di hydr o- 1H napht ho[ 1, 2-d] i m dazol
-2- yhpyrrolidine-1-carboxylate (29f): Titl e conpound was synt hesi zed by
f ol | owi ngwohe13mwmzedur e as described in Step 6 of ExanplPeTaAB2012/85402p
intermediate (29e) fromthe previous step and (S)-tert-butyl 2-(7-
(4,4,5,5-tetranet hyl-1, 3, 2- di oxaborol an-2-y1)-4,5-di hydro-1

H napht ho[ 1, 2-d] i midazol -2- 5 yl)pyrrolidine-1-carboxylate [synthesized

usi ng procedures described in W2009/102633]. 1H NWMR (400 MHz, CDClI 3), 6
11.00 (bs, 1H), 10.50 (bs, 1H), 7.83-7.52 (m 8H), 5.07-4.86 (m 2H),
3.50-3.43 (m 3H), 3.20-3.10 (m 2H), 2.97-2.90 (m 2H), 2.85 (s, 3H),
2.50-2.40 {_m 2H), 2.25-1.72 (m 8H), 1.60-1.51 (tm 18|—Q , mz 679.50

( Me+1) . reaction mixture was poured into water and extracted with ethyl acetate (2 x 15 mL). The

10st §p7 combingl organiclalérs ward atied o(&r dotiun? sifa® ahd coentalclmindexkemesony! ) am
i no- 3-

met hy| bR{eSAER p98trwhiledselida(02 p. 29%) ayHghuvgs e dpHEh SP. SteRWitcHaasY - 7- yI )
pheny1) fidierbdafatior IH que gpemnmi,)cﬁm@&w 4 85RO N HS; M862y11- (n,OppbYogN- 2- Aca
rbamat e (Conpound 29): 15 Title conmpound was synthesized by fol [ owi ng the
br ocduPd ST A8 OBda 1 % B MO B AdBIE, SH). LET i (M S iekare J2of as
starti ng i gHjal 12 4y NV (00 Mz oBBAY6) 6 11.80-11.75 (bs, 2H),
8.14-7.92 (m o6H), 7.34-7.31 (m 1H), 6.99-6.96 (m 1H), 5.17-4.99 (m 2H),

4. 20- 3. 328 Ve - 14- .(m
T2y 0038 B G AR BTt TRy i By oo ngEbpy e e pac)

Exanpl e30: Preparati onof net hyl ((S)-1-(((1S,2S)-2-(5-(7-(2-((S)-1-((9S)-2-
(et hoxycar bonyl ) am no- 3- met hyl but angyl ) gyrrolidin-2-y1)-1Him dazol -5-y1)-
OHf | uoren-2-y1)-1Hi m dazol -2-yl)c fignt ypam no) - 3- net hyl - 1- oxobut an- 2-
ypcar bamat e (Conpound 30): 5Step 1:~Xis( 7obrono-9H fl uoren-2-yl ) et hanone
(30a): To a degassed solution of 2,7 JN brono-9H-fl uorene (3.0 g, 9.3 muol)
and tributyl(1- Boc

10 To a stirred solution of (1S, 2S5)-ethyl-2-((tert-
butoxycarbonyl)(ethyl)amino)cyclopentanecarboxylate (28b) (1.3 g, 4.56 mmol) in
Tetrahydrofuran (10 mL), Ethanol (10 mL) and Water (10 mL) lithium hydroxide (0.44 g,
18.22 mmol) was added. The reaction mixture was stirred at room temperature for 4 h.
The reaction mixture was concentrated under reduced pressure and diluted with water and

15  extracted with ethyl acetate (2 x 35 mL). The aqueous layer was acidified by 1N HCI. and
extracted with ethyl acetate (2 x 10 mL) and the combined organic layers were washed
with brine, dried over sodium sulfate and concentrated under reduced pressure to yield a
white solid (0.7 g, 59%) which was used in the next step without any purification. 'H-NMR
(400 MHz, CDClg), 5 4.33-4.29 (m, 1H), 3.28-3.18 (m, 1H), 3.00-2.90 (m, 2H), 2.00-1.65

20 (m, 6H), 1.47 (s, 9H), 1.13 (t, J = 7.2 Hz, 3H); m/z 257.18 (M*).

Step 4: (1S, 2S)-2-(4-bromophenyl)-2-oxoethyl 2-((tert-butoxycarbonyl)(ethyl) amino)
cyclopentane carboxylate (28d):

(0]
O
ol ¢
4SspN~Boc
Br
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et hoxyvi nyl )stannane (3.3 g, 9.3 mmol) in 1, 4-Dioxane (20 nL) was added
Pd(PPh3)4 (0.56 g, 0.463 mmol) and PdCl2(dppf) (0.34 g, 0.46 mmol) and the
cont ent s wereldmeaised at 80 10 QC for 5 h. The reacti on RCItIB2082/0#820c00l ed
to roomtenperature and water was added and the contents were extracted
with EtOAc (2 x 20 nlL). The organic | ayer was washed with brine, dried over
sodi um sul phat e and concentrated under reduced pressure to yield

2- brono-7-(1-ethoxyvinyl)-9,9 dinmethyl-9H fluorene as an orange liquid. To
t he above product THF (6 nL) and 2M HCI (10 nL) was added and the reaction
was stirred at rt for 2 15 h. The contents were evaporated under reduced

pressure the resi due was di ssol ved in water and extracted with Et0Ac (2 X
20 nL). "he orgad ¢ cont efit€%ver e wasSRBEON th bri Rk, dri edever %6@Mtum

| phat eld a
\?\A‘lul ltoe Cgluig)?gcaﬁ’lg%dlyf (&r@&/l)la»hﬂd @sﬁzlrbpehraaa@dr@@sryﬂelamd( 386) @Q%Rmﬁﬂﬁﬂ .hmogDC 5

VHz
6 8.15 (FmMLLgb f@%ﬂiﬁbwwnnmham%@%& 214 Mg, a*?f’?@'PEz‘b?O 30 9(
2H), 7. 2727 maol) Werel BlidedB af® tifred 26D 3 12 aft37ro&ﬁa teﬁirj)aratlﬁ'ﬂez Tagﬁ:oQ?erﬁdVWere St ep
2: 2,2-di brono- 1 (7-brono-9H-f | uor en- 2- éf ethanone ~To a sol ution of

1-(7 S5pr GH'EFG@F@PPU&C’@F] redug Py FeRSHISNRNG wetey (9 mi) gvas; ¢ qu it angh eXRAdeSbf or m
25 (15 mith e (2ddadx ) OoTANEoBIn&Y offaniclagerdMieie wakhéy Qfth %ﬂﬁl@rdriédtdv@gen

at nosphere, The cool i n&abath was renoved and the reaction m xtur

war med 1N52PP« ARcIGepiAigd ppferyefucegAaressuimle asiubie fosm (9 pebtr) Wﬁt ‘Pﬁ"%(t ure

and t he ygédmnhé neRt Withoveasy Manseslirftitdns ark 26 [*PN/I? ’Rivi.te sol uti on,
brine, dried over sodium sul phate and evaporated un reduced pressure

to yield a yellow colored solid that was used in the next step w thout
further purification (0.550, 89%. 1H NWR (400 MHz, CDCI3) 58.27 (bs, 1H),
8.1808. $4egm 1H) 5: 8. 09- 8tedidoytyh lH) ((1.38%83)72-60(4¢oromophenyl): THrinfid@Zol-em  2H) |

2" br omo POEPPEPE e eRn 08y YA nanone ( 300):

N
7o
L)
N.
\/ B

Br

To a stirred solution of (1S,25)-2-(4-bromophenyl)-2-oxoethyl-2-((tert-

15  butoxycarbonyl)(ethyl)amino)cyclopentanecarboxylate (28d) (0.900 g, 1.98 mmol) in
toluene (12 mL) ammonium acetate (4.58 g, 59.4 mmol) was added and heated for 18 hr
at 110 °C. The mixture was added to water (100mL) and extracted with DCM (70 mL x 2).
The combined organic layers were washed with brine and dried over Na,SO,,
concentrated under reduced pressure and purified by flash chromatography using 5%

20 EtOAc / pet-ether to get yellow solid (0.22 g, 26%). 'H-NMR (400 MHz, CDCls): & 7.70-
7.60 (m, 1H), 7.48-7.46 (m, 3H), 7.16 (bs, 1H), 4.90-4.80 (m, 1H), 3.30-3.20 (m, 2H),
3.10-3.00 (m, 1H), 2.50-2.40 (m, 1H), 2.00-1.70 (m, 5H), 1.50 (s, 9H), 1.18-1.13 (m, 3H);
m/z 434.98 (M*+1).

Step 6: (S)-tert-butyl 2-(7-(4-(2-((1S,2S)-2-((tert-butoxycarbonyl)(ethyl)amino)
25  cyclopentyl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-
yl)pyrrolidine-1-carboxylate (28f):
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To a solution of 2-brono-1-(7-brono-9H fluoren-2-yl)ethanone (30b) (0.35 g,
0.96 mmol ) in THF (3 nL) at 0 9C was added triethylamne (0.24 nm., 1.
mrol ) andwoizetdmghd4phosphite 10 (0.22 ni, 1.69 mmol). TheCTARmL/053020aS
gradually warnmed to roomtenperature and the m xture was stirred for

after which excess THF was renoved under reduced pressure.

69
1.5 h

The crude was

triturated with n-pentane to get a white solid (0.350g, 85% that was used

in the next step without further purification.

1H NVR (DMSO d6, 400 MHz),

8.29 (bs, 1H), 8.22-8.14 (m 2H), 8.06-8.03 (m 1H), 7.90-7.87 (m 1H),

7.67-

7.65 (m 1H), 154.97 (s, 2H), 4.03 (s, 2H); nlz 386 (M-+23).
Step4: (1S, 2S)-2-(7-brono-9Hfl uoren-2-yl)-2-oxoet
| ) am no) cycl opent anecar boxyl ate
conmpound was synt hesi z d byN

of Exanple 1 using int er\rre {l\at s T 7 e'pr EML@CHS step and
(1S, 25)-2-((tertbut oxycgﬂbnym)am no) cyct opent ane arboxylic acid

[ synt hesi zed usi ng proc

res described in J. Og. Chem, 2001, 66(16),

5629-5632] as starting materials. 1H NVR (400 25 MHz, CDCI 3): 6 8.11-8.10

(m  1H) Titié. &ﬁnﬂouﬂ@ WaB syithesizedSy 70II8®|r©nﬂhe1dT|bced7Jr€ 537de3&|ﬁtﬁd AHbtep 74 5?57 56
m

’Eesa@p%o U ﬁ\tﬁrmew%g%ehﬁéwe E?ﬁ)v'ou_% sipp %gd S%nt%rt b@'f 571&0 éB[(MHl)

- 1001 (vaianeathwh,sm “drslabarblahzeyIH & 5Bmeydes-0H Uihtho[ 1,2-dlimidazol-2-

(ml

5

10

15

20

yl)pyrrolidine-1-carboxylate [synthesized using procedures described in W02009/102633].
"H-NMR (400 MHz, CDCls): 5 11.00 (bs, 1H), 10.50 (bs, 1H), 7.83-7.52 (m, 8H), 5.07-4.86
(m, 2H), 3.50-3.43 (m, 3H), 3.2-3.26 (m, 2H), 3.08-3.03 (m, 2H), 2.97-2.90 (m, 2H), 2.50-
2.40 (m, 2H), 2.25-1.72 (m, 8H), 1.60-1.51 (m, 18H), 1.20-1.15 (m, 3H), m/z 693.50
(M*+1).

Step 7: methyl ((S)-1-(((1S,25)-2-(5-(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-
imidazol-2-yl)cyclopentyl)(ethyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate  (Compound
28):

o 0 H
OO Sy
TS T
o

o)
\
Title compound was synthesized by following the procedure as described in Step 5
(Example 1) using intermediate (28f) from the previous step. '"H NMR (DMSO-ds, 400
MHz), 5 11.80-11.75 (bs, 2H), 8.14-7.92 (m, 6H), 7.34-7.31 (m, 1H), 6.99-6.96 (m, 1H),
5.17-4.99 (m, 4H), 4.20-3.85 (m, 5H), 3.55-3.50 (m , 6H), 3.15-2.85 (m, 4H), 2.14-1.50 (m,
12H), 0.99-0.51 (m, 15H), m/z 807.50 (M*+1). m.p.: 193-195 °C.
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Step5:tert-butyl ((1S,2S)-2-(5-(7-brono-9H-fluoren-2-yl1)-1Hi m dazol - 2-
Acycl opentyl )carbamate (30e): N c us...N(s) Hr NH Boc Title conpound was
synt hesi 2&0 2b18/20344 0w Ng t he procedure as descri bed i n 8CepBA1YH54820EXanpl e
1 using internediate (30d) fromthe previous step. 1H NVR (400 MHz, CDCl 3):
6 7.88 (bs, 1H), 7.76-7.61 (m 4H), 7.51-7.48 (m 1H), 7.33 (s, 1H),
4.93-4.91 (m 1H), 4.22- 4.18 (s, 1H), 3.91 (s, 2H), 3.20-3.18 (m 1H),
2.50-2.20 (m 4H), 1.90-1.80 (m 2H), 1.50 (s, 9H); mz 493.99 (M++1).
Step 6: tert-butyl
((1S,25)-2-(5-(7-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an-2-y1)-9Hf |l uorenlO
2-y1l)-1Hi m dazol - 211) cycl opentyl ) car bamat e (30fﬁ Titl e conpoun

i

d
Syt hes EXBMP 125 oRFPRATARGN pr B edlPBYhs ERSHH( S 3-Uot-(BkZnpl e 1
i i ! g i iQm. NWR Mz, CDClI3): 6
15 2%6"“‘%2"&?"""“,b@.??@%"?%“.i%“?&““%@”@?_?’?‘ﬁ??%‘%@ﬁ% Ve (m e
4.20-4. 1 pbﬂaol%d,lmyd%o'ﬂgy')wwh.thsmég,zolsﬂqyl)c lapenty)(meshylaming)-845 1
EMHé)Hj meth{PBt-BxdiFuthi2-idarbamaie-BoRfbdud 20y . 7.36-7.32 (m 1H), 2.40-1.60
m )

5 Step 1: (1S, 25)-ethyl 2-(methylamino)cyclopentanecarboxylate (29a):

() %
E23) \O

HN—

To a solution of (1S,2S)-ethyl 2-aminocyclopentanecarboxylate (2 g, 12.72 mmol) in
ethanol (30 mL), formaldehyde solution (37% v/v, 0.385 mL, 14 mmol) was added and
stirred for 1h. Then, 10% Pd-C (2.03 g, 19.1 mmol) was added to the mixture and stirred
10 for 2 h under H, atmosphere. After completion of reaction, the mixture was filtered through
a pad of celite. The celite bed was washed with ethanol (20 mL). The combined organic
layers were evaporated under reduced pressure and the residue (1.4 g, 64%) was taken to
next step without any purification. 'H-NMR (400 MHz, CDCl3), & 4.20-4.10 (m, 2H), 3.07
(q, J = 7.6 Hz, 1H), 2.70 (q, J = 7.2 Hz, 1H), 2.26 (s, 3H), 1.94-1.50 (m, 6H), 1.27 (t, J =
15 7.2 Hz, 3H); m/z 171.23 (M")

Step 2: (1S, 2S5)-ethyl 2-((tert-butoxycarbonyl)(methyl)amino) cyclopentanecarboxylate
(29b):

(s) go
E23) \o

Boc’N\
Title compound was synthesized by following the procedure as described in Step 2 of
20 Example 28, using intermediate (29a) from the previous step. 'H-NMR (400 MHz, CDCls),
5 4.60-4.50 (m, 1H), 4.19-4.10 (m, 2H), 2.56 (q, J = 7.2 Hz, 1H), 2.05-1.70 (m, 6H), 3.27
(s, 3H), 1.47-1.44 (m, 9H), 1.25 (t, J = 7.2 Hz, 3H); m/z 271.29 (M*)
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Step 7: (S)-tert-butyl

2-(5-(7-(2-((1S,25)-2-((tert-butoxycarbonyl )am no)cycl opentyl)-1H m dazol -5

-y1) - 9H fwoapsme234yl) - 1- ((2- (tri net hyl si | ypet hoxy) met hylPrTABRO1ZDEQ20] - 2-

y1l) pyrrolidine-1-carboxylate (30g): Title conpound was synt hesi zed

follow ng the procedure as described in Step 4 of Exanple 1 using the

internmediates (30f) fromthe previous step and (S)-tert-butyl 2-(5-

brono-1-((2-(trinethylsilypethoxy)nmethyl)-1Him dazol -2-Apyrrolidine-1-carb

oxyl ate [synthesized using procedures described in ref. W2010/ 096302 Al]

as starting materials 5 mai ntai ni ng a terrperature of 125 QCfor 35 mn.

1H-N|\/R 400_MHz, CDC32 % H?) 05-7.05 (m
%33@8(%§ %H)t rt- Igutgycgrk@gyl% metl'ml))amlrp @@Io‘p g@n@gﬁ @Hjlc agid4280ck: 10 (m

1H) 405390(m 2H), 3.75-3.30 (m 4H), 3.25-3.10 (m 1H), 2.45- 1.72

(m 8H), 1.65-1.51 (m 18H), 0.95-0.80 (m 2H), 0.01 (s, 9H); mz 781.2

(Me+1). Sl

10St ep8: met hyl ((S)-1-(( (1S, 25) - 2-( -(\g-((S)-l-((S)-Z-(mathoxycarbonyl)am

i no- 3-

met hyl but anoyl )pyrrol idin-2-y1)- 1H3¢cm ‘dazol - 5-y1) - 9H-f | uoren-2-y1) - 1Hi mi da

zol - 2- opent 3- et h oxohut an C mate nd
30) - oL oP oo U sHE oS o Teph g B8 Bierd aprdteSRY 5 peBYBY
1. 5bat oEyxampleozs;| Ysimy introgdiatepeols vd )startihg matkaizb | "HENME) M@Bl-lt/leo@lm32 ¥l)-1-(
2-
Et ri met AA1STPY 90 ABkyF AELAS G )i ABhdS 0P AAY B (B PHInk* 1 & BolYf at e
(30g) (@4068gM*OL)07 mml) in DCM (4 nL) was added TFA (0.143 ni, 1.854
mol ). The resultant m xture was stirred at 45 QC for 18 h. Al the

ol ati | washed
L o S e e
obt ai ne@MiP @@@pﬁntaﬁe%@%ﬂZ%s taken up in DVF (2 nL) and (9)-2-
( (et hoxycar bonyl ) am no) - 3- net hyl bupanoic acid (0.024 g 0.13 mmol ), DI PEA
(0.06 nL, 0.3 mmol) and HATU (0. 52 g, OO/QS \mml) was added and the

resultant m xture was stirred a tenpgratre. for 16 h under nitrogen
at nosphere. Ice cold water wg .e-a‘ in reaction nixture and the off
whi ti@ col ored precipitate was filtered o washed with 25water, dried

gg(rjrgtr)ungq as a ng]Wd a‘péjﬁ ?gr{vbhégoﬁ%ﬁdwéé%@%grﬂ%ﬁ%/g é@hcﬁ%ﬁge%%% ghgtehi)%loﬁlﬂ): 6
11. 80 E@amoteszam&egzrmmeﬁm@aw asgianing (nhaeri@Hp/z BI7B-BI'L6 (m 1H),
7.93-7.50 (m 8H), 7.33-7.31 (m 1H), 7.09-7.07 (m 1H), 5.10- 5.05 (m

1H), 4. @i’ep’l 32 (rfB 1H) 4te110mﬁ 185 (M (6itd), 2S)3R-F5¢430rémopRenyhHH-indid@4bi-3- 15 (m
2H), 2. 20- I—? -0 51 (m 12H), mz 765.50 (Mt+1). mp.:
176- 178yapyclopentynzmethy carbamate (29e):

5Exagpl e31: Preparati onof net hyl ((S)-1-(((1S,2S)-2-(5-(7-(2-((S)-1-((S)-2-

*@

Br / “Boc

Title compound was synthesized by following the procedure as described in Step 5 of

Example 28, using intermediate 29d as starting material. '"H-NMR (400 MHz, CDCl3), d

7.60-7.45 (m, 4H), 7.20 (bs, 1H), 4.90-4.88 (m, 1H), 3.30-3.23 (m, 1H), 2.80 (s, 3H), 2.50-
20 2.40 (m, 1H), 2.00-1.70 (m, 5H), 1.50 (s, 9H); m/z 420.20 (M*+1).

Step 6: (S)-tert-butyl 2-(7-(4-(2-((1S,25)-2-((tert-butoxycarbonyl)(methyl)amino)
cyclopentyl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-2-

yl)pyrrolidine-1-carboxylate (29f):
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(et hoxycar bonyl ) am no- 3- net hyl but anoyl ) pyrrolidi n-2-y1)-1H i m dazol - 5-y1) -
9,9- dinethyl-9Hfl uoren-2-yl)-1H i m dazol - 2-ypcycl opent ypam

no) - 3- netwooB/axabut an2-yl ) car bamat e (Conpound 31): St @pTAB2012/054020
1-(7-brono-9, 9-di met hyl- 9H-f | uor en- 2- ypet hanone (31a): 10 Titl e conpound
was synt hesi zed by follow ng the procedure as described in Step 1 of

Exanpl e 30, using 2, 7-di bronp-9, 9-di net hyl-9H-fl uorene as the starting
material. 1H NVR (400 MHz, CDCI3), 6 8.07-8.05 (m 1H), 7.99-7.97 (m 1H),
7.82-7.77 (m 1H), 7.66 (d, J = 8 Hz, 1H), 7.61 (d, J = 1.6 Hz, 1H),
7.53-7.48 (m 1H), 2.67 (s, 3H), 1.53 (s, 6H); mz 15316.96(Mtl). Step 2:
2, 2-di brono- 1- (7-brono-9, 9-di net hyl- 9H f | uor en- 2- ypet hanone Title conpound
was synthesized by follow ng the\procedure ag d ibed in Step 2 of

Exanpl e 30 using interped atne A\ r g heN /ous step. 1H NWVR (400
MHz, CDCl3), 6 208.08-8.%7 ( : 8¢ (m N, 7.85-7.79 (m 1H),
7.66 (d, J =8 Hz, 1H), (/. B3-4. 7/.48(m 1H), 6.77 (s, 1H),
1.53 (s, 6H); mz 470.5 +1). Step 3:
2- bronmo- 1- (7- br ono- 9, 9-di net hyl- 9H f | uor en- 2- ypet hanone (31c): Title
conpounditwasonspyounbesas eghtisieal byvalloginghibe prrocetlive @s adesddiser inb8dpi 105t ep 3

or o i b= 08 BEFRIRAL el TRl L SIS LS R bRy LA (400
7.66 (d{4,455-@iramethiH) ,3,27di6datotola2-yl)-H5-HihydibH) H-nZptEBe[7,24dinfidazol-B) , 4. 15
(s, %H) yl)|olyr?c>7idi§1311-<:6a¢g6xy%taz [s%)’/%ﬁég‘lzédMﬁgi%& procedures described in W02009/102633].

"H-NMR (400 MHz, CDCls), 5 11.00 (bs, 1H), 10.50 (bs, 1H), 7.83-7.52 (m, 8H), 5.07-4.86

(m, 2H), 3.50-3.43 (m, 3H), 3.20-3.10 (m, 2H), 2.97-2.90 (m, 2H), 2.85 (s, 3H), 2.50-2.40

(m, 2H), 2.25-1.72 (m, 8H), 1.60-1.51 (m, 18H), m/z 679.50 (M*+1).

10 Step 7: methyl ((S)-1-(((1S,25)-2-(5-(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-
imidazol-2-yl)cyclopentyl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound
29):

-0
.
O\i““k(N X Q T

15  Title compound was synthesized by following the procedure as described in Step 7 of
Example 28, using intermediate 29f as starting material. 'H-NMR (400 MHz, DMSO-ds) d
11.80-11.75 (bs, 2H), 8.14-7.92 (m, 6H), 7.34-7.31 (m, 1H), 6.99-6.96 (m, 1H), 5.17-4.99
(m, 2H), 4.20-3.85 (m, 4H), 3.55-3.50 (m, 6H), 3.15-2.85 (m, 5H), 2.14-1.50 (m, 12H),
0.99-0.51 (m, 15H), m/z 793.50 (M*+1). m.p.: 162-155 °C.

20
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5St ep4: (1S, 25)-2-(7-brono-9, 9-di net hyl-9H f| uoren-2-y1l)-2-oxoet hyl 2-((tert-
but oxycar bonyl ) am no) cycl opent anecar boxyl ate (31d): Title conpound was
synt hesi 2&0 2b18/20344 0w ng t he procedure as descri bed in 8cepBi1vhHs4manpl e
30, using internediate (31c) fromthe previous step and (1S, 25)-2-((tert-
10 but oxycar bonyl ) am no) cycl opent anecar boxylic acid [synthesized using
procedures described in J. Og. Chem, 2001, 66(16), 5629-5632] as starting
materials. 1H NWR (400 MHz, CDCI3), 6 8.0 (s, 1H), 7.94-7.92 (m 1H), 7.78
(d, J =8 Hz, 1H), 7.66 (d, J =8 Hz, 1H), 7.62 (s, 1H), 7.58-7.53 (m 1H),
5.59-5.53 (m lH) 540536(m 1H), 4.95 (bs, 1H), 4.16 (s, 1H),

286284% %212206 m 52' .80-1.75{@ 2H, 1.54és1 6H), 1.29
(s 150Rrample, 53 5 Preparaion g; @by ghethy) ¢ (R 17(((15,29)-2-(5-(7-(2-((S)-1-((S)-2-
((1S, 25Xm8tl‘(o'§ty63rbbh9[)§rnﬂu93-‘ﬂ’qéfﬁ IBMﬂan%'y't)MH@l‘éﬁﬁ Ryly-3H= |i1ﬂ1‘daﬁl-®??|§9H2-

Acycl opent car banmat e was synt hesi zed by foll ow ng
o pr oduaerbs A GeTeiiRb-) o xslensray S BYaHBY ST BFODUGHA | ni er ed at o
(31d) f gaa,qolamdaé@mb.ﬁ 6uid 80): 1H NVR (400 MHz, CDCI 3), 6 7. 76 (s, 1H),
769727(m 2H) , g 7.55 (m 2H), 7.50 (d, J =8 Hz, 1H), 7.32 (s, 1H,

g gé (1b§69p1W1gﬂf'%%‘lﬁ%g&‘%gﬁ*?e’t@?éé al;l (m 1H), 2.48-2.45 (m 1H),

9H); mz 524.1 (M++1). Step 6:
tert-butyl
((1S,29)-2-(5-(9,9-di rret_hy_l-?-(

et ranmet hy1- 1, 3, 2- di oxabor ol an- 2-
@rntyl ) car bamat e (31f) Title
conpound was synt hesi zed by follo p edure as described in Step 6 of 5
Exanpl e 30, using internediate (31le) fromthe previous step. 1H NVR (400
MHz, CDCb3a, de@a§sdﬂ:936latlon1|d) 2, TFdBfonfarpHZIdprené. (330 (N 9.3 Hhmolf. ahd (rbutyl(H) , 7. 51

(™ 40 et Bangihe o o indth 1 Arllectly s ModfRetthiy i - ©°
10St ep §; 0463 nraol) -abdtPpICl,(dppf) (0.34 g, 0.46 mmol) and the contents were heated at 80
2- (5 (7 é%o#éjhs"r%e)reactl%tmlx uré3 Wagxééc%dq Xo%%"mB&)a&}’r% la% enttgrlevas added
and the contents were extracted with EtOAc (2 x 20 mL). The organic layer was washed
with brine, dried over sodium sulphate and concentrated under reduced pressure to yield
2-bromo-7-(1-ethoxyvinyl)-9,9 dimethyl-9H-fluorene as an orange liquid. To the above
product THF (6 mL) and 2M HCI (10 mL) was added and the reaction was stirred at rt for 2
15 h. The contents were evaporated under reduced pressure, the residue was dissolved in
water and extracted with EtOAc (2 x 20 mL). The organic contents were washed with
brine, dried over sodium sulphate and purified by flash chromatography (3%
EtOAc/Hexane) to yield a white colored solid (0.90g, 33.9%).
'"H-NMR (400 MHz, CDCl3): & 8.15 (bs, 1H), 8.04-8.01 (m, 1H), 7.83-7.81 (m, 1H), 7.74-
20 7.70 (m, 2H), 7.57-7.55 (m, 1H), 3.96 (s, 2H), 2.67 (s, 3H); m/z 286.07 (M*).

Step 2: 2,2-dibromo-1-(7-bromo-9H-fluoren-2-yl)ethanone (30b):
0
o O
Br
To a solution of 1-(7-bromo-9H-fluoren-2-yl)ethanone (30a) (0.4 g, 1.4 mmol) in chloroform
25 (15 mL) was added bromine (0.07 mL, 1.4 mmol) at 0 °C under nitrogen atmosphere. The
cooling bath was removed and the reaction mixture was warmed to rt and stirred for 2 h.
Water was added to the reaction mixture and the organic contents were washed with

sodium bisulphite solution, brine, dried over sodium sulphate and evaporated under
92



i m dazol -5-y1)-9, 9-di net hyl-9H-fl uoren-2-y1)-1-((2-(trinmethyl sil ypet hoxy) ne
thyl)-1H1im dazol - 211) pyrrolidi ne-1-carboxylate (31g): Title conpound was
synt hesi 2&0 2b18/20344 0w ng t he procedure as described i n 8CcepB212H540% Exanpl e
30, using internediate (31f) fromthe previous step. 1H NVR (400 Mz,
cbC13), 6 7.85 (s, 1H), 7.80-7.78 (m 2H), 7.60-7.58 (m 1H), 7.51 (s, 1H),
7.25-7.22 (m 1H), 7.19 (d, J= 8 Hz, 1H), 7.01-6.99 (m 1H), 5.33 (s, 2H),
5.22-5.21 (m 1H), 4.90-4.88 (m 1H), 4.25- 4.24 (m 1H), 3.66-3.64 (m

1H), 3.50-3.13 (m 4H), 2.39-2.06 (m 5H), 1.95-1.81 (m 5H), 1.56 (s, 6H),
1.44 (s, 18H), 0.89-0.84 (m 2H), 0.00 (s, 9H); mz 809.5 (M++1). 20

St ep8: net hylc(j(S)-l-(((ls, 2S)-2-(5-(7-(2-((S)-1-((S)-2- (et hox car,bon}/l )am n
0- 3- reduced préssure to vield a yellow colored solid that was used in the next step withou

et hyl byjrteeplinfR¥fiérold. 350088y TH-NIR @o0aap, COOIY s S22 bl My, feyls-8Ha filnuor en- 2
-y1l)-1H i mdazol - leécycl ogent%:lviam n??) - 3- et hyl - 1- oxobut an- 2- Acar bamat e

( Conpourd):F1§2-8.04m, 18). oty 68REMwAR): it héd i Ped by -8R0l -PHUNnY 1k Ad Opt-St edur e
as descymbgd). in Step 8 of Exanple 30, using internediate fromthe previous
st ep. 1H—NI\/R2(400 MHz, CDCI3), 6 8.30-7.57 (m 5H), 7.53 (s, 1H), 7.42 (s,
1H), °6.86 (s, 1H), 5.39-5.31 (m 3H), 4.49-4.46 (m 52H), 4.04-4.02 (m
1H), 3. $fed 8: 2-BRino-B(2Bromnd8H{(breAtd-y)ndfomd (4d)(m 1H), 2.34-1.75 (m
12H), 1.66 (s, 6H), 1.06-0.89 (m 12“; mz 793.5 (Mt+1). mp.: 157-158 C

Exanpl e32: Pr epar at i onof et hyl ((S)O 1- S)-2-(5-(7-(2-((S)-1-((9)-2-
(et hoxycar bonyl ) am no- 3- net hgt o;; Brdi n-2-y1)-1H i m dazol - 5-

To a solution of 2-bromo-1-(7-bromo-9H-fluoren-2-yl)ethanone (30b) (0.35 g, 0.96 mmol)

in THF (3 mL) at 0 °C was added triethylamine (0.24 mL, 1.69 mmol) and diethyl phosphite
10 (0.22 mL, 1.69 mmol). The reaction was gradually warmed to room temperature and the

mixture was stirred for 1.5 h after which excess THF was removed under reduced

pressure. The crude was triturated with n-pentane to get a white solid (0.350g, 85%) that

was used in the next step without further purification. 'H NMR (DMSO-ds, 400 MHz), &

8.29 (bs, 1H), 8.22-8.14 (m, 2H), 8.06-8.03 (m, 1H), 7.90-7.87 (m, 1H), 7.67-7.65 (m, 1H),
15 4.97 (s, 2H), 4.03 (s, 2H); m/z 386 (M*+23).

Step 4. (1S,2S)-2-(7-bromo-9H-fluoren-2-yl)-2-oxoethyl-2-((tert-butoxycarbonyl)

amino)cyclopentanecarboxylate (30d):

20 Title compound was synthesized by following the procedure as described in Step 1 of
Example 1 using intermediate (30c) from the previous step and (1S,2S)-2-((tert-
butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized wusing procedures
described in J. Org. Chem., 2001, 66 (16), 5629-5632] as starting materials. '"H-NMR (400
MHz, CDCls): & 8.11-8.10 (m, 1H), 7.98-7.96 (m, 1H), 7.86-7.83 (m, 1H), 7.75-7.71 (m,

25  2H), 7.58-7.56 (m, 1H), 5.53-5.31 (m, 2H), 3.97 (s, 2H), 3.90-3.85 (m, 1H), 2.80-2.75 (m,
1H), 2.20-2.10 (m, 4H), 1.90-1.80 (m, 2H), 1.45 (s, 9H); m/z 414.10 [(M*+1) — 100] (value
observed for the de-Boc product).
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10

yl ) phenant hren-2-y1)-1H i m dazol - 2-yl ) cycl opent ypam no) - 3- net hyl - 1- oxobut an
- 2- ypcarwearmtig2(Banpound 32): Step 1. 1-(7-bronophenanthTaR2022/934mt hanone
(32a): Title conpound was synthesized by follow ng the procedure as
described in Step 1 of 15 Exanple 30, using 2, 7-di bronophenant hrene

[ Synt hesi zed according to procedure reported in WO 2010132601A1] as
starting material. 1H NVR (400 MHz, CDCI3): 6 8.74 (d, J= 9 Hz, 1H), 8.60
(d, J= 9 Hz, 1H), 8.55 (s, 1H), 8.16 (d, J= 8.8 Hz, 1H), 8.02 (s, 1H), 7.75
(d, J= 8.8 Hz, 1H), 7.58-7.51 (m 2H), 2.56 (s, 3H); LCVMS: mz = 299.0
(M+). 20Step 2: 2,2-di bromo-1-(7-bronmophenant hren- 2- I%et hanone (32h): WO
2013/ 02 8%RPCT/ §B2012f60RHIB0 Ti i 1oVt ARe- % %% F28d! ThiMieA96wi ng

t he progpeltipens)eepambieqdoé)n Step 2 of Exanple 30, using internediate
(32a) fromthe previous step. 1H NWR (400 MHz, CDCI3): 6 8.74 (d, J = 8.8
Hz, 1H), 8.60 (d, J = 9.6 Hz, 1 : 1H, 7.90 (d, J = 8.8 Hz, 1H),
7.81 (s, 1H), 7.78 (d, J= 9.6 sp2H), 6.83 (s, 1H). 5 Step
3: 2-brono-1-(7-bronophenant p@n=R-yl et haneae (32c) Title conpound was
synt hesi zed by follow ng thé @©cfdure as described in St ep 3 of Exanple
30, using internediate (32b) Tromthe previous step. 1H NVR (400 Hz,
CDCI3): 106 8.74 (d, J = 8.8 Hz, H¥9), 8.60 (d, J = 8.4 Hz, 1H), 8.52 (s,
1H), 8.26 (d, J = 8.8 Hz, 1H, 8.09 (s, 1H, 7.85 (d, J= 8.4 Hz, 1H),

7. 58- 7. Fitle(egmpudnd wWasggyrtkeesizald) by following the procedure as described in Step 2 of

5 Example 1 using intermediate (30d) from the previous step. 'H-NMR (400 MHz, CDCls): &
7.88 (bs, 1H), 7.76-7.61 (m, 4H), 7.51-7.48 (m, 1H), 7.33 (s, 1H), 4.93-4.91 (m, 1H), 4.22-
4.18 (s, 1H), 3.91 (s, 2H), 3.20-3.18 (m, 1H), 2.50-2.20 (m, 4H), 1.90-1.80 (m, 2H), 1.50 (s,
9H); M/z 493.99 (M*+1).

Step 6: tert-butyl ((1S,25)-2-(5-(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-fluoren-
10  2-yl)-1H-imidazol-2-yl)cyclopentyl)carbamate (30f):

OOk
(S

NH
Boc
Title compound was synthesized by following the procedure as described in Step 3 of
Example 1 using intermediate (30e) from the previous step. 'H-NMR (400 MHz, CDCls): &
8.00 (bs, 1H), 7.85-7.77 (m, 3H), 7.71-7.66 (m, 1H), 7.58-7.47 (m, 1H), 7.36-7.32 (m, 1H),
15  4.89-4.87 (m, 1H), 4.20-4.15 (m, 1H), 3.93 (s, 2H), 3.27-3.20 (m, 1H), 2.40-1.60 (m, 6H),
1.40 (s, 9H), 1.34 (s, 12H); m/z 542.12 (M*+1).

Step 7: (S)-tert-butyl 2-(5-(7-(2-((1S,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)-9H-fluoren-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-2-
yhpyrrolidine-1-carboxylate (309):

SEM
N ! '/>
O
QHMMN O \ »/\N
H N Boc
ITIH
20 Boc

94



Step4: (1S, 25) - 2- (7- bronophenant hren- 2-y1) - 2- oxoet hyl 2- ((tert-

but oxycar bonyl ) am no) cycl opent anecar boxyl ate (32d): 15 Boc Titl e conpound
was synt hweizasd2i3a4f ol | owi ng t he procedure as descri bedPCh/IBep0zu0nf

Exanpl e 30, using internediate (32c) fromthe previous step. 1H NWVR (400
MHz, CDCl3): 58.62-8.49 (m 2H), 8.28 (s, 1H), 7.81-7.28 (m 4H), 7.42-7.31
(m 1H), 5.52-5.37 (m 2H), 4.96 (bs, 1H), 4.32-4.27 (m1H), 2.92-2.86 (m
1H), 2.32-1.76 (m 6H), 1.38 (s, 9H . nmz 20527.5 (Mt+1).

Step5:tert-butyl ((1S, 25)-2-(5-(7-bronophenant hren-2-y1)-1Hi m dazol - 2-

Acycl opentyl)carbamate (32e): Title conpound was synthesized by follow ng
t he procedure as described in Steﬁ Qf Exanpl e 30, using internediate

(32d) f 8% EeBPYHEY Wad sSysthesized Ho 409 WdU@D@Fﬂescgﬁe%@ Sep 48 2H),
8.28 (SExélele 7. lﬁﬂfrg7th85nt(em1ecﬂé1bs Foif Zom b ;6r@noaé‘|)step4ar&f3(§) t8f- bﬁhﬁ 2-(BH) ,

4.29-4.2 9- 3. 2.88-1.61 S, 9 m z
507.5 (Mﬁmgg I_?trlmethylsnyl)ethoxy gnethyl H- |m|dazol2yI)pyrroI|d|nel-_?-carboxylatg .

St ep6: t‘PsryhtHé@iz&di (Jélih p?&*)ed@re@@e@@nt{eﬂj,n‘},r@f wozttﬁo/@@esdjmﬂlas?stamﬁ m@mgl an- 2-
yl )phenant hr en- P/ -1H i m dazal - | )cyc) olﬁent %)car banat e 3

maintaining a fe perature of 125 °C for 5’min. EQLO MHz, CDClI3), 6 12.00 (bs,

1H), 11.50 (bs, 1H), 8.05-7.05 (m, 8H), 5.70-5.35 (m, 2H), 5.25-5.05 (m, 1H), 4.95-4.80

(m, 2H), 4.30-4.10 (m, 1H), 4.05-3.90 (m, 2H), 3.75-3.30 (m, 4H), 3.25-3.10 (m, 1H), 2.45-

1.72 (m, 8H), 1.65-1.51 (m, 18H), 0.95-0.80 (m, 2H), 0.01 (s, 9H); M/z 781.2 (M*+1).

10 Step 8: methyl ((S)-1-(((1S,25)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)-9H-fluoren-2-yl)-1H-imidazol-2-
yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 30):

(S) JS)
& r O
\ \\\\w HN

u”

)§o

o\
To a stirred solution of (S)-tert-butyl 2-(5-(7-(2-((15,25)-2-((tert-
15  butoxycarbonyl)amino)cyclopentyl)-1H-imidazol-5-yl)-9H-fluoren-2-yl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (30g) (0.06 g, 0.07
mmol) in DCM (4 mL) was added TFA (0.143 mL, 1.854 mmol). The resultant mixture was
stirred at 45 °C for 18 h. All the volatiles were evaporated under reduced pressure. The
residue was washed with diethyl ether to get white solid [m/z 451.20 (M*+1)]. The solid so
20 obtained (0.030 g, 0.063 mmol) was taken up in DMF (2 mL) and (S)-2-
({(methoxycarbonyl)amino)-3-methylbutanoic acid (0.024 g 0.13 mmol), DIPEA (0.06 mL,
0.3 mmol) and HATU (0.052 g, 0.13 mmol) was added and the resultant mixture was
stirred at room temperature for 16 h under nitrogen atmosphere. Ice cold water was added
in the reaction mixture and the off white colored precipitate was filtered off, washed with
25 water, dried under high vacuum and purified by preparative HPLC to yield the title
compound as a pale yellow solid (0.02 g, 25%). 'H NMR (DMSO-ds, 400 MHz): & 11.80
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NI N H\NBoc Title conmpound was synt hesized by follow ng the procedure as
described in Step 6 of 10 Exanple 30, using internediate (32e) fromthe
previ ous Woep13/@k4MVR (400 MHz, CDCl 3): 58.71-8.64 (m ZPHr/BR137540%, 1H),
8.02 (s, 1H), 7.80-7.56 (m 2H), 7.45-7.35 (m 2H), 4.29- 4.21 (m 1H),
3.29-3.19 (m 1H), 2.87-1.71 (m 6H), 1.38 (s, 9H), 1.27 (s, 12H), nmz
553.7 (M++1). 15Step 7: (S)-tert-butyl
2-(5-(7-(2-((1S,25)-2-((tert-butoxycarbonyl)am no)cycl opentyl)-1H

i m dazol - 5- Aphenant hren-2-y1)-1-((2-(trimethyl silypethoxy)nethyl)-1Him daz
ol -2- Apyrrolidine-1-car boxyl ate (329) TitIe corrpound was synt hesi zed
byfollowgg procedure as descri 20Exanp

. 30,
nt er e B (&8 5 PG Chd B G0P s o8k 50 s (Mols /WAy (. 1#0: 5,10
St epB: metdy(n, (1$) - 446 blSESR3H)24 508 (2 6 S 58-o(4eShm 2rH)E bRy g by | ) ami

0- 3- . .

met hyl b&tBnby? Py 13d1 -89 1-D. ()12 1578828 VB Vt dhe Wt 1 €n- 2- y1) - 1H-i i da
zol - 2- Acycl opentyl)am no) - 3- met hyl - 1- oxobut an- 2- y1) car barmat e ( Conpound

32): WD 2013/021344PCT/1B2012/ 054020 Title conpound was synt hesi zed by

fol | w preoced scrd b St | a%@o

i nt e‘rgme at ?9(325)]? W%aqﬁté&greéfl oﬁﬂ ﬂspl (@Oﬁggsgé) ﬁl\é (I—ﬁ)u‘ﬁg(gslgl 5
(methoxycarbonyl)amlno-3 methylbutanoyl)pyrrolldln 2-yl)-1H- |m|dazol 5-yl)-9,9-
dimethyl-9H-fluoren-2-yl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-
2-yl)carbamate (Compound 31):

Step 1: 1-(7-bromo-9,9-dimethyl-9H-fluoren-2-yl)ethanone (31a):

Title compound was synthesized by following the procedure as described in Step 1 of

Example 30, using 2,7-dibromo-9,9-dimethyl-9H-fluorene as the starting material. "H-NMR

(400 MHz, CDCls), & 8.07-8.05 (m, 1H), 7.99-7.97 (m, 1H), 7.82-7.77 (m, 1H), 7.66 (d, J =

8 Hz, 1H), 7.61 (d, J = 1.6 Hz, 1H), 7.53-7.48 (m, 1H), 2.67 (s, 3H), 1.53 (s, 6H); m/z
15 316.96 (M*+1).

Step 2: 2,2-dibromo-1-(7-bromo-9,9-dimethyl-9H-fluoren-2-yl)ethanone

Title compound was synthesized by following the procedure as described in Step 2 of
Example 30 using intermediate (31a) from the previous step. 'H-NMR (400 MHz, CDCls), &

20 8.08-8.07 (m, 1H), 7.99-7.97 (m, 1H), 7.85-7.79 (m, 1H), 7.66 (d, J = 8 Hz, 1H), 7.63-7.61
(m, 1H), 7.53-7.48 (m, 1H), 6.77 (s, 1H), 1.53 (s, 6H); m/z 470.5 (M*+1).

Step 3: 2-bromo-1-(7-bromo-9,9-dimethyl-9H-fluoren-2-yl)ethanone (31c):

N Q'Q .
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10.56 (m 1H), 8.65-8.58 (m 2H), 8.28 (s, 1H), 8.12-8.09 (m 1H),
7.78-7.71 (m 4H), 7.57- 7.49 (m 1H), 7.41-7.38 (m 1H), 5.49-5.41 (m
1H), 4.3W0.2888/02m3442H), 3.99-3.86 (m 2H), 3.84-3.78 (mMPCTHB20130%820 s, 6H),
3.21-3.18 (m 2H), 2.67-2.14 (m 5H), 1.86-1.63 (m 7H), 0.91 (d, 12H),
mz 777.2 (Mt+1), mp.: 153-155 C. Exanple 33: Biological Activity
Anti-viral activity of the conpounds of the invention was nonitored using

an HCV replicon assay. The Huh7.5/ Conl/SG Neo(l)hR uc2alb cell Iline
persistently expressing a bicistronic genotype Ib replicon in Huh 7.5 cells
was obtained fromApath LLC. This cell line was used to test inhibition of

genotype | b replicon levels by test conpound using Renilla |uciferase

enzyme d&lEi SAMRPUNE aMR BYrdesizade s (RIgwEo WPrI%{PC‘?dé‘b? a8 AaseiiPesk ini eeart pf

15Bri ef |E‘)€am5@0§b ¢J§||nb$nt\éﬁﬁ&i|§6$®|ﬂ9 fiofn 916 m@&.busbétaswmmmw 4bom+q>zﬂan@g es and
al l owed _t o_adhere over ound was adde

T ol O A SoTE e, S8 AODT Sy e ST 2 (Gt Tt i g, Adedia

concent rjat{ gm0l HY 755487 Ll st aneds 21l pBe @rmh )RV 4idgubag.ed w t hout
drug with 0.5% Oserved as controls. The pl ates were I ncubated for 72h

at 31C r tq.run 10, =\ y asur ed
usi ng 2 ‘]L:Egm I Iga GI %%)I?g g@@%g?ﬁﬁﬁ?lﬁg%ﬁ% :@ %S;z(iésé{hér }tNaZS (s
manuf acbutoevwgbarrybamw@bqyoiwentah@:arbmytam (8gdequati on was used to generate
the percent inhibition value for each test concentration. % nhibition -
Average Control (cells alone +0.5% DYSO) -\Average conpound val ue(cells +
drug) X | oo Average Control (ceI | s aldne+S=-BVHM 0) 25 The EC50 val ue was

' [ ‘ gBequati on: Y=Bottom +
(Top-Bottom /(1+10"((Logl C50-p) * i I | Sl ope)) EE50 val ues/ % i nhibitions of
conpounds were determ nedBgeNtiMes in the replicon assay. Followi ng table
1 shows EC50 val ues, for inhibit-on of genotype Ib replicon, of the

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

Example 30, using intermediate (31c) from the previous step and (1S,2S)-2-((tert-
10  butoxycarbonyl)amino)cyclopentanecarboxylic acid [synthesized using procedures

described in J. Org. Chem., 2001, 66 (16), 5629-5632] as starting materials. '"H-NMR (400

MHz, CDCIs), & 8.0 (s, 1H), 7.94-7.92 (m, 1H), 7.78 (d, J = 8 Hz, 1H), 7.66 (d, J = 8 Hz,

1H), 7.62 (s, 1H), 7.58-7.53 (m, 1H), 5.59-5.53 (m, 1H), 5.40-5.36 (m, 1H), 4.95 (bs, 1H),

4.16 (s, 1H), 2.86-2.84 (m, 1H), 2.12-2.06 (m, 4H),1.80-1.75 (m, 2H), 1.54 (s, 6H), 1.29 (s,
15  9H); m/z542.5 (M*+1).

Step 5: tert-butyl ((1S,25)-2-(5-(7-bromo-9,9-dimethyl-9H-fluoren-2-yl)-1H-imidazol-2-
yhcyclopentyl)carbamate (31e):

ravear

.Boc

Iz

Title compound was synthesized by following the procedure as described in Step 5 of

20 Example 30, using intermediate (31d) from the previous step. "H-NMR (400 MHz, CDCls),
5 7.76 (s, 1H), 7.69-7.67 (m, 2H), 7.59-7.55 (m, 2H), 7.50 (d, J = 8 Hz, 1H), 7.32 (s, 1H),
4.92 (bs, 1H), 4.23-4.21 (m, 1H), 3.25-3.21 (m, 1H), 2.48-2.45 (m, 1H), 2.25-1.60 (m, 5H),
1.54 (s, 6H), 1.29 (s, 9H); m/z 524.1 (M*+1).
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5 conmpounds of the invention. G oup A conmpounds exhi bited EC50 val ue
between 1 pMto 999 pM G oup B exhibited EC50 val ue between 1 nMto 999
nM and GvopoG/exdbi ted EC50 val ue of nmore than 1 1. 1. RCTARMI204020G oup
Conpound A 8,9, 10,121,115, 17, 18, 19, 20, 29, 7, 32.

Step 6: tert-butyl ((1S,25)-2-(5-(9,9-dimethyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-9H-fluoren-2-yl)-1H-imidazol-2-yl)cyclopentyl)carbamate (31f)

S qrasges

Title compound was synthesized by following procedure as described in Step 6 of

5  Example 30, using intermediate (31e) from the previous step. 'H-NMR (400 MHz, CDCls),
5 7.89 (s, 1H), 7.84 (m, 2H), 7.76 (m, 1H), 7.77 (s, 1H), 7.51 (m, 1H), 7.49 (s, 1H), 4.24
(m, 1H), 4.04 (m, 1H), 3.27 (m, 1H), 2.17-1.69 (m, 6H), 1.56 (s, 6H), 1.44 (s, 9H), 1.34 (s,
12H); m/z 570.2 (M*+1).

Iz

10 Step 7: (S)-tert-butyl 2-(5-(7-(2-((1S,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)-9,9-dimethyl-9H-fluoren-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
imidazol-2-yl)pyrrolidine-1-carboxylate (319):

Title compound was synthesized by following the procedure as described in Step 7 of
15 Example 30, using intermediate (31f) from the previous step. 'H-NMR (400 MHz, CDCls), &
7.85 (s, 1H), 7.80-7.78 (m, 2H), 7.60-7.58 (m, 1H), 7.51 (s, 1H), 7.25-7.22 (m, 1H), 7.19 (d,
J = 8 Hz, 1H), 7.01-6.99 (m, 1H), 5.33 (s, 2H), 5.22-5.21 (m, 1H), 4.90-4.88 (m, 1H), 4.25-
4.24 (m, 1H), 3.66-3.64 (m, 1H), 3.50-3.13 (m, 4H), 2.39-2.06 (m, 5H), 1.95-1.81 (m, 5H),
1.56 (s, 6H), 1.44 (s, 18H), 0.89-0.84 (m, 2H), 0.00 (s, 9H); M/z 809.5 (M*+1).
20

Step 8: methyl ((S)-1-(((1S,25)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)-9,9-dimethyl-9H-fluoren-2-yl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 31):
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B1, 2, 3, 4, 5, 6, 12, 13, 14, 16, 24, 25, 26, 27, 28, 30, 31, 22.

21, 23.

10

15

20

WO 2013/021344 PCT/IB2012/054020
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pd

Title compound was synthesized by following the procedure as described in Step 8 of
Example 30, using intermediate from the previous step. 'H-NMR (400 MHz, CDCls), d
8.30-7.57 (m, 5H), 7.53 (s, 1H), 7.42 (s, 1H), 6.86 (s, 1H), 5.39-5.31 (m, 3H), 4.49-4.46 (m,
2H), 4.04-4.02 (m, 1H), 3.84 (s, 6H), 3.20-3.18 (m, 2H), 3.15-3.12 (m, 1H), 2.34-1.75 (m,
12H), 1.66 (s, 6H), 1.06-0.89 (m, 12H); m/z 793.5 (M*+1). m.p.: 157-158 °C.

Example 32: Preparation of methyl ((S)-1-(((1S,28)-2-(5-(7-(2-((S)-1-((S)-2-
(methoxycarbonyl)amino-3-methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-
yl)phenanthren-2-yl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yl)carbamate (Compound 32):

Step 1: 1-(7-bromophenanthren-2-yl)ethanone (32a):

aw,
OO
Title compound was synthesized by following the procedure as described in Step 1 of
Example 30, using 2,7-dibromophenanthrene [Synthesized according to procedure
reported in WO 2010132601A1] as starting material. "H-NMR (400 MHz, CDCls): & 8.74 (d,
J =9 Hz, 1H), 8.60 (d, J = 9 Hz, 1H), 8.55 (s, 1H), 8.16 (d, J = 8.8 Hz, 1H), 8.02 (s, 1H),
7.75 (d, J = 8.8 Hz, 1H), 7.58-7.51 (m, 2H), 2.56 (s, 3H); LCMS: m/z = 299.0 (M").

Step 2: 2,2-dibromo-1-(7-bromophenanthren-2-yl)ethanone (32b):
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C



10 CLAIMS 1. A conpound of fornmula |, its tautomeric forns, its
stereoi soners, its analogues, its prodrugs, its isotopically substituted
anal ogueswoi2os/arei4abol i tes, its sul foxides, its N oxi de®CTIIBH12/054020
pharmaceutically acceptable salts, its polynorphs, its solvates, its
optical 5isoners, its clathrates or its co-crystals, wherein, in the
conpound of forrmula I, Ring"A is a saturated carbocycle, which may
be a nonocyclic systemor may be a 10fused carbocycle or nmay be a bridged
carbocycle, the said ring A may contain 5 to 10 carbons; Rng D is
selected from5 to 10 nenbered carbocycle and 5 to 10 nenbered heterocycle,
the ring.D may be nonocyclic, fused bicyclic, bridged bicyclic or spiro
bi cycl i ¢ilerepmpaundavas fUHNesizsRh RICIYIRYIP- thgrRIoCaquI S ; dergribed WePieRt24" f r om
the gr ogRamPRSAE UkAG iRbrntdda oL the-prefd 2866 =¢) NKIRLEADO MHz, CDCls):
R13( RI4LN g13( R14) %C(:FBNé nggjﬁ) b 5'6 A o
8.74 (d, J = 88 Hz, 1H), 8.60 (d, J = 9.6 Hz, 1H), 8.55 (s, 1H), 7.90 (d, J = 8.8 Hz, 1H),

7.81 (s, 1H), 7.78 (d, J = 9.6 Hz, 1H), 7.45 (s, 2H), 6.83 (s, 1H).

Step 3: 2-bromo-1-(7-bromophenanthren-2-yl)ethanone (32¢)

Title compound was synthesized by following the procedure as described in Step 3 of
Example 30, using intermediate (32b) from the previous step. 'H-NMR (400 MHz, CDCl5):

10 08.74(d, J= 8.8 Hz, 1H), 8.60 (d, J = 8.4 Hz, 1H), 8.52 (s, 1H), 8.26 (d, J = 8.8 Hz, 1H),
8.09 (s, 1H), 7.85 (d, J = 8.4 Hz, 1H), 7.58-7.51 (m, 2H), 4.89 (s, 2H).

Step 4: (1S,25)-2-(7-bromophenanthren-2-yl)-2-oxoethyl 2-((tert-

butoxycarbonyl)amino)cyclopentanecarboxylate (32d):

Boc 0

Sk O e

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

Example 30, using intermediate (32c) from the previous step. 'H-NMR (400 MHz, CDCls):

5 8.62-8.49 (m, 2H), 8.28 (s, 1H), 7.81-7.28 (m, 4H), 7.42-7.31 (m, 1H), 5.52-5.37 (m, 2H),

4.96 (bs, 1H), 4.32-4.27 (m,1H), 2.92-2.86 (m, 1H), 2.32-1.76 (m, 6H), 1.38 (s, 9H). m/z
20 527.5 (M*+1).

15

Step 5: tert-butyl ((1S,2S8)-2-(5-(7-bromophenanthren-2-yl)-1H-imidazol-2-
yhcyclopentyl)carbamate (32e):
H
<Y
;
\ N =
HN~poc
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R13a0C( =0) N( R14) CRa( R) C( =0) N( R15) -,

Ri 3a0C(=0) N( R14) CRa( R) C( RTRd) C( =0) N( R15) -

20R13( R14WNCOB02NER14) CRa( R) C(=0) N( R15) -, PCT/IB2012/054020

R13( R141NC(=0) N( R14) CRa( R) C( RTRd) C(=0) N(R15) -; R13aSO2N(R14)-, and Rla is
sel ected i ndependently at each occurrence fromthe group consisting of

hal ogen, substituted- or unsubstituted- 01-6 alkyl, R13aC(=0)-, R13bO-,
R13a0C(=0)-, R13aC(=0)0-, and R13(R14)NC(=0)-, 25R2 is selected

i ndependently at each occurrence fromthe group consisting of substituted-
or unsubstituted- C1_6 al kyl, R13aC(=0)-, R13aS02-, R13a0C(=0)-

R13( R14£_NC( =0) -, R13a0C(=0) N( R14) C( Ra) ( Rb) C(=0) -

R13a0C( ﬁbewqqiggue@g&% mtl@gqig@fi lpw)‘ winp- t the procédure as described in Step 5 of

R13( R14ENgtp @) Béﬁ GhtBa ddiity )from the prewous step. '"H-NMR (400 MHz, CDCl;

Ellg(sgéﬁéps%e Bk ) COH (Mo @(1)3@;6 T, REBGEL G2 Rlé S Y GKs sog?

SR2a is43elesh gﬁl HndeperEiand (ny, 1®), £88-R AAQRUBHENCES fs! 9A).the 587 8YM*£nsi sti ng
of R13a0(=0) N( R14) -, R13a00( =0)'N( R14) -, R13( R14) N - , R13( R14)
NC(=8) N(R15) -, R13aSC2N( R14) -, R13a0C( =0) N( RL4) O( Ra) ( Rb) C( =0) N( R15) -

R13a0C( sepN( Rl‘ﬁi) C( Ragri-BonyC( RGQ ﬁg@at&:@ Q) WR&@E -tetramethyl-1,3,2-dioxaborolan- .
RL3( R14a?5|é\ll1%(na82hwenR2l ?/? %R?r? cgazo -2- yI cyclopenty carbamate (32f)

Y-

Title compound was synthesized by following the procedure as described in Step 6 of

10  Example 30, using intermediate (32¢e) from the previous step. 'H-NMR (400 MHz, CDCl5):
5 8.71-8.64 (m, 2H), 8.37 (s, 1H), 8.02 (s, 1H), 7.80-7.56 (m, 2H), 7.45-7.35 (m, 2H), 4.29-
4.21 (m, 1H), 3.29-3.19 (m, 1H), 2.87-1.71 (m, 6H), 1.38 (s, 9H), 1.27 (s, 12H), m/z 553.7
(M*+1).

HN\Boc

15 Step 7: (S)-tert-butyl 2-(5-(7-(2-((1S,2S)-2-((tert-butoxycarbonyl)amino)cyclopentyl)-1H-
imidazol-5-yl)phenanthren-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazol-2-
yhpyrrolidine-1-carboxylate (329)

Title compound was synthesized by following procedure as described in Step 7 of
20 Example 30, using intermediate (32f) from the previous step. m/z795.3 (M*+1).

Step 8: methyl ((S)-1-(((1S,25)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenanthren-2-yl)-1H-imidazol-2-
yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (Compound 32):
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10R13( R14a) NC(=0) N( R14) CRa(Rb) C(RG) (Rd) C(=0) N(R15)-; IR3 is independently
selected fromO and N(R16); R4 is selected i ndependently at each occurrence
from CRe(WD)2013002833d N(R14); such that, when n = 2 and R&cCraBzateswmd as
CRe(Rf) for both the occurrences, two Res together can forma bond to form
a al kenyl ene |inkage or two Res and two Rfs 15together can form bonds to
form al kynyl ene |Iinkage; R5, R6, R7, R8, RO and Rl are independently
sel ected as hydrogen, or R5 and R6 together, R7 and Rl together, or R8 and
RO together independently along with the carbon atons to which they are
attached formng 5 to 8 nenbered substituted- or unsubstituted- carbocycle,
5 to 8 menbered substituted- or unsubstituted- 20heterocycle, 6 nmenbered
substituted- or unsuéitituted aryl, or 5to 6 ne red substituted- or
thatHth npound of fornula I

P et er R5 and R6, R8 and
or R7 and R10; alsp p ) htak@ art in formation of
cyclic systemonly when ﬁ%ﬁ} oH 25R11 and R12 are indepeydent!ly sel ected
froma group consisting ot hydrogen, hal ogen, substitNited- or
unsubstituted- 01_6 al kyl, R13b0-, and (R13)(R14)N_; erein, R13, Rl4, Rl14
and R15 are independently selected from hydrogen, sufRstituted- or
unsubstituted Cl_ 6 al kyl, substituted- or unsubstituted- aryl,

substi “ﬁt %é%ﬁth‘% ?%d %\ft&ﬂ%& ryﬂ[he pgeg}ut%%%e&ésc%qdu{ﬂsé'tgﬁté Lyt ed-
cycloalky unsu eroc
Example 30 usmg intermediate (32g) from the previous step. 10.99-10. 86 (m 1H), 10.61-
10.56 (m, 1H), 8.65-8.58 (m, 2H), 8.28 (s, 1H), 8.12-8.09 (m, 1H), 7.78-7.71 (m, 4H), 7.57-
5 7.49 (m, 1H), 7.41-7.38 (m, 1H), 5.49-5.41 (m, 1H), 4.37-4.29 (m, 2H), 3.99-3.86 (m, 2H),
3.84-3.78 (m, 1H), 3.68 (s, 6H), 3.21-3.18 (m, 2H), 2.67-2.14 (m, 5H), 1.86-1.63 (m, 7H),
0.91 (d, 12H), m/z777.2 (M*+1), m.p.: 153-155 °C.

unsubstituted- hetegfafill ;owith a pr
nust have at |east onegcty€li d‘f S\
RO, b

Example 33: Biological Activity

10  Anti-viral activity of the compounds of the invention was monitored using an HCV replicon
assay. The Huh7.5/ Con1/SG-Neo(l)hRluc2aUb cell line persistently expressing a
bicistronic genotype 1b replicon in Huh 7.5 cells was obtained from Apath LLC. This cell
line was used to test inhibition of genotype 1b replicon levels by test compound using
Renilla luciferase enzyme activity readout as a measure of viral replication efficiency.

15  Briefly, 7000 cells were seeded in 96 well black clear bottom plates and allowed to adhere
overnight. The next day each compound was added in triplicate to the cells at the desired
concentration with a final DMSO concentration of 0.5%. 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

20  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)

25
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R13a is selected fromsubstituted- or unsubstituted- 01_6 al kyl,

per hal oal kyl , substituted- or unsubstituted- aryl, substituted- or

unsubst i twoOedt3/drei4@r oaryl , substituted- or unsubstitutescTapuilzeidskyd , and
substituted- or unsubstitutedheterocyclyl; 5R13b is sel ected from hydrogen,
substituted- or unsubstituted- 01 _6 al kyl, perhal oal kyl, substituted- or
unsubstituted- aryl, substituted- or unsubstitutedheteroaryl, substituted-
or unsubstituted- cycloal kyl, and substituted- or unsubstituted-
heterocyclyl; Rl6 is selected fromhydrogen or substituted- or
unsubstituted al kyl group; 10Ra, Rb, IRG and Rd, are independently sel ected
from hydrogen, hal ogen, substituted- or unsubstltuted 01 6 al kyl,

substit df'8 CS@yaI%yagggﬁefrnmggusngg@rap@p@éisl?rpstmu@%thegpllm%qtlp@t ed-

het eroaryl, substituted- or unsubstituted- cycloal kyl, and substituted-or
unsubstltute¢_5agmenqpmygy&mnmﬁ+ﬁaxQBQK%$RQHm@mxﬁ% together with the carbon
aton(s) to which they are attached form ng substituted- or unsubstituted-
carbocycl e, 15substituted- or unsubstituted- heterocycle; mis an integer
rangi ng Bt Vitleds/ % "ﬂfab@on%@ceertp@an%\eﬂ%rﬁ&%%mney %t t'@&%l‘ﬂ @eéﬁnlhce%@%sayn is an

i nteger ranging between 0 and 2; 'alkyl' may be substituted with 1 to 4

substit F@ﬁﬁvﬁni%@étﬁ%h&v@@@m vﬁfu@b'pfd?oiﬂﬁbmbhr& §EnoARe0 98 NepiR%A, of 1hd
al kyl , hal oal het er oar cycl oal , and ‘het erocycl yl,

20Ri ﬁaceompouncélofdlgamventpqw@@oup gacpg@g(mq;) exhlw 6E(§‘(5.00\)qbue between 1'pM to

(R17) (Rb39 N, fg’rbu B(Bé?@lt@ﬂ?bé‘d(ﬁl@ betweBA A) ANRIS LB nM, and Goup C exhibited

(R17) (RL8 C( 0) -, and R17aSO2N(R18)-; tycloal kyr, tycloal kenyr and
' car boc fBB”% ti#Mted with 1 to 2 substituents selected fromthe
gr oup conS|st|ng of hal ogen, oxo, 01 _6 al kyl,

hal oal kyl , RL7aC(=0) -, RL7aS02- , RL7bOTalte71a0C( =0) - , RL7aC( =0) 0-,
25(R17) (R18) NC(=0) -, (R171C(=0)N(Ri 8) _, (R17)(R18)N_, -

Group Compound

A 8, 9, 10, 11, 15, 17, 18, 19, 20,
29,7, 32.

B 1,2,3,4,5,6, 12, 13, 14, 16, 24,
25, 26, 27, 28, 30, 31, 22.

C 21, 23.

10
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(R17) (R18) NC( O)N(R19)-, and R17aSO2N(R18)-; 'aryl' may be substituted with
1 to 2 substituents selected fromthe group consisting of halogen, nitro,
cyano, hywoaris/o2ai4kyl , perhal oal kyl, al kyl - O, perhal oalPkyaBBH2/08b030y] (H) N-,
al kyl (al kyl )N-, H2N-, al kyl -S02-, al kyl-C(=0) (H)N-, al kyl -C(=0) (al kyl ) N-,
al kyl (H)NC(=0O) -, al kyl (al kyl ) NC(=0O) -, H2NC(=0)-, al kyl (H) NS02-,

al kyl (al kyl ) NSO2-, and H2NS02-; teteroaryr may be substituted with 1 to 2
substituents selected fromthe group consisting of hal ogen, nitro, cyano,
hydroxy, al kyl, perhal oal kyl, alkyl-O, 5 perhal oal kyl-0-, alkyl-S02-,
H2N-, al kyl (H)N-, al kyl (al kyl ) N-, al kyl -C(=0) (H)N-, al kyl C(=0) (al kyl ) N-,
NH2C( =0) -, aLkyl (H NC(=0) -, al kyl (al kyl) NC( =0) -, NH2802-, al kyl (H) NSO2-,
and al kﬁL(AéMﬁyl)NSOZ- ri ng carbon(s) of 'heterocycle' nay be substituted

i o 2 ALY SRS e U SR L8 BT

%;E |I:|)|) Ng(( 8prodrﬁ_ﬂ;§'(|€d igmgﬁsﬁu}/z@bﬁtltu@ﬁk(nﬁ)d&ues %]‘ﬂab&)‘litéé\lﬂlts sEilcthé(s =0 NH) N-,
= " a e S ents.on i

L ot o s, s BPSaRePustall bptend (bt i pd PR ol s NGRS, 1 Prfel?

al kyk, R17aSe@mersRitya@hrilps or iBlotaéiital) -, R17(H) NC(=0) -, and

R17(al kyl ) NC( =0 ; R17, R18 and R19 are inde endent ly sel ected
from hydrogen and al k{A%3,15R17a fis sel ect from IO mand per hal oal kyl ;
R17b is selected from@kﬁ |§t of R o} en al kyl, and

per hal oal kyl . 2. The B und //of nur i\t tautomeric forms, its

stereoi soners, its anal ogues L Fodrgg 0 iRtes i sotopically substituted
anal ogues, its netabolites, its sulf es, its Noxides, its
pharmaceutically acceptable salts, i ts pol ynmor phs, its solvates, its

wherein, in the compound of formula |,

Ring ‘A’ is a saturated carbocycle, which may be a monocyclic system or may be a
10 fused carbocycle or may be a bridged carbocycle, the said ring A may contain 5 to
10 carbons;

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

15 Y is selected from -CH(R?)- and -N(R?)-;

R' is selected from the group consisting of R™*C(=0)N(R")-, R™*0C(=0)N(R")-,
R13(R14)N-, R13(R14)NC(=O)N(R15)-, R133802N(R14)-,
R'0C(=0)N(R')CR*(R")C(=O)N(R")-,
R™*0C(=0) C(R°)(RY)C(=O)N(R™)-,

20 R™¥(R")NC(=0)N(R'*)CR*R®)C(=O)N(R")-, and
R™¥(R'?)NC CR*R®)C(R%)(R%)C(=0O)N(R®)-;

R' is selected independently at each occurrence 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)-,

25 R? is selected independently at each occurrence from the group consisting of
substituted- or unsubstituted- C1 alkyl, R'**C(=0)-, R'**S0,-, R"**0C(=0)-,
R'3(R')NC(=0)-, R'**0C(=0)N(R"*)C(R*)(R")C(=0)-,

1



20optical isomers, its clathrates or its co-crystals, as clainmed in claim
1, whereinring Ais selected as cycl opentane. 3. The conpound of fornula
|, its tawoensvi2e34fiorns, its stereoisoners, its anal ogu@sT/IBrd2/pF402r Uugs,
its isotopically substituted anal ogues, its netabolites, its sulfoxides,
its 25 N-oxides, its pharmaceutically acceptable salts, its pol ynorphs,
its solvates, its optical isoners, its clathrates or its co-crystals, as

claimed in claiml or 2, wherein ring Y is selected as -N(R2)-. 4,
The conpound of forrmula I, its tautoneric forns, its stereoisoners, its
anal ogues, 30its prodrugs its isotopically substituted anal ogues, its

met abol i tes, 4353 sul ox1| des, | N-gxi des, its pharmaceutically acceptable

salts, its p Iﬁ%hﬂi%‘ &Rs)bﬁ{\)%f%g'q )lct(sobptlcal i soners, its clathrates or

itis c;) gr ystgigqmm cb E:@am%: (Q0g, of (Iz?llgl) ms 1-3, wher e| n Rldl S
sel ected as 13 mpound  of
R R s SR TR ARSI

formula I, iRsl C’\&:dné
its

prodrugs, Itﬁ”ssngf‘@@h* (>R %G'(WRR* {-20)- 2Rl FRES(=0) NR eI RYHNS G5,

sul f oxi des, its N oxi des its phar nmaceuti cal | y acceptable salts, its

pol ygor phs, hiaslssfglé’c%cﬁ’ndeb&ﬁdewﬂ%'aqa%achs&fzﬁﬁétlcé Frﬁmc{l"%t ?(oﬁh}%nglstlﬁ%%
co-crystals,
0 at all theRB’?,QErOr)MR:é)S R BCEFMNE Hhpourki *6¥* Normﬁﬁg(Fi14 NC(%O)IMBP&merl c
forms, its sges ,\ﬁﬂmgr i ts anal ogues, h:iaé @Q& Z:Fga)t@gbﬁl_c@mgazll

s XI its

substltuted ana its rretabolltes |ts sul

phar maceut i c@l f@C&@)Hﬁ%%lﬂ B¢ EER) (ROS( FOIN(RDYphs, its solvates, its
optical i1 songrgyiad 14 »scrystals, as clained in one
of clainms 1%3631 NEEORRERE NSO FRlBaOC( ~0) N( R14) CRa( Rb) & 20) -

7. TRe conpoBditR 6‘1’)NCO=FQI)N BM)QRa BS)C(%Q(IF?S)@E(#OM\I ROHrs, its stereoi somers, its

anal ogues, its prodrugs, its isotopically substituted anal ogues, its

met abol i t es, RT fsSndepeh@etiti@slecicsroh oxdndagR'9t s phar maceutical |y acceptabl e
salts, its pol yrmrphs, its solvates, its 200pti cal isomers, its cI at hrates

or its co- crpgsrsﬁ ina%@é gﬁﬁtly & &K oge@r{é?{ ceGt CfM @W(HP WN@‘ e C for s,

selected from N e ‘conpoun orrrua 'ts tau C
its stereoi sﬂiﬁbr\@enlﬁ s 282 BQuﬁe%eleqt@% ap iRy for b%@thesmrremﬂa ywo R°s

substituted RRahAgLSs forkd 8 BB &S alkbhieiH lifigk d5Stwol RS and two R's

15 together can form bonds to form alkynylene linkage;

R® R® R’, R® R® and R' are independently selected as hydrogen, or R® and R®
together, R” and R'® together, or R® and R® together independently along with the
carbon atoms to which they are attached forming 5 to 8 membered substituted- or
unsubstituted- carbocycle, 5 to 8 membered substituted- or unsubstituted-

20 heterocycle, 6 membered substituted- or unsubstituted- aryl, or 5 to 6 membered
substituted- or unsubstituted- heteroaryl;

with a proviso that the compound of formula | must have at least one cyclic system
formed out of either R® and R®, R® and R®, or R” and R'’; also provided that R” and

R'® take part in formation of cyclic system only when n is 0;

25 R'" and R are independently selected from a group consisting of hydrogen,
halogen, substituted- or unsubstituted- C1.¢ alkyl, R"*O-, and (R"*)(R'*)N-;

wherein, R™, R R and R' are independently selected from hydrogen,

substituted- or unsubstituted- Cis alkyl, substituted- or unsubstituted- aryl,

substituted- or unsubstituted- heteroaryl, substituted- or unsubstituted- cycloalkyl,
30 and substituted- or unsubstituted- heterocyclyl;



25 N-oxides, its pharmaceutically acceptable salts, its pol ynorphs, its

sol vates, its optical isoners, its clathrates or its co-crystals, as

cl ai mred iwoan/ama4of clainms 1-7, wherein n is sel ect edPa3/1820190540k0e
conpound of forrmula I, its tautoneric forns, its stereoisoners, its

anal ogues, 30 its prodrugs, its isotopically substituted anal ogues, its
netabolites, its sulfoxides, its N-oxides, its pharnaceutically acceptable
salts, its polynorphs, its solvates, its optical isonmers, its clathrates or
its co-crystals, as clainmed in any one of clains 1-8, wherein R5 and R6 are
i ndependently sel ected from hydrogen and hal ogen, or RS 5 and R6 together
with the carbpp atons to which they are attached forma six nmenbere

carbocycle. 0. iFheeledapoliom 8yostiBierr & | Unsppglitytagy drrer iYh oP‘?fEa'OPM'

st er eoi sonmer sypstifufed@nad QfHeBBstituted ta'isyrpr%émged '6r5 un.rz@ésmmte@l Ingtepodagt i t ut ed
anal ogues, its netabolites, its sulfoxides, it

phar maceut i c%lqsytuﬁ’@ceﬁ'i asebstiivied-  gycloafky) y apd ph‘ébSt'fULt%d s@fv%\"ﬂ%’?s’“tﬁeg

optical isongdtsrocydi; cl athrates or its co-crystals, as claimed in any one
of claims 1-9, wherein R7 and R19 are sel ected as hydrogen or R7 and R19

together w tﬁ"’”‘ %@feP%B %ﬂﬂzm}o‘?o%ff?féc és*ﬁﬁ}{ i %r%h%@%ﬁt‘gtefdor &8 0£1|'ky|e or

si X nenbered car sal ar oc c e i S un Itute
substituted WrtIhIOdh)d substiteted] koy| U@Ubamstedllarylﬂﬁelbsmmpdumﬂ prfisubstitrigda | |

its tautoner er epi L ad S ue it ug its
i sot opi cal | yﬁ%ﬁ'{:c))g i tu?dbgﬁtg%tgl o%ﬁezﬂgﬁsz'turtréec{ ab%@?’tla ggl %{1 cs]| S%lb?%[?(@g or its
N- oxi des, i tyngphstitutedehrteoaydly; acceptabl e salts, its pol ynorphs, i ts
solvates, its 15 optical isonmers, its clathrates or its co-crystals, as

claimed i n aR¥ i9ssledtbd erbai HydIroen b0 subvdtiied-ror BRssbzdiutdBalryl graipt ect ed as
hydrogen, or RO and | R8 toget her with the carbon atons to which they are

attagched for bS KX Bey I t her
W t ﬁlgt he car[g:)hn a!tqo?r@ tRo t hey gﬁg@g%?g%ﬁeﬁyqrgéeﬁaggggn%tﬁrg%ree

het er ocycl e @oHpgHbsliERdo e ehéltke‘r o%{béhmteQO_OIZUnSDhéﬁte@dp@Hd SebStlﬂlﬁE%Da l,
Its taut Oner'r%u%&’tﬁl'}[%d h%}éro% aﬁgﬁ&hﬁtﬂﬁﬁf Br uhstu%gﬁpt%ldogmng)l ta'%ldparu%g Ittss

i sotopically substitute es, Its neta Ites foxr
N- oxi des, it® Ysissbstidedthatemeye Béz(,flfé:’pt BBIRS asdIR"gogathey vl tpensaises atqnﬂ@

solvates, itg QRlchCH yC%r‘e”Eﬁé“ohthf%rrﬁln@t qu\t%ttlﬁ?ecpror' Ufs Trﬁﬁrt'ébst@e{rﬁoc I%

clainmed in any one o ains 1- erein R11 an are selected as
hydrisgen. 3$ub$hrete@ioﬁpwm@swﬂteﬂoh@rarosycrle its tautoneric forms, its

stereoi sonmers, its anal ogues, its prodrugs, its isotopically substituted
anal ogues, iinds aeirady@r irdrepng bdtvesud to2| degied indegendznttiest eath sccurrence;
pharmaceutically acceptable salts, its polynorphs, its solvates, its

30opti cal 'Sﬁﬁedrﬁrnte'gbrsraﬁbﬁb%ﬁ&e%ﬁ (péndés co-crystals, as clainmed in any one
of clainms 1- 12, whéreinring Dis selected as

‘alkyl’ may be substituted with 1 to 4 substituents selected from the group consisting

of halogen, oxo, C16 alkyl, haloalkyl, aryl, heteroaryl, cycloalkyl, and heterocyclyl,
20 R'2C(=0)-, R'?S0,-, R'™0O-, R'20C(=0)-, R'2C(=0)0O-, (R'")(R'"®)NC(=0)-,

(R"73)C(=0)N(R"'®)-, (R")(R'®)N-, (R")(R'®)NC(=0)N(R"')-, and R'"*SO.N(R"®)-;

‘cycloalkyl’;, ‘cycloalkenyl’ and ‘carbocycle’ may be substituted with 1 to 2
substituents selected from the group consisting of halogen, oxo, Cies alkyl,
haloalkyl, R'2C(=0)-, R'?S0,, R'™0-, R'20C(=0)-, R'?C(=0)0O-,

25 (R")(R™®)NC(=0)-, (R"*C(=0)N(R'®)-, (R")(R™®)N-, (R")(R'®)NC(=0)N(R"®)-, and
R'2S0,N(R'®)-;

‘aryl’ may be substituted with 1 to 2 substituents selected from the group consisting
of halogen, nitro, cyano, hydroxy, alkyl, perhaloalkyl, alkyl-O-, perhaloalkyl-O-,
alkyl(H)N-, alkyl(alkyl)N-, HoN-, alkyl-SO.-, alkyl-C(=O)(H)N-, alkyl-C(=O)(alkyl)N-,



CA, 14. The conpound of formula I, its tautonmeric forms, its

stereoi soners, its analogues, its prodrugs, its isotopically substituted
anal ogueswoi2os/arei4abol i tes, its sul foxides, its N oxi de®CTIIBH12/054020
pharmaceutically acceptable salts, its polynorphs, its solvates, its
5optical isoners, its clathrates or its co-crystals, as clained in any one
of clains 1- -0 13, wherein ring Ais selected as cyclopentane, ring Dis
selected as Rl is selected as R13a0C(=0) N( Ri a) cRa-Db,

(H)C(=0)N(R15)-, mis selected as 0 at all the occurrences, R3 is selected
fromNH and O, nis selected as 0, R5 and R6 are independently sel ected
from hydrogen and hal ogen, or RS and R6 together with carbon atons
to which thed kg (HBNGA 3 el ky Uy NG (=) R s Pesel kst "E%\%r ea'kldf(?' K¢ISR29 ar e
sel ected as fpgHpesn,-; or R7 and R19 together with the carbon atons to which
they are attached forma five or six nmenbered carbocycle, the said

car bocycl e i 2 &%‘HQSHa&%eegu&ﬁutu?ébb%b@%eg %E{\u@ﬁ"{? s%fecﬁé’éfﬁ%ﬁéleég{,@yoﬁs, RO

and RO are s hydr ogen,
atons to \/\hl@ﬂiﬂS'ﬁBngthfeyhmgﬁnat tllérohe@t/ahor ninyelr@dyx alkylsewhalnelkjder@biyl -O-,

;?[ ggﬁggl for%rgﬁgglv r@Pg%th étéro lHP\g %IP%{]Y e ne &?Hﬁ\ga%mﬁ]y are
and R12 are @éﬂIQE)(ﬂJ*e’diNas NYCegan; alkdh INﬁ(%tO)at albﬂ@dkwh@(%@)@l i N%S}@t-em i s
formed out onpound of fornmula I, its tautomeric
fornms, its s%lkﬁ@_{gl s%ﬁéRgnd%&g'ga”éym%é i i

rs dues, its prodrugs its i sotopically
substi t ut ed analo uesb?gbs met bo it xj de its N-oxides, its

o mcout | CATh A HRRa bt hRtercu e amby B8 sybiuBd wi& T E subsifienesdeies
opti cal i sonfedrs the §uplcahdistaigest halogeh Snite: @hﬁ@t@do$alkﬁ$R¢7P©l IEG¢Jai=eny one

O bl e L ofBe T LB My HRLED ST AT MR-
R'2C(=0)(H)N-, R (H)NC(=0)(H)N-, and R"(alkyl)NC(=0)(H)N-; the substituents
on ring nitrogen(s) of ‘heterocycle’ are selected from the group consisting of alkyl,

R'230,-, R'2C(=0)-, R'"20C(=0)-, R'"(H)NC(=0)-, and R" (alkyl)NC(=0);
R", R and R'® are independently selected from hydrogen and alkyl;

15 R'2is selected from alkyl and perhaloalkyl;
R'™ is selected from the group consisting of hydrogen, alkyl, and 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

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

is selected as cyclopentane.

3. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,
its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its
25 N-oxides, its pharmaceutically acceptable salts, its polymorphs, its solvates, its
optical isomers, its clathrates or its co-crystals, as claimed in claim 1 or 2, wherein
ring Y is selected as -N(R?)-.

4. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,

30 its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its

4



25met hyl ((2S)-1-((2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am no- 3-
nmet hyl but anoyl ) pyrrolidi n-2-y1) -4, 5-di hydro- 1H napht ho[ 1, 2-d] i m dazol - 7-
yl ) phenyWwobkiorizdazol - 211) cycl opent yl ) am no) - 3- net hyl - PCOABIL/6530R)
yl)carbamate; nethyl ((2S)-1
-((2-(5-(4-(2-((S)-1-((S)-2-(net hoxycar bonyl ) am no- 3-
nmet hyl but anoyl ) pyrrolidin-2-yl1)-1 ,4,5, 6-tetrahydrobenzo[ 3, 4] cycl ohepta[l
, 2- d]imdazol -8-yl)phenyl)-1 Himdazol - 2- Acycl opentyl ) am no) - 3- net hyl - 1-
oxobut an- 2-yl) car bamate; nethyl ((2S)-1

-((2-(5-(4-(2-((9)-2-((S)-2- (rret hoxycarbonyl )am' no- 3-
rrethylbutanoml)%yrrolldln 2-y -45dlhé -1 Hnap hthoé ., 2-d]imdazol -7-
yl ) pheny1) - 1N19¥| ﬁd&%&hﬁmﬁgeéyﬁ"éﬂp@%% i ?Rﬁ « 35 RAYATP s, oo SRV alRS 21fs
y1) car banat e(g{)ti&ﬁltll@&rhet@( 3 clath(e(téslor |ts co crystals as cIalmed |n any one of claims 1-3,

R, 2S)-2-(5-( (é igl% h ca; ﬁ—i

net hyl but ano‘ﬂ‘?rﬁyn dp SelPt §3§B @,Cér@? GRl Cr‘agm ﬁo[l 2-d]i mi dazol - 7-
yl ) phenyl)-1 H i m dazol -211) cycl opentypam no) - 3- met hyl - 1- oxobut an- 2-
yl)carbamate; nmethyl ((S)-1-(((1

R, 2Sk- 2- ( %. (Phd 2orp&)ndlof (fomul2 1,(itetabinecia oty lity amdresis@ners, its analogues,

t hyl but WA et h drob h t 1
) P ancl S80S, Chfinfeth oD P e X SRROReL b A SISnER,
OX(Z)g;Jt gn(g )(/g)dimeb,anatpaammieluyd:ally(@*)ceﬂt—abl(e(§alts its polymorphs, its solvates, |ts
R
met ol but ano§FAVRIBR Gl E3hiAs< BT Gy ans: 3¢ ﬁ%&%@aﬁ@yéﬂ“s%ﬁbmﬁh‘*&
d] i m dazol - 8w51ér)emhﬁﬁw§élec1ed-as oiatalzibk-o2edegrekeopent yl ) ami no) - 3- net hyl -
oxob%t an- 2-yl) car bamat e; net hyl
((S) 1-(((1S,2R) -2-(5-(4-(2-((S)-1-((S)-2- (net hoxycar bonyl ) am no- 3-

t hyl but -
i m dazolel 53 PeREAStriodru b ARl e, T R i eme s R e
oxobut an- 2- ylls)pradwgmtselsotpprpalw substituted analogues its metabolites, its sulfoxides, its

rechybut and){OREST: STGET ST aqeater: oI ISR G ROBES ks o

, 2- d] i m dazedticgl-igoheiseits/dipthiates bmmwstalSAaycllammm;any@nﬁ rtvd)):laanﬁaﬁhyl

oxobut an- 2-y ba “CRARY
(?S;)lgl (((15%%g Ei iggﬁﬁdfg%%%) O P B P RFRGER5r bonyl ) ani no- 3-
met hyl but anoyl ) pyrrolidin-2-y1)-1 ,4,5,6- tetrahydrobenzo[3,4]cyc|ohepta[l

,2- d]imdazol -8-yl)phenyl)-1 Hi m dazol - 2- Acycl o;t)entyl am no) - 3- net hyl - 1-
50x0but an-72- 119 eePpring: & foimpitiay| its tautomeric forms its stereoisomers, its analogues,

((S)-1- (((151t52|§bd%g(;5its(éot%%_tél(ﬁub%rtﬁ{e%)an%kfgﬁ@é hféw&éb&ﬁ’ 't%%mf&&ae% its

met hyl but ano&/l O|yrro di n- é H nap i 2-d] i m dazol - 7-
yl ) pheny1) - 1IN1gx ﬁﬁdﬁ%@hamqge@y@"asp@ﬁﬁptﬁ 9i pRits. @Sme s, 6o BRivalgs 2its
10y bhcar bamag&icaiMBEM¥s, its clathrates or its co-crystals, as claimed in any one of claims 1-6,

((S)-1-(((1S, 28) 2 (5-(4-(2 ((S)-1- ( S) - 2- (et hoxycar bonyl ) am no- 3-
met hyl but anoyNargiArR o selpaed pm N a5d@-hy dr o- 1 H benzo 2, 3] oxepi nol 4, 5-
d] i m dazol - 8-yl ) phenyl)-1 Him dazol - 2- Acycl opentyl ) am no) - 3-net hyl - 1-
150xobut an- 2- y1) car bamat e;

8. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,

its prodrugs, its isotopically substituted analogues, its metabolites, its sulfoxides, its

25 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 1-7,
wherein n is selected as 0.

9. The compound of formula |, its tautomeric forms, its stereoisomers, its analogues,

30 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® and R® are independently selected from hydrogen and halogen, or R®
5



methyl ((S)-1-(((1 R 2R)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am no- 3-
nmet hyl but anoyl ) pyrrolidin-2-yl1)-1 ,4,5, 6-tetrahydrobenzo[ 3, 4] cycl ohepta[l
, 2- d] i mwezoi3/@13a4) phenyl) -1 H i m dazol - 2- Acycl opent yl pamiiBzi2/8540mt hyl - 1-
200xobut an- 2-y1) carbamate; nethyl ((S)-1-(((1

R 2R)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am no- 3-

nmet hyl but anoyl ) pyrrolidi n-2-y1)-4,5-di hydro-1 H benzo[ 2, 3] oxepi no[ 4, 5-

d] i m dazol - 8-yl ) phenyl)-1 Him dazol - 2- Acycl opent yl ) am no) - 3- net hyl - 1-
250xo0but an- 2-y1) carbamate; nethyl ((S)-1-(((1

R 2R)-2-(5-(4-(2-((S)-1-((S)-2-(nethoxycarbonyl)am no- 3-

nmet hyl but anoy #%ﬁ]rrol i di n-2- gl -4,5-di hydro-1 H naphtho[ 1 d]i m dazol - 7-
yl ) pheny1l) - 1@ tagetBer with )t ?&a&%n?%‘&nionw“cﬁ tH@Y ¢ - tagb@&omr@nagalx
30y1) car baneigmpeRdtatbocycle.

((S)-1-(((1S, 2R - 2-(5- (4 (2-((S)-1-((S)-2-(net hoxycar bonyl ) am no- 3-

nmet hyl but anoyl ) pyrrolidi n-2-y1)-4,5-di hydro-1 H naphtho[1 , 2-d]i m dazol -7-

g;: g Egreggl ; LI'?'l_(Ia_ E:gr]ngc?uzn%lﬁg fl’ngl/ uq%/?gﬁ)pen{o%r%am n(r)r%;?s gcfe(r%g%%n%r_ﬁoit(%)gx;’fgl?gdes_

_HE ( S)Sh t2h (() ﬁt |tu§m¢d??1bg;wugatapbalqrs?xﬁ;ﬁtum‘dradah@uémowmmbaslmés it BuRoxydes; its
na -

i ansol - 911 Ry ERb b DGR Y A A BIE S i RahrIRphS 1 SRlkales T

met hyl ((S)- dptrcél(lédlﬁerER)s Qathbat¢stol % ¢d-&)sthls, as claimed in any one of claims 1-9,

- ((S) - 2- (et hge%iﬁa%b 1@7r2r€|03)eﬁe\%e]%e%§ %Xgrotggﬁ oy RPYRG Ogiﬂoqoget%éry I the

H napht ho[ 1
H10i m dazol - &kBjrc mhtspten/t/maamelyca)re attaatidayforml a-fveadrusiamerhbglgocedrbeayalkee;

met h S -(5-(4-(2-

TECS 28 et e RS B bRt sty 1 gy pro i 9r2pes- 1

H naphtho[1 ,2-d]im dazol 7-yl ) phenyl)-1

H m dazol - 211) cycl opent ypam no) - 3-nmet hyl - 1 - oxobut an- 2-yl ) carbamate; 15
met hyl ((13) - The ¢¢ron@nRIR)f-farmfla (,4ts( Ruip(r®)ic forms, its stereoisomers, its analogues,

S)-2- t.
H(g a)pht hg ﬁ‘ '&zbﬁrg?% EOa@Z’.O% g‘_cglﬁf)s’tp?sﬂ‘a%a %{B%g;ﬂpé’yis)rﬁ?&%&ltésdh@ sdddeslits
|+| m dazol - 2NAxigek ofie phpimaoeuticslly 3aaseptable- daltsoite tpehyamoerghs, yits) salvdiasmite; 20
I S S 2ad-
T2 (e RESHEIBER TS SmALE o e CRob TRl a5,y mes b one 2 S
|—|- napht ho[1 1@ vd]qrﬁmdﬁzand R® arg pﬂe@yd)aszlhydmgeor or j.B and R® together with the
H-im dazol - Z: 46y LR WhicATh&Pdre 3ZBAdW it a RX UM 80 e mbkld FRADATRS:
or R? and R® together with the carbon atoms to which they are attached form a
seven membered heterocycle containing one heteroatom.
20

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-
25 11, wherein R'" and R'2 are selected as hydrogen.

13. 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

30 optical isomers, its clathrates or its co-crystals, as claimed in any one of claims 1-
12, wherein ring D is selected as



25 methyl ((S)-1 -(((1 R 2S)-2-(5-(4-(2-((9)-1
-((S)-2-(net hoxycar bonyl ) am no- 3-

met hyl butwoayi3yq@yssmol i di n-2-y1) -5, 6-di hydr o- 4H benzo[ 3, #CeyBtotemz] 1 , 2-
d] oxazol - 8-yl ) phenyl)-1 Him dazol -2-yl)cycl opentyl)am no)-3-nethyl -1 -
oxobut an- 2-yl ) carbamate; 30 nethyl ((S)-1 -(((1S,2S)-2-(5-(4-(2-((95)-1
-((S)-2-(net hoxycar bonyl ) am no- 3-

met hyl but anoyl ) pyrrol i di n-2-y1) -4, 5-di hydrobenzo[ 2, 3] oxepi no[ 4, 5- d] oxazol -
- yl)phenyl)-1 Himdazol -211) cycl opent ypam no) - 3- et hyl -1 - oxobut an- 2-
yl)carbamate; nethyl ((S)-1-(((1

R 2S)-2-(5-(4-(2-((S)-1-((S)-2-(net hoxycar bonyl ) am no- 3-

met hyl but anoyl ) pyrrolidi n-2-yl)-4, S-d}hydrobenzo[Z 3] oxepi no[ 4, 5- d] oxazol -
- yl)phenyl)-1 Him dazol - 211)cyc|opéntyg%qgho) - met hyl - 1- oxobut an- 2-
5y1) car bamat e; net hyl

((S)-1-(((1S5,29-2-(7-(4-(2-((9)-1-((S - &J(nethoxycarbonyl)anlno 3-

met hyl but anoyl ) pyrrolidin-2-y1)-1 Himdazol -5-yl)phenyl) -4, 5-di hydro-1
Hnapht hol4}, ?h&]:érﬂbéiﬁ%oéf iérmida §Yits! BRMeYk ieMs) @ shrBBEdMErsLits AXQBYIERN- 2-

10yl b t
(8 ) o O S mpnmob dts olopicalysybstigted) anplogwee iy elabeliey s aHfarsies, it
met hyl but anoylok s 4 'p%ﬂﬁé’de)bﬁéall} éércbma%zgé|rs5 |t¥|ﬁo%%}ﬁl4§ ifs §oldét@¥dfté3 1

Hnapht ho[ 1 , 2-c] I m dazol - ¥ ) cycl opentyl)am no) - 3- -oxobut an- 2-
15yl Pcar bam@@lcalrﬂg@rnws its cIa hrates or its co-crystals, as clalmed in any one of claims 1-

((9)-1-(((1S,2R-2-(7-(4-(2-((S)-1-((S)-2-(net hoxycar bonyl ) am no- 3-
met hyl but anoyl ) pyrrolidin-2-y1)-1 Him dazol - 5-y| )phenyl) 1 aphtho[ 1 , 2-
c]im dazol -2-yl)cycl opentyl)am no)-3-net hyl -1 -oxobut an-2-yl )4;@ armpt e; 20

t hyl S)-1- S, 2S9)-2-(7- (2-
et hyl bt anoli RSB RaTAs SEIPelEcids NIAPRAIERE i DTS RORGE9 28 1 nadTt ho[ 1 . 2-

S!B i mt ﬁalzol ZRy@)se%&téwggawmam@meB)@mh%b(Jo JNPRGPUinoi8 -steteicqy hanal e;
ne

((S) - 1- (( (1She grewrenses R is_selasjad from HH and Quimis,splesiasiors P) Bnend Ra.are
met hyl but anombémnﬁéﬁﬂly sHigtt&d #doh-Hydkogah indrratoheht dsraamrﬁtphitogéthé} with dige ol -

}/B(glgut gﬁ) 2. eg; é’?ﬁ%ﬁéﬁlﬁt"é‘ g@%ﬁé% Ogﬁ"ac%gd)fér% Q%Lg mem er)ed cargeocygle I'j{ and
((S) - 1- (((1R2re Le(detddtas Iry(il(o@en lor RSand-K 'frebdbarcmith ey tardoh Rords to
which they are attached form a five or six membered carbocycle, the said

carbocycle is unsubstituted or substituted with one or two alkyl groups, R® and R®

are selected as hydrogen, or R® and R® together with the carbon atoms to which

15 they are attached form a six or seven membered carbocycle, or R® and R® together

with the carbon atoms to which they are attached form a seven membered

heterocycle containing one heteroatom, R'' and R'? are selected as hydrogen; such

that at least one cyclic system is formed out of R® and R®, R® and R®, or R” and R'°.

20 15. 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-
14, wherein the compound is selected from the group consisting of:

25 methyl ((25)-1-((2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;



met hyl but anoyl ) pyrrolidin-2-y1)-4,5-di hydro-1 H naphtho[1 , 2-c]i m dazol -

y1l) phenyl)-1 Him dazol -2-yl)cycl opentyl) (net hyl)am no) - 3- net hyl -

- oxobut amzoybjoeiizamat e; et hyl PCT/IB2012/054020
((S)-1-(((1S,29)-2-(5-(7-(2-((S)-1-((S)-2- (et hoxycar bonyl ) am no- 3-

met hyl but anoyl ) pyrrolidin-2-y1)-1Hi m dazol -5-y1)-9Hfl uoren-2-y1)-1H m daz
ol -211) cycl opent yl ) am no) - 3- net hyl - 1- oxobut an- 2-y1) car bamat e; 5net hyl
((S)-1-(((1S,29-2-(5-(7-(2-((S)-1-((S)-2- (et hoxycar bonyl ) am no- 3-

met hyl but anoyl ) pyrrolidin-2-y1)-1Hi m dazol -5-y1)-9, 9-di net hyl - 9H-f | uoren- 2

1)-1H-i mdazol 211 cycl open 3- t hyl - 1- oxobut an-2-y1) car bamat e;
Zmzj ?1 y )F1) 2/58 ) )2(m>éthoxycarbonyl ammosy)

S)-1- 1S, 28
s S e o,

i mi dazol -211) cycl W9\§&'ﬁ@ﬂ?@)"ﬂ"‘dﬁ‘t’qﬁ}9' %yWGB’lE?? Damipey-eameidfidre. 16. A
pharmaceutical coepORht-2gNca®aRaAtesi Ng a conpound or a combi nation of
conmpounds according to any one of clains 1-15 or a pharnmaceutically
acceE)t able salt thereof, in conbination with a pharmaceutically acceptable

carrier or exci pingsthyl ( ,‘Q@;ﬂ (A(F@L( bq@; gpigj ,labmo;ag;arrmyr)@@lnloqﬁtl on of an

RNA- cont ai ni ng virus co actl
Cher apeuti cal Iy éﬁ«qt@mtg&y&wﬁpw A Aedind shand) 2simiezstcompounds
of any one of cl gl)pRenlt)iM-infldaI-RRHE FERGRAt)EMIH -39 6Pt ABXEdUs-2- t her eof .

18. A nethod of treatl ng or preventing infection caused by an

RNA- cont ai ni ng viYPERD Q'@g@mrl sing adm nistering to a patient in need of
suchgtreat nent a ther apeutl cally effectl ve armunt of a corrpound or

conbi nati on of c%ounds of armaceutically

acceptabl e salt tTHPEO)-1 1RQ/S ‘FF@ h%ﬂh%ﬁ %1(meih8¥¥ﬁait§>nyuﬂmn@|% t he
RNA- cont ai ni ng wnﬁéiﬁylblﬁarli@mwr@udﬁq £yv44r5Jamydr30|H Adhtinggt pasfinfdazel-2i m 18,

further conprisin ;[]hes P adm ni stering one or

yhphenyl)-1H- mldazol 2 yI)cycIopentyI)ammo) -3-methyl-1-oxobutan-2-
yhcarbamate;

15
methyl ((S)-1-(((1R,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-
d]imidazol-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate;

20
methyl ((S)-1-(((1R,2S)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate;

25
methyl ((S)-1-(((1S,2R)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate;

30
methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-
d]imidazol-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate;



25nore agents selected fromthe group consisting of a host inmune nodul at or
and an antiviral agent, or a conbination thereof. 21. The nethod of claim
20, wher eWvo 2013238t | nmune nodul ator is sel ected from PoE/IBzOPS40ZNSI St i Ng
of interferon-al pha, pegylated-interferon-al pha, interferon-beta,

i nterferon-gamm, consensus interferon, a cytokine, and a vaccine. 3022.
The nmet hod of claim 20, wherein the antiviral agent inhibits replication of
HCV by inhibiting host cellular functions associated with viral

replication. 12 23. The nethod of claim 20, wherein the antiviral agent
inhibits the replication of HCV by targeting proteins of the viral genone.
24. The nethod of claim 20, wherein said antiviral agent is an inhibitor of
a HCV viral protein, a replication process or a conbination thereof,

wherein said tar gaeéthm(f S)a- (@(ﬁstz@ - @K (4t Qms qa«s)ozt rﬁémgmrmy?@hm@lsed from
the group consisti met a r ot ease,

NS4A, NS4B, NS5A m%{gﬂ@%w' péfm'kdy"'géﬂ%d 4, ?aééetra@éfob?ﬂéo[%que'ah%qt [d12ai m 18,
further conprisi Rgmid¥oss-9PoHEhy§-aHARHRAdY0E2- 9& &e/ pahtyBaainb)-8marhi nat i on of

agents that treat or alleviate synptons of i nfection selected 10from
cirrfRosis and i nfXaRHARPONCIPAR I iver. 26. The nmethod of claim 18,
further conprising the step of co adm ni steri ng one or nore agents that
treat patients for di sease caus hepatitis infection. 27. The

met hod of cl ai m TRty (e 1§03%r% §| (g2t 15(1(%)p2' e@BX%Fﬁ%V%@'@WP' j one or

nore agents that nﬁétﬁf@butaﬁéw Slicfros- yﬁlwéﬁ@dr@alﬂﬁﬁébrﬁ’}’o[hQI’G}thldazoI 7-
i munodefi ci ency 15virus %rpl i nfection. éﬁ@thglmceu“ cal

conposi tion of clYHPREMS;! 2@/8%!{9#9%%%3%0&-& Bl @B 2 0m

i nt epf eron, pegylhpe@baingteer feron, ribavirin, amantadine, an HCV protease

i nhi bitor, an HCV pol ynerase i nhi bitor, an HCV hel i case inhibitor, or an
internal ribosone entry site inhibitor. 2029. The conposition of claim 16,

further conpri si mgthyl¢iR)aAcH16MS)24E04-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
15 oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1,4,5,6-tetrahydrobenzo[3,4]cyclohepta[1,2-
d]imidazol-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-

20 oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1R,2R)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-

25 oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1R,2R)-2-(5-(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-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-

30 yhcarbamate;

methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydro-1H-naphtho[1,2-d]imidazol-7-



nonooxygenase inhibitor or a pharmaceutically acceptable salt thereof. 30.
A nethod of treating hepatitis Cinfection in a subject in need thereof
conpri si Myocor3admi4i stering to said subject a cytochromeCPABD1OFI0ZXYgenase
inhibitor or a pharmaceutically acceptable salt thereof, and a compound of
any one of clainms 1- 25 15 or a pharnaceutically acceptable salt thereof

yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

methyl ((S)-1-(((1R,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
5 methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
10 imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate;

15
methyl ((S)-1-(((1S,2R)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-4-
chloro-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

20
methyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-naphtho[1,2-d]imidazol-7-yl)phenyl)-4-
chloro-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

25
methyl ((S)-1-(((1R,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-5,6-dihydro-4H-benzo[3,4]cyclohepta[1,2-
d]oxazol-8-yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-
oxobutan-2-yl)carbamate;

30
methyl ((S)-1-(((1S,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydrobenzo[2,3]oxepino[4,5-d]oxazol-8-
yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

10
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methyl ((S)-1-(((1R,2S)-2-(5-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-4,5-dihydrobenzo[2,3]oxepino[4,5-d]oxazol-8-
yl)phenyl)-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

methyl ((S)-1-(((1S,2S)-2-(7-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-
naphtho[1,2-d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

methyl ((S)-1-(((1S,2R)-2-(7-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-4,5-dihydro-1H-
naphtho[1,2-d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

methyl ((S)-1-(((1S,2R)-2-(7-(4-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-1H-naphthol[1,2-
d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1S,2S5)-2-(7-(4-(2-((S)-1-((S)-2-amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenyl)-1H-naphthol[1,2-
d]imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1S,2S)-2-(5-(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-imidazol-2-yl)cyclopentyl)(ethyl)amino)-3-methyl-1-oxobutan-2-
yhcarbamate;

methyl ((S)-1-(((1S,2S5)-2-(5-(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-imidazol-2-yl)cyclopentyl)(methyl)amino)-3-methyl-1-oxobutan-
2-yl)carbamate;

11
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16.

17.

18.

19.

20.

21,

22,

methyl ((S)-1-(((1S,2S)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)-9H-fluoren-2-yl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate;

methyl ((S)-1-(((1S,2S)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)-9,9-dimethyl-9H-fluoren-2-
yh-1H-imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate;
and

methyl ((S)-1-(((1S,2S)-2-(5-(7-(2-((S)-1-((S)-2-(methoxycarbonyl)amino-3-
methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-5-yl)phenanthren-2-yl)-1H-
imidazol-2-yl)cyclopentyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate.
A pharmaceutical composition comprising a compound or a combination of
compounds according to any one of claims 1-15 or a pharmaceutically acceptable
salt thereof, in combination with a pharmaceutically acceptable carrier or excipient.

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 1-15, or a pharmaceutically
acceptable salt thereof.

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

1-15, or a pharmaceutically acceptable salt thereof.
The method of claim 18, wherein the RNA-containing virus is hepatitis C virus.

The method of claim 18, 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.

The method of claim 20, 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 20, wherein the antiviral agent inhibits replication of HCV by
inhibiting host cellular functions associated with viral replication.
12
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23.

24,

25.

26.

27.

28.

29.

30.

The method of claim 20, wherein the antiviral agent inhibits the replication of HCV
by targeting proteins of the viral genome.

The method of claim 20, 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 18, 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 18, 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 18, further comprising the step of co-administering one or
more agents that treat patients for disease caused by human immunodeficiency
virus (HIV) infection.

The pharmaceutical composition of claim 16, 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 16, 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

13



