VI RAL PCLYME SE | NHI Bl TORS TECHNI CAL FI ELD OF THE | NVENTI ON  The invention
relates to inhibitors of RNA dependent RNA pol ynerases, particularly 5those
viral polynerases within the Fiaviviridae famly, nore particularly to HCV
pol ynmer ase. BACKGROUND OF THE | NVENTI ON About 30, 000 new cases of hepatitis
Cvirus (NOV) infection are estimated to occur in 10the United States each
year (Kol ykhalov, A A ; Mhalik, K ; Feinstone, SSM; R ce, CM; 2000; J.
Virol. 74: 2046- 2051) HCV is not easily cleared by the hosts'

i mmunol ogi cal deéfences; as many as 85% of the people infected with HCV
become chronically infected. Vany eof vibeis mﬁtﬁsent infections result in
chronic liver disease, including cirrhosis an epat ocel | ul ar carci noma
(Hoofnagie, J.H ; 1997; 15 Hepatol ogy 26: 155-20S). There are an estimated
170 mllion HC\/i‘a;ammiLelﬁsawthhzmeN and HCV- associ ated end-stage |iver

di sease i s now fﬂ%@nvﬁﬁﬁgf%s@@i%&o@fﬁ #{NN @é’peﬁdew R kabblbardcRadyne United
States al one, Oﬁ se é’F? g{%}fmerases Wi nqgenl-s%vw:rgae fg{rlx eysz(%gr L9 cﬁag Qo deat hs

annual 'y. W th FET HEErVen er s expected to triple
in the next 10 PO"BFs§ears. There is no vaccine to prevent HCV infection.
20 Currently, the only approved therapy for patients chronically infected
wth HCV is treg}; Q&um\%@%s‘i ghdseron or a conbination of interferon and

ri bavirin. Recent ver sl ans | nter interferon
NSRRI (RSN GIT S Rat I A TRy S0 Gl
Schering)) havethb&eird Spmsceadetrdioyraziiiet fnilieBi K. Sermone Gt Rites f or
treatment of Chf:canlmmepa&df tm $045- zo@heetm@nmeeﬁymea}eelaﬁnan@htg n comnbi nation

with ribavirin, es achi eve
a sustained re sm ggcqscal L*Tiefences etashnpa%s g%éf/?% oplg%ciem@‘;% | %Eno%gé to the
fam |y Ravi viri éienicaliemagech Msace Ferdrersisit @T?C*@Bﬁ‘ﬁﬁq‘%reé‘rq”ﬁﬂ‘@é 30gener a of

smal | envel opeddpast, Urlc:mem@&irﬁa}adarﬂ%pa&d’mﬂ&ESar@RnﬁﬁHoﬁMgfe JR9®57." havi vi ri dae:
the viruses %nng;%%J Mﬁ@mjé—%' eare eSa?r%%eda§9m!{ A ﬁb@kg%@f%rﬁl ogy; Fields,

B.N.; Knipe, D. cot% Eaven Pub Ilshers

Phi | adel phi a Pa"")‘j’a aFHE‘C\é‘a%SOR‘Bte% oc’F?ﬁ e 7 E'CBH?’Y % 5899 %8“$°8h§®bpen r eadi ng
frame (ORF) fl| amkedetigtios' indred/nBid Sioesdananehzitied sregpoive FNPRC®) . The HCV 5
Ni TR i s 341 nuchegsid dess buadl eRelierand hidRetiod s Rsamn dpdernal ribosone

entry site for ¢g Ira?‘%e?(gmggéye%@gfiﬁér%ws’w&op're%ét%v kRN, S.H . Honda,

M 1997; Senin. {&'nis ¢l eaved co- and
post - transl ationally into at |east 10 indi vi dual poI ypepti des (Reed, K E.;
Rice, C. M ; 199@urély, the chigppprivied thelapcib: pelianmuhahical 428 58TV Fhe struct ural

proteins result trE&tBQﬂt%t@:ﬂ@kermta'cmﬁaﬁoﬂ@irﬁéﬂﬁro%ﬁ&{bﬁilﬂﬁhedéﬂﬂ’yt' on of 5 the

pol yprotein. Two vi 3 eayv L0 pr oduce
nonstructural (K& a&ﬁ%é’?rgmﬁs O?Ff?g?m%ﬁ%%?n ﬁonaal‘\ﬂ%%?r%a%%ﬁ % ‘?fgf HCV RNA
replicase. The NSInFleprairdasePERdrent hecheings hateratn araleyeddir ”t’e’H@ﬂWSZ and the
N-term nal ope- tihdok@ cofniNSRr fnthaattahysespaiss colieawape ginet=heinNS2/ 3 site.

The same portion,of JS3,@ B ﬁn&%@& mgbse%tr@goxég Far Q0B T;Qés dehigNS3- 4A

serine protease that eaves at four l0downstream sites. he C-term nal

two-t hirds of N§§“‘?“§me}‘i‘|f@‘WPVW‘f’&ﬁ"?éW@W%%ﬁ%t HCV isol ates, with
RNA- bi ndi ng, RNA-stinul ated NTPase, and RNA unwi nding activities. Although

NS4B and the NS%VRJ@@&M!@W%@# PiadViRiadlysis bhbkeohyus CamRenantss Bket he
replicase, {&%# é’nnvg' %%gﬁson gttnaiﬂQQW\:g;nge(tR%et@@mi%%] pol yprotein

cl eavage pro uctgen he "HCV replicase

possessi ng RNA- d@ﬁ‘é‘f‘f(ﬂ’éﬁt‘heﬁmeb@?dﬁﬁé’ﬁ slierlpRARpYS 16T InvTeldy Vi éRles SE. ;
Tonei, L.; DeFrangeses, DRL.;HWBOG M EMBQ Uppikbi-R&2s PlisrarsdPilefeidizn, V. ;

nas been T ecent e raret o e o o e ke cpen A Blnd K Pgﬂif??‘?ﬁ.zts )
abol i sh infecti \f%{t5 g?’ a”s%geg " ”F‘r@%ij e g% .ﬁggé‘ﬂg‘wﬁei M hal i K K. :

Fei nstone, S:M ; efmh@éd fuapions O Grier k! ’Wﬁ‘?"@ﬁ "*"Wﬂf“ “’2 @%ﬂde?@'@@mﬂ’?m e

devel opnent of new and specific anti-HCVttreatments is a high priority, and
virus- specific functions essential for replication are the nost attractive
targets for drug devel opnent. The absence of RNA dependent RNA pol ynerases
in mammal s, and 25the fact that this enzyne appears to be essential to
viral replication, would suggest that the NS5B pol ynerase is an ideal

target for anti-HCV therapeutics. WO 01147883, WD 02/ 04425, WD 03/ 000254,
WO 03/007945, WO 03/010140, VVO 03/026587, WO 03/101993, WO 04/005286, WO
2004/ 064925, WD 2004/ 055367 and WD 2004/ 087714 report inhibitors of NS5B
proposed for treatnent of HCV. 30 Indole inhibitors of the NS5B pol ynerase
of HCV are disclosed in WO 03/010141. However, the inhibitors of the
invention differ fromthose disclosed in WO 03/010141 in that they exhibit
unexpect edI y good actl VI ty | n a ceI I -based HCV RNA repl | catl on assay.
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and or an enantioner, diastereoner, tautomer or pharmaceutically
acceptabl e salt thereof There is provided a conpound, represented
an enantioner, diastereoi soner or tautoner thereof,
a salt or ester thereof. wherein: either Aor Bis Nand the other B or A

f ormul a

is C, wherein -

|, or

between two C-atons represents a double bond and -
a Catomand a NNatomrepresents a single bond; RL is H or

by
i ncl udi ng

bet ween

(Cl)alkyl; R is

sel ected from hal ogen, cyan, (Cl4)alkyl, (C2..6)alkenyl 2. 6)al k
(Ca_Ccycl oal kyt, yl, ) yl, ( ) al kynyl ,

substituted wi t»F&t:M,LeMQ\eéﬁl lﬂioﬁ%lw oD Rmid Wl GF 2leee TRAMISE i t uent s each
i ndependently sel ec

;@iypro%e@%:f!?aé% ctahan’d pcﬁ_ie%ﬂslanongw\lé@ﬁ%ﬁs %%V(\ﬁ%rgel (01. 6) al kyl,

_ oA A, COLAPAT ey TP CMBPH JHEH03ES Shal |
substituted wi t onestisradfrottify eeit heth sgenpaticnss in theR3simina(1EBide yt| oal kyt ,
{n{;g gq@eactﬁ@ gar Bﬂ?eé’s@@m‘é@at& Q&wnstmp&%gag @'ﬂfﬁ)duo@}zoﬁ-nd Fe are

(CL. 6) al

(C1.45)alicyl,

optionally suybs
each i ndependen

(CL. 6) al kyl t hi oS ENEENSLRHE '?@ffr‘%m]a?‘fi? I("S °°”“1RP’€¥ g”? ECT{?@“ Teﬁ?é“%%aafgeg

koxy,

(

aryl ‘and Het; said aryl and Het being optionally

ne of
Rs and Rs is sehNeut gdteése@mr@wc ter"f@@hﬁ(fm\@% ws2 ﬁ\dﬁref‘lﬁe@tm%ﬁﬁ‘ﬂc@? )aI kenil 0
\Qﬂgr g:\l In aryl., Hggs ar@%é@éels@@mbava@cbf% NGP/3 3/ Thedaakeoya] @ NEpaimed bet ween R\2

- K, oxo,

t hr ee Suggtel teﬁg%'fg :Jj{%%%a omgﬁg ﬁﬁ%ﬁ(—i&ﬁ]@er&ﬁﬁ%sn%%e%béﬂé 2Reud S one, two or

20

25

30

N(Dm@q;nﬁmam@@w’(ﬁe)qaqemgﬁﬂw é{]“’Bﬁ%’ rt]\ssa is highty ccrgsewed s?m%lnglg(ggl

HOV isolates, with RNA-binding, RNA-stimuiated NTPase, and RNA unwinding

- activities, Although NS4B and the NSBA phosphoprotein are also likely components

of the replicase, their specific roles aré unknown. The Cerminal polyprotein
cleavage product, NS5E, is the elongation subunit of the HCV replicasa possessing
RNA~depeﬂdént RNA polyrmerese (RdRp) activity (Behrens, S.E.; Tomel, L.; ' _
DeFrancescs, R.; 1998 EMBOC J. 15: 12-22; and Lohmann, V., Kbmer, F.; Herlan, U,
Bartenschiager, R.; 1887, J. Virol. 71: 841 B-8428). it has heen recently demonstrated
that mutations destroying NS5SB activity abolish infectivity of RNA in a chimp model
(Koiykhalov, A.A.; Minaiik, K.; Feinstone, 8.M.; Rice, C.M.; 2000; J. Virol. 74: 2048~
2051). |

The development of new and spacific anti-HCV treatments is a high priority, and virus-
specific funclions essential for replication are the most attraciive targets for drug
development. The absance of RNA dependent RNA polymerases in mammals, and
the fact that this enzyme appears 16 be essential to viral replication, would suggest
that the NS5B polymarase is an ideal targst for ant-HCV therapsutics.

WO 01/47883, WO £2/04425, WO (3/000254, WO 03/007845, WO 03/010140,

WO 03/026887, WO G3/1 01. 993, WO 04/005286, WO 2004/084828, WO 2004/065387
and WO 2004/087744 report inhibitors of NS5B proposed for treatment of HCV.

indale inhibitors of the NS5B polymerase of HCV are disclosed in WO 03/010141.
However, the inhibitors of the invention difier from those disclesed in WO 03/040141
in that they axhibit unexpectedly good aciivity in & celi-based HCV RNA replication
assay.

- COOK,



S5wherein the (Cl5)al kyl is optionally substituted with aryl or -N(e2)Rnhil;
and t he ot her g&m£5vand R6 is selected fromH, (Cl6)alkyl, (C _e)al koxy,
(01_6) al kyl t hi &, AN N(RN2)el; Rz is (C ..5)alkyl, (Cs.iacycloal kyl or
(C3.7)cycioal kyl - (CL.6)al kYl -; wherein said al kyl, cycloal kyl and

cycl oal kyl - al kythe ak8oRaghovfisiaanal kyried Oobgbitds hadnagorh tiows], two or three
substituents each.in VAT fr | o koxy and
(CL. 6) al kyl t hi S?D'aﬁ&m%ﬁﬁg%ﬁ@@%%ﬁ%‘,§§%ﬁ°%%§5§ﬁdé‘éﬁﬁ%’§9§%?y§§§e%§?‘?’é‘m
(31.6)al kyl ; or cRG=eRdRIBVIFRICTPRHRER together with the C atomto which
they are attached, to form (C5_7)cycl oal kyl, (C54cycl oal kenyl or
a 4-, 5- or 6-peabesgeihetes esysligedayisdge heem driso f@ thbhet ¢illeairotie agduim the
i ndependent |y &Elepted fromO, N and S; wherein said cycloal kyl,
cycl oal kenyi o 1H¥W§ﬁﬁ€9@¥€aF§ﬂFﬁx % case optionally substituted with
(C14)al kyl; lel is selected fromH, (C6)alkyl, (C) oyol oal kyl,

(Cs7)oycl oal ky] - (01. I e oo Qs oo fldd-Ievkq 8pd. Het ; 20wherein the
al kyl and cyc|£8§‘|f1%%|a@6§tr‘lfg¥%ﬁ‘°’spr8f bk dofeho e (C1 6)al kyl, (C34)cycloal kyl,

(0s4)cycl oal kyl-(die)al kyl -, -00-(01, 6)al kyl and -00-0- (dis)al kyl are
each optionally substituted with one, two or three substituents each

i ndependently sel ected fromhg , (G .$%)al koxy and (Cis)al kylthio; and
e2 is Hor (di.$)akkyl, RH, may be |inked, together with the N
atomto which gy 7z & & a 4-, 5-, 6- or 7-nenbered

saturated, unsa ‘ i &N NefntaiNi ng_het erocycle or a 8-, 9-,
10- or 11-nenbered N-containing saturated, u furated or aromatic

het er obi cycl e, eachroptionally having additionally from1 to 3 heteroatons
each independently ected fromO, N, and S; 30wherein the heterocycle or
het er obi cycle formed by e2 and RN is optionally substituted with one, two
or three substituents each independently selgcted from hal ogen, (Cl4alkyl,
(G _e)al koxy and (C,.6)al kylthbc; grein Het i Svdefined as.a 42., 5-, 6-
or 7-nmenbered hete&ocy | e havi 4_Aeteroat ons each i ndependently

sel ected from0,/Nand/S g!ig ated, wunsaturated or aromatic,
or a B-, 9-, 10-\or ed heterbbityCle having 1 to 5 heteroatons
wher ever possi bl e, i ndependently selected fromO, N and S, which may
be saturated, unsatu d or aromatic, 5 Included within the scope of this
di scl osure are conpo of the fornmula (1) as described hereinbefore, to
whi ch at | east one of "detectable [abet", an "affinity tap" and a

"phot oreactive group' is |inked The conpounds according to this

di scl osure general | yx show anji itlory activity against HCV in pol ynerase.

In particul ar cof ; 3G OT Ty s di scl@gsure inhibit RNA synthesis
by the RNA depgndgf | ymér as 2:§i:EEVﬁ\g§chially of the enzynme NS5B
encoded by HCV.™F \ e, conpound cordingyo this disclosure show an
unexpectedly good act{ivity in a cell-based HCV RNA replication assay. A
further advantage npounds provided by this disclosure is their lowto
very | ow or 15even -significant activity against other polynereses. In

an enbodi ment, there is provided a use of a conmpound of forrmula | according
to this disclosure, or a phargace&ically acceptable salt or ester thereof,
or a conpositi&n thereo ns” an ANOV pol ynerase inhibitor, preferably
as an inhibitof Of 20 RN We RNA pol ynerase activity of the enzyne
NS5B, encoded\by K ‘ ymant, there is provided a use of a
conpound of thé oischfure, or a
pharmaceutically a ,’ Or a conposition
thereof, as an inh tor of NOV replication. 25% n anot her enbodi nent,
there is provided a~lse of a conpound of the forfrula | according to this

di scl osure, or a pharnmaceutically acceptable salt or ester thereof, or a
conposition thereof, for the tfe nt or prevention of NOV infection in a
manmal . 30 In frher Yenmbod] npR is provided a nethod of inhibiting
t he RNA- dependenty, RNA pé Bresk ac . of the enzyne NS5B, encoded by
NOV, conpri sing, e hosNng g enzynme NSHZ t 8§ an effective anount of a
compound of formula I /under conditions e RNA- dependent RNA




i,

-agents. Exanpl

I n anot her enbodi nent, there is provided a nmethod of inhibiting HCV
replication, corriprising exposing a cell infected wth HCV to an effective
anount of a conpound of formula |I under conditions where replication of HCV
is inhibited. In another enbodiment, there is provided a nethod of treating
or preventing HCV infection iQ a manmmal, conprising admnistering to the
mammal an effective anoung o“ conpound of fornmula 1 according to this

i nvent on, or 1ca.a agceptable salt or ester thereof, or a
conposi ti eryenbadinent, there is provided a met hod of
treating ' a manmal , conprising adm nistering
to the ma . g/ conpound of formula I, or a

phar maceut i cal ly\ accept abl e salt or er thereof, or a conposition
thereof, in -@ ation with at |east omne\other ant|V|raI agent I n anot her
enbodi ment, there is provided a pharnmaceutpeal; conposition for the
treatnent or prevention of HCV infection,gconprising an effective anount of
a conmpound of forrmula | according to this disclosure, or a pharmaceutically
acceptabl e salt or ester *; f, and a pharnmaceutically acceptable
carrier. erg is provided a pharnmaceutical conposition

for the tpe f~ HSY ingectVﬁn onpri sing an effective anmount of a
conpound as A f or a #r mageutically acceptable salt or ester
t her eof and 2 -utlcally/acc‘ abl e carrier. According to a specific

enbodi nent, t

> ion of this disclosure additicinally
conprises a ti TC

\ ynt of one or nore antiviral
¢ of antiviral agents inclugescrbut are not limted to,
ribavirin and amarttadi ne. According to affurther specific enbodinent, the
pharmaceutical conposition of this disclosure additionally conprises at
| east one ot her an |-HCV agen an antiviral agent. According to a nore
specific enbodi ntN t hr equcal conposition of this disclosure
q : y agent as an other anti-HCV agent

z normo!}lm~ agents include but are not limted
- and co-interfecays and pegyi ated forns thereof.
Accordi ng to anot nore specific enbodinent the pharnaceutica
conposition of th di scl osure additional |l ¥ _conprises at |east one other
i nhi bitor of HCV pol ymerase as in other an¥i - agent. According to
anot her nore specific enbodi nent, the pharmaceutical conposition of this
di scl osure additionally conprises at |east one inhibitor of HCV NS3
prot ease as an ot her anti-HCV agent According to yet another nore specific
enbodi ment the phar maceubi conp05|t|on of this disclosure additionally
conprises at anot her target in the NOV life cycle as
an ot her g fuch inhibitors of other targets
i ncl ude, Wt 'nhibit a target selected

Exanpl es 6F %
to, a-, p-, 8- y-,

Zfron1HCV he |cas-, IV N5213 prdtease and V | RE'S and agents that

pe function of other viral ?argets i ncluding but not
limted to an A7protein. In another enbodinent, there is provided a use
of a conmpound of—#ormula | according to this disclosure, or of a
pharmaceutical |y accept abje |t ,or ester thereof, or a conposition
thereof, -for theymanufact medi camrent for the treatnent andior the
preventlon 5\ a ENaur A af ection? preferably an NOV infection.
Inathlr \ |sHpr04d ‘ A4l e of manufacture conprising a
conpositio et 1 o treat an M| nfecti @ or to inhibit the NS 5B

pol ynerase of E and packagi ng material conprising a | abel which

i ndi cates that @ conposition can be used to treat infection by the
hepatitis C virug, wherein said conposition conprises a conpound as defined
above or a pharmaceutically acceptable salt or ester thereof. Another

enbodi nent refers to an article of manufacture conprising a conposition
effective to treat or prevent an NOV infection or to inhibit the N553

pol yrnerase of NOV and packagi ng material conprising a | abel which

i ndi cates that the conposition can be used to treat infection by the
hepatitis C virus wherein said conpgsition c,onprises a conpound of formula
(1) according to this invention or & pharmaceutically acceptable salt or
ester thereof. In a fourth aspect, there is provided a conmpound sel ected
from 7b and

i~nterfere with t
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or the pharnaceutically acceptable salts thereof. In a fifth aspect, there
is provided a conpound having the structure or the pharnmaceutically
acceptabl e salts thereof. 7c In a sixth aspect, there is provided a

conpound havi ng the structure or the pharmaceutically acceptable salts
~thereof. In a seventh aspect, there is provided a conpound having the
structure or a pharmaceut® qcceptable salts thereof. In an eighth

aspect, there is pi
phar maceut i ¢
provi ded
accept ab

i C ownd havi ng tge structure or a

i al t t/ R0 \\I a ninth aspect, there is
e Sturth e Oox_a pharmaceutically
In a tenth &Spect, thére is provided a conpound

havi ng t he or a pharmaceutically acceptable salts thereof. In
an el eventh aspe there is provided a conpound having the structure or a
pharmaceutically acceptable salts thereof. DETAILED DF- SCRI PTI ON OF THE

| NVENTI ON Definitions The fool J'np definitions apply unless otherw se

not ed: As used leréin, he It eryel " (x) al kyl , mhgrein nis an integer, either
al one or |n ¢onb natgn W gﬁnowhe adiqal .yis intended to mean acyciic
strai ght i d @ ontaining 'l to n carbon atons
respectively. ampfes of such 7e r&dicals include, but are not linted
to, nethyl, ethyl propyi, 1-methylethyl (isopropyl), n-butyl,

1- et hyl propyl , 2t hyl propyl, 1,1-dinmethylethyl (ten -butyl), npentyl,

etc.. Inthe following, the teryy Me denotes a nethyl group. 51f an al kyl
group is substituteq by hal it js preferably nono-, di- or
(trisubstit;izi:ﬁtr1ﬁl ' ] gsubstituted by chlorine or bromne. As
“used herep he ,)aﬁken | "y-wherein n is an integer, either alone
or in conbi natd t her radi IS intended to nean an unsat ur at ed,

)ntaining two to n carbon

ot her by a doubl e bond.

limted to, ethenyl (vinyl),
is and trans

atonms, at |east t f which are bonded to
Exanpl es of such I cals include, but are no
1-propenyl, 2-propenyl, 1-butenyi, etc.. The

7 /
—CN\ & Y
cl : = O
VRN N .
OH;
0
/

0
: M %
s ~N ' N
- TN H O,

Cl
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i soners, and m xtures thereof, of the (C2,)al kenyl radical are enconpassed
by the term A (C2..,)alkenyl radical may be substituted on any of the
carbon atons thereof 15 which woul d ot herwi se bear a hydrogen atom As used
herein, the term"(C24al kynyl", wherein n is an integer, either alone or in
conmbi nation wth another radical, neans an acyclic, straight or branched
chain radical containinggfr 2 to n carbon atons, at |east two of which
are linked by a % OExanpl es of such radicals include, but are

notlirﬁt;- , Npr |, 2-propynyl, and 1-butynyl. A
(C2,) al kyyl rath =y b8 sufst ed on any of t he carbon atons thereof
whi ch woul“dFt W se“bear aaﬁyo ' used herein, the term

: wherein n i S , either alone or in 25
conbi nation wi not her radical, neans a a cl oal kyl radi cal containing
fromthree to arbon atons. Exanpl es of stch: radicals include, but are

Ul
not limted to, cyclopropgl. zycl obutyl, cyclopentyl, cycl ohexyl and

cycl oheptyl . As usedyh , the term"(Cs.n)cycl oal kenyl", wherein n
is an int 7, either ne oK 30i n conbi nation wi th another radical, neans
an unsatqégf%o cycl adi pritNai ning five to n carbon atons. Exanples
i ncl ude, but m and cyciohexenyl. As
used her ei™ ,yal kyl-", wherein n and m

are integers,
a branched or ai ght 8

which a cycloalkyl radica
,covalently bonded. Exanples o
‘net limted to,

tIQﬂ;MAFh anot her radical, neans

contai ning fromghree to mcarbon atons is
(034cycl oal kyl (01. 6) al kyl - include, but are
yl ,; cycl obutyl net hyl, cycl opentyl net hyl,

cycIohexyInethyI\ etflyl, 2-cycl opropyl ethyl, 1-
5cycl obut yle 2 -cycl opentyl et hyl .
2-cycl opepit yIe _ 2-cycl.ohexyl ethyl, etc.. As used

herein, the ( i f 1 N& o'otecting groups that can be.
used during'sy F of which are listed in

G eene, 10"Pro jve Groups in CXganlc Chem SHry", John Wley & Sons, New
York (1981) and "The Peptides: Analysis, Synthesis, Biology", Vol. 3,
Academ c Press, New York (1981). A carboxyl group is usually protected as
an ester that can be cleaved to give the 15carboxylic acid. Protecting
groups that can be used includ but are not limted to,: 1) alkyl esters
such as nethyl, ethyl, tronmet il Iethyl and ted-butyl, 2) aral kyl esters
such as benzyl and it or 3) esters that can be cleaved by
mld base ty-eq d Bedu Live ans such as trichloroethyl and
phenacyl egtery: > d hereimy ‘ "aryl" either alone or in
combi nat i om\kth apot her radi cal nea 10-nmenbered aryl, i.e. an
aromatic radi cat aining six or ten car bon wat ons. Exanpl es |ncI ude, but

are not limted phenyl, 1-naphthyl or 2- naﬁﬁihyl As used herein, the
term"Het' defi a 4-, 5-, 6- or 7-nmenbered heterocycle having 251 to 4
het er oat ons each i ndependently sglected fromO, N and S, which may be
saturated, unsaturated or & a 8-, 9-, 10-or 11-nenbered

het er obi cycl e havihg wher ever possi bl e, each

i ndependent by el egt g phi ch may be saturated, unsaturated
or aronatic, U > )
"het er oat ont

n, the term "heterocycle",

ei ther al one or in{combination with and &r, radical, neans a nonoval ent
radi cal derived em)val of a hydrogen frem a {zl'_ve- six-, or

seven- nmenber ed saturated or unsaturated (incl ugh % aromatic) heterocycle

containing fromone to four heteroatons sel ectgd fromnitrogen, oxygen and
sul fur. 9 Exanples of such heterocycles inclutle, but are not linited to,

azetidine, pyrrolidine, tetrahydrofuran, thiazolidine, pyrrole, thiophene,
hydant oi n, di azepi ne, 11-1-im dazole, isoxazole, thiazole, tetrazole,

pi peri di ne, piperazine, honopi peridine, honopi perazine, 1, 4-dioxane,

4- nor phol i ne, 4-thi onor phol i ne, pyridine, pyridine-N-oxide or pyrimdine,

50r the follow ng heterocycles: used herein, the term' 9- or

10- menber ed heterobi cycle" or "heterobicycle"” either alone or in

conbi nation with another radical, neans a heterocycle as defined above 10

fused to one or nore other cycle, be it a heterocycle or any other cycle.
Exanpl es of such heterobicycles include, but are not limted to, indole,
benzi m dazol e, thiazolo[4,5- b)--pyridine, quinoline, or coumarin, or the

following: 15 As used herein, the term"halo" or i'hal ogen" neans a

hal ogen atom and i ncludes fluorine, chlorine, brom ne and iodlne As used




20equi val ents. Exanpl es of such functional group equivalents that are

contenplated by this invention include, but are not limted to, ethers,

sul fhydryls, thioethers and primary, secondary or tertiary am nes. As used

herein, the term"SH' refers to a sulfhydryl group. It is intended within

the 25 scope of the present invention that , whenever a "SH' or "SR' group

is present, it can also bg subgtNtuted by any other appropriate oxidation
SRR As used herein, the term"(Cin)al koxy"

hyl et hoxy (i sopropoxy;
n)a | koxy g}o D 1S
(C1)al kyl 5p o'@"
refers to a s # atom further bonded to an bC,,)aIkyI rad|CaI. Exanpl es

state such as SOR 902R, Q
(CL. 4al kyl radical. Exanples
oxy; (CH3)3C0-), etc., Wen a (C _
substituted, it is understood to be substituted on the
of (C3..6)alkylthio include, but are not limted to, nmethylthio (CH3S-),

refers to anqoxygen _atow
i ; d to, nethoxy (CH30-), ethoxy
t hereof. As used hereiiy, {heofrerm " (C., .. ")al kyl thio"
ethylthlo (CH30H2S-), n-prQpylthio (CH3CH2CH2SL), 1-nethylethylthio (|so-

10 propylthio; (CH3)2CHS-), 1, i methylethylthio (tert-butylthio
(CH3)3CS-), etc.. Wien a (g .. kylthlo group is substituted, it is
under st ood, NS Ryl e .n)al kyl portion t her eof .

The tern1"

\ygen atom attached to a carbon
atomas a

, ¥=0). It is intended that when the
IS applled in“conjuncyion with a radical having nore
A-han one noi et ch as (C3_7)cycloal kyl - 01. 6)al kyl -, such substitution

D)

applles to bot eties i.e. either or both\of othe al kyl and cycl oal kyl
noi eti es can be 20substituted with the defineff substituents. As used
herein, the term"0001-1" refers to a carboxykic acid group. It is well
known th one skilled in the art that carboxylic acid groups may be
substituted by functional grou ui val ents. Exanpl es of such functional
group eqU|vaIents\¢hat are :50 npl ated by this invention include, but
.are not i F‘nkles boroni ¢ aci ds, phosphonic
aci ds, sul i \es, Nacyl sul fonyl di am des
(RCO\IHsozN agyl NHSO2R) . As used herein, the
term"functional [ dnded to mean an el ement 300r

group or a subs Mt ed derivative thereof \that is replaceable by another
ei enent or grout has simlar el ectronic, \hybi di zati on or bondi ng
properties. The 2

subfornulas to indicate the bond, or in ghe case of a spirocyclic
group the atom which is bonded to 35the rest of the nolecule as defined.

As used herein, the term "detec e l.abel"™ means any group that may be
i nked to the polynerase or | onpéund of the present invention such

t-hat when the W th the polynerase target, such |abel
all ows recogni B o|rthIy 50. TRdi rectly of the conpound such
that it cansbg’ det d, _#feasured amd i fied. Exanples of such "l abels’
are intended to inglude, but are not |hNatfed to, fluorescent |abels, .

chem | um nescent taQel s, colorinetric |abels, enzymatic markers,

radi oactive isotopes}and affinity tags such as\ bigiin. Such | abels art
attached to thegonpound or to the polynmerase Ry wekknown nethods. 10 As
used herein, the term"affinity tag" nmeans a b gand (that may be linked to
the pol ynerase or to a conmpound of the present invention) whose strong
affinity for a receptor can be used to extract froma solution the entity
to which the [Nand is attached. Exanples of such |ligands include, but are
not limted to, biotin or a 15 derivative thereof, a histidine polypeptide,
a poiyarginine, an athyl ose sugar noiety or a defined pitons recognizable
by a specific antibody. Such affinity tags are attached to the conpound or
to the polynmerase by well-known nethods. As used herein, the term

"phot oreactive group” nmeans a group that is transforned, 20uPon activation
by light, froman inert group to a reactive species, such as a free
radical. Such a group may be used asggfor exanple, a photoaffinity |abel,
Exanpl es of such groups include, but are not limted to, benzophenones,

azi des, and the I|ike. The term "salt thereof neans any acid and/or
base addition salt of a conmpound 25according to the invention; preferably a
phar maceutical ly acceptable salt thereof. The term ' pharmaceutically
acceptable salt” nmeans a salt of a conmpound of forrmula (I) which is, within
t he scope of sound nedical judgnent, suitable for use in contact with the
tlssues of hunans and Iomer anlnals mnthout undue tOXICIty, |rritation,

~ o~



hydrochl oric acid, hydrobromc acid, sulfuric acid, sulfamc acid, nitric
aci d, phosphoric 5acid, and the |ike, and organic acids such as acetic
acid, trifluoroacetic acid, adipic acid, ascorbic acid, aspartic acid,
benzenesul foni ¢ acid, benzoic acid, butyric acid, canphoric acid,
canphorsul fonic acid, cinnamc acrd citric acid, digluconic acid,
et hanesul fani ¢ aci d, grutam. d,yglycolic acpd, glycerophosphorrc aci d,
hem sul fic acid, hexpnorc ag r#n : ~Jf LAgan acid,
2- hydroxyeth7~~‘ulfos g il “acid), “Hactic acid,

£ acdic aci4l, mandelic acid,
nmesi t yl enesuink et O 7 i ¢ acid, naphthai enesul fonic acid,
ni cotinic acid, 2-naphthal enesuifonic acid, oxal i ¢ aci d, panoic acid,
pectinic acid, phe acetic acid, 3- phenylpropionic acid, pivalic acid,
pr opi oni ¢ acid, py aci d, salicylic acid, stearic acid, succinic acid,
sul fanilic acid, ric acid, p- toluenesulfonrc 15aci d, undecanoi c acid,
and the like. The term’ pharn@ce al | y-accept abl e base addition halt'’
means t hose salts whi ch retaing t i ol ogi dal effectiveness and properties

of the free # 12~ ot ogrcally or ot herw se undesirabl e,
f ormed wiR-h et h sucht as 20 or hydroxi de, carbonate, or
bi car bonat e &&= net al €& ch as sodi um potassium

l'ithium calcium mg iron, zrnc manganese, al um num and

cal cium and mag
(pharnaceutrcally > :
‘primary, secondary, and tertiary amnes, 25 qu,/ef%%ry ani ne conpounds,
substituted am nes including naturally occurrﬁhg substituted am nes, cyclic
am nes and basi c ion-exchange resins, such as nethyl at hi ne, drnethylanine,
trimethyl am ne, ethyiam ne, diethylarnine, triethyiam ne, isopropylam ne,
tripropyl am ne, tributylanin-, anol am ne, ciiethanol am ne, 2-

di met hyl am noet hanol , [yl oefhanol , dicycl ohexyl ani ne, |ysine,

the Iike. Particu preferred are the anqoni um pot assi um sodi um
CA 5.

ar gi ni ne, H-S; ; - n ne, cholgpne, bet ai ne,
et hyl enect.ig s N ne, gnet hiyl g gy, tfieobrom ne, purines,
pi per azi ne, a@r i dn et hyl pi peNirt 1yl ammoni um conpounds, -

tetraethylannnnrun1Conpounds pyri di ne, "N, Ndi et hyianl i ne,
N- et hyl pi peri di ne,~N t hyl nor phol i ne, di cycl ohexyl am ne, di benzyl am ne,

N, N- di benzyl phenet i ne, 1l-ephenam ne, N, N - 35di benzyl et hyl enedi am ne,
pol yam ne resins, @ he Iike. Particularly preferred 13 organic nontoxic
bases are isopropylanine, diethylamne, ethanolan ne, tdnethylanine,

di cycl ohexyl am ne, choline, and ca\ ' The term "ester thereof' neans
any ester of a conpodnd in mhrnh ANy of/The carboxyl 5 functions of the

nol ecule is r 3 ~ i ‘ g i function, including but not
|imted tcBmﬁééji; =ttt .cceﬁtab Sters thereof. The term
bpharnaceutica ' € ester” erein, either alone or in
conbi nati on wi th anot ler substrtuent Bans” es ers<ﬁg t he conmpound of
formula (1) in 10 R, any of the carboxyl f unstjons of the nol ecul e, but
preferably the carl termnnus, is replaced by al al kogoar bonyl functi on:
0 ORin which the Rvofety of the ester is selectéd fromalkyl (e.g.

met hyl, ethyl, n-propyl, tert-butyl, n-butyl); al koxyal kyl (e.g.

met hoxynet hyl ) ; alkoxyacyl (e.g. acetoxynethyl); aralLkyl (e.g. benzyl);

aryl oxyal kyl (e.g. phenoxynethyl); aryl (e.g. phenyl), optionally
substituted with hal ogen. (Cl4al kyl or (014al koxy. O her suitable esters
can be found in Design of prodrugs, Bundgaard, H Ed. Elsevier (1955), Such
pharmaceutical ly acceptabl e esters are usually hydrolyzed in vivo when
injected in a manmal and transformed into the acid formof the conpound of
formula (1). Wth 20regard to the esters descri bed above, unless otherw se
speci fied, any al kyl noiety present advantageously contains 1 to 16 carbon
atons, particularly Ito 6 carbon atons. Any aryl npoiety present in such
esters advantageously conprises a phenyl group. In particular the esters
may be a (Cy,e)al kyl ester, an unsub%tituted benzyl ester or a benzyl ester
substituted with at | east one hal ogen, (C _s)al kyl, (CLl.6)al koxy, 25nitro
or trifluoronethyt. The term"antiviral agent” as used herein neans an
agent (compound or biological) that is effective to inhibit the formation
and/or replication of a virus in a manmal. This includes agents that
interfere with either host or viral nechanisns necessary for the
30formation and/or replication of a virus in a mammal, Antiviral agents
include, but are not limted to, ribavirin, amantadine, VX-497




15pegyl ated .forns thereof. The term "inhibitor of HCV NS3 protease" as used
herei n means an agent (conpound or biological) that is effective to inhibit
the function of HCV NS3 protease in a mammal. Inhibitors of HCV NS3
protease include, but are not limted to, those 20 conpounds described in
WD 99/ 07733, WO 99/07734, W) 00/ 09558, WO 00/09543, WD 00/ 59929, WO

02/ 060926, US 2002/ 0177725, 0340 WO 03/ 062265, WO 03/064416, WO

03/ 034455, WD 03/ 0644561 [ 0P93 0 03/ 099274, WD 2004/ 032827, WO
2004/ 037855, WO 2004/ 043% WO 200 74 2304/ 093798, WO
2004/ 094452, W WO 2004/°% T W25 2004/103996, the

Boehri nger | nge { ni cal candi date identiu ed as BILN 2061 and the
Vertex clinical/ #e identified as VX-950." The term "ot her inhibitor
of HCV po#yherasSe.ds Used herein neans an agent (conpound or bi ol ogical)
that is :ffd’tiv: to inhibit the function of HCV poiynerase in 30 a manmal ,
wher eby t#H1S ggent has a structure different fromthe conpounds according
to this inveny and preferably binds to a site of the HCV pol ynerase

Y site targeted by the conpounds according to this
i nvention. O her inhibitors of HCV pol ynerase include non-nucl eosi des, for
exanpl e, those conpounds descrdbeg™Nn @ WO 2004/087714 (1 RBM), WO 04/005286
(Glead), WO 04/002977 (Phar Fci WO 04/ 002944 (Pharmaci a), W) 04/002940
(Phar maci a) , 3/ 104993~ Neege NWO 03/ 099824 (VVyeth), WD 03/099275
(Weth), 9 X6 WO 03/ 095441 (Pfizer), WO
03/09067% ( - 3 WO_£3/ 084953 N arm" WD 03/082265
/(Fuj i sawa), ' 11 (Merck), WO 03/059356
(GSK), EP 1321463 4= 2 003/ 037893 (GSK), WO
03/ 037894 (GSK), )8/ 037262 (GSK), WO 03/08789 GSK), WD 03/026587
(BMS), WO 03/0025}8-(Dong Wia), WO 03/000254 (Japap,dobacco), WO 02/100846
Al (Shire), WO 02/100851 A2 (Shire), WO 02/098424 33 (GSK), WD 021079187
(Dong Wha), \NO 10 03/02/20497 (g@pionogi), VWO 02/06246 (Merck), WO
01/ 47883 (Japan Tobacco), W g . (GSK), WD 01185720 (GSK), WO

01/ 77091 (TuIariQ), WO 00/ 19p31 , WO 00/ 13708 (Viropharma), WO
01/ 10573 e~ WB=007 0652 U EP 1 256 628 A2 (Agouron), WO
02/ 04425 [ BoghwiHger | hei mi WQ[ 03/ 67945 (Boehringer Ingel heim, WO
03/ 01014004{Bfehr i Rger~ pglet hei n) , 7 03N

910141 (Boehringer |nge[helm,

| ngé' hel .
I ngel hel m. Fu Qrmor e ot her i nhibitor . ;
nucl eosi de an.llgg- for exanple, those conmpounds™déscri bed i n: WO 04/ 007512
(Merck/1sis), W04/ 003003 (Idenix), WO 04/002999 3 de. ni x), WD 04/0002422
(ldeni x), WD 04/003138 (Merck), WO 03/105770 (Merckj’, WD 03/105770 20
(Merck), WO 03/093290 (Cenelp \ 03/087298 (Biocryst), W 03/052256
(Ri bapharm), WO 03/062255 (1(b Eg) WO 03/061385 (Pj bapharm, WO

03/ 026675 f+deni x) NVVONQ3L026 WO 03/ 020222 (Merck), WO

03/ 000713#( A ax A&f f nANN , WD 02/ 1094289

( Hof f mann- 2/ 051425 ( S shi ), W '/ 18404 ( Hof fi nann-La
Roche) , f (Bi ocryst PharWaceutical s c.), WD 02/057287
(Merck/1sis), W02/ 057425 (Merck/Isis), WD 01/90121 (ldenix), WD 01/60315
(Shire) and D1/ 32153 (Shire). The term"inhibitor of another target in

the HCV | ife cycte” as used herein nmeans an 30agent (conpound or
biological) that is effective to inhibit the formati on and/ or replication
of HCV in a manmal other than by inhibiting the RNA dependent RNA

poi ynerase of HCV. This includes agents that interfere with either host or
Hey viral mechani sns necessary forthe formati on and/or replication of HCV
in a manmal . Inhibitors of another target in the Hey life cycle include,

but are not limted to, agents 35 that inhibit a target selected froma HCV
hel i case, HCV N52/3 protease and HCV 16 | RES and "agents that interfere
wi th thefunction of other viral targets including but not |imted to an
NS5A protein. The term "H V inhibitor,. as used herein neans an agent
(conpound or biological) that 5 is eé?ective to inhibit the formation
and/or replication of HV in a mammal . This includes agents that interfere
with either host or viral nechanisns necessary for the formation ancUor
replication of HV in a mammal. HIV inhibitors include, but are not limted
to, nucleoside inhibitors, non-nucl eoside inhibitors, protease inhibitors,
fusion inhibitors and integrase inhibitors. 10 The term"HAV inhibitor' as
used herein nmeans an agent (conpound or biological) that is effective to
inhibit the formation and/or replication of HAV in a mammal. This includes
agents that interfere with either host or viral nechani snms necessary for



The term"class Il interferon” as used herein nmeans an interferon selected:
froma group of interferons that all bind to receptor type Il, Exanples of
class Il interferon& include, but are not limted to, rinterferons and
pegyl ated forms thereof. 10 As di scussed above, conbination therapy is
contenpl ated wherein a conpound Qf fornmula (1), or a pharmaceutically
acceptable salt or ester the?-oﬁ’_'s co-adm nistered with at |east one
addi ti onal agent seliect ed frf ) t|V|raI agent, an inmunonodul atory
agent, an_i nii big or o1 -1 base, another inhibitor of HCV,
15po|yner55e any 1 nui _ get in the HCV life cycle, an HV
i nhibitor, an i phi biYor and ah HB) ni bi tor. Exanpl es of such agents
are provided in thedDefinitions sectiong Specific preferred exanpl es
of such agents ar st ed bel ow  antivirak=afents: ribavirin or
amant adi ne. ; 20i mpungnodul at ory agents: interlerons, class |
interferons or pegylated forns thereof; 31 pr ot ease |nh|b|tors

ot her inhibitors of the HCV pol yrnerase: rn@dleos;de or non-nucl eosi de
inhibitors; an inhibitor of another target in the HCV |ife cycle that
inhibits ﬁrtarget sel ected , 25f N83 hel i case, HCV N52/3 protease and
internal rfbosone ehtry S|te (il an agent that interferes with the
function of g - g '-ors: nucl eosi de inhi bitors,

non- nucl eos YA ars fusion inhibitors or
_ ors: agents that inhibit HBV

i ntegrase i ,
viral- DNA polyneras: or an agent that 84n HBV vacci ne. These additi onal

. L
0

“agents may be confiinmed with the conpounds of\.this invention to create a
'si ngl e pharmaceut

% these additional agents
may be separately adm ' » of a multiple dosage
form for exanple, using a kit. Such additionalCagents may be adm ni stered
to the patient prior to, 35con rently with, ornfollow ng the

adm ni stration of a conmpouns g orfrula (1) p 18 pharmaceutically

acceptabl e salt orjester th ~~ NAs. LeftR, . fhe term"treatnent”
means the agded ni O ef "y eohpound iti according to the
present inventj} i &Y. LF Jye synptons of 5the hepatitis C
di sease an&rof iral load in a patient. , As used herein, the

reans the adm nistration of a conpound or conposition
‘iagfent i nventi on post-exposure of the individual to the

term "prevention”
according to the
virus but before appear ance of synptons of the disease, and/or prior to
t he 10detection o he virus in the blood, to prevent the appearance of
synptons of the disease and/or to prevent the virus fromreaching
detectible levels in the bl ood. erred enbodi nents Unl ess stated
otherw se, all groups and sulsti , Including but not limted to Rl
15R2, R3, R4, Rs, #21, SDNL R R, RI12, A B, and Het,
have the defixi Before and hereinafter. In the

f-ol | owi ng, ) rpupg and substituents according to
this i nvenpioy are Ndestyi bed. : Yy nvention conprises conmpounds
of the formula la: 25 Ac€ording to“a pred enbodi ment of this invention
Rl is selected f the group consisting of\H, nethyl and ethyl. More
preferably, Rl i bt hyl .  R2: Preferably R2“%\sel ected from hal ogen,
cyano, (C24al ken (C24al kynyl , (C3.6)cycl oal kyl? enyl and Het sel ected
fromthe group of fornulas:




, and wherein said phenyl and Het are unsubstituted or substituted with
R21, wherein R21 is as defined herein. Mdre preferably, R2 is selected from
Br; ,Cl, cyano, nethyl, ethyl, /D 1- net hyl et hyl , et henyl,
1-ne,thy|ethen I, ethynyl _ phenyl and Het selected fromthe
P . phenyl and Het are unsubstituted or
subst it ut ey | “i' ; i rs s defined herein. 5R2.1* Preferably,
R21 is 1,2 o7 § i ndgperdent|ly selected front - 1 to 3
S F ' \ om hal ogen; and - 1 to 2

substituents egch |ndependently selec ed f, on1\\)hyﬂ oxy, (C, 4al kyl or
(01. 4) al koxy+"w FRBXY ar ev.e i 10optional |y
substituted h one, two or three hal ogen atons; b)-NRN2RN1 wherein Rul is
sel ected fromM - 00- (CL. 3)al kyl, -00-0-(CL, 3)al kyl &¥d Het: wherein the
al kyl portions of each of said (CB)aIkyI, -00- (014) al kyl , and

-COO(Cl)alkyl are optionally substituted with one, two or three
substltquhs i ssel ected from hal ogen arid (CL.6)alkoxy; and wherein said

is a or 6- nmenbered nonocyciic saturated, unsaturated or ‘aromatic

het erocycl e having 1 or 2 hetefoat
0 and S; and Rn2 is K or (01, 3)al

, each independently selectied fromN,
)/CCNRwaRNI wherein RN2 :and el are

each i ndependgrtlNy sekecte Oang-(CHS)aIkyI and d) Het, wherein
said Het ig 5-“. { bd ocykli & heterocycle having 1, 2 or 3
heteroatoﬂs i ndgpeindept | y Sel eagedy M N, 0 and S. More preferably,

R2" is 1,2 or 3 %ubst tuents each indepé seleoted from 25- 1 to 2
substituents each jirflependently sel ected u—Jnlf{;o yne, chlorine;and
bromne; and - 1t substituents each i ndependentl elected fronl a)
hydr oxy, nethyl, /I, propyl, 1-nethylethyl, rneth ethoxy, propoxy or

1- met hyl et in.sad th Ieth , et hoxy,
30ethoxy,$g¥§%%§§g§%§m%mto ?E%t%%?frgﬁ@%@5®§“6§¥F%W§P '%§FP uted with
one, two or three hal ogen atons; bé N(CH3) 2 or - NHRNL whereln RNL is |
sel ected fHemitprovitcdHompeyIcprepspPy | 1-met hyl et hyl, -00-CH3, 2- pyri dyI
3- pyri dyl toamek \or Y Edadlbmar, dxasteﬁébl@ﬂ’n%t@tﬁ@dn@rfmieﬁﬁ( {nciu@ﬁg@y'sjaﬁ opropyl and ‘
1- et hyl et.f gleg%@ each optionally , substituted with one, two or three
substituents sel ected from hal ogen and 5(01. 3) al koxy; - CONH2; and
d)3-pyridyl, 4-pyridyl, 5-pyrimdinyl, 2-furyl, 1-pyrrolyl and

1- nor phol i no. . Theremore préef e Iy, R2 is selected from Br, 04, cyino,
nmet hyl , ethyl, propyl, 1L 1 & , oyclopropyl, ethenyl §
1- net hyl et henyl , ethyﬁyL Morle pi ef R2 is selected from

cycl opropyl, ethenyl 1- etheq¥+

7 r
- S O

wharain;
either A or B is N and the other B or A is C, wherein —— between two C-atoms
represents a doubie bond and — batwean a C-atom and a N-atom represents a
single bgnd;
RYig H or {Crgalkyl;
R?is sslected from halogen, oyano, (Cusjalkyl, (Cassalkeny!, (Casralkynyl,
Carjoycioalkyl, aryl and Het; said aryl and Het being opfionally substiuted with R
wherain R* is one, two ar three substituents sach independently selected from
~OH, <CN, ~NR"™RY, halogen, (Craalkyl, (Cealkoxy, (Crealicyithio, Hat
and -CO-NR™RY,
whareln sald (Cogalyl, (Crealkoxy and (Cigalkyithio ars sach
cpiionally substituted with one, fwo or three haiogen atorms;
. R is {Csg)oycioaikyl, opfionaliy subsiﬁuted'with from one o four halogen gioms;
R and R are sach indepandsntly selected from H, (Cre)alkyl, (Cqg)alkoxy,
(G pralivithio, -NHg, -NHIC, ghalkyl, -N{(Ce)aliyl), and halogen;

Orne of R® and R® is selacied from COOH, -CO-NRMRM  aryl, Het and (Cog)alkeny!,
" 3h



Most preferably, R2 is selected from R3: Preferably, 1,23 is

cycl opentyl, or cyclohexyl, each being optionally substituted with one or
two fluorine atons. 5More preferably, Ra is cyclopentyl or 'cyclohexyl. R4
and R7: Preferably R4 is Hor halogen and R7 is H Mre preferably, R4
is Hor d and R7 is H 10 Most preferably, R4 and R7 are both H RE and
RE: Preferably, one of R5 and RE is selected from a) (C24)al kenyl
substituted with COOH or CONHRN1, wherein RNl is selected 15from H and
(Cl-5)al kyl, said al ken%eltj being optignally further substituted with one or
two substit uent ¥herae R fridperrifent By e PRt ede PP ORC [ arRSE" And"hal ogen; b)
phenyl or Het, aditde behngoeptduostalddwis@stituted with one or two -
substituents each indepensent .y, sel Gel e@sfiidMeadn indebiioe@¥ Siecd@Ptyn 20H.
(Cl..3)alkyl optionally substituted wth., me%}{}l g,gz S %?I}%%RNL wherein R’
and R "7 are each iﬁﬁ@%@ﬁd@ﬁ?f’*y‘%@?’@c‘f\@ﬁ }gr o B Bt ( ¥yl or R' and
R\N2 are |inked, togethhen thwiChdihids ditietebimubsitgdivithavhreyN@F R at t ached, - to

forma 5- or 6-nRIRLLAR fBNAECHTE bbectsd AbM AL Dol NS alaitb:3t @) yisad, omat i ¢
N-cont ai ni ng heterg |, optionally having additionally one or two
25het er oat ons eéB%Nﬁﬁ%pendently selected fromN, 0 and S; and Hi.
-N(RN2) RNL;  wherRisdCRNky (S-setiettved (Frovacrliv(@s)fdf kyl and - CO(CL. 3.) al kyl
and RN2 LIS H or ( Claglsketlsaid WherSbaitieing biicaikBaikg breGadripeagd nonocyclic
saturated, unsaturated. ot J L eracy Vil ng..fL 3

Q§ 5 gsﬂ%[eagr%ht )7’ t\k}g}% o;h%ﬁ]t_,g &9:\ @!’?Afzes elg%x :5%9‘5%6&!%}&&0%15

het er oat ons, each i ndepen selected from O, and c) COON,
and the other of R6 HteRen €+a¥ie¥ fECrHEMIES NHRNI, (C 4alltyl, and
(C1. 3) al koxy, Wrred R® Rk bdchirsiosetiety stbofer 6om . anidy!-c0BL S RERraadkyl .  Mre

preferably, one of MR i fontLedmhkenyd stituted
with COX or - CC]\IHZ!%gg%fﬁ'%pkg)ER e SENILAG dd AR aLil:bsﬁti t H yss%“%e or two

substituents sel ect ed=#¥9 “{el@gg’% %Yﬁ(f?%étgcrt‘}ggﬁﬁ%l GGeRc etg‘r%gng\gb%?g%ienyl or Het,
each bei ng opti onal | setswbssietantimgraidetly oprstagionpbNs1iB$t i t uent s each
i ndependent | y sel ect @gdid Qcydicaiky Qjcio@Xey o KEMNoyele Is in(eedh) @bdkytkiorapt | onal |y
substituted with phes%lﬁ,mt -dmt%n)g)ﬁmwor iii, -NH2, -N(CH3)2 and - NHCOCHs;
10wherein Het is selected fromthe formlas: _nd c). COOH; and t he
other of Rs and Rbisisgedss|iartedHrrh G- wawHyt ConatRdwy - et ibxy, -NH2 arid
16- NHCO- OCH( CHB3) -2o-(Exeixyimooes-{Ir. ghiey alpd st one of Rs -and R6 is selected from
8) - CHEGH COOyor - CHEBOR /A5 HoARLIABA dr Yach UhskiUleg, Wi th one or two
substituents sel ect e(CJ)Qy%%@f LAYl e ShL and Tluor o, and. oo
(C..c)alkyl are each opfionally substituted with one, two or three substituents
sach independently selected from halogen, (Crejatkoxy and {Csjakyithio; and
R is H or (Cre)aikyl, or :
25 R and R may be linked, together with the N atom o which they are atfached, 1o
~ form a 4-, &, 8- or 7-memberad saturated, unsaturated or aromatic N-containing
haterooycle or a 8-, 9=, 10- or 11-memberad N-contalning saturate'd, unsaturated or
aromatic heterobicycle, sach oplionally having additionally frem 1 o 3 heteroatoms
sach independently selected from O, N, and &,
30 wharein the heterocycle or haterobicycte formed by R and R™ is optionatly
substitutad with one, two or threa subsiitfuenis each indepandently selected
from halogen, (Cooalkyl, (Coedalkory and (Co.galkyithic;
wharein Het is defined as a 4, 8-, 8- or 7-membered heterooycis having 110 4
heteroatoms each indepsndeantly selected from &, N and 5, which may be saturated,

4



20b) phenyl optionally substituted with NH2 or Net optionally substituted
with one or two substituents each independently selected from i. -OH, oxo,
COH;, ii. methyl O ethyl, each optionally substituted with phenyl,
-N(CH3)2, or O25N,and iii. -NH2, -N(OH3)2 and - NHCOCH3; wherein Het is
selected fromthe fon-nulas: 26 c¢) COCH and the other of R5 and R6 is
selected fromH, nethyl, nethoxy, ethoxy, -NH2 and 5- NHCO OCH( OH3) 2. Yet
nore preferably, one of R6 and R6 i's selected from-CO H, 15Most

preferably. onc,Qle B8 AULIA: KR Or HEGEN-ANL et hefainl (B and RO is
e

H Alternatively ra , one S rom 27 N
andand t he ot he?e%ﬁatwwéﬁé"”ﬁ@s?‘@“ ﬁachﬁﬁ?a‘:’%ﬁ%@éﬂ%%% o %ﬁaggégﬂ‘e%t ed from

(Cl4al kyl , (CA_sperechinatek yhsaneatd of @@#eie| oal kyl - (Cl 3)al kyl, wherein the
(ClL.5)al kyl is optionally substituted wtth (C,..3)al koxy or fromone to

three fluoro ato ef era , I af 6:0R8 FRROY(D aset hyl
propyl, 1- mﬁhy@“ﬁg“@n (ﬁ??é)faﬁp{h}érdép 8%1% o &ﬁbut cl g)b,ut yi,

cycl opr opyl met hyéscris2d héreicheest yhich 2 %SW““PF? T“Pﬁﬁ?%ﬁt??yi a“a?%”t? “fet hoxyet hyl .
Most preferabl y R bgudiBich¥ broopt RRBkand R 16:  Preferably, RO and R are
each i ndependently selected from (014)al kyl or RO and Rl are |inked,

together wtth t atom,t o etné%l Ghowt & HR6Mry activity against HCV
(03..6)cycl oal k eC?@“&f%?@?oé‘%&%ﬁgfxm%&e&é hﬁ menber ed nwor?(bézvflgl%c

het erocycl e havipotyuferasenid pdrigculr h@n;muuéieacwémeaﬁcthmldﬁdé%‘éqm@ﬁ#l y sel ected

from 200 and N; wh e 3R RGN B4 2okl kA SOk kf&rmd n@émﬂebﬂmcycl eis
each optionally su%gﬁtﬁt%gg W th &%4& kyl , More efer% ¥0th1 aescgg‘gg IS

sel ected from . enRmeNSIR@RodedPY efélfﬂ%“l“&’re ©Re° 1es” sel ‘ec from
Enconpassed Wi t hitbw bshecgecply aobd adiely jregbhbsed fiFy (5‘?P*‘r§’r“%“ ¥éHpdunds of

formula I: ' further advantage of compounds provided by this disclosure is their low to very low ar
15 even non-significant activity against other polymeresss

3

Tn an embodiment, there is provided a use of a compound of formula I according to this disclosure,

or a pharmaceutically acceptable salt or ester thereof, or
2 composition thereof, as an MCV polymarass inhibitor, prafarably as an inhibiior of
20 RNA dependent RNA polymerase activity of the snzyme NEER, encoded by HCV.

In another embodiment, there is provided a use of a compound of the forrnula I according to this

disclosure, or a pharmaceutically acceptable salt or ester
thereof, or & composition thareof, as an inhibitor of HOV replicaiion.

25

In another embodiment, there is provided a use of a compound of the formula I according to this

disclosure, or a pharmaceutically acceptable salt or ester
thereof, or a composition thareof, for the freatment or prevention of HOV infection in a
mammal.

30
Tn another embodiment, there is provided a method of inhibiting the RNA-

dependent RNA polymerase aciivity of the anzyms NS5B, encoded by HCOV,
comprising exposing the enzyme NS58 1o an affectve amount of a compound of
Sormuta | under conditions whare the RNA-dependent RNA polymerass activity of the

35 enzyme NESB is inhibited.
5



RO Re R ),--_,,.----- LN1 H'"I3---- li re 10 wherein: either Aor Bis
N and the other B or Ais C whereinbetween two Cratons represents a doubl e

bond and -- g, 1Re exﬁoog’n?e}npme?qu %@sg@@hwwmﬁaﬁgﬂ@w ngl e bond; Fe is H

or (CL5)al ky ogen, ar ;sai and Fi et bei ng
optional |y subsitsteutedring me a cﬁ%@f@@%wgh isY Brre °ﬁﬁt~9\ﬁ FUH R e
substituents gagfuntBelepRRdeRiE] %nc&ﬁhmﬁ@drépﬁﬂmﬁmv s@NbitedN( RN2) R |
hal ogen, (C15)al kyI (Cl4a| koxy, I -1 et and - CO N( RN2) RN1;

wherein said aIk 0Xx | tionally substituted
20mith one, tWg° oFf?nrlerelén Té?}%gé%%%%g%fgag%wog&%g%

substi tut ed mz’ehnﬁrrgcbmvonﬁemmnﬁmanmhadoaqemnmmanﬁwoa}mﬂﬁ?naame each

-NH2, -NH(01l.6)ail 2. al ogen; .one, of R6 and R8 is
el ect od 1 ronPABIEIHEEREHFS B SRt E2Rh S BT IPRERTE Wherer n Het
(C24al kenyl and RNI or any heterocycl e fornmed between 12142 and RNl are
each opti onalth yn@htbshbidibad, thdré i pREQIed BwhedodiohtrREn & one, two or three

i ndependent | y %%@%&G%t gfraqgﬂn‘:s?‘unc(ﬂan@l@l é‘c\ébruin GkniShadnkaxy.z (G _e)al kyl thio,

bsti t uent h | = Q,%]—( - N(R\2
S%SNI( Rllilg)nRT‘4%‘?LCMCm ".ﬂ’g\ﬁgﬂ%ﬁr‘%a éﬁlﬁLF%&ﬂ %g{ﬂjé?%%gd%y%?ngmse ect ed(froaneH

(014) al kyl , (@ﬁes@)&aﬂ%@éw 2 EERoHBY HITNTHE +i%H 2 PRRRIIRETRRE \PRIGFEDIRE &

(C1.6)al kyI (3 4eyedi aak kopipoion (34T y choaihkiph w(‘m %;»ta:hkycharantwther ein said
-and cycl oal kyl -al kyl are each optionally substituted with

al kyl, cycloal?
one, two or tHfee substituents each i ndependently sel ected from hal ogen,

(C4.6)al koxy and (Cl4)al kylthio; RO and R19 are each |ndependently sel ected
from ( C15) al ki gnother RebodimnRUGreds providpkepharmaceutical compeglidtier \Atith the C

atom to whi ch {hevmaheer dllaedhegioy mfmfcMnn&c(x&asaﬂg)&}éﬁécﬁwd et of 2
15( 05. 7)cyc|oalkeny|

d t f 1t
3 het er oat on€ BREH ] Oﬁg’é’ﬁ}@ﬁg%‘f‘?ﬁdy‘gﬁ hésc‘?%g:’o gl%g%a(? m%%ge%x%li%ap%\%eggl nr g::inl d °

cycl oal kyl , cysel ersteaisgroicac pebasrreyerly aéF%’“@écﬁ“?fptl onal |y substl tuted
with (C44)a|ky| RI41 is selected fromH, (Cl4alkYl, (C7)cyc oalk I

(C3.7) cycl oam@ke«c@ma@m theyrb i§ p@@ldé:@@ p@@i@):axtlka,ucomp@mcm {octhesyeaimept olReY
Het ; V\/nerel n.all! of said 0
with one, FHOY RPBESEGEE E ﬁ%( l%en sm%gg E}l dj\é\%%dn ed% éf%g gvele%:{rtazl%jm%ag%%ﬂ§

hal ogen, (Cla&};a:kﬂi@%y oaémhrttﬁﬂeoﬁataﬂamhhmmc@;tmalmcwwlqwror (C1)al kyl, or
25 RN2 and RN1 nay be |inked, together with the N atomto which they are
attached, to forma 4-, 5-, 6- or 7-nenbered saturated or unsaturated

N- cont ai ni ngAE&k@ﬂi mb&lﬂzrenﬁoﬁmcm%e pifmautichleampniisored ths disHesani ng

het er obi cycl e, ha i.ng di [ e ons each
i ndepende%t ly %dé‘f’ ‘éD m%% ‘:'LLI\\I‘LHQa d%:wa vﬁ?mﬁmtc% B ’nﬁeggl?ga?:ycl e or

het er obi cycl| eafoEnedTBgs WIEH@’*%W“PMIC‘”F‘% SEAT %QP‘W‘“SU%%B%?W uted with one,

two or three smbhsddd=uente each |ndependently sel ected from hal ogen,
(C14)al kyl, (Cl.5)al kory and (Cl.6)al kylthio wherei n Het is defined as a

4-, 5-, 6- or 7-nenbered het er oc cl e hatgl n 41 het eroat%ms each
i ndependent | y AS@IgtaaurrdMeeT™ FGHE=S. PHA acﬁ’ﬁ BETRREUY At Ed,
or aromatic, d@lodur8addi@mnallylddmpeites Ziﬂ.keamemiteﬁlmd arheH@V@bdﬂttymneaﬂﬁWlng 1to5

agent.

According to a more specific embodiment, the pharmaceutical compoesifion of this

disclosure comprises an additional immunomodulatory agent as an other anti-HCV
agent. Exampiles of additional immunomoduiatory agents incltide but are not limitsd

" to, o, B, & -, 1- and e-interferons and pegylated forms thereof.

(C5.6) cycl oai kyl, optionally

unsat ur at ed



het er oat ons wherever possible, each independently selected fromO, N and S
whi ch may be xsal uﬁ#@}%gther% UIﬁta%Qad%a'ﬂﬁﬁHmfahﬁace@balaarsmsmurtdﬁereof 5 Al'so

enconmpassed WrHi A € SCcOo ent v whgs of
for mJnFa I, ﬁuqﬁiﬁcﬂqs’(%fﬁla%@m@fa% WWB?@E{G S‘P%e ahd %ﬁ%g%ﬁﬁg@ 1 is selected

fromthe grOléﬁ)aiﬁQI’&ﬁﬂiE@t’ﬁ@n‘of H, methyl and et hyl; Rz i's selected from

hal ogen, cyan, (.Cl4al kYl, (C24)al kenyl, (024)al kynyl, (C3..6)cycloal kyl,
phenyl and Net selected fromthe Qf ggmgag i u@rﬂ@l’ wher ei n
sai d phenyl deprdgst© FHEURYEFETY qul %j%o& %%gstt Toted et EFS er%naéea rein Rai
is 151, 2 or i3 suhsdicaddintisile achprisaok prepdes fihp ﬂ%fl’ PO .2 cr 3
substituents each.independently sel ected from hal ogen and - or 2
substituents each independently selected from a)hydroxy, (Cl4) al kyl or
(C14) al koxy; wherein said al kyl and aI koxy are each. opt i substituted
Wi th one, twormsrdthices hethes it Bt ERETZHD %/ Wﬁﬁf”mé’ Fe ‘D%Lf}ﬁ% is selected
fromH (Cl) ajflg%{ discl G (EEB) Al K ympris@ BaftGng mh@)t@quﬂlot%ﬁ’i@f%%fn "vherein the

aloléyl0 F(C):rtl onam(z Fea%easgx t?%hg[rg&l kkﬂamp‘fa@@‘éu%%ﬁh{bydaf ct@srd

subst | t ut ed b one. t hree
substituents m“@cﬁ“@é‘ﬂ PFf@Fﬁ Wa‘l%%ﬁ a&n‘a‘*‘*%" h‘ P V\gﬁ%“‘ Voo S dﬁ%ﬁ%l n said Net
is ab5- or 6- hg,lasammmmfmaer}ﬁdh\@%alﬁw%Eteééthauﬁéiﬁ?rﬁi’”a‘f’é‘ﬁ or aromatic

het er ocycl e hay w\, 3;m=.2\,1,lgpcg é+9ﬁ&;@{@,buﬁ&£ihmtadwmﬁemdxw selected fromN, 0
and S; and RN or )al kyl; c) -CONRN2RN' , wherein Rt42 and RM are

each i ndepend nt I é;sabeo% %e%fc %b}o%g@laﬁg]gﬁ)@hﬂmhd obfarhnd) T 4detrdingbpethis digciosure,
said Het is a efe nondcyclic heterocycle having I, 2 or 3

het er oat ons, aas{nphlaﬁhﬂpemdéb’talcvp%leé@ﬁ@&Sﬁef@ﬁﬁeﬂf 0 and S; R3 is cyclopentyl
or cycl ohexyl each opti.onall. L —ngﬁ%{‘tﬂ’@nfaﬁu}éﬁﬁfl uorine atons;
10R4 is Nor ha‘f’@g%f}lf’c’éi1 t?‘\"lv’“”éhh?%ﬁﬁé%& ,%MM[ d.Rg | d from a)

(C24) al kenyl sardst e B‘F‘@tﬁm\moﬁﬁ”ma%wa@ﬁﬁ%rﬁm éyaeni n FleI’T |s sel ect ed
fromH and (Cl13)al kyl, said al kenyl being optionally further substituted
with one or two s%bagé c{ l@ff'elpg ﬁ PRAGRA laﬂ&@ﬁ&&d@:ﬁﬁnhi&&cmﬁ:l @otpaeing p ovmycsition gty |

and hal ogen; 'Bf "Biven each_bein nal | ¢
or two subst ltb edits Eé(a‘éhnf‘ﬁﬁrméﬁ’éﬁdé’ﬁ{bﬁ & gg af%%l'g%% fﬁ;—?uﬁagﬁ% ol ORP

(01. 3) al kyl t| onal | t it Seds Wk Ruepbiimyshitof cad\lbd?h&)lﬁmlruatwh‘éﬂ@ﬂﬁym
and Rt 42 are ?@ﬂ %ag%béﬁg%tﬁ%ly sel ect ed from and (%alm ¥l QL8] b@gdor .
20RN2 are |i nﬁe@@tmst@gmmhewhmm teif O OROHEFMCPBPRRAT @h° afe “attached

forma 5- or 6-nmenb Glik G esSAtEkat €d, unsaturated or aromati c

N- cont ai ni ng (o[ cglfy a@% ?l}éonal I ; havi ng addi ti onal | y one or two

het er oat ons each |ndependently selected fromN, 0 and S; and

ii1,-N(RN2) 1R141; wherein RI" is selecgte H ]Jmﬁggal kyl and

- 00( CL. 4al kyl 26ather Febpdipgnieisrs @i@)’%f’ Eiﬁr{ % er ecf’&’% ’ﬁ - or

6- member ed MoNeeyRkiien Sative atred or HIPHSEEN Y dHEHR %{F%'Hﬂ?iﬁ&” :ierocycl e having
fromlto 3 het g,r g,ﬁl; QN6 LeAGK daRdepenstent tynpssbeckedviicomigiss K2and S; and c)
COON; 30and th her of R6_and RO is.sel6 {hgqmgf FRID Jitus, Wi <4iCL_3) al kyl ,
and (C, s)al koxie coRpRsfgs ff" Hi%ILDSR?éeﬁg%te v 9%31 2nd - Q0-0-(01. 6) al kyl ; R8
is selected frO;mnﬁ)@m&)@IW%W“SB(CWYWF%?‘?WEC s

(C3. 4) cycl oal Ky zkGle 3R deybnativher @ienotiveed’.C5) al kyl is optionally
substituted with (Cl. 3)al koxy or fromone to three fluoro atons; and

Ir a fourth aspect, there is provided a compound selected from

/

O




RO and R19 are each independently selected from (Cl)al kyl or RO and Rl are
| i nked, together with the C atomto which they are attached, to form
(03.6)cycl oal kyl , (Cfre)cycl oal kenyl or a 5- or 6-nmenbered heterocycle
having from1l to 2 heteroatons selected fromO and N, wherein said
cycl oai kyl, cycloal kenyl or Sheterocycle is optionally substituted with
(Cl..4)ah<yl. More preferably " is selected fromthe group consisting
of H, methyl and\ethyl; selécted fromBr, O, cyano, nethyl, ethyl,
propyl, 1- N Onethylethenyl et hynyl, cycl opropyl,

phenyl and| Hep—s€ ! 'ronﬁthe gro-. of formulas: " [I"N N\r, HVAS, N
0\ 15, an¥ i apd phenyl @ are unsubstituted or substltut ed
with R24, wherei R21 is 1, 2 or subst i tyent s, each i ndependently sel ected
from - Ito 2 § tituents each |ndependen5 46l ected from fluorine;

chlorine and b ne; and 20- 1 to 2 substituents each independently
selected from a)Yhydrwy, nethyl, ethyl, propy 1-thethyl ethyl, nethoxy,

et hoxy, propoxy or 1-nethylethgxy; wherein said nethyl, ethyl, propyl,

1- net hyl et hyl , net hoxy, et Kox ropoxy and 1-methyl et hoxy are each
optionally sugstlhqted Wi t i two or t hree hal ogen at ons; b) -N(OH3)2

or - NHRNL yhefei n /RN el om H, nethyl, ethyl, propyl
1- nethylet‘yl b, pyridw, A ridyl and 4- pyrldyl wher ei n sai d
met hyl , et hyT; y #d 1- met yl e ar.e each optionally substituted

with one; two or4hree substituents sekectey from hal ogen and (C)al koxy; c)
-CONH2; and d) pyridyl, 4-pyridyl, 5-pyrim@inyl, 2-furyl, 1-pyrrolyl
(and 1-nDrphoIin‘ | R3 is cyclopentyl or cycl ohgxyl, each optionally
“substituted with one or two fluorine 10atons; R4 is H or halogen and R7 is
H, one of R5 and R6 is selected from a) (C24)a|keny| substituted with COOH
or -CONH2, and op}!onally r gubstituted with one or two substituents

sel ected frar (<a kal ) og®€n; 15and b) ghenyl or Het, each being
optional | y'sul s %@e N ityents each |ndependently

sel ected on N (CI3yankyl optionally substituted
wi.th phenyw and 20U . 11-12, -N{CH3)2 and - NHCOCH3;
wherei n Het cted fronlthe formul as: c¢) COOH, 25and the other of R5

and R6 is sel fromH, nethyl, nmethoxy, ethoxy, -NH2 and

Ta



R8 is selected fromnethyl, ethyl, oropyl, 1-nethylethyl; 2-nethylpropyi,
3-net hyl butyl, cycl obutyl, cyclopropyl nethyl, 2-fluoroethyl,
2,2,2-trifluoroethyl and 2-nmethoxyethyl; and 5 Even nore preferably R is
sel ected fromthe group consisting of bl, nmethyl and ethyl; R2 is sel ected
fromBr, C, cyano, nethyl, _ propyl, 1-nethylethyl, ethenyl, 1-

met hyl et ignyl , ethxnyl, b, phenyl and Het selected fromthe group
of 10f or mul §s; j and Het are unsubstuted or
substi t ut eds or 3 substituents each

i ndependent® i tuents each independently
selected frd e; and 1 to 2 substituents each
i ndependently sele¢ et hyl , ethyl, propyl,

1Lnet hyl et hyl , OXy, ethoxy, propoxy or “¥=Ret hyl et hoxy; wherein said

met hyl, ethyl, apyl, 1-methylethyl, methoxy, )5etfoxy, propoxy and

1- nethylethoxy are each optionally substltutec with one, two or three

hal ogen atons; b) -N(CH3)2 or -NHRNL mhereln Ris selected fromH, nethyl,
et hyl, propyl, 1-nethylethyl, 3-pyridyl and 4-pyridyl;
10wherei n sai d met hyl | ) | ethyl are each optionally
substituted with.pne

a) hydroxy,

S-pyridyl, 4-pyridyl, 5-pyrinmdinyl,
1- nor phol iNio;~¥3R3 is cycl opentyl or cycl ohexyl,
each optlonally substt™uted wwth one or two fluorine atons; R4 is Hor a
X ne of R5 and Rs is selected from a) -Cl-1=CH 0001-1 or
/- CH=CH CONH2, optionally substituted with one or 20two substituents
‘sel ected from |, ethyl and fluoro; and b) phenyl optionally
substituted with NH2 or Het optionally substituted with one or two
substituents each independentbDy gelcted from i. -OH oxo, COOH 25ii,
nmet hyl or et hyl i ifuted with phenyl, -N(CH3)2, or 14,
and - ., Wherein Het is selected fromthe
f or mul as;C: :

OH;

/b



c)COOH;, and the other of Rs and R6 is selected fromH, nethyl, methoxy,

et hoxy, -NHz and - NHCO OCH(CH3)2; 5R6 is selected fromnethyl, ethyl,
propyl, 1-nmethylethyl, 2-nethylpropyl, 3-nmethylbutyl, cyclobutyl,

cycl opropyl met hyl, 2-fluoroethyl, 2,2,2-trifluoroethyl and 2-nethoxyethyl;
and CNH 10 Most preferably, is methyl; R7 is selected from R3 s

cycl opentyl or cyclohexylyg R ard R7 are both H one of R5 and Re is \ COCH

is/OHH

or the pharmaceutically acceptable salts thereof.

In a fifth aspect, there is provided a compound having the structure

or the pharmaceutically acceptable salts thereof.

Tc



R5 is nmethyl; and 15l ncluded within the scope of this invention is each
single conmpound of fornmula | as presented in Tables 1 to 4. Pol ynerase
activity- The ability of the conmpounds of forrmula (1) to inhibit RNA
synthesis by the RNA 20 dependent RNA pol ynerase of HCV can be denonstrated
by any assay capabl e of neasuring HCV RNA dependent RNA pol ynerase
acti vit yln #sighptpad] theraspayrided agempound bavipgithe Hauctxanpl es, Specificity for
RNA dependent RNA pol ynerase actiyity To denonstrate that the conpounds of
the invention act by specific@inf biyti on of HCV pol ynerase, the conpounds

[ fct i y i.n an assay neasuring the activity of
S han HCV 5 polynerase or in a DNA

3 CV RNA Replication activity _
¢ o to inhibit the replication of
ng t he conpounds for

.in a cell-10based HCVRNA replication assay. A suitable
assay i s describ n the exanpl es. Wien a ceseound of formula (1), or one
of its therapeutisadl |y acceptable salts, is enployed_as an antiviral agent,
it can be adm nistered orally, topically or systgm<tcally to
manmai si ncl udi ng, but not limted to, humans, cattle, pig, dogs, cats,
rabbits or 15 mice, in a vehicle caonprising one or nore pharmaceutically
accept abbetheabarapaticallyeacssiids ta1® HeBOinwhi ch is deternined by the
solubility and chem cal nature of the conpound, chosen route of

adm ni stration-and standard bi ol ogi cal practice. For oral adm nistration,
A-he conpatadeverth aspedighap ésutrévidddlaycompapgdhatiheths atnicttrbier eof can 20be

'formul ated in unit dosage forns such as capsul es or tablets each containing

an RNA- deper
dependentg-R
The ability \of_f
HCV RNA in cells
i nhibitory activj

a predeterm ned amount of the activ gredient, ranging fromabout Ito
about 500 ng, in a phgrmaceutically epiable carrier. For topical

adm nistratio hhe CoruoHThgan he at ed-i n pharnmageutical ly
25accepted ve ' g abobt O. \to per gent, preferably
about 0.5 %0 ¥ G of the actWvelagemt. S ormul ati ons can be
in-the for&%o a sol ut/1 on, Treamor |otion. F&F system c &8ni ni stration,

subcut aneous or in yscul ar injection, in conpositions with

phar maceutical ly. a6 tabl e vehicles or carriers. For adm nistration by
injection, it is preferred to use the conpounds in solution in a sterile
aqueous vehipbhmaptitichlneopentbo saisikasad. ot her sol utes such as buffers or
preservatives as well as sufficient quantities of pharmaceutically
acceptable salts or of glucose to make the solution 35isotonic. Suitable
vehi cl es @ .Gk Rpest, MatGh plitedecdigRind BHvirshe aheve noted formul ations are
- described in pharmaceutical texts, e.g. in "Remngton's The Sci ence and
Practice of Pharmacy”, 19th ed., Mack/Rublishing Conpany,: Easton, Penn.

t he conpound® of for-rla (I') can be adm ni stered by 30either intravenous,

1995, or in 5 "Pharmaceutical Dosgge ns]And‘Engs Del ivery Systens, 6th
ed., H C Ansel _af,al. e W LA a MN.Kins, Baltinmore, Mryland,
1995. The dosage o : i i B '/ orm gf adm nistration
and the paPtiTyl ar gacthye b chosen. f NI | vary with the
particul ar host er f . Generally, /3 isamitiated with

smal |l increments until /the optimum effect under the circunstance is
reached. In general, e conmpound of forrmula | is nost desirably

adm nistered at a cg itration |evel that will Generally afford
antivirally '"effective‘results w thout causing any harnful or del eterious
side effe : I Ll .9f, the conpound or a therapeutically
accept abl glt% qﬁ%%%m%g9§8%?%?§%%%%%8ﬁpt he range of about 0.01 to about 200
ng per Kkilogram of body weight per day, with a preferred range of about
0.05 to about 100 ng per kil ogram For system c adm nistration, the
conpound of fornmula (1) can be adm nistered at a 20 dosage of about 0.01 ng
to about 100 ng per kil ogram of body wei ght per day, although the
aforenentioned variations will occur. dosage level that is in the range
of from about about 0.05 ng to about ng per kil ogram of body wei ght per
day is nost desirably enployed in order to achieve effective results. 25
When the conpositions of this invention conprise a conbination of a
conpound of forrmula | and one or nore additional therapeutic or

prophyl actic agent, both the conpound and the additional agent should be
present at dosage | evels of between about 10 to 100% and nore preferably
bet ween about 10 and 80% of the dosage nornally administered in a
nonot her apy regi nmen.



30 When these conpounds or their pharmaceutically acceptable salts are
formul ated together with a pharmaceutically acceptable carrier, the
resulting conposition nay be adm nistered in vivo to manmal s, such as man,
to inhibit HCV polyrnerase or to treat or prevent HCV virus infection, Such
treatnment may al so be achi eved using the 35conpounds of this invention in
conbi nation with agents which include, but are not 40 Ilimted to:

| mUnOMDAU APLYIR0L B oGk UdbAdo B Ol b killked L0 @ b, 5y, T and
minterferons or pegylated torms ereof ;  other antiviral agents such as
ribavirin, amadtadine; other inhibitors of HCV NS5B pol ynerase; inhibitors
of other targets in the HCV |ife%cy whi ch include but are not limted
to, agents that inhibN a target gﬁ but not limted to, a iH CV

- hel i case, SRS di ease and HCV | RES and agents
that intef ) al_targets including but not
limted to am\NS5A pr o el Y Vel Neof. Thegadditi onal agents
may be conbi ne ] reate a single

dosage form Alternatd e ~1De separately
10adm ni stered to & | as part of a multiple dosage f@&m Methodol ogy
and Synt hesi s synt hesi s of conpounds a %ording to this invention
is preferably acconplished 15 follow ng the general procedure outlined in
Schene 1 below. Schene 1 121R4 CO/H NIR2 R [61 Conmpounds of formula I,
wher ei n &l g piaPmadBticdy, acBpiabResaltRiherd®8, R9 and Rl are defined as

herei nbefore, are preferably prepared by coupling carboxylic acids of
sgeneral 20fornula I'l with am nes of general formula IIl, as illustrated in
“Schene ' 11abeme asgestl here GA5rbARMl - REHbYRAIHaBE g fiRAGEALE Wel | known by those
skilled in the art. Such reagents include, but are not limted to, TBTU,

HATU, BOP, BrOP, EDAC, DCg, i utyl chlicroformate and the |ike.
Al ternatively, carboxylicjact of general fornula Il may be converted to

t he correspe di ngi-acktinght o] ¥i ng standard reagents, then coupled 25
| 'ﬂaiiﬁ t e gener g

W th am ng d§ ormula Ill. In the cases where
an est erNpybot et ed carboxylic acid noiety, a

ei ther R6“s% »
saponification rgaction is carried Qu

skilled in thg ) to obtain the fina
carboxylic a BOl nt er medi at e car boxy

(using protocols well known by those
_inhibitor product as the free

aci®®s of forrmula Il may be
prepared by preeedures described in WO 031010141, or by procedures
described in the exanpl es bel ow. Internedi atte am nes of forrmula Il may be
prepared according to_the general procedures outlined in Schemes 2 and 3
bel ow. SFWaRH?ﬁEmFHF%Q%@HF%?QSS%F BH¥ral fornula 11l in Schene 1 nmay be

prepared fromthe correspondi ng &m ne precursors of general formula IV by
coupling with the appropriate a, a-disubstituted am no acid chloride :

hydr ochl dn kl@sventPrasprat, &tefedn profidehecamerephavingdhestaciiesubst i t ut ed ami no aci d
ehl oride hydrochlorides fromthe 10 correspondi ng a, a-di substituted am no
acids nmay be carried out asod i bed in WD 03/007945 or WD 031010141, or
by using the rpc &g : apt ation thereof, described by.E. S
Uffel man et Al .y . The amide internediate forned in
the coupl Fioh r eact iNg izAd Wy heating with acetic acid, to
provi de am ne i'hter i la ill. 15 Al ternatively,
am ne intermnedi ates i chene 1 may be prepared from
t he correspondi ng al forrmula IV by coupling with
t he 20appropriate Boc-protected ca-di substitu®8d am no acid as illustrated
in Schene 3, using coupling reagents Il known to one skilled in the art,
such as T@ﬂﬂmhmqﬁﬂﬂqu@ﬂﬁmqﬂﬁﬁe%ﬂﬁﬂﬁﬂagél i sobutyl chl orof ormate and the

| i ke. Appropriate Boo-

DETALED DESCRIFTION OF THE INVENTION

Definitions
The following definitions apply uniess otherwise noted:

As used herein, the tarm “(Co)alkyl”, whersin n is an inieger, either ajons or in
combination with anothar radical, I intended to mean acyciic séraight or branchead

chain alkyl radicals containing 1 to n carbon atoms respectively. Examples of such
Te



protected a, a-di substituted am no acids nmay be prepared fromthe free

a, etdi substituted am no acids, using standard conditions well known to one
skilled in the art, such as reaction with Boc20 (di-tert-butyl di carbonate)
in the presence of a tertiary amne such as triethylamne, and the |ike.
The ami de internediate forned in the 5S5coupling reactian is then cyclized by
heating with acetic acid. Deprotection of the Boo group to provide the

am ne internedi ate of general forrmula Il in Scheme 1 is carried out using
standard reagents well known to one skilled in the art. Such reagents

I nclude, but ar%c@@‘inci'u?ﬂ%&t%@ nEme;téthfnlwé&%r ORGEl-brépyaaindthy@n@abut i on of HC in

di oxane and t he ar at rs of general
formula IV in §fﬁ%‘?’r€§”% hﬁﬁg’gmpé’ %) P 1%5%]%"% i lrF}g%gtwa?lppl yi ng t he

procedures as weatdliavedn hafltgnteRaiw @@d@ﬁoﬁélawmb?f%’ﬁy adapt ati on of these
procedures, and/or applying additional synthetic steps known to the person

skilled in t?e nlsg(yéﬁo @‘%&%‘utﬁt@&@%ﬂh@&% ré?éra Ealm &rQrﬁs[]&th@teH' | in Schenme

1 wherein one of wherein Rs" is selected
fromH, (01.6)RJHEHY ”ﬁ’é‘l’sﬁﬁ?@?fte&ﬁﬂ"h\}% ¥ i for exanpl e, nethyl or
ethyl, may be pr epar ed fromthe correspondi ng am ne intermnedi at es of

gener al formul el ubda nefn BHiHAREY MEeRresiath dekh vabivasertdes @af , 20 wherein

f R6 and R6 . thyl, b
e e w e T

i | | ustr at es ' heorjsrafas BEnGriIcG CORRRBIC It RFaReLTE s Fs" C’é}“’g F'¥6rnula 111
wherein R6 is -iarEdd(iREaS phEOPRoubte bosd. raterestobodh tﬁylcalﬁecﬁpﬂer@bﬁeskl lled in

the art that whep, srﬁf@d oSetrdd X )t'ih&odelnl' USHERhR - 100 OIITeS cis 8 wdapt at i ons

thereof, will result In " rCOOR. Al so,
it is under stoo‘ﬁ‘”‘iﬂ)‘iﬁta ‘Et%l%%tgﬁregk‘?fﬁem@ a&em”hr m’?r aﬁ"f%@ﬁé rocedur es of
Schene 4, or adapt AtColdenhesienmay hrepbuifueg open(E &8 SHREMAYHINEY i ng a

di ani ne pr ecir sEkicrofou@eneak bkoamdrash Moinn Schenmes 2 and 3 above, or a
suitably protected deri vative thereof or a sui tabl e intermediate inits
preparation, wherein one of ?,er ne_precursor of
general for mul aA$ sped 6?"5‘@@“9&"%5% aﬂkvyyipwaﬁ%wé”&‘“a&?% V& thereof, or a
suit abl e i nt er meditakteniwith BictheprepE MEEDOM aRHEE. éﬁ#’ﬁ%ﬁéﬁfﬁﬁﬁheﬁﬁh%a‘“% is

- CH=C( R566) - COOBy e rfr@t'n@ iRoER0aRenR Lrkd redr asiches pikebgfarig: bonGcheme 4
|11 al ab 1) d El L !ezﬁg Amh rsgcé(s npcﬁu(ag %gtta'?gno@% Qﬁéd %Wyﬁ?ﬂbfﬂn@& of general

formula 111 a% n=5CHKE | cohol_ i nternediate
of general for mEiPEPYIY BdGyouyPdHt F’FEfr}ﬁ‘kyWE aﬁ'“@é’%ﬁ? ’P‘ffﬁ‘ft‘ée%@cfﬂ%i’fﬁ%e agent such
as DI BAL-H and thBod didee.theBuf datlveupnbeese bag sgydegss e0PG i ncl ude, but are
not limted to, carbamate protecting groups, sudh as Boo

(tertbutyl oxycarbonyl) and t eparation. of ne

i nt er medi at es of*® JEHEFEN tf‘%‘le%l(é? CYclmﬁﬁfg \Bﬁeremms % ;ntengrr 8&1%:?%0%%3?1@} gener al
formula 111 b Schemorlwitilsontes rgpalyesaaap r&uc@akséwwworsﬁf%{'ﬁﬂf%‘dhfﬁr Gcedur es
wel | -known to oneaski dbRdEkdhpleber sat raciddd iddnele alucohodt imintier, pegbabe |11 b may
be converted to th I 0, using standard oxidi zi ng
agents wel | .knomﬁllc'({%m%% eﬁ@\ gg; ﬁ%xﬂ%%%l%%ntﬁ such as 1,1, 1-

tris(acetyl *-1, 1-di hydro- 1, 2- benzi odoxol-3-(1H)-one (also known as

Dess- Martin per i‘adisidee)n, hagrt HesJodmlkeevtmraiehy deiniept i dicBt @ | nc may be
converted togzan W%a’éoﬂmﬁ %@k%@ce@%e@r@wr@mm&i&&yﬁmI?dlibb!a:o:iz*ialhudg using a

standard Hor ner- mfgrbgr*g\%?qts agimg{nciﬁge E‘J‘t%% ’B{ig@??jﬁgﬁécn@%m% Wttig

procedures or t HE® 0 a’ person I'n the art, followed
by depr ot ecti on afiohekevlPG group using wel | -known standard pr ocedures. In
the case where the PG group is Boc, such procedures include, but are not

limted to, treal el il 86l .0 LOnMLEoNI PUGHie: il kipgacet i ¢ aci d.
HCl di ssol ved i n di oxane and 501

Am ne_ inter gener al
formula Il i ss‘éfh%ﬁ@”ﬁw\}%@?“@i“?{f‘%w %ﬂ”g‘ﬁ a%{ LR g%ﬂéz?%%%ﬁ%)
wherein R5 is (G .$)al kyl and wherein R for exanple, nethyl or et hyI
may be prepared frominternediaterlllc in Scherre 4 above by applying the
procedures of Schene 5 below. While Schene 5 specifically illustrates the
preparation of am ne internedi ates of general fornula Ill wherein RS is
-C(R50)=CHCOOR, it is understood by the person skilled in the art that when
R6 is -CHO, the illustrated procedures, or adaPitations thereof, wll
result in a product wherein R6 is -C(R66)=CH COOR. Also, it is understood
by the person skilled in the art that the procedures of Schene 5, or
adapt ati ons thereof, may al so be used when converting a diarnine precursor
of general fornmula IV in Schenmes 2 and 3 above, or a suitably 10protected
derivative thereof, or a suitable internediate in 'its preparation, wherein
one of R5 and R6 is -CHO, to ,a diam ne precursor of general formula IV, or



rnfPd 15tic The al dehyde internediate Ilic (from Schene 4) may be

converted to a ketone of general fornmula IIIf by alkylation wwth a suitable
nucl eophi lic al kyl ati ng agent, well known to those skilled in the art, such
as an alkyl lithiumor the like, followed by oxidation of the internediate
secondary al cohol to the ketone, using oxidizing agents 20 well known to
one skilled in the art, such as 'l ,1,1-tris(acetyloxy)-1, 1-di hydro-1, 2-

benzi odoxol- 3-(1H)-one (al so knbwn as Dess-Martin periodi nane) and the

| i ke. The ketone Uf may then be converted to an am ne internedi ate of
general formul andih kit M4 Gavihg S taiehaot] aldos nﬂ&mrﬁmﬂ&lk@wmmmi;ﬁn@r rel ated
pr ocedur es such aﬁhré/%t ti r%rbl% &Eﬁggé&%{eﬂ{y bg%%dléx %p‘ey@ éyggm;t 0 a person

skilled-in the'art roup using

ot ection %
vel | - known - staﬁ@ﬁWb%’@%@dW@% ”Otl“ﬁ‘i“etdﬁg "Wﬁ’p\‘ﬂﬁ@?g YHEBE G oup i s Boc, such
procedur es i ncloygkeentitisthgrogclstesyinistyl, t-ediopopyittimdtareerrenyibth *aci di ¢
condi ti ons Sycmyaéou{ynetntjil MWc@%HyP1@Fdo€ent¢@Hyl dicgaepempelniln- di oxane and the
| i ke. 30Alternativel sX F\gl tn%_':ates of general formula Ill in Schene
1 wherein one oYeIEXIgRyl ZQyPIoRgYiELY C( R564) - COOR, wherein R5De is
selected fromH, (Cl14)al kyl and hal ogen and wherein Ris (Cl.5)al kyl, may
be prepared fr o dsbencent, e sHpandiagnapione deitee predinateepsdfat ¢parver al f ornul a

)l_(" wﬁrer le‘”nt ?‘(bll ZUSQ& elggg%yﬁgxe’&%%hs\(@&\ét\éﬁ%xénhtﬁ'e%%@\f'mscm&;s@drh @‘Q@gm | ESng'[]g Egt ;?
and the |iké® by 4§peyi fﬁg’ ?"t%ga??g%%‘ﬂfﬁwc&%ﬁh& e&%%ﬂ? tN? %Or&g ﬁHraegct ion, as

presented in Sc’ﬁéwﬁepﬁdan%aﬁfﬁw ShieresdeBidra b § AcadsBledRaRpIRes °fel ow. Whi | e

Scheme 6 specifigahly illustrates the preparation of amine internediates of
general formula Il wherein R5 is -CH=C(R56a)-COOR, it is understood by the
person skilled in the art that when R6 is ustrate rocedures, or
adapt at i ons t hef &gPoxyhgraup ispgeally Rrotggidfs g0 B?t?fdi%ttca\}\;ﬂeecfj Vi e g

- CH=C( R56) - GEDR:arfix@io acid. t Pritsctiongiaums tretdn by usddénciyes, Semregiel initedtoi A) t he art
that the procedy@s:of s36beRBnfR eth@rtm%@tﬁ;m[l@éthp B&d BRBRETS araRPysiat SO be used

o e g L ol Sl P DEI L UL LY, 1 Sres 2 anc

intermedi ate i nim%atﬂse“ppfe“pjﬁrf%ﬂ«'ﬁ@%me%ﬁé‘ﬁ%laﬁtf"‘gﬁ@“@ﬁ“?*('5*pﬁ?f&q%st‘?” to a
di am ne pr ecur sor of general formula 151V, or a suitably prot ect ed

derivative t ggtm% @b%ﬁr@@&@e&h@ﬂnﬁgﬁhaéz@os!‘.dﬂcd i® aﬂsﬁtl%??ardﬁﬁﬂ on wherein

one of R5 an fli as
her ei nbef or e. SEﬁé’P?é’%m fﬁb GETAWE al“ﬁ con‘agm @rﬂ%é'ﬁ{%?gn is

illustrated in fatmmshﬁramgleatmmdewi th@tffolrﬂﬁwmyinbﬁﬁpﬁhﬂﬁﬁ wghE¥anpl es. As is
wel | known by a person skilled in the art, reactions are performed in a

nitrogen or ar gonéjfedf gre%,l_t%e %rrr%@ %@ﬂ}s§3§§5§réﬁ op pmgﬁﬁgérgocﬁate'fﬁ Ha@zﬂg conponents

from 25air or. are g rees sius. Flash
chr omat ogr apksy ilgo ﬁé@@%ﬁ“%%% ﬂ‘éﬁPP'?déﬁiyé@Fc “@W |“b§"\‘dge‘?’f&%‘ﬁ‘?a§§és or ratios
express a vol uneafi@tolren@akebratdrans bi 8-, wntegs 1sabed wideiatise, Mss

spectral analys 13%, %Q&zlﬁ?ﬁd@ AP SRRE HATERT Y.
Anal yti cal HPLC%\%\&@%;P??’%{?Q@QS M}%ré@gr[ﬁ Yan §S "

ndard_con i
Combi screen ODS-2ABH° (fi*'@hr”éaé‘@?§aé“r?}ﬁ£§'ésa§’81‘%rrﬁamw}ﬁ %@g %P%Qﬁeé{%%%e ., 5 pM
120 A at 220 nM elution with a linear gradient as.described in the
following tab}e (Sebiindin Pe tofin Qeid % dAndans B126;N.sol vent B is 0.1% TFA in

Cl-13CN): Tinme (nmFlow (nmin) Solvent A (0/0) Solvent B (%9 03.0
As used herain, the ferm "heterocycle®, aither alone or in combination with another
radical, means a menovalent radical derived by removal of a hydrogen from a five-,
six-, of saven-membered saturated or unsaturated (including aromatic) heterocycle

35 containing from one to four heteroatoms selected from nitrogen, oxygen and sulfur.
3]



95 5 0.53.0 95 5 6.0 3.0 50 50 10.5 3.5 0 100 SHereinbefor, e and
hereinafter the follow ng abbreviations or symbols are used: AcOH acetic
acid; Ac20: acetic anhydride; BOO or Boo: tert-butyloxycarbonyl; 10 BOP:
benzotriazol e- 1-yl oxy-tri s(di net hyl am no) phosPhoni um hexaf | uor ophosphat e;
BroP: Brono tris(di nethyl am no) phosphoni um hexaf | uor ophosphate; Bu: butyl;
CPS: counts per second; DAST: (diethylam no)sulfur trifluoride; 15dba:

di benzyl i deneacet one; DOC: 1, 3-Di cycl ohexyl carbodlim de; DCM

di chl or onet hane; DCMA: di cycl ohexyl net hyl am ne; di-i so-butyial um num

RB’S:’ Ir’rg'?thf m&nﬁa%k?ﬁ G&H hétemleg !n@&heE@E 48 nMBighist b, S28kine, Nyrrc}!zdme
concent r)e/lt i on; gﬁg@mf@%%‘:&ﬁe‘d nﬁtﬁﬁ%ﬁs Gfp%%!egwﬁarf%%gigﬁel%ﬁg r@ﬂ(‘)&g 3 et hy
carbodi i mi de hyierersh bierdr Eretolscipesdiap P*ava@f*?e@%wqpi?@fﬁ%nh%?f e ES'

el ectro spray (pesibitshy e-rdmorald-enhorpidine, piridipk,; pyfctrBOd-oxitieat }hfyrlﬂid@‘@her
Et OAc: et hyl ;acgtaten ks de,&L hanol ; FBS: fetal bovine serum;

i H

As used herein, the term “8- or 10-membered heterobicycie” or "heterobicycle” either
alone or in combination with ancther radical, means a heterocycle as defined above

10 fused o one or more other cycle, be it a heterocycle or any other oycle. Examples of
such heterobicycies include, but are not limited to, indole, benzimidazole, thiazolol4,5-
bl-pyridine, quinoiing, or coumarin, or the following:

. ’ QE_
8 . _ e

15 As used herein, the term *halo” or "halogen” means a halogen atom and includes
fluprine, chlorine, bromine and fodine

As used herein, the term “OH" refers to a hydroxyl group. It is well known o one
skilied in the ari that hydroxy: groups may be substifuied: by functional group

20 equivalents, Examples of such funcional group equivalents that are contemplated by
this invanfion include, but are nof iimited to, ethers, suifhydryls, thioethers and
primary, secondary or tertiary amines,

As used herein, the term “8H" refers to a sulfhydryl group. 1i is intended within the

25 scope of the present invention that , whenever a "SH" or "SR" group Is present, i can
also be substituted by any other appropriate oxidation state such as SOR, SO.R, or
SC.R.

As used hereln, the term “(C.)alkoxy” refers to an oxygen atom further bonded to an

10



Froc: 9-fl uoranyl met hoxycar bonyi ; S5HATU:

0-(7-azabenzotriazol -1-y1)-N, N, N1, 1\ 11-t et ranet hyl ur oni um

hexaf | uor ophosphat e; HBTU:. 0-Benzotriazol-1-yl-N, N, M N1-tetramethyl uroni um

hexaf | uor ophosphat e; HOAT: 1-hydroxy-7-azabenzotriazol e; HOBt:

1- Hydr Oxybenzotri azol e; HPLC. hi gh performance liquid chromatography; sPr

or i-Pr:isc-propyl ; Me: nmethyl; rvleCN acetonitrile; MeOH nethanol; M

(ES): electrospray mass spectronetry; 15I\I MR nucl ear nagnetic resonance

spectroscopy; PBS: phosphat e buffer saline; Ph: phenyl; PG protecting

group; PVDF: poly r SRE ppr oxi mat el y

25C): TBMVE: ter & #'@y’?“lj%‘f et ‘Sal”ée%‘&ﬂ”de SRR, hBITRREAL Wetholo

2- (1H benzot ri aFbr@ 115‘9‘1*}’&@%0@% ”TQE?P@W%'T{’(%/HF% JHIHESE 71 uor obor at e

t Bu: tert. - but ybrppokf ICHRCHRO-UOriedredthietiew (featpyioxy: EBPROO-), etc.. When a {Cx.

trifluoronethyl syld.onates subffied £ blLhdiRrRaeakistsbiizd on FHFE. ket r ahydr of ur an;

TLC. thin layer chr mat,ogr aphy; TMS: trinethylsilyl; 30Troc:

trichl or oet hoxyREFBERFF: ~ EXAMPLE 1

3-(3,3-Di fluorocycl opentyl)-1-net hyl -1H I ndol e- 6-carboxylic acid nethyl

ester Step 1: 5kacelesén carboxyd.iekgoibdedrs o { HIf@ appm BIheObarislt) awas

di ssol ved in I\/Eﬁ-l-( g!&?%dl%)zxar@pi%%%}%Fkﬁtm@mgﬂdég b @fardRER%e4 4, Retihdio was added
m

and the reactio | armount of
sol i d K2002 was ‘Gttred nﬁ\’\@i@ﬁﬁémp P éﬁ‘i‘lf1 lz:g@‘{ﬁé) "methgieth%%ﬁé and
stirring \Nas1€x:omopmtbled0iéeﬂzcﬁ$}fio"rd@ﬁhyieﬂ’@mr@@{‘iww FreeEreceéhEncent r at ed
under vacuum t o eaRMEIo bRy Metshiugi, il @dsrstbddio sadubstattaitbnagueoirkyl0 NaHCO2
(-50 nL) and extr n%$tt§eq WMth EtOAc (-200 nL). The organic layer was washed
wi th bilne (100 ar 1 ed over anhydrous MySO4 and concentrated to
dryness. The resulting residue was purified by flash colum chromat ography,
usi ng 30% Et 0Ac Thatehexanes a&sd béven elegrerh oxvben Obt afaghadiea paipas sipBLaSy| est er
1-2 (4.78 9, ,88%;\isBldy » BASE B8ha2zc)The methyl ester 1-2 fromstep 1(3,31 g,
18.9 mml) was dissolved in MeCN (50 nL) and a catal ytlc armunt of Yb( Orf),
(585 ng, 0.95 rrrml) was added. 2- Q/clo entenl-one (7 ., mol ) was
added and the r ddzitienid phap & Lo ‘%‘séd‘séFp*?‘é‘f‘PW“”F“t?ow%a ﬁd‘caf’he MeON
sol vent was rentash hunsk@sin ohd et sutihe (Coshdutyvas) il s sdbgsdinved i n Et OAc

(-200 ni) and e%gg{i%%%@bemwmr&ﬁw@%@@ iof mdi0Rs Be H20 (50

m.) and brine r ayer was dried over anhydrous My504 and
concent r at ed2?o HPSTH g?‘tm%gﬁﬁg?fgﬁﬁ’gﬁm&%ﬁfter purification of the residue by

flash col unmm chronmat ography, using 40% Et 0OAc i n hexane as the sol vent
gradi ent, the desiéfrhyekeperntanongsradduainodsicaditasops disatethoms i sol at ed

as a bei ge-col ored € L €RsBited & GciRLUt i on of the
cycl opent anone ad %wnrﬁeea('ﬁh%CQDGXZ%%XP@%%H@Q %Sas]:[:; Q: g; 14.8 5 mmol) in
i I 7

anhydr ous DMF (1%@@@&‘)‘“3@{’?50@‘anmﬁﬂ%%m/@m‘%@r%pﬁﬁw 0 ny, 19.2
mol ) was added shiembiyted Fhies neakitn iomudaibxtass eot ivaled &t prteredimiges, OCi%or 5 ni n,
t he(r)]CN?l (é ﬁ m_l-_ oroh: a%é'ﬁ@sﬁha\’\@%m@s‘jm Qﬁc@@"twa&ﬁe@ﬁgzdﬁs!m ri ng was CO”L' gugd
at or guenched by
the addition of- %Péj‘ﬁ@@ﬂ’id'a?édte%%sﬁéﬁ% a?d cy%k%ga#ﬁ%s mC%?ur ivas extract ed
wi.th Et0OAc (2x 500 10 nl) and the organic | ayer was washed w th aqueous
saturated NHACI f2o6e@@BsiTthelterm “functional group squivatent’ is intended to mean an element

30 or group or a substituted derivative therecf, that is replaceable by ancther slement or

group that has similar slectronic, hybridization or bonding properiies.

The following signs =~7- and " are used interchangsably in subformuias to
indicate the bond, or in the case of 8 sptfocychc group the atom, which is bondad o

35 therestofthe molecu e as definad.
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H20 (200 nL) and brine (200 nlL). The conbined organic |ayers were dried
over , anhydrous |VIg504, evaporated to dryness and the residue was
purified by flash colum chronmat ography (using 30% Et 0Ac i n hexane as the
eluent) to isolate the Nmethylindole internmediate 1-4 as a beige solid (3.1
g, 77%yield). 15 Step 4: In a sealed tube, the N-nethylindole internediate
1-4 fromstep 3 (1.4 g, 5.16 nmmol ) and DAST (2.7 nlL, 216 mmol) were

di ssolved in 01-12012 (50 nm.) and stirred at reflux for 3 days. The m xture
was poured slowy into aqueous saturated NaHCO3 (-50 nl) and once the
evolution of CO2 had stopped, the m xture was extracted with CH2C 2 (2x 20
100 m.). The copbi ned organic,.] ayers. were wash 1 ! I ! 20 ), dried
over anhydrous MJEeH 5y f&%‘ﬁ@ﬁ%&ﬁ%‘%ﬁ%@? P?/ﬁngggm ﬂphﬂn eb|§i[ ﬁ(ﬁéé%vé&rsmpuri fied
by flash col unmpabimemane égr EplyInd g5 PReNSBISTER UG eV T PEM ™ 16% t o 20%
Et OAc i n hexanej) zésQciit&OliB R polymerase target, such labet ailows recognition either directly
3-(3,3-diflugro o =L | 28 rEREPAXIH InGandRddd et hyl
ester 1-5 (730 &yn,%‘r /? Er%éé%n&i? E%%J?Mhagtﬁa#@&&&r ¢ fimited fiZOrﬂscent

3-(3,3-Difl uor o@ﬁ?ﬁ‘l"@b‘é‘ﬁ@‘f o5 HRITRIFERI P o PE 28 R AT BOXYI I8 “aci d met hyl
ester 1-5 i s comvay theditnonssenbehels faorigefidiabei erBic Mee€oRItaH Ul a Ha,

Wh;%f ein Fe iﬁ d%&tb&@@n@a‘-ﬁfg&ﬂ&é@sﬂ@ﬁiﬁcﬁm. suaﬂﬂgassmgmtedm Mhmgmdn?ed in V\iD
03/010141. Thesg .inter medi g.gonverted to conpounds of genera
formula I usi ng%ﬁ“oﬁ(g’{3 ﬁr?séesb?itwlte')%@%{ggﬁa&i n 30 Schene 1 above and descri bed
in WD 031010%41. EXAMPLE 2 (E)- 3-(3- Anl no- 4- net hyl am nOPhenyhacrylic acid
met hyl ester ASt@p ndrain, B terivx &iGmitg tagf mepne b Figand izt mit redokdiaitc acid 2-1

(GOP)m:J, Z'ﬁ r?ggme@segméa?m %ximei?t?@Ipreg%gﬂ%/émﬂﬁ:@;@héﬁbﬁfﬁﬁ’&i&h,t8 nL, 16
nmmol ) were heated In a seal ed tube a or . M Xt ure was
then cool ed to F@(’E‘B?l??’tcﬂhbﬁé‘?adtetﬂF’gagﬁr&m(;aosﬁigtéoﬁtthreftngérgf{}t‘o%ﬁ#&gag ge solid 2-2
that was used i mttachal. Esininpniotrycrsioaprsuictr® Gt aFaol IFdEd BuPPPictati on. 101t will
be apparent {0 thespekset skitkihedoymridha mivtrgtihatn efriiese sdjeampieier

i nternedi ates of [ f Bie oY 2 bk RCHRPRS. RcphifhindiabRY Biacbiere R8 i's
ot her than net hfflldg}%rgr‘g£ Epeergt{ogg#aar géljygg/fkrce%éci E\g} tﬂg&shyfam ne (CH3NH2) in
step 1 above wi tHf ?FPé"patﬁ‘BthﬁFriefo’iémﬁé-"%"‘ NG EF"F 15 The crude

4- et hyl ami no-3-nitrocinnarnic acid internediate 2-2 fromstepl (488 ny,
2.2 mol) was digs@livedii e @Rt Banstadi2Qritk) manda atusthiterrasgbed.on of

di azonet hane _was added. until . HP L Vsl S ol udi G at el GOMPRkgtigs conver si on of
the acid to the Uﬁ%’ﬁ?g‘iamé‘sb{g%h?’w?hgn?%‘Iahlié?dotrﬁla\f\é}gﬁvcgé]ce%t{gtig t%‘ drfyness to
obtai n 540 ng ofradidse SyABEIFAP B8Y R ussd 38 BESFAPErGRTEEY 170 wWhi“EW Wds used in
step 3 without fauttdeps AOpari bre attiioitd iShepogenThe seiferdendiestihy:l ester 2-3
fromstep 2 (540 ng, -2.2 mmol) and 5n012di hydrate (2.25 g, 10 mvol ) were
di ssolved in ethanol (20 nl). and the m xture . SELE Cfor 4
hours. After thaﬁhef‘f:‘érf‘iSSW“?%?@”“%”??Wragidv?ﬁéaré’gso%%tlc?loslaig %%%Dﬁéouﬁgrature and 25
was sl owly adéledotadimdete iense prefemygrhaapenirelrcraiaeiesst B%e r eact i on

m xture was extracted with ethyl acetate (100 nL), the organic-layer was

dri ed over_anhydfous, Sha a3t Andde-polusniaies Hegaed under reduced

pressure. The residue was purl by flash col umm_chr.omat hy, using a
gradi ent of hexaﬁ‘ié"hic?lisé’f“]ti's?Itheéﬁ%’feé’f%’”%/q W%ﬁﬁaﬁﬁg%ﬁaﬁ%{bw%%%%r ”F%g%‘%)?
gi ve( E) - 3- ( 3- ami wit-idk-tneehylhaninsePh owg igeis ythast eidiondy Hyletidsplieralo- 4 as a
ﬁalbl ow sol idd 36|24§5559§e., and R RV Bbdnshs (e Wikl 2 reedonding maeasiobiel gebasréw EEZI' 0
enzoi m dazol -5-yijacryl.ic ) .. £st - CRi ,
(E) - 3-(3- Am no- 4"5"?%?](1?'1"‘?’5%!%?%0 %r%?%g%? é%ﬁc@%_é%?hélfir?e%m%%éster@g-4 from
Exanpl e 2 (40 ngi,ﬂcl@.ei%rwt‘?m‘m%"‘a%‘ﬁ@%@*Po?é’ﬂ*"“?“r?a@?%?%af‘(‘ﬁceﬁtif?”yénd
1- am nocycl obut agrearhaxyd dscitiaciztk. chrbopiéschésiividy ihére fiudein. g-&pdr ed from 1-
am nocycl obut anegar.bhoxyl i Cd 6l ls@wisng1ean adaptation of the procedure
described by E. %ﬂ“%?%’é%’ﬁgﬁﬁe%ﬁé{ﬁmm& Lett. 1999, 1, 1157), (31 ny, O.18
mmol ) was add€d. 15 The reaction mixture s stirred at roomtenperature
for 2 hours and then concentrated to obtafn a white solid. The solid was
t hen dissolved in acetic acid (5 nmL) and heated to 50C for 20 hours. The
reaction crude was diluted with aqueous saturated NaHCO3, extracted with
CH2C12 (2x50 mL) and brine, the organic |ayer was dried over anhydrous
MpSH4 and the sol vent was renoved under reduced pressure 20to give
(E)-3-12-(1-arni nocycl obutyl)-1-nethyl - 1H benzoi m dazol -5-yll acrylic acid
met hyl ester 3-1 as a light brown foam (53 ng).



EXAMPLE 4 (E)-3-(2-{11(3-Cycl opentyl -1-nethyl - 2-pyridi n-2-yl - 1H 1ndOl e- 6-
25car boi tyl ) am noi cycl obuty1ll- 1- net hyl - 1H ben20i m dazOIl -5-yhacrylic acid O
LCElI N & 00,H ,4-2 HATU, EN, MSC, RT,9t, |Ii C HaCH 4-3 A solution of
3-cycl opentyl-1- et hyl - 2- pyri di n-2-y1-1H i ndOl e- 5- car bOxyl 1c acid 4-1,
prepared using procedures described in WO 031010141 (31.1i ng, 0.97 mmol),
(E)-3- [2-(1-am nocycl obutyl)-1-nethyl - 1H benzoi m dazol -5-11]acrYlic acid
met hyl ester 4-2, 5 prepared fromthe ethyl ester anal ogue of conpoiind
2-4, using an anal ogous procedure to that described in Example 3 (27.7 nyg,

0.97 mmol), HATYstA %hﬁfﬁmac&n@aﬂsﬁaoﬁaﬁb)e 28 doditod Abif bBalihosOsA2whirol ) i n DMSO
(2 ) was stirr e% fha blot%ugical egfecg\leness é\t& :%pe!:t héigf t}%efre'e%%?sw &%%%OPL 2. 5N)

was added and tR&"f h, The reaction
m xture was ne&?%@%@dmﬁﬁ’wﬁe Wﬁ%s“'é?i%ilfctrm%‘hw%‘fmoégaf“é\ﬂ}:iﬁum%ps of acetic acid,
and purified onyarctuie e dydpivase: Cldssulfgeamid priégpar @td vEe MRl Sosyiogim (u5| ng a

sol vent gr adeni, Lo AR uR: JORYLMBON f 420 Ll dnisakuanics, aspd ai n 0. 1%

E rEI) f l?,u?rZO(ag:jE g?aa}'ig%sg lﬁtag)ti aﬁ_partc acv:i tbenzenmsmfa onic Iarg{? Ibte)rlquJQ acid, butyric acid,

met hyl - 2- pyr i di Ry adéfopmeletsdopBe eeid borfpReAthelT eyt FBER Y £491- met hy1- 1
Hbenzoi M dazol - narked @i deldl Sutd@t shid gideo(canpgayradodltibic Iabhenigiicas a white

>950
%thogi 452,52 E;gh&a 9%@@@@9&@%&%}@&% ﬁygpfwégxgaaémgm LH NVR (400 Mz,
(m 1H), 2. 69. of ﬁ]au;@H?gtc?uicbggdgnxi aeticﬁ?cl_%ﬁfzhcaéa B%al écag] and ;382 (s 3H),
6,59 (d, J = 1l6addz me@bi)anas@g@@a(djdlethgnesui@mgacgp 5ap71tnq@nﬁspgiﬁ}'nc aq&d 51 (d, 3 =77
Hz, 1H), 7,63( dmco]anscgcci@Elﬁégahtriblﬁl)\asuﬁonﬁa(:al,oxallcacsﬁ oBmbiz poidl bciinidac®l (d, J= 8.4
Ez’l é &’ 778732(%‘3[3&{:9%0%]&3 %ghehyilqa)idﬂg aﬁﬁ%v(aﬁ!ﬁac%pm;gcné yﬂab‘& aczg iZch' ?-Ei) J
9.45 (s, 1H). ExAingie g5 stearic acid, succinic acid sulramllca tariaric acid, p-1o uanesuffonac ’
? 4Q/cl((()g)entzyﬂs- 1 s tubystandicpyit and he Bey 1- 1H-i ndol e- 6- carboxylic acid
25c¢

4- 2arsf) Zgo |y| EtSP 23}1/ rm pharma uncgl’\,_f':aucepéElg]oadsaézagdiﬁon_sgll -mggr%ltr%lgy&a){% %uﬁlgﬂ de 0 1 7

3-cycl opentyl - 1-t’Ebﬂ!eﬁWh9@*0Q¢@W9§EFWSZ5Y3¢PI@’F¢?Wﬁ@?@e%a‘@éla%‘ymhlaé&%ﬁ:l d 5-1
(prepared using uRigeaH U RBraeSEadshatt, oD BbQAOd sk)s @rdas ammenia
(E)-342-(1-amn I t 5 dic acid ethyl
ester 4-2 vvergae cg%{f’% O(?(@y %%%nage Jgkﬁgéégé&%ﬁﬁ&r{uﬁ?%%e aﬁo?é&%[]hg%e?hyl ester,
usi ng anal ogous SB‘F'%é’H@?% > B md@%g(?rsi‘ §° AT ER BT B REREgi ve

(E) - 3- ( 2- (1- [ ( 3-2Qyrtriuopemnttyelikd - ragchisy-pifape angitre-aumppiumnofass iy GPEYs-

E:ar bonyl éaznogg' _IQ_;wgl z%béht:i%%ﬁelmm&lﬁ)’baléHeﬂe@i‘érﬁfbmbutﬁaﬂy-@ﬁﬁﬁtyﬂmg ?m dZED 2
corrpoun abl e R m
178-1.20 (m 7H)°f9a§‘°6§t‘%‘° ése(swﬁ“ %Sf%%aé\?@%%ﬂm t% Pt 10 (m
3H), 3 66 (s?-vBWQT‘%@WBEW‘@CO“@P&”%@“W‘“@ af‘ﬂjlwﬂfi%“@”%fa‘ Y8 55 (dd, J =
1.0 & 8.4 Hz, 1|'@Jbst%tc«zﬁ8m(n8ﬂﬁyd]c srnifsdndHzzsic Rifjexchizng@Seqd, sudn =s 16. 0 Hz,
1H),7.78 (d ‘] &@Aa@w r!jzdsméi@amr% Q@aﬁ(wﬁamﬂe"@tﬁy&m@ di@ﬁylanl&@ rieByig@inkd, J 2,3

|(_I123’r elH)lH) 8. St ep l?ﬁrofﬁﬁ(nig%f”ﬁfsf’%?{“ triguts%amlae efhanolamme (? e‘cl?a‘noléml%* "1H) 9. 44

(E) - 3- ( 2- (1- [ ( 3-tyshspameydnol 2dethhgningatippel abqrplorexdaming MitfoPErge:
a0 histidine, caffeing, hydrabamine, choline, betaine, sthylenediamine, glusosamine,
methyiglucamine, theobromine, purines, piperazine, pipsridine, N-gthylpiperiding,
tetramethylammonium compounds, tetrasthylammonium compounds, pyriding, N N-
dimethyianliine, N-methyiplperidine, N-methyimorpholine, dicyclohexylamine,
dibenzylamine, N,N-dibenzyiphenathylaming, 1-ephenaming, N,N'-

35 d;benzylethylenedlamlne polyamine resins, and the like. Particularly preferred
13



car bonyl ) am no) cycl obutyl ) - 1- met hyl - | H- benzi m dazol -5-yl)acrylic acid 6-2
(compound 4003, Table 4; 60 rug, 0.087 mml), TBTU (68 ng, 0.18 mmol),
anmoni um hydrogen carbonate (20 ng, 0.26 nmmol) and Et2N (36 pL, 0.26 mmol)
in DVMSO (3 nL) was stirred at RT for 3 It The reaction m xture was
neutralized with the addition of a few 20drops of acetic acid, and purified
on a reversed phase CIE, sem -preparative HPLC colum (using a sol vent
gradient from5%to 100% MeCN in H20 (all solvents contain 0.1%
trifluoroacetic acid)) to isolate the inhibitor
?1 C%’g' ?(p‘é)“t gl' 1sd Em%taﬁcﬂ%xés% i?cp?apyiﬂménéble’ir@ldﬁilng-e@mg@éd&f@ﬁgl i f] aci FI ) N
-(5- -2-cay. et hen -1- et hyl - 0l rni.dazol - 2-yl ] cycl obutstl }a
m de 5-3 (conpo W%mi? B L?yg%iw%{yiﬂ‘ﬂggg%h%é ega@/%ﬁ%'ow 25anor phous solid in
>95% honogeneity (17 nmg, 34%yield), '1H NVR (400 MHz, DMSO d2): 81.65-1.75
(m 2H), 1.92- 21H"ertimestd Mo m@dhe 2mBtef nia @Hpound irOuhic a0 frmcar2edy! 3. 15- 3. 25
(m 1H), 3. 79 (fincidtdor i rBikoilicSs repllled v a@gakdx?aarblmﬁfulﬁmﬁ ifddingl#dt not7. 06 (brs,
1H), 7.53 (brs, '3'H§% (. 61 ﬁg@di,\] = ;[La;;1r Mz 11:1), 7.68 (dd, J = 1.0 &8.4
Hz, 1H), 7.60 (lmits]iaphgmpoqucaiygaperispleggieleNereply © " 5 50 (s, 1H), 8.30 (d, =
2.5 Hz, 301H), 8.91 (d, J = 1.2 Hz, 1H), 8.95 (dd, J = 2.1 & 3.7, 1H), 9.23
(s, 1H). EXAVPLE 6ndphmhitenaigatdayhoidssgaretshybamaroyendok oriaci d et hyl
ester 1.tt,, MaQOHPOX . z U M ul
Vel AGHI O e St alpicP b REY TR o8 2RO i%:?;g%?& Step 1 5
A sol ution of? 2wt #yreiBe poKd BBHLH ‘5“‘38?‘356%@’%“(91%@ B E5% ol ) in MeOH
(200 nL) and H28@4inslis Geprandd)by waskdreettoay! fupctorf | ux while stirring for -3
days. The sol vent was evaporat ed under vacuum and the residue was
re-dissolved in EtOAc (-200 nmL), washed{wth cold H20 (-50 nL), cold
saturated agueous NaHCOB (-50 nlL) and'.dldbfrine (-50 nmL). The organic
| ayer was then dried over anhydrous IVIgSO4 and 10 concentrated to dryness

to give the nethy Juhia%%%eefg B ogﬁa QiR L S a0 b GRetR 8 SEFoY, t hout
step 2. Cr'e : To a

urification in solution of the crude nethyl ester 6-2
1? romstep 1 (-53erdbuisioytvy AkppaeEg o ?WWS’J‘F%P@WY%QW% a%egcfxém} " (20%
pal | adi um hyes oxizdel (en. leaayliervioxisi@! (g). Phersariwd: (bl Bhentiecnipidur e was
Chrough Cont e e ot ael e wms. f6-d ssol ved | n

u . , u s re-di ssol ved i

THE (goo n), Arc%%g(” .eﬁ'gw.pmg%@%%ﬁ%gé\xg?%%Ef}%wgaﬁ ,Btg),hguggl utj on was stirred
at RT for 3 h. ThemeeaiwEihascIpeRe eres Redsedh Bemrst Byt W0 ATES & inder
vacuum and t he resintHiendwassidreedihis $elavie thri nf e mimomdwdbamiz (bfWVith- Bu et hyl

ether (-150 ni). | PR MASerSitd Sb8fbaadny By feetyl h before
hexane (_100%nt)r@%-avatbgtogggg%@%&c%éﬁgm, S itd 4ok ny Byt @ity

t recipitate the desire Vi d

internmedi ate as %eﬁ?\ﬁiaf“@“?ﬁ“l“%? ‘PO?WE‘S Eg’l cfa%%aet\%gssﬁeé%w%ﬂfﬁ%tﬁéégﬁﬁ and dried
to give the acetaibraet ny o mpel @SS B siidh sheGRAARRRE sl qUNPTes 2 PBEYA yi el d) .

St eIO)3I Q sol ut | @8Lpofh phiRiABE bibraedbesar)afid cbieom sbapti@ed 842 g, 40.6
nmo and potassiumnitr . . | cH: -, ratio, 200
n) was stirred %erﬁ_ﬁqegﬁ%e&@g%gﬁﬁﬁﬁggé g%aeaﬂa? 3ér6hf %F}ﬁ'% ﬁ%&?%f The crude
reaction m xt2Ar e rPEEN"YBr ed 5slowy on ice (-1 L) and nixed for 20
mn. The precipitate formed was filtered and washed several tines with H20

todgi \ée a (rant ur%egérmmﬁma}/agteﬁ’@asﬂ%@ﬂ%@iﬁm&éﬂ@Qr_z s (ERhodhandt bibiegidagomer d6-]f1

and the undesired 6-nitro, i r.6-5 (12 rat ch, ated after
flash col um chr%ﬁtéﬁ %gﬁ?t%{%ﬁﬁ%%gl% r?éor%;gtb?g‘ I%"E%?&éeg%&nag ne%klggén?% eﬁag'lgﬁ(esnt . The
pure 4-nitro i soedeszgpnizdiet PEdarETRRY NastPRYPITRCERISE "eEsH8 'Y, 20% vi el d) .
10 Step 4: The Awhidicenkint esiEdh ateibs 4 afmomas thepvird 0t0Bige. 8148 Mol ) was
di ssol ved i n THF_(50. . U 0F edd,rnlGbatians Mel (2.51
.m.., 40.6 mol )n&aﬁ ’te%%%'éﬂ?‘gfg%ééﬁ%e’ E’égﬁ (ﬁ%grln%g%re added sl ovvlsg. The
reaction mxture was stirred at RT for 15 h, H20 (-50 nL) was added and the
aqueous m xture was washed with t- 15 bui;%l met hyl ether (-20 nL). The
aqueous | ayer was acidified to pH 3 with 1IN HC and then extracted with

Et OAc (-100 nL). The organic |ayer was washed with brine (-50 nm.), dried
over anhydrous MySa, and concentrated to dryness to give the N



met hyl at ed conpound 6-6 as a gummy foam which was used directly in step 5

w thout purification. 20 It will be apparent to the person skilled in the
art that other diamne internmediates of general fornmula IV in Schenmes 2 and
3 above, wherein Fe is other than nethyl, may be prepared by repl acing

met hyl iodide (CH31) in step 4 above with the appropriate Fe- X, wherein
Xis a leaving group such as C, Br, |, nethanesul fonate (nesylate), p-

25t ol uenesul fonate (tosylate), trifluoronethanesul fonate (Inflate), and the
like, Step 5: A solution of the nethylated derivative 6-6 fromstep 4 (-8
rmlol) in MeOH (AQsofe)eri@nthaklaoe i8Ny, L%@viﬁh)\/ri:%ﬁimstﬂsbléledma:tammgxﬂ" or Zg B The
sol vent was ev ra the residue was partitioned between
sat ur at ed aquegﬁg W&Eﬁfﬁggggaég%ﬂt éﬁg t 0Ac (50 nL). The organic |ayer was
washed with brine, dried over anhydrous M504 and concentrated to give the
met hyl ester 6- Tﬁewmmwa@ngyﬂmﬂai%éﬂ tebingpeanghpestromstheised in step 6

Wi thout purifi GaLLQDmr RhARnR SRlintlh ONoPdssBR ofteptiies ORI syegéey 6-7 from

step 5 (1.54 cr n talytic
hydr ogenat i on %Hﬁ?ets?gm’%?gmﬁga“ 87"%‘?“%6%7“ W td[‘%%%gen% qm;;tr?o%’gphere of K2
at RT for 2 h. oFheVHEaewniesss. ﬁﬁ?&i{ﬂ'\mbéﬁf%\ﬁ# |PP’LV@P‘@%? T RfiBtghe et e and
concentr at ed t Ga@kiMethdHamimeoyck: met hyl - 5- (met hyl am no) benzoi ¢ aci d net hyl
ester 6-8 as a purple solid (1.33 g) which mas sufficiently pure (confirnmed
by 5NVR) to be used without further purlmz%m S\L‘Iizc‘ﬁ ng{m oun

2- (1-t er t - BUf ox e BofifIaIRABRYE FoBhES 2 rﬁinﬁ%@f"ﬁ SERBEATOFRIGE 201 e- 6-
car boxylic aci dorrmtolgydam)@@t we effettive Bowhante Wiﬂai&fm?:umuﬂ@\ﬁyé’fﬁf? 1/ 4t Ope2. MOH,
70.0,2 h B 2 11%(5 ;Dhﬁﬁﬁqm! ehhexyearboRyPrTae) oyclohtaneear boxyl i ¢ aci d

(1.40 g,. W??f SSO Veddé oF arg:ﬁmte(‘f rgnsmt‘}xteﬁé}grsr gaghed with TBTU in

the pr esence ofc %rPnSésuﬁ F1% pre-activate the acid. A

sol ution of 4- aimerigoR-ameedajd- ﬂ‘@tfefféwhtﬂhﬁﬁl”a@r?ff%‘)ﬂﬁé%?bﬁsd"“ﬁﬁeﬁmﬁé“t‘%yl ester 6-8
from Exanpl e;6 5gg 3 Bronbrdpenmol ) in 15 CH2A 2 (10 nlL) was added slowy
over a period of \%0 mn and stirring of the reaction m xture was conti nued
for 20 h. The reaction m xture was concentrated to dr ness and the residue
was re-di ssol vedhs ArmaEoRief €I WS Prosges ¢f P?"tdé‘areﬁtme?'@(%fag‘?“ 5ORPIE achi eve
cyclization of btheldyeayrihaiideszoletoiihighe Thelionebd®Y UPS wPirisaine was

Cotnce“{fgt edtthorzr%&}ﬂaﬁmb@@%fmﬂs@%@a@e;meohuw@we@lnddmo EL@AC (- (2?80%)L 3
extracte W agueous .S
:Qf‘)ggds g??ugl%f% 8\"/{&5 tggﬁg %@ng@&&? 0(2;1‘%%/%% CBFO'QQ«:%

The organic ?aayé?m a drous orated fo dryness,
The resi due was V{SuPG/FReR \WEYI2ACERESH ‘&%ﬁ%‘%@o‘ﬁ‘@@é@?@ﬁ%w teT*ReFCa sol vent
gradi ent from 4Q96 t00s20%) Ebakosd4ns, RexEMeR4sEs0VoBEabIs 8 D pAIe274, WO
2-(1-tert-but OX%éﬁ&&%&WW@?&ﬂ%%s@%&!@&m@@ﬂg'W@tzbwo‘féz'db%@m m dazol e- 5- car

boxylic acid ne

() | d) 25and
poxylic 2ot d meChil a?%ﬁe\e{e@a%fﬂawémﬁ2@%@?40% o ipofos B0V €1 ©) 20an

car bOXyl ic aci dtﬁﬂe‘?ﬂ&lci:ﬁ@at{%ndlgaté-d%&em\ﬁ%&'erted to an ami ne internedi ate
of general fornmula II'l in Schenme 1 using standard reagents well known to

one skilled in 30the art. Such reagents include,- but are not limted to,
trifluoroacetic Taefan oxhesiBiipie] S HCY POKRE e nETHIEK TR Meia o #E™ i ke. The
correspondi ng anideoirtoebivegtiahthet ipéfegineriatbiBe fufotienali HE8Y ptymdrgpeStheme 1 may

bﬁ furt he{j el @bgr%(%i t&eﬂe%hlphﬁﬁ%s ok adenedighent @l @ardpﬂurﬁ@fege 11;JSI3ng
the procedure o EXA )R% uty
acrylic acid aci B&C‘ﬁ?’%fﬁ@%’?‘é@? %@8 gig' F P g%%f} BF Ek(}%ﬂ%é%ei% 1 So

differant from ihe site fargeted by the compournds acco;”dmg fo this Invention. Oth

inhibitors of HCV polymerase include non-nucleosides, for example, those

compounds described in 1 WO 2004/0877 14 (IRBM), WO (4/005286 (Gllead), WO

15



00 Step 2 Dass.Marttn |11 OEt penothrtano 0 CEt Step 11
2-(1-tert-Butoxycarbonyl am nocycl obutyl) -3, 6-di net hyl- 3H benz0i m d310I e- 5-
10car boxylic acid nethyl ester 7-1 from Exanple 7(1.41 g, 3.8 mml) was

di ssolved in THF (40 nlL) and the solution was cooled to OC. A solution of
DI BAL-H (18 nL, IMin THF, 18 mmol) was added slowy and the reaction

m xture was stirred at OC.for 1 h and then at 50C for 4 h. The reaction

m xture was cooled to RT, a solution of potassiumsodiumtartrate (1M 50
m.) was added very slowy and stirring was 15continued for 1 h at RT. The

SOLU: ihon N 1&% aéﬁ}d@@ ommumphﬂm@&;gamowamjsmmm), of . ge TL - | F
an e extrac sywashed wi
saturated aq ue&ﬁcga %cg}oggazlgﬁ% %@b%éwgf’g@ Ww:nhydrous
MySO4 and conc@ﬁ@?@@b@% WP)?% §46 (PR VESTHIE S Furt éEg; % fl ash col um
chr omat ogr aphy (Vitbphaiga)awsahnersss Gaadioemrmf, vENIBBWELDREWEINVexane to pure
igﬁt 8@032{‘? dé ?%@mé&@?& Wo'déxo@z@ r&cpw@b@msg/i%n@s@%f@zmehflcoﬁo|1 as a
fromstep 1(1.09"g %\?fi%mpr#ﬁ? 'gé?n‘ﬁo @%Bﬁéﬁ%@ b f%zlﬁan Q??Og 4.0 ol )
in CH2Cl 2 (40 rﬂ@)%mg(%?ﬁ),r\ﬁd(éaﬁ%?t?s@ﬁ?@rwﬁ OR/026858 (%‘691}\}’&%9 g% vapor at ed
under vacuum angoidend)e%b duEovES pat Tdbbed), mdwmmmmﬂﬂ \&ehr omat ogr aphy,
usi ng EtOAc: hexg &35&;&2 hmréﬁtvxﬁ)aw?éa‘lzzpl?‘?%s&) WOM@B?%&J@M?M}Z (605 ny,

ot 1. 06 tot) CEW*?PW(@'%OW{ S N R A o

0|| 1 06 Mol )oweasT2AddEHK), TR 1 BETRD (BT NGAS/7EE! ﬁTm@akkd%fO %3t 30 nin

892%9 a |50| Ut'@’Poé?gmkb‘?v@d)dﬂ@h%qﬁm%ha?mé)[wmCShG@TBZ\ﬁ{G&QﬁnW@ amf(&fsm_ (2)1;) -PEHFTh
o was r or e

m xture wa)s di I‘ﬁfeécg%m%!t %g}é&g&a ’%2%'8 %QQIOX%% (%Q Q%ﬁﬁr ated aqueous

NaHCO (2x 30 nl§3/Aesrpeahener3ogs e F‘?;e r'%P%‘Pg @ d¥f ed over

anhydr ous Ngq§O4g3;(amﬂa,1q9mer@te;rlageeadsno @vcazc}m@weza Gopltinger vilyplodimiiad VIS -

subsequent |y pusd Ehasd g b &dﬂér@ﬁ&t&@mmmoummmmembvent
gradient from 4%A)to gjf’g{aa ' %é?ng yiii

¥E otected ester
8-3 as a yel | owPFOEHIEEECTY *e% Foé? pfmS%w% E%%e%i&%%ﬁ? t he Boc
protecting gr ouptues Ecieaisy), &]\(%ﬁ'%@%%’? K‘WF@A 5“&@8 %d‘d@m‘fﬁ@ 20i n di oxane
(2 nL) and stir pim@eihedsohwd 0003t ssRiidcf) ovoDahosTAS tvercke WamsHias7én of the

sol vent under. v
0 (Ganelabs), WO 03/087288 (Siocryst), WO 03/062256
(B)-3-[2- (1. %{Em ﬂgr&g‘w%o:geea 0 {osnelgbs) (Biocry

y11- 2- net hyl acrﬁ‘i’%’hﬁ@ H"%@ F%éﬁ%ﬁ%?%m%k’\’%gf%ggﬁ%g%‘gﬁqam IeNCgs a 3yeI | ow

solid (79 ng), 03/0626575 (Idenix), WO 03/028589 ({denix), WO 03/020222 (Merckj, WO 03/00071
(Glaxo}, WO 02/100415 (Hoffmann-La Roche), WO 02/1084289 {Hoffmann-La
Roche), WO 02'/051425 {Mitsubishiy, WO 02/18404 {Hof&rsanm_a Roche), WO
25  02/089803 {Biocryét Pharmaceuticals inc.), WO 02/067287 (Merck/isis), WO
02/057425 (Merck/tsis), WO 01/90121 {idenig, WO 01/80315 (Shirg) and WO
£1/32183 (Shire).

The term “inhibltor of another target in the HCV life cycle” as used herein means an
30 agent {compound or biological) that Is effective fo inhibit the formation and/or
replication of HCV in a mammal other than by inhibiting the RNA dependent RNA
polymerase of HCV. This includes agents that interigre with either host or HCV viral
mechanisms necessary for the formation andfor replication of HCV in a mammal.
inhibitors of another target in the HCV Hife cycie include, but are not limited to, agents

35 that inhibit a target selected from a HCV helicase, HCV NS2/3 protease and HCV
16



It wll be apparent to the person skilled in the art that the triethyl-2-
25 phosphonopropi onate used in step 3 of this procedure can be replaced by
appropriately substituted derivatives to prepare anal ogues of the general
formula file in the schene above, wherein Rso is defined as hereinbefore.
In addition, nethyl esters can also be prepared in an anal ogous fashion
using the appropriate reagent. Conpound 8-4 and its anal ogues of general
formul a | De above may be further 30el aborated to inhibitors of general
formula | in Schene | using the procedure of Exanple 4. EXAMPLE 9

3- Fl uor o- 4-ni trﬁ@%%&%ﬁh@%&mpm&w& of\of ar fiecisests fbasis suegui pped with
an i nternal the qnqp % mq&icharged with glacial AcOH (252 nlL), acetic
anhydri de (252. (i k di Flior o- 4 met hyl - 1- ni t robenzene 9- 1 (25.0 g, 161
mmol) at -10C. To the cooled solution, concentrated sulfuric acid (40 ni)
was added dr op-ThsSem (Ve inhitquersiuest hefeinBnepiisran FoettloweetnBy HrgicHePgt sl ow

addi tion of Qhr‘QE%eHﬁb(o\(ﬁr)im%@f%aﬁ&%n@arrébﬁ&tzmmlkw inbhempat enof addition nust

be very sl ow [ |l ow 10 C.
Upon addl ti on(of‘d‘fdﬁ% Q@Ptﬁﬁm {Ptﬁg rengﬁ emﬁe%o?%%@%%?ﬁ%@ﬁ%%e gorrrgg amber and

final Iy dark briowstistang/pesripgione’ H'ha «4RaMe oY NMPECRehBIteE"8h of t he
addi tion, the rgagdcOncBSieSiHtitedof-arisaisattdtitosanatasd Bhinfers. CHPLC anal ysi s
i ndi cated - . 10%,c0nRLES fﬂ%QraQJmM]@;sreaC“ -on). The tar-like partial
suspensi on was poured on Ice .6 L), and the resulting 15slush was
diluted with®l-120 up to a total of 3 L, at which point the product began
to precipitate. ThfitrarHAY inbibit jze peedihprein b“é?f@ém@é?ﬁt PoteR NS t h col d H20
to obtain a whife se?ﬁ@étivgto i 180bingionasid Rencassrsp ended: mamneoTois 2% NaHCOB

250 mi4, filtered and pas R tate 9-2
522 g, cont Ial me{q&udegg en %%ﬁgtg%tpex% h@stgro\;;rg nlfe%ganlis%SQIeéégs K& el \?\Aﬁletg gol -l

whi ch was used W%‘Qﬁt@i’ﬁ%’%&"@ﬁm?‘:“‘%” Sf“érﬂmél S*YA‘H%Q"}&‘? @WJca%‘?VFQP t he

di acetate 9-% f ﬁr&mj&t appaiifsls Boghes Jorxammel YeuwaS(Ciixswoiied). VAR aci al acetic
acid (10.0 nmp), () f H20 (1.0 m..) and concentrated M
(1.0 nL). The r\g‘Il k?ﬁé@%"ﬁt g%%ﬁ%% HStjbl e mxture was heated at 115C for 45
mn. Mst of the soI vents were renoved under vacuumto give ag

resi due, the 25Tresmi ‘AiEknhhtdrtbsans HHR20 wass szaaettie@peeing @ BEoowEY h

CH2Q 2- hexane t g,.gi M‘%c’&ﬁ%a 88 hEH SO @ SpliBatibh SOVl Abtb@BRZal dehyde

9-3 as a yellow solid T t ed by flash
col um ch%lom%ﬂ oQ’Wifﬁ‘? %&%ﬁﬁ%%@b %Xc&m%ﬁg%}iﬁ%&a&éﬁgs %ggss%ﬂnt% to %lem)ve
smal | anounts oforgsiceaed/a &pigaten of 6RO NA-THREYTIRY | HEM NPT SIGUTRARES B9 (- 3506
overal | vyield). 2@i-HEXAMPDEA bQymerase or HBV vaccines. Specific examples of HBV

(E) - 3- (4- Ami no- 3- L i i 2Ny her Q) Dl L«oﬁﬁt Nek
Step Step 1 h&ﬁim{ig%%ﬂg)e npﬁaﬂ‘&;tedftg %glﬁxwdr%(@&\!r (oRE ) hé o aé)edg)ate (1.37
nL, 6.90 nmol) ﬁm’eﬂtramﬁq@swm?} %%PQJ@XGNhﬁM(\Qd@%F%ér%’iBB% it 314 ny,
7.84 mol ) vas aosiaddiagtnsloea-mx Makesiuas), SCHr128d4d (0Fd8D (rhiion Af t er  t hat
period, 3-Tiuorqs4-ni Qmﬁrﬁaactvf#ﬁ:twesugm?p ahi @%mm ﬁo&ist(aﬂau@@ @n 6.27 mol )

was added and stirrin 5 ction was
quenched by the 28t B%‘F zqglgﬁw(e?% hﬁ%%& ”Wég %'rgara cqtnylvvas extracted 10
into Et 0Ac (2x X8fery). YeoSHres; codbimeemukgantreditiayengsweseoiashed wi t h
brine, dried 0VQ%z@ﬁﬁ‘%@tﬁ@&k%nw&&ng&ﬂém&mm@ermﬂamee(dniom:cghane Thireosdi nnamat e

Co et 10 L 2% 2, e SRR L 60 Y8 5ecioRe, b, ks Gl hout

purification arent to t e Pperson Kill nth art that
anal ogues bear i nepntear DU TABY GRS BryHiers" dRavendVad *ﬁ%a{h’ﬁ?‘)@“d%’ﬁ‘bl e bond may
be prepared by r@@ét@&& ReEnbAR): tah ebydcciphosibe sance thataowige dEngarixBhi S

pracedure Wth. appig vax%eésgn@&a&%{ag‘m SSELUALNER Qdynbeplacing the

al dehyde 9-3 wit propriate ketone addi t1on, cinnamate net hyl
esters can al so be prepared in an anal ogous fashion using the appropriate
reagent . 47



20 Step 2: The cinnamate ester 10-1 fromstep 1 (-6.27 mmol) and
nmethylamne (2Min THF, 6,3 m., 12.5 mmpl) were dissolved in DVSO (6 ml)
and the reaction mxture was stirred at RT for 2 h. After that period, the
m xture was diluted with EtOAc (100 m.) and the organic | ayer was washed
with H0 (3x 30 nL) and brine (50 m.), dried over 25anhydrous MgSO4 and
concentrated to give the crude nethylam no internediate 10-2 as an orange
solid. This product was used in step 3 without purification. It will be
apparent to the person skilled in the art that other diam ne internedi ates

of general for myLa | els) RERRAES RoAUbird BROYLicMDE! S88s fém ot her L han
met hyl, may be prepared by, rF%pI acl ng mtﬁ}llia%gie i&%ls—lgcl)\lyggt Ia‘ﬂaﬁé ep 2 above
with the appropFuarerrEonsaEs! P8 &y=esriomie 3 et Ry ani no-4-nitr i nnamat e
ester 10-2 fr onysthaipalPort@ic] class boterigynsafdrBiea of dashitipares(eses iy, 4.2 mol)
vere di ssol ved j0.£ihane! (0. M )intanehnt Bandroihsl kensumss Bisiteread at 80C for 20
hours, The MXture.V\lar%Bcooded ﬁa?edrgr%g}h%‘%ﬁper ature and 1Oconcentrated to
dryness. The®r eEPHTETREES GPEBIVEd" R "8t Ryl acetate (100 mL) and was sl owy
added to an aqueous solution of saturated NaHCO3 and stirred for 30 mn.
The organi ¢ | ayaf @ SlddieRegabi as bed hawit hedrcen natdobsdlased rom k eguver
anhydr ous IVQSmcffn@qam%ha?@ilb}fﬁ@gmy@@twemw%pu@%rasmﬁms pEEsSME e. The
resi due was purified by ash col unn cgrg totgra(shy (using a gradient from
70 % to 60 % of @ESHARIEHE iHERTA 2"d eEP 55?% Yrie
(E) - 3- (4- ammo- 3- (net hyl am no) phenyhacrylic acid ethyl ester 10-3 as a
yel I ow solid ”diiéEQQsed £5Ye BorkifheoA0N 9203 s (cOmbAYhiaNRed Dhempbaeiy| i ¢ aci d

e C

et hyl ester may nverted into am n ivatiy abfiormula 111
in Scheme 1 fol foﬁwlq@‘TﬁBhﬁBT%cc‘:@’ ﬁiiyeagceg‘gb‘g%gfa%%fg%%gg%rcg%%%gndref urt her
el aborat ed t o i it #isespre astitigpahrseal|sePEHINas 2 FWASEREA 1 using the
procedure of EXgsminemdbuabAlE Bn libibbor ATRQVONSD- mestdsy) andiberistithifd abidiobenz oi ¢

acid met hyl %Stﬁ%\bnlzfs?%n%ﬁib&r%@énﬂ%gﬁé}ﬁkt%‘iﬁ@ihé’c;sfciéfé?ziﬂt\V@hISiﬁZ@ﬂi.tri ie 11-1

2.5 3 g, 156 aqueous NaOH_{10% 31,0 and aguegus H202 (10%
(16 m_) vas stirrey! WW@?“%WW&”%?%E .“"F}L?%8f33\ﬁﬂia§?ﬁ%?‘reé’ﬂﬂ ??“u gﬁgi n the (10%

cool i ng condens@eintas shabt sehvé GreFic befarEhexempleatisuth FEHDVAISET 5 the

di ssol ved anmoniyg),. and then the water flow was restored and refl ux
continued for an additional ..1.. : .reaction mxture was cooled to

RT, | -101 (concent raﬁtfv’%)ageﬁﬁsnbé\ﬁe%ag%@%q oy-drop until the pH was -3, at

whi ch poi nt 2he *cadPBERGPILIORTHN T LIS ik fQﬁF’tcgfsethimﬁgerﬁrﬁ OBESa*GHaé- col or solid
(3.60 g). The car bawytreeofacid was used in step 2 without purification.
10Step 2: A sol L;tim,@?}p;gg&s@%gmg&l-z fromstep 1(3.60 g, 15.6 mmmol) in
MeOH (30 nlL) and Ha (4N .HC .in, dioxane, 2.. ) L flux for 48
h. The sol vent Was® '5%{8?%0&%9#%{’8)?(] f?]eééssg%ﬁgﬁgp%gé%ﬁ_J%&%ﬁgg{nh@mﬁsi due

obt ai ned was r e-+di mdwibiedf dnthEttgae: i{OECHife ofie trhiahdERFPIREHEE washed with
aqueous sat ubat ed NaHGEBN{AR8 HLY Nd2/3.protandaririitengal (LB0mek)ry sitr(iF&@) over

anhydr ous My504 and | X hNe& thenester internediate
11-3 as a yel |l ow c°6F%%’%ﬁ%‘gf”?eﬁefggf”ggm)@ﬁ%‘?gggy g»z! al as, %go,gn step 3
Wi t hout purifi cat i@ inhigsgnipeos e“ﬁ“'@%’%dﬁ“i‘ﬁﬂd%ﬁ' Y he 85t Br %fl@ Fom step
2(1,27 g, 6.5 mmol )sieninhHRSOdr ijtewass. nhitk@si0" 20 nl), pre-cooled to 0C, KNO,
(760 mg, 7.5 mm] ) uMRsHigddesheme it sty virhbiiahoigméraw onbmagefit st isr r i ng, t he
i ce bath was remve%ﬁgdcgge reaction mxture was stirred at RT for 20 h.
The reacti on i xt uf'e Wa§°tfien poured slowy on ice (-g,o,m_% nd_stirred
until the ice hathepssdtiingal sases TaY&° AR PRYNETPRPY b aG Eve "1“?{"%\55‘*

preci pi tat ed anda kihdid raethcéutital Bbsage dfim| iktpmativesd hepw sdditbnel dogtis Mgy vt sol i d)
The conpound msseﬂ%@i@i&%ﬁ%%Q@r’é@&th‘sppaiigrﬁ@s bert ook @Riifie cdRg@nsalitekamiof the

dinitro internediate 1 fr st.e 1.5 6. 45 LT, 5.0 m)
at 0C, a sol uti of®"§r2 et 5%??8“(%@% ﬁ”aﬁ'%?_%megfég'dWL%E%tgntnﬁgf éolwas
added, the i c#- bathumagly witbroveidwian thetaREinpEasier PincanPRYTerd 1ee St it fed at RT
for 1.5 It 30The solution was concentr at to renove sone of the THF and
then diluted with Et0Ac (-100 nlL). The organic | ayer was washed wi th H20
(-50 nL) and brine (-50 nmL), dried over anhydrous MP304 and concentrated to
give the methylam no internediate 11-5 as an orange solid (1.26 g). The
conpound was used in step 5 without further purification. It will be
apparent to the person skilled in the art that other diam ne internedi ates
of 'general forrmula IV In Schenes 2 and 3 above, where R8 is other than
met hyl, may be prepared by repl acing nethylam ne (CH3NH2) in step 4 above
with the appropriate R8- 5NH2. Step 5:



To a solution of the nethylam no derivative 11-5 fromstep 4 (1.25 g, 5.58
nmmol) in EtOHH20 (110 nL, 1:1 ratio), K2CO2 (4,52 g, 33.5 ,mmmol) and
Na2S204 were added and the mi xture was stirred at RT for 3 h. More H20 (-30
m.) was added and the 10 m xture was concentrated under vacuumto renove
nost of the EtOH The reaction m xture was then diluted with Et0Ac (-200
mL) and the organic |ayer was separated and extracted with brine. The
organi c |l ayer was dried over anhydrous My804 and concentrated under vacuum
to give 5-am no-2-nethyl-4-(nethylam no)benzoic acid nethyl ester 11-6 (927
ng, 86% yi el d) ggtmgcemcgw@ﬁcgg(g[g@@ﬂ@gﬂ@r%m@ﬁ Compound 11-6 may be converted
into the corregpondl ng amne internedi ates of general formula Il in Schene
1, wherein R6 is CH3 and R5 is -000CH3, follow ng the procedures of

Exanpl es 3 or 7Ps uSdtdsmeingd e ‘irm%@?%maa%%a%wﬁgoﬂf%ﬁf W¥Ghverted into
am ne i nt er medicahesief scgemernaine besamt ngentidr to bikviSe hesimintte swhdred i 126 is CH3
and R5 20 is_- 0) %(E%?a f ] tihesdagecedure of Exanple 8. All
these amine ] nt%e_é;_h |'Eé%g]s 0 nsgﬁtgrr%&%gﬂ?ﬂ%de{mﬁl in Schene 1 may be further
el aborated to inhibitors of general formula | in Scheme 1 using the
procedure of Exanpidhedin, EGANPEvdRion” means tha administration of a compound or

25( E) - 3- ( 5- Ani NQaRsBbhasdtdids 6 pRtphuka mvasdphenyb)acre ik tdsiciadtonst hyl est er
OECBAL- HO2NCEt 0B12142021 1" : = - Ais AT A 8tvgp 20seep 1 12-2
o Siep 1. 2 e T BT SR R 88 ) el

di ssol ved i r¢ nedetrairolof (e susp freirgdih BEYRREF #5P aa%l‘}ﬂ%yi‘%ﬁm%?i red at 0C. A
sol ution of di ageaetdhands praveat thyliruetdre reaving dsteipleyevald et RiGeEi | t he yel | ow
col or persisted and was stirred for a further 20 mm 5* The solvents were
evaporated to afford the methyl ester 12-2 as a pale yellow solid (1.66 g,
quant.) which wBSeELERHIEy 2 without further purification.  Step 2:, The
ester 12-2 fronustsptakt itheQisyal Fous anteHstiyess. BluEs Pyegt FieHP & t ol uene and
the sol utionzcogl gdrt @ w7 &E pingle e ar2NixEr Y .aet?, al Bospher, saveMAesol ution of

10di i sobut yl al um_num hydr.i 1N rahydrofur, i cofeyreATOl ) Was
added and the r%%‘ﬁ#‘?%ﬁy%ﬁ%%ﬁfe ré‘ﬁ‘”%%f %\?eﬂd%tq%r%\%\[grf ?n@}eg&ig&n%igéﬁrftﬁ Ejtr.grrper ature. Two
addi ti onal por t Ewbpsimshis. DcERAT ePARRISESEREACHIAS PHIEMRAY" 67 BHEF0 L) after 1
h and a further 1.5 h. 0.5 h after the last addition, the reaction was
cooled to 0C and IN HCl (25 nL) was slowy added and the mixture stirred
vigorously for 0.5 h. The o_rgsani C sgl qué\mtfgrmuarie then 15 evaporated and the
aqueous resi Hue THREVERICHRREF RPRTEE YT ‘Acetate (2 x 50 ml) and washed
with water (50 nL) and brine (80 niL).% eﬁ?:onbi ned extracts were then dried
over MgSO4 and evaporated to 0l/12-3 as a pal e yell ow,
fibrous solid (1.40 g; quard—¥, Wi vvas guch in step 3. Step 3:
20A turbid solution of
1,1, 1-tris(acetyl oxy-1, 1-di hydko- 1, 2- bei nzi
peri odi nane) (2.32 g; 5.47 mol) in dichloronethane O nk 4- 5 nL rinse)
was added to a gtiEmatuely, §65 iventisn coPPiERRF RPRBRADT MERBYE Pom step 2 (0.98 g;
4.97 mmol) in DCM (40 nL) and tzhe reaét iRDRst rrg.d at anbi ent tenperature
under a nitrogen atnosphere. Afiter~4 R ggjt,y ed NaHCO2/ 10% Na2S203 (1; 1,
160 nL) was added and the 2&m y ously until the phases
were clear (ca. 0.5 h). The orgahire phase,sas separated and the aqueous
phase was extracted wi th di chl ogomet hane (50 L) wand W shed with saturated
NaHCO3 (2 x 150 mi). The conbi ned organi c phases were’then dried over MgSO4
and evaporated tg:yield the al dehyde 12-4 as a pale yellow solid (960 ngy;
99 % which was used,as .suehel Brnsda@Rndof thEOnShiRp R%is sSamidunmhiediriuge (95% dry
powder; 158 ng; 6. 25 rnfm')lg3 ms,%H§pended i n anhydrous THF (10 nL) and
trimethyl phosph®HEHERP AL B*T02845™H; 5.84 mol) added dropwi se at 0C under
a nitrogen atnosiptrepsferabg R’ tdmghin a solid white mass which could not be
stirred. A solution of the aidehyde 12-4 érom step 3 (950 ng; 4.87 mmol) in
TI-1F (7 nmL + 3 nL rinse) was then added dropwi se resulting in a yell ow
col our and sl ow dissolution of the white solid nass. After the addition,
the reaction was allowed to warmto anbient tenperature. After 15 h, the

cl oudy reaction m xture was evaporated to a pale yellow solid which was
extracted with ethyl acetate (2 x 50 nL) and washed 5 with saturated NaHCO3
(3 x 75 nmL). The conbined extracts were dried over MaSO4 and evaporated to
afford the cinnamate ester 12-5 as pale yellow solid (1212 g; 99 % which
was used in step 5 without further purification. It will be apparent to the
person skilled in the art that the trinmethyl phosphonoacetate 10used in
this procedure can be replaced by appropriately substituted derivatives to
prepar e anal ogues bearing various substituents on the cinnamate doubl e
bond. Step 5: The 4-nitro-2-ethoxyci nnamate 12-5 fromstep 4 (303 ng, 1.206

OX O~ S-E%H)-one (Dess- Martin




15(128 ng, 1.27 mmol) was added and the m xture stirred for 3.5 h at room
tenperature. After conpletion, the reaction m xture was poured over ice and
the precipitated solid was collected byfiltration. The crude product 12-6
was washed with water, dried under vacuum and used w thout purification in
step 6 (390 ny), Step 6: 20 The dinitro derivative 12-6 fromstep 5 (390
ng) was dissolved in THF (3 nL) and nethylamne in THF (3.02 nL of a 2M
solution in THF) was added. After stirring for 30 min, volatiles were
removed under reduced pressure and the orange solid 12-7 used as such in
step 7. 25It w L4 be apparent to the person skilied in the art‘that ot her

di am ne internedrates of general fornula I Schenes 2 and bove, where
R8 is other thaﬂmﬁﬁﬁﬁﬁfﬁsﬁﬁ?ﬂ%@mﬁﬁﬁﬁﬁk%@m%ymnEBWdEPﬁﬁﬂﬁ%ﬂﬁvaﬁWWﬁe ( CH3NHR)
in' step 6 above.whichaikherappno et sabdeRBin thilobid of&neqﬁaS? 30 The nitro arene

12-7 fromstep 6 was suspended in a m xture of EtOH (.12 nl) and water (12
m.) and K2C3B (4. 00 i val ts ) mas a f ol med\by sodi um
hydrosul fite (1. of uﬁgﬁpe xt fe}mas&é)Jrrev)for 4 h at
roomtenperature d s~¥'enov reduéed pressure™ The residue

was extracted with EtOAc and t he organlc phase washed w th.hrine and dried

(MB304). Renoval; of tge sol vent and purific t|on of ;hexre i due by flash

chromat ogr aphy (5 E w \N

(E) - 3- (5- ami no- 2-efhoxy=~4* ( n%thyl ester
12-8 (162 ng): 5(E)- 3- (5% Am no- 2- et hoxy- 44(nethylarn|no)phenypacryllc acid
met hyl ester 12-8 rnay be converted.to am.ne internediates™of general

formula I'll in Exanplerl usi ng thefﬁgoce res. cr|ie- n%Emaanes 3 or
and further el abg oln & ﬁer i I<{cherne I u5|ng
t he procedure of Eée Ie 4 1 o R e rappar 0 one SKkilled in the
art that inhibito ge eraI&?BrnﬁFﬁ 1 ﬁnJSche I herei n is -

and R8 is -CH=C(R88)-COOR _may be prepared using the procedure of Exanple 12
but starting fror recufSeﬁ identical to compound 12- 1, except wherein
the ethoxy group has’ been(;ngaced wi th a nethoxy group. 15 EXAVPLE 13

4- Am no- 2- net ho thylian}no) benzoi ¢ acid nethyl ester O02N. 4; 00ne
-Sti N, 024e 13-1 11444%%) » 02140ve 13:48 412, POOH): C H7N'dc-..")COOwe
-021e 13-2 1 1 (22Whsam prdMRind Bet3rdA@@bsiinhed-d, sCRfiMed 13+ B, Shepin R Ao HN

0,41/024e 13-4 Hs eﬁn\e/d hersin.

10
More preferably}, R* is selected from Br,‘C{' cyane, methyl, ethyi, propyl, 1-methylethy,
sthenyl, 1-mathyletheny!, ethynyl, cyclopropyl, phenyt and Het selected from the

group of formulas:

15 h i " ’ v H t H t



CDOVe MeOH Step 1. 8M HO, 100C 2. S0012, MeDH 1. Step 2 NaGiatt, Mel
Sleos o end 6 Step 4 124 Step 1: Methyl 2-nethoxy-5-nitrobenzoate 13-1
(6.21 g, 29.4 mmol) was suspended in MeOH 20 (100 m.) and 20% Pd( OH) 31C
(500 ng) was added. The m xture was stirred under a hydrogen atnosphere (1
atm for 18 h. The catal yst was renoved by filtration and the sol vent
evapor at ed under reduced pressure to give a residue of conmpound 13-2 (5.256
g), which was used as such in step.2. Step 2: The aniline 13.2 fromstep
1(5.23 g) was dissolved in THF (50 nL) and acetic anhydride (2.984 g) was
added. The m xture was stjrred overnight at roomtenperature. The white
suspensi on was concentrated-under reduced pressure to a 5 white paste,
tert-butyl methyl gther (T ﬁ 20 nL) was added and while stirring, hexane
(100 L) was adged=51 ow he suspension was then stirred for an.
addi ti onal 2h ane=t heasdl e coll ected by filtration. The product 13-3 was
washed with hexane betiteBRitSR2 LMAGRMAI kric acid (9
m.) was dil uted af@%@ﬂéﬁﬁﬁdh&mﬁggﬁgﬁgg%%gg$to 0C. The anilide 13-3 from
step 2(5.905 g)mvﬁ§m38ﬂ38 in one portion and the mixture stirred for 30 min
in the ice-Water bath. The reaction m xture was then added dropw se to
ice-water (7Q0 gt.) and the precipitated yellow solid was collected by

filtration, t ter ddr nge solid (5.907 g)
was shown by 1#%%??\%’? Wﬁs%“si mﬁﬂse%ﬁﬂ Fi]d%l’%dem}@geg&?onpounds Extraction
of the aqueous f1ﬂ0t3rsakt5ém¢fﬁ5cﬁ?9'éibéﬁpém\%‘t{yﬁeE‘M@”’d"é‘l?@e%?f‘daddl tional 1 g of
material that waswcehkineds sict hddppeishiyrssitoted oprand purified by flash

Shrormt ograpfy an S el 3 2 gks@nt . An orange
solid 13-4 (4. 1% hlldr&@ {9, }Mlsdr gc@y/ Wb MGal Ek@d@é‘- koRtpar

.20 The nitroanilide
13-4 fromst¥ 3 (3%%ﬁaiﬁfuaﬁggteg?”@%’w‘g%OYqEre%haiqgﬁn %&'63 m.) and the solution
cooled in ice. b)adonm’ﬁﬁ’hehe(rﬁnl% m., 66.7 nmmol, 5 equival ents) and sodi um
tert-butoxide (6, 414G, sH81<h +BRPI goéaﬁ,mumwct@;@m)ow(@@ﬁl@eﬂwdimttm

portions at a 3.5 h . oterval., Shirrhnd, 3l Loom JGNPeral i yas cont i nued

for an additional secon evapor, at ed under
reduced pressure andCQéErEr-2iy! e oryoraly Jubiiitdecrigens: Mafs Wéﬂ FEE™Sol uti on
was washed wig h TBMEekd&D o daiogdheicaguetuy: phasecnasd defigi f-ioe@ wi th conc.

HCl and extracted wifh Qegﬁ\%nc(cgché s%&eﬂ%&tuﬂ?&i & QORkNReGREGRMaGnEXt I act s

were dried and conce G{]ﬂrate Ive co kLed powder
(3.76 g) that was used2dFFEErTs FW‘%%GB%‘B%’HV%?C%G‘ ernﬁ\ gée‘g(g%par ent to the
person skilled in th?artorthakikdt her diami ne internediates of general

formula IVin S(E:B]e”e%(}%ﬁ@ﬁd-\%e@éﬂp#'@ar’:d’ﬂf"eér@ieﬁchﬁﬁieb@d@ﬁkh&ﬂecteb&GmrfFEt hyl, may
be prepared % repl aci ncg nE h%l iodide (CH31) in step 4 above with the
appropriate Ve % L% a | eavi ng group such as d, Br, I,

met hanesul t onat &) (rrelsk%l;l Ve, saig et 168 e GieBivaiee MPRASKS BRigyeycle having 1,
trifluoronet hanesul fpgatRielkioht |at)depaireanty Besdidikem N, Steeps5: The free
carboxylic acid 13-5 fromstep 4 (3.75 g) was suspended in.8M HO (100 ni)

and the mxture stirred at 100C for S It After cooli Eg lwgdfmomterrperature,
vol atiles were NapBrEREY Rindér? 3 3SRTHaRearhaiPEErHY s ¢o- evapor ated 3

tinmes 5 wthabe0OH. 1o Skeptitfnts each independently selected from fiuorine, chiorine and bromine;
and
-1 to 2 substituents each independently satected from:
a) hydroxy, methyl, ethyl, propyl, 1-mathylethyl, methoxy, ethoxy, propoxy or
1-mathylethoxy; wherein said methyl, ethyl, propyl, 1-methylethyl, methoxy,
30 sthoxy, propoxy and 1-methylethoxy are each optionally siubstituted with on_e-:-',

two or three halogen aioms;

b) N(CHg)z or -NHRM wherein
21



The residue fromstep 5 was suspended again in MeOH (100 nL) and cooled in
i ce-water. Thionyl chloride (5.10 nL, 5 equival ents) was added dropw se and
t he suspension Stirred at 65C for 4 h. Volatiles were renoved under reduced
pressure 10 and the residue 13-6 co-evaporated twice with MeOH (100 nL) and
then toluene (2 x 100 nmL). Step 7: The residue 13-6 fromstep 6 was then

di ssolved in MeOH (200 m), 20% Pd(OH)2 C (500 ng) was added and the

m xture stirred overnight under 1 atm of hydrogen gas. 15 The catal yst was
then renoved by filtration and the sol ution evaporated to dryness. The

resi due was dissol ved i %@%Qe h,aqueous NaHCO3
and dried (MgSOH). E 55 fmﬁ eﬂ&hgmﬁg gMaPQ% I ﬁ%?bﬁaé suspended in
TBVE (50 nml) and heaﬂ@ﬂfhomﬁﬂﬁﬂﬁéW“%b m n. An equal volune of hexane was
then sl owly added t @hdréiesdnnhetisn kgl ppepyicand -triethyleing ergrattatotichally |

4- ami no- 2- met hoxy- 5- 200 ABLIVEARE AR & PG SstRe hibl sdiieh thm 88ERH adB- 7 Was
collected by filtration, weaned with MVE-hexane and dried (2.00 g).

4- Ami no- 2- nefhoxy- 5- (ﬁ%ﬁﬁ@@%htno)benzorc acid nethyl ester 13-7 nay be
converted i nto $he e¥tespondi ng anm ne internedi ates of general fornmula Il
in Scheme 1 25 §ol | ewmg, Lhecprosedtnes-foll, Exanples 18orphdtino.These am ne

i nternmedi ates may be further converted into anine internediates of general
formula I'l'l in Scheme 1, wherein R5 is %ﬁ R50) - COOR, by
fol l owi ng t he pF%%@HﬁP@%GﬂﬁékﬁﬁﬁF§m§“m¥@ﬂCt?ﬁﬁ? g ﬁﬁWIWP@’ edi at es of
general for mal ambthiethn chtipens, shermyi- -henvfethetthethyaf.abor at ed to i nhi bitors of

general fornmula l-in hene 1 usrng t he procedure of 30Exanp|e 4. It wll
be apparent to ope %ﬁHL th Lﬁ%ha h anpl e 13 may
be applied to e@ el 12, ; o I ye wherein the
et hoxy group has een™ epI ed by a ne%hoxy gr up, - to pwoduce "di ami ne
precursors of general fornula.l.V in Schene 2 ory3, wherein RGis OCH3 or
OEt. Such di am ng precursor al_so .. co erf“ﬁ t.o am ne.internediates
of general forngii III%%P nﬁ;ﬁl I th“pr me P f Exanples 3
or 7, and furth bdrat 6d" t o i nhrbrturs o °g§2p é f ~in Schene
1, using the procedure of. Eﬁanﬁl N i

N2- Met hyl -4-(114-11,2,3itriazol -4-y )benzene 1, 2- dlanhne 0 IL CFL NKz

2NStep 1 9-3 Step 3 gazszct |t St 4~&4 Ste
3-Fluoro-4-nitro y €19 ”om I) was
di ssolved in TH 0 W\?HF 1 nL, 42

nmol ) was added, The, reactlon nbdure ma§~st|rﬁed/at RT Untll dnplete
conver si on was confrrned by HPLC ( 2 3 . The twrbid solution was then

evaporated to an ract mnth ethyl acetate (2x 50
.) and washed CIde buh%gﬁgy col our
dlssrpated 100 m t er nL)oand b |ne (6Q m) .o i ned

extracts were dr|ed over anhydrous Mb904 and.’ evaporated to give the
net hyl ami no internmediate 14-1 as an orange pomder mhrch was used in step 2

wi thout any purif 20I /mnI be appar é he person &Killed in
the art that othe Odlragtblnt I medat es. of raI\t rrruIaIV'in Schenes 2
and 3 above, *where 'R8 is other “than nethyl ‘nay be prepared by replacing

met hyl am ne (CH3NH2) in step 1 above with th ap rop i at e [R6-
'/F ",' 4 2\ :E’{ S_(‘NH g\ <\fN
#4 — s a =
;\ﬁzr} 12153 (Mtr 2&1\ g4f rj H:i;; O B
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NH2, Step 2: 25 A soiution of n-BuLi (2.5 Min THF, 14.4 nL, 36.0 nmol) in
anhydrous THF (60 nL) was added slowy to a solution of TMS-di azonet hane
(10%in hexane, 18 nL, 36.0 70 mmol) at -78C. The m xture was stirred at
-78C for 30 mn, before a solution of the nethylanmino internediate 14-1
fromstep 1 (2.16 9, 12.0 mmol, dissolved in 2 nL TI-1F) was added sl owy.
The reaction m xture was strrred at -78C for 1 h, .and then allowed to warm
up to RT and to stir for an additional 3 h bef or e guenching by 5 addition
of H20. The crude m xture was partitioned between saturated aqueous NaHCO3
(30 nL) and EtOAc (60 _m), the aqueous | ayer was extracted again with EtO0Ac
ine Iayers wer e mashed with brine, dried

(2x 60 nL) and the co

over anhydrous 4 @and c ] e yfiess. The residue was purified
by flash col um®chr. ot rap srn 33%? Kgiﬁ\ exa 'as the eluent) to
give the 10desir d\ | kyn £} 0y, -21%vyiel d).

Step 3: In a t hi ck® malﬁed pressure tube the al kyne 14 2 frontstep 2 (260
ng, 1.48 mmol) was di. O (6. 0~ mL) anmd TMS-azide (0,392 ni,
2.96 Mol ) was ded. ! ed/bo 17 Nfort 2 h, then cool ed
and extracted E ' washedswit h bﬁﬁnefhpx 50 ni).. The
organi c | ayer mas dri d over anhy rous\NgS@g and evaporaked to obtain the
crude triazole 14-3'as a yell ow brown solid ‘which, as.. used in step 4

wi t hout further purrfr ati on:r Stepwﬂ: The cruge az nternedrate 4-3

fromstep 3 (-1. T:dres Et Qgib ) d H20 (6 nl)

whi ch resulted p eCLpl atloh ofiggﬁ |artwng |aI K2003 (0,91
sodi Um hydrosul:fi 1.15g. 6.53 nnol' were added and the

reaction m xture was stirred-for 2 h at RT. The reartron m xture was then

g, 6.58 mmovl) an

extracted with EtOAc QﬁanL t he grgani ¢ | ayer -was hed.wi th H20 (50 nl)
and brine (30 nt)y rﬁgd ngigiohséigﬁﬁhiﬁig« rafed to a brown gum
whi ch 25cont ai ned thyl -4-(1 2 ¥Yia 4 y&)benz e-1, 2-di am ne
14-4 (anmpngst other rinor products). The crude

N2- met hyl - 4- (1H41, 2, 3]tr|azo+ 4- Ah nze'e-l 3-d|aﬁine nay e converted,

W t hout furthean%i; |nt or KE3POo dw QE€P1 |nterned|ates of
general 30 for agIII i me ro %ES of Exanples 3
or 7, and furg hefve ced to |%h’b|tor of)geﬁeralmfo Ia | in Schene

1, using the procedure of Exanpl &- 4. EXAMPLE 15

N2- Met hy1- 4- (4- met-hy1pi Per azi.n- r)¥ bepnzene- 1, 2- i ntn,, %
Et OH HN1, 1 15- 4QJStep;¥ %\ne\ﬁ Q\ﬂ soﬁr‘;ko - SN,

4-chl or o- 2-fi uoriQ- %- ni tir obe ﬁﬁgﬂp 0O (7 m), a
) mas added and the

H2, Pd I C

/8 tgr
sol uti on of nethytan%ne\(’ TFFa ﬁg&ﬂ
reaction m xture was stlrred at RT f- 24 h. The solution was diluted with
Et OAc (-300 nlL), the or mashed with H20 (3x 50 nmL) and brine
(50 m.), dried oJeTA nh con trated under vacuumto give
t he 10net hyl am ng 've 5- as a eIIo oI|d (1.19 g). The crude
mat eri al was used=t/n st p 2 wrefiout i fzheatt It wll be apparent to
the person skilled in'the art that other dlanlne |nterned|ates of gener al
formula IV in Schemes 2 and 3 above, where RE i n nmethyl, may be

15prepared by répragreigoet WEEW%@WW) e?‘rf’yst éﬁgf *UH¥ve with the

appropriate R3- N H2, !
ST 50
S 50D @miﬁ s

o,

Q‘\V‘/\Nﬁ RH, ,

2



Step 2: A mxture of the nethylam no derivative 15-2 fromstep 1 (105 ng,
0.56 mmol ) and N- net hyl pi perazine (0.5 nL) was heated to 90C while
stirring for 3 h and then at RT for 20an additional 15 h. The reaction

m xture was diluted with EtOAc (-50 nL) and the organic |ayer was washed
with H0 (3x 10 nL) and brine (20 nL), dried over anhYdrous MySOX. and
concentrated under vacuumto give the piperazine derivative 15-3 as a
yell ow solid (140 ng) which was used in step 3 without purification. 250ne
skilled in the art will readily see that piperazine derivatives bearing

ot her substituents nmay be readily used in place ofN nethyipiperazine in
Step 2 above to prepahe i nt er-medi aties teadrno to her conpounds of
formula (1). Step 3: sohﬁtrpn hie derﬂvatlve 15-3 from
step 2 (140 rrg) Ft(’) &' vs%‘s @d and the mixture
was stirred und n at \H2 lat RFﬁfor h= e reaction

m xture was filtered and the solvent evaporated to give a farrly pure

sanpl e of the des redF ct, Ntnethyl 4-(4- nethyl |pera2|n 1-

ybbenzene- 1, 2- di am ne s _a pi ol or et Q[mp

N2- Met hyl - 4- (4-Fre hylpr raz?ﬁz}r zeﬁEZ} 2- )ant f4/mas convert ed,
Iy

10 wi t hout further™ purificationm, |nt6 t he corres%ondrng antne |nterned|ates

of general formula Il in Scheme 1 follomnng the rocedures 0of Exanples 3
or 7, and furthgr el: bora%ed to |nh| or§ of e er I I n Schene
1, using the pr’h@dq;e o ;Hlﬁ P

4-1m dazol - 1- y1V@» |6é ze

4-imi dazol - 1- y14142- th zene“& 2- dsaﬁfne 16r1 was prepared usi ng the

procedure of Exanple 15, except that im dazole wasused instead of N
20met hyl pi per azi ne |n-tep 2 44m1 azoI - 1-y1- 1}12- t hyl Genzepe=d, 2- di am ne
16-1 may be con t%j?ﬁ“t ispo hg aki ne_jlnt er ia of genera

formula Il in heme.d ¥ ol | Nngh\he ced $ of EXa 3lor 7, and

further elaborated to inhibitors of géneral’ fornula | 'n Schenme I, using

the procedure of. Exa Ie 4 VPLE 17

4-(2- Antnothrazqkt Ibe -1,2-fi 4nine S--S -" ELOH 20 he,
16 hl Hy) h rs N. | 17-517-4 Step 1: 5A
m xture of 4- chI L\[/hwtvdace ~phe d .00 g, 15.0 mmol) and

met hyl am ne (15 0 M, 2Min'TI-1F, 30. 0 nnDI) were placed in a seal ed
pressure tube and strrred at 80C for 6 h and at RT for 20 h. The reaction
M xture was conceatdied geetzoly R'ynebsedindut he residue was purified by flash
col um chromat ography (using 20-30% hexane i.n Et0Ac) to isolate the desired

pure product 17- Zgas an orange solid (9__\h 34%ﬁloxkEt wlt will be

apparent to the kl[hﬁg% Efg i nt er medi at es
nd. 3 adeef e is ot her than

of general for
met hyl, may be prepared by replacrng nethylanlne (CH3NHZ) in step 1 above
with the appropri ate R8- 15N . Step 2: To alsolution of the

4- et hyl am no- 3- Eii%oaceto ne*mnt rmedi &'e; 17-2 fromstep 1 (700 ngy, 3M

nmol ) in di oxane#€ g) 0.20 m., 3,96 nmol) was
added slowy and |onmn1xzur ~stisred at RT for 20 h. The
reaction 20m xture was concentrated to dryness and the residue was
re-di ssolved*n Et0Ac (200 mL). The solution was washed with saturated
aqueous NaHCOB (it @€rapi. R sredietied e (100 nl), dried over anhydrous: MySO4
and concentrated to dryness_to give-the cryde bronpketone internediate 17-3
(1.0 g) which was,. used-in sLep mhkhput Jfication.

oYY Y Y

3 C |

F . & and S
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Step 3: A solution of the bronoketone internediate 17-3 fromstep 2 (1.0 Q)
and thiourea (548 ng, 7.2 mol) in i-PrCH (30 nL) was stirred at 70C for 1
h. The m xture was cooled to RT, and the precipitate formed was filtered,
washed with diethyl ether and dried to give the desired am nothi azole
internediate 17-4 as an orange solid (- 1.0 g). This conpound.was used in
step 4 without purification. Step 4: A solution of the nitro internedi ate
17-4 fromstep 3 (500 ng, -2 mml) and SnC 2 di hydrate (2.259, 10 nmol) in
EtOH (15 nlL) was stirred at 80C for 16 h. The 10m xture was poured slowy
on NaHCO3 and stirred vigorously for 30 mn. The m xture was extracted with
CH2012 (2x 200 5_‘1‘1'_) and the conbined organic |ayers were dried over

anhydr ous Na2S@eferaty. Bomoxslyeenit & orshelyyareskeng PRENBNSHFTRHAE BGrified by
flash col um chy gratogs aphy (using a sol vent gradient from 30% hexane in

Et OAc to 100% Et OAc and then to 3% MeOH in Et0Ac) to recover some unreacted
starting 15material and the pure di am ne product, =

4- (2- am not hf aZére erefyrely. { SEEmprYehYERE™, 2- di amine 17-5, (167 nmg, 38%
yield). 4-(2-Am nothiazol-4-y1)-1V1-net hyl benzene-1, 2-di anm ne 17-5 was
converted into gheygorrespondi ng am ne internediates of general fornmula ill
in Schene 1 folTow ng_the 20procedur.es, of Exanples 3 or 7, and further

el aborated to i?’fﬁfﬁrﬁg’?%{%ﬁfﬁh%@@ﬁ%?’éﬁfsﬁ)—}'nul al in Scheme 1, using the
procedure of Exterpbrefedbly Riés H pidd 2ahR o noi ety of the aninothiazole
substituent .gf @& hibblR) FOENOR" Ggepgr@al fornula | in ‘Schenme 1, or a sui t abl e
internmediate in its preparation, may be al kyl ated 25by usi ng procedures
wel | known to those skilled in the art, or acetylated by using procedures
wel | known to tBoand®killed in the art, such as treatnent with acetic
anhydri de, acet ylicabl @ré iR 264 Rt ibeciddek@omAl t ernati vel y, repl aci ng thiourea
in step 3 above w't it ] i ! ~R&"W; kdizcglyve

i nter medi at es erelt(bﬁ%]ﬁéemfsgg%%éﬁﬁgE%%F%%/@ﬁgié ’t\)hgg{rﬁﬁgaub tiéu.; ed. 30
EXAMPLE 18 15 from H and (Cyr.malkyl, said alkenyt baing optionally surther supstitited with one

4- Ami no- 2- (9H f | uor enwdsystireankeeeytiatpeniyita seitangioB-(C Ay A MY Thenzoi ¢

acid nmethyl estgr KNQy oPh@PeLn 86ndbptional sDKAMtIRE ket BIR sdostilibntd  12- 2

Step 3 asch independently seiected from:

. ~OH, oxa, COOH; :
20 ii. (Cq-g)alky% optionally substituted with phenyl or ~NRMRY, wherein RY
and R are each independently selected from H and (Cr.gatkyl or R and
RM arg jinked, together with the N atom to which they are aftached, to form
a 8- or B-membered monocyciic, saturated, unsaturated or aromatic N-
containing heteracycle, optionally having addiﬁonaﬂy one or WwWo
25 A heteroatoms each independently selected from N, O and §; and
i, ~NRVRY; wherein R is selected from H, (Crajalkyl and -CO(Cq..)alky]
and R™ is H or (Cya)alkyl
wherein Het is a 5~ or 8-membered monocyclic saturated, unsaturaied or
aromatic haterocycié fhaving from 1 to 3 heteroatoms, each indepandently
30 seiected from O, N and 8; and
<) COOH;
and the other of R® and R® is selecied from H, NHRY, (Cy.a)alkyl, and (Cy.s)alkoxy,
wherein RV is salected from H and -CO-0-{Cyq)atkyl.
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5Step 1: To a solution of mchlorobenzoic acid 18-1 (12.5 g, 79.8 mol) in
sul furic acid (100 rnL) at 40C, potassiumnitrate (approxi mately half of
the total amount; 22.0 g, 218 nmol) was added slowy, portion-w se, with
stirring, (tenperature maintained below 70C). The solution was then heated
slowy to 105C, the remai ning KNOB was sl ow y 10added (tenperature

mai nt ai ned bel ow 110C), and finally the solution was heated to 130C for 15
mn, allowed to cool back to RT, and poured on ice (- 500 nmL), The yell ow
sold forned was filtered, washed with water (50 nmL),, air dried for 2 hto
yield 13.25 g (67%. of a 2:1.m xt.ure of . the desired product 18-2 and an
unknown si de- pr H%@Fﬁe{aﬁ*ﬁgn?ﬁf%t ﬁ?%évﬁ%sseiegt%%%m@s such in step 2. Step 2: The
crude dinitro carbotdpiliendeihgtiggd wity CQAH W@NHW@Q@B"’THWQ’E& ssolved in
met hanol 5 (100 ) sadicuwif ufid @ neciublsifks Belerte)l from¢C.adtiBdnderioges| oW y as
the reaction is very exothermc. The reaction mxture was stirred at reflux

for 18 h. The solution was poured on_ i ceé%}- 500 nj(.h) arr]n(’jvotsurllagﬁtgrn%duct was
extracted wi £h Bt 0ABNSYR OGS ENSPRENYY §ERTET LS SWweP & WasHEd with 5%
aqueous NaHCOB (3x &4€0 indipepdedind s@cley®rmanhydr ous W gSO4 and evaporated to
give the desired dinitso SetchyH. ester 10internediate 18-3 (9.54 g, 69%
yield). Step 3: To a solution of the above dinitro arylchioride 184 (9.5 g,
36,5 rnnbl) in MAE (20 nl) at 0, nethylamne (21V1 in THE \39.2 m., 74.7
mol ) was added with sti rri-ngf. After a few m nuth% e% cry —\vkl_i ne solid was
formed, the suspensitoffwaky BPoaHK B Ry RATEYE 6V EERY and st FFring was
continued for 2 h. TheNt.eatCipramiidicCetswas partiti oned between H20 (200
mL) and Et 0Ag (10Qp0L) Het[1R106880M he&Phudd On was washed with 5% aqueous
NaHCO3 (100 nL), brine (3x_100 m..), dried over anhydraus MySO4 and the
sol vent was evaporat ed \/go .g}\%n?g to '\ve\';tNhe ?I :& ;@u%w% as a
yel | ow orange soli 7;;:? 7 189 [q:el 3 20/ il ps rgn/t; to the
person skilled in g&:ﬂ N t\k\%)t, dther di am %e"‘i, nter i ates, 6t"gener al
formula IV in Schemes 2 and. 3 above, where RB is other than nethyl, may be
prepared by repl acing thyl[am' ne-{CH3NH2) in step 3 above wi'th the
appropriate RSN -iR.™2 tﬁ%: To /\EtOH/ H20 (100 nmL, 1:1 ratio)
suspensi on of the "aBdve-Adi Wr@ncani iffe sbont er nedi ate 18-4, K2CO3 (10.3 g,
74.5 mmol ) was a deq:#g_h vi gourous stirring, followed by the portion-w se
hy

addi tion of sodium

rosulfrte (13.0 9, 74.5 én%%%% he éﬁ{il oW suspensi on
turned bl ood red™ hephBrEEIRNS Belt SHRFSTOPE HhEREY %a%g’fyi'" FY* 30

exot herm c), 4 hen bi-phasiocHard.a white precipitate was formed. After 30

m nutes of stirring at RT, the EtOH was partly evaporated and the residue
was diluted with H20 gloo ).QTJ'% ri?gg.tieqer&egiﬁértﬂ_ure was extracted with

Et 0Ac (2x 75 nlL)EYet R BERBPHES® 8o 4Rt ¢ T3Y&rS "Were dried over anhydrous

| VI g804 and evapor at-€d=¢bCo08 btrCa=BH&SkiHanp RN Sunstiyied 8ifsone P 26 g | 55%
whi ch was used as SuGHsinBiSih8ReBeted Biepeifl, «Tgl aad fibict &red, . i ce col d sol ution
of the above _trianiljne. 18- . L0505, mol) in acetonitrile (5 nl)
under: ni trogé{!], tieslri e?bﬁﬁf%%m%gééggg‘g&?n#@@ﬁg?added, fal | owed ﬁy t he
drop-wi se addition ofietFptgeaty sybgtitaapwiiy one o tyg spsiyents eq4hdn BB Br pl e
solution was 6 stirregcantoral | oned to warmup to RT over 2 h. The sol vent
was evaporated, the irzegé@ggolh@b@n into EfFOAc (30 nt.), washed with 5%
aqueous NaHCO3 (2 x ¢« Oanlg brin g 0. ri.ed.over h | vi gSO™4, and
t he sol vent evaporat &d™f y[(‘]‘r?wgs? ‘.’%?E%‘g‘ﬁé‘%lséﬁ%‘”\‘thsphﬁﬁgi%fge%@ flash
chromat ography (using TEKC grade silica gel and a solvent gradient from 30%
to 60% Et OAc in hexane) foigive the desired product 18-6 10 as a beige
anor phous solzd (459 ng, %rgi el d). Step 6: To a stirred solution of above
Troc-protected anilipe. zr_j%@_qagz\égdm&)@;oo ng, 0.27 mol) in CH2Cl12 (1
m.), pyridine (0.032 L, 0.4 n I‘%%éﬂolloqf\ed by Frnoc-Cl (80 ny, -0.31 mmof)
were added. The r edRFFHREURREEFE WAL HTYed at RT for 2 h. The mixture 15
was diluted Wth Et0Ac (30 nlL), the suspé&hsion was washed w th 5% aqueous
NaHCO3 (2 X 10 nlL), dried over anhydrous MySO4 and evaporated to dryness.
The residue was purified by flash chromatography (using TLC grade silica
gel and eluting with a solvent gradient from20%to 30% Et0Ac in hexane) to
give two sanples of the desired Fnoc-protected product 18-7; 47 ng of very
pure product and 100 ng of 20slightly |ower purity. Step 7: The doubly
protected (Troc- and Fnoc-protected) trianinile derivative 18-7 (100 ny,
-0.17 mml) was dissolved in THF (1 nL) and acetic acid (0.25 nL) foll owed
by freshly activated zinc (20.0 ng, 0.31 mml) were added. The reaction

m xt ure was



25 stirred vigorously at RT under nitrogen for 2h. The evol ution of
reaction was nonitored by HPLC and after 2 h only -30 % conversi on was
observed, therefore, nore zinc (15 ng) was added and stirring was conti nued
at 60C for 4 h. The reaction m xture was diluted with Et0A0 (30 nL),
filtered over Celite and the filtrate was cooled in an ice bath and washed
w th 5% aqueous NaHCO3 (20 nl); care nust be taken to 30 prevent build-up
of excessive pressure. The organic |ayer was washed with brine, dried over
anhydrous 14504, and the solvent was evaporated to give the nono-protected
i ntermedi ate 4-am no- 2- (9F+fluoren 9- ylnethoxycarbonylanlno) 5-

(nethylantno)ben20|c ac est 18\8 as mh te cryst: I'l'ine solid
(68 mg, 96%yi el d) Ycon ?ﬂt qéa ortespondlng
Frnoc- prot ect ed ami |nter |aﬂes ofwgene fbr ~Scheme 1

fol | owi ng the procedures of Exanples 3 or 7, and further el aborated to
Frmoc-protected inhijpitors oﬂ general 5 fornula | c above, using the .
procedure of Exangl & 4 Th e”Frno -protected inhibitors of general fornula
ic, or approprlaté\FhD pr Ot€cted amfieaidnt er nedi ates in their synthesis,
may al so be convert Froc- protected inhibitors of general formula Id
above, using the rocedures of steps 1, é ﬁﬂ ‘%@ ) gH dIn bot h
cases, renoval t%@mﬁﬁﬁﬁaﬂ?%ﬂ%ﬁ¥$ﬁﬁﬂﬁw uPE Y™ ”%SWP‘e btl® by treat ment
with piperidmne, 10—ascmecmewwaknomn to one skilled in the art, and
saponification of the ester group nmay be carried out under basic condi tions

(follow ng protocol s me S& SKj I he art) to give

i nhibitors suchYﬁ@“%%ﬂﬁSﬁW&gn%%ﬁﬁaw¥go b1§daﬁ§q§ (Table 3). The free

am ne noi ety of these i nhibitors can.be further reacted with reagents
commonl y known t6 t hose.skill the att, h as sop%@?yl chl or of or mat e
and the like, to orntié?nhlbltors uch coﬁégund 033 (Table 1), EXAMPLE
19 2-(5- Bronopyrlnﬁﬁtn 259), 18 cy o PaTit y1-1'met H§Pt- 1/ T ndot-e- 6- carboxylic
acid 00 ZOSte 1: The bronnlngole 19-1 (pr epared a destribed in
Exanpl e 12 of WO} 3/01 A1 I~ 1 e i ssotwved in
anhydrous DVE (20 Q%\ déﬁ(l- urﬁk)pﬁeép (26@ hpe§1 1 mol ,

0.12 equiv.), trletWVLanthe 3."0, nL : ,_4 equi v&)" and Pd(CAc)Z

(65 ng, 0.28 mmol, 0.03 equiv.) were; added The mxture 25 was purged by
bubbl ing Ar through it for 10 n1n a pLBachbor ne 04 4 5 5-°

tetramethyl-1,3, a&dIOX oro ane ) #was added by
syringe. The resu |nqt,§:k QJOQHB ur st| re t GQ‘Cmﬁbr 16 h
under an arggm atnosphé The re on xtu ¢ was. t Hen' 66bledwto RT and

t he 5-brono- 2- lodopyrlntdlne (3.0 g, 10.5 mol, 1.18 equiv.) was added as
a solid, foll owed\ bX caré%pl sl ow addition of a cool ed suspensi on of K3PO4
(10.5 g, 47.1 iv.) in water (7 nL). Alternatively, the-

addi tion of K31: ﬁ&% precede the addition of 5- brono-2-iodopyrimn dine.

The dark brown reaction ntx th eat.ed 0 . qargon for 24
h. The reaction MRS Hds B%Q%ﬁ%ﬁi?%dgﬁmah = durgﬁgﬂﬁﬁéq gﬁ%queous NaC
(100 m.). The brown SUsPedsSi@hinas extract ed. mnth Et OAc (150 mL). The
extract was washed with water (2 x 50 rnL) and brine (100 nilL), dried and
concentrated to 50 nL. Cooling 2 h in the fridge gave a beige precipitate
that was col | ected by filtration, wash { wth smal | anmount of Et 0Ac and
dried. The filtrate 10 was concentrat ed\under, u nd. the.se gue was
slurried in aGet ¥ag PERRLL e QFF%a%‘%ag‘Fo b6 ¥ng a%g agaotg? g*ae“ OER glRf ri dge
overnight. The solidiwts filtered and the conbined solids were further
purified by chromatography using CHClI 3 as solvent to give the desired

i ndol e ester 19-2 as_a bei ge sol.i Z?W Kk 2: 15 The ester 19-2
(300 rig, 0.72 m%hﬁaM%kW%%%ﬁEﬁﬂﬁﬁm”’ﬁjﬁ§%lﬁsﬁf?§a§§ t her suspensi on

war med gently to dissolve the solid. The slightly cloudy yellow sol ution
was cool ed and stirred while 2.5 N NaOH 2.0 nL, 5.0 mol, 8.6 equiv.) was_
added and stirring was continued for 4 h at RT. The m xture was slowy
poured into 0.5 N HCl (200 nL). The yellow precipitate was col |l ected by
filtration, washed with water 20 and dried to give conpound 19-3 (273 ny,
94% yi el d, 100% honogeneity). EXAMPLE 20

3-Cycl opentyl-1, 2-di met hyl- 6-i ndol ecarboxylic acid. OH 19.120-1 25 The

2- br omoi ndol e derivative 19-1 (1.009 g, 3.00 mmol, prepared as described in
Exanpl e 12 of WO 03/010141) was di ssolved in anhydrous THF (25 nL) under an
argon at nosphere and the solution cooled to -78C. n-BuLi (2.0 Min hexane,
1.60 m., 3.20 mml) was added dropwi se and the m xture stirred for 15 mn.
Mel (0.37 nL, 2.00 mmol) was added and stirring was continued for an
additional 30 min. The 30 reaction m xture was then warned up to RT and

—— . —



5 was saponified in the usual way (NaOH O v150) to give the correspondi ng
carboxylic add 20-2 in 96 % vyield: M5S-ES mz 258.1 (MN, EXAMPLE 21 .
3- Cycl opentyl- 2- et henyl - 1- et hyl - 6-i ndol ecar boxylic acid. BuzSrl GH=CH2 Pd
cat. 1019- The 2-bronpoi ndole 19-1 (prepared as described in Exanple 12 of
WO 03/010141) (5.000 g, 14.87 nmmol) was dissolved in dry dioxane (50 nL)
and vinyltributyltin (4.82 ni, 16.50 mMmmpi) was added. - The sol ution was
degassed by bubbling N2 through for 15 mn.

Bi s(tri phenyl phosphine)pal | adium(11) chloride (0.350g, 0.50 nmol) was 15
added and the m xture heated to 100C overnlght under a. nltrogen at nosphere.
Addi ti onal cataryst - 50 ngg S addeqﬁgnd ea ng resuned for
an additi onal gf?%@aﬁiggl opOk T ana @ \Q_N (eactlon was
al nost conpl ete |§wkrn | e \to fi)t ered through
a small pad of S|I|ca gel 'using TI-[F for mashlngs THe filtrate was
concentrat ed under’ireduced 20pressure and the residue purified by flash

chr omat ogr aphy usi g(5 15 % Et OAc i n hexane as eluent. The desired
2-vinylindol e ester<21-1 was obtained as a brownish solid (2.92 g, 69%
yield): MS-ES mend 28%; and (et of RhgndfBisHy| ester 21-1 was saponified in the
usual way (NaOH DMBO) to give the corresponding carboxylic acid 21-2 in 93
%yield M-ES gtz 270.1 (M 11) 25 EXAWVPLE 22

3- Cycl opent y1- 2=t hyl - 1- ne - 6- |ndolecarbox NZ% . pmeH2 Ove Pd 22-122-2
The 2-vinyl i fdoPEEeeR ’?i@%e?%%f alkvh { e og° 0.88 mml) was

di ssolved in 5 MaQkyclcdByt.))ahyidvetn tedCutaiohs Wldm&ﬂig%ﬁaﬁlé@ Wit atm N2 gas)
over 10% Pd( OH) 24, . Giké:9Qr 7 ork® thre8 1o aldd@, cat al yst was then renoved by
filtration and the filtrate evaporated under reduced pressure to give crude
ester 22-1. The residue was dissolved in INS and saponlfled with NaCH in

t he usual nanneMorepregirowy. Rhie selectsd/en ety Y PG EMEBYFIWALT ve 22-2 as a
white solid ¢D. ZbkhygicpsS%namyelgl) cyciMSydm;mpﬁr?@hﬁ A6t 2.2, EXAMPLE 23

3- Cyclopentyl 2- - 6-i ndol ecarbOxyl ¢ acid. 0Br0O \\
Mo R R e B D Rar 53 525°3 15 The

2- stannyllndole 23-1 (1. 280g 2,34 nnDI prepared using nmethods descri bed
in V[)03/010141WmﬁmwmemWM@m@&phlne (0,065g. 0.25 nmol ), Cu! (0.045g. 0.24
mmol ), LiCl (0.200 g, 4.72 mmol) and 2-bronopropene (0.444 nm_, 5.00 nmol)
wer e dissolved ip (6 M) and the suspension degassed by bubbling Ar for
20 mn. PdZ(&% = 35 ¢, ,0.034 mmol ) was added and after degassing for
an additional 1refedly, RhendRS aresash ingeperdertbl s EonCar @y ¥&° #0DE over ni ght .
The suspensi on was t&emked, kdgtesh wih thh CEBVE. (vbaDhat Jre adhanasved wi th brine (2
x 25 m). The extraC(fgS:ﬁ\%éioﬁ.Engﬂ_e)&%ME ng. &%%‘nﬂm&{a@h@@cmﬁer reduced

pressure to give ar ur| mat og raphy using
5. 10 06 Et OAC i1 hexBEEOHEs BVIBAET | FHIEET Wé&gﬁ“ ‘“%Eerﬁ?‘g‘ @r%iffe)d Rlol e 23-2
was obt ai ned 2as be| g@asd)mwd‘se(em sBi7 cgploaBil, Feigakehyr. neNBoES ingaeh 25 295. 1 (MH.).
The nethyl ester 23-Zyvwasy sspamdi@d. Laxghe usual way (NaOH DVBO) to give
t he correspondi ng carboxyllc acid 23-3 in 96 %yield: MS-ES rrVvz 284. 1
(MH). EXAMPLE 24 3- Cyclopenty1:2<ysopropy1 1- nethyl 6-i ndOl e carboxyllc

acid. Odie Hz .. preferaply, the group  * s selected from:

/
N Q/\‘O
b, 4O, OH,
' s . .o _ co . . and

28



ov Pd 23-2L,,J24-1 Following a simlar procedure to that described
in Exanple 22 for the 2-ethyl analog, 5 the 2-isopropylindole derivative
24-2 was obtained as a white solid (88 %yield): M- ES mz 286.1 (MH).
EXAMPLE 25 3-Cycl opentyl-2-cycl oOropyl -1 -nmet hyl -6-i ndol ecarboxylic acid. O
i U-reLL-OMeNaOHOH DMSO Pd cat. 10.19-1ZnBrz 25-1ht.-) 25-2 Oydopr opyl
brom de (0.471 g, 3.90 mmol) was di ssolved in anhydrous THF (20 nL) and the
solution cooled to -78C under an Ar atnosphere. nBuLl (1.0 Min hexane,
3.60 nL, 3.60 mml) was added and the m xture stirred for 15 m h. ZnBr2
(0.878 g, 3.90 mol ) in TI-IF (15 nL.) was then added, the m xture all owed
to warmup to RT 15apO~he reaction stirred for 15 mn. The 2-bronvoindol e
19-1. (prepared as dgsérlbed in Exanple 12 of WO 03/010141) (1.009 P, 3.00
mmol) in THF (15 mL).Wag added fol | owed by
tetrakls(trlphenylphosphlne)palladlun(O) (0.289 g, 0.25 mol ). The m xture
was stirred 24 h at reflux, at which point starting material was stil
present, but the reaction was quengied@eby addition of AcOH (2 nli).

Vol atiles were renoved 20 under reqﬁﬁﬁg pressure and the-residue taken up
in TBVE (100 ni}yen Fhe mafbEiae thewmsp Was Heds sided gatiur at ed aqueous NaHCOB and
dried (My504). Evaporation un er reduced pressure gave a residue that was
purified by flash chrgmato y using O 5 % Et OAc in hexane as el uents
to give the desired iiﬁéé gg?g?yh Ie Eé;gi 25-1 as a light green solid
(0.540 g, 60 %yield “¥. The nethyl 25 ester 25-1 was
saponified in the usual way (NaCH / DNB@» to give the correspondi ng
carboxylic agid 25-2 in 80 %yield: MS-ES nmfz 284.1 (M-fl. EXAMPLE 26

3- Cycl opentyl- 1- net hyl- 2K1- pyrazolyl) ndol ecar boxylic a 19-126-1 The
2- bronmoi ndol e 19-1 (prepared as ggzérlgéélln Exanpl e 12 of WD 03/010141)
5(1.00 g, 2.97 mml) and pyrazok 20.4 mmol, 9.9 equiv.) were
charged in a se&W@@“ﬁhﬁ@’gﬁQWP%e m xtlre heated to 160C for 72 h. The
reaction mxture was then cooled to RT and charged on a flash

Chr omat ogr aphy %%d*{%@ssec-{ DeuPhOsbed of Wa BreBdrtlh@shiM drdicdBounkO & imEROAC i n
hexane as el uents recovered naterla {x1. 60 g) which was contam nated
with pyrazole, was dissolved in a nlxturgy%;?
basified with I N NaOH. Crgan;cs“ ted under reduced pressure
and the residue treated wtH Ct o pm F e the desired 2-
pyrazol yli ndol e carboxylic aC|d{26 1 (0 460 g9,/43 Qoyield). Anal ogs
cont ai ning other N Iinked heterﬁcyck substit®ntstat iC-2 of the indole ring
16 were prepqﬂed ILn,2 simlar fashion, starting mnth nltrogen based

het er ocycl es 'Suc aS i mi dazol es and trlazoles EXAMP

(E) - 3- (2- (1- Ami 587 & BBIR Y a)- “3‘3%@[ﬁ)?TABICZLWB%ﬁEbTrﬁeB‘?%W@ SA9%erylic acid

met hyl 20est er reprasents a double bond and —- between & C-atom and a N-atom represents 2
singie bond; '
Tis H or {Crsialkyt;

R2 is halogen, aryl or E“iet said aryl and Het being opticnally substifuted with R
wherein R is oneg, two or three substituents each independently selected from
~OH, -CN, -NRM¥RNM halogen, (Crejalkyl, (Crejalkoxy, (Crejalkylthio, Het
and ~CO-NR¥RY,

wherein sald alkyl, alkoxy and alkylthio are each optionally substituted

TI-kF / MeOH / 10 water and

-
[41]

20 ' with one, two or three halogen atoms,
R is (Ceg)cycloalkyl, opfionally substiuted with from ene to four halegsn atoms;
R* and R” are sach independently selected from M, (Cre)alkyl, (Cre)atkoxy,
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Step 1: 2,4-Dichloronitrobenzene (27-1) (61 a, 0.32 nol), triethylamne (68
m., 0.48 nol), and 2.0 Nil nmethylarnine in THE (500 nL, 1.0 nol) were
mxed in a 3-L round bottom fl ask equi pped with a G aham condenser under
argon pressure. The solution was then heated at 40C with stirring and a
white solid started to form (Et3NH*C1-). After heating' for -6 hrs, TLC (in
20% et hyl acetate in hexane) showed that the reaction was -60% 5 conpl ete.
Anot her two equi val ents of the nmethylamne solution in THF (330 nL) was
added and the m xture was heated at 40C with stirring for another 16 hours.

TLC & im/ad that all staffi eri.a S he reaction m xture
was all owed to cooI(the)??Wﬁ'HOO“NE]'—g‘d&H & a“g!‘ é%@ﬁ?glg@ﬂ%gm%ﬁ-}ﬁite sol i d vias
renoved by fil tretifdanaRids wesketon RPBughiNRWR hHataed Crd Y trate was
concentrat ed UREELINREUEERKETERE RI'e: 36) haBtbeyd-fotires bitved R TerB8Y nL of
di chbronet hane, washed wi th, water .and brine, and dried over Na2SO4. The
sol vents were Pempved PR VACUA To glve compound 27-2 as. a orange solid
(59.5 g, quahtitatiwheyen Ghisehe. MR Pire eUEHBTThPaFb MRPE AV ERTSTeh. Step 2:
ggzﬁdgrg/?’(pzizsire tmgﬁmscm:}ddeuaﬁmﬁbmﬁ(ﬁﬂﬁ% al(nﬂhweg_, 15 mTth ). e

a is Bl Btn 1 (. ( bRvieiooxane,
m., 1.8 mol), aggglbﬂ%éifgﬁg%liﬁg%%ﬁ%ﬁg%’g)r]?gw‘((g%g&%% @U}%} gy nmol ) under
argon at nospherad N{R'BBt Yl acrylate (2.4 nL, 16.5 nmmol) was degassed with
argon for 35 nirtuE€Es)def .ecbeiingodddpcdagytResafiykt ure. The tube was then
seal ed and the ni Xt jre.was; heabedanl arkkpGoantdkyshd &b agoaver the weekend.
The reactiorl v cooled [0 aibi ent temerature and,20 dihiicedoyi th ethy
acetate (200 mL). TR&ESUERYHPER ML WS P eivoved by Tiltration of the
m xture through a sirbhbzicagel Cptouad (ofedRashed with ethyl acetate (700
m). The filtrage Was coneenidpaietyistesacum @nihigosrdapoR'atredriwit h hexane
three times. The red %iﬂlgg%bg@?ao}ﬂﬂgw%ﬂ £L e Wl NEXARES HeRail) at 60C

The mixture was coofl@ or 15 m nutes n%}j\ﬂt hez ed sol %g yas col l ected

by filtrati d8 and wé%h%wwk%rw%%éwéﬁ'@&f“b%{ﬁ%“ %GV?%ﬁ‘ﬁt"W%Ff"f&r|°ed under hi gh

vacuum (3.4 g, 81% yiteledpms Fre inprrectisoty s2Fig isCdbewt $:90% pure by NVR

Addi tional product ¢an-Re;QRRLRE IRyt Betbiobicbateeattyoppatizivf i cati on on

flash colum. Step S:b(%otnyogg a?-?' was converted to conpound 27-4 using

the method of ExanpPESTi=“30sFel™ 8" sStep 4: Conpound 27-4 was converted to

conpound 27-5 uBY impeiehied fitse Hog--oikvBeanpiriaalisl (C&WE‘%@@"‘W"

(E) - 342- (1- Aip nagyel. obut ydd-odcchdigraad Betret hy1- 3H- benzi m dazol -5111acrylic

acid CI 28-5 5Step | :ezag}]&@g; %g-%ﬁgm 5,0D8R7O LG RG] SlindBadd ih2nd @b 082 MM )
g

was di ssolved in Ac . ] suifuryl chlori 6.,62 mol ) was
added. The mixture VBEe $PFie8 @?faﬁ“d?pﬁ’?d%?f‘yﬁ'@ﬁedﬁ?‘f’g?%@(%dﬁ'i(gﬁ}aamgﬁ’i Fonm
sul furyl chloride (Xchaihiavast added to conplete the reaction. After
stirring for anpgsddit}engkyxdoh at RT, the reaction mxture was poured
10over ice and t preci pitated solid collect I.| |.oN. s,The product
28-2 was wasked RwitH %%{rge%%eg t%ﬁe{hgd‘"tgﬁ‘d Bﬁ%‘éﬁ%ﬁ g%{e{ %lf{%?gr%c?%émnext st ep.
Step 2: The crudempriaduét orlgnepbaigd sairaisbIniBsF He NS IR conc.
H2504 (1 L) wag sag@ded-or TheefbaddN-eneasg heblotixed, 420r haRind agdioadly er  whi ch
poi nt the conver, sgnqgo?ﬁéeégoﬁ%gcy%g%g@leﬂ;yge@@;f%gd@’%am;e renoved under

e wa

reduced pressuréman e residu arti |one§i big[?we +EtOAc and water.
The mixture was basi¥hegin tB?/heé?rErW‘%ﬂd‘ﬁgf"B‘ﬁyc forgy iy t@rﬂiﬁgq'ﬁé’ s %aZCOZ and
the organi c phase segasatedyih The vexd thaetustisenmershieddarerdstyspiaEed dri ed
(Na2SOt) and concent gl @bk Sl ugy a8 hiag Aakelesysel | d (12. 32 g% el was
use irectly in the next step.: e ; 1ne. 28- : g,
49 ol ), sodi urwfﬁgféi‘r*b‘gtﬂdteﬁ‘ég ?%%‘.%‘554“@,%’ °§70%é”ﬁ??gﬁ%)hg{§%5&%}h%ﬁ %7. 15 g, 204
mol ) were di ssdieteadioms sgehindep@ipniyiagiasted feE Pnd SHEC BRARE ST ur e was
stirred for 20 hynaduREd ordddivasa §-hemor ermovechherndetzreddéiesainpriéssur e and
the product extracted with Et0OAc. The extract was washed with water and
brine, dried (Na2S™) and evaporated to # ve conpound 28-4 a brown solid
(4.60 g, 46 %yield) that was used without purification in the next step. 5
Step 4: The diam ne 26-4 (100g, 5,0 nmol), :

N- Boc- 1- am nocycl obut anecar boxylic acid (1.07 g, 5.0 mmol), HATU (2.20 g,
5.8 mol) and Et3N (2.10 nL, 15.0 mmol) were dissol ved



in DVF (30 nL) and the mi xture stirred for 2 days at RT. The reaction

m xture was poured onto ice and the precipitated solid collected by
filtration. The material was 10 washed with water, dissolved in EtOAc and
t he extract washed with brine. The solution was then dried (Na2SO4) and
concentrated under reduced pressure. The residue was dissolved in AcOH and
heated to 60 C for 3 h. HPLC anal ysis indicated conplete conversion to the
desi red benzi mi dazol e derivative. AcOH was renoved under reduced pressure,
the residue taken up in Et OAc and the sol ution washed with 15aqueous
Nat-1CO3 and brine. Afte 0 e conpound
26-5' as an or zi’ﬁtagatg%?w&erfv%%’ss‘ %’%?%&amde{nﬁg&\éﬁ%gﬁ ?éﬂc}% h\é?ar;% t\nﬁ‘gxnext st ep.
Step 5: The bermeayit eiyabd upBLEREEPT 3G 4. 29 mml ) and K2003 (2.969; 21.45
mmol ) were susperggdddsi DME (10 L) and i odonet hane (0.27 ni, 4.30 muol)
was added. The 20mi xture was stirred for 3 h at RT. The reaction mxture

was then poured over ice itated s ected by
filtration. ﬁ'heﬂ‘sﬁﬁf"é’m‘:ﬁse&)ﬁ@”\/\t}g%ﬁg ‘g\}h?ﬁr% ?‘nve“? asre'é%%v %‘(aluﬁ Et OAc, and the
sol uti on washedortmli ¢ @ partickiars! He qudoas” | |"\thﬁre€f‘ acid and brine. After drying
(g/gSOal) CIand re[)@\(gaslaegtgdMQJ\@5@Ig@;&coHMeJafHeﬁlumﬁdmpéze}asure COWpOlI::nd 28-6 was
obt ai ned as a bf,own s in the 25next
step. Step 6: T%] %"FR/ o £Egmeq f%]% if Wﬁz%ﬁ@eﬁgd@%@yh%ﬁs di ssol ved in
THE (30 nt.) an@sddvesssky( phepyangtet e %f’ﬁﬁﬁ"f%g‘"%§ff8ﬁ&@6 in small portions at
RT. The mi xture was then stirred at 40C for h Sl ace conversion was
still not conpl ete ad\dl ti onal 0. 100% | )~was added and
the mxture stirrge @n g\d@uo E The.react Lop mi xture was

cool ed to RTecand the redi due | .ut ea wi t i7Et 0Ac. *Wat er was careful |y added
wat er and

and the organi c phase separ at ed. The extract,. was ed W t-

brine, and dried<{(M604) crueal ohoI 8-7 961/% conbi ned with
ot her batches and/p rlgf%’é sth ro ogflafjhy ¥ (iStdp (7: "Purified

al cohol 28-7 frorﬁ ove n(’b g AN 0 E\eﬁJ alife m{ DCM (20 nl)

and Dess-Martin perlodl nane (0.551 9, 1 30 mmol) was addéd. The mixture was
stirred for 2 h at RT. (Car bethoxynfpt hy ne)tri phenyl PhosP orane (0.553 g,
1.58 5 mmol) was en pdded @ efI f6rN20 h,

Vol atiles were t euc i due

di ssolved in 1: j;TA effett fre j cting group.
After stirring for h at RT, ci/ol=at| es were: rem)ved under reduced pressure
and the residue was partl t;i oned between Et0OAc and 1 N NCI. The aqueous

phase cont ai ni ng- pr odu}t’\was separated, neutralized with 10 2M Na2003
and extracted 2 vam h Et 7/ The extract was dried (Na2SO4) and
concentrated to i ecorrp 28-8 as a white foam (212 ng) that was

purified by flash —chr offft ography using 80 - 100 % Et OAsi in hexane as
el uents. The desihereid sbiepEinviadabieiae Wedgiastor mbstitept Winfd vadsaRWH t e sol i d

(66 mg). 15 EQ(ANPi-g S%QDS’ﬁéuents each independently selected from:
o aen Y O A e R ) e Reng LELLRRAl bl st 0. 3. 4] oxadiazol -2

- one Step 1 I utton of

3-f 1 uor o- 4- ni tro1lﬁeﬁ%@iﬁé‘«‘@&@leﬁ”‘(‘?@Dﬂeﬁiﬂﬁ*e@mé’ﬁmo mmoi) in 300 nL of MeOH
and the sol uti o) washyseky, (xedikfl or(CLyslHaxy; Firesimeaict veangakotyereagtbncent r at ed,
the residue was di | ut@d W &BedElQAn oRNclh@rRhERRNG(RRASe 5 was washed with
2 X water and saturate eous NaHCC3, dried (IvigS™), filtered and
evaporated t @’ gie 10R4E5 gﬁ' *&7" % yield) of conpound 29-2 as a white solid.
The conpound was used* asekgehirdor. (Ehekiel-(Fed@ith S1P-C%t ek andethy | ami ne
(80 nL of a 2N sol ut QR ﬂelikﬁbamga@d&aﬁsm QRVEIBE -CO{@ glyiuhion of 10

conpound 29-2 (10 g, é%(f) ?T; are orano:l"%& oIl rtIﬁEw% on@ f@a orthEe mbétt&’ern% Was

further stirred at 0 room t e tur 15 h. The
vol atiles were then evﬁ%%ﬁﬁﬁéém@%ﬁﬂi@h@wﬁéé?ﬂU@“Vﬁé *%ﬁ?@% %ﬁ%h Et akc, and
t he organi ¢ phase was washed with 2 X wa#%er, saturated aqueous NaHCGCB,
dried (Mg504), filtered and evaporated to give 10.21 g (96 %yield) of
conound 29-3 as an orange solid. The 15 conpound was used as such for the
next reaction. Step 3: Palladium (10% on charcoal, 1 g) was added to a

sol ution of conpund 29-3 (10 g, 47.6 mmol) in 400 nL of a 1/1 m xture of
THF- absol ute Et OH. The m xture was stirred under hydrogen atnosphere for
1611, then the solution was filtered to renove the 20 catal yst and
concentrated to give 8.5 g (99 %yield) of conpound 29-4 as an off-white
solid. The conpound was used as such for the next reaction. Step 4:
Conmpound 29-4 was converted to conpound 29-5 using the nethod of Exanple 7.



Step 5: 25 A m xture of compound 29-5 (730 ng, 2.03 mmol) and hydrazi ne
nonohydrate (500 41 10.3 mmol) in 5 nL ethanol was heated in a screw cap
vial at 85C for 72 h. The solution was then concentrated, diluted with
CH2012 and the organic |ayer was washed with water. The organic |ayer was
dried (Na2SO4), filtered, and evaporated to yield 642 ng (86% of conpound
29-6 as a grey-white solid that was used as such in the 30foll ow ng step.
Step 6: Triethylamne (190 4, 1.36 mmol) was added to a sol ution of
conmpound 29-6 (350 ng, 0.97 mml) and 1,1 -Carbonyl diimdazole (190 nyg,
1.17 nmmol ) in THF (5 nlL). The m xture was stirred at room tenperature for
15 h. Vol ati | es wer enamsprey Banocyieisatysied, preaiainrd chpemeicheeeey Rt eet 0AC,
washed with water, bidrDesteafoms bechoragaantiaty) seperd wers Nd® ieetlS;@Ma2804) ,
filtered and evapor aéNeQHtoP(d{.L%aLﬂ 318 ngy (85%yield) of conpound 29-7 as a .
se

waxy white solid that as_,such in the next step, Step 7: 5 TFA (3

) was added drcbpvm'@@?‘,*\g%?aﬁ %?ﬁb%s?wwoﬁ"eﬁfﬁﬁ%ﬁ?ﬁd%sf%E?ngg%{, 0.39 mml)
i n dichloronmet hane (b8 (@dpioarrddt he resul ting solution was stirred for 1 h.

The vol atiles wepe eyRRQAERRQHHI: ¥ k6! &l s kRBbdk heHsatlic heyr@leh haoihg t he

tEr)(Iar\/::)EEr ggcet ate sal 2t ar%fhetter%gm%g,selaEh%gda%gnggn%yQgec?e%?rgm%ﬁ Oaang’g;' ge solid. 10

5- [ 2. (1- Ani nocy cRobartigeity3r srstohgpil Sieb ptipnalbhiuaeifird vaH fat Ry BRETE, 34-
oxacl i azol -2-one 0 TaemfO 30i 29-7 Potassium carbonate (32 ng, 0.23 mmol)
was added to a sgj.ution of nd 29.7 15(80 ng, 0.21 mmol) in DWF (1
m.). The susp1 nsl?‘oEan\?\‘;é’%m%ﬁiaﬁ?gggg? roomtenperature for 15 mn. | odonet hane
(12.5 uL, 0.2 mwlepfMasd Rhere'addd@mand the mixture was stirred for 3 h at
room t enper at ur ez Thec,hikdryirsebatas:cdith O0ed ovEONHET, herenRilShetbcwi t h wat er (3
X), brine, then the g{y%% (é)‘igigq%ﬁ s‘é‘@%ik@\?iib@ig bR Hurtnd: bl dsglietviinge

e

evaporated to yield -81% yi el d) of, el sol id, . Tr . wWith TFA
as described in 20Ex&niP ISNSEaR *‘7‘}95%{\?%“%%?5???%%? ((iiﬂ ar\'l’fﬁ?ajk\fiag?%{o%%#’ t he
trifluoroacetat ebsal thefl ot He. ehel beierbreweyGurRituBO W @$ CAMSSHRFENEHY | d.
Conpound 30-1 may be .cQupkafdtRy kagabeoknt ernedi ates of general formula Il
to gi ve conpounds of 'f%ﬁ“{';y% éooi{"Si ng the procedures of Exanples 4 and 34,
step 1. EXAMPLE 31 * PR T ‘ _ - _

5- [ 2- ( 1- Ani nocycl obutly 1§-Bepispelvarpsieis vl g6 P BHRZ nti %5/ 21- 1- pyr azol
-3- ol 5 Step 1: NaOH (zhN* atslednh nddobfueniyabipcwaimmad dedCtariial @ Bl wné on of
conpound 29-5 (5.0 g, 13 9 MR ) defhefuid 1R nlatth X ) arbiacndBRibrand wat er

(180 nmL) and the solution"was stirred overni ght  at ro%%]tenrgq.r ture. The

m xture was then concert¥ &t s@2Pe PHCRAS: TH Ut BB°HE 4 °LEPRY°IN HO, and
the mixture was extract®daining hetEo@fie. orThely hedraFamiicalvaper Was washed with
brine, Fl(r]I l) ed (Ngagél), fﬂe':str&aﬁc@:%e%&din&%&@?ﬁi@ﬁsﬂ&teh&ogiweaﬁ@ﬂ’p?dlnd 31-1 (3.94g,
82% yi e as a ite, sad_..khe conmpoun . a 4Ok L next
reaction, Step 2: 1, 1i-"c%ﬂ%o)r$yl’3’f1?rﬁ’|“ azo eﬁ?@ﬁ%ﬁg@” a.igg&rgnmiﬁ?"a\‘;\%gl added to
a sol ution of 28onpound &ERZig (01 (G»2® 90 mol ) in THF (24 nL). The .sol ution
was stirred for 15 h gadiwas id e asdastdnapuyse sicraad sobatratetorof  t he

mal onat e ani on (prepared vi I L of  EL3N L0 81 ik nmol ) and
MyC12(690 ny, 7.-25 m%?‘?aﬁtc(gg%rtogs}%\eg‘tg‘?@rﬁog\ptp%thasrsi Um ronoet hyl mal onate (1 g,

5.96 mml) in acetoni tg5cleg Tpn @ HEPE ¥ 6P owed by stirring at room tenperature
for 2.5 h) at 0C gThecocedulting mxture was then warned slowy to 20room

tenperature ang stiiifeeef @RE and Bliddeidba A8 1 NHEE (Y har 80 \BIS)2RORCEN T at ed
and wherein BN is selected from H and -CO-O-(Cug)alky!;

28 is selected from (Cosiatkyl, (Caeicycicalkyl, and (Cag)cycloalkyl-{C.s)alky!, wherein

the (Cre)alkyl is optionally substituted with {C-.q)alkoxy or from one fo three fluoro

atoms; and
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t ol uene was added. The m xture was cooled to 10-15C and hydrol yzed slowy
via the addition of IMHC until the pH reached 3-4. The |ayers were than
separated and the organic |layer was diluted with Et0Ac, washed with water,
dried and evaporated to 91 give a yellow oil. The product was purified by
flash chromat ography ( Eluent: Hexane: AcOEt 4:6 to give 885 ng (74%yi el d)
of conpound 31-2 as a white solid. Step 3: Methyl hydrazine (29 u.L, 0,55
nol ) was added to a solution of conpound 31-2 (100 5 rig, 0.24 mol) in
EtOM (2.5 nmL), The n-fixture was stirred at 80t for 15 hrs. The m xture was
then concentrated ‘and water was added, followed by the addition of 1N HC
to adjust the pRa®REap sahucprideisescly &P i YN CrRAER §4PifEs with

Et 0Ac, and the or ggt€wphaseatom o Widheioky @MN86kd andoGndwdtFiat ed to give 94

rig (98% yi el d) ofg, cﬁl@éi@n%@r‘d@Wr@gxlefngereuTﬂe%?dGMaw% fdh TA I N

di chl oronet hane as descri ste ng (quant.
yield) of the tri ??‘?ﬁﬁf%éé?‘aﬁdémggq ?ndamhd%(gﬂ%d’c’@%%byc%%Mgﬂd’ﬁ%d 31-3 may be
coupled to |ndol ehétereazeiae dbtiqrade subbtitgecheidb«fa¥'nul a 11 to give conpounds of
fornmula |, using the procedures of Exanples 4 and 34, step 1. 15 EXAMPLE 32
5-(2-(1- Ani nocyﬁl E%;ﬁ% 3- et hyl - 3H benzi m dazol - 5-y1)-3H-1, 3, 4-t hi adi azol
-2- one 31-1 DMF Step 32-2 Step 1: 20 TE3TU (380 ny,
1.18 mol) and Fr‘Fé%‘%&ﬁﬁﬁ?ﬁ‘Wég‘(o%%?“i‘ﬁt‘“gﬁ%”?m?@“ﬁﬁ’g?) were added to a

sol uti on of COWRUUﬁkEleo&ﬂHrﬂm 6350 cyamyo, neiQ ztmiphdpylandettidiyd, ebamvbazat e (120 ny,
1.15 mmol ) ip DVE &éhéa}w)ethﬂmyéfaaﬁp I ShoMPS ok Edi@eka ko thkrdapaf room

t enperat ure and t d Wwth Et0Ac. The resulting organi c suspension
was washed with™P¥eSuater and 1 X NaHCO3(ag.) sat THF was then added to
the organic layer to obtaln asolutlon 25that dr} d (MgSH), filtered
and concentrated’ tur NOAC\W give 290 ng
(66 % of conpoun DU ge oun S as such for
t he next reaction. St‘ep Lavvesson ?Qeagent (70 ng, 0.17 nm)l) was added to
a solution of corrpound 32-1- (15 6--ny, 35 -amob-- ane((10 nL) at 100C
. The resulting - was rr at or ;g% t 140C for 4 h.
The m xture was t} gb_l\\e to 1gOC d |t| onlal rt;{ipn of Lawesson
Reagent (70 ng, 0. V\és\ﬁ eated at 100C
for 15 h. The mxture was concentrat ed to dryness and the_solid residue
was triturated WIIh Et OAc, an f|| gred he resul ting belfqlg solid 10 (100

ngy) Wastreatedwn Aas f p’f‘LtO give 93 ngy
of thetrlfluor lco 2"“ j 32 y be coupl ed
t oi ndol e int er enex‘al3 fd@ij j‘ t owgPv rrpou of formula
|, using the pr ocedu*r es of Exarrpl es and 34 step'l. g

: j AN Y\
15 ,and \\)

wherein said pheny! and Het are unsubstituted or substituted with R, wherein R* is j

1.2 or 3 substituents each independently selected from:

- 1 to 2 substituents sach indepandently selected from fluotine; chiorine and bromine,

and -

20 -1 io 2 substituents sach indepandently selected from:

a) hydroxy, methyl, ethyl, propyi, 1-methyiethyl, methoxy, ethoxy, propoxy or
1-methylethoxy; wherein said methy!, ethyl, propyl, 1-methyletnyl, methoxy,
athoxy, propoxy and 1-methylethoxy are each optionally substituted with one,

two or thres halogen atoms;
33



15 EXAMPLE 33 ‘

[ 1- (1- Met hyl1- 6- pyri m di n- 2-y1- 1H benzoi m dazol - 2- yOcycl obutyl ] carbam ¢ acid
tert-butyl ester Step I: Comrercially avail abl e 1, 3-di bronobenzene 33-1
(4.1 m, 33.9 nmol) was dissolved 20 in concentrated sulfuric acid (35 niL)
whi ch was cooled in an ice-bath. Potassiumnitrate (3.4 g, 33.9 mmol) was
added slowy (in small portions) so as to maintain the internal reaction
tenperature bel ow 10C. The reaction mxture was stirred for an additi onal
30 min and then poured into 1 L of ice. The yellow precipitate forned
(33-2) was filtered and washed with water, dried under reduced pressure and
used directly i 25tHeHd6r N5 MSPep. Step 2: A mixture of conpound 33-2
(6.3 g, 22.4 mmol ) &atics wrtbyiant meityy dhooneet i-oeth(i@n -g2-Ci4 28 mol ) in DWF
(50 nL) and cool ed Eﬂd}Q% y;@’ylﬁgﬁ g,;qygp ne (9.4 n., 67 mmol) was added and the
m xture was allowed to CL‘“%%Y f 51 bt r Qec%géegm‘ggaﬂgoc 5over ni ght.
The mixture was poul8d® ’i‘fﬁ & a‘ﬁ%f’yaﬁ preci pi tate was
filtered. The filtrat euws‘tefé\xftﬁrﬂa%WTWTQW”E%*ME‘FS E%‘%e dran ?H@”é‘?‘f{ ract was
washed with water (3X)cgpiogaturated NaCl, dried (MgSO4), filtered and
concentrated to,gi ve.&,mxgure of corrpounds 33-3 and 334 as an orange solid
(4.8 g), which veas use aS|S|nth xlt ste& é% § Reduction of the
nitro conmpound %%YW%%DW§?®W‘?@ IS PYERFEA" u5| ng the nethod
descri bed i n Exahpbeichdntyl stoggphbyyl, ampoisndy 8G:sBugd Wi g2 Oﬁf’?@ﬂ%"% el d over the
3 steps) was,isol gi,gd fromthe reaction mxture after colum

chr omat ogr aphy, yS| g% sol vq{; %radl ent of EtOAc in hexanes from17%to
25% 15Step 4: Thé"dl 57T A% 358 was converted to conpound 33-6, using the
met hod descr i bedns o RExrailseseipetedSiosp 5. Argon was bubbl ed through a

m xture of conpgund nga@cey(ﬁﬁﬁstﬁmévﬁkhmommmﬂm sriiopion 29 dnther i de (67 ny,

1.6 mol ), PPhs (31 t NHaPMBELR di ne (365
my, 0.99 mmol) in Dﬁg&f%‘gfﬁ%’ﬁ{w %@Q%&ﬁastggé@&@ép%ﬁ@ga?l o1 n% 0. 079
mol ) and Cufé (15 ng@P®0, 079 nmol ) were added and the m xture was heated at
100C for 24 h. TFhe minxtyus: eletvemh teihgiingehal SuhstEQACH aprpr t4reudtigame c phase was
washed with water arggdpme@ende&@g@e@dlﬂgg‘ (Mg504) and 25concentrated to give
a yellow oil which was rif éS fl ash chronmat ography (hexane: Et0Ac 3:7
to 2:8) to give comiouncﬁjJ E a yellow solid (10D ng, 24% . Conpound
33-7 may be deprotected using standard conditions as desc¢yjibed in Exanple
29, step 7, and the resulting am ne coupled to indole int 'r_h;edi at es of
30generat!| formula I {Q.gkveicaigotsitdsdefth peanpdNCHs), ¢si n tW@ﬁprocedures

of Exanples 4,and 34y WpﬁNg&.;S I&qd Mhbbche apparent to one skilled in the
art that the preparation of rer medi ates bearing simlar

het erocyclic or ar'éifE et ?'gﬁt?dé?g‘gg%fowg “arried out wusing this procedure

or nodifications thereo*f A‘Itern tively, the couyplifg redctlon of Step 5
may be carried out ng%;h t| %typ&ﬁ\al l}eg gﬁj meWn  Suzuki
reaction (A. Suzuki ,P :ﬁ " §19943, 86,y213: Nixy yam\a and A

Suzuki, Chem Rev. 199 2457 ) 5 EXAVPLE 34
(E)-342-(1-{1:2-(5-Bro HEyrlr?ndln 2-0-3-cycl oPentyl-1-nethyl- 1H i ndol e- 6-

carbonyl | -am no}-c 13- rret h H benzai ni dazol -510-acrylic acid 10
Conmpound 19-3 (Exa .34-1 (prepared from conpound 10-2
usi ng the procedure of Exa’rrp were boupl ed using the method of Exanple

4 to give conpourtd 3402 conpound 3085, Table 3) as a dark yellow solid
(9.3% . 1H NMR (4R0nd\ither of BVEGR F6) seisBikd 63n {ioset Hethody, 80ext.-88: gy 6H)
1.95-2.10 (m 2H), 2.40-{d8: ;5—93&106Hz 2H) 2.99 (m 2H),
3.65-3.75 (m 1 6Hz
1H), 7.52 (d, \]H?ifa IBS%BCFIE%O@EWFE ﬁf@’g Dt"a‘}‘ 134‘3“%?%@? ﬁ?e‘“{‘ "{"‘”77’”%91?" é@r = 8.2
Hz, 1H), 7.70 (dgycidowsy b@c@rdpmmetmﬂ-ﬂuamwyi(2@£2~iutﬂueroethu apﬁ%miﬁﬂﬁw@ﬁrwea (s 1H),
8.12 (s, 1H), 9.18 (s, 2H), 920 (s, 1H), 12.25 (s, 1H). EXAWPLE 35.

203- Cycl openty1-1- et hyl - 2-pyri di n-2-y1- 24 i ndol e- 6-carboxylic acid (1-11
- et hyl -

(5-o0xo0-4, 5-di hydro-1, 3, 4- oxadi azol - 211} - 1H benzi m dazol - 211] - cycl obutyl) . -
m de



Step 1: TBTU (350 ng, 1.09 nmmol) and triethylamne (380 ni, 2.73 mmvl) were
added to a sol ution of conpound 35-1 (conpound 1025, Table 1) (487 ny,
0.89 mml) and tart-butyl carbazate (130 ma, 0.98 mml) in DVF (8 nL). The
m xture was stirred for 2 h at 5 roomtenperature and then diluted with

Et OAc. The resulting organic suspension was washed with 2 X water and 1 X
satur ated aqueous NaHO005. THF was then added to the organic | ayer and the
resulting solution was dried (MgSO), filtered and concentrated. The
residue was triturated with EtOAc to give 421 ng (72 % of compound 35-2 as
a beige solid. The conpound was used as such for the next 10reaction. Step
2: TFA (3 nL) wag added dropwi se to a solution of of conpound 35-2 (200 nm,
0.3 nmol ) in- di chl oo hane (3 nmL) and the resulting solution was
stirred for 2 ItThe%%Q:giles were evaporated to yield 170 ng (quant.
yi el d) of the tiddrbuporoaceisaeisctsdorm of 15conmpound 35-3 which was used

w t hout further purrfrcatron Step 3: 1,1 - Carbonyl dL\ntdazoIe (25 ny,

0.15 nmol ) was added i o o a soI ut co‘hpound 35-3 (100 ny,
0.13 mml ) and t THF, and the
resul ting sol uti« St |rr ro mterrpera ur 4 The m'xture 20

was t hen concentrated under redubed pressure, d|Iuted mnt 4 mL DVBSO and
directly purified on-a~ieversed phase Cl8, sem -preparative HPLC col um
(using a sol vent graégért from5%H20 in MeCN to 100% MeCN) to isolate
conpound 354 (conmpound~-1128, Table 1) as a yel |l ow anorphous solid in >95%
honogeneity (29 ng, 39%yield). "H NVR (400 MHz, DMBO): 5 1.54-1.68 (m
2H), 1.79-1.93 (m 6H), 1.94-2.05 (m 251H), 2.09-2.21 (n1 1H), 2.75-2.85
(m 2H), 3.05-3 ﬁn{?tg Qé;l; 169 (s 3H) 3.90 (s, 3H), 7.49 (m 1H),
7.57-7.72 (m 3 g2 92@&0 2H), éa %yp (m, 1H. 8.06-8.15 (m 2H),
8.78 (d, J = 3.8 ippelecipjromgeioup gonsiging of i snaliytqnd ® mi EXAMPLE 36

3- Cyclopentyl 1Rﬁe&h¥mm2mm¢rmmmwm2rvﬁwlﬁ&ﬁndﬁwe$ﬁﬁ@dﬁﬂbﬁVﬁmé?aC|d {1-p- (-
am no-1, 3, 4- oxag, ﬁ%,@ - At Uyrragrth\grlpﬂehb benddirbigasalomandleyeloobut yl } am de
ass 50- (D -imdazo )-met hyl eneami ne (25 ng, 0.16 mml) was added in a
singl e porti®n ?%W%Fscﬂutron of conpound 35-3 (Exanple 35) (80 ngy, 0.14
mol ) in THE (4 nl). The resulting,solutjon wa heated to 79 0 for 16 h,
after which time’ \Eﬁg t at serve j§ -rEact was then
concentrated under Gégéure lsggik 4 T# d directly

purified on a reversed pﬁase Csig, 15 sent preparative HPLC col umm (using a

sol vent gradi ent frontS@bFlZO;rn t to lsolate conpound
36-1 (conpound 1§§?§ Te I 395%
honmogeneity (19 239’y\e Nt& 25%% E;\ 1.67 (m
2H), 1.79-1.94 (mW6H), MOM ﬂz 74284(m

2H), 3.19-3.05 (m 3H), 3 69 (s 3, 91 (s . 7 dd J = &
5.7 Hz, 1H), 7.59:7.71 (m 3H] (mlH)
8.06-8.10 (m 1H), 8 10 (s 8 1 (s, 1H).
EXAMPLE 37

- Cycl opentyl-1- Ml |d| d

[ 1- (1- met hyl 206- 1, 3, 4- oxadrazol yl 1H—benanidazOI-2-y0byc|0buty|ianide

9 1H bm
ey

18 wherein said phenyl and Het are unsubstituted or substituted with R*', wherein R* is

1, 2 or 8 subsfituents sach indepandently selected from:
- 1 to 2 substituents each independently selected from fluorine; chicrine and bromine;
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374 A suspension of conpound 36-3 (Exanmple 27) (50 ng, 0.09 mmol) and
triethylorthoformate (1 niL, 6 mmol) in dloxane (3 nL) was heated at refl ux
for 18 h. The resulting al nost clear solution was evaporated to dryness,
and the residue was 25 dissolved in DV6O (1 nL) and purified on a reversed
phase am sem -preparative HPLC colum (using a solvent gradient from5%
H20 in MeON to 100% MeCN) to isolate conpound 37-1 (conpound 1130, Table 1)
as a yell ow anorphous solid in >95% honogeneity (27 ng, 53%yield). 97
11-1 NMR (400 MHz, DMSO): 1.55-1,68 (m 2H), 1.79-1.93 (m 6H), 1.95-2.04
(m 1H), 2.12-2.20 (m 1H), 2.82-2.74 (m 2H), 3.15-3.05 (m 3H), 3.69 (s,
3H), 3.92 (s, §P§,749(dd J=2.2&5.3 H, 1H), 7.56-7.73 (m 3H),
7.93-8.05 (m SH)tq2®bat1ueoiseacrmydepe855&$/9(e§~tefiﬁﬁm 8.79 (d, J = 4.3 Hz, 1H),
9.37 (s, 1H), Y44 t(g@rexylhl)amy St AMRE, Er@Bhyiethyt, methoxy, ethoxy, propoxy o

3, Ovel openty1. 2 (5 Vgl gy 0ol Mok Jgt i thisdoleningar bowy ¢ aci

H: zim
i dazol -2-y -5cycl obﬁﬁ‘?‘b‘}p"ﬁ’ﬁi‘y&éd 16’5{ W‘ﬁ'ﬁﬁy e%§aﬂbophwat[yf el e)gi Wlﬁpg
triethylam ne (49 rnbothte38ogemel)iswer e added to a sol ution of conpound
38-1 (prepared tHS| NG, é@ﬁ?%@lﬁlkl@%mhd@ﬁacrl bed in WO 03/010141) (45 ny, 0.13
nmol ) and conpound 2 I The
sol ution was stirrelf f‘sosigge@é‘?{gu&ésérhe gth C?HT%;; g@%% ed %?tbg ?Ie/\ljersed phase
Cl1B, sem - 15 pr epaptateyi\ﬁepymftﬁdé@vf% (u5| ng a sol vent gradient from 5% H20
in MeCN to L90% MeClerdifsdicodial, etngonmorand 13@iebeiorroonebtid®A3, Table 1) aS
a yel | ow anor phous sol %bct il %504% homasas uBMstté%@sél&ied%ﬁ(%yib@ln@)wd NVR (400
MHz, DMSO0) : 6 1.54-1.6 . .93 (m 6H), 1.93-2.04 (m 20 (s,
1H), 12,63 (s, 1H). Eﬁ&r@tﬁLﬁysg | nhi b|t|on of NS5B RNA dependent RNA
pol ymerase actiwity-@3¥aeerdonpounds of the invention were tested for
i nhibitory acti M)I b YoyrRigad-Ritiy! t5q)em-}§(@gmtztftlry Si-fyréiyTa8 1 RidAdhdemendent pol yner ase

e oo cohe RO R Pt ) 020 DAL o BIANPLE. 90

Specificity Gf RSBE© merase I nhibition The conpounds
of the invention wemg tested for inhi b| tory activity against polio virus
RNA dependent RNAspokgreeaseigrthe format that is described for the HCV
pol ymerese, with the:e ti poI iovirus polynerase was used in place
of the HCV NS5B° neqtﬁ 3&%% B&e&%ﬂ% %%dl gﬁ ;’he conpounds
were al so profi Iﬁed f’%‘ﬁ C?*‘hﬁ"i’%hf’ SH fat@?ttéz %%FP&P\H/%}?HU Heg8hdent RNA

pol ynerase Il in a presibetishy selesdimhettussty afdhpata"d McKer cher et al .

2004 Nuclei c Aci,ds Resa %Bna@@bﬂ&ﬁhwgﬁNWWLE 41 Cel |l -based | uciferase
reporter FICVR Re IlcatlonAs I th a stable
subgenomi ¢ HCV repl i ‘CORPEIAY S”&Fttﬁug&bes%nerroor éﬁ%i%%"??%@?“ﬁ%%“‘??ﬁ%“rter gene
(expressed as a | ucidselerlag®aFVDV2A- neonyci n 10 phosphot ransf erase fusion
gene) were establi shecL@:ﬁ ofd, epdBAUS| y described (Lohman at al., 1999.
Science 285: ,110- 118 YOl bl diyPhach boiondi00Besh: ¥4 il pnbfet B3 20: 201- 209.),
with the exceptlont replicon cells were selected with 0.25 ng/nil. .

A416. The anount of Iucnf erase expressed by selected cells d| rectly
correlates with the | eve _\bf HOV replication. These cells, designated as
MP-1 cells, are maintained i4dDul becco's '15 Mdifi ed Earl e Medi um ( DVEM
suppl emented wi th 10fo kBS -auch,Q=@BbNAgOCH). _ neonycin (standard nedium). The
cells are passaged b I VRS | rozen in 90% FBS/ 10% DVSO. Duri ng
t he assay, DVEM mec |E¥uer[n %%Sﬁegﬁ%ﬁogpneéﬂﬂ %0% FBS, containi ng 0. 5% DV60 and
| acki ng neonycin, vias used medi_ um) < The day of the as;%, MP- 1
cells.were trypsini tqjl 0 O@Q\ ks @jl @1 asgay 20medi um
100 pL is distribut of a b t‘kk igB evbl‘\\PWaterm
(Packard). The plate V\Ias then |ncubat ed at 37C with 5%CO2 for two hours.
Reagents and Materials: Product Conpany
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Catalog # J Storage DVEM Wsent Inc.1 | 100130V 4C DWVSO Sigma 1 0-2650 RT
Dul becco's PBS G bco-BRL 14190-136 Rl Fet al Bovi ne Serum Bi o- Wi tt aker

14-901F -20014C Ceneticin ((418) G bco-BRL 10131-027 -20t/4C Trypsi n- EDTA
G bco-BRL 25300- 054 -20C/ 4C Vi ewPi atel m 96, Bl ack Packard 6005182 RT
Backi ng tape, Black Packard 6005189 RT PVDF 0, 22pm Filter Unit

Lo S
m b \) and Q“, and
o3] COOH,
and the other of RS and R® is selectad from M, methyl, methoxy, ethoxy, -NH; and
NHCO-OCH(CHg);

5 R is selected from methyi, ethyl, propyl, 1-methylethyi, z-methyipropyl, 3-methylbuty!,
cyciobutyl, cyclopropytmethyl, 2-fiucroethyl, 2.2 2-trifiucroethyl and 2-methoxyethyl;
and

Ry, R

Y .
the group 7 s selected from:

XéZ Q“s Q&%

(\NH
<

10

wost praferably,
R* is mathyt;
R® is selected from:

-

u A J /. \:\‘ ; A P . i .
=, ] 5 | ; . , v ¥
' ?
T i N/ N N/' N -
)\/ } i | l
I ft\f W S /\ P
\/N \/h‘ ‘ & (':E ow/
R® is cyciopentyl or cyclohexyt;
R* and R are both H;

v A \
aneof R® and R®is \GOW or A" 900H and {he other of R® and R is M
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M I 1ipore SLGVO25LS RT Deep-Well Titer Pl ate Pol ypropyl ene Beckman 267007
RT Preparation of test conpound: The test conpound in 100% DVSO was first
diluted in assay nmediumto a final DWVbO concentration of 0.5% The solution
was sonicated for 15 mn and filtered through a 50.22 pMMIlipore Filter
unit, Into colum Sofa Pol ypropyl ene Deep-Well Titer Plate, the appropriate
volunme is transferred into assay nediumto obtain the starting
concentration (2x) to be tested. In colums 2 and 4 to 12, add 200 pL of
assay nmedium (containing 0.5%DVSO). Serial dilutions (112) are prepared by
transferring 200 pL fromcolum- 3 to col'um 4, then fromcolum 4 to colum
5, serially thrdighFEH% col utm 21. Columms 2 and 12 are the no inhibition
controls. Addition of .test compound to cells: A volune of 100pL from each
wel | of the conpound dikution>glate was transferred to a correspondi ng wel |
of the Cell Plage (Iws cél ymis will be used as the "No inhibition
15control™; ten %ﬁoﬁ colums are used for the dose response). The cell
culture plate was incubated at 37C with 5% 002 for 72 hours. Luciferase
assay: Fol | owi ntjtetrhidvely 208t pisfrsaiyat i on peri od, the nedi um was aspirated from
the 96-wel | 20 assaynpl ate and a volume of 100 pL of 1X G o Lysis Buffer
(Pronega) previgusl d to roomtenperature was added to each well. The
pl ate was i ncubgt%%eyegf%@&%m tenperature for 10 mn wth occasional shaking.
A bl ack tape was put at the bott o;nﬁ’@f t/he pl atle. 100 pL of Bright-A o
| uci ferase substrate<(Pro a),//'nir o us] vvar*y\}ﬁ to roomtenperature was
added to each well f@ d {b)ﬁ\éerfﬁl/g Fﬁi ng.fne 25 | um nescence was
det ermined on a Packard” Topcount |i nstrusenindust ng the Data Mode
Lum nescence (CBS) wWth coun elay of 1 mn and a count tinme of 2 sec.
Pr oduct Conpan;?gdgff’ggg‘%ﬁyg?rg %Dééxy o Lysis Buffer Promega E266A 4C
Bright-Qd o Luci Rérrdfbamsstiyt Syst em Promega E2620 -20C The | uni nescence
determ nation (CPS) in each--\wel I aof the culture ptate.was—a neasure of the
anount of HCV RNA replicati %Fmi n ,% pr; 5enNt}e of N@{i ops, 5 Bycentrati ons of
i nhibitor. The % inhibition‘was c? yl ated Wi,m the, f ol lowng equation: %
i nhi bition =10100%¢ F&PWI® #ni bi f'or) / CPS {control) x'100] A non-Iinear
curve fit with the Hill del wags applied to the inhibition-concentration ,
10data, and the 58%£f(f ective cefitentrati on (EC50) was cal cul ated by the
use of SAS soft\/\)&g)e gt @ii calBoftware; SAS Institute, Inc. Cary, N.C).
N,

7 cand ™ andthe other of R® and R¥is H;

R is methyt, and

R R™ Q
PYE'E
Y

F
the group o is
15 included within the scope of this invention is each single compound of formuie | as

presented in Tables 11o 4.

Polymerase activity
_ The abllity of the compounds of formula {I} to inhibit RNA synthesis by the RNA
20 dependent RNA polymerase of HOV can be demonsirated by any assay capable of
measuring HCV RNA dependent RNA polymerase activity. A suitable assay ig

described in the examples.
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TABLES OF COVPOUNDS Al'l conpounds listed in Tables 1 to 4 bel ow were
found to have unexpectedly good 16activity in the cell-based HCV RNA
replication assay described in Exanple 41. Retention tines (tR) for each
conmpound were neasured using the standard anal ytical HPLC conditions
described in the Exanples. As is well known to one skilled in the art
retention tine values are sensitive to the specific neasurenent condiiions
Therefore, 20even if identical conditions of solvent, flowrate, Iinear
gradient, and the |ike are used, the retention time values may vary when
nmeasured, for exanple, on different HPLC instruments. Even when measured on
the same i nstrLﬁmﬁﬁquFﬁ@weaweﬁWW%WWﬁ“%sured,' for exanple, using
di fferent indi viglid@bnsiritt GatGied dMBSndOT thewvertionea@ sysrediconhitifee o84@e i nst r unent

and the same | n%&g‘{%%%@lﬁe G IMYs el B MALABSnITEYry 28ivMAR ¥n adsgf €Xxanpl e,

bet ween 1 ndi vi measur enments_t aken on djfferent ' wh [
R3, R6, R6, Rg,™eAdngdearuvgl ?)’e%‘&‘i“ﬁepﬁ%d&”"t% pé’g’“‘?%%ﬁ A paty "ONE & e
(min) (MH) 800p0lymerase or in aO@IA @@endant RNA polymerase assay.

Cell-hased HCV RNA Replication activity .

The ability of the compounds of the invention to inhibit the replication of HCV RNA in

cells may be demonstrated by testing the compounds for inmibitary achivity in a cell-
10 based HCV RNA replication assay. A suitable assay is described in the examples.

Vwhen a compound of formula (1), or ans of its therapeutically acceptabie salts, is
empioyed as an antiviral agent, it can be administered orafly, topically or systemicaliy
to mammais,including, but not fimited fo, humans, catile, pig, dogs, cats, rabhits or
15  wice, in a vehicle comprising one of more pharmaceutically acceptabie cariers, the
propartion of which is deterrined by the salubilify and chemical nature of the
compound, chosen route’ of administration and standard biolegical practice.

For oral administration, the compound or a therapeutically acceptable salt thereof can

20 be formulated in unit dosage forms such as capsules or tablets each containing &
nredeterminsd amount of the active ingradient, ranging from about 1 to about 500 mg,
in a pharmaceuticafty accepiable carrier,

For fopical administration, the compound can be formulated in pharmaceutically .
25  aceepted vehicles containing about 0.1 to about 5 percent, preferably about 0.5 to
about 5 parcent, of the active agent. Such formulations can ba inthe form of a

solution, cream of lotion.

For sy.s‘cemic administration, the compound of formula (1) can be administerad by

30 either intravenous, subcutaneous ot intramuscular injection, in compositions with
pharmaceutically accaptable vehicles or carriers, For administration by infection, i{is
preferred to use the compounds in solution in a sterile aqueous vehicle which may
alsa contain other solutes such as buffers or preservatives as well as sufficient
quantities of pharmaceuticaily acceptable salts or of glucose o make the solution

35  isotonic ‘
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Suitabie vehicies ot carriers which may be used for the above noted formulations are .
described in pharmaseutical texts, e.g. in "Remington’s The Science and Practice of
Pharmacy”, 19th ed., Mack Publishing Company, Easton, Penn,, 1985, or in

5 "Pharmaceutical Dosage Forms And Drugs Delivery Systems”, it ed., H.C. Ansei et
al., Eds., W!ijgms & Wilkins, Ballimors, Maryland, 1885,

The dosage of the compound will vary with the form of administration and the
particular active agent chosen. Furthermore, it will vary with the particular host under
10 freatment. Generally, freatment is initiated with small increments until the apiimum
effect under the circumstance is reached. I general, the compound of formula | is
most desirably administered at a concentration leve! that wil generaily aiford
antivirally effective results without causing any narmiul or deleterious side effects.

15 For oral administration, the compound or a therapsutically acceptabie salt can he-

‘ administered in the range of about 0.01 o about 200 mg par kilogram of body weight
par day, with a préﬁ"én'eci range of about 0,05 o about 100 mg per kilogram.
For systemic administration, the éo\mpaund of formula () can be administered at a

20 dosage of about 0.01 mg to about 100 mg per kilogram-of body weight per day,
although the aforementioned variations will ocour. A dosage level that is In the range
of from about about 0.05 mg to about 50 mg per kilogram of body weight per day is
most desirably employed in order fo achieve effective resuils.

25 - When the compositions of this invention compriss a aombiﬂaﬂon of a compound of
formula | and one or more additiona! therapeutic or prophylactic agent, both the
campound and the additional agent should be present at dosage levels of beiween
about 10 to 100%, and more preferably between about 10 and 80% of the dosags
normally administered in a monotherapy regimen.

a0
When these compounds or their phérmaceuticaiiy acceptable salis are formulated
together with a pharmaceutically acceptable carrier, the resutting composition may ba
administered in vive fo mammais, such as man, o inhibit HCV polymerase or to treat
ar prevent HCV virus infection, Such treatment may also be achieved using the

35 compeunds of this invantion in combination with agents which include, but are not
40 ' '
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limit_ad to: immunomodulatory agents, including but not limited to a-, B, & - T and
a-interferons or pegylated forms thereof; other antiviral agents stich as ribavirin,
amantadine; othar inhibitors of HCV N35B polymerase; inhibitors of other targets In
the HCV life cycle, which include but are not fimited o, agents that inhibit g iarget '
including, but net fimited to, aHCV helicase, HOW NS2Z/3 proteass, HCV NS3
protease and HCV IRES and agents that interfere with the function of other viral
targets including but not limited to an-NS5A protein; or combinations thereot. The
additional agents may be combined wEth‘the compounds of this invention o create a
single dosage form. Alternatively these atditional agents may be separately

‘administered to a mammal as part of a multiple dosage form.

Mathodology and Synthesis

The synthesis of compounds according to this invention is preferably accomplished
foliowing the general procedure outiined in Scheme 1 below.

Scheme 14

R{
g! . R R 9 RD>E</N 1‘\ &
Y™ LYY e Y Y T
B HN H = nt ‘g = 7 &
Loy o
[ 1

Compounds of formula 1, wherein RY, R%, R®, R, R®, R%, R", R®, R® and R™ are defined
as hereinbefore, are preferably prepared by coupling carboxylic acids of general
formula |l with amines of general formuta i, as llusirated in Scheme 1 above, using
carboxyl-activating reagents well kKnown by those skilied in the art. Such reagents
include, but are not limitsd to, TBTU, HATU, BOP, BrOP, EDAC, DCC, isobutyl
chleroformate and the like. Alternatively, carboxylic acids of general formuia | may be
convertad to the correspanding acid chiorides using standard reagents, then coupled
with amine derivatives of the general formula Lil. In the cases where either R® of R®
contain an ester-protected carboxylic acid moiety, a saponification reaction is carried
out (using protocols well known by those skilied in the art) o obiain the final inhibitor
sroduct as the free carboxylic acid.

intermediate carboxylic acids of formufa Il may be prepared by procedures desciibed

44
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in WO 03010141, or by procedures described in the examples below. Intermediate
aminas of formula 1l may be prepared according to the general procedures outlined in
Schemes 2 and 3 below.

Scheme 2

Rﬂ)
R G

2) AcOH, heat

Amine intermadiates of general formula Il in Scheme 1 may be prepared from the
ceh’esponding diamine precursors of general formula IV by coupling with the _
appropriate a,o-disubstituted amino acid chiorids hydrochlorides, Preparation of the
appropriate o,o-disubstituted aminc acid chioride hydrochlorides from the

10 correspcndring a,a-disubstituted amino acids may be carried ouf as described in WO
03/007945 or WO (3/010741, or by using the procedure, or an adaptation thereof,
described by £. S. Uffelman et al. (Org. Lett. 1888, 7, 1157). The amide intermadiate
formed in the coupling reaction is then cyclized by heating with acetic acid, to provide

- amine intermediates of general formula il
15
Scheme 3

ﬁﬂ

4 §
)R O
4 &
? . BoohiH “ B .
H ZN N R Q RY R’ s 34
J coupting raagent 4 }
P : B e ' -
L

& 21 AcOH, heat

3 Bot deprotecti
W ) Boe deprotection m

Alternatively, amine intermediates of general formula lit in Scheme | may be prepared
from the corresponding diamine precursors of genera! formuda [V by coupling with the

20 appropriate Boc-protected o,o-disubstituted amino acid as illustrated in Schame 3,
using coupling reagernts well known to ona skilled in the art, such as TBTU, HATU,
ROP, BrOP, EDAC, DCC, isobuty! chioroformate and the fike. Appropriate Boc-
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protected o,a-disubstituted amino acids may be prapared from the free ¢, G-
disubstituted amino acids, using standard conditions well kKnown td one skilled inthe
art, such as reaction with Boc,C (di-fert-butyldicarbonate) in the presence of a tertiary
amine such as trigthylamine, and the like. The amide intermediate formed in the
soupling reaction is then cyclized by healing with acefic acid. Deprotaction of the Bog
group o provide the amine intermediate of general formula W in Scheme 1 is carried
out using standard reagents weli known o one skilled in the art. Such reagents
include, but are not limited to, tiflucroacetic acid, & solution of HCl in dioxane and the
tike.

Praparation of the dtamine precursors of general formuia IV in Schemes 2and 3 is
praferably carried out by applying the procedures as outlined in the examples,
including any adaptation of these procedures, andfor applying additionat synthetic
steps known to the person skilled in the art.

Amine intermediates of general formula ([l in Scheme 1 wherain one of RS and Réis -
CH=C(R™)-COOR, wherein R™ is selected from H, (Cre)alkyl and halogen and
wherein R is, for example, methyl or ethyl, may be prepared from the corresponding
amine intermadiatas of general formula Uil or suitably protected derivatives thereof,
whersin one of B® and ®® is -COOR, wherein R ig, for example, methyi or ethyl, by
applying the procedures of Schame 4 below. While Scheme 4 specifically illustrates -
the preparation of amine intermediates of general formuia lIl wherain Réis-
-CH=C(R®)-COOR, It is understood by the parsen skilled in the art that when REis
-COOR, the ustrated procedures, of adaptations thereof, will resulf in a product
wherein R® is mCH=C(R5°‘"‘)-COOR. Also, it is understood by the parson skilled in the
art that the procedures of Schame 4, or adaplations thereot, may also he L;sed when
converting a diamine precursor of general formuia IV in Schemes 2 and 3 above, or &
suitably protected derivative thereof, or a suitable Intermediate in its preparation,
whearein one of R° and R? is -COOR, to a diamine precursor of general formuia 1V, or
a suitably protected derivative therecf, or a suitable intermediate in its preparation '
wherein ore of R and RS Is ~CH=C(R*™)-COOR, wherein R™ and R defined as
hereinbefare,
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Schame 4
R’ Sy
R COOR | N
qu N raductlon R# \</ l == OH
| T ]
NH O My P MHO N e
PG E R PG |
L R R
itla . lite
V O 4 .
“ oxigation
£y ROGO :

‘B\‘“*OR
OR
B Bl

R 13 Rm i
sfrong base R 74
PP ‘
NH
2) deprotection PG
I
Hhid e

A suitably protected amine iniermediate of general formuda lila in scheme 4 above
may be convarted to an alcchol iniermediate of general formuta [Hb by sragiment with
a suitable reducing agent such as DIBAL-H and the like, Sultable protecting groups
(PG) include, but are not limited to, carbamate protecting groups, such as Boc (tark
butyloxycarbonyl) and the like. Preparation of protected amine infermediates of

~ general formula Hia from amine intermediates of general formula It in Scheme 1
abhove may be carried out by standard procedures well-known to one siilied in the art

The aicoho! intermediate b may be conveariad to the aidehyds intermediate o, -
using standard oxidizing agents well-known to one skilled in the art, such as 1,1,1-
tris{acatyloxy-1, t-dinydro-1,2-benziodexal-3-(1H)-one (also known ag Dess-Martin
nericdinane) and the ke,

The aldehyde intarmediate Ilic may be convarted to an amine intermediate of general-

formula 1ild using a standard Hornar-Emmoens procedure, or related procedures stich
as Wittig procedures or the ke, well known to a person skified in the art, followed by
deprotection of the PG group using well-known standard procedures. in the case

where the PG group Is Boc, such procedures include, buf are not limited to, treatment )

with acidic conditions such as trifiuoroacetic acid, HCI dissolved in dicxans and the
like. ‘

Amine intermediates of general formula Il in Scheme 1 wherein one of R® and R® is -
) 44
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C(R5°)=CH—COC>R, wherein B® is (Cq.)alkyl and whersin R is, for example, methyl or
sthyl, may be prepared from intermediate 1llc in Scheme 4 above by applying the
procedures of Scheme 5 bslow. While Scheme § specifically iilus‘sr;aiés ihe
preparation of amine intermediates of general formula ill wherein RS is ~C(R®=CH-
COOR, it iz understood by the person skilied In the art that when R® is -CHD, the
ilustrated procedures, or adaptations thereot, will result in a product wherein R® is
—C(R"’“}“—“QHCOOR. Also, it is understood by the parson skilled in the art that the
procedurés of Scheme 5, or adaptations thereof, may also be used when converting a
diamine precursor of general formula IV in Schemes 2 and 3 apbove, or a suftably
protected derivaﬁ\}e thereof, or & suitable intermediate in its preparation, wherein one

of R® and R® is ~CHO, to = diamine precursor of general formula IV, or a suitably

protected derlvative ihereof, or a suitable intermediate in its prepatation wheren cne
of R® and R? is ~C(R*™)=CH-COOR, whersin R® and R defined as hersinbsfore.
Schems 5

e
Wf\\\AG 4} aliyition
t 2) sxidalion PG

i 2 . [

The aidéhyde intermediate Hic (from Schame 4) may be converted to & ketone of
general formula {lif by alkyiation with a suitable nucleophilic atkylating agent, well
known ta those skilled in the art, such as an alkyl lithium or the like, foliowed by
oxidation of the intermediate secondary alcohol to the ketone, using oxidizing agents
well known to one skitied in the art, such as 1,1,1-trls s(avetyloxy)-1,1-dihydro-1.2-
henziodoxol-3-{1H)-one (aisc known as Dess-Martin periodinane) and the like. The
ketone (lif may then be convertgd to an amine intermediate of general formute Hid
ueing a standard Hornes-Emmons procedure, or related procedures such as Wittig
procedures or the fike, well known to a person skilled in the art, followed by
deprotecﬁon of the PG group using weli-known standard procedures. In the case

4-2'14

wheare the PG group is Bog, such procedures inciude, but are not limited to, trastmsnt

with acidic conditions such as triflucraacetic acid, HCI dissolved in diexane and the
like.

Alternatively, amine intermediates of general formuta 1ll in Scheme 1 wherein one of
45
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RE and RS is ~CH=C(R™™-COOR, whereln R™® is selected from H, (Ci)alkyl and
haiogen and wherein R is (Cr.e)alkyl, may be prepared from the corrasponding aming
intermediates of general farmula lil, or sultably protécted derivatives thersof, wherain
one of B® and R% is X, wherein X is a leaving group such as a halogen atom, a
5 suffonate ester, and the like, by applying the typical conditions of the Heck reaction,

as presented in Schems 8 and further described in the examples bslow. Whils
Scheme B specificatly illustrates the preparation of amine intermediates of general
formula §1l wherain R is ~CH=C(R¥-COCR, it is understood by the person skilisd in
the art that when R® is ¥, the illustrated procedures, or adaptations thereof, will resuft

10 in a product wherein R® Is ~CH=C(RY)-CODR. Also, it is understood by the person

' skilled in the art that the procedures of Scheme 6, or adaptations thereof, may also be
used when converting a diamine precursor of general formula IV in Schames 2 and 3
above, or a'suitably protected derivative thereof, or & suitable intermediate in its
preparation, wherain one of &% and R s X, to a diamine pracurzor of genarsl formula
45 IV, or a sultably protected derivative therect, or a suitable intermediate in ifs

preparation wherein one of R® and R® is ~CH=C(R®)-COOR, wherein R™ and R
defined as hereinbefore, -

Scheme 6
Rs
" i ) R
s R N X Heak reaction ra_ |
RM e ;
- Hopt
’NH B z
ps’ T R
Y ®
g d
20 {
EXAMPLES

The present invention is lHustrated in further detall by the following non-fmiting
examples. As is well known by a person skilled in the art, reactions are performed ina
nitrogen or argon atmosphere where necessary to protect reaction componenis from
25  air or moisture. Temperatures are given in degrees Celsius, Flash chromatography is
performed on silica gel. Solution percentages or ratios express & volume 10 volume
relationship, uniess stated otherwise. Mass speciral analyses are racorded using
electrospray mass spectrometry. Analytical HPLC was carried cut under standard
conditons using a Combiscreen ODS-AQ C18 reverse phase column, YMG, 50 x 4.8
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mm i.d., 5 ubd, 120 A at 220 nM, elution with a linear gradient as described in the

foltowing table (Solvent A is 0.1% TFA in Hp0; salvent B is 0.1% TFAIn CHCNY:

e min) | Flow (mljmin) | Solvent A (%) | Solvent 8 (%)
g 30 85 5
05 30 % 3
60 20 55 )
105 35 R 06

Hersinbafors and hereinafter the foltowing abbreviations or symbcis are used:

AcOH: acetic acid;

Acs0: acetic anhydrids;

BOC or Boc: tert-butyloxycarbonyl;

BOP: benzotriazole-1-yioxy-iris{dimethylaminc)phesphonium hexafluoraphosphate;
BroP: Bromo tris(dimethylaminc)phosphonium hexafluorophosphate;

Bu: butyl;

CPS: counts per second;

DAST: {disthylamincisuliur trifiuoride;

dba: dibenzylideneacsatons;

DG 1,3-Dicvelohexy! carbodiimide;

DCM: dichloromethans;

DEMA: dicyclohexylmethylamine,

DIBAL-H: di-so-hutylaluminum hydride

DMEM: Dulbececo’s Modified Earle Medium,

DMF: N, N-dimethyiformamide;

DMSO! dimethyisulfoxide;

ECss: 50% affective concentration;

EDAS: ses EDC; *

EDC: 1-(-dimethylaminopropyl)-3-ethyl carbodiimide hydrochioride;
£3" slactro spray (négative ionization); ‘
ES™; slectro spray (positive lonization);

Et: ethyl;

E1,0: disthyl ether,
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EtOAC athyl acatate;

E10H:; athanot ;

FBS: fetal bovine serum ;

Fmoe: Q»ﬁuorényimethoxyca’rbonyl :

HATU: O-(7-azabenzotriazol-T-yi)-N,N,N' N-tetramethyiuronium hexafiuorophosphate;
HBTU: O-Benzotriazol-1-yi-N, NN, N-tetramethyluronium hexafiuorephosphate;
HOAT: §-hydroxy-7-azabenzotriazole;

HOBE 1-Hydroxybenzotriazole;

HMPLC: high performance liguid chromatography;

Prori-Pr ise-propyl ;

Me: methyl,

MaCN: acetonitrile;

MeOH: methanal, .

MS (E8): electrospray mass spectromsiry;

NMR: nucisar magnefic resonance spactroscepy;

PRBS; phosphate buffer saline;

Ph: phenyt; '

PG protecting group,

PVDF: polyvinvlidens fiuaride;

RT: room tampera‘iﬁre (approximately 25"6};

TBME: fert-butyimathyl sther;

TBTU: 2—(1H—bgnzotriazoi-@ —yE)~N,N,N',N’~tetramathy%umnium tatrafiuoroborais;
B tert.-butyl; ' '

T trifiuoromethylsulfonyl;

THO: triffuoromethytsutfonats;

TFA: triflucroacetic adid,

THF: tetrahydrofuran;

TLC: thin layer chromategraphy;

TVS: trimethylsilyl;

Trog: fricbiomethoxycarbonyi.

48
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(min) MS (MH+ 1023 1 rk) H..; N. '.. COON 4.7 617.4

1024

CHrz \ 0( 4.0 570.3 1095

EXAMPLE 1 _
3-(3,3-Difiuorocyclopentyl)-T-methyi- H~indole-6~carhoxy§ic acid methy! ester

i cO,Me
i Tos) 2;.{ coMe ||
_MeCH N '
X\ H25Oa Yb(OTf)a

Shen 4

1 Step 2
\ COM
\.-Ozg‘i N 2 &
N
st

Step 1:

5  indole-B-carboxylic scid 141 (5.0 g, 31.0 ramol) was dissolved in MeOH {100 mL),
catalytic amount of H50, {1.0 mL} was added and the reaciioh mixiure was stirred at
refluy for 18 h. A small amount of solid K00, was added, in order to nautralize the
excess H,S0,, and sfirring was continued 2t RT for 1h. The reaction mixture was
concentrated under vacuum fo remove the MeOH, diluted with saturated agusous

10 NaHCO; {(~50 mL) and extracied with £t0As (~200 mL). The organic layer was
washed with brine (100 mL), dried over anhydrous MgSO, and concentrated to
dryness. The resuiﬁr.ig'kresidue was purified by flash column chromatography, using
30% EtOAG in hexane as the eluent, to obtain the pure mathyl ester 1-2 (4,78 g, 88%
yield).

15 Step 2:

The mathy| ester 1-2 from step 1 (3.31 g, 18.9 mmol) was dissolved in MeCN (B0 mb)
and a catalytic amount of Yb(OT)s {588 mg, 0.95 mmol) was added. 2-Cyciopentan-
1-one (7.76 mL, 94.5 mmol) was added and the reaction mixture was stirred at reflux
for 18 . The MaCN solvent was removad under \raéuumt the rasidus was re-

20 dissolved in BfOAC (~200 mb) and extracted with aqueous saturated NahCO; {(~100
ml), H20 (50 mL) and brine (50 mL}.- The crganic layer was dried over anhydrous
MgS04 and concentrated to dryness under vacuum. After purification of the residus
by fiash colums chromatography, using 40% EIOAC in hexane as the solvent gradient,
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the desired cyclopenianone adduct 1-3 was isolated as isulated a5 & beikg@ucolored

- powder (3.4 ¢, 70% yieid).
Step 3

To @ sclution of the cyclopentanone adduct intermediate 1-3 fromstep 2 (3.81 g, 14.8
rmal) in anhydrous DME (150 mL} at 0°C, NaH (80% dispersion in oil, 770 mg, 19.2
mmol) was added slowly. The reaction mixture was stirred at 0°C for 5 min, then Mel
(1.2 mb, 19.2 mmol) was addad drop-wise and stirring was continued at 0°C for 3 h.
The mixture was aliowad to warm-up to RT and was guenched by the addition of
agueous saturated NH,CI (200 mL). . The mixture was axtracted with EtCAc (8x 500
ml.) and the organic iayer was washed with aquecus saturzted NH,CH (2% 200 mi)
Ha0 {200 mL) and brine (200 mL). The combined arganis layvers were diled over
anhydrous MgS0,, evaparated to dryness and the residue was purifiad by flash
column chromatography (using 30% EtOAc in hexane as the siueni) 1o isolate the N-
mathylindols intermediate 1-4 as & beigs solid (3.1 g, T7% yield).

Step 4: : '

in & sealed tube, the N-methylindoie internediate 14 from step. 3 (1.4 g, 5.16 mmeh
and DAST (2.7 mi., 20.8 mmol) were dissolved in CH:Cl, {50 ml) and stirrad at reflux
for 3 days. The mixture was poured slowly into aqueocus saturated NaHCO, (~50 mi)
and onge the evolution of CO, had stopped, the mixture was extracted with CH,Cls {2¢
100 mi). The combined organic layers were washed with brine (50 mi), drisd over
anhydrous MgS0, and concenirated to dryness. The residue was purified by flash
column chromatography (using 8 solvent gratiient from 10% to 20% EtOAS in hexane)
to isolate 3-(3,3-difluorocyclopentyl)-1-methyl-1 H-indoie-6-carboxylic acid methy! ester
1-8 (760 mg, 50% vyield),

3+(3,3-Difiuorocyciopentyl)-1 ~me§ﬁyi~1 H-indole-B-carbaxylic acid methyl ester 1-8 is
canverted to carboxylic acid intermeadiates of for'muia fta, wherein R? is defined as |
hersinbefore, using procadures described in WO 03/010141, These infermediates
may be converted to compounds of general formula | using procedures iusirated in
Schame 1 above and describad in WO 02/010141.
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(E)-3-{3-Amino-4-methylaminophenyljacrylic acid methy! ester

-0 o o
I E
T | e, e .
o o Oty o O~y OMe
GiHghits, /%\/[ L
o e, 2oh HT = QM MeCH mf =
21 CH 72
Sep 1 @ | Biep2 of >3

Step 1.

A mixture of 4-chioro-3-nitrosinnamic acid 21 {SOD mg, 2.2 mmol) and & solution of
methylamine in THF (2M, 8 mi, 16 mmol) were heated in a sealed fube at 80°C Tor 20
hours. The mixture was then cooled to roem temperature and concentrated fo an
orange solig 2-2 that was usad in the following step without further purification,

1t wili be apparent {0 the_e person gkilled in the art that other diamine itermediates of
general formula [V in Schemes 2 and 3 above, where R? is other than methyl, may be

. prepared by replac'mg‘ methylamine (CHzNH,) in step 1 above with the apprepriate A

NHz.

Step 2

The crude 4-methylamino-3-nitrocinnamic acid intermediate 2-2 from step1 (488 mag,
2.2 mmol) was dissolved in methanol (20 mL) and an ether solution of disgzomsthane

"was addad untii HPLS analysis indicated complete conversion of the acid to the

methyl ester. The solution wes concenirated to dryness to obfain 540 mg of the
methyl ester 2-3 as an orange solid which was used in step 3 without further
purification.

Step 3

The crude methyi ester 2-3 from step 2 (540 mg, ~2.2 mmoi} and SnCl dibydrate
(2.25 g, 10 mmol) were dissolved in ethanol {20 mL) and fha mixture was stimed at
80°C far 4 hours. After that period, the mixture was cooled fo roem temperature and
was slowly added to agueous solution of saturated NaHCOs. The reaction mixture
was extractad with ethyi acetate (100 mL}, the crganic laver was dried over anhydrous

81
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MgSO. and the solvent was removed under reduced pressure. The residue was
purified by flash column chromatography, using a gradient of hexane in ethyl acetate
(from 50 % to 30 %) to give(E)-3~(3»amino—c‘l-rﬁethylaminophenyl)aoryﬁc acid methyl
ester 2-4 as a yellow solid (245 mg).

EXAMPLE 3
(E)-3-[2-(1-Aminocyclobuiyl}-1 -methybd H-benzoimidazol-5-yljacrylic acid methyl
ester '

o 1 o
' . i HN; .‘fo t
H N 4
T = ove o 9 Qév X Nove
[P
o HN /\//

%
. e L,
2.4 34

10 (E)3<{3-Amino-4-methylaminophenyljacrylic acid tathyl ester 2-4 from Example 2
{40 mg, 0.194 mmol) was suspended in CHClz (3 mL} and
{-aminocyclobutanecarboxylic acid chioride hydroshioride, prepared from 1-
aminocyclobutanecarboxylic-acid foliowing an adapiation of the procadure described
by E. 8. Uffeiman et al. (Org. Lett. 1999, 1, 1187), (31 mg, 0.18 mmol) was added.

15 The reaction mixture was stirred at room temperature for 2 hours and then
sonceniraied o obtain a white solid. The solid was then dissolved in acefic acld (5
mi) and heated to 80°C for 20 hours. The raaction orude wes diluied with agqusous
sa%urated'Nchog, exiracted with CH,Cl, (2x50 mL) and bring, the organic layer was
dried over anhydrous MgS0, and ihe solvent was removed under reduced pressure

20 to give (E)-3-[2-(1-arminocyciobutyi)-1-methyi-1 H-benzoimidazol-8-yilacnilic acid
methyl ester 3-1 as a light brown foam (53 mg}. '

EXAMPLE 4 ' _
E}-3~(2-{1-{(3~,Cyciopenty%-'i-methy#-z-pyridin-z-yi-’iwnindoie&-
25 carbony-l)amino}cyciobuﬁyi}»'&~methyi-1H;benzo%midazoE~5~y§)acrylic acid
o]
%NWOE{
A BN . ):\/ o - :
[ a2

CR . .
7% e OORH & " £ o ST G
ks T L WSS = N 3 !
& 1 P HATY, ELM, DWMSS, RT, 3h 7 « o |

2 MaOH
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A solution of 3-cyclopentyl-1-methyi-2- -pyridin-2-yl-1H-indote-B-carboxylic acid 41,
;;repared using procedures described in WO 03/010141 (31.1:mg, 0.87 mmol), (E)-3~
[2-(1-aminocyclobutyl)-1-methyh 1 H-benzoimidazol- &y!}acryhc acid methyl ester 4-2,
5 prepared from the ethyl ester analogue of compoind 2-4, using an analogous ‘
prosedure to that described in Example 3 (27.7 mg, 0.97 mmof), HATU (47.9 mg,
6.126 mmol) and E&N (58 uL, 0.42 mmol) in DMSO (2 mL) was stirred at RT for 3 h.
After that pariod, NaOH (280 pb, 2.5N} was added and the reaction mixture was
stirred at BT for 16 h. The reaction mixture was neutralized with the addition of a few
10 drops of acetic acid, and purified on a reversed phase Cys, semi-preparative HPLC
column {using a solvent gradient from 5% to 100% MeCN in M0 (all salvents cordain
0.1% triflusroacetic ackd)) fo isolate the final inhibior {E)-3~(2-{1-[(3-cyclopentyl-1-
methy-2-pyridin-2-yi-1 H-indole-6-carbonyliaminoicyclobutyl}-1-methyl-1H-
henzoimidazol-5-ylyacrylic acid 4-3 {compound 4001, Table 4) as a white amorphous
18 solid in >85% hcmogaﬁeity (45 g, 78% vieid).
T NIMR (400 MMz, DMSO): 5 1.48-1.58 (m, 2H), 1.76-1.85 (m, 8H), 1.85-1.85 (m,
1H), 2.05-2.15 (m, 1H), 2.68-2.76 {m, 2H), 2.88-3.10 (m, 3K, 3.63 (g, 3H), 3.82 (8,
3M), 8.59 (d, J = 18 Hz, 1H), 7.42 (dd, /= 0.8 & 5.7 Hz. 1HY, 7.51 (4, J= 7.7 Mz, 1H),
7.53 (d, /= 8.5 Hz, 1H), 7.65 {d, J=85Hz, 1H), 7.714d, /=84 Hz, 1H),7.78 (d, J =
o0 46 Hz, 1H), 7.82 (¢, J = 8.4 Hz, 1H), 7.92 (ddd, J= 1.8 & 7.8 Hz, 1), 8.01 (s, 1H),
8.04 (s, 1H), 8.73 (d, J= 4.1 Hz, 1H), 9.45 {s, 1H).

. [EXAMPLE b .
3-Cyclopentyl- -{-methyl-2-pyrazir-2-yi- 1H~mdeie—6-¢arhoxyilc acid {1-[5-{{E}-2~
25 carbamoyiethanyi}~'§»methyl-'iHs-benzzmtdazoi~2-y§}cyc!cbutyi}amide

o %«v‘*w

i
E é

ik HCO,

\ i §>
) N et
R (/_\ \W\h i‘/\
EtN, TATU e & i
% M DMSO,RT. 3 Al
g h

a SlenZ

53



Re REtR (min) MS (IVl+H) 1040 -0 H ..r. i H2CCOOB 6.0 617.2 1041 |- HI

HCCOON 6.4 601.2 1042 . H A ki,CCOON 6.2 623.2 1043 0 C

4.5 630. %

10

18

20

25

30

H | zCCOON

Step 1:
3-cyclopentyi-1-methyl-2-pyrazin-2-yi-1 H-indole-B-carboxylic acid 5-1 (prépared using
procedures deseribed in WO 08/010141) and (E)~3-[2~(1-aminocyc&abutyl)—_T-methy1~
1H—bgnzimidazol—s-ylgacryﬁc acid ethy] ester 4-2 were coupled, followsd by
saponification of the ethy! ester, using analogous procedures to those desaribed in
Exampie 4 to give (E)—B-(2-{1-[(3~chlopentyi-'i~methy%—2—pyrazin-2~yi«1H~indoie—6-
carbeny%)amino]cyctobui:yi}-1~methy&-1H~benzimidazol-5~yl)acryiic acid B-2 {compound
4003, Table 4).

"H NMR (400 MHz, DMSO-ds): 6 1.50-1.58 (m, 2H), 1.78-1 20 (m, TH), 2.06-2.15 {m,
1H), 2.85-2.75 (m, 2H), 2.97-8.10 (im, 3H), 3.66 (s, 3H), 3.81 (s, 3H}, .57 (d, J=16.0
Hz, 1H), 7.56 (dd, /= 1.0 & B.4 Hz, 1H), 7.68 (2d, /=84 Mz, 2H), 7.75 (d, J=16.0
Mz, 1K), 7.78 (¢, J = 11.0 Hz, 1H), 8.00 (s, 1H), 8.07 (s, 1H), 8.88 (d, J = 2.3 Hz, 1H),
B8.781(d J= 1.2 Hz, 1H), 8.82 (dd, J= 0.8 & 2.2, 1H), 9.44 {brs, 1H).

Step :

A solution of (£)-3-(2-{1 4{(3-cyclopentyl-1-methyl-2-pyrazin-2-yh-1 H-indole-6-
carbonyl)yaminojcyciobutyl1-methyi-1 H-benzimidazol-5-yijacrylic acid -2 {compound
4003, Table 4; 60 mg, 0.087 mmol), TBTU (88 mg, 0.18 mmolh, emmonium hydrogen
carbonate (20 mg, 0.26 mmol) and ELN (36 uk, 0.28 mmol) in DM30O (3 mL) was
sfirred at RT for 3h. The reaction‘mixture was hautralized with the addition of a few

drops of acetic acid, and purified on a reversed phase Cqs, semi-preparative HPLC
cotumn {using a sotvent gradieht from 5% fo 100% MeCN in H.C (all solvents contain
1.1% frifluarsacetic acid)) to isolate the inhibitor 3~__cyclopeniy£-1-methyl»2~pyrazin-2—y1~
1H-indole-6-carboxylic acid {1 -{5—((E)~2v~carbamoyiathenyi)l? -methyl-1H-
benzoimidazol-2-ylicyclobutyljamide 5-3 (compound 1008, Table 1) as a pale yellow
amorphous sofid in »35% homogeneity (17 mg, 34% yield).

M NMR (400 MHz, DMS'(}da}: & 1.85-1.75 (m, 2H), 1.82-2.15 (m, 8H), 2.73-2.82 {m,
2H), 2.04-3.10 {m, 2H), 3.15-3.25 (m, 1H). 3.78 (s, 3k, 3.81 (s, 3H), 8585 (d, J= 158
Hz, 1H), 7.06 (brs, 1H), 7.53 (brs, 8H), 781 (d, J = 18.7 Hz, MY, 7.88 (dd, J=1.0&
8.4 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.90 (s, 1H) , 8.20 (s, 1H), 8.80 (d, J= 2.5 Mz,
1M), 8.81 (4, J = 1.2 Mz, 1H), 8.95 (dd, J=2.1 &3.7, 1H), 8.23 (s, 1H).
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EXAMPLE 6

4-Amino-2-methyl-S-(methylaminobenzoic acid methys ester

e o PG\C'H)Z o

Hgsca,,

0N COMe

ste.p 1 Siep 7
Btep 3 KNGy,
ACOR{MS0,
M.
* = &y ‘\1
l / HaliBu
Al B ——
; COH
; “ el ASH h.o Mg Ao O,_I-.'le
8.5

j Sap 4
MalH,
A HC! l Step 8
ON Fie PN
2‘ l == PdsC ii =
s
\ o
Hi & COMe Sreps Ry CONe
87 | 68

Step 1

A solution of 2-methy-5-nitrobenzoic acid 8-1 (10.0 g, 5.2 mmol) in MeOH (200 mb)
and H,SC; (1.0 mL) was heated to reflux while stirring for ~3 days. The solvent was
evaporated under vacuum and the residue was re-dissolvad in EtOAs (~200 mb),

" washed with cold Ha0 (~50 mL), cold saturated aqueous NaHCO; (~5C mL) and cold

brine (~50 mL). The organic jayer was theh dried over anhydrous MgSGC4 and
concentrated to dryness fo give the methyl ester 6-2 as a white solid, which was used
without purificafion in step 2. ’
Step 2:
To 2 solution of the crude methy! ester 82 from siep 1 (~55.2 mmol) in MeOH {200
mi), Peariman's catalyst (20% palledium hydroxide on carbon, 1.0 g) was added and
the mixture was stirred under an atmosphere of H; for 20 b &t RT, The mixture was
filterad through Celite and concentrated 1o dryness. The residue was re-dissolvad in
THE {200 mb), AcO (8.2 mlL, 86 mmol) was added and the solution was sfired at RT
for 3 h. The reaction mixture was concaritrated to dryness under vacuum and the
residue was re-dissofved in minimum volume of &-Bu mesthy! ether (~18C mi). The
ether suspénsian was stirred at RT for 1 h before haxane (~100 mL) was added to
orecipitate the desired acetylated intermediate as a white golid. The solid was
washed with hexane and dried 1o give the acetylated compound 8-3 in high purity
(10.1 g, 88% vield).
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Step 3:
A solution of the asstylated ester -3 from step 2 (.42 g, 40.6 mmol) and pofassium
nitrate (5.0 g, 50 mimo}) in AcOMH.80, {111 ratio, 200 mi.) was stirred at RT for 2 h
and at 40°C for a further two hours, The crude reaction mixture was then poured
Eowiy on ice (~1 L) and mixed for 20 min. The precipiate formed was fiitered and
washed several fimes with Hz0 to give a mixture of mainly two products, the desired
4-nitro isomer B-4 and the undasired B-nifro isomer 8-5 (1:2 ratio) which wears
separated after fiash column chromatography using 30% EtOAc in hexane as the
eluent. The pure 4-nifro isame:r 8-4 was isclated as a yellow solid (2.05 g, 20% yieid).
Step 4:
The 4-nitro intermediate 6-4 from step 3 (2.05 g, 8.13 mmol) was dissolved in THF (50
mL) and the solution was cooled to 0°C before Mel (2.51 mL, 40.6 mmol) and i
BuONa (4.46 g, 46.4 mmol) were added siowly. The reaction mixture was stirred at
RT for 15 h, H,0 (~50 mL) was added and the aquaous mixture was washed with &
butyl methy! ether (~20 mL), The agueous layer was acidified to pH 3with 1N HC
and hen extracted with EtOAS (~100 mbL). The organic layer was washed with brine
(~50 ml.), dried over anhydrous Mg80, and concentrated to dryness o give the N-
methylated compound 6-6 as a gummy foam which was used directly in step § without
putification,

It wit be apparent to the person skilied in the art that other diamine intermediates of
general formula IV in Schemes 2 and 3 above, wherein R? is other than methyl, may
be prﬁpared by replacing methyl iodide (CHal) in stap 4 above with the appropriate &5
X, wherein X is a leaving group such as Cl, 8r, |, methanesulfonats (mesylate), p- '
tolusnesulfonate (tosylate), trifiucromethanesulfonate (triflate), and the fike.

Step &:

A solution of the methyl ated derivative 88 from step 4 (~8 mmol) in MeOH (10 mL.)
and HCI (BN, 15 mL) was stirred at 70°C for 20 h. The solvent was avaporated under
vacuum and the residue was partitioned between saturated aqueous NaHCG; (20
mb) and EfCAc (50 mi). The organic layer was washed with brine, dried qver
anhydrous MgSCs4 and concenfrated to give the methyl ester 6-7 as an orange solid
{1.54 g), which was used in step 8 without purification.

Step 6; .

A solution of the crude methy! ester 8-7 from step (1.54 g, 8.7 mmal) in MeOHM (30

58



Hi H CCOCH 5.5 620.2 1062 a NH, ...."11.-F - H1 /7N 1-1sCCOON O( 5.8

620.2 1053 --- ..-"" Il iE 4,0 HCOO 42 618.2 1054 --- ---1ic---..NC
H114 CCOOK 5.6 622.2 1055 ----.NN.------ .0

mL) was treated under catalytic hydrogenation conditions using Pd/C (10%, 150 mg)

under an atrosphere of Hp at RT for 2 h. The reaction mixture was filtered through

Ceiite and concentrated ic givé 4-amino-2-methyi-5-{methylamino)benzoic acid

methy! ester 8-8 as a purple solid (1.33 g} which was sufficiently pure {confirmed by
5 NMR) to be used without further puriiication,

EXAMPLE 7
2-{1-tert-Butoxycarbonylaminocyclobutyi}-3 S-dimethyl-3H-benzoimidazole-8-
carboxylic acid methy! ester

He 1. awwf iGO;H

= TETU, BN ™ X =
T e 8
Hiy COMe 2, ACOR. T0°G, 2 b BochN ;\l F 6o
i ’ N
i
1 7 55 . 71

1-((1 \1-Dimethyisthoxycarhonyl)amino)eycicbutanecarboxylic acﬁd {1.40 g, 8.5 mmaol)
was dissolved in CH:Cl; (45 mL) and reacted with TBTU in the presencs of EtN for a
period of 30 min to pre-activate the acld. A solution of 4-amino-2-methyt-o-
{methylamino)benzoic acid methyl ester -8 from Example 8 {1.33 g, .85 mmaol) in

15 CH.Dls (10 mL) was added slowly over a period of 30 min and stirring of the reaction
mixiure was dohtinued for 20 h. The reaction mibxure was concentrated to drynass,
and the residue was re-dissolved in AcOH {10.0 mi) and stirred at 70°C for 2 h to
achieve cyclization of the benzimidazoie ring. The reaction mixture was concentrated
to dryness and the residue was dissolved in EtOAC (~250 mi), extracted with

20 aqueous saturated NaHCO; (2x 100 mL) and brine (100 mL), The organic ayer was
dried over anhydrous MgSQO; and svaporatad to dryness, The residue was purified by
fiash column chromatography (using a solvert gradient from 40% to 50% EtOAS in

 hexane) to obtain fhe pure 2—{'&-z‘ertmbuiaxycarbcnyiaminocyclebutyi)—3‘,B—Gimethyl—SH—

henzoimidazale-5-carboxylic acid methyl ester 7-1 as a beige solid {1.47 g, 55% yield)

25  and recover some of the unreacted diaminoe starting material.

2-(1 »z‘emBuﬁoxycarbonylaminocycloi:nutyl)-é,8~dimethyl~3H~benzoimidazoiewﬁ-

carboxylic acid methyi ester 7-1 may be converted o an amine intermediate of

generat formuiz I} in Scheme 1 using standard reagents well known to one skiied in
30 the art. Such reagents include, but are not imited fo, irifluoroacetic acid, 2 solution of

MGl in dioxang, and the fike. Tha corrasponding amine intermediate of genaral
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formula 11t in Scheme 1 may be further elaboratad 1o inhibitors of general formula 1 in
Scheme 1 using the procedure of Exampis 4, '

EXAMPLE 8
{E)}-3-{2-(1-Amino-cyclobutyl)-3,8-ditmethyl-3H-benzoim idazol-5.yil-2-methyl-
acrylic acid ethyi ester ' '
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Step 11
2-(1-tert-Butoxycarbonylaminocyciobuiy!)-3 ,6mdimethyl—SH—Beﬂzoimidazoie“s—
carboxyiic acid methyl ester 7-1 from Example 7 (1.41 g, 3.8 mmol) wes dissolved in
THF (40 mL} and the solution was cooled to 0°C. A solution of DIBAL-H (18 mL, 1M
in THE, 18 mmol) was added slowly and the reaction mixture was stirred at 0°C for 1 h
and then at 50°C for 4 h. The reaction mixture was cooled to RT, a solution of
potaé.sium sodium tartrate (1M, 50 mL) was added vary slowly and stirring was
continued for 1 h at RT. The solution was concentrated under vacuum in order to
remove mest of the THF and the extracted with EtOAc {~200 mL). The organic layer
was washed with saturated agusous NaMCO, (50 ml.) and brine (80 mL), dried over
anhydrous MgSO, and concentrated to dryness. The residue was purified by flash
éoi'umn chromatography, using a solvent gradient from 50% EtOAc in hexane 1o purs
EtOAs and then to 3% MeOH in EtOAG, 1o obtain the pure alcohol 8-1 as a ysiiow
sofid {1.09 g, 84% vield).

58

S .14-9) 1066 -

H I



H NcCOON <x 5,6 618.2 1069 6/ H i r" HCCOON 5.6 620.2 1060 H\\
H CCOON 6.2 607.2 061/ C H .1 .". NCcoo: 6.2 627.2 1062 H

10

18

20

30

Step 2:

A solution of the aicohot 8«4 fram step 1 (1.09 g, 3.18 mmol) and Dess-Martin
periodinane (1.70 g, 4.0 mmol) in CH:Cl, (40 mL) was stirred at RT for 2 n. The
solvent was evaporated under vacuum and the residue was purified by flash column
chromatography, using EtOAc: hexane (111 ratic), to obtain the pure aldehyde §-2
(805 mg, 36% yieid).

Step 3:

A solution of triethyi-2- phosphonopmpaonme (0.228 mi., 1.06 mmal} i THF 5.4 mb)
was coojed fo 0°C and NaH (42.5 mg, 80% in oil, 1,08 mmol) was added The
mixture was stirred at 0°C for 30 min before & solution of the aldehyde 8-2 from step 2
(300 mg in 3 mL. of THF, 0.874 mmol) was siowly added and stirring was continued al
RT for 20 h. The mixture was diluted with EfOAc (~100 mb) and washed with
saturated aguecus NaHCC; (2x 30 mL) and bring (30 mlL). The organic layer was
dried over anhydrous MgS0s, and concenirated to a brown residue which was
subsequently purifisd by flash column chromatography, using a solvent gradient from
40% to 60% EtOAC in hexane, to give the N-Boc-protected ester 8-3 as 2 yellow foam
{85 my. 23% yieid),

Step 4

Hydrolysis of the Boo protecting group was achieved quantifatively by adding 4N HC!
in dxoxane (2 mL} and stirming the solution at RT for 1 h. Adfter evaporation of the
soivent under vacuum, {E)-2-2-(1-aminocyciobutyl}-3 8-dimethyl- 1.3H-benzoimidazoi-5-
yll-2-methytacrylic acid ethyl ester 8-4 was isolated pure as a yeliow solid (78 mg).

it will be apparent fo the person skilied in the art that the iriethyl-2-
phosphonopropmnata used in step 3 of this procedure can be replaced by
appropriately substituted derivatives to prepare analogues of the general formula llie
in the scheme above, wherein ®% 5 defined as Hereinbefore. in additlon, methyt
esters can also be prepared In an analogous fashion using the appropriate reagent.
Compound 8-4 and ifs analogues of general formula lile above may be furiher
elaborated to inhibitors of generat formula | in Scheme 1 using the procedure of
Example 4.
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EXANPLE 8
3-Fluoro-4-nitrobenzaidehyde

¥ £
U . :@)\'Q H,0. HCE
—_——— )\ B
AcH
- A0, ACOH o P .

Step 1

91 2 w3
Step 1:

5 A two-necked flask {equipped with an internal thermometer) was charged with glaciai '
AcOH (252 ml.), acetic anhydride (252.0 mL) and 2-flucro-d-methyl-1-nitrabenzene 8-
1(25.6 g, 161 mmol) &t -10°C. To the cooled soiution, concentrated sulfuric acid (4C
mL) was added drop-wise over & pariod of 5 min, followed by the very siow additien of
chromium (V1) oxide (45 g, 450 mmol); the rate of addition must he very slow (~1.5 h)

10 in or&er to maintain the temperature below 10 c.
Upor addiion of the CrQ;, the clear colorless solution becomes amber and ﬁﬁa{iy
dark brown at the end of the addition. After completion of the addition, the reaction
was stiired for an additional 45 min (HPLC analysis indicated ~70% completion of the
reaciion). “The tar-fike partial suspension was poured on ice (1 .6.L}, and the resulting

15 slush was diluted with HzO up to a totai of 3 L, at which point the product began fo
precipitate. After filtrafion, the beige solid was washed with coid H.0 1o obtain a white
solid. The solid was then suspended in cold 2% NaHCO; (250 mL), fitered and
washed again with cold H,O to give the diacetate 8-2 (22 g, containing some of the
unreacted starting material} as a white solid which was used as such in step 2.

20 Stepl: _ '
in a scraw-cap vial, the diacetate -2 from step 1 (1.0 g, 3.7 mmol) was dissolved in
glacial acetic acid (10.0 mL), followead by addition of M0 (1.0 mb) and concentrated
MCI (1.0 mL). The resulfing partiaily soluble mixiure was haated at 115°C for 45 min.
Most of the solvents were removed under vacuum o give a gummy residue, the

25  remaining acid and H;O was azectroped twice with CH:Cl-hexane to give the desirad
semi-pure 3-fluoro-4-nitrobenzaldehyde 9-3 as 2 yeliow solid {00 mg). This
sompound was further purified by flash column chromatography (using 20% EtOAc in
hexanes as the eiuent)'to remove small amounts of unreacted 2—ﬁu0ro-4-mathyl~".~
nitfebeﬁzene 8-1 (~35% overall yield).
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ExameLe 10
(E)-3-(4-Amino-3-(methylaminojphenyljacrylic acid ethyl ester
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Step 3 O 102

Step 1:

5 To a soiution of triethyl phosphonoacstate (1.37 mL, 8.80 mmal} in THF {13 ml.) at
0°C, Nar (80% dispersion in ofl, 314 mg, 7.84 mmol) was added and the mixiure was
sfirred for 30 min. Afier that period, 3-fluore-4-nitrabenzaldehyde 8-3 from Example @
(1.06 g, 8.27 mmol} was added and stirring was continued at RTfor 16 h. The

 reaction was quenched by the addition of H,0 (20 mlL) and the product was extracted
10 into EtOAe (2x 100 mb). The combined organic layers were washed with brins, dried
over anhydrous MgSC, and concentrated to give the cinnamate ester 10-1 as a light
orange solid which was used in step 2 without purification.

It wilt be apparent to the person skilted in the art that analogues bearing various
. 15 substituents on the cinnamate double bond may be prepared by replacing the triethyl

phbsphonoacetate used in this procedure with appropriately substituted derivatives or
by replacing the aidehyde 8-3 with an appropriate ketone. In addition, cinnamatea
methyi esters can also be prepared in an analogous fashion using the appropriate
reagent.

20 Step 2: _
The cinnamate ester 101 from step 1 (~8.27 mmotl) and methylamine (2M In THF, 8.2
ml., 12.5 mmol) were dissolved in DMSO (8 mLj and the reaction mixture was stirred
at RT for 2 b, After that pariod, the mixture was diluted with £t0Ac (100 mL) and the
ordanic layer was washed with Hz0 (3x 30 mL) and brine (50 mL}, dried over

25  anhydrous MgSC, and cencentrated fo give the crude methylamino intermediate 10-2
as an orange sofid. This product was used in step 3 without purification.
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it will be apparerit to the person skilied in the art that other diamine intermediates of ‘
general formula IV in Schemes 2 and 3 above, where R? is other than methyl, may be

prepared by replacing methylamine (CHsNHz) in step 2 above with the appropriate RE.

MNH..
Step 3

The Swmethyiamino-a-nitroéinnamate aster 10-2 from step 2 {2-2, ~150 mg) and SnCl;

dihydrate (850 mg, 4.2 mmol) were dissolved in ethanol {10 mL) and the mixiure was
sirred at BO®C for 20 hours, The mixture was cooted 1o room temperature and
concenirated to dryness. The residue was disscived in ethyl acetate (100 mL) and

was slowly added to an aguecus solution of saturated NaHCO; and stirred for 30 min.

The organic layer was then gxiractad with ice cold brine, dried over anhydrous
MgSO, and the solvent was removed under reduced pressure. The residus was
putifid by flash colurmn chromatography (using a gradient from 70 % {0 B0 % of
hexane in sthyi acetats) to give (E)-3-{4-amino-3-(methylamino)phenyljacrylic acid
ethyt ester 10-3 as a yellow solid (100 mg}. "

(E)-2-{4-Amino-3-(methylaminoyphenyhacryiic acid ethyl ester may be converied into
armine derivatives of general formula i1} in Scheme 1 following the procedures of
Examples 3 or 7, and further elaborated to inhibitors of general formuia | in Scheme 1
using the procedure of Example 4. )

ExAmPLE 11
5-Amino-2-methyl-4-mathylaminobenzolc acid methyl ester
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Step 1: ,

A solution of 2-methyl-4-nitrobenzonitrite 11-1 (2.53 g, 15.6 mmol) in agueous NaOH
(10%, 31.0 mL) and agueous H,0, (10%, 16 mL) wes stirred at reflux for 2.5 h. The
water cireutation in the cooling condenser was halted for 810 min {to allow removal of
the diesolved ammonia), and then the water flow was restored and refiux continued
for an addifional 1.5 h. The reaction mixture was cooled o RT, HCI {(concentrated)
was added drop-by-drop untii the pH‘was ~3, at which point the carboylic acid 11-2
precipitated as an orange-color sofid (3.80 g). The carboxylic acid was used in step 2
without purification.

Step 2!

A solution of the acid 11-2 from step 1 {3.80 g, 15.8 mmal) in MeOH (30 mb) and HCI
(41\5 HC! in dioxane, 2.0 mbL) was heated o reflux for 48 h. The solvent was
evaporated to dryness under vacuum and the residue obtained was re-dissoived in
EtOAC (200 mL), The solution was washed with aguecus saturated NaHCO,; (100
mi_) and brine (100 mL), dried over anhydrous MgS0, and avaporated o dryness (o
give the ester intermediate 11-3 as a yellow-colored solid (2.38 g). This material was
used in step 3 without purification.

Step &: .

Te & sofution of the ester 41-3 from step 2 (1.27 g, 6.5 mmof) in HS0, (conc., 13.0
mL), pre-cooted fo 0°C, KNG; (760 mg, 7.5 mimot) was added very siowly, Aftera fow
min of stiring, the ice bath was removed and the reaction mixiure was stirred at RT
for 20 h. The reaction mixture was then poured siowly on ice (~50 ml.) and stirred
uniil the ice had melted, and fhe desired dinitro product 11-4 was precipitated and
fitiered (~1.55 g of light vallow and slightly wet solid), The compound was. used as
such in step 4.

Step 4: _

To & solution of the dinitro intermediate 11-4 from step 3 (1.55 g, 6.48 mmol) In THF '
(5.0 mb) at 0°C, 2 sofution of methylamine (2M in THF, 15.2 mL, 32.3 mmol) was
added, the ice-bath was removed and the reaction mixture was stirred at RT for 1.5 h.
The solution was cohcentrated 1o remove some of the THF and then dilufed with
EtQAC (~100 mbL). The organic layer was washed with H20 (~50 mi) and brine (~50
mi), dried over anhydrous MgS0;, and concentrated to give the methylatnito
intermediate 11-5 as an orange solid {1.26 g). The compound was used instep 5 -
without further purification. '
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it will be apparant fo the person skilled in the art that other diamine infermediates of

general formula 1V in Schemes 2 and 3 above, where R® is other than methyl, may be

NH..

Step &

To z solution of the methyiamino derivative 1‘t-5 from step 4 (1.28 g, B.58 mmol) in
EtOH-H,0 (110 mi., 1:1 ratio), KoCOs (4.62 ¢, 33.5 mmol) and Na,5,0, were added
and the mixture was stirred at RT for 3 h. More Hz0 (~30 mL} was added and the
mixture was concentrated under vacuum o remove most of the EtOH. The reaction
mixiure was fhen diluted with E10AC (~200 mL) and the organic layer was separated
and extracted with brine. The organic layer was dried over anhydrous MgS0, and
concenirated under vacuum 1o give S-amino-2-methyl-4-(methylamine)benzoic acid
methy! ester 14-6 (927 mg, 86% yield} as a brown-colored sofid.

Compound 11-6 may be converted into the corresponding amine infermediates of
general formula 11l in Scheme 1, wherein R is CH, and R® is ~COOCH,, folt ow‘r'mg the
;:}rocedurns of Examples 3 or 7. These amine intermediates may be further converted
into amine intermediates of general formula ill In Scheme 1, wherein R®is CHy and R®
ig ~CH=C

intermediates of genaral formula 1l in Scheme 1 may be further elaborated io

C(R¥™-COOR, by following the proceciure of Example 3. All these amine
inhibiiors of general formuia | in Scheme 1 using the procedure of Exampie 4,

EXampPLE 12
(E)-3-{5-Amino-2-ethoxy-4-{methylamino)phenyliacrylic acid methyl ester
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prepared by replacing methylamine (CHyNH;) in step 4 above with the appropriate R®-
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Step 1

2-Ethoxy-4-nitrobenzaic acid 12-1 (1.56 g; 7.38 mmol) was aisselved in methanol (15
mL) and the resulfing solution stirred at 0°C. A soluticn of diazomethane in athyl ether
was siowly added until the yellow color persisted and was siirred for a further 20 min.
The solvanis were evaporated to afford the methyl ester 12-2 as a pale yeliow solid
{1.86 g, quant.) which was used in step 2 without further purification.

Step2:

The estar 12.2 from step 1 (1.60 g; 7.10 mmol) was dissolved in dry toluene and the
sbiution cooled to -78°C under a nitregen atmosphere. A sofufion of
diisobutylaluminum hydride in tetrahydrofuran (1M; 8 mL: 8 mmol) was added and the
reacton midure aliowed o warm to ambient temperature. Two additional portions of
DIBAL-H were added in this way (7 and 10 mL) after 1 h and a further 1.5 n. 0.5 h
after the last addition, the reaction was cooled to 0°C and 1N HCI (25 mL} was slowly
added and the mixture stirred vigorously for 0.5 h. The orgén?o soiveris were then
evaporated and the aquecus residue was axtracted with sthy! acetate (2 x 50 mL) and
washed with water (50 mL) and brine (50 mL). The combined extracts were then

' dried over MgSO. and evaporated to afford the alcohat 12-3 as & pale vellow, fibrous

sofid (1.40 g; quant) which was used as such in step 3.

Step 3:

A turbid solution of 1,1, 1-tris{acetyloxy-1,1-dihydro-1 ,E—besinziodoxe!~3~(1H}»ane Dass-
Martin periodinane) (2,32 g; 547 mmoi) in dichloromethane (40 mbL + 5 mb rinse) was
added to a stired solution of the aicohol 12-3 from step 2 (0.98 g; 4.87 mmol) in DCM
{40 mL) and the reaction stirred at ambient ternperature under & nitrogen atmospheare,
After 4 1, saturated NaHCO, / 40 % Na,8,0; (1:1, 180 ml) was added and the
mixture stirred vigorously uniil the phases were clear (ca. 0.5 h). The organic phase
was separated and the agusous phase was extracted with dichioromethane {80 mL)
and washed with saturatad NaHCO; (2 X 150 mL). The combined arganic phases
wera then dried over MgSC, and evaporaiad to yield the aldehyde 12-4 as a pale
yeltow solid (980 mg; 8¢ %) which was used as such in step 4,

Step 4 '

Sodium hydride (86% dry powder; 158 mg; £.25 mmol) was suspended in anhydrous

" THF (10 mL) and trimethyl phosphonoacetate (0.945 mL; 5.84 mmoi) added dropwise

at 0°C under a nitrogen atmosphere resuling in a solid white mass which could not be
stirred, A solution of the aldehyde 12-4 from step 3 (950 mg; 4.87 mmol) in THF (7
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b+ 3ml rinse) was then added dropwise resutting in a yallow colour and slow

dissoiution of the white sofid mass. After the addition, the reaction was allowed to
warm to ambient iemperaturs, Af'tef 15 h, the cloudy reaciion m{xture was avaporated
to & pale yellow solid which was exiracted with ethyl acetate {2 x 50 mL) and washed
with saturated NaHCO, (3 x 76 mL). The combined extracts were dried over MgS0,
and evaporatad to afford the cinnamate ester 12-5 as pale yeliow solid (1.212 g; 89
) which was used in step 5 without further purification,

It will be apparent to the person skilied. in the art that the trimethy! phosphonoacetate
used in this procedure can be replaced by appropriately substituted derivatives to
prepare analogues bearing various substiiuents on the cinnamate double bond.
Step 5:

" The 4-nitro-2-ethoxycinnamate 12-5 from step 4 {303 mg, 1.206 mmol), was dissalved

in concentrated sulfuric acid (3 mb) and the solution cooled fo 0°C. Potassium nitrate
(128 mg, 1.27 mmol) was added and the mixture stirred for 3.5 h at room temperature.
After completion, the reaction mbdure was poured over ice and the precipitatéd solid
was collecled by'ﬁitratio‘n. The crude produst 12.6 was washad with water, dried

under vacuum and used without purification In ste'p 8 {380 mg).

Step 8:
The diniiro derivative 12-8 from step 5 (390 my) was dissolved in THF (3 mlL) and
methylamine in THF (3.02 ml. of a 2M solution in THF) was added. After stiring for

30 min, volatiies were removed under redusced pressure and the crange solid 127

used as sush in siep 7.

It witl be apparent to the person skilied in the art that other diamine intermediates of
general formula IV in Schemes 2 and 3 above, where R is other than methyl, may be

. prepared by replacing methylamine (CHsNHz) In'step 6 above with the appropriate R

NH..

Step T3

The nitro arene 12-7 from step 8 was suspended in a mixture of BEIOH (12 ml) and
waier (12 ml.) and KECOS (1.00¢g,8 equi&aients Y was added followed by sodium
hycrosulfite (1.28 g, 6 sguivaienis). The mixiure was stirred for 4 b at reom
temperature and Ei0OH was removed under reduced pressure. The residus was
extractad with EtOAc and the organic phase washed with brine and dried (MgSO,).
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Removal of the solvent and purification of the residue by flash chromatography (50 to
75% EtOAG in hexane) gave (E)-3-(5-amino-2-ethoxy-4-{ methylaminc)phenyhacrylic
acid methy ester 12-8 (162 mg).

(E)-3-{6-Amino-2-ethoxy-4-(methylamino)phenylaciylic acid methy! ester 12-8 ray be
converted to amine intermediates of genaral formula 1t in Example 1 using the
procedures described n Examples 3 or 7 and further elaborated to inhibitors of
general formula | in Scheme 1 using the procadure of Example 4.

It witl siso be apparent to ane skilled in the art that inhibitors of general formula | iﬁ
Scheme ! wherein R® is -OCH; and R® is -CH=C(R*)-COOR may be prepared using
the procedure of Example 12 bui starting from a precurser identical to compound 12~
1, except wherein the sthoxy group has been replaced with a2 methoxy group.

EXAMPLE 13
d-Amino-2-methoxy-B-{methylamino}benzoic acid methyl ester

COOMe

G, & COOMe - Hp PHOH)LJG HAN Z , A0 ’ACHN P COOMe
| e i i |
- fetoH S . S ,
Oide Onle Step 2 Ohfis
131 Step 1 132 138 1
| | Stgp 3 | HNG,
1, B} HOL, 100°C
N SO0Me f CooH ¥
\ﬁ’h“}/u * 2,800 MeOH  Ac” ; NaOtBy, st MHN\K\I/COOME
. i
N/K\/l\o i S . o —— b it
C; e o e o X Nope

Sieps Sand 8 Step 4

138
By, PHOH), /G . . ,
Step 7
He0H % =

HN O
H\\/!COe

i
Ofite

15-8

134

o

157
Step 1
Methyl 2-methoxy-5-nitrobenzoate 13«1 (8.21 g, 28.4 mmol) was suspended in MeOH
100 mL) and 20% Pd{CH}./C (500 mg) was added. The mixiure was slirred under a
hydrogen atmosphere (1 atm) for 18 h. The catalyst was remaved by filiralion and the
solvent evaporated under reduced pressure to give a residue of compournd 13-2
{5.258 g), which was used as such in step 2.
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Step 2! ‘ .

The aniline 13-2 from step 1 (5.23 g) was dissolved in THF (5C mL) and acetic
anhwdride (2.984 g) w_as added. The mixturs was stirred overnight at room
temparature. The white suspension was concentrated under reduced pressure to a
whité paste, tert-butylmethyl ether (TBME, 20 mL) was added and while stirring,
hexane {100 mL) was added sl‘cwiy‘ The suspe’nsioh was then stirred for an
additional 2n and the solid collected by fitration. The product 13-3 was washed with
hexans and dried in air (8.372 g).

Step 3: )

90% Nitric acid (8 mL) was difuted with water {8 ml) and cooled o §°C. The anilide
13-3 from step 2 (5.805 g) was added in one portion and the mixture sfirred for 30 min
in theﬁce—v@ater path. The reaction mixiure was then added dropwise to ice-water
(700 mt.) and the precipitated yeliow solid was collected by fittration, washed with
water and dried in air. The orange solid (5.907 g) was shown by 'H NMR to consist of
3 2.1 mixture of compounds. Extraciion of the aqueocus filtrate from above with EtOAC
gave'an additional 1 g of material that was combined with the first crop and purified by
fiash chromatography on silica gel using 045% EtOAc in CHCl, as eluent. An orangs
solid 13-4 {4.11 g) was obtained (che isbmer}.

Step 4:

The niroantiide 13-4 from step 3 (3.580 ¢) was dissoived in THF (50 mL) and the
solution coolad in ice. lodomethane (4,155 ml., 68.7 mmol, 5 equivalenis) and
sodium tert-butoxide (8.414 g, 68.7 mmol, 5 equivalents) were added in two portions
ata 3.5 hinterval, Stiming at room femperature was continued for an addifional 20 b
after the second addition. THF was evaporated under reduced pressure and water
(100 mi) was added. The deep red solution was washed with TBME (100 ml). Tha
aqueous phase was acidified with conc, HCI and exiracied with EiOAS (2 x 100 mL),
The combined organic exiracts ware dried and concentrated to give compound 13-5
as a dark red powder (3,78 g} that was usad direcily in step 5,

£

it will be apparent to the person skilied in the art that other diamine intermediates of

general formuia IV In Schemes 2 and 3 above, wherein R is other than methyl, may
be prepared by replacing methyl iodide (CHsl) in step 4 above with the appropriats R
X, whersin X is a leaving group such as Cl, Br, |, methanesulfonate {(mesylate}, p-
tolusnesulfonats (fosylate), triflucromethanesulfonate (iriftate), and the like.
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Step 5.

The free carboxylic acid 13-5 from step 4 (3.75 g) was suspended in 8M HCI (100

mL) and the mixture stirred at 100°C for 8 h. After coaling to room termperature,
volatiles were svaporated under vacuum and the residue was co-evaporaied 3 fimes
with MeOH, '

Siep &

The residue from step B was éuspandeci again in MeOH (100 mL) and cooled in ice~
water, Thionyt chioride (5,10 mb, 5 equivalents) was added dropwise and the
suspension stirred at 65°C for 4 h. Votatiles were removed under reduced pressure
and the residue 13-6 co-evaporated twice with MeQH (100 ml.) and then toluene (2 x
100 mbL). ‘

Step 7:

The rasidue 13-8 from step 6 was then dissolved in MeCH (200 mL), 20% Pd{OH). /
C (500 mg) was added and the mixiure stirred overnight under 1 atm of hydrogen gas.
The catalyst was then removed by filtration and the solution evaporated to dryness.
The residue was dissolved in EtCAG and the solution washad with aqueous NaHCO,
and dried (MgS0,). Removal of solvents gave a solid that was suspended in TBME

" (50 mL) and heated to 80°C for 30 min, An equal volume of hexane was then slowty

added to the hot solution and the precipitated 4-amino-2-methoxy-5-
(methylamino)benzoic acid methyl ester 13-7 was collscted by fitfration, washed with
TBME-hexans and dried (2.00 g).

4-Amino-2-methoxy-5-(methylamino)benzoic acid methyl ester 13-7 may he converted
into the corresponding amine intermediates of general formula 11l in Scheme 1
following the procedures of Exampies 3 or 7. These amine intermediates may be ‘
further converted info aming intermediates of genaral formuia 11 in Scheme 1, wherein
RS is -OCH; and R® is ~CH=C{R*)-COOR, by following the procadure of Example 8.
Al these amine intermediates of ganeral formuta lil in Scheme 1 may be further
elaboraied to inhibitors of genaral formula | in Scheme 1 using the procedure of
Example 4.

It will be apparent to one skilied in the art that the procedure of Example 13 may be
appliad to compound 12-2 from Example 12, or io iis analogue wherain the ethoxy '

group has been replaced by a methoxy group, to produce diamine precursars of

g9
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general formula 1V in Scheme 2 or 3, wherein R® s OCHs or OFt Such diamine '
precursors may also be converted to aming Intermediates of general formula it in
Scheme 1 following the procedures of Examples 3 or 7, and further elaborated to
inhibitors of general formula | in Scheme 1, using the procadure of Exampie 4,

EXAMPLE 14
NE-Methyl-4-(1H-{1,2,3ltriazol-4-vi}benzene-1,2-diamine

G .
] i o

e ON
Ry ongi, O S HeSIGHN,
O | s
aM Step 1 HY Step2 W R,
o3 | 148 . i PR
Sep 2 lMeclSIN:,

Step 1:

10 3-Fluoro-4-nirobenzatdehyds 83 from Example 9 (2.0 g, 11.8 mmol) was dissolved in
THF (30 mL) and excess methylamine (2M in THF, ~21 mL, 42 mmol) was added.
The reaction mixture was stirred at RT unfil complete conversion was confirmed by
HPLC (~2-3 h). The turbld solution was then evaporated to an orange solid which
was extracted with ethyl acetate (2x 50 mL) and washed with 1 N HC {shaken until

15 the deep burgundy colour dissipated; 100 mL), water ("i 00 mi.) and brine (80 mL).
The cambinad exiracts were dried over anhydfous Ma80, and evaporated to give the
methylamino intermediate 14-1 as an orange powder which was used instep 2
without any purification.

20 It will be apparent to the person skilled in the art that other diamine intermediates of
genera! formula iV in Schemes 2 and 3 above, where R® is other than methyl, may be
prepared by replacing methylamine (CHyNHz) in step 1 above with the appropriaie RE.
Niiz.

Step 2:

o5 A soiution of n-Buli (2.5 M in THF, 14.4 mL, 36.0 mmol) in anhydrous THF (60 mL)

was added siowly to & solution of TMS-diszomethans (10% in hexans, 18 mi., 36.0
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mmol) at -78°C. The mixture was stirred at -78°C for 30 min, befora a solution of the
methylamino intermediate 141 from step 1 (2.16 g, 12.0 mmal, dissolved in 2 mL
THF) was added slowly. The reaction mixiure was stirred at -78°C for 1 h, and then
allowed to warm up to RT and to stir for an additional 3 h before quenching by
5  addition of H.O. The crude mixture was partitioned between saturated agueous
NaHCO; (30 mL) and EtOAC (60 mL), the aqueocus layer was extracied again with
Et0AS (2x 80 ml) and the combined organic tayers were washed with brine, dried
over anhydrous MgS0O, and concentrated to dryness. The residue was purified by
flash column chromatography (using 20% EtOAc in hexane as the eluent) to give the
10 desired alkyne 14-2 as a light brown solid (445 mg, ~21% ylsid).
. Step 3:
in a thick-wailed pressure twbe, the alkyne 14-2 from step 2 (260 mg, 1.48 mmol) was -
dissoived in dry DMSO (8.0 mL) and ThS-azide (0.392 ml., 2.86 mmol) was added.
The reaciion was heated to 140°C for 2 h, then cooled and exiracted with EtOAC (50
16 mb) and washed with brine (2x 8¢ mi). The orgénic fayer was dried over anhydrous
MgS0, and evaporated to obtain the orude friazole 14-3 as a ysllow-brown sofid
which was used in step 4 without further purification. .
Step 4 l‘ '
The crude triszoie intermedizte 14-3 fram step 3 (~1.10 mmol) was dissolvad it EIOH
20 (10 mb) and MO (8 mL) which resulted In some precipitation of the starting material,
KoCOs (0.91 g, 6.58 mmol) and éodium hydrosulfite (1.15 g, 6.58 mmo!) were added
and the reaction mixiure was stirred for 2 h al RT. The reaction mixiure was then
extracted with EtOAG (50 mL), the organic layer was washed with H.0 (50 mL) and
brine (30 mL), dried over anhydrous MgSCu; and evaporated to & brown gum which
25  conizined N-methvi-4-(1H-11,2,3}triazol-4-ylYbenzene-1,2-diaming 14-4 (amongst
other minor products).

The crude N-methyi-4-{1H-[1,2,3]iriazol-4-y)benzens-1,2-diaming may be converted,
without further purification, into the corresponding amine intermediates of general

20 formuia Il in Scheme 1 following the procedures of Exampies 3 or 7, and furthar
elaborated to inhibitors of general formula | in Scheme 1, using the procedure of
Example 4. )
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EXAMPLE 15
N2-Bethyl-4-{4-methylpiperazin-1-yljbenzene-1,2-diamine

3 !
0N © CHNH, oM 2
o ®
F al e ol

Btep 1 .
1854 15.2
HY
Step2 | N
gooC
BN B : H,, Pd1G, oM
‘[ BLOH
/\ B
H"f N AN N/\
3
K/N oS Ve {\/N

Step 1t

To a solution of 4-chioro-2 -fiuoro—?—nitmbmnzane 15 1 (1.18 g, 6.72 mmoi) in DMSO
(7 mL), a solution of methylamine (2M in THF, 13.5 mL, 26.8 mmol) was added and
the reaction mixture was stirred 2t RT for 24 h, The solution was diluted with BtOAs
(~300 mL), the organic layer wag washed with H,0O (3x 50 ml.) and brine (B0 mi),
dned over anhydrous MgS0, and concemrated under vacuum to give the
methylamino derivaiive 18-2 as a ysliow solid (1.18 g). The crude matenal was used
in step 2 without purification.

it will be apparent to the person skified in the art that other diamine infermediates of
generai formula IV Enéchemas 2 and 3 above, where R? is other than methyl, may be
prepared by replacing methylamine (CH3NH,) in step 1 above with the appropriate RE
NH, |

Step 2

A mixture of the methylamino derlvative 15.2 from step 1 (105 g, 0.56 mrnob) and A-
methyipiperazine (0.5 mL) was héated_to 96°C whife stiring for 3 h and then at RT for
an additional 15 h. The reaction mixture was diluted with EtOAc (~50 mL) and the
organic layer was washed with HO (3x 10 mb) and brine (20 mil.}, drisd over
anhydrous MgSC. and concentrated under vacuum o give the piperazine derivative
15.3 as 2 yeliow soiid (140 mg) which was usad in step 3 without purification,

One skifled in the art will readily see that piperazine derivatives bearing other
subsiituents may be readily used in place of N-methyipiperazine in Step 2 above fo
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prepare intermediztes leading to other compounds of formula (1),

Step &

To & solution of the piperazine derivative 16-3 from step 2 (140 mg) in EtOH.(6 mL),
PA/C (10%, 25 mg) was added and the mixture was sfirred under an atmasphers of
Hp at RT for 16 h. The reaction mixiure was filtered and the solvent evaporated fo
give a fairly pure sample of the desired product, N*-methy!-4-(4-mathylpiperazin-1-
yhbenzene-1,2-diamine 15-4, as a purple colored oil {133 mg).

Ne-Methyl-4-(4-methyipiperazin-1-yl}benzene-1,2-diamine 15-4 was converted,

“without further purification, into the corresponding amine infermediates of general

formuia 11 it Scheme 1 following the procedures of Examples 3 or 7, and further
slaborated to inhibitors of general formuila | in Scheme 1, using the procedure of
Example 4.

EXAMPLE 16
&4midazol-T-yb-N2-methylbenzene-1,2-diamine

¥N MR

= b/

181
4-Imidazoi-1-yi-N-methyibenzene-1,2-diamine 16-1 was prepared using the
procedure of Example 15, except that imidazole was used instead af N-
methylpiperazing in step 2. 4-imidazol-t-yi-N-methylbenzene-1 2-diamine 16-1 may
be converted into the corresponding amine intermediates of general formuia i1 in
Scheme 1 foifowing the procedures of Exampies 3 or 7, and further slaborated to
inhibitors of genaral formula | in Scheme 1, using the procedure of Example 4.
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EXAMPLE 1T

4-{2-Aminothiazol-4-yi} -N’-methyibenzene—*‘:‘ Z-glamine

MENH, B, ot
THE B0, 51 gﬁ%ﬂe‘“’ % =2
Br
Step 1 = .

Hg;l Stap 2 HAY
j |

72 173

Step 3 1 BT TN,
| LPYOH, 7005, 18
e s
Snit SN
. } /> I ; o { 7 :
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e |
Step 4 =
B *'"fi’
175 ' 174

- Step 1: ' :

A mixture of 4-chioro-3-nitroacetophanons 17-1 (3.00 g, 15.0 mmol) and methylamine
(15.0 mL, 2M in THF, 30.0 mmol) were placed ina seaied pressure tube and stirred at
80°C for 8 h and at RT for 20 h. The reaction mixture was concentrated to dryness
and the residue was purified by flash column chromatography (using 20-30% hexane
in EIOAG) o isoiéate the desired pure product 17-2 as an orange solid (880 mg, 34%
yield). ‘

it will be apparent {o the person skiled in the art that ofner diamine intermadiates of
general formuia IV in Schemes 2 and 3 above, where R? is other than methyl, may be
prepared by replacing methylamine {CHNHR) in step 1 above with the appropriate RE-
NHE,F

Step 2:

To a solution of the 4-methylamino-3-nitroacetophenone intermediaie 17-2 from step
1 (700 mg, 3.6 mmol) in dioxane:sther (10 mL, 1:1 ratio), Bre {0.20 mi, 3,08 mmoi}
was added siowly and the rsaction mixture was stirred at RT for 20 h. The raaction
mixture was concentrated to dryness and the residue was re-dissolved in EtOAc (200
mL). The soiution was washed with saturated agueous NaHCO; {2x 160 mL) and

brine (100 mL), dried over aniyarous MgSO. and concentrated to dryness (o give the

crude bromoketone intermediate 17-3 (1.0 @) which was used in step 3 without
purification.
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Step 3
A solution of the bromoketone intermediate 17-8 from step 2 (1.0 gy and thivurea (548
mg, 7.2 mmol) in -PrOH (80 mL) was stirred at 70°C for 1 h. The mixture was cooled
to RT, and the precipitate formed was filiered, washad with disthyl ether and'.dréed i)
5 give the desired aminothiazole intermediate 17-4 as an orange solid (~ 1.0 ¢g). This

compound was used in siep 4 without purification.
Step 4
A soiution of the nitro intermediate 17-4 from step 3 (500 mg, ~2 mmel) and SnCly
dihydrate (2.25 g, 10 mmol) in EIOH (15 mL) was stirred at 80°C for 16 h. The

10 mixture was poured siowly on NaHCO; and stired vigorously for 30 min. The mixture
was exfracted with CH,Clz (2x 200 mL) and the combined organic layers were dried
over anhydrous Na,SC; and concenfrated to dryness. The residue was purified by
flash column chromatography (Using a solvent gradient from 30% hexane in EtOAC te
100% EtOAC and then to 3% MeOH in EtOAG) to recover some unreacted starting

16  material and the pure diamine product, 4-(2-aminothiazol-4-yi)-N'-methylbenzene-1,2-

diamine 17-8. (167 mg, 38% vyieid).

i

4-(2-Aminothiazol-4-y)-N"-methylbenzene-1,2-diamine 17-6 was converted into the
sorrespending aming intermediates of general formula lil in Scheme 1 following the

20 procedures of Examples 3 or 7, and further elaborated to inhibitors of general formula
lin Schemé 1, using the procedure of Example 4.

The free amino moiety of the amincthiazole substituent of an inhibitor of general
formuiz | in Scheme 1, or a suitable intermediate in its preparation, may be alkylated

25 by using procedures Aweii known io those skilled in the art, or acefylated by using
procedures well known fo those skilled in the art, such as treatment with acetic
anhydride, acsty! chioride, or the like. Aite'maﬁveiy, replacing thiourea in step 3 above
with a suitably N-substituted thiourea will give intermediates wherein the free amino
moiety has been substiiuted,

30
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EXAMPLE 18" .
4-Amin0-2~(9H-fEuofen-s-yimefhoxycarbonyEaminc}-soimethyiamim:s}benzoic

acid methyl ester

- o} c ci
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J e )
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18] : .
d B e éHa 8
ks

5 Stept: ‘
Ta a soiution of m-chlorobenzole acid 184 {(12.5 g, 78.8 mmol} in sulfuric acid (100
mL) &t 40°C, potassium nitrate (approximately haff of the total amoung 2204, 218
rﬁmcl) was added siowly, portion-wise, with stirring, (temperature maintained beiow
70°C). The soiution was then heated slowly to 105°C, the remaining KNO; was slowly

10 added (femperature maintained below 110°C), and finally the solution was heated to
130°C for 15 min, allowsd to cool back to RT, and poured on loe (~ 50C.mL}. The
yellow sofid formed was filtered, washed with water {50 ml), air gried for 2 hrto vield
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13.25 g (67%) of a 2:1 mixture of the desired product 18-2 and an unknown side-
product. The mixiure was used as such In step 2.

Step 2:

The crude dinitro carboxylic acid 18-2 (~13 g) from step 1 was dissolved in methanol
(100 mL) and sulfuric acid (13.0 mL) was sdded very slowiy as the reaction is very
exothermic. The reaction mixiure was stirred at reflux for 18 b The solution was
pourad on ice (~500 mb), and the product was exiracted with EtCAG (2% 100 mbL).
The organic layers ware washed with 5% aqueous NaHC0; (3x 100 mb}, dried over
anhydrous MgS0, and evaporated to give the desirsd dinitro methyl ester
intermediate 18-3 (9.54 g, 69% yield),
Step 3!

To a soiufion of the above dinitro arylchioride 18-3 (2.6 g, 36,5 mmol) in DMF (20 mL)
at 0°, methylamine (2M in THF, 38.2 mL, 74.7 mmol) was added with stirring. After a
fow minutes a orystalfing sofid was formed, the suspension was allowed to warm-up o

RT and stirring was continued for 2 h. The reaction mixture was parifionad between
Hp0 (200 mL) and EtOAc (100 mb). The organic solution was washed with 5%
agueous NaHCO, (160 mb), brine (3x 100 mi), dried over anhydrous MgSQ, and the
salvent was evaporated to dryness o give the desired product 18-4 as a yellow-
orange solid (7.09 9,76% yield).

t will be apparent to the person skilled in the art that other diamine intermediates of
general formuia IV in Schemes 2 aﬁd 3 above, where R is other than methyi, may be
prepared by repiacing methylamine {CHsNH,) in step 3 above with the appropriate RE-
NH.

Step 4:

To a BIOM / H,0 {100 mL, 1:1 ratio) suspension of the above dinitro anifing
intermediate 18-4, K:C0, (10.3 g, 74.5 mmol} was added with vigourous stirring,
followed by the portion-wise additlon of sodium hydrosulfite (13.0 g, 74.5 mmol). The
yeillow suspension turned blood red then biack, necame more homogenaous (shightly
exothermic), then biphasic and & white precipitaie was formed. After 30 minutes of
stirring at RT, the EtOH was partly evaporated and the residue was diluted with HO
(100 mb). Tha reaction mixture was extracted with FIOAG (2% 75 JmL)i the combined
organic layers were dried over anhydraus MaSO, and evaporated fo yield a black
amorphous solid 18-5 (1.26 g, 55%) which was used as such in step &,
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Step &
To & stirred, ice cold solution of the above trianiline 18-85 (400 mg, 2.05 mmol} in
acetonitrile (5 mL) under nitrogen, triethylamine (0.57 mL) was added, followed by the

" drop-wise addition of TrocCl (0,282 mL, 2.05 mmol). The deep purple solution was

stirred and aflowed to warm-up o RT over 2 h. The solvent was gvaporated, the
residue taken into EtOAS (30 mL), washed with 5% ac;ua«ousNaHCOa (2% 20 mL) and
brine (20 mlL.), dried over anhydrous MgSOs, and the solvent evaporated to dryness,
The rasidue was purified by fiash chromatography {using TLC grade silica gel and a
solvent gradient from 30% to 50% EtOAc in hexane) to give the desired product 18-6

. as a beige amorphous solid (458 mg, 60% yleld).

Step 6 )

To a stimed solution of above Troc-protecied aniline derivative 18-6 (100 mg, 0.27
mmol} in CHCls (1 mL), pyridine (0.032 mi., 0.4 mmo}) followed by Fmoc-Ci (80 mg,
0.31 mmol) were added. The reaction mixture was stirred at RT for 2 h. The mixture
was diluted with EtOAC (30 mL), the suspension was washed with 5% agueots
NaHCO, (2 X 10 mi), dried over anhydrous MgSG, and evaporated io dryness. The
residue was purified by ﬁash chromatography {using TLC grade silica gel and eluting
with a solvent gradient from 20% to 30% EtOAc in hexane) to give two samplss of the
desired Fmoc-protected product 18-T; 47 mg of very pure product and 100 mg of
‘siighﬂy jower purily.

Step 7: _

The doubly protected (Trac- and Froc-protected) trianinile derivative 18-7 (100 mg,
~(.17 mmol) was dissolved in THF {1 mL) and acetic acid (0.25 mb) followad by
freshiy activated zinc (20.0 mg, 0.31 mmal} were added. The reaction mbaure was
stirred vigorousty at RT under nitrogen for 2h. The evolution of reaction was

" monitored by MPLC and after 2 h only ~30 % conversion was ohserved, therefore,

more zinc (15 mg) was added and stirring was continued at 80°C for 4 h. The raaction

mixture was diluted with EtOAc (30 mL), filisred over Celite and the filirate was cooled
in an ice bath and washed with 5% aquaous NaHCO, (20 mL); care must be iaken (o
pravent bulld-up of excessive prassure. The organic layer was washed with brine,
dried over anhydrous MgS0s, and the solvent was evaporated to give the mono-
pmtectéd intermediate 4-amino-2-(8H-flucren-S-yimethoxycarbonyiamino)-5-

{methylamino)benzoic acid methy! ester 18-8 as a white crystalline solid (8B mg, @6 %

vield).
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Compound 18-8 was converted into the corresponding Fmoc-protected amine
intarmediates of genaral formula il in Scheme 1 following the procedures of
Examples 3 or 7, and furthar elaberated to Fmoc-protectsd inhibitors of general
formula 1o above, using tha procadura of Example 4. These Fmoc-protecied inhibitors
of general formuia lc, or appropriate Fmoc-protected amine intarmediates in their
synthesis, may also be converted to Fmoc-protected inhibitors of gen;eral Tormuta id
above, using the procedures of steps 1, 2 and 3 of Example 8. In both cases,
removal of the Fmoc protecting group may be carried out by freatment with piperidine,
as is well known fo one skilled in the art, and saponification of the ester group may be
sarried out under basic conditions (following protocols well known to thoss skilied In
the arf) to give inhibitors such as compounds 1032 (Table 1) and 3080 (Table 3). The
free amine moiety of these inhibifors can be further reacted with reagents commonly
known io thoss skiiied in the art, such as isopropy! chlorcformaté and the like, io form
inhibltors such ag compound 1033 (Table 1},

EXAMPLE 18
2-(5-Bromopyrimidin-2-yi}-3-cyciopentyl-1-methyl-1 H-indote-B-carboxyiic acid
i.{[ '
B .
Mg’u coONe  DMETTEA . Me caotie e o
K : &
ar.@ PLaAUrg, | PUIOASY, o _C\ \K]i/*j/ NaGH {\ {%\i
Eg 2 By, o then 101 =N
' N
E“N j\{ Step 2
18-1 K,PO, 19-2 193

Step 1

Step 1 ;

The bromoindcie 19+1 {prepared as desctibed in Exampie 12 of WO 03/010141) (3:0
g, 8.9 mmol, 1 equiv.j was dissolvad in anhydrous DME (20 mL) and tri-(2-
furyhphosphine (260 mg, 1.1 mmol, 8.12 equiv.}, triethylamine (3.0 mL, 21.6 mmol,
2.4 equiv.) and Pd{OAC}z (85 mg, .28 mmol, .03 equiv.) were added. The mixture
was purged by bubbling Ar through it for 1C min and pinacotborane (4,4.5,5-

' tetramethyl-1,3,2-dioxaborolane; 3.0 mL, 20 mmol, 2.2 equiv.} was added by syringe.

The resulting dark brown mixture was stirred at 88°C for 16 h under an argon
stmosphere. The reaction mixiure was then cooled to RT and the 5-promo-2-
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icdopyrimidine (3.0 g, 10.5 mm_oi, 1.18 equiv.) was added as a solid, followed by
careful, slow addition of a cooled suspension of KPO4 (10.5 g, 47.1 mmol, 5.4 equiv.)
in water (7 mlL). Atternatively, the addition of K;PC; may precede the addition of b-
broma-2-iodopyrimidine. The dark brown reaction mixiure was then heated to 80°C

5 under argon for 24 h. The reactlon mixture was cooied to RT and poured into 10%
agueous NaCl (100 mL). The brown suspension was extracted with EtOAc (150 mL).
The extract was washed with water (2 x 50 ml) and brine (100 mL), dried and
concentrated to 50 mL. Cooling 2 h in the fridge gave & beige precipitate that was
soliected by fillration, washed with a small amount of EtOAc and dried. The flltrate

10 'was soncentrated under vacuum and the residue was siurried in acetone (20 mL),
heated to boiling and cooted in the fridge overnight. The solid was filtered and the
sombined soiids wez;e further purified by chromatography using CHCl, as salvent {o
give the desired indole ester 19-2 as 2 beige solid in 77% yield. _

Step 2 ' :

15 The ester 19-2 (300 mg, 0.72 mmo{) was suspended in DMSO (10 mb) and the
suspensicn warmed gently to dissolve the sclid. The slightly cloudy vallow solution-
was cooled and stirred while 2.5 N NaOH (2.0 mi, 5.0 mmal, 8.8 equiv.) was added
and stirring was continued for 4 h at RT, The mixiure was slowly poured into 0.5 N
HCH (200 ml). The yeiidw pracipitate was collected by filiration, washed with water

20 and dried to give compaound 19-3 (273 mg, 84% Yield, 100% homogenaity).

EXAMPLE 20
3-Cyclopentyl-1,2-dimethyl-5-indolecarboxylic acid.

Nwre? oM
VA

262

20-1

25  The 2-bromoindols Ider%vative 191 {1.909 g, 2.00 mmol, prepared as described In
Example 12 of WO 03/010141) was dissotved in anhydrous THF (25 mlL} under an
" argon atmosphers and the solution cocled to ~78"C.__ n-Buli (2.0 M In hexang, 180
mi, 3.20 mmol) was added dropwise and the mixture stirred for 15 min. Mel (0.37
ml., 2.00 mmol} was added and stirring was continued for an additional 30 min. The
30 reaction mbdure was then warmed up o RT and volatiies removed under reduced

pressura. The residue was dissolved in TBME (100 ml) and the solution washed with
8o
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brine (2 x 26 mL). The extract was dried (MygS0y), concentrated under reduced
pressure and the residue purified by flash chromatography using 0-15% EtOAG in
hexane as eluent. The desirsd 2-methylindoie derivative 20-1 was obtained as a

- waxy solid (0.858 g, 80 % vietd): MS-ES m/z 272.1 (MH"). The methyl ester 20-1

5 was saponified in the usual way (NaQH | DMSO) 1o give the corresponding carboxylic
acid 20-2 in 96 % yield: MS-ES m/z 2681 (MH"), |
EXAUPLE 21
3.Cyclopentyl-2-ethenyl-1-methyl-8-indolecarboxylic acid.

| 0
N Olie Bu,8nCH=CH,
By N i3St
Pd vat,
21-2
10 1

The 2-bromoindole 18-1 (prepared as described in. Example 12 of WO 03/010141)
{5.000 g, 14.87 mmal) was dissolved in dry dioxane (50 mL)} and vinyltributyitin (4.82
ml., 18.50 mmol) was added. The solution was degassed by bubbling N, through for
15 min. Bis(triphenyiphosphtne}paliadium(i{) chioride {0.250 g, 0.50 mmol) was

15  added and the mixture heatad to 100°C pvernight under a nitrogen atmosphere.
Additional catatysf'(OlSSG g, 0.5¢ mmol) was added and heating resumed for an
additional 48 b, at which point TLC anaiysis indicated the reaction was aimost
complete. The reaction mixture was cooled to RT and fittered through a small pad of
silica gel using THF for washings. The flltrate was concentrated under reduceﬁ '

20 ‘ pressure and the residue puriiied py flash chromatography using 5 — 16 % EtOAc in
hexane as eluent. The desired 2-vinylindole ester 21-1 was obiained as a brownish
solid (2.92 g, 68 % vield): MS-ES nv/z 284.1 (MM, The methy! estar 21-1 wes
saponified in the usual way (NaOH 1 DVMISO) to give the corresponding carboxylic acid
24-2in 93 % yield: MS-ES m/z 270.1 (MH").
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EXAMPLE 22

3-Cyclopentyl-2-ethyl-1-methyl-6-Indoiecarboxylic acid. -
.

N oM

=
e

'/i DOMa
\I

211 222

The 2-vinyiindole ester 21-1 (Example 21) (0.250 g, 0.88 mmol) was dissolved in
MeOH (15 mi) and the solution hydrogenated (1 atm Hz gas) over 10% Pd(OH) / C
(50 mg) for18 h. The catalyst was then removed by filtration and the filzate
.evaporated under reduced pressure 1o give crude ester 22-1. The residue was
dizsolved in DMSC and saponified with NaOH in the usual manner to giva the desired
2-gthylindole derivative 22-2 as a white solid (0.211 g, 88 % yield): MS-ES m/z 272.1
(MH".

ExanmeLE 23 .
3-Cyciopentyl-2-{2-propenyl)-1 -mathyF-s-indciecarboxylic acid.

Br \?\; C;} \
i NaOH N~ ol
P e A
R
DMSO
Pd cat.

23-3

The 2-stannylindale 23-1 (1.280 g, 2,34 mmol; prepared using methods described in
WO 03/010141), triphenylphosphine (0.055 g, C.25 mmof}, Cul (0.045 ¢, 0.24 mmol},
LiC! {0.20C g, 4.72 mmal) and 2-bromopropene {0.444 mL, 5.00 mimol) were dissolved
in DMF (8 mL) and the suspension degassed by bubbling Ar for 20 min. Pda(dba)s
(0.035 g, 0.034 mmol) was added and after degassing for an addifional 10 min, the
reaction mixiure was heated to 100°C ovemight. The suspension was then diluted
with TBME (100 mL) and washed with brine (2 x 26 mlL}. The extract was dried
(MgS0,) and concentrated under reduced pressure 1o give a residue that was purified
by flash chromatography using 5 — 10 % EtOAC in hexane as eluent, The desired 2-
(2-propenyljindole 23-2 was obtained as beige sofid (C.57 g, 81 % vyisld): MS-ES mvz
208.1 (MH"). The methyl ester 23-2 was saponified in the usual way (NaOFH / DM3O)
{0 give ine comesponding carboxylic acid 23-3 in 96 % vield: M8-ES m/z 284.1 (M.
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EXANMPLE 24
3-Cyciopentyl-2-isopropyl-1-methyl-8-indole carboxyiic acid.

Following a similar procedure to that described in Exampie 2% for the 2-ethyl anealog,
5 the 2-isopropylindole derivative 24-2 was obtained as a white solid (88 % yiald): MS-
© ES m/z286.1 (MH. :

ExampLE 25
3-Cyciopentyi-2-cycEop'ropyi-'i-methyi~8—indoiecarboxy¥is acid.

4 i i A i \/\/?1\
"N 1 Buti N ? o NaCH s Ok
Br—g, Obie D_&Q)(\OMU | e “ !
. #d cat Buso ’
L/ e ZnBr i> 954 \> 252
Cyclopropyt bromide (0.471 g, 3.80 mmal} was dissolved in anhydrous THF (20 mi)
and the solution cooled to -78°C under an Ar atmaesphere. nBuli (1.0 M in hexane,

_ 3.60 mL, 3.80 mmol) was added and the mixiure stirred for 16 mih. ZnBr, (0.878 g,
.90 mmol) in THF (15 mL) was then added, the mixiure aliowed fo warm up fo RT

il

10

18  and the reaction stirred for 18 min. The 2-bromoindole 18-1 (prapared as describad in
Example 12 of WO 03/010141) (1.00@ g, 3.00 mmal) in "i”HF (15 mi) was added
foliowed by tetrakis(riphenyiphosphine)paliadium(0) (C.288 g, 0.25 mmol). The
mixture was stirred 24 h at refiux, at which point starting material was still present, but
the reaction was guenched by addition of AcOH (2 mi). Volatiles were removed

20 under reduced pressure and the residue taken up in TBME (100 mi). The axtract
was washed with saturated agueous NaHCO; and dried (MgSO.). Evaporation under
reduced prassure gave a residue that was purified by fimsh chromatography using 0 -
15 % EtOAG in hexane as eluents to give the desired 2-cyclopropyiindols ester 261 '
28 a light green solid (0.540 g, 60 % yield): MS-ES m/z 288.1 (MM, The methyl

95  gster 25-1 was saponified in the usual way (NaOH / DMSO) to give the corresponding
carboxylic acid 25-2 in 80 % yield: MS-ES m/z 284.1 {MH".
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EXAMPLE 26
3-Cyclopentyl-1-methyl-2-(1-pyrazolyi)-6-indolecarboxylic acid,

The 2;bremoindole 184 (prepared as dascribed in Example 12 of WO 03/010141)

5 (1.00 g, 2.97 mmal) and pyrazole (2.00 g, 20.4 mmol, 8.9 equiv.} were chargedin &
seaiad tube and the mixture heated to 160°C for 72 h. The reaction mixture was then
cooled to RT and charged on a flash chromatography column. The product was
eluted with 40 — 100 % EtOAc in hexane as eluents. The recovered material (1.60 g}
which was contaminated with pyrazole, was dissolved in a mixture of THF / MeOH /

16 water and basified with 1N NaOH. Organics were then evaporated under reduced
‘ pressure and the residue treated with conc. HC! fo precipitate the desired 2-
pyrazolylindole carboxylic aci‘d 26-1 (0.400 g, 43 % yieid). '

Analogs containing other N-linked heterocyclic substituents at C-2 of the indole ring
15 were prepared in a similar faghion, starting with nitrogen-based heterocycies such as
imidazoles and triazoles.

EXaMPLE Z7

(E}ms-{z-('i-AminocycIobuty!)«S-methyl-3H~benioimidazof~5~y§}acryiic acid methyl

(20 ester .
St oH N
= ) ol
)[\/i\ [ | \ri/\\l
e /L\/’\/\
o ol St \H o Sepz \H N N coomBu
271 sz 27-3
: Séepa
¥
NS KN
ey e
? /N FNF ™ coomen Siep 4 \‘i ™ coomu
-5 774
Step 1t

2 4-Dishloronitrobenzene (27-1) (81 g, 0.32 mol}, tristhylamine (68 miL, 0.48 mol}), and
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2.0 M methylamine in THF (500 ml., 1.0 mol) were mixed in a 3-L round botiom flask
aguipped with a Graham condenser under argon pressure. The solution was then
heatad at 40°C with stirming and 2 white solid started fo form (EthH+C!'“). After heating
for ~5 hrs, TLC (in 20% ethy] acetats in hexane) showed that the rsaction was ~60%
complete. Another two equivalents of the methylamine solution in THF (330 ml) was
addad and the mixturs was heated at 40°C with stirring for anothsr 18 hours. TLC
showed that ali starting material was consumed. The reaction mixture was allowad to
cool down to room temperature and the white solid was removed by filtration and
washad thoroughly with THE. The filtrate was concentrated under reduced pressure
and re-dissolved in BOC mL of dichloromethane, washed with water and brine, and
dried over N&,30.. The solvents were removed in vacuo fo give campound 27-2 as
an orange solid (58.5 g, quantitative), which was pure enough to use in naxt step,
Step 2

To a dry pressure tube was added compound 27-2 (2.88 g, 15 mmol), Pd(dbha), (414
g, 0.45 mmol}, P(:-Bu)s (0.1 M solution in dioxane, 18 mi, 1.8 mimol), and NN-
dicyclohaxyimethylamine (3.6 mL, 16.5 mmol) under argen. atmesphere. n-Butyl
acrylate {2.4 mlL, 18.5 mmoi) was degasssd with argon for 35 minutes before being
added to the mixture. The tube was then ssaled and the mixture was heated at 110°C
with sfirring over the weekand. The reaction was cooled to ambient tsmpsrature and |
diluted with ethy! acstate (200 mL}. The solid residue was removed by filtration of the
mixdure through a slfica gel pad and it was washed with ethyl acetate (700 mi). The
sitrate was concentrated in vacuo and co-evaporated with hexane three times, The
red solid was then stirred with hexanes (40 ml.) at 82°C. The mixiure was cooled i
0°C for 15 minutes and the red solid was collected by filtration and washed with
hexanes, and was further dried under high vacuum (3.4 g, 81% vield). The product
27.3 was about 90% pure by NMR. Additional product can be obtained from the
fiitrate by purification on fiash column.

Step 3t .

Compound 27-3 was converted to compound 27.4 using the method of Example 11,
step 5,

Step 4:

Compound 27-4 was converted fo cempound 27-8 using the method of Exampie 3.
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ExAmMPLE 28
{E}-3-{2-(1~Aminocyc¥obutyi)—7-ch[oro~3~methy§-3H-heﬁzimic%azoiu&y%}acryiic acid
methyl ester.

, N COOMe
oN P cooH C.N COOR DZN LOCMe 2
RN H T N HaH —e- BN
2 Stap 1 Step 2 <l Siep 3 i
28-1 285

28-3 28-4
. WNHBoo

U—COOH
y

‘ y H
Q—(N Ot 5?_ N, ~COOME Q_{\ o, 000N
Y et paman v 1 I R n e g i
BookN i BocHN N BooHN Ny,

Btap 5
cl Step® o Pe Gi
28.7 288 i 28.5

Biep 7 l

4

Q(N 2 00N
X
HZN NQ\J

Ci

Step 4 §

28-8
Step 1
4-Amnino-3-nitrobenzoic acid 28-1 (15.00 g, 82 mmof) was dissolved in AcOH (200
mL) and suifuryl chioride (6.52 mi, 82 mmol) was addsd. Tha mixture was stired for
2 h at BT, after which additionai suifuryl chioride (1.5 mil) was added to compiete the
reaction. After stirring for an additional 1 h at RT, the reaction mixiure was poured
over ice and the precipitated solid collected by filtration. The product 28-2 was
washad with water, air dried and used dirscily in the nexd siep.
Step 2: _ ) _
The crude product 28-2 was dissoived in MeOH (300 mL) and conc. Ha80, {1 mb)
wag added. The mixture was refluxed for 2 days after which point the conversion was
~75 % compiels. Volatiles were removed under reduced pressure and the residue
was partitionad between EtOAc and water. The mbdure was basified by siow addition
of saturated agueous Na,CO, and the organic phase separated. The exiract was
washed with brine, dried (Na,SC.) and concentrated {o give 28+3 as a beige sofid
(12.32 g) that was used directly in the next step. | '
Step 3:
The nitroaniling 28-3(11.32 g, 49 mmaof), sodium hydrosulfite (38.54 g, 204 rmmot} and
NaHCOs (17.15 g, 204 mmol) were dissolved in 3:2 EiOH — water B00mL). The

86

6.5 681 4 683.4
Lc H.. eT.

( 6.1



AN 11 ./2. H,0000HO j. TO607.5 147 | Br ...- H 6.4 1148 9 H/ N
14 NH, 52 586.4 1149 0 - ..... HNH 54 586.4 11 0j, N7-"N1 Br FF

orange mixture was stirred for 20 h at RT. EtOH was then removad under reducad
pressure and tha product extracted with £tOAc. The extract was washed with water
and brine, dried (Na,S0.) and evaporated to give compound 28.4 a brown solid {4.60
g, 46 % yield) that was used without purification in the next step.

5 Stepd:
The diamine 28-4 (1.00 g, 5.0 mmol}, N-Boc-1-aminocyclobutanecarboxylic acid (1.067
g, 5.0 mmol}, HATU (2.20 g, 5.8 mmol) and Et;N (2.10 mL, 15.0 mmol} were digsolved
in DMF (30 mL) and he mixture stirred for 2 days at RT. The reaction mixture was
poured onto ice and the precipitated solid collectad by filtration. The material was

15 washed with water, dissoived in FtOAc and the exiract washed with brine. The
solution was then dried (Na;S04) and concentrated under reduced prassure. The
residus was dissoived in AcOH and heated to 80 °C for 3 h. HPLC analysis indicated
complets conversion fo the desired benzimidazole derivative. AcOH was removed
under reduced pressure, the residus taken up in EtOAc and the solution washad with

15 agueocus NaMCO, and brine. After drying (MgSQ,), removal of solvent gave
compound 28-8 as an orange solid (563 my} that was used diracly in the next step.
Step &5
The benzimidaéole 28-5 (1,63 g, 4.28 mmal) and K,CO, {2.86 g, 21.45 mmol} were
suspended in DMF (10 mL) and lodomethane (0.27 mlL, 4.30 mmal) was added. The

20 mixture was sfirred for 3 h at RT. The reaction mixture was then pourad over ice and
the precipitated sofid was collected by filration. The material was washed with water,
dissoived in EtOAc, and the solution washed twice with § % aqueous citric acid and
brine. Afier drying {MgSQ.) and removal of volatiies under reduced pressure,
commpound 28-8 was obtained as a brown solid (1.44 g) thet was used directly in the

25 nextstep. '

Step &:

The methyl ester 28-6 (1.22 g, 3.10 mmol) was dissoived in THF {30 mb) and LiBH,
{0,243 g, 11.14 mmol) was added in small portions at RT. The mixture was then
stirred &t 40°C for 18 h. Since conversion was still not complete, additional LiBH,

30 {0,100 g, 4.6 mmol) was added and the mixture stirred for an additional 3 h at 70°C.
The reaction mixiure was cooled io RT and the residus diluted with £tCAc. Water
was carefully added and the organic phase separated. The axtract was washed with
water and brine, and dried {MgSC,). The crude alcohol 28-7 (961 mg) was combined
with other batches and putified by flash chromatography. '
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Step 7.
Purified alcohol 28-7 from above (0.450 g; 1,02 mmol) was dissolved in DCM (20 mb)
and Dess-Martin perlodinane (0.551 g, 1.30 mmol) was added. The mbdure was
stirred for 2 h at RT. (Carbethoxymethylenelriphenylphosphorane {0.850 g, 1.58

& mmol) was then added and the mixture was rafiuxed for 20 . Volatiles were then
removed under reducad prassure and the residue dissolved in 1:1 TFA DCM to
sffect removal of the Boc protecting group. After stirring for 1 h at RT, volatiles were
removed under reduced pressure and the residue was pariitioned between EtOAS and
1 N HCL The agueous phase containing the product was separated, neuralized with

10 2M Na=CO; and extracted 2 X with EtOAc. The extract was dried (N&;SQy) and

concentrated o give compound 28-8 as & white foam (212 mg) that was purified by
#iash chromatography using 80 — 100 % EtOAS in bexane as gluents, The desired
benzimidazole fragment was obtained as a white sofid (68 mg).

15 EXAMPLE 28
5-[2-(1-Aminocyclobutyl)-3-methyi-3H-bs nzotmidazol-5-yi}-3+-{1,3,4joxadiazol-2~

one
N, NO,
N g cons. S e
3 r O
o . MelH D\“i - - 'ﬁi/
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'Step 1
10 N HC! (2 mL) was added to a soiution of 3-fiuoro-4-nitro-benzaoic acid (28-1} {10 g,
54.0 mmol) in 300 mbL of MeCOH and the solution was refluxed for 15 h. The mixture
was then concentrated, the residue was diluied with EtOAc, and the organic phase

5 was washed with 2 X water and saturated agueous NaHCO;, dried (MQSO.;} filtwred -
and evaporated to give 10,45 g (87 % yieid) of compound 28-2 as a white sofid. The
compound was used ag such for the next reaction.
Step 2:
Methylamine (80 mL of a 2N solufion in THF) was added gropwise to a salutmn of

10 compound 28-2 (10 g, 50.2 mmof} in 100 mL THF at & °C. The mixture was further
stirred at 0°C for 20 min., then at room temperature for 15 h. The voiatiles were then
evaporated, and the residue was diluted with EiOAc, and the organic phase was

" washed with 2 X water, saturated agueous NaHCOs, dried (MgS0,), filtered and
svaporated to give 10.21 g (98 % vield; of comound 28-3 as an orange solid. The

15  compound was used as such for the next reaction.

Step 3:

Palladium (10% on charcoal, 1 g) was added o & solution of compund 28-3 (10 g,
47.6 mmol) in 400 mL of a 1/1 mbdure of THF-absolute ZtCH. Tha mixture was stirred
under hydrogen atmesphere for 18 h, then the solution was filtered io removs the

20  catalyst and concentrated to give 8.5 g (88 % vield) of compound 28-4 as an of-white
solid, The compound was used as such for the next reaction,

Step 4:
Compound 29.4 was converted to compound 29-8 using the method of Example 7.
Step 5:

25 A mixturs of compound 28-5 (730 mg, 2.03 mmol) and hydrazine monohydrate {500
pl, 10.3 mmol} in 8 mi ethanof was heated in & screw-cap vial @t 88°C for 72 h. The
solution was then concentrated, dituted with CH2Clz and the organic layer was washed
with water. The organic tayer was dried {Na,SC4}, filtered, and evaporated to yield
642 mg (88%) of compound 28-8 25 a grey-white solid that was used as such in the

30 following step.

Step 8:

Triethylaming (190 ul, 1.38 mmol) was added to & solution of compound 28-8 (350
mg, 0.87 mmo!) and 1,1"-Carbonyi diimidazole (190 mg, 1.17 mmol) in THF (5 mL).
The mixture was stirred at room temperature for 15 b, Volatiles were removed, and
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the residue was diluted with StOAs, washed with water, brine, and the organic layer
was dried (Na,80.), filtered and evaporated to yield 318 mg (85% yield) of compound
287 as a waxy white solid that wes used as such in the next step. '

Step 7:

TFA (3 mL) was added dropwise to a suspension of compotnd 28-7 (150 mg, 0.39
mmal in dichloromethane (10 mi.) and the resulting solution was stirred for 1 h, The
voiatiles were evaporated to yield 150 mg {(quant. vieid) of the trifluoroacetate salt of
the desirad compound 28-8 as a beige solid.

EXANPLE 30
B-f2-1 ~Aminocyciobutyl)-3-methyi-3H-banzimidazol-5-y[]-3-methyl-3H-1,3,4~
oxadiazol-2-one

o]

= O"‘k\ ' = ’&0

. o .
287 0

Potassium carbonate (32 mg, 0.23 mmol) was added to & soluticn of compound 28.7
(80 mg, 0.21 mmol) In DMF (1 mL}. The suspension was stirred at room temperature
for 15 min. lodomeathane (12.5 ul, 0.2 mmol) was then added and the mixture was
stirred for 3 h at room temperature. The mixiure was diluted with EtOAG, washed with
water (3 X), brine, then the crganic phase was dried (MgSC.}, filtered and evaporated
to yield 67 mg (81% yield) of a beige solid. Treatment with TFA as described in -
Example 28, step 7 gave 57 mg (quant. yield) of the trifluorcacetate salt of the desired
compound 301 as a belge salid.

Compound 30-1 may be coupled to indole intermediates of gensral formula [ fo glve
compounds of formuia 1, using the procedures of Examples 4 and 34, step 1.

80
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EXAMPLE 31

B-[2-{1-Aminoccyciobutyl}-3-m ethyl-3H-benzimidazol-5-yi-2-methyb-2H-pyrazol-3-
ol

Q ,n{ NaQH i
/\,/O N R o W R,
YLy e T Ty g

G Step t 311 o
' OF
208 g,
ol ol oo Step 2
o | B
; NQ o 1, MeNHNH,, FOH Q/ /
z j . s N =
i e O 2 TFAOHGE >r0\'f§ i Oz
N e {5 N X
NN Stap 3 S
: 31-3

Step 1:

NaOH (10N ,11 mL, 110 mmol) was added to a soluflon of compound 28-8 (5.0 g,
13.9 mmob In & 2:2:1 midure of THF, MeOH and water (180 mL) and the solution was
stirred overnight at room temperature. The mixture was then concentrated, the pH
was adjusted to 4 using 1N HCl, and the mixture was aviracted with EtOAc. The
organic layer was washed \f;ritﬁ brine, dried (MgSQy), fillered and evaporated io give
compound 31-1 (3.94g, 82% vyieid) as a white salid . The compound was used as
such for the next reaction.

Siep 2:

1, 1-carbonyidimidazole (702 mg, 4.33 mmoi) was added fo a solution of compaund
31-1 (1 g, 2.90 mmol) in THF (24 mL). The sotution was stirred for 15 h and was then
acded dropwise to a solution of the malonate anion (prepared via the addition of BN
{0.81 mi., 5.80 mmo}) and MgCi. (690 mg, 7.25 mmol) fo a salution of potassium
monoethylmalonates (1 g, 5.96 mmol) in ecetonitrile (10 mL) foliowed by sfirring at
room temperature for 2.5 h) at 0°C. The resulting mixture was then warmed slowly to
raont temperature and sﬁrfad for 2 total of 48 n. The mixiure was concentrated and
toluene was added. The mixiure was cooled fo 10-15°C and hydrolyzed slowly via the
addition of 1M HCI unl the oH reached 3-4, The layers were then separated and the
organic layer was diluted with EtOAc, washed with water, dried and evaporated to

81
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give a yeliow oil. The product was purified by flash chromatography ( Eluent. Haxane:
AcOEL 4:5 to give 885 mg (74% yield) of compound 31-2 as a white solid. ‘

Step 3 '

Methylhydrazine (28 ul, 0.55 mmol) was added to a solution of compound #1-2 (10
mg, 0.24 mmol) in EtOH (2.5 mi), The mbdure was stired at 80°C for 15 hre. The
mixture was then concentrated and water was added, followed by the addition of 1N
HGH to adjust the pH to 6-7. The agueous iayer was extracted 3 times with EtOAS,
and the organic phase was drisd (MgS0,) and concentrated o give 94 mg (88%
vield) of a pale vellow sdiid. Treatment with TFA in dichioromethane as described in
Example 29, step 7, gave 93 mg (cjuant. yield} of the trifiuoroacetate saif of compound
31-3. ‘

Compound 31-3 may be coupled {o indole intsrmediates of general formula 1l 1o give
corpounds of formuta |, using the procedures of Examples 4 and 34, step 1.

EXAMPLE 32 _

54241 -Aminocyciohutyly-3-methyl-3H-benzimidazob-3-yl}-3H-1 .5, 4-thiadiazol-2-
one

0
H—N . / S
oY Y
N/ Y GH TBTW & H
° — ) ) == 0
[o} 32-1
DMF
311
1. Lawosson reagent,
Step 1 o ?l dioxans, 100°C
Bp < |
P12 TRe, OH,O,
gZ/ |
S
N \/ R /N"?JH
P N\
&
322
Step 1

TBTU (380 mg, 1.18 mmol) and iriethylamine {380 ul., 380 2.73 mmol) were added fo

& solution of compound 31-1 (350 mg, 1.01 mmol} and ethyl carbazate (120 mg, 1.15

mmol) in DMF (5 mb). The mixture was sfirred for 15 h at rcom temperature and then
diluted with EtOAc. The resuiting organic suspension was washed with 2 X water and
1 X NaHCOq(aq.) sat. THF was then added to the organic layer to obiain a sohution

that was dried (MgS04), filtered and concentrated, The residue was triturated with
82 ‘
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EtOAC to give 200 mg (56 %) of compound 32-1 as a belge solid. The compound was
used as such for the next reaction. }
Step 2:

Lawesson Reagent (70 mg, 0.17 mmol) was added to a solution of compound 32-1

(150 mg, 0.35 mmol) in dioxane (10 mL} at 100°C . The resuiting mixiure was stirred

2t 100°C for 8 h. and then 140°C for 4 h. The mixiure was then cooled to 100°C , and
an additional portion of Lawesson Reagent (70 mg, 0.17 mmol) was added. The
solution was then heated at 100°C for 15 h. The mixturs was concentrated o dryness,
and the solid residue was triturated with EtOAc, and filtered. The resulting beige solid
{100 mg) was treated with TFA as described in Example 28, step 7, io give 83 mg of
the trifluorcacetate salt of compound 32-2. '

Compound 32-2 may be coupled to indole intermediates of general forula Il to give
compounds of formula |, using the procedures of Examples 4 and 34, step 1.

EXxamMPLE 33
[1-{1-Methyl-E-pyrimidin-2-yi-1 H-benzoimidazcl-2~yl)cyciohutyijcarbamic acid
tert-butyl ester z

KO, MaNHHC o i

5 O.N i
“ } H,50, 2 \/\\u Ei N ] i HN\ﬁ
= /g/\ & ¥ JI\\A
Br Br Step 1 Br Step 2 e

Br M Br oy Br
331 33.2 . 83 D
| Buasn\\H/N\}:} Step 3\ Ne,5,0,/K:00;
N Xy o .
Q{’ i BAFPR,), Ho Sy, HNe gy
BoohH . = N -

7T |
e A D DX
/ i\) Sut Bochi /N P or Step 4 HT = Br
257 Mo 2 Step 5

35-5 555
Btep 1 .

Commercially available 1,3-dibromobenzene 331 (4.1 L, 33.8 mmol) was dissolved
in concentrated sulfuric acid (35' mL) which was cooled in an ice-bath, Potassium
nitrate (3.4 g, 33.8 mmol) was added slowly {in small portions) so as to maintain the
internal raaction temperature below 10°C. The reaction mixture was stirred for an
additional 30 min and then poured into 1 L. of ice. The vellow precipitate formed (33-2)
was fitered and washed with water, dried under reduced pressure and used directly in
the following step.
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Step 2:

A mixture of compound 33-2 (8.3 g, 22.4 mmof) and methylamine hydrochieride (3.0
g, 44.8 mmol) in DMF (50 ml} and cooled to 0°C. Triethyiaming (9.4 mi, 87 mmal)
was added and the mixiure was allowed to sfir at RT for 3.5 h, then heated at 70°C
overnight. The mixture was poured Into water and the resulting precipitaie was
fiterad. The filtrate was extracted with EtOAc (3X) and the exiract was washed with
water (3X) and saturated NaCl, dried {MgSO0.), filtered and concentrated {o give a
mixfure of corpounds 33-3 and 33-4 as an orange solid {4.8 g}, which was usad as is
in the next step,

Step 3:

Reduction of the nitro compound 33-3 with NapS:0.4/KC0, was carried out using the
method dascribed in Example 11, step 5. Compound 355 (1.5 g, ~20 % vield over the
3 steps) was isolated from the reaction mixture afier column chromatography, using a
solvent gradient of EXOAG in hexanes from 17% to 25%.

Step 4! |

The dianiine 33-8 was converted to compound 33-8, using the method described in
Example 7.

Step & ‘

Argon was bubblad through a mixture of compound 33-6 (300 mg, 0.79 mmol}, iithium
chioride (87 g, 1.6 mmal), PPhs (31 mg, 0.12 mmol) and 2-
tributylsiannanyipyrimidine (385 mg, 0.88 mmol) in DWMF (6.0 mi) for 15 minufss.
PA(PPhz) (91 mg, 0.078 mmol) and Cul {15 mg, 0.078 mmb!} wera added and the
mixture was heated at 100°C for 24 h. The mixture was dilufed with £tOAc and the
organic phase was washed with water and bring, then dried (MgS0,) and
concentrated to give a yellow ofl which wes purified by fiash chramatography {(hexane:
EtOAC 3:7 to 2:8) to give compound 33-7 as a yellow solid {400 mg, 24%).

Compound 33-7 may be deprotected using standard conditions as described In
Example 29, step 7, and the resulting amine coupled to indole intermediales of
generatl formula [l fo give compounds of formuia |, using the procedures of kxamples
4 and 34, step 1. ‘

i wiil be apparent to one skilled in the art that the preparation of analogous
intermediates bearing similar heterocyciic or aromatic moieties can be carried out’

a4

Hll

H$CCOON
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using this procedurs or modifications thereof. Alternatively, the coupling reaction of
Step 5 may bs carried out using the conditions typical of the weli-known Suzuki

reaction (A. Suzuki, Pure Appl. Chem. (1894) 68, 213; N. Miyaura and A. Buzuki,

Chem. Rev, {1985) 85, 2457.).

EXAMPLE 34

(B)-3-[2-{1-{{2-(5-Bromopyrimidin-2-yi}-3-cyciopentyl-1-methyl-i H-intole-6-
carbonyl}-amino}-cyclobutyl)-3-methyl-3H-benzoimidazol-5-ylj-acrylic acid

‘“ ]
Sases

3 |

WO

1, METU, DIPEA, D!\v‘$0

GopE 2 NaOH, DMEO

o
i
N
LY

<,->. h =

i /:C‘l\/\

Ry FF ™ coon
GRy

Compound 18-3 {(Example 19} and compound 34-1 (prepared from compound $0-2
using the precadure of Exampie 3) were coupled using the method of Exampie 4 to
give compound 34-2 (compound 3088, Table 3) as a dark yellow seiid (8.3%;.
"H NMR (400 Mbz, DMSO-ds), & 1.83 (bs, 2H), 1.80-1.95 {m, 8H), 1.85-2.10 {(m, 2H),
2.70 (ddd, J = 8.3 & 10.6 Hz, 2H), 2.98 (m, 2H), 3.85-3.75 (m, 1H), 3.76 {s, 3H), 3.85
(s, 3+), B.54 (d, J= 15.6 Mz, 1H), 7.62 (d‘, J=8.4 Hz, 1H), 7.58 {d, J = 8.4 Hz, 1H}),

7.84 (d, J=8.2 Hz, 1H), 7.70 (d, J= 15.9. Hz, TH), 7.74 {d. /= 8.4 Hz, 1H), 7.86 (s,

14, 8.12 (s, 1H), 8.18 (s, 2H}, 8.20 (5, 1H), 12.25 (s, 1H).

ExanmpLE 35

3-Cyclopentyl-1-methyl-2-pyridin-2-yl-1 M-ndole-8-carboxyile acid 1 {1 -methyl-8-
(5-0x0-4,5-dihydro-1,3,4-oxadiazol-2-yi}-1 H—henzimidazaf-z-yﬂ-cyciobutyi}-amide
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Step 1t

TRTU (350 myg, .09 mmal) and ’zrie’chylaminé (380 mL, 2.73 mmol) were added to a
solution of compound 35-1 (compound 1025, Table 1) (487 mg, 0.89 mmol) and fer-
buty! carbazate {130 mg, 0.28 mmel) in DMF (8 ml.). The mixture was stirred for 2 h at
5 room temperature and then diluted with EtCAc. The resulting organic suspension was
washed with 2 X water and 1 X saturated aqusous NaHCOs;. THF was then added 1o
the organic laver and the resuliing solution was dried (MgSQC.), filtered and
concenirated. The residue was trifurated with EtOAC fo give 421 myg (72 %) of
compound 38-2 as a beige solid. The cempound was used as such for the next
10 reaction.
Step 2:
TFA (3 mL) wae added dropwise o a solution of of sompound 35-2 (200 mg, 0.3
mmel) in dichloromethane (3 mb) and the resuling solution wes stirred for 2h. The
volaiiles were evaporatad to yield 170 mg (guant. yisid) of the triftuoroacetats salt of
45 compound 35-3 which was used without further purification.
Step &
1,1-Carbony! diimidazole (25 mg, 0.15 mmol) was addad in one portion to a solution
of compound 36-3 (100 mg, 0.13 mmoi) and triethylamine (80 pl, .87 mmol) in 2 mbL
THF, and the resuliing solution was stirred at room temperature for 4 h. The mixiure
20 was then conceﬂtréted under reducad pressure, diluted with 4 mL DMSO, and directly
purified on a reversed phase Cas, semi-preparative HPLC column (using a solvent
gradient from 5% Hz0 in MeCN to 100% MeCN) to isolate compound 38-4 (compound
1128, Table 1) as a yellow amotphous soiid in >05% homogeneity (28 mg, 38% vield).
14 NMR (400 MHz, DMSO): & 1.54-1.68 (m, 2H), 1.78-1.93 {m, 6H), 1.84-2.05 (m,
25 | AH), 2.08-2.21 (m, 1H), 2.75-2.85 (m, 2H), 3.05-3.25 (m, 3H), 3.69 (s, 3H), 3.80 (s,
3H), 7.49 (m, 1H), 7.67-7.72 {m, 3H), 7.82-7.92 (m, 2H), 7.84-8.02 {m, 1H}, 8.06-8.15
(m, 2H), 8.78 {d, J = 3.9 Hz, 1H), 848 (s, 1H), 12.82 (s‘ 1H).
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EXAMPLE 36 .
3-Cyciopentyl-t-methyl-2-pyridin-2-yl-1H-indole-6-carboxylic acid {1-{6-{5-
amino-1,34-oxadiazol-2-yl)-1-methyl1H-benzimidazol-2-yljcyclobutyliamide

HH

\ \(\‘j\ Q / /{k
= NN M AR
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v} TRE TG

153 .

5 Ce{Di-imidazol-1-yl-methyleneamine (25 mg, 0.16 mmol) was added in a single
portion fo a solution of compound 35-3 {Example 35} (80 mg, 0.14 mmol) in THF (4
mi). The resulting solution was heated 1o 70°C for 18 h, after which time a white
precipitate was observed. The reaction was then concentrated under reduced
pressure, dissolved in 4 mL DMSO and directly purified ona reversed phase G,

10 semi-preparative HPLC column fusing a solvant gradient from 5% Hz0O in MeCN to

100% MeCN) to isolate compound.36-4 (compound 1128, Table 1) as a yeliow

amorphous solid in >25% homogeneity (19 mg, 23% yieid).

*H NMR (400 Miz, DMSO): & 1.84-1.67 (m, 2H)}, 1.79-1.94 (m, &H), 1.25-2.06 (m,

1H), 2.11-2.23 {m, 1H}, 2.74-2.84 {m, 2H), 3.19—3'_.05 {m, 3H}, 3.69 (s, 3H}, 3.81 (s,
15 3H), 7.48 (dd, J= 1.8 & 5.7 Hz, 1H), 7.58-7.71 (m, 3H)}, 7.86-7.92 (m, 2H) 7.96-8.01

(m, 1), 8.08-8.10 (m, 1H), 8.10 (s, 1H), 8.78 (d, J = 4.3 Hz, 1H), 8.51 (s, 1H).

ExampLs 37
3 -Cyclopentyl-1-methyl-2-pyridin-2-yl-tH-indole-8-carboxylic acid [1 ~{1=methyl-
20 6-1,3 4-oxadiazo!~2~y!~'iHwbenzimidazoi~2~yi}cyclobutyt}amide

%
r(\

A suspension of compound 38-3 (Example 27) (60 mg, 0.02 mmoly and

triethylorthoformate {1 ml., & mmo!) in dioxane (3 mL} was heated at reflux for 18 h.

Tha resulting almost clear solution was evaporatad to dryness, and the residus was
25  dissolved in DMSO (1 mi) and purified on a reversed phase Cqs, seMi- prepara%.wea

HPLC column (Using a solvent gradient from 5% HzO in MeCN to 100% MeCN) to

isolate compound 37-1 (compound 1130, Tabls 1) as a yellow amorphous sciid In

>05% homogenaity (27 mg, 53% yield}.
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"H NMR (400 MHz, DMSO): § 1.55-1,68 (m. 2H), 1.79-1.93 (m, 6H), 1.95-2.04 (m,

1H), 2.12-2.20 (m, 1H), 2.82-2.74 ¢m, 2H), 5.15-3.05 (m, 3H), 3.69 (s, 3H), 3.82 (s,

3H), 7.49 (dd, J = 2.2 & 5.3 Mz, 1H), 7.56-7.73 (m, 3H), 7.83-8.05 (m, 3H), 8.11 (s,
M), 8.33 (s, 1H), 8.78 (@, J = 4.3 Hz, 1H), 8.37 (s, 1H), 9.44 (s, 1H).

EXAMPLE 38 .
3-Gyciapenty!-z-{s-ﬂuorcwpyridin-2-yl}-1 ety H-indole-8-carboxylic acid {1-
[1-methyl-6-{5-ox0-4,5-dihydro-1,3,4-oxadiazol-2-yl}-1 H~benzimidazo§-2-yt}-'
cyciobutyli-amide

§ o

TBTU {45 mg, 0.'514 mmol) and tristhylamine (48 ml, 0.35 mmb!} were added (o a
solution of compound 38-1 (prepared using procedures described in WO (3010141
{45 g, 0.13 mmol) and compound 28-8 (Example 29) (48 mg, 0.11 mmaol) in DMF,
The solution was stirred for 15 hré and directly puttied on a reversed phase Cqe, 52Mb
15 preparative HPLC column (using a solvent gradient from 5% H.0 in MeCN to 100%
MeCN) 1o isolaie compound 38-2 (compound 1143, Tabie 1} 25 a yellow amorphous
solid In >95% homogeneity (23 mg, 34% yield).
TH NMR (400 MHz, DMSO): & 1.54-1.88 (m, 2H), 1.76-1.93 (m, BH), 1.83-2.04 {m,
1H), 2.07-2.20 (m, 1H), 2.72-2.82 (m, 2H), 3.00-3.15 (m, 3H), 3.87 (s, 3H), 3.82 (s,
20 3, 7.57-7.72 (m, 8H), 7.78-7.95 (m, 3H), 8.10 (s, 2H), 880 (d, /= 2.8 Hz, 1H), 8.45
(s, 1), 12,63 (5, 1H). :

ExXamPLE 3_9
inhibition of NS5B RNA dependent RNA polymerase activity
25  The compounds of the invention were tested for inhibitory activity against the hepatitis
C virus RNiA dependent polymerase (NS58), according 1o protocol described in WO
03010141,
98
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EXAMPLE 40

Specificity of NSEB RNA dependent RNA polymerase inhibition

The compounds of the invention ware tested for inhibitory activity against polio virus
RNA dependent RINA polymerase in the format that is described for the HOV
polymerase, with the exception that poliovitus polymerase was used in place of the
HCV NS5B polymerase, as is described in WO 03/0106141, The compounds were also
profiled for inhibition of the calf thymus DNA dependent RNA polymerase Hin a

previously described assay format (McKercher et al., 2004 Nucleio Acids Res. 32
422-431).

EXAMPLE 41

_ Cell-based luciferase reporter HCV RNA Replication Assay
Cell culture:

" Huh-7 celis with & stable subgenomic HCV raplicon thét encodes a modified

luciferase reporier gene (expressed as & luciferase-FMONV2A-neomycin
phosphotransferase fusion gene) were established as previously described (Lohman
st al., 1980, Science 288: 110-113; Vroljik et al., 2003 J.Virol Methods 110:201-208.},
with the exception that repiicon celis were selected with 0.25 mgfml. G418. The
amount of luciferase expressed by selected salls directly correlates with ths fevel of
HCV repiication. These cells, designated as MP-1 cells, are maintained in Dulbscco’s
Modifled Earle Madium {(DMERM) supplemantad with 10% FBS and 0.25 mg/mL
neomyein (standard madium). The celis are passaged by tryps%mzation and frozen in
90% EBS/10% DMSO. During the assay, DMEM medium supplemented with 10%
FBS, containing 0.5% DMSO and tacking neomyein, was used (Assay médium}. The
day of the assay, MP-1 cells- were trypsinized and diiuted to 100 000 celis/ml i assay
medium. 100 uL is distributed into each well of 2 biack 88-well ViewPlate™ (Packard).
The plate was then incubated at 37°C with 5% CO, for twe hours. -

Reagents and Maierials:

Product Company e Catalog # Storage f
DM Wisent inc. 5 10013CV 4°C
DWMSGC Sigma é D-2650 RT

| Dulbsceos PBS | Gibco-BRL E 14190-135 RT

89

204240
6.1 645.3
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Preparation of test compound:

The test compound in 100% DMSO was first difuted in assay medium io a final DMSO |

concentration of 0.5%. The soiution was sonicated for 15 min and filtered through a
0.22 uM Milipore Fitter unit, into column 3 of & Polypropylene Deep-Well Titer Plate,
the appropriate volume is transferred into assay medium o obtain the starting
concentratian (2x) to be tested. in columns 2 and 4 1o 12, add 20C pl of assay
medium (containing 0.5% DMSO). Serial dilutions {1/2) are prepared by transferring
200 pL from column 3 to column 4, then from column 4 to column 5, serially through
to colurnn 11, Cotumps 2 and 12 are the no inhibition controls.

Addition of test compound o celis: _

A volume of 100uL from each well of the compound dilution plate was trensfarred to a
corresponding well of the Cell Plate (Two columns will be Used as the "No inhibition
control™ ten [10) columns are used for the dose response). The cell cuiture plate was
incubated at 37°C with 5% GO, for 72 hours,

Luciferase assay.

Foliowing the 72 h incubation period, the medium was agpirated from the 86-well
assay plate and 2 volume of 100 L of 1X Gio Lysis Buffer (Promega) previously
warmed to room temperature was added to each well, The plate was incubated at
room temperature for 10 min with occasional shaking. A black tape was put at the
bottom of the plate. 100 pk of Bright-Glo luciferase subsirate (Promega) nraviously
warmed to room temperature was added to each well foliowed by gentle mixing. The
luminescence was datermined on a Packard Topcount instrument using the Data
Mode Luminescence (CPS) with a count delay of 1 min and a count time of 2 sec.

100

5.8 667, 2 Cpd. 8R' tRnns R2 Rs Rs Rs

Faial Bovine Serum Bip-Whittaker 14-301F 20001400
Geneticin (G418) Gibco-BRL 1 16131-027 -20°CI4°C
Trypsin-EDTA Gibco-BRL 25300-084 -20°CH4°C
ViewPlate'*-96, Biack Packard 5005182 RT
Backing tape, Black “Fackard 5005188 RT

| PVDF 0.22um Fiiter Unit Milliipare SLGVIZELS RT
Deap-Well Titer Plate
Polypropylens Beckman | 267007 RT

#
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15

20

25

2045 \ _H [ 6.0 681.2 H3C' COON Br
| Product Company Catalog # Storage
Glo Lysis Buffer Promega E286A 4°G

Bright-Glo Luciferasa Assay

. [ Promega E2820 -20°C
System

The luminescence defermination (CPS) in each well of the culture piate was a
measura of the amount of HCV RNA repiication in the presence of various
concantrations of inhibitor. The % inhibifion was calculated with the foliowing
sguaiion:

% innibition = 100- [CPS {inhibitor) / CPS (controf) x 100]

A non-linear curve fit with the Hill mode! was applied o the inkibition-conceniration
data, and the 50% effective concentration (ECse) was caloulated by the use of BAS
software (Stafistical Software; SAS institute, Inc. Cary, N.Cj.

TABLES OF COMPOUNDS
All compounds listed in Tablss 1 to 4 below were found to have unexpectedly goed
activity in the cell-based HCV RNA replication assay described in Example 41,

Retention times {iz) for each compound were measured using the standard anaiytical
HPLG conditions described in the Examples. As is well known to one skilied in the art,
retention time values are sensifive fo the specific measurement conditions, Therefore,
sven if identical conditions of solvent, flow rate, linear gradient, and the like are used,
tha reteniion time values may vary when measured, for exampte, on different HPLC
instruments. Even when measured on the same Instrument, the values may vary
when measured, for example, using different individua! HPLCS solumns, of, when
measured on the same instrument and the same individual column, the valies may
vary, for example, between individual measurements taken on different cocasions.,
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May cooH | <
)\N /L H | §>\ 48 | 5743
40141 A U : ’\) coont Y ‘
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CH3 5.6 577.3 ...,. 3129 HHCH3 5,7 605.4 Ow 3130 <;
1/4-NCI HCH3 5.4 608.3 6113 !%.."1,J _

, T
Cpd. | RUOR® |t | ms
Rt 1 R? o G RS ‘~><‘{
# : % (min) | (MAHY
4018 H =N é | & Q 48 | 5743
' . \5 COCH T
46| H h é H Q 62 | 5613
‘ o = TOOH OO
e | < _
40171 H 7N - H tK Q 44 | 560.3
\i cook| U7
awis| B PN | i H gz a5 | 5803
- ‘ \5 COOH R
4019 CHa \rs wi H Q . 88 | B802
N\/) COOH | - RO
- . e
27NN .
4020 | GH, s | H SZ 63 | 6082
= COCH OO
o
-~ N
4021 | CH. F b H Q 65 | 822.3
) \i L\‘cm:-i R
e
i’ bl -
= tIP cooH T
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689.3 Den C HCH3 7.1 687.6 3132 1-<))) HHCH3 52 575.3 ?
wherein RI, R2, le, R5,

RKR a (min)(M-1)4

TABLE 4
R6, 122, and kl are given in the table. Opt # R21R3

[ . \] (3
!de. 4 R2 RS Rs RE R><J = ' v
i R ‘ % (miny | GAHY
i #
@
‘4023 CH KLN - m o .1 Bi | 8183
O P |
- -
y 7N G =
4024 | CHs | ¢ é \I-HOOH ‘\ Q g1 | 8363
F K
i -‘
’,n' ——y - \\! ’d\'\o Q s 60? \
4025 | CHy h LGOGH : Kol .
o S~ =
&~
4028 | CHy Q & m . Q 50 | 6043
] cooH <O
Ol
i 1
* |
[ A \é Q 42 | 5743
4027 | CHs | 7 O { H R :
\\/N cooH <
‘ - e \ |
4028 | CHy @ (_j i%\cboH Mo ;2 44 | 5743
\N { .
’ﬁ[\“ { ) E8 | B0B3
4028 | CHy \1\/& é L CHs §Z . ‘
Lok Y
E
|
Z VI ; N
4030 | CHe | L U |1 H Eka gZ | 57, | 606.4
i | J '
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4001 CH7 "-"-"IN, L:-... .. ; \ COOHH 4.7 574.3 4002 CH 7. pi
L' :"j-,,1i1, \ COOH | 4A 589A i 4003 CH3 ---N ... COONH 6.4 5 5 4 4004
CH 1-5,---t , HCOOH 5A i 588 3 1
i R& R‘ll‘l
Cpd. 1 AN iz MS
i 2 g RE RE
2 R R R % \“z/%{ {min) | (MH)"
4031 | CHs = [ &,F H \l | . . 238 | 6103
5, e gogH| o, f ’
4 b k | g} 54 | 5993
4032 | CFs z} Ci: coont ¥
: 4 \h Q gq | 6752
4033 M Br @ oot S 5772
Z ] 5
: < H \ Q 52 16423
4084 | CH. | i | gb coon|
F F
=
1’ --IE.-
P .
4035 H Q O H m . Q .t oBa | Ba23
COGH B
[ e \
7 ' ! Y
, H . G4 | 6782
4038 H = l C \COOH R
F
4037 | GHg @ é H m Y 63 | 5922
] e e:2) N
£
, )
i M 1 Q, 54 | 8132
4638 | CH, ng»‘ ¢ soon| N
F ¥ i ]
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1i

\ COCH H |

1!

CH3 lin 11'12 1 4005 H\ COOH a8 1 589.3 |

4006 OH3 /

1
1563. Cpd. # RL R3 R5 R3 Fe" tRmn) ns
Cpd. R R" |t | MS
% 2 3 b RS \>%(
# R R R y {min) | (NEH)"
Né\*ﬂ m ey | 8672
4038 | CH; %/} H KT e
Br .
1 ow ‘/H \15 56 | 65703
4040 | CH; z—“/ | H 0 Q
’ s) K COOH T
' | ; A
4044 | CHs L\[j Q H ioom . .| 82 7083
FOF * :
Br
o @ R ‘
4042 | CHs %)\ >( H E\CDOH \ .| 39 | 8383
NH2 ‘\\ '
. ¥
|
. i
O | &
43 | CH | H .| es | 893
43| Ot | Y | N oo PN
LN
:&LN | | o
4044 | CH; ﬁj .O § M Q 54 | 8004 |
COOH <
o E
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(MH) * 4007
, 1 1 CooP.

\

H I cOON ' 591.4 4008 H o.
B

What is claimed is:

1.

A compound selected from:

\ OH;
O
/
N
I
N
\ OH:
8]
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5.8 549.3 4011 C-13 ,- 0 r2 H,Il1l \ COON -,
COONH' OK 6.5 577.4 4013 CH3 - | N I
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0, . . L./ HCOXK 4.8574.3 Cpd. R R REFe tR(mn) M (MW4
4016 H COON 4.9 574 4016 H/ :\ \ GOOH H 6.2 4017 H
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11-42) 6 H ( COCH 4A 560.3 4018 H
\ cocMH 5.6 5802 4020 CH3 1 .--

i \ COCH H 4.5 560.3 4019 Cl-6

,\' \ CDOH H 0. 6.3 508.2
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4021 CH3 c_7)--- -0 H GOGH 6Z 622.3 ,
112

7.0 604.3 Cpd.

9 tR (min)

e
\

ms (NI Hr

4022 CH3 7- .,..")\ Q
. 4023 CHs 7 |

OH;

OH;

157



COOH 5.1 618.3 4024 CH3 7 .,..."11 COCP, 1 4025 CH) GOGH\ O i "\
6. 6072 4026 CH--.. -\ \ COOH 6.0 6043 4027 CHa 1)

OH;
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42 574.3 4028 CH3 ..--- i%.} COON H 4.1 5743 4029
1)

il \ COHdCHs 606.3 5.8 4030 CH3 7 ---2Thil
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606.4 Opt # RLR2 R3 R6 R6 tR (min) M (Pni-i)t 4031 CH3 10 1 47-1 H
cooh 3.8 610.3 4032 CH 3 /\ -CY coo' HCX 4033 HBr 0 H\ COON
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6.1 575.2 577.2 4034 z=\r/ H COON 5.2 642.3 4035 H

/ Il 0 HI
0001-1 6.4 592.3 4036 H ----C1 ' ?.-> H\ O00OH 6,4 576.2

or an enantiomer, diastereomer, tautomer or pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition for the treatment of HCV infection, comprising an
effective amount of a compound according to claim 1, or a pharmaceutically acceptable

salt or ester thereof and a pharmaceutically acceptable carrier.

3. The composition according to claim 2 further comprising a therapeutically effective

amount of one or more antiviral agents.

4. The composition according to claim 3, wherein said antiviral agent is selected from:

ribavinn and amantadine.

5. The composition according to claim 3 wherein the antiviral agent is another anti-HCV

agent.

6. The pharmaceutical composition according to claim 5, wherein the other anti-HCV
agent is an immunomodulatory agent selected from o-, B-, 6- y-. T~ and w-interferon and

pegylated forms thereof.
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4037 CHa 0 H1\ 6.3 592.2 CCCH. 4038 CHs ..."K" F. H\ CODH
.1 5.4613.2 Cd 123 RR R3 R3 R

7. The composition according to claim 5, wherein the other anti-HCV agent is another

inhibitor of HCV polymerase.

8. The composition according to claim 5, wherein the other anti-HCV agent 1s an

inhibitor of HCV NS83 protease.

9. The composition according to claim 5, wherein the other anti-HCV agent is an

inhibitor of another target in the HCV life cycle.

10. The composition according to claim 9, wherein said inhibitor of another target in the
HCV life cycle is selected from an agent that inhibits a target selected from HCV heli-
case, HCV NS2/3 protease and HCV IRES, and an agent that interferes with the function
of an NS5A protein.

11. An article of manufacture comprising a composition effective to treat an HCV
mfection or to inhibit the NS5B polymerase of HCV and packaging material comprising
a label which indicates that the composition can be used to treat infection by the hepatitis
C virus, wherein said composition comprises a compound according to claim 1 or a

pharmaceutically acceptable salt or ester thereof,

12. A compound selected from

O

o
2z
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tR(min) M (IVIHt 4039 CH3 -7- 71--. | . H%.. | coo. .7 667.2 4040
CH3/ ) ( Hil COOH 5.6 629.3 4041 CH3 ....... 7B H.- -\ I\
c001-1 62 703.3
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4042C:Hé....," NH CX Hil NCOOH 3.9 639.3 4043 CH3 / ) I/" H COON
to 593.4 4044 CH3 COON H 64 609.4 What is clainmed is: |I. A conpound
selected from
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and or an enantioner, diastereoner, tautomer or pharmaceutically
acceptable salt thereof. 2. A pharmaceutical conposition for the treatnent
of HCV infection, conprising an effective anount of a conpound according to
claim1l1, or a pharmaceutically acceptable salt or ester thereof and a
pharmaceutically acceptable carrier. 3. The conposition according to claim
2 further conprising a thgrapgtiically effective amunt of one or nore
antiviral agernts. 4. Thegcon tionsaccording to claim3, wherein said
antiviral 3 : g{n ripavinn and amantadi ne. 5. The
conposi ti®yn accorg N : ~yhehein the antiviral agent is another

“’\\ ) A tqnposi tion according to claimb5,
wherein the oth G at ory agent sel ected from
a-. 13-, 5- iff. t- and co-interferoR / \ at e forms thereof 7. The
conposi tiog~according to claimb5, where oth€r anti-HCV agent is
anot her in!lii}or of HCV pol ynerase. 8. The conpo kfion according to claim
5, wherein*hg other anti-HCV agent is an inhibitor of HCV NS3 protease.
9. The conposition according to claim5, wherein the other anti-HCV agent
is an in#iditor of another target in the HCV life cycle. 10. The

wherein said inhibitor of another target

an agent that inhibits a target

sel ected from qy_he

that interfer@s wt 'Q?_ Yam NS5A protein. 11. An article of

manuf act uye oonpri siNg & CoHposi . to treat an HCV i nfection or
to inhibit the ’ Tase of HCV j& i material conprising a

| abel which indicateg that the conposit ks befused to treat infection
by the hepatitis wherein said conposition nprises a conpound
according to clai or a pharmaceutically acceptagﬁg salt or ester thereof

12. A coppgu qise&%_gﬁpékrg@al mMsﬂm?%ﬁ or the pharmaceutically acceptable
salts théreof. 13 c8hp8 n %aV|ng€%‘e structure or the pharmaceutically
acceptabl e salts thereof 14. A conpound having the structure

13. A compound having the structure
1 |
N
N
| N/ H N\ _
5 N N O

or the pharmaceutically acceptable salts thereof.
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or the pharmaceutically acceptable salts thereof. 15. A conpound having the
structure or a pharmaceutically acceptable salts thereof 16. A conpound

havi ng the structure or a pharnmaceutically acceptable salts thereof 17.
A conpound havi ng the structure or a pharmaceutically acceptable salts
t hereof. 18. A conpound having the structure or a pharmaceutically

accept abl &£ sadigoubdB580f the 3Quctdeconpound having the structure or a
pharmaceutically acceptable salts thereof

O
. /N
5 .

/N

v

or the pharmaceutically acceptable salts thereof,

15. A compound having the structure

_ NQ \/

N

o

or a pharmaceutically acceptable salts thereof.

16. A compound having the structure

A | Q(L

or a pharmaceutically acceptable salts thereof,
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17. A compound having the structure

N
wd N_(
~ <

iz,

or a pharmaceutically acceptable salts thereof.

18. A compound having the structure

OH

or a pharmaceutically acceptable salts thercof.

19. A compound having the structure

0
N \‘J N
L I ot
CE{ 3 4 B
— _N

or a pharmaceutically acceptable salts thereof.

OH
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