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Specification as at 23 08 2005 1 0-6- METHYLPYRI DI NE
DERI VATI VE, METHOD FOR PREPARI NG THEREOF AND

ANTI VI RAL  PHARVACEUTI CAL  COVPCSI TI Qe fE YRR 2 M3 gk oos
SAME 5 1. Field of the Invention The present 1Invention
relates to 6-nethyl pyridine derivative useful as an
antiviral agent, and nore particularly novel

6- met hyl pyri di ne derivative having an excell ent
inhibitory effect on replication of Hepatitis C virus

( HOUy-MEPHSIRYRIDING DERI VATTVE)ME THODHGR PREPARING
C é{‘%ﬁ%{gﬁhar maceuti cally acceptabl e salts thereof,
to AND ANGINIRAJ. PHARMA CEGERHCADL GOMPOSITION
antiviral pharnmaceutjcal conpgsition conprising the
compound as an act CSVIPRISENGSHE SPME.  Descripti on

of the Related Art Hepatitis C virus (HCV) is the

maj or eti ol ogi cal agent of non-A and non- B viral

hepat i t i SpiefiBrMmbEING POst-transfusion and
communi tﬁm‘uﬁ‘e%.j%ﬁte infected with HCV,
appr oxi Th¢ tetertQhoRkioh REBRE 86 6%&9&13%&&1@! %Qrite{tﬁie useful as an

synptomis nmanifested, progress to roni ¢ hepati

ardtivined agesst| artDoRS partifudalyesbvePeRlethylfyrififdi&sativ@having an
acute hepatitis causing hepatic cirrhosis, which is
ewaerlleat Inhibitory nfféw onadplicatibi wé Hepatitise€ .vivhs CHOIN@pegented
a_recently published report, nore than Specification
adydhe oilopinposulz I

O
I‘\ OH

-~

N™ "NH

()

or pharmaceutically acceptable salts thereof, to a method for preparing thereof,
and to an antiviral pharmaceutical composition comprising the compound as an

active ingredient.

2. Description of the Related Art

Hepatitis C virus (HCV) is the major etiological agent of non-A and non-
B viral hepatitis, mainly being post-transfusion and community-acquired. Once
infected with HCV, approximately 80% of infected people, given its symptom is
manifested, progress to chronic hepatitis, and the rest 20% of infected i:eople
progress to acute hepatitis causing hepatic cirthosis, which is eventually

transferred to liver cancer. According to a recently published report, more than
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200 mllion worldwi de are infected with HCV. For

i nstance, nore than 4.5 mllion Americans are

infected with the sane virus (The n (5 oL

be 15 nillion in maximm) and o or SBficdtnias kP13 08 005

Eur opeans are HCV patients. HCV is a nenber of the

Flaviviridae famly. Mre spegifically, HCV 5 has

about 9.5kb sized (+)- RNA (single stranded

positive-sense RNA) genone inside its envel ope. RNA

geMhmilonswotldwik an ufectednwitht HONAl Foe flistihcat mdra fthn 4.5

3" ends (UTR) and a | ong open reading frame (ORF).

ThinglieyRAmesicangare infeeted withahesameyintsThe innmberdis tifely to be 15
tp 3,040 am no acids by host cell enzynes and

3, o:lg : yes ar
di PigeRn megmany) apgepgredhans giillion Eusonsanss ae kY patiants)
tei host _cel | es and jt t .
A so CHSY 178 Sherifirof e GRS Bemi o A dpepiiaihg HOV
' f tively. Thi
e St Y248 B DS ORI SSHE PS80 0D Snome

_FIJ_LiSBi'ﬁE ks BUPEIBSS ‘R"Nﬁrg‘éngg'@ cb&Rdt Gfﬁﬁ ﬁﬁtirﬁ{slattﬂaﬁal\cl}jeﬁéﬁ'at 5'and

ong ORF 1s express as a polyprotern, an
t 18’ eudh (GDR} a4 lodigi 0pRA read@lg RAAE (ORBNS | BHil ORF is expressed as
processing, it is processed Into structural protelﬁs,
i . % polypragein libclading Fedl (roBgi40 {mino ecidsnsly hustl @tleenzymes and
ﬁlg%i en protein (El, E2), and nonstructural proteins,
V%ﬁﬁl dnteagdeytruguaal peateing eandr 6t eenstrycthesl i pratis, buibat cell
ease cof act NS4B (pr.otease cofactor,

i( ﬁ%?’g‘g%gl{dﬁ&% U} BROLRISR) ,fg{i)s@h?fear‘na unidmly copgarved region in the
; A

P RRRER 4 RO TR e e G B el o iy

diavic : _ i qna '

RSB o Bl i E g S L0

pr ot ei NThaléhglDRE &S 8RfFeRYd ab 8 bbRBrddiA! SRSErdYEID-tBRMational
cof actor (NS, NS4A;§}q§nd I\IS48? g,? the virus. §$he co?éona

artrippentrarstational progesingy itvis phocesselldan @Rich@ANpBieseiB. core

of the structural protein conpose a capsid of the

vidnggen ardeinhisored madruciece ahtigamopreiteis (Ellk E2)SSdanchstructural

NS5B . plg§ n inpartant role of the RNA replication of

t REotgins, ?%@goéqaéﬂg §S32(§erg§r Er@ﬁ:g% @quaa’se)g_ TS4fng¢§1ne protease

N%'o?a%%reréfé %S}o case clo ab:lco?,l }nlvg vegfinhr% gtta{ut:é),s N%S)llkl, ra;'chsl NS5B
(RNA dependent RNA polymerase, RdRp), each contributing to replication of
virus. The structural proteins are divided into core, El, and E2 by signal
peptidase of the host cell. Meanwhile, the nonstructural proteins are processed by
serine protease (NS3) and cofactor (NS2, NS4A, and NS4B) of the virus. The
core antigen protein together with surface antigen protein of the structural protein
compose a capsid of the virus, and the nonstructural proteins like NS3 and NS5B
play an important role of the RNA replication of the virus (Reference:
Bartenschager, R., 1997, Molecular targets in inhibition of hepatitis C virus
replication, Antivir. Chem. Chemother. 8: 281-301).

Similar to other Flaviviruses, the 5’ and 3' ends of the virus RNA has a
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replication, Antivir. Chem Chenother. 8: 281-301).
Simlar to other Flaviviruses, the 5 and 3' ends of

the virus RNA has a Specification ag @élﬁga%o?%ﬁ-é 082005
uni formy conserved untransl ati onal eg| on

Generally, this region is known to play a very
inmportant role in replication3of the virus. The 5 end
has 5'-UTR conposed of 341 nucl eotides, and this part
has the structure of 4 stemand | oop (I [, 111, and
| WYniformisu abisgrvedhingrahsintonad nsgiaa @HTR)Nt e(}mfai]ny; hisis aggion is
ent ry site 5 (I RES) necessary for translation

iorigax a vesapmpgtapt e imrepBeationonf] the ivirps.t HBhe §'temdh has

, h ha dth bl

4’ R eEmapen ocdisa %%%f&eg,i‘a%géﬁé ATt e g SHo PS4 om and
B S SBE0  PRob GRERE P s
el s A A broL A we
tfb@erﬁtlﬁmvlfﬁ(cﬂ-(ﬁaé Fef 81RBa CandSIRNEH: sthble LEIPRr& th erved

Honda, 1997, Internalribosone entry sites wt

R\equmcetes beén reppeitd td pla@thd must e’%ﬁ&im@I for nbosome blndmg
Fl aviviruses, semnars in Virology 8:274-288).

VIneddision, 2 mesest stadydtehiasha’ thdﬂ'lﬁla:mtmmeai'e @kpiedsed by initiation
nucl eotides. This, part is known to play a ver

rﬂfé‘ia!’%‘ﬁ‘tml}abp@cpﬁﬁlrtgl@m A G ghat @ﬁlStstle ;ﬁhqﬁmgiﬂ RM}% gf thﬁ stem IV
1%%%%@@33@ S S 4 S 8 kg e

*SSENEn 63, EQPASERS! of NS5l & ok U B

(%gﬁlﬁl)m mp\q}MFé}Lg 272{1@33 ng UTP consecutively, and the
rest of Mor e speC|f|caIIy X-tail -5 part

consi st Mor€dve)&h8 B le8Otaf SSUTR' chfipSscd &dfY3 BOASQENRMs.  This
sequence, and has three stem and | oop 20 structures,

t Iparteis knbenrtorgjay avery impartine rolerini tae ynisibtiotr btep &f binding of
Probably, this is why X-tail-5" part is considered
v V3P By inegsseniial enzynssef RNAdieplicatiahs o The B'-U'R, excortling to the

sequence and tertiary structure, is composed of three different parts: -X-tail-5'
starting from the S'end to 98th nucleotide (98nt), -poly (U)- having UTP
consecutively, and the rest of 3'-UTR-. More specifically, X-tail-5' part consists
of 98 nucleotides having a very conserved sequence, and has three stem and loop
structures, thereby forming a very stable tertiary structure. Probably, this is why
. X-tail-5' part is considered very essential of NS5B binding. Also, it is reported
that -poly (U)- part induces a pyrimidine track, facilitating RNA polymerase effect.
Lastly, the rest part of 3'-UTR part has the tertiary structure of loop and plays an
important role in NS5B binding. However, its structure is known somewhat
unstable. Overall, the 3'end region of HCV RNA is known to have an essential
structure in NS5B binding when the RNA replication starts (Reference: Yamada ef

al., 1996, Genetic organization and diversity of the hepatitis C virus genome,
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that -poly (U - part induces a pyrimdine track,
facilitating RNA polynerase effect. Lastly, the rest
part of 3'-UTR part has the tertiar%,shfUGi g 2033 H99F05
and plays an inportant role in NS5B binding. However,
its structure is known sonewhat 25 unstable. Overall,
the 3" end region of HCV RNA i 8 known to have an
essential structure in NS5B binding when the RNA
replication starts (Reference: Yanada et al., 1996,
Geﬁfé@lpglf%?@&fiﬁ@&lt)i on and diversity of the hepatitis C
virus genone, Specification as at 23 08 2005 4 ‘

Vi 1 ol ogyA1pong othey engymes afHRLY, 948y is din gurethatis difeutly involved

_ s pfi is dhez guesthabis e

v R B b fiinand s s reryGingeipo SR is SRGDEYS comisting
.St . i ] ds .havi h

o S S Bovip by e Eto 2R, S bk, " Sere are o

g SORACTRO090 e TR, TE 491 Yoo

NURBBN Sexists dBelvebH4he andRBBIR RXthEdrs 83P&IMe6R %.rfbeR@@f’f Bxists
aci d nunbers 196 and 298. Meanwhi |l e, essenti'al noti

anbetweac ilgsamhorno RNA hintshrnd 96 rahdages.vi Meavidle, ARfential motif

(am no acid nunmber 220), "Gy’ (anmino acid number

2 gaino agidy' foy RN biranglamliadsiznity 34T ) Asp’Aapling acidnmni@r 220),

acid numher 318), “Asp' (am no acid nunber 319%, and

T LyRY haciddianben Asd) Gy elpmin eeidarumbpr 3li7gle’dsph émino
virys_itself, this

| I f ot |
e fx%%fﬁéﬁﬁg“p%%ﬁ%ﬁcﬁa@m@@ﬁ&@s Shifimphgeid mimber
St ol PCIEE bR iBlahasit bl v
depend KRS . . 3 _
acid sg%‘%r% Er;%tb I'fs rﬁﬁoﬁg% g%?‘?g‘ltl ihg)gr %%@%n@%rp%ntm'mme'

adtchwiahy, V.Jer oV 1997, Bldch8hidi §(b%81)ties BRhesRifie Tevighs NGB RNA
was isolated in 1989 by nol ecular cloning (Reference:

Crispendegnt RN palymerdse8id idenlifitation ff arainoDiNAd Gquisice motifs
O enial for onpymmatic activity, /. viral. 71:8416-8428).

RNA genome of HCV was isolated in 1989 by molecular cloning
(Reference: Choo, Q-L, et al., 1989, Isolation of a ¢cDNA clone derived from a
blood-borne non-A, non-B viral hepatitis genome. Science 244:359-362).
Although there have been a number of molecular biological researches on HCV
from that point, there were always limitations due to lack of more effective cell
culture systems and animal models. Fortunately, the above problem has been
somewhat resolved by the introduction of a hepatoma cell line which made it
possible to replicate HCV more stably (Reference: Lohmann, V., F. Komer, J-O
Koch, U. Herian, L. Theilmann, R. Bartenschlarger, 1999, Replication of
subgenomic hepatitis ¢ virus RNAs in a hepatoma cell line. Science 285:110-1 13).

So far, no one has actually found vaccine or therapeutics that is very

effective for HCV. Hence, many pharmaceutical companies and institutes
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bl ood- borne non-A, non-B viral hepatitis genone.

Sci ence 244:359-362). Although there have been a

nunber of nol ecul ar biol ogi cal reseay,eh&s.RR K228 2005
fromthat point, there were always limtations due to

| ack of nore effective cell culture systens and

ani mal nodels. Fortunately, the above probl em has been
somewhat resolved by the introduction of a hepatona

cell line which nade it possible to replicate HCV
noareurst 4k worlde frer powg etryihg htoadeveloy. thefapetfidsnend plevéntion of
Koch, 'U. Herian, L. Theilmann, R Bartenschl arger,
19kepatifie bl | dHEY patiernts 258 pebyenfoni e veqid, i andsitsc froquensy to be
RNAs in hepat gma.cel| |ipe. Science 285:110-113).
Soprf’%‘ie,sseaoto aHG SUEhasiFandyor; Byggcapgercisn@ugh higher ‘than HBYV.
th p i C hat. i s ver effectiye for HCV. Hence,

ey op bl e bt aatensinsd he Breiiied fugtionib Bepantls, B¢ rescarch
SR&ELInLEdh 'n?é%h%gsrﬂtof %ﬁ? Qﬁuszg%ﬁ%ﬁm%&o ﬁx&%retsge eio'rpLegar%][irelfccted

now trying to vel op t herapeutics a pfeve

hepigli HAW tHrougdMobd tiaBithSoR bE nitHRYAN:E Ofai#HPeE%oE@lsi‘é‘Hrl t8ktooing,

and its frequency to be progressed to hepati

cibut hmest sofasedén HAV efectian ekes iptacdUliFough o direéhBRokiBMntact.
Al so, despite its high frequency to be progressed to
c rirlféiﬁﬁ:\@r,r@pﬁ% of the HO¥ patseastihdd narexiactekidwhow they became
mechani smof the virus is still under progress. People
arBiecisfle c o yiew,pk thietratinn.oib éha eoodrgentmetterstoodevelop a new
medi cati on Vi agghl ebocl \éiﬂs or tattooing, _but nps

ot

t of
c a@g@ne Qe thernelitics, o ek Biskases h1p @aRERE BG G sishppdiyerse
. 40-.50% t HCV ti.ent ti .
S A P R o
t NHepatitist B8l ATV, i id SoPh¥Ar % SHeORMfedRLt & c{;iﬁlfe@ﬁ&? Ioc.lit[;ing to
a new 10 vacciné and therapeutics to treat the

digeaetiedariahts. 9BeEsRL of 1Y fewishéceddeddo WRVEIB afl RAREMRESccine
bet ween strains and nutation. Once a person is

priog HESE e dAnasherhe>anipde ofi i@V i tidasménito s Mg Alphd $nt&@éron (o-
hard to see reinfection or coinfection owng to
ganetfpiony ar Hewevsr, thec appreadif proved toflewneiuthee qded teoause the

dee%f%l:tg pofaa{hahez;c gn?gr eirgr? o\rlla i%t"lelggt HCV genotypes were very diverse and
when its administration was discontinued, patients relapsed into hepatitis C in
most of cases. Hence it will be important to develop an inhibitor that binds only
to a particular HCV protein in order to control HCV replication. The best targets
of such research are NS3 protease/helicase and NS5B RNA polymerase of HCV,
These enzymes are very useful for developing anti-HCV agent since these types
of enzyme is not necessary for the host cell but essential for its own replication.
In other words, NS5B of HCV (RNA dependent RNA polymerase) is an essential
enzyme for HCV, and this makes the enzyme a good target for suppressing the

replication of HCV.
Now that HCV is not easily treated by vaccine, a new therapy using a-

interferon and Ribavirin was introduced. But this, too, caused side effects and
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for HCV. Another exanple of HCV treatments is using
al pha interferon (a 15 interferon). However, this

approach proved to be not that goodghega ta@§t23 08 2005
effects of alpha interferon on dlffe ent genot ypes

were very diverse and when its adm ni stratlon was

di scontinued, patients relapsgd into hepatitis Cin

nost of cases. Hence it will be inportant to devel op

an inhibitor that binds only to a particular HCV
prwasehot efifiectiveldor treatopnhemkitisi/ ripl éxagiplgrboihes#est HCV
targets 20 of such research are NS3 protease/ helicase
arRptiRs showed Wbreﬁlﬁ%m?a@eth@fntﬁ@mn thprapyeamhatyme 35% reacted to it

f ul fq deve| opi ng anti - HCV agent since these
vyt K Gpmporagheancetelnpre i bearis for ThRGem 006 ebie patints

AR SRR g o
arH@ﬁ'Sl@QK' ‘t?éczamtg glr%éﬂﬁr ef OlolEYer. 304 461 thfséﬂn%h(a%gec} 0% hepatitis C

enzyne a goo for suppt essi hg

r epikiif 36 Qiordlls. HEY shd¥eVedif QS‘VJ'@/tHeSH@Vt? s s)ﬁoW §306ined

by vaccine, a new therapy using a- terteron and

Rirbgponsd forwasre it @etoned, Bldanivhils, thé dst BRIV Sgbt§pedfound in
effects and Specification as at 23 08 2005 6 was’ not

efpfatienti werld widet is dafl anip) bgids not sasily tieated ey dntetferonabatipared
25% of HCV patients showed no reaction to the
| ri® rand Sc Wﬁé? apy casgrd cambination therapycvighlinterfaron andhtibavirin,

+ dbs et et vwan oo d " Wietie dpen %ﬁfzr'ﬂrttr'ﬁavglmérthw when i
L‘é’i’ﬁkﬁ%‘i biShe 1L elo A TE Bcal B8 FCVRAE b6 Bitstd Pt 5%&% like
R8¢ bhéni.  PhidtiBaviif gfrgs%nb!e(ﬁ] Eleen erferon

25 oof the HCV patients showe St A ned response

Mkéa dmhﬁrﬁs fio 17064 bE rema@mb Ih@paﬂtisec agéih "@/fﬁuﬁ& YRé actually
foun patient world wide 1s 1 | b) that is not

edlsi¢lypddr amcdngintirblyagent for freattng, h@@iﬁlﬁlﬂfﬁw suppregsiggithe Feplication
subtypes. I n case of conbination therapy with
i E&Eeron and ribavirin,

The present invention, therefore, is directed to develop a non-nucleoside
. small molecule having low toxicity and side effect but manifesting excellent
antiviral activity against HCV, by studying any possible compound that inhibits
the activity of the recombinant HCV RNA polymerase (NS5B, RNA polymerase).
After making so much efforts for developing a compound with excellent
anti-viral activity against HCV as an attempt to develop a new HCV therapeutics -
having low toxicity and side effect, the inventors finally succeeded to synthesize a
new 6-methylpyridine derivative represented by the above chemical formula I and

proved that this compound is indeed very effective for inhibiting the replication of
HCV.

Disclosure of Invention
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10 the treatment effect was doubl ed. Wat is known

about ribavirinis that when it was used alone, it

showed little effect on HCV and rat : i

effects like erythroclastic anem a%ﬁ%%fl}gﬁ%ré?%geﬁfﬁg 2005

was prescribed only when the interferon therapy was

no good or relapsed into hepatitis C again. So far, no

one actually developed an antiviral agent for

treating hepatitis C by suppressing the replication

15 of HBVis, Tthergfores emt objevierifi the, ptehentefroention So provide 6-

directed to devel op a non-nucleoside snmall nolecule

habetRypyading dsaiative, wuhigh is effectéve for inhibitingrthei replicating of HCV,

excellent antiviral activity agajnst HCV, by studying

arfPd plemageateal v, asssptabls atalts hereek §nf} praeded; for myensring the

the reco i nant HCV RNA pol ynerase (NS5B, RNA

po yr"r)eras'e). 20 After making so nmuch efforts for

devel opi i .ent i.2Viral .
ARGy %gﬁ%ﬂggﬁ&&f?ﬁf@h%@??s toggl‘dvﬁlé Q}hﬁrél\}\ellceuncal

activity again as an a pt to velop
HQYnipasition @utipEiSing NBY hhtSrel QMIcRRd Gk tay Fdtivd G&nﬁ&{negl\g,vtwhich

the inventors finally succeeded to synthesize a

6-hare tdwy bidy effelitnad thescon@hiowle for@pee@aned el Pyatinbe: cHhepatitis C.

chem cal formula | and proved that this conpound 1s

i ndeed Veraghist¢ ¢lot abevef ajedtyhthbiprésegt iventierp pravaddsomovel 6-
25 HCV. Disclosure of Invention Specification as

of oY .Cl ¢ _
atmethylpgridipe slerivative, gepreseaicdt by éhe formuily doshopn belew and its
present invention ovi de 6- nethyl pyri dine
d@%ia%%ewé?a F‘teﬁtal&’&§¥t?'ect ive for inhibiting the

replication of ¢iCV, and pharnmaceutically acceptable
sal ts theregqf d a nethod for preparing the
compound. ot obj ect of the present invention is

to providg a_pharnmaceutical conposition conprising
t he above cBnpdMrid as an effective conponent, which

)

As aforementioned, the above compound can be used in form of
pharmaceutically acceptable salts. As for that salts, an acid addition salts that
are prepared by pharmaceutically acceptable free acids are available. The
compound with the chemical formula I can make pharmaceutically acceptable

- acid addition salts following the conventional method in the related art. As for
free acids, both organic acids and inorganic acids can be used. For instance,
inorganic acids include hydrochloric acid, hydrobromic acid, sulfuric acid, and
phosphoric acid. Organic acids include citric acid, acetic acid, lactic acid,
tartaric acid, maleic acid, fumaric acid, formic acid, propionic acid, oxalic acid,

trifluoroacetic acid, benzoic acid, gluconic acid, methanesulfonic acid, glycolic
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has | ow side effect and is econom cal, for prevention
and treatnent of hepatitis C. To achi eve the above

obj ects, the present invention provisgg(g%gﬁ;() Ié313 230 2a005

-met hyl pyri di ne derivative, represent ormu
I shown below and its 10 pharmaceutically acceptable
salts. 0 ... (I) As aforenentg oned, the above conpound

can be used in formof pharmaceutically acceptable
salts. As for that salts, an acid addition salts that
aragidyseqanie deily4-plieemendfontd aad, lgjutanicapidd aepdrtieacidci ds
are avail able. The 15 conpound with the chem cal

f or nul a Anotgh aspereoihiha miesertuinvedionypravidepa atﬂtlmddﬁlcipdepaﬂng
addi tion salts follow ng the conventional nethod in
tr@mﬁ V/ )@@nsrqem%vef @Pgeswrt@iebba@eégl,lomgﬁcwgeani c

acids and inorganic acids can be used. For instance,

i norgani ¢ acids include hydrochloric acid, h@drobrom c
acid, sulfuri® acid, and~phogphoric aci gy ic
aci ds incl gg_firicH 'etiQ aci d, lagtic acid,
20 tartarilc acid, nnLeLn_anLd:Ifunaric acNd, Nform ¢
aci d, propiMnict acid, oxalic acid, trifluo cetic
aci d, benzoi¢ acid, gluconflc acid, nethanesly flonic
aci d, egcoI?c Specification as at 23 08 200% 8 acid,
succinic acid, 4-toluenesul fonic acid, glutatc acid
or aspartic acid. Another aspect of the preEe

i nvention provides a nethod for preparing

6- met hyl pyri di ne derivative, represented by the
follow ng schene: O Il 111 1

As shown in the above scheme, 6-Methylpyridine derivative of the
present invention, represented by chemical formula I, are prepared by reacting 2-
chloro-6-methylnicotinic acid of the chemical formula II with 4-(4-morpholino)
aniline of the chemical formula III. The starting material, i.c. 2-chloro-6-
methylnicotinic acid of the chemical formula II, and the reactant, i.e. 4-(4-
morpholino) aniline of the chemical formula Il are commercially available
chemicals for anyone to get.

To give more details on the preparation method described above, the
reactions are performed in organic solveﬁts such as methanol, ethanol,
isopropanol, dichloromethane, chloroform, acetonitrile, &, N-dimethylformamide,
acetone and the like, and in the presence of the weak tertiary organic bases such as
pyridine, 2,6-lutidine, 4-dimethylaminopyridine, &, N-dimethylaniline and the like,
for a relatively long period of time, namely one day to 6 days at a temperature in
the range of 40 - 80°C.

The present invention also provides the pharmaceutical compositions for

treatment and prevention of hepatitis C, which contains the 6-methylpyridine

derivative represented by the chemical formula I and/or its pharmaceutically
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5 As shown in the above schene, 6-Methyl pyridine
derivative of the present invention, represented by
chem cal formula I, are prepared by gheagtdidd a€at 23 08 2005
chl oro- 6-net hyl ni cotinic acid of thebgﬁenﬁi cala ormul a

Il with 4-(4-norpholino) aniline of the chem cal

formula Ill. The starting material, i.e. 2-chloro-6-
nmet hyl ni cotinic acid of the chemcal formula Il, and
the reactant, i.e. 4-(4 10 norpholino) aniline of the

c haseeriable sdtsmglan attive iagredicormer ci al | y avai | abl e
chem cal s for anyone to get. To give nore details on

the preddf&oMmpaAuidsohde demigal fsmulbasshe thesapentieschor bepatitis
O LB A RO, S o
£ BN bor DR TN TF ERET0 bE Ricpedics Grapraly used
a RS Sy Sk, BRI R Qi i ffBaratign, ggont or

| i oefactahiosr eﬁtcgﬁéxﬁbhxy B ¥mbRy8d.Pehl 186 nRhndinEEthe R5HE g¥eparation
one day to 6 days at a tenperature in the range 40

- 80 @ral ddreinisteson includes tibilats) péllss powday da6les BEcapsules. This
pharmaceuti cal conpositions for 20 treatnent and

preelié prensretion inebeasithe songountiof bhecahetradat Sortrhvéa I and more than
6- met hyl pyri %imne derivative represented by the :

c G SEAPIEy den sxamplpdstaich; calciypncationdei sadrpse or lactose, or

TS 3 S 00 e e,
: _ . LT c .

L ofidloR, bitfSnddind BF ARG tah % A, BACR'Ghidlyo bRV Simle
cldinksa harﬁ?l?&vaté}[‘ Rqui@ $AraSn, 2 thek RirddQ ro@e%ig{%ﬁg %{é lgamgctant,

drugs. |If needs 't o be prepared, a gener
disiwgetehinigrapenitliodgraht, | dregresebuitiveler As BbnHgdid grepmaicfor non-

di s- integration agent or surfactant or excipient can
b eoralmsinuyigtatidng stetibzevewnter sdutid aos-akiiebusrsehanaisigension or
oily medicine. Preferably used non-aqueous solvent and suspension is propylene
glycol, polyethylene glycol, vegetable oil like olive oil, and injectable esters like
ethyl oleate.
The effective dose of the compound of the chemical formula I is
controlled depending on the patient’s sex, age and condition. In general, it can

be dosed to adults 10-1000 mg/day, more preferably 20-500 mg/day, or one to
three times dividedly per day.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Now, the present invention is explained in detail by the following

examples. However, the examples are provided for illustration of the present
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for oral adm nistration includes tablets, pills,
powder, granules or capsules. This solid preparation

i nvol ves the conmpound of the chem C%@eéiﬁ&a[ﬂ&r@as'at?ﬂf‘% 2005
nore than one excipient, for exanple, starch, calcium

carbonate, sucrose or |actose, or 10 gelatin. As for
the liquid preparation for orl@ adm nistration,
suspension, solution, oily nedicine or syrup can be
used, but it can also enploy a sinple diluent, nanely
walngention nog fer laitadionithereaftr ot her ki nds of exci pi ent,
e.g. hunectant, sweetening agent, odorant, or
preservative. As for liquid preparation for non- ora
adm ni styatiqgn,, sterilized water sol ution, non-aqueous
sol vent tff“?ﬂfﬁlﬁ% sit oﬁr eBPrafE’"o\Fq?)ﬁ?WEéW&Tzr{éT(4PP9¥mP}/ anilino]
usgdo Eﬁﬁyeous sol vent and suspension is propyl ene

gl ycol, pol'yet hyl ene glycol, vegetable oil like olive

oi |, anglgigtin | : St ke s et ea T -
ef fecti veg dogdéﬂ (%? %gﬁggﬁn%gbincﬁﬁbdf’ %fzﬂl?elé_ %ﬁ%ﬁ?%@ﬁ@c@ﬁ%%lme’
| arel 7.2anl 6Dbldindlerendiqd @NG0NET REIChRRS{oPmS The rR%Gire was
and condition. In general, it can 20 be dosed to

achdated 00-60%UD Gndydtitey, forofiee pagsf at HOPY. 20/RAO0tHIU @dNon was
or one to three tines dividedly per day. DETAILED
DEcsemletvd, Ghe araction MREMERRED cBMBODD MMM RFnpdoaturet e a little

pr esent 'nventioa i s.explained in detail b¥ t he
£ IR RGPregPAisH salid Fanlierd apfarachashpitedl avleor chloroform to

provi for..illustration t he present Specification
D098 it 11 v Bl WER chpsePiaieopnder roduced
t NeRnfe FYAPIRidhe | i
o R T Tigbe peb R AER Hltio s of metkapohymad sifed or 1
hour. The product was filtered, washed twice with 10 ml of methanol and dried
in vacuo at 35 — 45°C to give 7.31 g of the desired compound (80% yield).
m.p.: 220-221°C
'H-NMR (DMSO-de), ppm: & 2.39 (s, 3H), 3.04 (t, 4H), 3.73 (t, 4H), 6.61
(dd, 1H), 6.89 (d, 2H), 7.57 (dd, 2H), 8.05 (dd, 1H), 10.21 (s, 1H)

Experimental example 1: test of inhibitory effect on activity of HCV RNA

* Polymerase (RNA dependent RNA polymerase, NS5B) in vitro

The following in vitro experiments were conducted to find out the effect
of inhibition activity of compounds of the present invention against HCV RNA
Polymerase (RNA dependent RNA polymerase, NSSB).

Construct of recombinant HCV RNA polvmerase

HCV RNA polymerase was prepared as follows.
HCV cDNA was obtained from the blood of HCV-1b type HCV patient
and NS5B region (1773bps) was amplified by PCR and cloned into pVLHIS, a
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5 5 g of 2-chloro-6-nethylnicotinic acid, 5.45 g of
4- (4-norpholino) aniline, and 7.2 m of pyridine were

added to 100 ml of chloroform The %%Héﬁ?%‘?aﬁqﬁe(%%S
to 60C and stirred for five days at 60C. en the

reaction was conpleted, the reaction m xture was

cooled to roomtenperature arid a little anount of
precipitated solid was filtered and washed with 10 ni

of chloroformto 10 renove inpurities. The sol vent
chbastlovinpirarsiercisatonto pepars racrdehinans dransfer vaotors sTheprepared

and the resi due was crystalllzed with 60 m of
rre'Fﬂ’éEFcSlveCtﬁﬁan herW%tBﬂ’ér NP\ gegior were optreerfetedyingo S 9 cell

f ! fn!ie “§ ?}H I %ggr%g@w%tg%acujl@@uﬁ 811 tgf ﬁngtwgen%[gg@ﬁ dgecombinant

dﬁéckﬁ%\%ﬁé%( SQL{Pf%EgB?) Blnipeg 1%3‘;'%20 22}(:1'&% tu§15 (Z‘I-tﬁﬂ with the
gkﬁé%lgﬁ%géb%glrﬁxi%cufo%gusz %ﬁ'& cu’lf@i% grgcé% :fgedl m%gntglqlgﬂg 10%

exEB®| for B: ~t£shayaf THﬂWblﬂhir@rb)‘otﬁf\fv@ﬁEelﬁﬂ Hitg &B/taiﬂf Lonly the
HCV RNA Pol ynerase (RNA dependent RNA of erase NS5B)

i ninectedocelle THee ¢edls|voant mashad thidertimepith PBSNE re@ispended in
conduct ed to find out the effect of inhibition

hinding puffer tHmMuNaphoiphetse(pbt 8 ani0mMyNaCl, oidnadainidazole,
S i
%%Adal ne raﬁfﬂﬁﬁb‘g% uréﬁ q@/aﬁﬁn iy, i %%p@g{aphy
iR OB e AR TR DS iy e
| IHh9g-tlgerd NSSH Al Holhd Y& RNTA k&il %ﬁ@%&a%héc?%m aﬂﬁdmg

transfer vector. The prepared transfer vector
wi budfer gereaiAmyP0mid dinddazuler Ehebdundes 38 tvagl elutudwﬁ ﬂ:& binding

cel |
buffer containing imidazole in a step-gradient manner (100 - 300mM). The NS5B
protein fractions were dialyzed against buffer [SOmM Tris-HCI, 50mM NaCl,

1mM DTT, 5Smg MgCl, 10% glycerol], followed by at -70°C in a small aliquot.

Construct of RNA template containing HCV 3’ end (3'-UTR)
The RNA Template containing HCV 3’ end (3'-UTR) was prepared as

follows.
The 3'UTR cDNA (220bp) of HCV was obtained from 1b HCV RNA of
the blood of a hepatitis C patient by PCR and cloned into pcDNA3 vector.
. Linearized DNA fragment containing 3'-UTR was prepared using the restriction
enzyme, EcoRI and used as a temperate for in vitro transcription using T7 RNA

ploymerase to prepare RNA fragment containing 3'-UTR.

Measurement of inhibitory activity of compounds of the present invention




10

15

20

25

line to yield reconbi nant bacul ovirus with the
hi sti di ne-tagged reconbi nant vector pVLH S NS5B. -
Sufficiently cultured insect cells \Q?E&ﬁi:z{ﬂif 6GL ﬁplzy\og %005
the 5 resulting reconbi nant bacul ovi fus ang cultured
in Gace' nmediumcontaining 10% FBS for 3 --- 4 days.
The culture broth was centriflaged to obtain only the
infected cells. The cells were washed three tines with
PBS and resusended in b| ndi ng buffer [50mMM

Li7slrslal? ENAPolyRGmdge Na@ire 10mM i mi dazole, 1nM
DTT 10% cerol 1% NP- 40], sonicated and the
cl eari zé’&ig‘fé Anlbifpry actvisi i the sommewnsisbetnthet PIRSBE ineegtion

R: deip ety RCRIR e Hheits s b ds B'az?%sgs
ol o 0 HbaidthSbated SRS 8% OP dRBplOrhe Timpte to
5QseMAamlinkaz 2 eue Thexbaun, e fﬁyb?gpwéj [ 6YtaM Nacl,

bi nding buffer containing 1m dazo ein
st EmMrMgCB 2omeIKer, 160 EDTA0MID T T dNSP Be lo"&‘punr%d HCV

protein fractions were dial yzed agai nst buffer
TrRNAHRIymE@edv20Gig and 3NATHT femBag MYE RerelOfded to each well.
glycerol], followed by at -70C in a small aliquot.

Cbﬁ?ﬂr St ef thramplertp|batesammet arasiaddedHO\ha3e fimabcBicenffaons

ortoh da O b bty wg)e}hé' Yirtg e%&zxeécimgg?n@nwaq%mmmg
naniPR B g Ok oty Hel Anf e, A %ﬁ@l‘%emscieoude for
ot Blogmep? E%'b%lﬁfg VS KPP BPHEY LOGR mh e

230 RadleWRR! aTRe fbtibMmbtthicOwid MENEHIPL B°C Yt BY nifuBA By
25 pl oynerase to prepare RNA fragnent contal ni ng
3'the Adtion\f B0V pobmicrak, hawWly pehahttd RNAYinkhidig UTP conjugated

conpounds of the present invention Specifi cat| on as a
2 vigigbiztin snd DIG were copied and these new RNAs could bind to streptavidin

coated on the well by biotin-conjugated UTP. After completion of the reaction,

~ the plate was washed three times with 200 #¢ of a washing buffer (pH 7.0, Roche
Co.) to remove unreacted substances and impurities. Then, 100 #¢ of the
secondary antibody anti-DIG-POD (peroxidase, Roche Co.) was added to each
well and incubated at 37°C for 1 hour.  Again, the well plate was washed with
the washing buffer. Finally, 100 #¢ of ABTS® (Roche Co.) as a POD substrate
was added to each well and reacted for 15 to 30 minutes. The optical density
(OD) was measured using an ELISA reader (Bio-Tek instrument Co.) at 405nm.
The inhibitory effect on the activity of HCV polymerase was calculated by
subtracting the OD of the positive control without the sample. The results are
shown in Table 1 below.

[Table 1]



on reconbi nant HCV RNA Pol ynerase in vitro In Vitro
inhibitory activity of the conpounds of the present

i nvention against reconbi nant HCV : 2

nmeasured as follows. A streptavidin- oé?(gég)é\i\ﬁggﬁts% ate 05
was prepared suitable for the sanple to 5 be

exam ned. 25 , of 2X assay bufifer [50nM Tris-d (pH
7.5), 100mM NaCl, 10mM Mg 2, 20mM KCI, 1nmM EDTA, 1nmM
DTT] and 10 la of purified HCV RNA pol ynerase 200ng
and 3'-UTR tenplate RNA were added to each well.

Testen, 5 | e of thehﬂnbmbxeofamtlbﬂyeﬁﬂm\hleﬂA\MyrﬂﬁdﬁX%)o

cﬂﬁél naﬂ 816 el}’gf § ;“egét%’fi sol ut | gljl HSZH?al ni Q%jgé/ml

ERpiBpledi gou gen|99) UTP bi ot 8n- UTP, | ATP, &TP, GIP, anqie

10

15

20

UTP~as a nucteotide for—theptoyrerase-—+eact+on—wth

the RNA tenplate of HCV 3'-UTR RNA was added to each
well. The reaction m xture was incubated at 22C for 60

rri nut es ASE§AR b e irpnthe fabpicy tahde, ylﬁéﬁ‘ peaved rfhatl fhe compound

T sPteE e The Bl ot ienlioh Fise SHEHPRAEbitoR! st acgvity of
ter kg et Bt et
r QB&EbP MnhibitiRg 1 E}E)I?Jaﬁo pH 4 t}ﬁ@@ﬁg} {'t%o”e§lsw il gcggv%ounds

| a of a washi ng buffer
uracesrdir@cio Shdpiesdhe @Bveatich EAABY ddviafBgeolBB ised 9 a'tl?er&ﬁeutlc or
the secondary antibody anti-Dl G PO% (péroxi dase,
Racerphylstiy agent ofitletetitis . each wel | and i ncubated at
37C for 1 hour. Again, the well plate was washed with
20 the washing buffer. Finally, 100 1A of ABTSR (Roche
Co.) aspa POD SLibStr was gdded to each well and
r eact ed 1e0ta] CXAHDIg; 4y GYEQLOXIGiEA :-'3‘ i caI density

st r undh S&jrte‘%%f’l*i%gﬁha? TR RIS el ViR qsh thg ehermical
t BSmagh 'lv'&%nqztngQ%%Wﬁs&n\ﬁﬁ&e& %k]ctﬂle Ef)tagig (ﬁythtte geperally

subtracting the e positive control

S&Rpva. MTITeask 85 UsihE TRHE 2 2511 IR RestRDl ewa]s B8l @Mhat CCsy

value of the compound employed for the experiment was greater than 100 pg/ml,

indicating that it is safe compound with extremely low cytotoxicity.

Industrial Applicability

As described above, the novel 6-methylpyridine derivative according to
the present invention represented by the chemical formula I have excellent
inhibitory effect on replication of hepatitis C virus and low cytotoxicity.
Therefore, they can be advantageously used as a therapeutic or prophylactic agent

of hepatitis C.
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Testlnhibition of activity of HCV RNA pol ynerase (%
conpoundl10 ,ug/m 1 pg/ 0.1 pg/ mOg @g”r@g
199826546 As can be seen fromthe ab 3%9?%@523%? 2005
proved that the conpound according to the present

i nvention show excell ent inhilBitory effects on

activity of HCV RNA pol ynerase whi ch plays an

important role_in reproduction of HCV, 5 thereby
ig&@akﬂiﬁbﬂﬂm$lﬁcation of HCV by this property. Al so,
t he conpounds according to the present invention can
be advant ageously used as a therapeutic or

pr ophyl ep Experi ment al

exanpl e%g&h cegfom t@ 3@@%}” ge??%’d’eoﬁpmsemed by the
CYbRE RIS ulQi 6- met hyl pyridine derivative of the

chem cal formil a 1, an in vitro experiment was

conducted on the bass of the generally known MIT
assay using HepG.2 cgll line. Inresult, it was proved
that CC50 val ug ot t h®Htonpound enpl oyed for the
experi ment was than 100 pg/m, indicating
that it is safe npu}hd with extrenely | ow
cytotoxicity. 15 Ingusirial Applicability As described
above, the novel 6- Wyl pyri di ne derivative according
to the present investron represented by the chem ca
formula | have excelllent inhibitory effect on
replication of hepatiths C virus and | ow cytotoxicity.
20 Therefore, they |[can]be advant ageously used as a

5 therapeutic or prophfl"actic ag.erab of hepatitis C.

or pharmaceutically acceptable salts thereof.

2.(amended) A method for preparing 6-methylpyridine derivative by
reacting 2-chloro-6-methylnicotinic acid of chemical formula II with 4-(4-

morpholino) aniline of chemical formula IIT as shown in the following scheme:

o
o
7\ X
XN “OH HZNON\ P M o
® . NZ>NH
N>

m

N/

3.(amended) A pharmaceutical composition for the treatment and
prevention of hepatitis C comprising 6-methylpyridine derivative, represented by

the following formula I;



Specification as at 23 08 2005 Wiat Is Clained Is: 14
1. (anended) A 6-nethyl pyridi ne derivative, represented
by the following formula I: 0 or p ﬁ?&ﬁ

accept abl e salts thereof. 2.(arrende§?é nephgggééabszoos
preparing 6-nethyl pyridine derivative by 10 reacting
2-chl oro-6-net hyl ni coti nic add of chem cal fornula I
with 4-(4 norpholino) aniline of chemcal formula I11
as shown in the follow ng schenme: O I1 111 |

3. (anmended) A pfjarmaceuti cal conposition for the

t reat nent gMention of hepatitis C conprising
6- net hyl pylfi dijne derivative, represented by 15 the
fol | ow f . Specification as at 23 08 2005 15

OH d.N~NH orjpharmaceutically acceptable salts
t hereof as an { ve i ngredient.

O

- or pharmaceutically acceptable salts thereof as an active ingredient.



