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but not likely limited to, congenital brain injury, infantile gastroenteritis and chronic
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[0006] Currently, there are no antiviral pharmaceutical drugs to prevent or
treat pestivirus or flavivirus infections. For hepacivirus, i.e, hepatitis C virus (HCV)
infections, interferon alpha (IFN) is currently the only approved drug in the United States.

HCV is a major causative agent for post-transfusion and for sporadic non-A, non-B



wi th characteristic biological effects such as
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[0010] Other approaches are being taken to combat the virus. They

include, for example, application of antisense oligonucleotides or ribozymes for inhibiting
HCYV replication. Furthermore, low-molecular weight compounds that directly inhibit
HCYV proteins and interfere with viral replication are considered as attractive strategies to
control HCV infection. NS3/4A serine protease, ribonucleic acid (RNA) helicase, RNA-

dependent RNA polymerase are considered as potential targets for new drugs.”®



menbers of the Flaviviridae famly of viruses, there
is a strong need for new effective drugs for
woe@atosssr of flaviviridae famly viruses. TheP@F/ESmMN4/017856
i nvention provides conpounds for treating such
i nfections. SUWARY OF THE | NVENTI ON [ 00131 This
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004/ 108687 PCT/ US2004/ 017856 al kyl, substituted

al kyl, cycl oal kyl, substituted cycl oal kyl, al kenyl,
substituted al kenyl, al kynyl, substituted al kynyl,
aryl, substituted aryl, heteroaryl, substituted

het er oar yl heg&i Qkhﬁr EN§E¢EB tuted heterocyclic
or, alternatlvegr—%é_a'n'd%—t‘t)‘gﬂer wWth the

ni t rogen atom pendent thereto, forma heterocyclic or
s u b[@ﬂl&]ut ed HBhieimeytidn is direeted tr wavs] copeamds fippargrigeful in the
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wherein:

R! is selected from the group consisting of -OR’, and -NR®R?;

where R is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic;

R® and R? are independently selected from the group consisting of hydrogen,



heterocyclic ring group; R3 is selected fromthe group
consi sting of hydrogen and al kyl; or R2 and R3,

w0 ogetibsss7 Wi t h t he carbon atom pendent to R2 aPdI/UR®04/017856
ni trogen atom pendent to R3, forma heterocyclic or
substituted heterocyclic ring group; each R4 is

alkyl,RBARMEE BlklyY, cSELERYE dutfstiftiied dyR10ANQURIIEDRE isbstingedhlkenyl,
hal o, nitro, amno, substituted am no, cyano and

alkyinyl sebstitutedlkynid earpls selstifutesharyth Betgraguy, wdpdmtadihstpremyl,
-0- ... - - - i fj
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nitr§ifed Wppne pargiest tho@tqfordxy yetBrocpelicfatrsubsitatedRditrocybier eng group;
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structure ormula |la below 5 2004/7108687
heteP@PClUSEOY4raWP7856 R2 O R7O (R4)n O N :>-- OR3\

s Tt peleeied B Brbipar Syingor ot e L R iR,
tog @RRGAH®B barbeh atdhepéritéanbiRdnna e Kiepsasachadnddny to R’, form a
conmpounds of For rru}oa | b bel ow
heterocyclic or substituted heterocyclic ring group;
each R* is independently selected from the group consisting of halo, nitro, amino,
substituted amino, cyano and hydroxyl;
Q is selected from the group consisting of —O-, -S(0)q- and ~N(R?)- where R? is as
defined above and ¢ is zero, one or two;
X is selected from the group consisting of oxygen, sulfur, and =NR!, where R'! is
hydrogen or alkyl:
R’ is alkylene or substituted alkylene;
RS is selected from the group consisting of aryl, substituted aryl, heteroaryl, and
substituted heteroaryl; and

nis 0 to 3;

or pharmaceutically acceptable salts thereof.

[0014] In one embodiment R'? is H and R? is the side chain of an amino

acid, and preferably an L-amino acid.

[0015] In one embodiment, the compounds of Formula I have the structure

of Formula Ia below:



R2 OR7T N(RA)n NO K 33 1>CH2 6 (Ib) wherein R2,
R3, R4, R7 and n are as defined above, each R10 is
w0 nabepessdent | y sel ected fromthe group consi stPEmUSI004/017856
al kyl, substituted alkyl, aryl, substituted aryl,
het eroaryl, substituted heteroaryl, carboxyl,
carboxyl estermR2 and -C(O NRBRO where R8 and R9 are as

deflnquﬁyove an phar maceutical ly
accept ablexs s thereg [OQl?] anot her enbodi nent
of the invelfti ofN"t he POURYS 0 present

i nvention e rebrepe by pForm low. 6 WO
2004/ 108687 " PCT/R&B200 N S RAhe R3 N
CH2 R6 (11) wherein R2, R3, [R4, R6 RS, , ‘and n are
as defined above, or pharng |caIIy accept abl e
salts thereof. [0018] In yE ot her enbodi nent, the
conmpounds of the present inyeption are represented by
Formula Il below. 0 R$R9 P N(RA)n ZY NN-\ CH2
R6 (I11) (la)

wherein Rz, R3, R4, R6, R7 and 7 are as defined above.

[0016] Still other preferred embodiments of the invention are represented

by compounds of Formula Ib below:

R2 0
R? (R
N N
o | % (R10),

(Ib)

wherein R%, R%, R*, R” and n are as defined above,

cach R is independently selected from the group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
carboxyl, carboxyl ester, and -C(O)NR®R’ where R® and R? are as defined above;

and
pisOto$,
or pharmaceutically acceptable salts thereof.
[0017] In another embodiment of the invention, the compounds of the

present invention are reprepented by Formula II below:



wherein R4, R6, R8, R9, and n are as defined above, Z

is selected fromthe group consisting of hydrogen,
whyanossss7 hal o, al kyl, and aryl, and Y i s sel er€BUSI0OMT856

the group consisting of -CH2-, -CH2CH2-, -CH2CH2CH2-,

- CH2CH2O- (nor pholino), -CH2CH2S- ('t hi onor phol i no),

- CH2CH2NH-  ( pi per aznyl ) or pharmaceutically

acceptabl e sal tjs anot her
enbodiRARTN e iyven ofpqunds of the
present inveyti oNar eYf epres Y Frrmul a |V bel ow:
7 WD 2004/ 108687 IPCT/ / OMR4)n H R381
HNRQHNYO(RR)Dp N1 V) whéhein &y YodRd,
R8, R10, p and n are as defingd above, or 2

pharmaceutically acceptable
Represent ati ve conpounds fa s application are
presented in the Tables be TABLE1 RL O OX N
X* HOHON N6 HR Ex N COW RL X X' R N161
-OHF 4-d- - -C(O NH2 (D)

alts thereof. [0020]

wherein R, R?, R* RS, RS, Rg, and n are as defined above, or pharmaceutically

acceptable salts thereof.

[0018] In yet another embodiment, the compounds of the present invention

are represented by Formula IIT below:

0
R8R? 0]
(R,
N N
¥ N O\
z N CH,—R®
(IID)

wherein R*, R®, R®, R®, and 7 are as defined above, Z is selected from the group
consisting of hydrogen, hydroxy, halo, alkyl, and aryl, and Y is selected from the group
consisting of -CHj-, -CH,CH,-, -CH,CH,CH,-, -CH,CH,0- (morpholino), -CH,CH,S-
(thiomorpholino), -CH,CH,NH- (piperazinyl) or pharmaceutically acceptable salts
thereof.

[0019] In another embodiment of the invention, the compounds of the

present invention are represented by Formula IV below:



264 -OHF 4-C1l-(p- -C(O-(4-hydroxypi periz-Nyl) 3

65 -OH F Br -C(O-(4-hydroxypiperiz-Nyl) 466 -OHF
W(b1200©(1@68(4 hydr oxypi periz-N-yl) 5 76 -COH H HEI/652004/017856

-NH2 HHH TABLE2 RLOON HOHNO NH Ex No

Conp, No RX' 8 WO 2004/ 108687 PCT/ US2004/ 017856 R1

OON Y/ONH ExNoOon”pNoR”X' 7 80

-O—IHTLS X H X" Ry HO OR OHEx No

Non R 8 am arbonyl -CH2CH2- F
-4 CIRS% R),
f & o7

Iv)
wherein Z, Y, R* RS, Rlo, p and n are as defined above, or pharmaceutically

o)

acceptable salts thereof.

[0020] Representative compounds for this application are presented in the
Tables below.
TABLE 1
R'.__0O
o X
N Xll
N\ N
N @
H RI
ExNo | COmP | gt | x X" R'
No.
1 61 -OH F 4-Cl-- -C(O)NH,
2 64 -OH F 4-Cl-@- | -C(0)-(4-hydroxypiperiz-N-yl)
3 65 -OH F Br -C(0)-(4-hydroxypiperiz-N-yl)
4 66 -OH F H -C(O)-(4-hydroxypiperiz-N-yl)
5 76 -OH H H H ‘
6 77 -NH, H H H
TABLE 2
R? 0
o X
N
\ N W
N @
H
ExNo | Comp. No. | R | X'




[ 00211 Conpounds included within the scope of this
i nvention include, for exanple, those set forth bel ow
w@ 2oval10888Nng phar maceuti cal ly acceptabl e sal ts peiEFUSIN}/017856
2- { [2-(4-benzyl oxy-phenyl)-1-cycl ohexyl -
H- benzi m dazol e-5 -carbonyl] -am no
-(5-hydroxy-TH 1 ndol-3-yl')-propionic acid (Conpound
/6); 2- [(1-cycRahexyl-2- { 2-fluoro-4- [3 -(amno ¢
ar bonyl ) - 6- (4- chllor gphenyl ) befigyl oxy] - phenyl }-1
H benzi m dazol e-§ Nami - 3- (5- hydroxy- 1

H- i ndol - 80yl )¢ prlopi bni 'ﬁ\ Ad 6T [ (2-
| 4- [ 2- br ono ANhydr oxyT - piiper i di ne- @

car bonyl ) - be oxy] - 2- f | gorp- phenyl }
1- cycl ohexyl - benzi m dg e- 5-carbonyl)-am no] -3
(5-hydroxy-1 Hindol-3 - yI)-propionic acid (Conpound

ﬂ@?n 1%}_\?1" ’)_Jt' ')RFII Uorlig-.4 er/A hud&nvm Jr:’\_l per! di
he-17 - chrbodfl) - benz@xy]l phenyl}-1 ~ H
H benzi m dazol e- 5- car bonyl ) - am no] - 3- ( 5- hydr oxy-
| Hindol -3- yl)-propionic acid (Conmpound 66);
'~ 2-(4-benzyl oxy- phenyl ) - 1'[”{;0' oJJwexyI -1 H benzi m dazol e-5
-carboxylic acid [1-

car panoyl - Z- ( 5- Nydr oxXy 1 FF1 ndol - 3-yT ) - et hyT [ -am de

(Conpound 77); 9 WD {2004/08687 PCT%USZOO4/ 017856

2-[(2-{4-[4" -chl ofio >

4- (4- hydr ox er Idi ne-l-on o‘.-) - t hox

yl-2 o

fl uor o- phenyhy~1- cycl ohexyl - I H begzoi m dazol e- ar bon

yl)-a@i nof - 3- (5- hydroxy-I H i n-yI ) - propi oni craci d

(Conpownrd 64) ; 2- ({

1-cycl ohexyl - 2-[ 4- (napht hal ene- 2- yl net hoxy) - phenyl ] - 1H
E%N\Qﬂ- 3- (5-Rydr oxy:| H | Ndal - 3-lyl )x;nmlnLr%Br‘

acgd ([onpsand 810)ammachr6mM { -CH,CH,- F -4-Cl-@

[I-({Z-[4-(4- Car banoyl - -cmbmrmpmm--wnmﬁmwyz

-fl uoro- phenyl ] - 1- cyclohexyl
H benzoi m dazol e- 5- car bonyl } - an1no) cycl opent anecar bon

yl ][0@21] n o} Qﬂmmulnyls mc]wlbql within the @ped tirg 118/3y1t10n include, for
e A8 P b B E RAAE RaS RIb R

phar maceutl cally accept abl e diluent and a
t hQLE[QE(ﬂIUeﬁ%Hbe B@ 1O 1-vEcl HERYNT HengifBderolev®earbofiyl}-agino} -

3-(SCIRIRAY O oS Pigfiehdid (@&Qﬁ&hdln yyet anot her

enbodi rrent of t e |nvent| on hods of treating or

pr %Vlﬁf‘tc’yEIGhéédy'I ﬂﬁ@rSM‘-BU@rﬂlﬁbc })-@ e Dr ovi ded
chl&%ﬁtﬁﬂ/ dn? ?10)( éx m&(@&?%?%g%t)?%’n% ?@1 ?)i(tgeﬁ rOXy-
1H’§’8 B¢ }?—WO Csaé:fdd %8 6? r|S| ng adnmini stering to

a %f(b-%ﬁt[Z bromo-%q(4t Irfy%’roxy -‘plpenﬁﬂl%[lq@é‘rgéj'ﬁ};lﬁgénzyloxy]-2-ﬂuoro-
phenyl}-1-cyclohexyl-1 H-benzimidazole-5-carbonyl)-amino]-3-(5-hydroxy-1 H-indol-3-
y1)-propionic acid (Compound 65);

2-[(1-cyclohexyl-2-{2-fluoro-4-[3-(4-hydroxyl-piperidine-1-carbonyl)-
benzyloxy]-phenyl}-1H-benzimidazole-5-carbonyl)-amino]-3-(5-hydroxy-1H-indol-3-
yl)-propionic acid (Compound 66);

2-(4-benzyloxy-phenyl)-1-cyclohexyl-1 H-benzimidazole-5-carboxylic acid [1-
carbamoyl-2-(5-hydroxy-1H-indol-3-yl)-ethyl]-amide (Compound 77);



conposition as descri bed above. [00241 In yet another

enbodi nent of the invention, nethods of treating or
w@e@damseBnhg viral infections in mamual s are prpeT/UsI04/017856

wherei n the conmpounds of this invention are

adm ni stered in conbination with the adm nistration of

a thgrgpgut-tldadd 44 (4- Bﬁctreﬁg ipigerfdif Dcai®bn@Ndiphen oy lehethoxy]-2-
fluofSBRdny1)ac1c MShé%S’@-'lPﬁEe idfold-Y-RadOg -2 misH Lﬁ@ﬂ-hﬁ!@&(y—lf{-
1nddlf39$rlzgf‘og‘id @Xél& om 6%%4?1 n, thynmosin a' pha-1,

r of NS
?&P fth

se |ne p otease and |nh|b|tor of
' ”Ozs & H%hﬁ N800 hidsble-5-
carﬂ%gglﬁ a% l) rggl%n
I n° or eVOV|r|n
addltlonal agent active agalnst HCV |s

uAd’sb} And

|nte ed .i. ter

0 367 RLPF Dtk cw? %Or'?lg w[s,e%b FudtoFheny -1
cyclaéqwlx oI ehosshopl-amino)-
lﬂmﬂﬂ%éﬁwl%ﬁmﬁécﬂmP@éﬁéﬁ to conpounds conposi ti ons and

methods for treating flaviviridae famly vira

i nfections. However, prior to describing this

| nv[@ﬂﬁﬂ]on | n Idetikiahgthemembaglimentiof thlevmlom aphafnmgqutml

2004/.108687
confiB iR pRG AP bR st 8 PRdpRt Rt e pRE s
thergp&RicAlBesHdcive 8indinht. ofiohe b mbee $fthe LSS @éschfbad herem
unl ess otherwi se indicated, this invention is not

phaAPWEDeut | cdh YERHOEr embed GirahoRly RJon methals g gating or
pro{ iR yHAIBES00 bhalmals IR, HEBLOGHOR HESTERRIDy i

he purpose o sCribi'ng partlcu ar e I ment s
mediaky, at &rask in $>a11|,dby a nicarhbdedf the flavivirtdat ienBy vivesesfsuches HCV,

. prese i nvent i 0027] It .nmust be ote at
Salcﬁ‘?%% 128?‘81’%51% isieangdp ginghent ip ée%di g,a PT“PHWFﬁuucal

cmnﬁamuOnggg&mﬁBgidkng i ncl ude pl ural referents unl ess
he context clearly dlctates ot herwi se. Thus, for

exarrpl e, reference to "pharmaceutically acceptable
di 110824]" in dn yebansdksrembadinnt obids invgotion, metheds of treating or

ph [ mace ce |
Pfewg%]m teﬁ? %Bglga@%%lggreoq{gwggc? wthgliehngt%gl gt o&ﬁ\l N this
invér@ioh @vé adngihBteefiC@ cotdbinddien withdBie hdmBisitaibe bf @fthdrijenﬁcally
that shall, be defined to have the follow ng nean

effertigpanoynt of ereioaeKs; agents 4rtiye agamst HEY . (ACtHS e é&‘%mSt HCV
t
Bk B AR oS Q1 80 AR DER S8 protcase, nd

inhipitef @ﬁ 1&@5!115(6 thoh@phoSpless dchydaigense, ﬁteirfsrdnealphai pegylated
exenplified by groups such thyl, eth [,
mte.r@ﬁpn- Hplesp 9fjone AL mﬁcgmbm%ﬁw@r 1 th%% At &‘PP’O‘é%‘B PSR the

additional agent active against HCV is interferon-alpha or pegylated interferon-alpha

alone or in combination with ribavirin or levovirin.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The invention is directed to compounds, compositions and methods
for treating flaviviridae family viral infections. However, prior to describing this

invention in detail, the following terms will first be defined:
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[0030] "Substituted alkyl" refers to an al kyl group
having from1l to 3, and preferably 1 to 2,
w@aipsioge8ent s i ndependently sel ected from t he PEDUR2004/017856
consi sting of al koxy, substituted al koxy, acyl,
acyl am no, acyl oxy, am no, substituted am no,
DErFaGiTioacyl , aryl, substituted aryl, aryl oxy,
substituted aryloxy, cyano, hal ogen, hydroxyl, nitro,

carbox r hox esters, cyclo | kyl S tute
%i)f kyl , %&? QP S Rrpsent [yeRtiqn j asq%@%%%i%} it is to be
unda@lto H QY Cdn'lc%s oﬁ]@ﬁv ?é‘i?ﬁida%e‘dt a6k ReLAT 9%/ fi&t‘ lﬁmte{cptg%} pAficular
used her’el n, ene" refers to |va ent al
comgosiﬂprs ohplwmgceuﬁca;l wartiet,qis S0clcmap varyatlbiss]soge bﬁ gnéﬂmyod that
from car.bon.at.ons and teferably 1.tq. 3
the R Ioe sk T L LB, et P uA sl only

and @ssnmﬁteﬂdean@ linf{ Y b&P8 of Bre RERRY I¥BRionD- but yl ene, and
he |ike. [0032] "Substituted alkylene refers to an

aI kél ene gr oug@haw ng from1l to ,.and preferably 1
t o [0024ubst i t n@tévemtpéiﬁbﬂcpénmdyh@@n@efl@uthfercl%n@ﬂ e singular

forn%% '%]l,m aﬁg'ngﬁdﬁtﬁ{]%(ﬁ{ld a@]hﬁ??éfere ﬁ%@e’sé %ecgnf%&m&f? %ﬂe’s

am no st |
otheZQQ;é/ TRBOHT eﬁ’ﬁflblbl%%éﬂoe g %mmﬁo&lbydcpelaablb diluent" in a

substituted aryl, aryloxy, substitute yl ox a
COmpaFIHgRHIC tﬁ&?ﬂ%&% morephapigacetsallyagpept ot Sy aad i ©rih.

cycl oal kyl, substituted cycl oal kyl, heteroaryl

sulipgadyut e_d 1R @rﬁ? %&éfﬁ@aﬁoﬁ‘ ehPIARY Gllahﬁs thﬁﬂ@ll@%bl%tféréﬁge%ll be

het'erocyclic. koxy" refers to the group
madedb lylunbet oﬁmhlrmthatrﬁhlalh dedefingd tndpvethe fellewmipeeneanings:
nmet hoxy, ethoxy, n-propoxy, i So-propoxy, n-butoxy,

t- , secgbut N+ toxy. .and th
OB e ca A s ey ke H R E MU entafu erclitBavine
fron@'l ky o @arbon alod33pleferdly ffont £tes Sarbon hidesghe lnﬁﬁre preferably 1 to

HC(O-, alkyl-C(O-, substituted al kyl - q
3 caghquerigmns.Cllgp iermsl@ B§%mpleﬁ%bb>agmémwt@wwth ethyl, n-propyl, iso-

pro@‘)}tk’?{oat{ykg{bgg’ds-ﬁgﬁgu st |?eﬂ]fég|dk3:/;z: oaIC(kyc/)I) (O -

aryl-C(O -, substituted aryl-0(0)-, heteroaryl-C(O-,
sute03aJut ed H&ubstivatey hIk§]'Gpferhiptanraticy (gkdup—lﬁ@iﬁg fromndo 3, and

preég@?%}, Lt %%Sh%ggng}ggg&gq(&(ﬁg%@ﬁg g% g{-@q%conmsﬂng of alkoxy,

subétﬁ%@%ﬁ&ﬁ?tdczl as}hﬁﬁfn%daéyn&w mﬁwg gwéau@&ﬁaahﬁbl Aindlcyl, aryl,
hydr ogen, . substituted alkyl, al kenyl

subsmwsd myb;aeﬂloay,wghgtituteéHWm cyangbbalpgam bydrakKlypijto, carboxyl,

l%séqs %3;3; lo tﬁlgy]z Flbtg i)/,}téd gﬁ%@{llfﬁ %ed"b?{gf 8}15%551&@?(? Heteroaryl

hetéﬂ@é;@h@%qlsusstlmtéwhaéﬂobyalﬁ:d heterocyclic and where each
Ris joined to form together with the nitrogen

[0031] As used herein, "alkylene" refers to divalent alkyl groups having
from 1 to 10 carbon atoms, preferably from 1 to 5 carbon atoms and more preferably 1 to
3 carbon atoms. This term is exemplified by groups such as methylene, ethylene, n-

propylene, n-butylene, and the like.

[0032] "Substituted alkylene" refers to an alkylene group having from 1 to
3, and preferably 1 to 2, substituents independently selected from the group consisting of

alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino, substituted amino,
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atom pendent thereto, a heterocyclic or substituted
heterocyclic ring. [0037] "Acyl oxy" refers to the
w@eadpneseat kyl - C(O) O, substituted al kyl - C( O QPCT/US2004/017856
al kenyl -C(O) O, substituted al kenyl-C(O O,
al kynyl -C(O) O, substituted alkynyl-C(O O,
amigdag¢hl 6XyD) substiteiel aiyiltaiy ety anpstittieOrioxy, cyano halogen hydroxyl,

nlﬁég@ggﬁ%&béggegms @(S uﬁ:@%}%lfp{l@%ltﬂ%%&%@éﬂ?ﬂ &@O@yl substituted

T o L Cr

aI kenyl group preferably having from2 to 6 carbon
at dﬂ@&ind nor"eﬁllpmerf‘ eafaslty the groupt" adlgyrlid| vatidnmchides, by way of

preferably om1l.to 2 sites of
exarf e AR PR o BB Po s HP R iRt RS -
penﬂbﬁ erd tHeqilkal kenyl groups having from1l to 3
stituents, and preferably 1 to 2 substituents,

[ nde endently sel ected fromthe group consisting of

al H89341 subst'Subttiseediplkexy’ refes o, the expuasuhstituigd 4lisgdyO-".

am no, substituted 12 V\D 2004/ 108687

P 004/ 0]u7 ﬁ [ Ibs ity L kvl
ar f) ryl oxy, %gubsitglfgttg?%e éﬁogxy, a%ic(ﬁle’ g%ﬁesr#ﬁ&ga Y
C(Ohy dikeryl-C(Q) tsubstitatad bioeyy!; C(@ar fadkzyyly1- é‘,é(f))ar substituted alkynyl-

coR el oo rarsi S RbioP Tk MRl Sl e

hotehSAPLORYE! dybstRERY HRFbaAY CAMeterd mlez@([bgs WhE hBsMbkan

i's not pendent to a vindyl carbon atom
hetetodykhe{(©)+ ef ers to al kynyl group preferabl y havi ng
from2 to 6 carbon atons and nore preferably 2 to 3

car, at ons N W 1 ra
RS o o2 N SR h ERNRE SRS R R s
indej &dlﬁltlytsélbetdd lolsy/thy |group%ﬁ§1§t1ﬂgcbf&iyﬁwg‘¢h @kﬂymsﬂﬁateurmgcyl,
roml to 3 substituents, and ]@8 ferably 1
alkeayib spbstigiged alkensicrbipayh shbstijnted plkzrddanyl, éﬁbaﬂﬁée@whp

cyclg)gﬁisi §ﬁl5£1%t9ci ﬂ&w heféf@:?rgf %’tg ) ﬁtut fé%?:%grﬁ‘r%{erocychc,

am no, ‘am no,
subamiltad) hetxtchyd[wdnd ehelds tdch R Hs(jome& tq foannyto(gmj/mr with the nitrogen

substityted aryl ox yan hal roxyl, nitro,
atorg a?laffﬂap ihercio, vl b %u%swtqd%ﬁmycﬂ HBEt i t ut ed
cycl oal kyl, heteroaryl, substituted heteroaryl,

hetigapaycl i c.n apihxsuRsi tt&ih‘é%r&&fs%ﬂ@%@bb@ @ﬁl%‘(llu%‘(ﬂalkyl-

that any hy dr oxyl "substitution’is not
C(CaQstajlenpyl- 6(@)@49 eubstitugad all[tﬂﬂh@@)@mlk@hﬂr%& sutvsttth@d

BRI B OB, AR WL, RGBTSR B

cycRel§rred)d ﬁabiolaﬁ/m( %@mﬂu&éd R&te@bryhCI090E hetetd Iy ilic-
substituted al kyl enyl, substituted al kenyl,
C(OaPryaigtIsubsitusad h@tg]loéﬂ:l@f@@ﬂ aryl, substituted aryl,
[0038] "Alkenyl" refers to alkenyl group preferably having from 2 to 6
carbon atoms and more preferably 2 to 4 carbon atoms and having at least 1 and

preferably from 1 to 2 sites of alkenyl unsaturation.

[0039] "Substituted alkenyl" refers to alkenyl groups having from 1 to 3
substituents, and preferably 1 to 2 substituents, independently selected from the group

consisting of alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino, substituted

12



cycl oal kyl, substituted cycl oal kyl, heteroaryl,

substituted heteroaryl, heterocyclic, substituted
whedoennessyT| i c and where R and R' are joi ned, POD®E81v64/017856

with the nitrogen bound thereto, to forma

het erocyclic or substituted heterocylic group provided

amihfl@imifdacgh eryiR’ sub@tﬁt&teﬁ@hh a9loxPysibaggRrd alyety, B'yario? halogen
hydrogen and R' is al kyl, the substituted am no

hydyoxyk §#ER, CRDEXYle fEboed estérSh@mallkywuhﬁtléyﬁeé Wﬂ@alk% bﬁelmaryl

I
s B0t gl U6 SUSHLIALE TR OR, B0y gy
hydfokyl mbangahbn isedct pendent tdwwgylcmﬂs)nl\d%mC( O al kyl ,
-NR"" C(O) subst i t ut ed alkyl, -NR """ C(O -cycl oal kyI

O bst -NR | ken
NG Soberk idrei%mﬂﬁy% REQUD S B Ry o 2 to 6
carlyR at&ﬁ@tﬁﬂﬁ%' ﬂré!ﬂ'e% dsat &Vf‘b’érbon MBms afldl DAinY bi least 1 and
-NR'"' C(O) substitute "C(O) heteroaryl,

prefergRly iTp)ls? pisasial @tl@uyhmsetm@ppl
-NR"" C(O) heterocyclic, and - NR' C(O substituted

D AP A Yl

subgtﬁﬁ@tts; ahd preferablyab Qnubstitadm, inlepaideatly edlected frotithe froup
to 14 carbon atons having a si nglle ring (e
0

conﬁﬁf@%rgmf)aﬂeﬂxymbﬂwe@ e fybacy agogy, anﬁawyiaﬁ%itﬁted
am195 aﬁﬂhgﬁ'c)ﬁl(,)arm&gé %’3‘%;%155 1 %Sﬁ'ﬁﬂ%d%lm c%ﬁo hglogen

romati c none
hydﬂqngzl méinz, cidboipk; 8arbdif)l-estams; Gycj/da,lk}émmbstﬁtetekllclyel))alkybhetﬁmziryl
on _an aronaf |

subyitied hOEroeBil BhieraryAti: SRS BRUTOCARE DTSR i ahy

hydtB9#Qlbstiubs §d ﬁd%tp%ﬁide%ﬂﬁ acetyRin®d Sarbéh &bl 9roups whi ch
aré substituted with froml1l to 3 substituents, and

preferably 1 to 2 substituents, independently sel ect ed
fr di42lhe gr o@gnmcnsﬁf%ﬁm@letgrowléxy, acyl ,
acyl am no, acyl oxy, alkyl, substituted al kyI al koxy,

{4 ut ed J | 1 dygalr ' "
SR o0, Akt AN er ISR LR Hs R and R
are Andepandeniy sedtad fromirtyd groapl beisisting @ hpdrpben, alrkyl @xlstituted alkyl,

substjitute ryl oxy, oal koxy, substi
alke@y&salaatw al? @flbélyzwl gfft%tfé alldhylopy se{%ﬁmted Lol |
I
cycﬁ)\eﬂt‘ygp g{éllg‘s\f ltl:lted S%(gﬁllf}h grsgggrt wgd Rée}télleor 1 rﬂe&é'rscychc
substithitsd hbtetce:g‘clﬁreﬁmkwhqre IRI' and Réaerjoiney, Itogqthersuﬂsiﬂle mutcgdn bound

het er par yl.ox tero | .Qx and substituted _, "
thery B 106y Aoy ene o seataedeliro S aratbrpidbn B4 Rops R
are %ﬂ‘llnbg’lydrbgén I WebYHER hylo @@chpf{" i ARG ’sumi@lﬁé’d(é(mmo group
napht hoxy, “and the |ike. 60048 "Substituted arylo
is sora¢temes reterred he hereint aschllglgthing- anp'sand R" are alkyl, the substltuted

amino group is sometimes referred to herein as dialkylamino.

[0044] "Aminoacyl" refers to the groups -NR"'C(O)alkyl,
-NR"'C(O)substituted alkyl, -NR"'C(0)-cycloalkyl, -NR"'C(O)substituted cycloalkyl,
-NR"C(O)alkenyl, -NR"'C(O)substituted alkenyl, -NR"'C(O)alkynyl, -
NR"'C(O)substituted alkynyl, -NR"'C(O)aryl, -NR"'C(O)substituted ary], -

NR™C(O)heteroaryl, -NR"'C(O)substituted heteroaryl, -NR"'C(O)heterocyclic, and —
NR"'C(O)substituted heterocyclic where R™ is hydrogen or alkyl.
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[0049] "Carboxyl" refers to -COOH or salts therof.
[ 0050] "Carboxyl esters" refers to the groups
wo gjodieat kyl , -C(O O substituted al kyl, -C(QrCras3004/017856
and -C(O O substituted aryl wherein al kyl, substituted
al kyl, aryl and substituted aryl are as defined

hengo4s] [ 0051ArylCyet Metlrkfits'to heheiovalet 4¥fikti€ ca@bédyiclic group
groups of from3 to 10 carbon atons having single or

of frem @ topldecaElam gtemp hangas p seeledingye-pyphaayl) of maliphpeandensed

ri g%wy 10P%ﬁﬁxﬁ'§r Elll corft%g%%q}ffg\élrrba & %%%X bromatic (e.g.,

2-benyatagalidopk, ZHdtébbmzbmamn-Gyﬁ-[)aaiekyyl gndthe, hkb}ipliongieﬂrtlmnthe
.1 éo 5 substituents indepe ndentl¥ el ected fro
poing phfchigRR; 1S P AR Amaliesagbop atom  Prggred args incly vl and
naplH{st ituted al koxy, acyl, acylam no, acyl oxy, am no,
substituted ami no, ani noacyl aryl, substituted aryl,

aryl oxy, substituted aréloxy, cyano, hal ogen,
hy @)1 , 14 "Swbstoged ay esfzrmmﬂmwmvlsa@ subgtituted with

fron%: ?E; g é%ﬂ(stlfu%faf{] SHer{eds gg}?z?/ b%; ?’t%g¥ct{s9 fﬁ Wd?}genggl?t%u e?ected from
the gleﬁpeécmsmhg of h@digxy ldtbijslt héyllérﬂﬂoj‘wyﬁfx@%dkﬂ Substifd&Bdikyl,

Cycl oal kox refers to - cl oal ky 0054
alkoxwzsléﬁtrtﬂ@fi ééméy,cqll@eawk@aeysﬁwtég élkgnxloalkWé Lﬂb‘gﬁtﬁtl abkynyl,
amifi g{m&&&i am BB Eo &;gg%ﬁ dﬂgla{ug =d eegl F&&%@mxy,

oro era%
cyclbdilkﬁx}o suirstluhédjc}@loa[llﬂﬁ@ﬁd:arbcbiyﬂ evarxyl éstars:fogamo ttlﬂoh oycloalkyl,

S“bsg‘lg‘g? éylffgqag{ﬁ’r Ofiﬂt%‘{) m@%‘tatéﬁb%}ﬁ’s @Eﬁ%&%t%%ygﬁé@r%yclic
subsHRkEd %&@e%lﬁeh&&foggl&gomﬂsﬁﬁted%@éwargmg' Ry cBloxy, and

oxygen, nitrogen a where q ero, one
SubmwuwdhwwmwyﬂyMEy ring. Such heteroaryl groups can have
a single ring (e.g., pyridyl or furyl) or nultiple

0 ed rip enzg [ ).
e BT CG et Abdafy etert S e Aagt: REIGGGRY vy of
exampieqméhox;t hhﬂﬁh@f}b{bnd aRdikeuryl . [0057] "Substituted
heter oaryl refers to heteroaryl groups that are

Z@ iuted with from1l to 3 substituents

dent | ySubstiigedaryioxgniafers te apbstiyiesiasylo®- gtoups.
subst ituents defined for substituted aryl. [0058]

" Heggppar y| oxgarbh@d1ehsretso LEO ey&us%é?ﬁf eroaryl and
"substituted heteroaryl oxy” re ers to the group

-0 substltuted heteroaryl. [0059] "Heterocycle" or
"hé@050bcycl i LCatbekgresters) refesseto dhegretporC(@)Oaalkylat €6D)0-

substituted alkyl, -C(O)O-aryl, and ~C(O)O-substituted aryl wherein alkyl, substituted
alkyl, aryl and substituted aryl are as defined herein.

[0051] "Cycloalkyl" refers to cyclic alkyl groups of from 3 to 10 carbon
atoms having single or multiple cyclic rings including, by way of example, adamantyl,

cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl and the like.

[0052] "Substituted cycloalkyl" refers to a cycloalkyl group, having from
1 to 5 substituents independently selected from the group consisting of oxo (=0), thioxo
(=S), alkoxy, substituted alkoxy, acyl, acylamino, acyloxy, amino, substituted amino,

aminoacyl, aryl, substituted aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl,
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group having a single ring or nultiple condensed
rings, froml to 10 carbon atons and from1l to 4
whedoenaseat ons sel ected fromthe group consi stiPgr/of2004/017856
nitrogen, sulfur or oxygen wthin the ring wherein,
in fused ring systens, one or nore the rings can be
nitra@ k3iboRyl, cdied:ei estén) cr?mdaﬂi}lﬂ,esd})ithﬂhd t:?:ﬂoﬂbjrlnh?texfoaryil substituted
attachnent i s to a heterocyclic_ ring atom [0060
hmf“@@ﬂsﬂﬁ?@F%%mh%¥%¥%€§EW¢35%F§W%W% to heterocycle
groups that are substituted with froml to 3 of the
sa bstitu hed
cyg?gg kyl . é %é?ﬁ éﬁgﬁgles gf%ﬁg%gégcickes and
het eroaryl s |nclude but are not limted to,
azd005l ne, py®vbstisited exclradioi’ refons 4o dDsubssiytipdryrdoalkyl
rll%grazme yr|n1d|ne pyri dazi ne, indolizine,
& 'oi ndol e, indole, dihydroindole, indazole, purine,
qui noli zine, 15 WD 2004/108687 PCT/US2004/ 017856
[ SQ(Mlﬂsmol I ne,"Helol' 0o |'halegenp Mfbglta Auo@, chloro, bromo and iodo and
pyri dj gui noxal i ne, qui nazoli ne,
Wﬁﬁ?a dF H@DCEFE£¥%| car bazol e, carboline,
phenant hri di ne, acrldlne phenant hr ol i ne,
| Sgag¥eqzol e, "HQ@F@?I” ?efeﬂs%@éﬂ‘é@n%ﬁc%’?&@cﬁfeﬂdrﬂ?’to 15 carbon
phenot hi azi ne azolidine, 1 mdazoline,
atonps, p@i&rdblmé“ronpil p@i@zarhen atonodridnkto 4ohﬁt¢taauomsd;el,ected from the
1,2.3 4-tetrah
sroup Gngisisia GiepQRbamlindsd AT DRV BRisHe 4 it g, e r two) within the
ring! Budlz RéteidbRe grdubk o4 r@m a sub%&@ﬁﬁ% Rd.é. hpﬁlﬂ% Bﬁfuryl) or multlple
nmor phol i nyl', 'thi onorp so referred

condemnpethiirgsH e ido) 1zmybp1pl@nz hiylb’ D. Byafersnd I@ﬁtepr@aryls mCIUde pyridyl,
the Iike. [0062]
pyrrbﬁﬁlétng@c}fogl ﬁ{@{%ﬂ Lall%ls to the group -0-heterocyclic

and "substituted heterocyclyl oxy"” refers to the group

- 080873t i t ut éButisatigedingtedobry]” I[e&ﬁiﬁﬁ)] hefdrearty bgroupstiatgre

aC|d fers to_a-am no acids the fornul a

%mﬁteir%%b@ Hdhsatyeptsjiadepen 11*/ SElactas bet the same gzquR of

subéﬂuéﬂ%d@ﬁh&?ﬂﬁ%w&mﬁﬁng%@ i's hydrogen, al kyl,

substituted aIkyI or aryl. [0064] "Pharmaceutically

acceptable salt" refers to pharmaceutically

act@8hbl e saHetsratylaxy osfroutedhe goup ROSwitdrgarat and "substituted

nerefFEAFEY el BbRc SRR B | ncl e, by way

of exanple only, sodium potassium calcium

NMagous9| um artHeridifvlet of MRedrbyicie® ief@oidiRat@afdtdr@nsaturated
like; and when the mplecul e contains a basic

group R ingdangle ying ermukinie cdgasedaings. froed Jadl cathen gtpms and
fromc‘ { ?514 ﬁéte%&’e%rﬁg Qél@cftédjﬁf)qug ﬁl%l&k %Pi'é Cfseﬁng:]og rnﬁtﬁ@te% sulfur or oxygen

acetate
thl{uﬂﬂﬁ&]nglWhelrﬁnuncfesredtrmngykthmb ore catlntors theairigs u:tm te grydops

def i.ned e, o] rs rlved a def
heteEppUreViar bt ROY Py HEAEDBEHE 10 & BrIPEeT SIS Re Y os
(e.g.,
[0060] "Substituted heterocyclic" refers to heterocycle groups that are

substituted with from 1 to 3 of the same substituents as defined for substituted cycloalkyl.

[0061] Examples of heterocycles and heteroaryls include, but are not
limited to, azetidine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine,

pyridazine, indolizine, isoindole, indole, dihydroindole, indazole, purine, quinolizine,
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substituted aryl having a substituted aryl group as a
substituent which is itself substituted wth a

W@ mgtiogest ed aryl group, etc.) are not i ntendepCT/082004/017856
i nclusion herein. In such cases, the maxi num nunber
of such substituents is three. That is to say that

isoqemolingfquitvinayhuielaief haphihydpaidise, akaldien geinkioliae,
o Lm tatjon that, for eigarrpl e, substituted aryl groups
cinngHge, PiqTifiRey cfrgazaly, et ting dheraniiiridiag peding pbgnanthroline,
isoti@haole, phERsAdd Hbe oft, g%enog{géjﬁeg%phéﬁ({ﬁilaﬁ%ﬁmidzfzoﬁéine,
understood that the ove definitions are not

imidapolgred pipetidine nywiperezng, ipeling setitlinideyHs2, 3 Autiratydro-

. att.ern .9, hyl hstituted wth. 5 fluoro

1s0q F@hﬁ% %?agg-t%%yg%ﬁxﬁql%ome&ﬁatﬁtaao tﬁa@llﬁfhee»&?wphene,

benRFEHMbEIRYENE, MOHAbKEYAL ﬂh@?ﬁorp&ﬂﬁfls‘l &dlém%fe??ea% Bd @jamorpholinyl),

. Substitution patterns are wel nown to the skilled

pipesidinys ayrrolidingierdosirafosesly amhelb2004/ 017856  GENERAL
SYNTHETI C METHODS [ 0067] The conpounds of this

[ | ; d i i | abl.

ot ST o e B RS rart ST R QB Bos o s
"subatithitqair et oeycidoxyl" trefotd th thddgroap pDaabaAied hktocwiry, e

typical or preferred process conditions (i.e.,

re (f n tenperatures, tines, nole ratios of
r eiﬁ dg’xt s, s gﬁ’_\‘?é?ﬂns A0HRe, §‘§g‘re@§e,rs i ¢-apning aeids Qfdhe fosemiay
HR 'PNOFERD COUM infte V¥ is 38 dér e a'Bgvéiéschﬁéﬂ{ &5 4G IR R is

stated.” Optinmumreaction conditions nmay vary wt
hydnggen. iadoil.aubstuted alkysoaryk ol vent used, but such
conditions can be determ ned by one skilled in the

ar routin tim.zation procedures. [0Q68 .

AR O | P BRGE T BY SoHR R SAIE Rhir o scatioally
acceptableasalts of & ostpRindpWaich RAIRS £6 UbieddIk G AS/afBY d¥®reanic and

necessary .to prevent certain functional groups rom

InorgAie S donpivrsknavm indbeatt ardincldes tibvey of crample orgy,
diBh0 & | - | . as .
sodi BT s Rt oh, B ony i RS R i gt ke
and phen theuhalecyfle nartainnabasigfumofienaditg ssled of Jegaidlor MotdaBic acids,
art. For. exanpl.e, nuperous protecting groups are
suchHs Sy ABBlgicE FHFObyP g ciBHEt e S aie RCestle smalpple: vlatnand the
like. G oups in Oganic Synthesis, Second Edition, WI ey,
New York, 1991, and references cited therein. [0069]

Furthernore, the conpounds of this invention will
tyfl06al |y  cdris shdergned dbat imodlesubstitniatl gommps eefined above,

or.di | . _desi uc onpounds. can b
po RO IPLby S5 S RETBRAISRuER ¢ pmsces .
substitutddvargliLicdyirg eegibs iR Sirfl lgrol &S RIbSIRUBLSyhifd is3Belf substituted
stereoi sanmer-enriched m xtures. Al such stereoi soners

with @-ghbstitaied bR @spum e eessot artended douiaelisian thiviein. t nesuele ogses,
he ¥xidnhSmd L.OR, . -se. indicated. Puyre
e o S RO EE8 PL Y 50 B e
definiSomsgs chwstramed iypladimitation that, for example, substituted aryl groups are
limted to ~substituted aryl-(substituted aryl)-substituted aryl.

[0066] Similarly, it is understood that the above definitions are not
intended to include impermissible substitution patterns (e.g., methyl substituted with 5
fluoro groups or a hydroxyl group alpha to ethenylic or acetylenic unsaturation). Such

impermissible substitution patterns are well known to the skilled artisan.
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optically active starting materials or stereosel ective
reagents well-known in the art. Alternatively,

WO awesssT Xt ures of such conpounds can be sepBCBUSZNN4/017856
using, for exanple, chiral colum chromatography,
chiral resolving agents and the |ike. [0070] The
follow ng synthetic protocols illustrate the general
manner for preparing the conpounds described herein.

GergRasi SynaRienyG VEYio»et i ¢ Schene 1 below illustrates

one nmethod for the preparation of conpounds of this
[ nvent| on. 17 WD 2004/ 108687, PCT/ US2004/ 017856 A SCHEME.
1 [M871(R4) nThenopmeyrds afthioipventiey-gmeqepaxpepirom roadily

ava1 ab;l\lf %Mnﬁtérﬁ?%ﬁ%dﬁé"ﬁ}% vﬁlﬁé E?fﬁgﬁrrﬁétﬂodskgl&g)‘?‘%%ﬁ%& ﬂ\%ll

be a@pteciatéd-that\whierStypicalior ltﬂéféﬁemprocempndﬁlons (1R5 ReactioRRl
R TR GhJ GG O RSB, SORST SRS REES: i eI Bl o
pro@ELcdittak e Hls6 BOVisdatkst oihérvﬁsé §8%HNOpELRMPreaction
conditions may vary with the particular reactants or solvent used, but such conditions can

be determined by one skilled in the art by routine optimization procedures.

[0068] Additionally, as will be apparent to those skilled in the art,
conventional protecting groups may be necessary to prevent certain functional groups
from undergoing undesired reactions. Suitable protecting groups for various functional
groups as well as suitable conditions for protecting and deprotecting particular functional
groups are well known in the art. For example, numerous protecting groups are described
in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis, Second
Edition, Wiley, New York, 1991, and references cited therein.

[0069] Furthermore, the compounds of this invention will typically
contain one or more chiral centers. Accordingly, if desired, such compounds can be
prepared or isolated as pure stereoisomers, i.e., as individual enantiomers or
diastereomers, or as stereoisomer-enriched mixtures. All such stereoisomers (and
enriched mixtures) are included within the scope of this invention, unless otherwise
indicated. Pure stereoisomers (or enriched mixtures) may be prepared using, for example,
optically active starting materials or stereoselective reagents well-known in the art.
Alternatively, racemic mixtures of such compounds can be separated using, for example,

chiral column chromatography, chiral resolving agents and the like.

[0070] The following synthetic protocols illustrate the general manner for
preparing the compounds described herein. Specifically, synthetic Scheme 1 below

illustrates one method for the preparation of compounds of this invention.
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[0071] In Schenme 1 above, optionally substituted

p- cyanophenol, conpound 1, is converted to the
wa@eoraesendi ng net hoxyi mi de hydrochl ori de sal t PCT/US2004/017856

conmpound 2, by contacting conmpound 1 with anhydrous

HC in nethanol. The reaction is conducted under

conventional conditions SGCHENEPHY at a tenperature of

fromabout OC to roomtenperature. The reaction is

continued until it is substantially conplete which
typi cally occurs w thidcCiabout 41 to 12 hours. Upon
Koff)conpl et i on, HY he fing nethoxyi m de

H-on i -de—sal-t+ C Hcan be recovered by
Ational techghgles h_as eQQCs t'[n NH,

filtration, precipitatign, ani\t he |ike ,

al tetnati vel y, used in~the next step wWtHOuf
purification and/or isolation. 18\W) 2004/,1086

PCT/ US2004/ 017856 [0072] Met hoxyi i de w&gmme%gmrem
salt, conpound 2, is then contacted W t It sstcohmasisia
stoichionetric equivalent of neth

MG al ohesxay &1, nobenzoat e, *ORGm S

condi ti t Od—ﬁgaskeor matirsRe Th ;

preferart gond ed under an inert atnoDs

protic sol vent such as anhydrous gret hanol, anhydrou
et hanol and-the li&ke at an el evated tenperat of 4

from about 0o about 75C and preferably flux.
The reaction™ s continued until it is substantially

conplete which typically occurs within about 1 to 24
hours. Upon repction conpletion, the resulting
2-(optionally substituted

y- ghenyl) bgazi m dazol e, conpound 4, can be
@ td-onaks t echni ques such as
{ on, traction, precipitation,

chromat ography, filtration and the |ike; or,

alternativelky, used N t wi t hout
purifi cat and/ or i su| gt%l( ﬁﬁngzﬁ@g] Al ternatively,
this step™f the reactio se(ﬁlence can utilize
commerci al ly avail abl e 4- hydr oxybenzal dehyde (not

shown) in conbi nﬁ¢(@wﬂﬁﬁ‘Wﬁ3)C&m§ﬁﬁ. T ®etion
uQy

is conducted in a suitable solv ot-h@sRs
presence of a small anmount of wa d e(r). The
reaction is preferably conducted at an el evated
tenperature of from about O to about C. ®he reaction
is continued until it is substanti conpl ete which
typically occurs within about 1 to 1 ours. Upon

WRaE R 0, R RAIR® S 0P an e R EROAY kithe § 8HoVReant8 GO Y §éRthgfoup.
conventional techniques such as neutralization,

ex ion, precipitation, chromatqgraphy, filtration
angﬁﬁlﬁms | | ke;r[)n gighéomea pRvEaentieaply s%@@ttquo-gy@og@gol,

comg{)l(ﬁ%ip It’,":istb ér']tglré'lér;&gﬁ)'t}g!t: ?%ﬁ%sggncﬁﬁ@ﬁﬁfho&?ﬂia& hPfochiBdait,
compoyndd?, by gohteatjng tnenpaunil daxith anhydrous HCI in methanol. The reaction
is conducted under conventional conditions preferably at a temperature of from about 0°C
to room temperature. The reaction is continued until it is substantially complete which
typically occurs within about 1 to 12 hours. Upon reaction completion, the resulting
methoxyimide hydrochloride salt, compound 2, can be recovered by conventional
techniques such as extraction, filtration, precipitation, and the like; or, alternatively, used

in the next step without purification and/or isolation.
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conpound 4, is then derivatized to the correspondi ng

substituted al koxy derivative, conpound 6, by nethods
wWowdol/16888TWn in the art. In one preferred met hoBRICT/US2004/017856

compound 4 is contacted with a suitable alkali or

al kaline earth netal base, such as potassium

caroergt e, iMetdbxyingdd hydirddhdtide s dndRHUBNE, isdeet dnticted

2- but anone and the like, to formthe alkali or

withyptdegst mstoichiamettie equivalentiof sethyl 8-amyiap dxgpicldesylpminbeszoate,

confh 3SR SO St AT
condildted ureloroinert atthedgheilRin a(rétér @ltent such ak ealvydsgusgmetiipnol,
40 a5 BB T R s oo

75 °<f9raﬁﬁ SFARLYIy GORAN! Glle %afgg% & cfli_a e dRITREE Qibdlaelily conaplete

from about "50 to about . e reaction i s continue
whighntyipically or@urs withineaboirtl to/24 barp| Epen whtitdn ¢copmpletid, the

ccC wi thin about .1 o, 10 hour Upon, reacti on
resul it Bl v e RSPk aiatae paoyad 4 con be
recceRed! nPenti®ail tBehni R YEhad nd¥traRAMER k@A onl Bre¥itation,
2004/ 108687 PCT/ US2004/ 017856 techni ques such as

chroaate graphy; dlirasion aad thelis; on altpmatyely.tused brthe next step without
. , filtration and the |like; or,
pur PO AR SR

, used in the next step w thout
purification and/or isolation. [0075] Exanples of
sul{80T3ut ed allkerhativalyi, desstépof ths eedctioh Béguefi@agihiubilize

COH’%I?TC%H@)?%@?%HCM&M&%Wﬁ (gt ErgRdREeRpimption with
co Bﬁﬁ@?.eTH@?Ja@tioﬂ%tcBﬂc!luc’l]e'dpfﬁv\'EER?Jié Ed?}(zéant s@@l{ij\/hfléf tg% Eryerv,ence of

n a preferred enbodi ment, en the substitute
a snipdll dngwini of waties and Qe Wilthk reaction opryferablypemdutted it an elevated

roup. is. ortho [ ected as conpared.to .the
temBG R SR S a Feebry MR SThE R Er OB ER HTHLE S o
subgardiafly cOmplRiOWhIRRR ERNEHIYIOES SRR atlRf Tt $0 B, Upon reaction
carboxyl group to be differentially derivatized

compigtign; ¢aampoynd Hear he Ksryered by Lqpn\(ﬁntiﬁmtl rtqchﬁ'tqltuaszh@h as oI
i . . . 10076 .
reu G PARAOKE SRS (ol OBl DS TRLY pa R b

altemativelg psedinge aetidtdpunichioud padifidariol ¥ng/erisentioanal ,
hydrol ysis procedures to provide for conpound 7 which
ca recovered by conventional techniques such as
ne E?‘?@I} i zat i gh(%ptléﬂﬁlf%%{b%?ﬂedyj’r@tqrﬁ’iwﬁﬂﬂ}henZImldaZ()le:
BRI RO HeARBY vatizLd td @b i ik Re ivati
comgl ter na{t [ \? ely, Vab S gd&{ %E Ct8 ﬁ%@ﬁ@(}(@@ glt'ﬂge%llﬁgvlec% ﬁ‘ga)t(y derivative,
compawid 6,datmethodsnwélbkndveninahe an. I @Attfeibe neethad, compound 4 is

functi.onal Lty o 0 und 7 is then coupled to the
conight3 i3 o ol o Bk St EesEciEb e eSSt Fybonate
in aif BRUSHkEADch@S WNF MEetcne b ih ARt MRthe HIROYW fdrfh th Bikali or
art. For exanple, this coupling reaction ¢an be

alkaling earth metal sadfi af ghenaydroxkyd gvevpe Sl saligs gemegalijt wotSseddted dut is
e R A ———
(whéreXaik lauesrvonhashanat & ctand, blothd, idde, met148b8ylate and the like),
to afford the ether. The reaction is preferably conducted at an elevated temperature of
from about 50° to about 100°C. The reaction is continued until it is substantially
complete which typically occurs within about 1 to 10 hours. Upon reaction completion,

the corresponding alkoxide derivative, compound 6, can be recovered by conventional
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car bodi i m des include, by way of exanple,
di cycl ohexyl carbodii m de (DCC), 1-(3-
wal2ovetib8sBaM no- propyl ) - 3- et hyl carbodi i m de ( EDE)T/a8zb04/017856
the like. If desired, polyner supported forns of
carbodii m de coupling reagents may al so be used
techhiy@ibs/slicR@s nb@faliz@XN]BXi€actibR QS EcifiRftionl 888mbfdgraphy, filtration and
Tetrahedron Letters, 34(48), 7685 (1993). . i
the Iepy o, iabaenitively. uned in-the oot stepupithavg Py denbios aad/os iselatigs.
N- hydr oxysucci ni mde, 1 -hydroxy- benzotriazol e,
pe uor op ri teq: g s
Do oSl 0o Aaples oL e RhARE AR RLARN: [he thifeacllB
inclureg bgtsae yot lamsed toaliHaohmsthyhbealreas r-butyl 3-(bromomethyl)-4-

N,.N- di i sopropyl et h am ne n_be used to scavenge
bromefsnedte THURE R HER Rl EHLOP GRet Fohpref gt Retaopiigent, when
o GONRL . | T | tacti
e SRMBLLARAEALN RS SRALLORIER] B BLFH ety
protegepis engnpasedgiorihe canbbxyl gtospstireotipattashed toethe henzimidazole

gro@g %%E ??gihégq%ﬁp grtﬁtel%ﬂctér? Pearg}%é&lé% icgrb%gﬂicg\%glé%e{g b di&ferentially
derieHtizBH ed1 R @[éecarmklpgl@ﬁ difectBeftaeRdd ol th®benzimidazole group.

t et rahydrofuran, N, 0 2004/ 108687

PCT/ US2004/ 017856 _ di et hyl f ormam de and the |i ke.

Ged@V4l 1y, t Hihs mediyd crdrxylsestes A cenRRIIAL6 i thearrsarertagie the

of .r 3 .
cont RRAEAG ARG, 85 i AREHL 1 T R i o
compowpblimdlich das be exovereé By bynwntive itchnajuesmich@d sieutralization,

i ncl udi ng., neutralization, _extractjon, precipitation, .
extrag OB Aty PSR nflEtian AR ike: o7} akFroaivele used in
the 1§etx@§ﬂé£ WathOBL ShifRhGorLslRl D8slatidh, Schene | are ei ther

well known 7in the art or can be prepared by art
recogni zed nmet hods. For exanple, many exanpl es of
corﬁ%md 1 arldeeoidrsndtioanlity of gainpaimde? istbérnuctiupted thyhe

prin%%’ ﬂ]l‘)%ercglzfc%?ﬁ g irng%%lg)né"fbclﬁ)?x{p?{ﬁﬁgg%gpnlg’conventional coupling

conditibhseelDkroviny hrth yip e Ri0dXahipld, €his Soupling reaction can be conducted
. hydroxy- 3- net hoxybenzonitrile, etc, ich are

using Syplelfriava qopp ingicpeastiesuch sfeabedigides.GaRFesgentChensatiazol-1-
ylox%ﬁp‘é@ﬁhﬁﬁylM&g@ﬂ%kﬂ%nggﬁm@eﬁ%ogéﬁgh@o' ) 204 42 lff\;(\% Suitable

nas" or S” usl ng
carbledimitles hehidst by way of/éxdemplé, atdylcbheeitaBsodifhide BCC), 1-(3-

i R pe 3 S b P GHHic8 HEBEASS B L & JeehobAer
su ' Hhidel 3Ltk c
ppoRea Sords' of catbblihid c@hﬁlgrf% %é%&giﬁgﬁgléﬂqag }B?{b(ﬁg LARR fhe

reaction between aryl et ween
exangplaztboseudeseritiet Sn Anidald B, L{t@AG 34(418), K686 $993). Additionally,

ommercial.ly avail abl e 3,4-di.hydr oxybenzonitrile can
wellg VBl lind Pl ouch I SR TR iy roxy-
benZo@ed¥dled pafafl@roHRMY A S0 adetde AN RX Wk 1R Pe used to facilitate
benzonitrile ‘&hg IS a protecting group). The 3-hydroxy
e

the c@ppling reaetiam SWherengeesary, e guidable base such as N,N-diisopropylethyl

amine can be used to scavenge the acid generated during the reaction.

[0078] This coupling reaction is typically conducted by contacting
compound 7 with about 1 to about 2 equivalents of the coupling reagent and at least one
equivalent, preferably about 1 to about 1.2 equivalents, of compound 8 in an inert diluent,

such as dichloromethane, chloroform, acetonitrile, tetrahydrofuran, N,N-
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desired using well known chem stry to provide for a

variety of derivatives including, by way of exanple
woriog/108s8Kkoxy groups, aryloxy groups, heteroarBtDK§2004/017856

groups, esters, carbamate groups, carboxyl groups

(e.g., the hydroxyl group is converted to a halo group

diméBylSdiathiBehriha ile.t Gendialy) tids Raptiobistcoaductainutart@perhture
t he carboxyl grou formation of a Ginard _reagent

b .
rangfng ﬁr@n@boW@daiabg@ﬁ%%@ forabpsinl Zdiogkrie24 iqwiy Ween completion
hen j . ' " he
or AN WAL s IO LS SPRERRRNA'
neutediFpidoe) dxuseidn] preSpitativn, dhron@fd§Zbhkofiltatomend dse life.
Formula | where Qis N(R3)-, these conpounds are
ed fromthe corr

| ndj ,
1= T0798 blng o e BRSSP YR TSR | e sither well known
in thg her #Qhn bggieﬁﬁf&aml a8 re@fpnled nAARSHRD EBZ @iﬂlﬁﬂlé,:rga@r&amples of

-am no- 2- | orobenzonitrile are comercia
compeuid hivleeoniigzcighy avaslable dugpuding tiyewiaot exampbngrdysrid

cyaryp B PR ok i GEER deRGheBARES o-
hyd&h?—?@ﬁi:ﬁh@x{iﬁe‘ﬁﬂ&liﬁﬂ@ he waRihi 26 aétherDﬂgad\}éﬂhlﬁé @@nPX1drich

met hods wel | known 21 WO 2004/ 108687 PCT/ US2004/ 017856

Chemgcal fempeny, NflwpekegnWascepgnd)Sholsrizatizating of sichermpgunds or
r e i el i .

oS80 TRYREAEEALLIRE b AONE ey AR A RIBLS P ine
prepaeutiph e a tvarierty ofp@uipduidds Gitlein compplnd®. i s wel | known in

the art. When L is a halo group such as benzyl

bromde, the reaction will typically include a . .

Sl e basdoaeraDs Spet b et men i NEp ey thiol
grous AEPABalcl Srodrid r8RAGH Bét8Ren hPBAldRE82NAS A rieRveen
_3-am no- 4-cycl ohexyl am nobenzoates, conpound 3, these
diazewinpowtitsnd¢ MaSHe readi |y prepared by procedures wel |

known in the art. One preferred nethod for

PRI o0 35 BB NG5 FEDSR e o o
seledtivety Prdtectdd UskngNoRvdrgional ttedmsques fefroeide fer a THYMOUNG-PgO-
benzso?l%trilNel_éPg?is a protecting group). The 3-hydroxy group can then be modified as
desired using well known chemistry to provide for a variety of derivatives including, by
way of example only, alkoxy groups, aryloxy groups, heteroaryloxy groups, esters,
carbamate groups, carboxyl groups (e.g., the hydroxyl group is converted to a halo group
as shown below and the halo group is then converted to the carboxyl group by formation
of a Grinard reagent followed by addition of carbon dioxide using well known chemistry),
and the like. Subsequently, the protecting group, Pg, is removed and the derivatized

compound used in Scheme 1.

[0082] For compounds of Formula I where Q is —N(R3)-, these compounds
are readily prepared from the corresponding 4-aminobenzonitrile compounds and
derivatives thereof. For example, both 4-aminobenzonitrile and 4-amino-2-
chlorobenzonitrile are commercially available. The chloro group of the latter compound
can be optionally derivatized as described above to provide for a variety of derivatives.

Additionally, the amino group can be optionally monoalkylated by methods well known
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(sonetines referred to conpound 51) [0084]
Specifically, in Schenme 2, nethyl
wd2ohl108687 3- ni t r obenzoate, conmpound 10, (whi cPCT/BS2004/017856
prepared by reaction of commercially avail able
4-chl oro-3- nitrobenzoic acid and nethanol with a
in tHeadral Ty ishmdaBied! h&fevan tag iblfbckﬁigcé'ﬂoﬁiﬁmhp% rdqRiire€ Q14Hid1€ the
thhfromltoSequwaIents commerci ally avail abl e
amigg 10y @s@m widesised regeiinms yatl the amirgroup drip dsicrapled to
0 K ref er
comg)BHIgiu &% hhé’ ner?11 SO veﬁt(i ﬂés%@ hwg]sﬁl_lj\}é%h%& %rﬁup such as
benzil émmldel memaenat utletypicafly arlwleausuitable bhse sbbus 75C.
The r.eacti on nti nued u til ubstantially
diisers ! xlamwec@slﬁf&t%aqamge& goid gwletrﬁrei about 1 to 48
hours. Upon reaction conpletion, the resulting nethyl
4- 16083 ohexy | RuFhRen dg?>th€ '3t£ﬁﬁ§ﬂz®@kﬁexﬁ9ﬁﬁ%@&o$%s compound 3,
(Sonetlnes referred to herein as conpound 50), be
thesp spwpeunsy chy be maddy preparet by eednsidize svedlknowasn the art One

| on extract tio
prefSEe o P Spers i 1 50 B i BB SR s ottows:
alternativel y, used in the next step wi t hout
purification and/or isosgHEMEZ2 W 2004/ 108687
PCT/ US2004/ 017856 [0085] The nitro group of conpound
12 is then hydrogenat equnder conventional conditions

t 0 MsPE N@he corrjeépondi ng metMapIOC NO,
4-cycl oh m no+ 3- @obguzgal_e, co_np whi ch
S

can be recovered by c ntional technique uckHas

neutralization, extraction, precipitation

chromat ogr &phy, filtratiton and the Iike. ~Co 1@. 3
is sonetines referred to herein as co und 5 0086]
Simlarly, conpound 5 represents a group of compounds
wel | kmewndcin e Nt which are ejther connerdrally
avai |l abl e or @o prepared by art recé‘g?ﬁ‘u efe"ed"O
techni ques. Fd agnl e, suitab¥e comerCl a Py
avai | abl e conpounds| includes, for instance, benzyl
brom de, 1-bronoe benzene, 2-net hoxybenzyl

chl ori de, Bénetho~ gnzyl - chl ori de, 4-nethoxybenzyl
chloride, 2<chl orobenzyl brom de, 3-chlorobenzyl
brom de, 4¢«ehttaoRenzyh brom de, and the like. In
addi ti on, caweind&t)i vi zati on of commercially avail abl e
conmpounds using nethods well known in the art can be

gg i_(g)ggﬁ pf50:/|n %’IE%TEYS %l §c5h%m% 22%;3{[’ nds, 0%5%21#{1‘08‘6%20&’[6,

com;ieuridv]d], (Whrk:h ampl'embdh byi mstuar &f a)ﬁtmélﬁfallb ak il bt e OBl orb- &S

follo S 3 Br
nitrobenzoid & Soid 2 met anol w1th a catalytlc amount of an acid, such as HCI) is

combined with from 1 to 3 equivalents of commercially available cyclohexylamine,
compound 11, under conventional coupling conditions. The reaction is preferably
conducted in an inert solvent such as DMSO at an elevated temperature of from about 30°
to about 75°C. The reaction is continued until it is substantially complete which typically
occurs within about 1 to 48 hours. Upon reaction completion, the resulting methyl 4-
cyclohexylamino-3-nitrobenzoate, compound 12 (sometimes referred to herein as
compound 50), can be recovered by conventional techniques such as neutralization,
extraction, precipitation, chromatography, filtration and the like; or, alternatively, used in

the next step without purification and/or isolation.
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\ CH3 CH3 | \ Br COOH COOXBu COOxBu 15 16 17 [0087]

In Scheme 3, commercially avail abl e
wd20mm0088838- net hyl benzoi ¢ acid, conmpound 15, iBCT/US2004/017856

converted under anhydrous conditions and further under

an inert atnosphere to the corresponding t-butyl

esgusspy conwaphitR@oupef famisoundi1ngs tea hylrogefuied urdier

in a solvent conbination of DVF and net hyl ene
conysntional genditiprsrio peavide fos theggorrespradingipethy b cygehexylamino-3-
amix?%%ﬁ%%alleﬁé&ﬂf&?l{e@eﬁ ?Vehga} égﬂ%eerree‘,(?)n%%’eél b?sttoﬁxlentféﬁgﬂ)g&ﬂgqlfe@ such as
neuttdl e @xtnyctionnpracipitaivne Maesatoptaphhsfijpatias ahdihe tlike.

but oxide in THF. The reaction is typjgally conducted
Comgpound 348 sRatimas cefered Myprreingecompy %‘er iod of tine to

ef fect reaction conpletion which preferably is

ach om?d i N ghaiiny oofngmlﬁh @%Eésentya%eodpe@f%munds well
- conpletion, the resulting t-
known i thewrt3vhich psgl emténtz@mureermaﬂm ﬂp@itﬁbbﬁ argan baprdpared by art

reco nventi.onal t.echni
recagBiy DR o o Ceen ot e SRR FlaBiE compounas
incl&dvs OB B ek ed) rb)i!]ilzyfl bfdrﬁﬂb | Broattdttyltenkédep2- rﬁkfthoxyb enzyl chloride,
alternatlvel used in the next step w thou

-mgt@pxxhemlr@br@ﬁ&ﬁreth@wb@tzwbﬁm@@ mhmghmls‘asmlde
3 c@%ﬁ%%ﬁ?p%%ﬁgﬁﬁ %lorF 2)(%%%12%8#&@&%@113{% I chd}%on

deriedtphantion of S(ﬁbméwiaﬂyl etvtailiihie ¢AhpiNndansing methods Well known in the
N- l%r onpsucci ni rr% ﬁt‘y‘éff The reaction is | nt ai ned

art cgp by sed te\pagade g mr%pouaﬁ%fl (5 FORPOYRS § fiScheme 1.

One¥3bin Eler &6 @é?w‘éﬂ%l IRt @i quibb e RePHEh 8h 8Bhdtmd § as follows:
achieved 1n about 10 to 24 hours. Upon reaction

conpletion, the resulting t-butyl

4- br ono- 3- br ononet hyl ben3&AEMEo8pound 17 (soneti nes

referred to herein as conpound 55), can be recovered

by ggonventional techniques suygh as neutrali zatigen,

extyactiyon, precipitation, ch omat ogr aphy, filt rat| on

e [ike; or, alternat S Gsed |nthe

O hler deri vati zati on procedurps using well " kno
chéii®try and readily avail a#®@Bstarting mat er CEPEY
will.be readily apparent to tfge skilled artisanaz

[ooé%] The ami no acids or anmno acid am des

represented by conmpound 8 are either known conpounds
or [@8Mounds In Sahemeah domngﬂreipléy evhilablom-kmoown3-cotigdbsndsic

acid %(?I{J Sl gri?m% ﬁgmée& a(i]&g(ir%flﬁ géjr{ﬁl?tions Iagg %’r&gﬁ ugcfier an inert
atmébsphblede the%heﬂfcﬁ‘xdﬁ@t—ﬂdtfﬂefs@ﬂbi Bonviehi P B{éﬁ{bds usmg oxalyl
5- hydr oxytryptoph t yr osi ne, Bro i ne,

chloridg iisa goliigd p@mpmat_lmp pgDmmmsﬂmbhy dhlesige.- Uppn Sirmation of
the énh%iﬁde (not shown), conversion to the ¢-butyl ester, compound 16 (sometimes
referred to herein as compound 54) is achieved by contact an excess of the potassium ¢-
butoxide in THF. The reaction is typically conducted at from about 0°C to about 40°C
for a period of time to effect reaction completion which preferably is achieved in about 1
to 10 hours. Upon reaction completion, the resulting #-butyl 4-bromo-3-methylbenzoate,
compound 16, can be recovered by conventional techniques such as neutralization,
extraction, precipitation, chromatography, filtration and the like; or, alternatively, used in
the next step without purification and/or isolation.
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phenyl - L-proline, cis-3-phenyl-L-proline,
L-(2-methyl)proline, L-pipecolinic acid, L
w@z@ilaieBe- 2- car boxyl i ¢ aci d, L-indoli ne-2-carPOrRYbE2004/017856
acid, L-1,2,3,4- tetrahydroi soqui noline-3-carboxylic
acid, L-t hi azol i di ne-4-carboxylic acid, L-(5,5-
di meessy! ) t hi Tuepolinde64s theh bentidted withiiadnolar excess of both the
L-t hi anmor phol i ne- 3- carboxyl i c acid, glycine 2)a
alphaeglpbasegajiolpiysenitile GABND Ry -@rwaueclm@né? Bk, The reaction is
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neutralmatlmmaytra@iwxmelpaam yhiomatagraphyl filteséion aad thedikeher,
li ke, I f desjred orres rboxylic acid
altepafi gty dsed e St bR BORE RS GRE R 251 or .

ethyl esters and the Ilke can be enployed in the
abques9|r eact iGaher daiRatLution pravedires ¥shs well khbem eBémistry and
roup._to the carbox¥llc acid using conventjona
rea léfa?g@#&tie Hading spderialowal be readily apnsgankinthe gkillgd ayiisan.
al kali netal hydroxide in an inert diluent such as

ety b@ﬁ?l [ wat efhetifRo REAY bldﬁ'ﬁllnB Iﬁ@ldfaﬁlﬁﬁe ?I@s(gffte@l‘}j &mpound 8

sal't conmpound of Fo
are eithev émwm) pahp@amidd at canp@mds Hohti czmsbeqmpebed fremdmoavn compounds
on of ,the

dat b |
by i ae P e e atisSini ipino Hetls forysedn this

drioh MdiiR! Bafaréhdthimiteiho! @#Pht6pieml NPy %fé!n 19Bet O
e elf fect am dzftrl on. 1 24 WO 2 @%%41/) 10868% Pc%&%g Q47%?7856
tyrogimp. i plsohnwsqnsNGhydm&ylﬁIDMMr@Tm#r@dmznyil{'rmhp@ 03-3-

n n V. el ounds
phor )8 BEFRE o3 e OB BB S M o BRTE MRS e i
azeticﬁﬁe Escathomdl&e@cuﬁllchldaﬁnélmatbok Be 4eid, iLr-l.US 3,4he
npounds qof this invention inhibit Viral replication

tetraéydmmﬁmphwg3tcﬁ®0éﬁlz§/m§, I~ Hu%ﬂové@e 4-earbepilic @gid, br(3.5-
d1mbﬂﬂg )g@dzeﬂdlﬁgé— en%ﬂg ALia P %nilQ }ﬂﬁ%[@i? caME!&%h%TBQ{d aglyc’cqne 2-

zynes utili Zed act
tert—[butyllglycﬂnat[) brphehylblyainey I ralaldge, N-maﬁ@ﬁa,lar{nﬁﬂ}%ﬂnethyl L-

ounds i S invention ybe used alone or in
Phe& dlr ewq%lﬁma?ahwwé nﬁﬂa@w ACpERg, lypihgsticsacid -rerr-
buty&\egfep msgmaxm&ablan@er?iaatgm&uv(@%er&ﬂw&%&tf on (0093]
ds of this inhvention will

I'n génefal, the conpou be
amlmmfpl@pmpen@drhonyh@a¢1t11,e]r-apalsbbydab\ltgneeﬁtfoexyhmuh Meunt by
t.he a ted of. a nlstr Lon for
emnif Rl BocrSee AOEF L S TR IGiink] FadutodyRbhemedioumiaeic, L
serifd addBe ﬁmﬁeﬁre@f, tHeltofres g8 BFboxylic acid esters of the amino

acids, such as the methyl esters, ethyl esters and the like, can be employed in the above

reaction. Subsequent hydrolysis of the ester group to the carboxylic acid using
conventional reagents and conditions, i.e., treatment with an alkali metal hydroxide in an
inert diluent such as methanol/water then provides the free acid or acid salt of a
compound of Formula I. In addition, conventional amidation procedures can be used to
effect amidation of the carboxylic acid. Such procedures entail reaction of the acid or

activated form thereof with a suitable amine under conditions to effect amidation.
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i.e., the active ingredient, will depend upon numerous
factors such as the severity of the disease to be
wo e@atiesds7 t he age and rel ative health of the sewj/@81004/017856
the potency of the conpound used, the route and form
of admi nistration, and other factors. The drug can be
adm ni stered nore than once a day, preferably once or
twice a day. [0094] Therapeutically effective anmounts
of ¢ ounds of Formula I, la, Ib, IT, Ill or IV may
UT?&%?‘%T%%HBA%MW&TMIW1 to 20 my per kil ogram
body wei ght of the recipient per day, nore preferably
Utifigyom about 0.1 to 10 ng/ kg/day. [0095] In general,
conmpounds of this invention will be adm nistered as
pharmaceuti cal conposjitions by any one of the
f ol 08 Ing r outhespresspbinyenfiontsnyideq rovgl compauads dessessing
4L l. . Ltory).. or parenteral. (€. d.
entil i RAPAE by FRHOPRRG o) yirls SRR BHR s C s, he
congehnnds aftthtinvention il @t regitai@nNbemhibitacie Rhafmétiheslved
. 1§, oral ,u§i g conveni ent daily dosage regi nen that
n Y%leﬁais%n’ &6 %fg%ﬁl\la%gwaﬁi% RNA pplymegase e dhey may also inhibit other
er WA b t . f tabl ets,
L AT O ROt fin o s S
2004/ 108687 PCT/ US2004/ 017856 sustai ned rel ease
f or[8092t i ons, Canpamids nSthisinsaeiosinaybe usdd alotesor in combination
. ol I t.her appropriate conpositions.
Wlﬂ‘gn&cﬁ)’?’i%or pporllgflserf%ﬁge(??w&r for admi nistering conpounds
of this invention is inhalation. This is an effective
nmet hod for delivering a therapeutic agent directly to
the respiratory tract (see U S. Patent 5,607,915).
0Q961.The i ce of fornulation depends on various
Ad'LH’ditB’i‘té"%%‘ﬁBE%“ magguticy {eorsposition adni ni stration and
bi oavail ability of the drug substance. For delivery
vi go93)hal at ifpReidif, ﬂ@%ﬂ%@gn&‘sad}" RS ifvRhH %Ifﬁe Qc?ninistered in
l'iquid solution, suspensions, aeroso propel 'ants or
a therapeysiseliieeffestisie hwauedyi any @f shesadcepibd modesqfadasnisfration for
NI i.on. ...lher are several .types of . .
agel%ﬁ gﬂra%eﬁ%@?’é% Sy The g 9%@*5 GPrpaung efifhisdpeention,
i.e., et aetieel imbosient] wiledepbsd (A dundddBuiaYioRONER b 3 E%ﬁﬁ;’i of the

. (DPI'). Nebulizer devices Eroduce a streamo
disegse) tg b frpatgdlythe agg andzaletive herdthidfdhepdisct, thepmency dftlt ch

' i gqui,d.f.orm) t r as St
comBhend BEMHE NSl it Bhiof o irifiatbn A2 I8 B, Fadide can be
admividitered nygre dahloycas day, fesfarabBt dreB opasisagady.wi th a

conpressed gas. Upon actuation, the device discharges

a ur ed unt of therapeutic agent by conpressed

gaé(?%t%ius af f r@pﬁl&wgﬂy giteciye @maygtsid gopounds of Formula I, Ia,
Ib, IRONT & Bt Bk BehoB FIRE Iﬁff&ﬂ : i es . .

t her apeut | 5(2 aéggnt S ? t g}ate?%p?}ngtg?bénﬁéﬂpg%vgmpn%% weight of
the rgeintbat pertday, ware frefedibbplomatioitrD. 1 kel paigilerddys

inspiratory air-stream during breathing by the

?ﬁl(?@gé u{ inc 0 'irg génetrrﬁ, c%%]ﬂo%\ﬂgs S til{senewgrﬂtig}/lw qu bg %&gler{iéterteg %s
pharmaceutical compositions by any one of the following routes: oral, systemic (e.g.,
transdermal, intranasal or by suppository), or parenteral (e.g., intramuscular, intravenous
or subcutaneous) administration. The preferred manner of administration is oral using a
convenient daily dosage regimen that can be adjusted according to the degree of

affliction. Compositions can take the form of tablets, pills, capsules, semisolids, powders,
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agent is fornulated with an excipient such as | actose.
A neasured anount of the therapeutic agent is stored
wo pooa/1esspsul e form and is di spensed with each PCT/US2004/017856
actuation. [00971 Recently, pharmaceutica
fonnul ati ons have been devel oped especially for drugs
susthifed repdRurdaalationg A¥RitbAR shdpedsisS BlilkitH) 8¢tosd)§ or any other
principle that b|oavallab|llty can be i ncreased by
appropdipie £empgsitines. shmdthererefewed maaner foradnaiaisiongs ﬁamﬁ)mém@ of
r. 7
this %%V%Strlr%lg %‘u?ﬁ %{'&r gl;hrlrshj §P eFf@étIVﬁgg?tRod %ogrdte c%%m easﬁiéﬂaﬁ&ﬁlcaagent

direstly ® thargeirhtosmrddd (dee ULS.Qlfenn 516017, %ﬁ) ch the active
material Is supported on a crosslinked matrix of

| ecul 5, 145, 684 desc |be th
or S48 on of s c@a&sr& il QFBiTRIS CAC GRS O Sueh o the
modehﬁ JHLEHRMBSLARE Snd ﬁomlxﬁllgzﬁ%e HRignabaRakt iFek &@hvery via
(average particle size in the presence of

inhadatiohdbe coropoyrideran ba et ntueded ab lgped s@utiom sespengjonsd aerosol
Lum t.0 uti c r mul atd on, t.ha
propgiady B 6 il B BOATER L G Bbe i Mt Blatiop, There
are meﬁowpbs @ﬂﬁhaamac@qaarlmmloafdemegﬁmlaén inRal&RRBKAM dose
of Formul a 11 or IV in conbination

inhajgrs QMET) m@h@w mw@epwhalﬁ@dwﬂ) ddgtuizergericgs pioidace a stream of
hlghege%&iy%[i f%a%@%gcﬁg ga%n 1 %(Pézggﬂ{%@[@ f}kﬁ gg@%i;‘tecd in% 1fuid form)

to spiey. b&ﬁﬂﬁ&%ﬁi? Bdrfied iy &reqﬁh@‘nt&fféqﬁtatdrh erab1h QVIH)FDewj'Ipléally are
benefit of the conpound 8(@ Formul a | [11
forngplatap packpgad witle p soraRiCEsCH@pS- b@p@hgc%}omdthwdﬁwﬁ élscharges a

meaS& aiduhfoQhera h@htfct&g?ﬁ%g%oﬂfﬁrég cf%Jsoﬁl% Fﬁg@ﬂ&fﬂ feliBle

gaseous exci plent that i era aval 0 one
metbéd skadnhinisteringe sat damounft Of)é)@nt %PI dlspthmcﬂhempeutmaigents in the

excipients.inclu arch, ..cel | ucose,
for A i o Goulel gl i ifireed i Mo Pt ie-sroam
durlﬁF bk athifeby (HPENRS! WIbRbLRIRhRve 2 FRE! 'ﬂéWnZé ethe therapeut1c
cerol nbnostearate, sodiumchloride Il

agerm i ﬁorméat@mmth aRr ]?XCIPIEDWU asladtose rrAsn¢asulreé>amopnte<vﬁthe
trerffRtp SeSiTERER a5k Yor 1 S SRR R s acion

petrol eum animal, vegetable or synthetic origin,

e q009'z;] eanut Rdcentlys pjir@aiewtidal fofinaRkighs Kive besied@roped
etc. Preferred liquid_carriers, particularly for

eSPEiCFﬁ”éfcfPéﬁll”@S st shqvpReor bigrypilehilityhepsd ‘é’%b%?rm%ﬁlé et o
bio lélﬁff'?' c%[‘x 8’8 i%%?ﬁ%ﬁg W realB8 Eﬁ@ﬁﬁfac@%g?%e '&éé&@at,smg particle

glyco resse gases nay
sizediFopexagple, B SrPauNd. 4107288 descrivesnt pranmaceuties derdulation

form . lnert gases su table faor thls se are
haVWﬁtnaHgfi In dhet girangs BRNAQ, to 4400 1y lobicaetyg metpsiobis

supPHRAITRCE U bb iRk e IR cﬁf@ﬁa%rcﬁﬂ&ie&h%. rU.fsoml.JNe.t $ 905684 Gescribes
the production of a pharmaceutical formulation in which the drug substance is pulverized
to nanoparticles (average particle size of 400 nm) in the presence of a surface modifier

and then dispersed in a liquid medium to give a pharmaceutical formulation that exhibits

remarkably high bioavailability.

[0098] The compositions are comprised of in general, a compound of
Formula I, Ia, Ib, II, III or IV in combination with at least one pharmaceutically

acceptable excipient. Acceptable excipients are non-toxic, aid administration, and do not

26



descri bed in Rem ngton's Pharnmaceutical Sciences,
edited by E W Martin (Mack Publishing Conpany, 18th
w@adoo4/1a880) . [ 0101] The anmount of the conpoundPCTIUS2004/017856
formul ation can vary within the full range enpl oyed
by those skilled in the art. Typically, the
advérgglnatat thé thatdpeut®bdnatifiof the BorBpiddTFopaueNta, (BMIRAII or IV.
basi s, from about 0.0 1-99.99 w % of a conmpaqund of
Suchgkeiniets may peany solidy quid, ISPmeOIld\PrbH‘stB@ cg5s of A8 2p1e8el
corp BT el olbiblont 161 RUARAR, BRI G 0e TR B p ot
conmpound is present at a | evel of about 1-80 wt %
Re[dP@¥Xnt at i \ﬂpli@hﬂlannmutﬁdad: akcipiontyircudecstarcle aatlaliosd, tajc,
ac ound of I11 or IV are
alugheE R sa 5B et etice, ot Spatk g Jangeali stearate,
sodR@l Q¥hrate h@{y&s}bi AV¥hEGeaPRR) sB¥iuAL dHIsddN aMed §1HE mile khdile Mte.
nmeani ngs an abbreviation is not defined, it has
Liquidgng émxsalld 9X<am@etpmw bersglgpien gronnglgneral, propylene glycol, water,

etha?Bg L3 Ogulﬂ%ﬁlw hyogi%gol%%g%al, vegVlee or synthetic

orighg RZO Feh AL, boyﬂe@%mltminéﬁaﬁ bilEsebath @il o). PvefepfRdniquid carriers,
hexaf | uorophos hat e = di c%ewohex |.carbodii n de

partmu@ly ORImEciRL %@fﬁuwb @9%»99 slgA1 plinp stestlaaqueous
dex de%mlﬁ@ ofs. Medi um DMF = N, N-di rret hyI f or mam de
sul foxi de ESI = el ectrospray ionization

g = gramh = hours HPLC = high performance |iquid
ch r[ﬁ&ﬂl&)gr ap r@omptesserhghm niMy hehused adigpersenmassnspad tof this

ml |
1nv£1%on n? aerosol formmpnert gases sultalﬂ% for this purpose are nitrogen, carbon

dioxide, etc.

[0100] Other suitable pharmaceutical excipients and their formulations are
described in Remington's Pharmaceutical Sciences, edited by E. W. Martin (Mack
Publishing Company, 18th ed., 1990).

[0101] The amount of the compound in a formulation can vary within the
full range employed by those skilled in the art. Typically, the formulation will contain,
on a weight percent (wt%o) basis, from about 0.01-99.99 wt% of a compound of Formula
I, Ia, Ib, II, IIT or I'V based on the total formulation, with the balance being one or more
suitable pharmaceutical excipients. Preferably, the compound is present at a level of
about 1-80 wt%. Representative pharmaceutical formulations containing a compound of
Formulal, Ia, Ib, II, IIT or IV are described below.

EXAMPLES

[0102] In the examples below, the following abbreviations have the

following meanings. If an abbreviation is not defined, it has its generally accepted

meaning.
AIBN = o,0-azoisobutyronitrile
aqg. = aqueous
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MeOH = nethanol ng = mlligram mn. = mnutes nL =
milliliter mol = mllinole M = mass spectrum N =
wmeoorabsepf p = pent af | uorophenyl radical ph orPCpUS2004/017856
phenyl psi = pounds per square inch t-Bu = t-butyl
protecting group TFA = trifluoroacetic acid THE =
BoORtrahydrofuran &£ = niBuhgdttibe1d-yloRy—= nanoneter nM =
nanonmol ar NBS = N- br onR§H&sdt 'l%g@zp}m'ﬂﬁﬁum

Nitrilotriacetic acid wrodtel@Rtd de triphosphate
D = renn'e'n'd{m' ar DtITt = DR REIELS i]'j\:-x_ A = onal
pEAY am ne Letragegll.c ¢ %Ipéleth P mpdnternationa

S g = mcrogram HBTYU ="/ . , .
D nzotriazol e-1 -yl - NREReon Mpdified Fagles Medinm,; m
DMy af | uor ophosphate [Oﬂ)é[]dl@@fhy fgmpamids t he exanpl es
DMSQw are conpounds andimpihglswieridé es useful for
EPlaki ng conpounds &f t heelgsitesiuny IaniaEaRi on. 28 WO
2004/ 108687 PCT/ US2004/9ai856 Schene 4 Ex 1: Stepl-2 0

h = hours
HPLC = high performance liquid chromatography
M = molar
M+ H* = parent mass spectrum peak plus H
mM = millimolar
MeOH = methanol
mg = milligram
min. = minutes
mL = milliliter
mmol = millimole
MS = mass spectrum
N = normal
pfp = pentafluorophenyl radical
ph or @ = phenyl
psi = pounds per square inch
t-Bu = t-butyl protecting group
TFA = trifluoroacetic acid
THF = tetrahydrofuran
pL = microliters
nm = nanometer
+ nM = nanomolar
NBS = N-bromosuccinimide
NTA = Nitrilotriacetic acid
NTP = Nucleotide triphosphate
mM = millimolar
DTT = Dithiothreitol
EDTA = Ethylenendiamine tetraacetic acid
10 = International units
ug = microgram
HBTU = O-benzotriazole-1-y1-N,N,N’, N -tetramethyl-
uronium hexafluorophosphate
[0103] Set forth in the examples below are compounds and intermediates

useful for making compounds of the present invention.
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WO 2004/ 108687 PCT/ US2004/ 017856 Exanple 1
Preparation of 2

W@ av4fidseg7- Car banoyl - 4' - chl or o- bi phen- 2-yl net hey/pSR04/017856
uor o- phenyl]- 1-cycl ohexyl - |
H benzi m dazol e-5-carbonyl } -am no)-3 -(5-ham oxy-1
Hindol -3 -yl)- propi onmag@(]@llhydrochl ori de (Conpound
61) Schene 1 above cor r esponds to the follow ng

Pre bl .L'_h ag 2 4- i'tj... AN ek ’C L Qra1PBe Airi2 f.!: HIOAN |-~ L AMOTH phenyl]-
as.‘ ohex e <ifEberzitnidazolend-a@thonytit@ninodBt(Ayitydroxy-1H-indol-3-yl)-
4- chl or 0- 3- npopmEEEs ré&onide (@o! und was

di ssolved in DMSO (75 nlL) and cycl ohexyl am ne (25 niL,

0. 243 nok}hen@s] astiedorrddpendd wotthE &IMagEng plocéduees at 60 C
for 24 h, and diluted with water. The preci pitates

1. ‘é"fftéﬁg&?%ﬂeiffaﬁﬂn@-‘é-mﬁ‘o Eﬁf’btl.lz %&d éﬂ‘@tﬁ S 0%9‘( Con¥fithiid S0y

ve compoun M5 (ESI)
2790103] ( M + Me:ch;M dhloﬁ:m%mtmbmzoatei@&gj @il hmohewvasalissolved

i DB R b PSR 3t SBRGAIG. T BRYGE s

stirrd®, Q r&@@ﬂ@% 241 h) a{hdl\ﬁﬁéd Wilid Yaftk) TIRMRECipALE W bre (céﬁ&t&%y

under m nutes. The reaction was filtered

ﬁltratmnowgdhewlﬁht\@atmdtdmdé@ giyeicompaad 30/ Gac &t9@&’o)t MRS
279.33?@0%0'” (9.4 g, 99%. M5 (ESI) 249.17 (M+ H+).

ro- 4- hydr oxy- benzim dic acid nethyl ester
(Conpound 52) [0106] 2-Fl uoro-4-hydroxybenzonitrile

(3.55 25.89 mvol) was dissolved in anhydrous MeOH
2. 1écAmqo-érﬁmclph@iyémulorhﬂnzwwcuhmﬂ@/d effier (ﬁ&mnyﬂwbék or

n{})/oqmagf &&L?%Sj\% at 0 Cfor 1 h and at room

ure tTor f rther I h. After evaporation of
s oI[WHlS!I t he Coalpodnd 86 (UE7 ey . ImoBdvasigdrogenabd indelaOi

(1 30&?’#@ éyqr};t"/o gg/&l\/ﬁ ﬁg H@S[‘lﬁ qeré%zogp g@ ?rglalﬁgs iﬁg Irgarc]:tlon was filtered
thro&% &l t@ BRX %Je "6 1ﬁ1gn fad Q{rébo?’atch &y Oy R Bﬁﬂb’ﬂ Jolilto Q% %9%)%8

e-b-car acid methyl ‘ester (Conpound
(EST) 04917 (Whe ). ude conpound 52 was dissolved in
anhydrous MeOH (150 ni). Compound 51(4.0 g, 16.11
rnnol ) was then added. The reaction m xture was

3. St blFRdro-#1FakeRLB&ZiRIdit ﬁ&'dtﬁieﬁ@f est& (Tonipsbup@o3nd

down to room tenperature. reC|3p|tates f or ned

wel{@106] | t er e@ Hh@tovéaéﬂdxwenﬁomﬁﬂ@( e 29r § amehigess
dlss{llﬁg(? adp%@ Lpys Mﬁ%ﬂ Eb()to SRS %&qﬁgg’ ng’ bgbb%d @ﬁf@aﬂhﬁ@ous

hydrogen chloride at 0 °C for 1 h and at room temperature for further 1 h. After
evaporation of solvent, the solid residue was dried under high vacuum for 2 h to give a

crude compound 52, which was directly used in next step reaction.

4. 1-Cyclohexyl-2-(2-fluoro-4-hydroxyphenyl)-1 H-benzimidazole-5-carboxylic
acid methyl ester (Compound 53)

[0107] The crude compound 52 was dissolved in anhydrous MeOH (150
mL). Compound 51 (4.0 g, 16.11 mmol) was then added. The reaction mixture was stirred
under argon at reflux for 16 h and cooled down to room temperature. The precipitates
formed were filtered and washed with water and dried under high vacuum to give the
compound 53 (3.2 g, 54%). MS (ESI) 369.17 (M + H").
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WD 2004/ 108687 PCT/ US2004/ 017856 5.
4- Br ono- 3- net hyl - benzoic acid tent-butyl ester
w@ gwapasssd 54) [ 0108] 4- Brono- 3- met hyl benzoi ¢ BCT/USZ084/817856
g, 16.27 nmmol) was suspended in anhydrous
di chl oronet hane (25 nL) under argon. DVMF (0.5 nL) was
5,  adgledoadd3-nfethy1BERLoiB Y A AN QterCRmPoustl sy i de
(1.7 nL) at roomtenperature. The reaction mxture

wal9188] rred 4Bromorrmeplbentaie acid 6.5 2016 hmmagly Wk sispended
o NIk S SRR I T s e

follo&@g %g raadiﬁw_ﬁr afE G)gagjglw#grﬁté .((1]I 7 hﬁL)l’ ﬁgb@kneempajmﬂ'tes gh&: vexdtiom

an I ous an cQool e I N an | cCe- .

mixtas A siFred At INOTHISEPERTHR Fr-A0 Risy fRboaly lébegﬁl,de 2@2 3@5 was
addegla%lﬁv%iha TRIR PG e st HlrdotRSmAGERE fF ARMeE 2 hBolvent

6 Teaction mxture was stirred at room .
was beppetal. The résitue Ivds disaoldedvit sy (ba® THE) (20l Jeaddedolet e an

o B T 2 21D R o
(20 rgpf%qg QRd AR 5t 4B ITHE YARABA ki@ faSairkanit rodaii Own

was obtained (3.78 g, 86% . M5 (ESI) 272.76 (M +
tempdyatui®. fort Br adovgerl aﬁ?mﬂgtvwladd@dq Abie nizsireiwesptitastedyyith

e R e
MgJop e@%&)&aﬁ% o sdvert, bréwi Dilrway dbtmasl St78rg, 86%4)nMS (ESI)
carbon tetrachloride (CCl4) at reflux for 16 h and

272.&6()I$/IerblHabwn to roomtenperature. The reaction mxture
was filtered and filtrate was passed through a short
col um and washed w th chloroform After evaporation

6. Of 4SBotREB-brofmbsidahE-MareicokidicnebutyDes?d (onhgvgnd 55
(E%ﬁ 351.65 (M + H).

7.
Q92- Br ong* BitEieof 5aReYt 3t Hobd & GEhHOk ) - 2- f 1 uo
r o- phenyil.l.- - I - e ;
oS st s s
carbo A eithld i3 (CClPatgefl@0itt 1tidnd, coolsdplowmdo 5@ont fengpegature. The

e 50t b St SO gt
- " i dvsthRrRgEe aRdineashesl gy98%). MS
Wlﬂ%@ﬁ? e|]f Ig-?aﬁjgfg é%&/a%?g%b rﬂgtted toe dr ylr?esg@ Tﬁ)é@ )
(ES]T)eﬁilcﬁje(Mvﬁifpxuri fied by chromatography eluted with
CHC13- MeOH (50: 1) to give conmpound 56 (0.84 g, 98%.
M5 (ESI) 639.15, 637.15 (M + H+). 31 WD 2004/ 108687
7. PCH_HS flt‘lga-—é%ﬁ-blﬁoxﬁcarbonyl-benzyloxy)-z-ﬂuoro-phenyl]-1-
[;‘: & gg,g%@g.g,gﬁaya},fam@@w@ﬂbamk QRN REMYEestd (dompdimd 56)

[0110] A mixture of compound 53 (1.0 g, 2071 mmol), compound 55 (1.9
g, 5.43 mmol) and K,CO; (0.76 g) in anhydrous DMF (40 mL) was stirred at 80 °C for 2
h and cooled down to room temperature. The mixture was filtered and washed with
CHCls. The filtrate was evaporated to dryness. The residue was purified by
chromatography eluted with CHCl3-MeOH (50:1) to give compound 56 (0.84 g, 98%).
MS (ESI) 639.15, 637.15 (M + H).
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1- cycl ohexyl - 1H benzi m dazol e- 5- car boxyl i ¢ aci d net hyl
ester (Conmpound 57) [0111] A m xture of conpound 56
W@ 0004508887 0. 71 mmol ), 4-chl or obenzene- bor oni cPerU82004/017856
(0.33g, 2.11 mml) and Pd(Ph3P)4 (80 ng) was dissol ved
in tol uene (25 nL) and MeOH (6 nlL) under argon. 2 M
8. Adpgay. é’arﬁoﬁ'}lh’%ﬁ@%ﬁﬂen—f@&m@ﬁfb&&)-@ﬂluo o-phenyl]-
m %tcggﬁg@%ﬁ 13- bEﬁzqﬂmﬁzofeOS Cattd§lic % iHRethfr estc ﬁﬂfiund

?J\O to room tenperature. ter evaporation of
ent, the residue was purified by chromatography

[014d] wi t h mﬁmwb@bbmﬁ@um)sa(o 45i 2 07 1 aompb LhdhBTobenzene-

borog,g?r%&@ﬁ% Sk e 5 %ﬁ@?@’)é f&?@%&i&yﬁg@m%%? Eﬁﬂ%@r@ﬁ mL)
and MebH (3 CO% 22, Qesznaﬁc@g FR5RPKNAsaddEd. dhe

nmet hy und [0112] a sol ution of
reac‘mmmwum vBa?S s@&e& atJo ‘i’(hum;lrg‘omfgr th biahd conted ﬁmmto(l’i)@m

nL) was.added tr.ifl oroa ic a
temifirpy S08S apatdiph ehSTR bt e B S Btd by HfSpatography
eluteﬁf&ﬁﬁ CPK,Q MSGH fto SRl Esthpoud BT (09 6@ MBTESI) 669.26
9980/() @51)9 gl) 611p14 (I\/L(EHr)Vga P MBTES)
(M42H[“)4 (4 Car banDyI -chI or o- bi phen- 2- yl net hoxy) - 2-f I uo
ro- phenyl] -1-
cycl ohexyl - 1H benzi m dazol e- 5- carboxylic acid net hyl
9. eshgy- aco,malmym5ehlor<£-®ipb%h-zrplmethomu flaowé-phanyplolind

58 b &9AmiaiRble-53-CarboRyKE 818 nldvhyl(steFl(L oipoulid 58
prgggg%%yg?l NRI— di i sopropyl et hy?,mm ne (0.11 df;( \(;amsi)o )

add@d2pf p  t Miofd sebrtivacdcampowsl 7 (9.3 gbﬂ@@ksym )
dich?o:gg%\l\ﬂhéﬁ%@&) e{{qlufga; agcfdeg ?rﬁf%or d&t é&g (m ﬁ@é ”f;ﬁe' hlxgdte vk

stlrrgd Reeanepérdtuid Jorwas Aggd echpoldidn ofisulvenitea mifd was altaided
room tenmperature overnight. After evaporation of

(2 2&5)&\/%9(%) MhESD 651 4hEMuAS- purified by chromat ogr aphy
eluted with CHC13- MeOH (40:1) to give a solid (0.15
g, 83%. MS (ESI) 612.19 (MH+). 11. 2-

10. [ 4-2({4-@=C elrmmydyl-4° -chlvlrobiplixinp2 vy m &thy ky)el-floryg-pRerfyllibr o
- pf&gé])(échyil-lﬂ‘-(}js@%ighﬁm) [ oﬂeﬁdcbm&) ylit dazlahe’tgﬁ} cswrk(ﬂé)yﬂlpéagnd 59)
aci oun ou , 0.
0 30 di S Y P TROUE Shid. R A Sighd ganydrous

Hur
DMETS PQin gl el PEF A illapra S RALIARI (1 18RS added plp

trifliorshestte (@S mie lmti%Immekj d‘mpvhseSatN W T he gegehio® mixtife was stirred
evapor ati on of re d e d d

ot o BRI b RS S5 T SodoDaRel a7 L) paiigh The

mlecdr%: Wa@gﬁ’r%@%tﬁg&gg&ﬂﬁéﬁﬁ%ﬁ%@ﬂ@ﬁ%ﬁ&b@erdﬂ@n df mﬂt, the

une an
residue was purified by chromatography eluted with CHCl3-MeOH (40:1) to give a solid

(0.15 g, 83%). MS (ESI) 612.19 (M+H").

11.  2-[4-(4-Carbamoyl-4’-chloro-biphen-2-ylmethoxy)-2-fluoro-phenyl]-1-
cyclohexyl-1H-benzimidazole-5-carboxylic acid (Compound 60)

[0114] Compound 59 (0.12 g, 0.196 mmol) was dissolved in MeOH (6
mL) and 2 M aqueous NaOH (3 mL) was added. The reaction mixture was stirred at 45
°C for 2.5 h and cooled down to 0 °C. The mixture was neutralized with 5 N HCl to pH 3.
After evaporation of solvent, the residue was dried under high vacuum and dissolved in

DMEF. After filtration, filtrate was concentrated by evaporation to a small volume and the
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WD 2004/ 108687 PCT/ US2004/ 017856 product was

separated by Cl18 reverse phase HPLC using buffer A (1%
wabkm4itosesmt er) and buffer B (1% TFA acet oni t rPCBUSINOM7856

10% buffer B to 70% buffer B to provide a white solid

(83%. M5 (ESI) 599.18, 597.18 (M + H+). 12. 2-({2-

prod{lékwafé sl mmylclglwveﬁb Bhée MM Bsidg BhARL A Q106) Pk fl WaEH and
bufme: (l&h W ac@mnniel&na ifreiny 50% [butfer B e BeYahulten Bitapyoddg swhife

ic acid hydrochloride
SOII#@%‘OMEZEE%%!?%%#%lr%h\ggrslgﬂm i on of conpound 60 (80
ng, 0.134 mmol) in anhydrous DVF (3 nL) in the
presence of N, N-diiso opylethylanlne (0.1
12. addd@-[#-Carbamoydrfchiarathiphab2-yimetheyy)- Fn%!oro-&heeylbl-
Theydlelexyl-bH-binzimidazoleS-earbpnyli-aming sd(5- by dryer bilindol-3-
14yh-propiomic soid bydedchboridef(Cooipoemd, 61) he resi due was

w TRSET e, ( 76 5o tanat aptm) Sl B Rgh S arous

DMIS@j gu[sﬂin R preAROS A, ﬁddﬂDg}%@{;%leﬁﬁ&nﬁﬁ@I (. raﬁugweas\maed iy

di ssol ved in anhydrous
trifluor@ackiptir €2 yilr, P08 phraol) 660 %Th@rmrnmtylream stirred at room

ST AT G sHeRotror b s EE PSRl LR 0 m)

and BEQbRIGA twas waSRAT wHth QateP {10cANY m&h&w&?h&y&a@s Na2SO4
according to the procedure for the preparation o

Solvcmnvpmv@p@@tedm dr;pqem@trem@ Wisshen dléSPIYle wmamrgush@w (S

miries bobbabeddr Py s ol BN AEficflg e ahite o

pl) WakQbed tozadve 90191;1&@ Phdb@urd R)@)M@tlﬁ@&\ﬁﬁboﬁﬂtém atukd 8ernight.
[0116] 1H NVR (DVSO-d6) S 10.48 (1H, d, J = 2.4 Hz),
Sep@atm ¢fiodmpgdund by HPLC was according to the procedure for the preparation of

comz)%l_l?diﬁﬂ 81“%;;{1%&'}1& ’w&a %1s§olv #9@%2‘2&&];) aligség%)l—z%ﬁ]l £ d1?>§ane

0.5 ?n]% Wits)addéd 80 (Q HIhé soldtlon \ﬁas7d1hlléd with S2tef (253111([5 lind n)
17 (1H, dd, =2.1, 10-7.02 (3H ,

lyomﬂgsd (qgwe@pay bfown@owéyr (lén?ezl %91 dd, J = 2.

12 (ZHHEﬁRAézd) 1611 J‘L%Q 0@6%1'ﬁidJ—

’ dS 1{%%'1) I 481@@%;?8 (’g%od% p,.&j(lggf éﬁ) ét

717 dbdioeal 0278 He), §c1PQ @H FO88 (RKL,
J=21 8tp), 5.12 (2H, 5), 4.66-4.62 (1H, m), 4.10-4.00 (1H, m), 3. 19 H, d,J = 48

Hz), 2.24-2.20 (2H, m), 1.98-1.86 (4E, m), 1.61 (1H, m), 1.34-1.23 (4H, m). MS (ES])
802.28, 800.27 (M + H).
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MO NMONG3 62 HOO~NO HOI I F~F\ ONEx

2:Step 3 OHONNHNO 63 HOCOONclOi N64 ~)N O
wWoiedo 164687 O Exanpl e 2 Preparati on of PCT/US2004/017856

2_1(2-{4-r4'-Chloro

4- (4- hydroxyl - pi peridi ne-I|-carbonyl) - biphen-2-

yl met hoxyl - 2-f | uor opheny§¢hénfe/s! ohexyl -

H benzi m dazol e- 5- car bonyl ) - am nol - 3- (5-

hydr oxy-1 Hindol -3-yl)-pr pionic acid hydrochloride

(Conpound 64) Scheffe 2 above corresponds to f

foll owi ng pFocedu

1.
2-{Q- (4 . yenLQuy - 1} peLd Y25l P
ol @ gt hoxy) T Me
[ uor o=phepw } - 1- @ ohexyfv| P & car boxy
lic acigd yl estér (Conpound %2) 117] "§tep 1: To
a solution of cogpeyhd 58 (0.21 g, 0. 34
(10 nmL) in the presence of N, N-diisopropyle hy(?am ne
(0.12 nL) was added pfp trifluoroacetﬁg 0.12 nmi,

0.39 mmol ) dropwi seyat 0 C. The reaction was stirre;
at room tenperaturg for 8 h and evaporated tp
drygess. The sid Was 2. 6li,8 S0l ved |@ Ethq (
The N;m{@s hed wth wat er

OVHD , and evaporalNeid

The residu s dilssol ved anhydro
4- hydr ogypi peri dine (69.3 and
N, N- di i sopr opyl 'am ne (O vvere eadded.

reacti on m Xy s stirred at ridomterrperat

overni ght. After evaporation of solvent, the residue
was purified by chromatography eluted with CHC13- MeCH
(40:1) to give a pale y Exhmplodwder (0.2 g, 84%. MS

P(rei:zpsa!rgtlon o?" 22|:?2 { M [4’ oro 4-(4-hydroxyl-piperidine-1-carbonyl)-biphen-2-
vlmethoxy]-2-fluorophenyl }-1-cyclohexyl-1H-benzimidazole-5-carbonyl)-amino]-3-(5-
hydroxy-1H-indol-3-y)-propionic acid hydrochloride (Compound 64)

Scheme 2 above corresponds to the following procedures

1. 2-{4-(4’-Chloro-4-(hydroxyl-piperidine-1-carbonyl)-biphen-2-ylmethoxy)-2-
fluoro-phenyl}-1-cyclohexyl-1H-benzimidazole-5-carboxylic acid methyl ester
(Compound 62)

[0117] Step 1: To a solution of compound 58 (0.21 g, 0.34 mmol) in DMF
(10 mL) in the presence of N,N-diisopropylethylamine (0.12 mL) was added pfp
trifluoroacetate (0.12 mL, 0.39 mmol) dropwise at 0 °C. The reaction was stirred at room
temperature for 8 h and evaporated to dryness. The residue was dissolved in EtOAc (80
mL). The solution was washed with water (10 mL x 2), dried over anhydrous Na;SO,,
and evaporated. |

[0118] Step 2: The residue was dissolved anhydrous DMF (8 mL) and
4-hydroxypiperidine (69.3 mg, 0.68 mmol) and N,N-diisopropylethylamine (0.1 mL) were
added. The reaction mixture was stirred at room temperature overnight. After evaporation
of solvent, the residue was purified by chromatography eluted with CHCl;-MeOH (40:1)
to give a pale yellow powder (0.2 g, 84%). MS (ESI) 696.23 (M + HY.
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34 WD 2004/ 108687 PCT/ US2004/ 017856 2.
2-{4- (4" -Chl oro-4-(hydroxyl - pi peridine-I-carbonyl)-bip
whew42e868Tet hoxy) - 2 PCT/US2004/017856
fl uorophenyl } - 1- cycl ohexyl - 1H benzi m dazol e- 5- car boxyl
ic acid (Conpound 63) [0119] Conpound 62 (0.18 g,
2. 0. 238 (4mOhlorsvas(hipyl o3 idige-Uicueborgdypiphen-26@methoxy)-2-

acigérdpRenyip1Ldyelohe niiffidAZefe-HlcaPFddlic aexdqtompound
cogg;ouﬁd OP‘| ndygxangjlqe 1. Yield: 85% MS (ESI

684.°25, 683.25, 682.25 (M+ H+). 3.
2. [0@29]{ 4-1 4" C(mnp@mrmi 62 (0.18 g, 0.259 mmol) was hydrolyzed to give

compgfid A S R G o e@y%ﬂ%%@ﬁf RO EPREL 60 in prgpele
1. Yhed: %S%MQSES;I)) 684.25, 683.25, 682.25 (M + H".

am noj - 3- ( hydroxy | Hi ndol - 3- yl)-propionic acid
hydrochl or| de (Corrpound 64) [0120] Corrpound 64 was

3. prf 4@&9? 3&?]— ﬁ) e-P—c ll)heﬂ’fzp
t r | ?EHCE exy; -1 - ida e-g F%“d’yt')
t h%m y P6¥' L/ B'Eqpé?P‘SPc‘éS?W&
EO‘!!‘ 6Mel d:  46% [0121] 'H NMR ( DVBO d6) 5
10 = : 6
Y, [(@g%éﬁﬁéﬂﬁl &szés éx%ghrﬁg fr’oﬂ%cfoggvo%nh'%k (9@m%, 04 gﬁ"mrﬁol), pip
trlﬂt(oildfl,cetatbr(fi’s aHz0.284 g864dl), bpd l&%ﬁydkblxﬁry]at@ﬂ(aﬁl&? Hbg, 0.4% n@ol)

acco%d}qlg torﬁ'le prpcﬁur? {%I_%[?‘le Hrépgrgugrgg’gcq&ﬁaound ?l dge aﬂl_ple do%eld

46%2. 1 Hz), 6.56 (IH, dd, J = 2.1, 8.4 Hz), 513(2H s),

4.65-4.63 (IH n), 4 04-4.00 (1H, m), 3.77-3.64 (4H,

) (0121 BIMB (DMSO-w), § 20.28(¢1H, 3D § ZH1Hy)d, T +.665HL), 826 (1H, s
), 8.46BHH, ) ] = 9.0382)17.88 ({HH], Jr) 7.M61)E58¢ (GBEL, 33; 8.885),3466 (1H, 5),
7.60884, 33=8M Hz}7)48-Beh eI, h), 7.17-7.0F (SH rﬁ) @o&raﬁg(dax St&ePHz),
6.88/(119 NI\ 7.1 QBre B (121 Sdep=2.1, BROH @65&!61)%@18@
404171%%@{ £77.9 4 @rBn)EX 23:359REE m@22ﬂ2§210 ©HB)) 1851 61
(6H, ), (671, M.MS (EST) 886.33, 885.34, 884.33 (M + HY).

Scheme 6

F
Q h&>/4z::>—0 Br Ex33bp1 \7/2i::>‘ Br Exzsmpz
) N l\@ X\\Q’ K@
56 O-tBu” 0 68 O (0]
HO

»\@@’ Br EXSStepS )@Y@‘
HO COOH
) N° O
69 /O\l 0 N Q
HO H HO

65
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HO COOH C N 69 JNONHG65 HO 35 WO 2004/ 108687
PCT/ US2004/ 017856 Exanple 3 Preparation of

wQ2§og208647 [ 2- Br onp- 5- (4- hydr oxyl - pi peri di ne- | - PE&F/D82094/917856
- benzyl oxy] - 2- fl uoro-phenyl }
- 1- cycl ohexyl - 1H benzi m dazol e- 5- car bonyl ) - ami no] - 3- (5
-hydroxy_ 1H indol - 3-yl gxh ipni ¢ acid hydrochl ori de

( Corr_pound 65) Schene 6 above corresponds to the
5{,];&&3@;@6 jﬂ-hvdroxyl-mgerldlne 1- carbonvl)-benzvloxv] 2~

yI oxy] | ianOII-Gesrlbpromonlc ac1d hvdrochlorlde (Compound 65)
phenyl } - 1-cycl ohexyl - 1H benzi nmi dazol e- 5- car boxylic

aci d met Byhen@s$ above(doprBsnasiOBy fd1bhdag pfremasnd 56
(0.308 g, 0.483 mml) was di ssol ved i n anhydrous

)
1, di Qh 4~ %Wg- grlﬁﬁﬁ {-3aifoh -H?,l%ro-
Qf§) 8 ﬁg—a- ;?EB éE)ten 1 zoﬁs?ﬁ-ggr esxlg?%gilggi { ester-

chl ororret hane (3 m) and DVF (3 niL).

[0}63@]2 To t heoaieusd SQK(DJBG)ZD ON% ﬁﬁ@@dvas dissolved in anhydrous
N-dllsoroggllethlamne followed b

dichigramethape and T mlaézzeétaéﬂ@i ( ezunmz!}reézfase%/l@ed Freom

d
temfiiile B RS WP of RES BIRBIAIAE dlortbaln ™ CF
dichtaropethank ﬁgnB)aﬁd]Zh/{]m%BanB)rpl e 2. [0124] Above resi ggg

was reacted wt roxypl peri
m’rii”)2 3ln an h)lﬂtﬂ’rtb‘aéb@éﬁo %‘fgﬁ%s ?ﬁ‘?qdi"(i]\;p‘iégé’é’f?@é’le&y amine (0.4
mL)NbM’)\% cﬂﬁéfﬂ ﬁi‘eﬂ% L2 6acetle @fm at6 eéd’f'ﬂg réé&tl&li]@vas

proce u or t reparation ound gave
stirred pabem témpera’(u@e Bt 6¢h ariAYrked/Bp acEBIJing 66. pt5qedﬁfﬁ4f015 (M

+ H+) . 2. .
prepgra{tlgzx[oﬁcwgwdgﬁ e Ht SRYP Der i di ne- 1 - car bonyl ) - benz

y! qepilag 2- f U@[H%‘Ve re&due was reacted with 4-hydroxypiperidine (97 7 mg,
phenyl } - 1-cycl oh ex¥ (le— enzi m dazol é- 5- Car boxyl i

0. 99@anmot)¢m mrdmdms o2s3p thﬁprsse@wpf)w&dumrméqibyl@mme
1 s Sih o BEBRERY e e GRIDRM §7. Bigaygo pale
foarR 803 1L g, M6y MSYESI) 666.15, 664.15 (M + HN.

2. 2-{4-[2-Bromo-5-(4-hydroxy-piperidine-1-carbonyl)-benzyloxy]-2-fluoro-
phenyl}-1-cyclohexyl-1H-benzimidazole-5-carboxylic acid (Compound 69)

[0125] This compound was prepared according to the procedure for the
preparation of compound 60 in example 1. Yield 95%. MS (ESI) 652.16, 650.17 (M +
HY.

3. 2-[(2-{4-[2-Br0m0-5-(4-hydr0xyl-piperidine-l-carbonyl)-benzyloxy]\-2-ﬂuoro-
phenyl}-1-cyclohexyl-1 H-benzimidazole-5-carbonyl)-amino]-3-(5-hydroxy-
1H-indol-3-yl)-propionic acid hydrochloride (Compound 65)

[0126] Compound 69 (0.17 g, 0.261 mmol) was treated with pfp
trifluoroacetate (90 pL, 0.522) in anhydrous DMF (8 mL) in the presence of N,N-
diisopropylethylamine (90 pl) followed by reaction with L-5-hydroxytryptophan (0.115 g,
0.522 mmol) according to the procedure for the preparation of compound 64 in example 2
to give compound 65 (0.116 g, 74%). MS (ESI) 855.25, 854.25, 852.25 (M + H).
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3. 2-
[ (2-{4-]2-Brono-5-(4-hydroxyl - pi peridine-1-carbonyl)-b
wepayliasey] - 2-fl uoro- PCT/US2004/017856
phenyl } - 1- cycl ohexyl - 1H benzi m dazol e- 5- car bonyl ) -am n
0] - 3- (5- hydroxy- 1Hindol -3-yl)-propionic acid
hyﬁﬁ@? | ori dﬁ{N@@H@BMﬁb 5 {@4§(31]H @9@7’# @1, 897 £0.117), 8.27
! 7t7f6' U@fpﬁﬁ%tﬁzt €7.66-

b B ﬁeﬁl e685
M@éﬁ e

(4H:é¥1) conpound 64 |n exanpl e 2 to gi ve conpound 65
(0.116 g, 74%. MBS (ESI) 855.25, 854.25, 852.25 (M +
H . 36 WO 2004/ 108687 %TFEUSZO%/ 017856 [0127] H NVR
(DVBO-d6) 6 10.48 (1H, (1H, d, J = 7.2 Hz),

8. 27

(1H,s), 8. 08FLH, d, J=7. 6Hz) , 7. 87( 1H, d, I=F.4Hz) , 7. 76( 1H, d

J%OW;@ 2(3HIT)O735'N§/7®-_10 M, 7.18
B8 461893 , 6.85

(1H dﬁ*_ W (2H s Uik

( s (1H M, 3.76-3.62 (4H@ . 1H,

m) 3. (4H, m). 2.21-2.08 (2H 1. 84-[1. 58

( H, ,132121 (4H, m). Scheme 7 POF 8GO NPOH O

4: ep3|\/b0NNEx4Step4 Me0 \ N\O 5 70tBuO

F OF O Ex4:Step5 N\/ O 3P - NHO~
}DNO E7X3th vH66W\
H? COOH
N 0 O o)

HO

Example 4

Preparation of 2-[(1-Cyclohexyl-2-{2-fluoro-4-[3-( 4-hydroxvl—piperidine—l 1-carbonyl)-
benzyloxyl-phenyl}-1H-benzimidazole-5-carbonyl)-amino]-3-(5-hydroxy-1H-indol-3-
v)-propionic acid hydrochloride (Compound 66)

Scheme 7 above corresponds to the following procedures

1. 3-Methyl-benzoic acid zert-butyl ester

[0128] 4-Bromo-3-methyl-benzoic acid tert-butyl ester (0.39 g, 1.438
mmol) was hydrogenated over 10% Pd-C (0.5 g) under H; (50 psi) in EtOAc-MeOH (4:1,
20 mL) for 5 h. After filtration through Celite, filtrate was evaporated to dryness. Yield:
97%. MS (ESI) 193.28 (M + H).

2. 3-Bromomethyl-benzoic acid ferf-butyl ester
[0129] The crude 3-methyl-benzoic acid fert-butyl ester was reacted with
NBS (0.31 g, 1.726 mmol), AIBN (0.28 g, 1.726 mmol) in CCl4 (30 mL) according to the

procedure for the preparation of compound 55 in example 1. After separation by
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Exanpl e 4 Preparation of 2-
[ (1- Cycl ohexyl -2 {2-fluoro-4- [33
W0 gob4hysdspxyl - pi peri di ne- | -carbonyl)- PCT/US2004/017856
benzyl oxyl - phenyl } - 1H benzi m dazol e- 5- car bonyl ) - anmi no]
-3-(5-hydroxy- | Hindol-3- yl)-propionic acid
chrofibgephl elitaewtCOHTIyMeH Istcjw &mfﬁxalr@@m@ productspands
to the follow ng procedures - benzoi ¢ aHd

obtaingfh 0§®P§1he@s‘b’%9rthf’ ouoziapt (61 ‘érmﬁ@ \@HhrMSw SIhefe i Machla-
iy FRbE O b R e e B e Moenagesion

in EtOAc-MeOH (4:1, 20 nm) for 5 h. After f||trat|on

5. BGPTSR S 5811
- ewrﬁbtzngﬂr&s y ca@ﬂdnqtmestﬁn(ﬂowﬂ 1129] The

nmet h
e LAB0E T nCO BRSSP O3 b R ed Bt grude 5
bronion?e’iﬁylr’tmit()lc aeid @1-bufyB Osteil (). 188 @) irdihe grésendehsf K,CO; (0.18 g) in
dure or the pre rti nof C nd 55| .
acoprdi m%ﬂw%?f&ﬁ B Propstaliph op B in example
| e compound
%ﬁé%%%%’b?&émo%@w&ffg TN, o
70 (@bt RS (EMPSTH.23 Adrt Hds t he product (61 % pure) with
M5 (ESI) 272.76 (M+ H+). This m xture was not further
separated and directly used in the next step reaction.
4. 3 1 Cyclohexyl-2 2-fluoro-4-[3-( 4-hydroxy-piperidine-1-carbonyl)-
é@or{y@ e%i‘}oi(ﬂ%h ﬁﬁiﬂhz&@-@%‘rﬁ?ﬂ%ﬂfc&cﬁd f@(ﬁﬂp&hﬁi"ﬂ)

| H benzi m dazol e- 5- car boxy acid

nei[(li)%ll] est er C@mmpmh At w*ﬂ@prep@mé @ijonomrpmmd 7930105 240.206

mm) gt BT be Bre (R Tatd oA Ggitie o tbe mrogedyye fo the

prephfifioR b af62K8 RAnpIR 21 &1 )product WhEuded foithe next step
accordlng o the procedure for the preparation of

reacu@mwdhwd fBﬁhftrrpuélfl&mﬂne 1. The purification by

SR 2 4 SN R A5 A
the ﬂre%at@tidﬂ‘tﬁ)@)bhtpaul{l@@ ki@datnple | .3k (gave a solid (96.1 mg, 80%). MS (ESI)

droxy- pi peridine-|-carbonyl)- benzyl oxy] -
572%&%&Tﬂ H benzi ni dazol e- 5- carboxyl i c acid (Conpound

71) [0131] Conpound 71 was prepared from conpound 70
(0.115 g, 0.206 mml) and 4- hydroxypi peridine (41 ng,

5. 0. 21721-Gyoloheryled{2iflagrd-¢-[34¢4-hyd ooxytipiperidine-i frarbonyl)-
Pr ®RAxE6L Ipmh%l}Olmmﬂﬂnﬁ&aidle-S%aﬁmr@lﬂamiﬁhﬂ-asfmmxy-lH-

Ve gn ¢330y 1) PropioRiciR¥d hfdiRRhlorRRqUoipotmtifgayt furt her
purification.

[0133] Compound 66 was prepared from compound 71 (70 mg, 0.122
mmol) and L-5-hydroxytryptophan (54 mg, 0.244 mmol) according to the procedure for
the preparation of compound 61 in example 1. Yield: 64%.

[0134] 'H NMR (DMSO-dg) § 10.49 (1H, s), 8.78 (1H, d, J = 6.0 Hz), 8.26
(1H,s), 8.07 (1H, d, J = 7.8 Hz), 7.86 (1H, d, T = 6.9 Hz), 7.64-7.48 (3H, m), 7.34 (1H, d,
J=6.9 Hz), 7.26 (1H, d, T = 12.3 Hz), 7.14-7.07 (3H, m), 6.88 (1H, 5), 6.56 (1H, d, J =
8.1 Hz), 5.29 (2H, 5), 4.64 (1H, m), 4.09 (1H, m), 3.46 (1H, m), 3.19-3.08 (4H, m), 2.23-
2.20 (2H, m), 1.85-1.58 (61, m), 1.30-1.26 (8H, m). MS (ESI) 77432 M +H™).
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[0132] Above crude product was hydrol yzed according to

the produce for the preparation of conpound 60 in
wexaaphsssl. It gave a solid (96.1 ng, 80% . NSPCEBEI004/017856

572.27 (M + H+). 5. 2-[(1-Cycl ohexyl -

{2-fluoro-4-[3-(4-hydroxyl -pi peridine-I-carbonyl) -

benzyl oxy] - phenyl } - 1H-P Q @azol e-5-carbonyl ) - am no]j

-3-(5-hydroxy-l H indo hﬁ% propionic acid

hydr ochl ori de (Conmpound 66) [0133] Conpound 66 was

prepared from conpound 71 (70 nmg, O. 122 rmol) and

Lo 5- hydr oxyt gy pt ophan (54 0. 244 2 cqul ng to
ved Beedur e ¥ or Mefe parzatl on 0 n@ in

exdmple 1t E}Hf/ NYESLDVEOTEN ¢ J0 .97

(1H” s§! 8. ", 3 s 610H2)S ﬁ?“fa (8H, "s) T 8707

(1H, d, J = 7. 7.86 (1H, d, J = 6.9 Hz),
7.64-7.48 (3H, m), 7 34 (1H, d, J =6.9 Hz), 7.26

2.3 Hz), 7.1a-7.0R( , 6.88 (1H, s),
=OH8 1 gz%»\@_ r@s , 4.64 (1 H,
it ¥ 1 . 10- (&H—;?, ,
. H, Irg)(5sélp285 1. 58 in), k. 3055
(8H, m ESI) 774. 32 (|v| + + 38 WD 2004/ 108687
pCT/ US2004/ 017856 Schenme 8 O NO MeO NO2 MeO | |

NH2 MeO 21 + N\% Ex 1:Step 1 NE 1:S e 2 Ex 5:Ste
1CI50H~ti51HP NONO\ OH MMON MO x

'XN~ ~ Ex5:StepZZDEX5.Stp3N23@> N O
@Qﬁ 0 Ex 5:Step4HOC(I}h\Ili< /S 6&@
K@ Ex 5:Step 4 HO(:CCCOOH

N

Example 5

Preparation of 2-{[2-(4-Benzyloxy-phenyl)-1-cyclohexyl-1H-benzimidazole-5-carbonyl]-
amino}-3-(5-hydroxy-1H-indol-3-y])-propinic acid hydrochloride (Compound 76)

Iz

75 76

Scheme 8 above corresponds to the following procedures
1. 1-Cyclohexyl-2-(4-hydroxyphenyl)-1H-benzimidazole-5-carboxylic acid

methyl ester (Compound 73)

[0135] Compound 51 (3 g, 12.08 mmol) was dissolved in DMF (15 mL)
and water (0.5 mL). 4-Hydroxybenzaldehyde (1.844 g, 15.1 mmol) was added followed
by addition of Oxone® (4.827 g, 7.85 mmol). The mixture was stirred at room
temperature for 1 h and water (6 mL) was then added. The suspension was neutralized to
pH 9 with 2 N aq. NaOH at 0 °C. The precipitate was collected by filtration, washed with
water and dried to give a gray powder (3.4 g, 81%). MS (ESI): 351.17 (M + Y.

2. 2-(4-Benzyloxy-phenyl)-1-cyclohexyl-1H-benzimidazole-5-carboxylic acid
methyl ester (Compound 74)

[0136] Compound 74 was prepared from compound 73 (0.6 g, 1. 71
mmol) and benzyl bromide (0.407 mL, 3.42 mmol) in the presence of K;COs (0.47 g) in
DMTF (20 mL) according to the procedure for the preparation of compound 56 in example
1. Yield: 96%. MS (ESI) 441.25 (M + H".
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75 H76 Exanple 5 Preparation of
2-{[ 2- (4- Benzyl oxy-pheal ) 1c cl~
wWo@b@sbseBH benzi m dazol e- 5- car bonyl | - PCT/US2004/017856

am no} - 3- (5- hydr oxy-| Hindol - 3-yl ) -propi nic acid
hydr ochl ori de (Conmpound 76) Schene 8 above
corresponds to the foll ow ng pr ocedures 1.
1- Cycl ohexyl 2- (4 hydr ox phen 1H benzj mda ol e-5-¢

3. r &4 Benzyexyrphemyl 1%‘9 imidazele- ylic aci
Co((ﬁim!mlll!ﬂl? g, 12.08 rmol) vvas di ssol ved |n DVF (15

i, el e S PSS 08

mmdDxapeedding t(o4h8§1¥)c§dur€ fdShepepgratidinef dmngouné 60zs cxsimprle &d
..at_room erature for 1 h and water (6 nL) was then
Ylel@c?@%l.MSrI@nB%ﬁ@M%ﬁ Hwhs neutralized to pH9 with 2
N ag. NaOH at 0 C. The precipitate was coll ected by
filtration, washed with water and dried to give a
4. or 2{[PeBenzylEydplieny®i by cloliexy ESH)bergimidhzoleM-earbpnyi}-
2- s 33 -Bxdr iy eiiyindol-3eyp-podpsinid acidhpéruchiriiez Glompmund
-cq\q;)boxyl ic acid nethyl ester (Conpound 74) [0136]
Conmpound 74 was prepared from conpound 73

71[0138b1 ) anfobwe 7@W@ﬁp@eare@fwgchm90@d§73'(&+% 9-12i3ﬁ
o PS5 S va BRRR bl L pilosdbao el e T negrocedurs for

the pROMRALOADF2OmpBuRK 61 Xxamble Vi Eletd: 89686 M5 (ESI) 441. 25
(M + HL 39 V¥ 2004/ 108687 PCT/ US2004/ 017856
2- (W3Bknzy| ox§ DNPHBAPMSQ- d@%ﬂ%ﬁékwr%ﬂfb%ﬁﬂzﬁﬂ%%@% gl =
7.5 Ho)aB BbX Il d; Jac 1.3 H7 )83 ddd, 753 9.0 332373 - 06 Hhaldn & =722, Ras H2),
7.762Hpéyried9 Oriday, 2.6 hcn@H7 t){ D1 14r2'8)7§(2HOHQ7@89 (iFbId, J = 2.1 Hz),
6.58aCHDAiTrg1 808V 1K) 13.26 @) 15p 4{69-4.6h €1 Ky epak ¥ (16 pB.21(2H, d, J
=3, @H&pqtmz 69 (,m 1B 2008 @HL br 5)Yi.87d:.849QW, nyB1 659123 @AY ) MS

(ESI?%?Z
( enzyl oxy- phenyl ) - 1- cycl ohexyl - | H benzi nmi dazol e-
5-carbonyl ] -
am no} - 3- (5- hydroxy-1H i 8ghen®¥e ¥ ) - propi nic acid
hydr ochl ori de (Conmpound 76) [0138] Conpound 76 was
prepared from conpound 71 (0.1 g, 0.234 mmvol) and
L- 5- hydrooxytr ptophan (0.103 g, 0.468 mngl) aggcor

to the the preparation of ﬁﬁ/@
in eerNaI e l N
COOH CONH
HO\@f\C HO©\/\C\ 2
N N 77

H 76

Example 6
Preparation of 2-(4-Benzyloxy-phenyl)-1-cyclohexyl-1H-benzimidazole-5-carboxylic
acid [1-carbamoyl-2-(5-hydroxy-1H-indol-3-yl)-ethyl]-amide hydrochloride
(Compound 77)

Scheme 9 above corresponds to the following procedure

[0140] Compound 77 was prepared from compound 76 (0.1 g) according
to the procedure for the preparation of compound 59 in example 1. Yield: 74%.

[0141] 'H NMR (DMSO-dg) § 11.77 (2H, br s), 10.43 (1H, d, J = 2.1 Hz),
8.80 (1H, d, J =7.8 Hz), 8.29 (1H, s ), 8.25 (1H, d, J = 8.7 Hz), 8.00 (1H, d, J = 7.4 Hz),
7.86 (1H, d, J = 8.7 Hz), 7.75 (2H, d, ] = 8.4 Hz), 7.64 (1H, s), 7.50-7.32 (6H, m), 7.10-
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[0139] 1H NVR (DMBO-d6) 8 10.54 (1H, d, 2.1 Hz),

J
J

9.02 (1H, d, J = 7.5 Hz), 8.31 (1H, d, = 1.2 Hz),
wW@204/10868t d, J = 9.0 Hz), 8.00 (1H, dd, J = 1PCr/UB2004/017856
Hz), 7.76 (2H, d, J = 9.0 Hz), 7.51-7.33 (7H m,

7.11-7.07 (2H, m, 6.89 (1H, d, J = 2.1 Hz), 6.58
7.04 (20, myl9,.970(1H, 4, 8= B4 Hhim).56 QIRAI(PH2 4584 H2)60.56 (B, dd, T =
2.1, élfrl{z)r@% ©rB6) (41b-416Y (18, AL 4338 (19, 1)) 3.19 §H9dHZ%41Hz) 2.30-
227% Gm% 224 ?ﬁ"br?f’l 87 10@&32 mgb[ 6¥-)1’18|%ﬁ4§1 ni') Brs (&3 62@29 M
T 29.21 . Schene 9
N ON HNNHNN I—|OCOO—|IHO/CO\IHaH76H77
Exanpl e 6 Preparation of
2- (4- Benzyl oxy- phenyl ) -Schephe@Oxy! - 1H benzi m dazol e-5
-carboxylic acid [1 -carbanoyl-2-(5-h dy
roxy-1Hi ndoI 3-yl -ethyl]-am de hydrochl oride
( rrpou éerre9 2 g dstothe
ur Ade ¢ s )aS_.pr epasied
Fro 1 g) a d@ to jr ocedur e
for the parat|on of conpound in exanpie 1.
Yield: .74% [0141] 1H NVR (DVMSO-(6) 8 11.77 (2H, br
s), 10.43 (1H, d, J = 2.1 Hz), 80(1HdJ=78
Hz), 8.29 (1H, s), 8.25 (1H, d, J = 8.7 Hz), 8.00 (1H,
,J:74Hz) 786(1HdJ:807Hz)N7.
3 iz, 7.64 (1H, s), 7.50-

|68“F/EU_§§@4/ 017836‘1 'G

(1 Hz 56 (1F =
Hz) 6. ggle v *%ngg 26 (ZH, s)
470467(1Hn)435(1H N319(2H d,J 4.1
Hz), 2780- 2.27 (2H, n), 2.04 (2H 4w s), 1.87-1.83
(2H. n), 1.61-1.18 (4H, m). NB (ESI) 628.29 (M +HH).
Scheme 10 O N OH O N \/ ExampleTStep’ 2 MeC N Ex 7: Step

1Ppé%8a§on of Z-Q { I-C%Boﬁécj—%-[@-@Ja@ltl%l%e\-z-/ylmetho&y)-phenyl]-1H-
benzimidazole-5-carbonyl}-amino)-3-(5-hydroxy-1H-indol-3-yl)-propinic acid
hydrochloride (Compound 80)

Scheme 10 above corresponds to the following procedures
1. 1-Cyclohexyl-2-[4-(naphthalen-2ylmethoxy)-phenyl]-1H-benzimidazole-5-
carboxylic acid methyl ester (Compound 78)
[0142] Compound 78 was prepared from compound 73 (0.2 g, 0.57 mmol)
with 2-(bromomethyl) naphthalene (0.252 g, 1.14 mmol) in the presence of K»CO;3 (0.158
g) in DMF (8 mL) according to the procedure for the preparation of compound 56 in
example 1. Yield: 94%. MS (ESI) 491.26 (M + H").

2. 1-Cyclohexyl-2-[4-(naphthalen-2ylmethoxy)-phenyl]-1H-benzoimidazole-5-
carboxylic acid (Compound 79)

[0143] Compound 79 was prepared from compound 78 (0.108 g, 0.22
mmol) according to the procedure for the preparation of compound 60 in example 1.

Yield: 96%. MS (ESI) 477.24 (M + HY).

3. 2-({1-Cyclohexyl-2-[4-(naphthalene-2-ylmethoxy)-phenyl]-1H-benzimidazole-
5-carbonyl}-amino)-3-(5-hydroxy-1H-indol-3-yl)-propinic acid hydrochloride
(Compound 80)
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HO/ NHOO HOCOOH N 79 H 80 Exanple 7 Preparation
of 2-({

wda2@¢abssBexyl - 2- [ 4napht hal ene- 2- yl met hoxy) - phepPgT/S20bk/017856
benzi m dazol e- 5- car bonyl ) - am no) - 3- (5- hydr oxy- | Hi ndol
-3-yl)-propinic acid hydrochloride (Conpound 80)
Sc [lliﬂg] 10 ab@éﬁlp@@ﬂid SERaNpispired g Eovhpaainti g (90 mg, 0.189
proce ur es

@,Mén@s@y«pxs@ryp@pb%@&%@é? 82?1‘\99(4%9@9)“@&!% &hpprpeedprg,for

a ester (Conpound
the@@%&%%ﬁ?h@%ﬁ%ﬁ%%g lpffel%gre “from corrp(()ungp73
(0[(48] 0. 57 'FNVR (DMSD-d2) & b0.SAOITE YY1 1.8 &Mt &dl @FE s), 8.30
(1H(c0125827 Biz),%8.04(1mMeh,) 8.0 n(1H)&dPT €9 en o8 |F), KRE0B9X BHL38), 7.78
Q) JUB PME), (Be Tk, ﬂﬁcpiqj'Sngélt}@z)tf‘SSWﬂC@@Phﬁ far (e, 1=8.7

Hz), Ej? Ei 8@(1%8@? 6?‘2%11{%%{_ 2.1,
e e

pr epar ed from corrpound 78 (0. 108 g, 0.22 mml)
according to the procedure for the preparation of
conpound 60 in exanple 96% Ms (ESI) 477.24
(Mo HY . 3 dchethéMd

2- ({1- Cycl ohexyl - 2-[ 4- (napht hal ene- 2- yl et hoxy) - phenyl

] -1H benzi m dazol e-
W"}z am ngyA 3o (5 hydroxy- 1H- i %% Ppkopl ni
0C ydr ochooridell APoRo 8 20047 EHOBR\7
HOWETT US5004/ 01785 N 0P44] Conpoulid 80 wavgopr epared >

Prom conpound 790(90 , 0.189 ) aBt

L- 5- hydr oxyt r ypt ophan ng, 0.378 mmol) according to

parati on of conpound 61 in
[0X145] 1H NMR (DVSO-d6) 8 10.54

exanpl e

(1H, d, J = FEN_/8% @ s), 8.30 (1H d, J =
8.7 Hz), 8.04(@ Yo 8°6% (1H dd, J =12 9.0
Hz), 7.98-7.92 7. 78 N2H d, J = 8.7 Hz),
762(1Hdd J—15 8. 4 ),755751(2Hm) 41

60Hz6 HdJ18Hz)657( rg_@)o
05 44 24, 68-4.62 ( N .37t1|, N 1 O
3.6 HZ)N\_ 2. 41-2823 O

o)

(2H, @? 7 \Hz),7.10(1H,s),7. 68 ,J= F O
s)N

NH,

\

82 Ex 8:Step 3
83

Example 8

Preparation of 3-(4-{[1-({2-[4-(4-Carbamoyl-4'-chloro-biphen-2-ylmethoxy)-2-fluoro-
phenyl]-1-cyclohexyl-1H-benzoimidazole-5-carbonyl } -amino)-cyclopentanecarbonyl]-
amino}-phenyD-acrvlic acid (Compound 83)

Scheme 11 above corresponds to the following procedures

1. 3-{4-[(1-tert-Butoxycarbonylamino-cyclopentanecarbonyl)-amino]-phenyl}-
acrylic acid ethyl ester (Compound 81)
[0146] A mixture of 1-fert-butoxycarbonylamino-cyclopentanecarboxylic

acid (1 g, 4.36 mmol), HATU (1.22 g, 4.36 mmol) and DIEA (1.52 mL, 8.72 mmol) in
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(2H, nm), 2.06 (2H, br s), 1.87-1.83 (2H, m), 1.46-1.22
(4H, m). MS (ESI) 679.31 (M+ H Scheme 11 HQ O NHa

weEzo0B1e866p | | Nt J pOEtO + HO ONJLO~- Et 0 O PCEKS2004/017856
8:Step ,JC~::'Y30 OHO81 A HOOCIANF 4NH2 N O
60 b HOF HNNN NNHaHOI, OHI i N EEOi O

armyg}fo@s DN MZmL§ YabxtiBedSitesor téapdesaritoe 36 nhepar-at i on

Amirgphanyl)-acrylio agid ethal egrdh gy 23 mmel v addsdo hbe reactionmixure
was ﬁ%ﬁ%e)él;]ag ;r)<lgo|r1# gﬁglgpérag{.ﬂ‘?%]c‘g g%glngﬁeg%?tlagg 23¥led vas collected by filtration
and wasibd )ithGyled aPEIvE ao@paurdcB1y(DY%). JiSi (BSY) 403635 (M + HY).
)-acrylic acid (Conmpound 83) Schene 11 above
corresponds to the foll owi ng procedures 1. L
2. 3-3A4{(IrAmine-cyxlopsajanacauhnyiniminapheaplrackyliccasid sthyl
) - estem@Jompamd §2) acrylic acid ethyl ester (Conpound
81) [0146] A m xture of
1- [0dv} but ox¥6 @6Mpmyds8Ti (306 ey vepeddanedidiObxydioxane (5 mL)
acid (1 g, 4.36 mmpl ), HATU (1.22 g, 4. 3% ) and
and the poReiqn BYxtHe Was SPXEHABIOPT (FPALATHAE 0 BHLY { gy Feroval of
c 0 5 r ed
solv e o b8 B Ror B Y LR P (D 36b. 1661 S
Am nophenyl)-acrylic acid ethyl ester (1 g, 5.23 mol)
3. was-(aqieck2-[Iqa-Cadbamiophd rehlbry-BipheaL-glmathexy)-2tfla@om
teEE&iﬁe}éﬁf clﬁ)?_éjﬁ-1gyénzoﬁﬁﬁﬁizmetﬁtﬁsmm}mnws
co - ive
corpatp i AR L pROR PAHA sttt pitni a3y
[0148] To a solution of compound 60 (50 mg, 0.0836 mmol) in anhydrous

DMF (3 mL) in the presence of DIEA (36.4 L, 0.21 mmol) was added HBTU (36.4 mg,
0.096 mmol). The mixture was stirred at room temperature for 30 min. Compound 82
(36.4 mg, 0.0878 mmol) was added and the reaction mixture was stirred at room
temperature overnight. After removal of solvent, the residue was dissolved in MeOH (2
mL) and 2 N aqueous NaOH (1 mL) was added. The mixture was stirred at 45 °C for 2 h
and cooled in an ice-bath. The reaction solution was neutralized with 4 N HCl to pH 3.
After removal of solvent, the residue was dried and dissolved in a small amount of MeOH
and filtered off precipitates. Purification by Cs reverse phase HPLC and formation of
HC] salt were according to the procedure of the preparation of compound 61. Yield 64%.

[0149] ' NMR (DMSO-dg) § 9.72 (1H, s), 8.61 (1H, s), 8.43 (1H, s),
8.16 (1H, d, J = 1.8 Hz), 8.10 (1H, s), 8.03 ( 1H, d, ] = 8.7 Hz), 7.97 (1H, dd, T = 1.8, 8.1
Hz), 7.90 (1H, d, J= 8.4 Hz), 7.65-7.43 (9H, m), 7.15 (1H, dd, J = 2.1, 12.0 Hz), 7.02 (1H,
dd, J=2.1, 8.7 Hz), 6.30 (1H, d, J = 16 Hz), 5.12 (2H, s), 4.06 (1H, m), 2.33-2.08 (6H,
m), 1.86-1.67 (8H, m), 1.34-1.23 (4H, m). MS(ESI) 852.26, 853.25, 854.24 (M - H").
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2.
3-{4-[(1- Am no-cycl opent anecar bonyl ) - am no] - phenyl } - ac
wo ydosaoss8T d et hyl ester (Conpound 82) [0147] HOI/US2004/017856
compound 81 (300 ng) was added 4 N HCl in di oxane (5
m.) and the reaction mxture was stirred at room

t enper at ure over ni @ibLodidgIExevipvial of sol vent,
conpound 82 was afforded. Yield 100% M (ESI) 303.16

(M+ H+). 3. 3(4{[1 {2-

[ 4- (4- Car banoyl -4' -chl o n- 2-yl met hoxy) - 2-fl uoro
- phenyl ] Antl-Hepatltls C ActhlLV_

-1- C\slcl ohexyl - 1H benzoi m dazol e- 5- car bonyl } - am

cykdndllent aneCemberngs Famerhiei} aphvbesatijis choymtx b&errlagltmg HCV

poyRIE S B Bl 9 SRLIh 0Pl SARPLEAE) il
pathWa.s @Dﬁﬁnbér dﬂaEsﬁyé Bbedbebn plbldhedtondsyespalsesadetbidtiddB PUgeneral
(36.4 , 0.096 mml ). The m xture was stjrred at

methpé@mtﬁ@ﬁfféﬁ Hheugresstinirease OFHCY UBRpBFHuIsAs disglgsed ). S. Patent
No. £ 298838% mh%s N3 BARRY 1843 : gs hiR Heb ﬁ@d [H P@rfé?r?et‘é@s.]nl of

r'red room terrpera re overni . After renoval
Vir., 08:1569:1664,, 190D shie e cdué{epam@gy,sm;uwalm 129/ LoBmant y dl.,

o 3 3R S ot St oL

73 irmgrgqg?lmgsol ution was neutralized with 4 N HC1 to
. After renoval of solvent, the residue was dried
and dissolved in a small amobunt of MeOH and filtered

of f01pikci pi t HQ@Y7/12043, fileshan Septepbery. 10pe by Enpin Haiversity,

hstuﬁgr(g' & ﬁ L 5%1 é& nogciug Fﬁl@%&g# vyiﬁghe%lgln 0%% Rgto ?dst @‘F\I

60/064)145’33 [fﬂé(ﬂ&il Séﬂrbxhw 1@%@@% lan IOV péwhberassb asRy GHat caddbe
S
usedgo mlme @ey&mvmi)‘ the oié\eﬂqnavpuedweqrweé hetpin.gApothgy HCV
0
ptsiile e M b s yplonle, f i @ iy vy

RNAHB9lymérd3e adsaiiusing diondd HCN, dAon-8ruttidal) pro@iBO Aativraldlhedapy
16 Hz), 5% (2H, s), 4.06 (1H, n), 2.33-2.08 (6H,
1996:)(Supp 8519267 (8H, ), 1.34-1.23 (4H, m). MS(ESI)
852. 26, 853.25, 854.24 (M- H). 43 WD 2004/ 108687

P (‘1@}_‘2004/ 084886 thiR! il dXdelliudadMViiliEmsesaiatyefrdm HCV drugs
patitis C Acti vi tg/5 [ 0150] Conpounds can exhi bit

are chmlcnseﬂl apHtS. PatenNac,030,7 lelach iebit, |1h§ Pzt No. DelVeCChlo et

O e L Y e Sl )

1nh1‘t§iﬁﬁ§)(§tnh@\(ﬁ’ pR§RBe MO Ehigdark @ls'éli)%@@ﬁl tUJSeB@teﬁt(Nd) M 861@2367 to
A gener al method that assesses the gross increas

f
Su eHal/ W.Sr BasentiNe 9, 1391092 te Dgi Fyancsse! ioh, fwdéJ SPBE“@WtNO 5 597,691
to Houghton et al.

Example 2
Replicon Assay

[0153] A cell line, ET (Huh-lucubineo-ET) is used for screening of
compounds of the present invention for HCV RNA dependent RNA polymerase. The ET

cell line is stably transfected with RNA transcripts harboring a Izgoluc-ubi-neo/NS3-

3°/ET; replicon with firefly luciferase-ubiquitin-neomycin phosphotransferase fusion
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No. 5,738,985 to Mles et al. In vitro assays have
been reported in Ferrari et al. Jnl. of VMr.,
W@ 2001648871654, 1999; Ishii et al., Hepatol ogy, PCT/US2004/017856
29:1227-1235, 1999; Lohmann et al., Jnl of Bio.
Chem, 274:10807-10815, 1999; and Yanmashita et al.,
protdinland GBIMEVAREShikivien NS375B oK pfbtdin486aini3OBe cbl0 ¢dlidre Whiptive

97/ 1 3 il t enber 27, 1996, Enp
MutERAng iﬁﬁng@ 'n_&ﬁ'@? héﬁ%ﬁ@é&w L2000 e Ve, e ET
Coll B B AL BN SuBUIBERR SR 1070 (4 oA Servnl 2 M Clytppjne.
Penigdliyy (108 Emb ¥ S trgptomatind 00 pg/ml)s Bdnoreseentihlleabieo iabids, and 250

vty of .th t he 0 descri her ei.n.
e ST GeRg R0y ey 28 AL APl ogRE P S poebse sy Bethesd,
MDRaThd @R arRMUs gted & 0.5a1.0 x1(RBRA /W]l $n fhe Yorwsll fleYhnd H¥bated
ol ymerase assay using cloned HCV non-structural
for %rlbg@pwsqddmtnuaf/epade PradogspyThen dloseoniiswpds @gch 285 21d 50 uM

. i ! :

will {83 G RE GRS, P ARt Ly M B e B0 BB harerly

addiNg a 1$siOB ef @hd tHedsubgitae (@dtalal numberSG10R36ie BUNOE2661 and
Del vecchio et al., and U S. Patent No, 5,7 795 to

. i 59,
BrighirGile, legpifegpse systemdiRo 20 apmegsa Madisonn & Ipr Gelésswuld not be too

Lo i ¢ _ .
conffthl Pl ie 5H) Pl in B RRARE Rl WAL ueg rlgive to no
compothd ¢emtreht UiNter tite st ddddition, dIeotbxiritg efthe ceinpalmds witlche

U S. ,Patent No.. 5, 597, 691 ton, et al. anpl e
detepmingd g aﬁll pgglgesyat[lm@%e% @gﬂ‘mﬁ%a@ .GEqmany). The cgr.%pounds
showiigntiviedl AbidRReE bht ﬁoss_i%ﬁﬁgarft WIRHIGRN Nl B choS QR Brine

of "'the present 1nvention for RNA dependent RNA
ICsopotlyiitiss.ase. The ET cell line is stably transfected

wWith RNA transcripts harboring a 13891uc- ubi - neo/ NS3-

3'"/ET; replicon with firefly

| uci f erase-ubi qui ti n- neopyGhpledhosphot ransferase

fusi on 44 P0,2A0H A0BRE AL IS RRLDIERRSH Of & 0

and EMCV- |1 RES driven NS3-5B polyprotein containing the

cel lture i i : ;
LA (g T IBEOPE S0 et RSk R fop
pFKdadlha/NSB 6 giloasndeiscritiohby] LahnppheWe ot & d(1809hScidme 286,a110-113
.calf.serum 2 mM Gutamne, Penicillin (100
usmg?];enﬁ_oflpgp}gémrgw.ci n (100 g/ nL), |x nonessential am no
acids, and 250 g/nL (418 ("Geneticin"). They are all
avai | ablaggdchfo@higbodebh&cd@htRlacicq SEQBHD Need MD) .
The cel | ggar eg@pl g%deggégt é’%g%ég%lgo >%:GL(O4chI I s/vvg)l | in the
96 well plates and incubated for 24 h before adding
nucl eosiAageciarspigeactcapigisrtacheategaviSBRIED eh2at 5 and
50 M

[0155] The cloned fragment is missing the C terminus 21 amino acid

residues. The cloned fragment is inserted into an IPTG-inducible expression plasmid that

provides an epitope tag (His)6 at the carboxy terminus of the protein.

[0156] The recombinant enzyme is expressed in XL-1 cells and after
induction of expression, the protein is purified using affinity chromatography on a nickel-
NTA column. Storage condition is 10 mM Tris-HCl pH 7.5, 50 mM NaCl, 0.1 mM
EDTA, 1 mM DTT, 20% glycerol at -20 °C.
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will be added to the cells. Luciferase activity wl|l

be neasured 48-72 hours later by adding a lysis
whodoraesednd t he substrate (Catal og nunber G o-PEBEUS2004/017856

buf fer E2661 and Bright-d o |euciferase system E2620

Pronega, Madison, W). Cells shoul d not be too

confluent during the asgggamgpledcent inhibition of

replication will b | ot T ed ative to no conpound

control . Under them&ﬂﬁlﬂn&ﬁ—@m otoxicity of the

co ounds will be determned using cell proliferation

red . WoTThe pelyreraseaeiivmy i aSSPM%d omsatwsas ineomparRtien of
radx&g%él%{d U"ﬁ’ ?t%ta' RAGA ;1‘?3% ucP Hﬁngg bf‘dt %a dC ﬁ&grogolylrrgla temglate

oxicitires wl
whléfﬁﬁﬁ)lu&mpﬂraors ofdhe H Qg gandne xbyms;ﬂlyoﬂlecafssayannMIe (E0ull)

contey ARty TBOAC| o S bAPNRYE RRan FRY Aad0 BURASY b el

RNAYn, LORVRDAT, \1/0 uMBdachlof NTHO %ﬁﬂud%?é 0GR A8 and 18 Aghd3

using the followng priners:

heteagyhoedrggamplate gjlg“;ﬁggctcmg@gmds gagaitiay ds&@ved iD. 1060 DMSO and

ruc B SHE EbR HENE PUTORLY A e et

at cohbe138s B&bwden 1 @M QMEISOO Ui RO afe s’eﬂf&mth §dd1t10n of
inserted into an | PTG i nduci bl e expression plasm d

enzyrpgend Plogied de sonfinue pt 3Dfelor agoynsi Reactions prrequeaehngyyith 8 ul
of lb@ MN/I Myr 2 ];mOA Ltégctfa_ S{t |e1°, ??);Lﬁg] aT{}%s%e“?ilce% o C{?%&Vlﬁﬁzé/o%d

s expresse ron 0

sclnﬁmtcﬁqﬁbﬂmnytlh&rartatIﬁates (F&lashmattésb et insubgedddtf4® Qiovyrnight.
chr omat ogr aphy. on .a _ni ckel - NTA col unm. St orage

Incogpration effadigactiyityng detewnipey by seintilatios sowmiingac, 0.1 nM
EDTA, 1 nmM DTT, 20% gl ycerol at -20 C. 45 WD
2004/ 108687 PCT/ US2004/ 017856 Exanpl e 4 HCV- NS5b
Enzynme Assay [0157]F Egﬁ;mjlé‘ﬂ&%g@ﬁ?“w ty is assayed
by nmeasuring incor abel ed UTP into a
RNAO88pduct Rierdgll@wing atd nepfeaéremvehmhanmohgamlmﬂatlons

contpy PR o PR RGBS bty B 6OUS) contai ns 16 M

Tris-HCL(pH 7.5), 5 nM MyCl12, 0.2 nM EDTA, 10 nM I Cl,
1 unit/uL RNAsin, 1 nM DTT, 10 uM each of NITP,

i ncluding [3H]-UTP, and E€ampgledl heteropol yneric
tenpl ate. Test conpouddbleafemutativhal |y di ssol ved in
100% DMSO and

[0159] The following ingredients are mixed intimately and pressed into

single scored tablets.

Quantity per
Ingredient tablet, mg
compound of this invention 400
cornstarch 50
croscarmellose sodium 25
lactose 120
magnesium stearate 5
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further diluted i n aqueous buffer containing 5% DVSO

Typically, conmpounds are tested at concentrations
whedinaesssl nM and 100 uM Reactions are start ePICTMIB1004/017856

addition of enzynme and allowed to continue at 37C for

2 hours. Reactions are quenched with 8 uL of 100 nmM

EDTA and reaction m xtur &afiiffle®l) are transferred to

streptavi di n-coated $absile Fdrafuionpr oxi mty

mcrotiter plates (FlashPl ates) and incubated at 4C

ovefotoght . | Thofolomaid MEredientsde aALdd MtlﬁMtdlySmd loaded into a

%ﬁherm ned by scintillation counting. FORMJLATI ON
harg3hgipgeta &} eAPSWIE- The fol | owi ng are representative

pharmaceutical fornulations containing a conpound of

formula I, Ta, Ib, IT, IlI or_IV Exa !ugntgtgpz abl et

;| are m xed

ngy com:?@gnd of th|s
dornstarch 50 croscarnel 11d8e sodi um 25

| ackggresimpstedgignesi um stearate 5 46 WO 2004/ 108687
PCT/ US2004/ 017856 Exanple Z Capsule formulation
[0160] The followi ng ingredients are mxed intimtely
and | oaded into a hard-shell gelatin capsul e.

Quantity per |ngredi ent Examnl¢ 3 conpound of this

i nvention 200 | act owmm_ms magnesi um

stearate 2 Exanple 3
[0161] The following ingredients are mixed to form a suspension for oral
administration.

Ingredient Amount

compound of this invention 10g

fumaric acid 05¢g

sodium chloride 20¢g

methyl paraben 015¢g

propyl paraben 0.05¢

granulated sugar 250¢g

sorbitol (70% solution) 13.00 g

Veegum K (Vanderbilt Co.) 10g

flavoring 0.035 mLL

colorings 0.5 mg

distilled water g.s. to 100 mL

Example 4
Injectable formulation
[0162] The following ingredients are mixed to form an injectable
formulation.

Ingredient Amount
compound of this invention 0.2 mg-20 mg
sodium acetate buffer solution, 0.4 M 2.0 mL
HC1 (IN) or NaOH (1N) q.s. to suitable pH
water (distilled, sterile) g.s. 10 20 mL
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Suspensi on formul ati on [0161] The fol |l ow ng

ingredients are mxed to forma suspension for oral
wW@aimunosBT ati on. | ngredi ent Anmount conpound OPCT/HER04/017856

invention 1.0 g fumaric acid 0.5 g sodiumchloride

2.0 g nethyl paraben 0.15 g propyl paraben 0.05 g

granul ated sugar 25.0 g sorbitol (70% solution) 13.00

g Veegum K (Vander bi |t ¥gampld50 g flavoring 0.035 nlL

colorings 0.5 nmy dg§ddolit B FERESLLHSh S- 10 100 nL
Exanpl e -4 Inject ab$lg&ﬂroolr(ﬁugl a onll 0162] The foll ow ng

in jents ar ] iz S
ORIGLETLS W S ALIRDAR Y S5k s e
compoundrtf itlenin®erRiongw i) Wigpps d®dH U (gt catidesaffshrated vegetable

sol ut.i.gn, 4 2. N) qr H (1 .S. 1o

ftty i RS pIaIS ekt Net Yok 20 e e P g cohnofiion 1y
47 WD 2004/ 108687 PCT/ US2004/ 017856 Exanple 5
Smppdéint ory Fornul ation [0163] A suppdsadumty of total
Wb Spburd: &f (B v eRiPal € By m X1 ng t g ggnpound of
t{8te £b\1®[111-'19” with Wtepsol (r) H 15 (gdglycerides of
-satttated—vegetable—fatty—actd—Rrches=Netson,—tnc,

New York), and has the follow ng conposition:

I ngr edi ent Anount
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Conpound of the invention 500 ng Wtepsol (r) H 15
bal ance 48 WD 2004/ 108687 PCT/ US2004/ 017856 WHAT IS
w@RoNEEe8T S: 1. A compound of the forrmula |: PRI/BID0H17856
Rl (R&)n NN ORs/ NR5-R6 (l) wherein: Rl is
selected fromthe group consisting of -OR7, and - NR8R9
; where R7 is selected fromthe group consisting of
WHABAS 4dAIMED/IS: substituted al kyl, cycloal kyl,
substitu enyI substi t ut ed aIkenyI,
aIE@nyl‘Ag %@¥W¥ﬁ%%5¥kgwﬁ aryl, substituted aryl,
het eroaryl , RRulystei {,ut ed heteroaryl, het erocyclic and
substitu ed ef/eroyclic; R8 an({ 539 are independently
selected he _dgoup Conq“Stl nof hydr ogen,
al kyl , subs |tuﬂéd a cyQl oal K substi t ut ed
[ 3 E\ al kynyl ,

cycloalkyl alke I, S

substltute al kyRiyl | , Nibst i tat€d ar y\p

het er oaryl , substltuted hete oaryl, heterocycﬁlc and

substituted heterocyclic q 3 ternatlvely, R8 and R9,

together with the nitrogsg om pendent thereto, form

a heterocyclic or substit eterocyclic ring group;

R2 and R12 are independently selected fromthe group

consi sting of hydrogen, alX¥l, substituted al kyl,
whegyga! oal kyl , substituted cycl oal kyl, al kenyl,

substltuted al kenyl , al kynyl, substltuted aIkynyI

ar ' is selbesed frometie arqulp commtmgo:zafr-@R adbdRRUL ed

het clic, and. ubs

o TISERY 1 scl e T R UE e SSisH R Bt ity el st

alky’:lt @aoan@»n 4ap §t1tﬁt|é@ c§él8alkyIQsIRRRY] cgaehtea{emallkenw Q;ktyhﬂu si@dtituted
ycl oal k é t het er ocyclic or substi tut ed heterocyclic
3\

allyrh grgr BlppHinpE Y. biprebaubsbwet heietendphaoneraiving

d alkyl; or R2 and R3, together with
sub%fﬁuﬂ%éfﬂ%t% %l%latom pendent to R3, forma heterocyclic

or Isgwbﬂtht aié adlepdigienil peyetddofrérh fige GHoap Ponsisting of hydrogen,
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic or, alternatively, R® and R?, together with the
nitrogen atom pendent thereto, form a heterocyclic or substituted heterocyclic ring group;

R% and R are independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic; or, R? and R'2, together with the carbon atom
pendent thereto, form a cycloalkyl, substituted cycloalkyl, heterocyclic or substituted
heterocyclic ring group;

R’ is selected from the group consisting of hydrogen and alkyl; or R* and R,
together with the nitrogen atom pendent to R?, form a heterocyclic or substituted
heterocyclic ring group;

each R* is selected from the group consisting of halo, nitro, amino, substituted
amino, cyano and hydroxyl;

Q is selected from the group consisting of oxygen, -S(O)q- where g is zero, one or
two and -N(R?)- where R is as defined above;
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each R4 is selected fromthe group consisting of halo,

nitro, am no, substituted am no, cyano and hydroxyl;
w@xiog/1essBEct ed from the group consisting of oOXPQENS2004/017856

-S(O g- where q is zero, one or tw and N(R3)- where

R3 is as defined above; 49 WO 2004/108687

PCTX 4S2B0%diR e griup somsBting beokyigenysulfog agd MR, where R is
h dconsi stélkng of oxygen, sulfur, and =NR11, where Rll is
YUREGP S8 0or al kyl: R5 is al kyl ene or substituted

al Wi@ﬁ&gleﬁ@d&«%&ﬁ{%%léﬂ&m the group consisting of
u

aryl substituted aryl, heteroaryl, and substituted
VAP y y

hetReris aglgtted friomGhe groupsengisttngrafees substituedacdeptteadobeyl, and
|ts.thereqf. 2. A conpound according to Claim1l
Sw%ﬁlétféihﬁtegoﬁﬁ’conpound is represented by the Fornul a
lanRD3N | - R70 :>--- (RA)n CH2 R6 OR3 \ 6 (la)
wherein R2, R3, R4, R6, R7 and n are as defined above;
or Q5pARTRASEuiGallyapsepisbleesaltafiieecodal ts thereof. 3. A
compound according to Caim1 wherein said conpound is
represented by the Formula Ib: R2 OR7 N (R4)n N O -
(R) A BBmEblupl achbrding to Claim 1 wherein said compound is represented

by the Formula Ia:

R2 0
| \%z )—o
O  Re N \

CH;—R®
(Ia)
wherein
R% R3, R, R®, R’ and 7 are as defined above;
or pharmaceutically acceptable salts thereof.
3. A compound according to Claim 1 wherein said compound is represented
by the Formula Ib:
R2 0
R? (R,
N N
N\
o | 2 (R1),
R3 N
(Ib)
wherein;

R%, R, R* R and 7 are as previously defined;

50



6 2\ / (Ib) wherein: R2, R3, R4, R7 and n are as
previ ously defined; 50 WO 2004/108687
wEOAWSRE804/ 017856 pi st 05; each R10 is i ndeprei&s1004017856
sel ected fromthe group consisting of alkyl,
substituted al kyl, aryl, substituted aryl, heteroaryl,
substi t gtiedtdgt eroaryl, carboxyl, carboxyl ester,
-C(O NRBR9 where R8 and R9 are as previously, definped,
or phar gerbeRit iciafenpndentlyselesicd from ?1@ gront easpisting ofalkyl,

co r i is

; opratRA AR LR B R SRFRM IR

| barbox¥3catboxkl edtbrCHAORSRERT WhetetRéramid R’ ardRay prif@ious®y defined;
,R6, R8 and R9 are as defined above; or

phar mac 8UPhamResptigalascensp eé%tlFstﬁelieﬁfer eof. 5. A
conpound according to Caim1l wherein said conpound is
represented by Formula Ill: O RPRO O (R4 )n N Zy N
NCHZ R6 (lIIl) wherein: R4 R6 R8, RO and n are as

de]il! ned Aago%\l/peo;und according to Claim 1 wherein said compound is represented

by Formula II:

R2 o
R8REN z (R%,
| %{ )—o
O R3 N \

CH;—R®

dDn

wherein:
R% R, R* ,R6, R® and R® are as defined above; or

pharmaceutically acceptable salts thereof.

5. A compound according to Claim 1 wherein said compound is represented

by Formula III:
0
R8R® O
(R,
N N
\
/ 0
7Y N \
CH—RS
(1)
wherein:

R* R R®, R and n are as defined aboye;
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51 WD 2004/ 108687 PCT/ US2004/017856 Z is selected
fromthe group consisting of hydrogen, hydroxy, hal o,
wa@bdoglpsednd aryl; Y is selected fromthe groupCT/US2004/017856

consisiting of -CH2-, -CH2CH2-, -CH2CH2CH2-,

-CH2CH2O-, -CH2CH2S-, and - CH2CH2NH-; or

phaZ imssdestadcfadrh yheagrewt adylsesting bof Bydrbgere b droy, halo, alkyl, and

forrpound according to Caim1 wherein said conpound is
’epresented by Formula Vi ZO(R4 H)n R3 YHN

\ >- Ylpselectéd:ﬁ&hahe%lwu 81§§t11(é06’9 -Crybecs,ons., -, ¢

and n are as ove, or pharnaceu |ca

'C%&pa@%@h&@fld I'féHéEiﬁzNH- oA conpound sel ect ed from
t h st
i g‘%‘lﬁ?ﬁg’ AC Itg‘ﬁlefg?“ﬁtha?f}f ohexyl - |

H- ben2| m dazol e-5 -carbonyl] -
am no} 3- (5- hydroxy- 1 Hi ndol - - propioni c acid;
élceﬂ@seymd gicpuling @cfﬁlaml [vehe(%mﬁzﬁé campowd i Iepresented
bYEW@b‘%enyl ) benzyl oxy] - phenyl } - 1H benzi ni dazol e- 5- car
bonyl ) -am no] - 3-(5- hydroxy-| Hindol -3-yl)-propionic
acid; 2-[(2- {4-[2-brono-5-(4-hydroxyl-piperidine- |
- car bonyl9=pe zylcpxy] 2- fl uo(ir 2 phenyl }
n

- 1- cycl oHex i benZ| 1 dazo 5- carbonyl ) -am no] -3
-(5- hy - Inoo oni c acid; 2-

[ (1- crel ohekyl -Pb- { KJ| 3EB (R1),

- (4- hydr oxyt - pi peri dirhe- -caroonyIQH

benzyl oxy] - phenyl }-1H b { m dazol e- 5- car [)-al ni no
]-3-(5-hydroxy-1H ind yl)- proplonlc aci d;

2- (4- benzyl oxy- phenyl) - cl ohexyl -

H benzi m dazol e- 5- carboxyI| aC|d

[ 1- RRERAMPW 12 RE#Y I 99 A#ag ARk eadmble, o biNdac A ARy

acceptable salts thereof.

7. A compound selected from the group consisting of :

2-{[2-(4-benzyloxy-phenyl)-1-cyclohexyl-1 H-benzimidazole-5-carbonyl]-
amino}-3-(5-hydroxy-1H-indol-3-yl)-propionic acid;

2-[(1-cyclohexyl-2-{2-fluoro-4-[3-(aminocarbonyl)-6-(4-
chlorophenyl)benzyloxy]-phenyl}-1 H-benzimidazole-5-carbonyl)-amino]-3-(5-
hydroxy-1H-indol-3-yl)-propionic acid;

2-[(2-{4-[2-bromo-5-(4-hydroxyl-piperidine-1-carbonyl)-benzyloxy]-2-
fluoro-phenyl}-1-cyclohexyl-1 H-benzimidazole-5-carbonyl)-amino]-3-(5-
hydroxy-1H-indol-3-yl)-propionic acid;

2-[(1-cyclohexyl-2-{2-fluoro-4-[3-(4-hydroxyl-piperidine-1-carbonyl)-
benzyloxy}-phenyl}-1H-benzimidazole-5-carbonyl)-amino]-3-(5-hydroxy-1H-
indol-3-yl)-propionic acid;

2-(4-benzyloxy-phenyl)-1-cyclohexyl-1 H-benzimidazole-5-carboxylic
acid [1-carbamoyl-2-(5-hydroxy-1H-indol-3-yl)-ethyl]-amide;

2-[(2-{4-~[4’-chloro 4-(4-hydroxyl-piperidine-1-carbonyl)-biphen-2-

ylmethoxy]-2-fluoro-phenyl}-1-cyclohexyl-1H-benzoimidazole-5-carbonyl)-
amino]-3-(5-hydroxy-1H-indol-3-yl)-propionic acid;
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11. The method of Claim 9 in combination with the administration of a

therapeutically effective amount of one or more agents active against HCV.

12.  The method of Claim 11 wherein said agent is ribavirin, levovirin,
thymosin alpha-1, an inhibitor of NS3 serine protease, and inhibitor of inosine
monophosphate dehydrogenase, interferon-alpha, pegylated interferon-alpha, alone or in

combination with ribavirin or levovirin.

13. The method of Claim 12 wherein said agent is interferon-alpha or pegylated

interferon-alpha alone or in combination with ribavirin or levovirin.
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