PHARVACEUTI CAL COMPGCSI TI ON COVPRI SI NG PYRAZI NE DERI VATI VE, AND METHOD
OF USI NG PYRUI NE DERI VATI VE | N COVBI NATI ON TECHNI CAL FI ELD [ 0001]

The present invention relates to a pharmaceutical conposition
conprising a pyrazine derivative or a salt thereof and one or nore
neur am ni dase inhibitor(s), which is useful in the treatnenttherapy
or prevention) of viral diseases. Mreover, the present invention
relates to a nmethod of using a razi ne derivative or a salt thereof

10 and neur ami nifdASEAGEMTY] PO Iddmbi FRMIESH SEBIC (EY&azmdtit (e. g.,
t herapy or preventi f influenza,  BACKGROUND ART [00021 I nfluenza
virus infection (héﬁ%ﬁﬁ%ﬁgggf %%E}QFEﬁPQdOFbU§§N§hﬁ Z8¥ caused by
i nfluenza virus is freque | _.di ecent years,
viruses such as avi an ian%%%%gAig®g %géiﬁgéihAtébﬁh exhi bit strong
pat hogenicity to humans. Avian influenza threatens to be pandem c.
However, drugs applicable to influenza are much fewer than
antimcrobial agents or the |Iike. For exanple, amantadi ne and
oseltamvir currently used have problens such as resistance to them
A nmet hod of Tscmgremtirimfbuenza virus agents in conbination has been
di scussed for the purpose of reducing drug resistance of influenza
virus, enhant0®@li herapeutic effects, and/or reducng side effects,
etc. However, the drugs used in conbination are limted in nunber and
do not al ways produce Batipfastnt yiefédrticn A0DOB¢s 1060a exanpl e,
neuram ni dase inhibitors are known as drugs that exhibit effects on

i nfluenza viPRBIMARIFaHEH} degeowhi tén | sorap 8§ keg gh yeppaoieen found
on the surface of influenza virus, is required for influenza virus

i nfecting® cel$slHtiHe Thrdatabr HrorRhus2RAOP? oPF fBPEEI ng to spread
to their neighboring cells, The inhibition of nei am nidase may
suppress th %ﬂﬁ%ﬂﬁﬁﬁ)a§ﬁuﬁpb }uehy® vi¥sCh ol § hgS et yhbor FRE cel | s.

For exanple%f%aeugﬁg;%édase i,nhibitor oseltamivir is conveited to

its active form 1R Vi VEEIRY I SFTETE STt i Of raf @t f ect s
h that ityi i hi in.d i i PATENT
Do 1) SR T MEAN L 49k S IR LR SEEUEEETER a6

neur am ni dasg dyHy bi g%%ggb%ﬁgéﬁq@a&&%&ééivgegp geé/gjff)pggﬁgélgﬁg

st udi ed, nd, a pyrazinb derivative

antiviralo actiqvidd 8sniis known ((RATENT MENT- dn 1 T4 SoRYEBZI Ne

derivative is known to exhibit antiviral effects upon 1 ntracellular

3 ri bosyl phasphamdrat | @ guchHdalpy tod bk d St Vb Uso RNM pol ¥pBRase
( PATENT DOCUMENT 2), However, neither a pharmaceutical conposition
conprising a neuram nidase inhibitor and a pyrazine 5 derivative nor
a nethod of using a neuram nidase inhibitor and a. pyrazine
derivative BACGKGMOIUNL iIART has been known so far.
[0002]
Influenza virus infection (hereinafter,

15 referred to as influenza) caused by influenza virus is
frequently a fatal disease. 1In recent years, viruses
such as avian influenza have occurred, which exhibit
strong pathogenicity to humans. Avian influenza
threatens to be pandemic.

20 However, drugs applicable to influenza are

much fewer than antimicrobial agents or the like. For



[ 0004 PATENT DOCUMENT 1: Panphl et of WO0O0/ 10569
10PATENT DOCUMENT 2: Panphl et of WO03/015798 NON- PATENT DOCUMENT 1:
Japanese Journal of Cinical Medicine, 2003, vol. 61, p, 1975-1979

DI SCLOSURE OF THE | NVENTI ON PROBLEMS T& BE SOLVED BY THE | NVENTI ON
15[ 0005] There has been a demand for a pharmaceutica
conposi tion whicblbasastnengiast endnbkyenzaiviFusuaethyiti escd thavikew
side effects and is useful for the treatnent (e,g,, therapy or
prevention) ofobhathaenzah26sandsfierancaethodhem.treat nent of

i nfl uenza. MEANS FOR SOLVI NG THE PROBLEMS [ 0006] Under
such circunstances, thé peebeftofnveaneranhs-¢conduened dikbhgeagents

studi es and 25 consequently conpl eted the present invention by fir
that a phar maBeGPPEAN2EORPOEREI BRASROAPFFEPRGIalpyr AEFNRUTROEET Vat i ve
r epr esent t he following8 ener al r a salt thereof

db f?rnuI?. %1) c _
and one o nﬁ%guﬁéﬁgaﬂFH?dﬁ PhANBFt BF 8 IPEBFAUFATEE, SNRREFENE R
or ' hal ogen aE DA CHRUC B FERF Bsentd &Tnoar BBERCar biroF Tafcrs et

or a hal ogen a repr

am no- pr ot ect;} ou h r anti-pnfl virus Lviti.es 10
and is usefuﬁb?gyg%heg??eggﬁé%tQggdi2_Iﬁgﬁéggggégnthég %§ﬁékﬁgdl§f
using these goRpEUNdsqi AoCRADI 9@&%9%_13%%%&ugaét%s@ae@wg;de@ffects.

treatment of influenza, ADVANTAGE
[0003]

10 For example, neuraminidase inhibitors are
known as drugs that exhibit effects on influenza virus.
Neuraminidase, which is a spike glycoprotein found on
the surface of influenza virus, is required for
influenza virus infecting cells of the throat or

15 bronchus and proliferating to spread to their
neighboring cells. The inhibition of neuraminidase may
suppress the spread of such influenza virus to the
neighboring cells. For example, a neuraminidase
inhibitor oseltamivir is converted to its active form

20 GS-4071 in vivo, which exhibits antiviral effects such
that it inhibits neuraminidase on influenza virus (NON-
PATENT DOCUMENT 1). Oseltamivir and zanamivir are
commercially available as neuraminidase inhibitors.
Such drugs have still been developed and studied.

25 On the other hand, a pyrazine derivative
having antiviral activities is known (PATENT DOCUMENT
1). This pyrazine derivative is known to exhibit

antiviral effects upon intracellular



[ 0007] . pharmaceuti 1 conposition conprising a pyrazine
derivative or a. salt thereof and one or nore neuram ni.dasehas
synergi stic strong anti- influenza virus activities and is useful for
the treatnment. (e.g., therapy or prevestion) of influenza. A nethod
of using these conmpounds in conbine useful as a nethod of treatnent
(e.g. therapyibosehphoaphotyiatioenzach BEST MODEnRORL CARRYI-NG @R
THE | NVENTI ON 1000 Hereinafter, the present invention
will be descppbederasdet BRTENT nDPGEEMPREsent specification, unless

ot herwi se specified, a halogen atom neans fluorine, chlorine,

broni ne, and iodi ne at3agevan, ae§ithebup Hﬁaﬁ@acﬁﬁFl@%énﬁP@Poélﬁdﬁmyl
group, a linear or branched C2-12 al kanoyl . group ., acety

pr opi onyl , bﬁ????fSl?%o@a?%??Pml%hﬁaﬁ?véPB&g}toénaﬁg @JpéFﬂﬁﬁéérbonyl
gr oupbenzyi car bon dr.ocar bon_car bon rou e.g.
benzoyi and %ﬁw%%iﬂ? SRR T TS

ni cotinoyl, th 9§y£orp35aogngygggﬁﬁgoaxkivseg bRy i Basbagil,
group, a giutaryl group eoy rou h group, “an %%

i near or br@gggegn?@ g pgakkanoyl group (mhlch nay be N-termnally
protected) derived fromamno acids (exanples of the am no acids
include glycimeosal anine, valine, |eucine, 20 isolencine, serine,

t hreoni ne, cystei ne, nethionine, aspartic acid, alutamc acid,
aspar agi ne, gl utan ne, pareiNi peculysine;: hbshpdise, ofydooryhysiae,
phenyl al ani . ne, tyrosine. tryptophan, proline, and hydroxyproline);
an al kyi b&ycar bonyl gr PAPENEaDSCUFBKT 25: exapbhlea biEn#an3g0 157amsched
Cl-22 a_ yl oxycarbonyl group such as methcxycarbonyi, ethoxvcarbonyi,
1, 1- di met hyl pr opoxycak®¥nyhTENEopPOPBRYEat bonyapanese Journal of
ethylhexylox carbonyi, tert-butoxycarbonyl, and tart-

pent yl oxycar }CaﬁnMgﬁth9¢ox%6é3b0ﬂ9l gﬁéuppneéﬁ§5 ﬂ8ﬁ9exanple an
ar-C _c al kyl oxycarbonyl group such as benzvl oxyca. rhonyl and
phenethyloxycarbonyl groups; an aryl oxycarbonyi group neans, for

§§ZE‘SI 2; an DS ORER IR el oL By et o ”Eal”z’l“”
oL sheny, et i oBhERE Y g 208 DR Bdpuion korval kol orous

netnoxyng%hy 0@@9 1 10 et hoxyet hyl ; an aral kyi oxyal kyl group neans,
for exa .c. al kyl oxy- 01 6 al kyl group such as

benzyloxynethyl and phﬁﬁ§£gy$9§hyéen[QOQ?éiﬁau??¥lEh HaPhQUR aans,

for exanple, a phenyithio 15 group; an a 1 group neans,

for exanpl e, cahkys st 6:0nyhi 9% ONRs S¥ehoag AREhYL suhleAyh, virus

et hyl sul fonyl, and propyi sul fonyl; an aryisul fonyi group neans, for

exanpl e, heﬂiﬂﬂfﬁﬂ&i@@yW1th few side effects and is useful for the
treatment (e.g., therapy or prevention) of influenza

20 and for a method of treatment of influenza.

MEANS FOR SOLVING THE PROBLEMS
[0006]
Under such circumstances, the present
inventor has conducted diligent studies and
25 consequently completed the present invention by finding

that a pharmaceutical composition comprising a pyrazine



t ol uenesul fonyl, and napht hal enesul fonyl groups; a 20

di al kyl am noal kyl i dene group neans, for exanpl e,

N, Ndi et hyl am nonet hyl ene and N, N-di et hyl am nonet hyl ene groups; an
aral kyli dene group neans, for exanple,,benzylidene and
napht hyl met hyl ene groups; a nitrogen-containing heterocyclic

al kyl'i dene gdeupvaeans, répre2bnexanpl,ethd@ following general formula
3- hydroxy- A- pyri dyl met hylene group; a cycioal kyl i dene group neans,
for exanpl e, [tycbopensyltdenerand eydl ohexytidene geoupsinadase
diarylphosphpr%i ?roup means, for exanple, a

di peenyl mhcsphoilylgeodp) : a di aral kyl phosphoryi group neans, for
exanpl e, a di benzyl phosphorvl group; an oxygen-contai ni ng

het er ocycl i c[&PKkY¥1lgrblp means, for exanple, a

5-nmet hyl- 2- oxo- 2H 1, 3-di oxol-4-yl nmethyl 5 group; and a substituted
silyi group neans, for exanple, trinmethylsilyi, triethylsilyi, and
trabutylsilyl groups. [0010] Ap‘lﬁ 0- pHPt ecti ng group enconpasses
all 10 groups avail abl e as usual gm Mmy-protecti groups. Exanpl es

t hereof include groups described i G RERE é? al ., Protective

G oups in Organic Synthesis, 3 edN, pJ[ 494-653, 1999, John Wley &
Sons, INC. Specific exanples thereof inQlude an acvl group, an 15

al kyl oxydar bonyi group, an aral kyl oxvcarbonyl group, an

aryl oxycar bonyl group, an aral kyl group, an al koxyal kyl group, an
aral kyl oxyal kyi group, an arylthio group, an aggyisulfonyi group, an
aryi sul f ohyi Veeeeb? R dird &1 aFendalek pengens griddisreat avel I8adtdene
group, a 20 nitrogen-containing het erocyclic_al kyl i dene group, 3
oycl oal kyl i dePRIFEUPS A AYAF9PBROIPABr YF §rbBapoIgn atom? and R

di ar al kyl phosphor vi_group n _oxygen- cont ai ni ng. heterocyclic al kyl
group, and a?§%5§???€?eﬁ @Yﬁ??g§¥0ﬁ59m2§fOﬁﬁlfglno'prO%gCtléﬁanples
of a salt of %Q& conmpound of the general fornmula [1] used in the

pr esent i nveh |&%'nay i nclude usually known salts of hydroxyl groups.

§ Cxampl es thereol may,l0clyfsngsant e thiR,ahtal ki FRLALELIYIR 123

sodi um and potassiuny salts wt al i ne-ear such as

cal ci um ghd mnf§i&%f@m@&%éa&é;ﬁtﬁegtsew §n‘f"ilhll%nz_a, and that

ni trogen-contai ni ng organi c bases such 5 as trinethylam he,

triethyl am ne,mdthbatyf amt Ny dhese cHYbBLRGEI dhNBombination is

N- et hyl nor phol i ne, di et hyl am ne, dicycl ohexyl am ne, procaine,

di benzyl am nese fhibeng yh -pphieset byl aptaenedtephenamibenzand N, N-

di benzyl et hyl enedi am ne. 10Desirabl e exanpl es of the salt include
phar macol ogi cal |y acceptable salts. A salt with sodiumis preferable.

ADVANTAGES OF THE INVENTION
[0007]

15 A pharmaceutical composition comprising a
pyrazine derivative or a salt thereof and one or more
neuraminidase inhibitor(s) has synergistic strong anti-
influenza virus activities and is useful for the
treatment (e.g., therapy or prevention) of influenza.

20 A method of using these compounds in combination is
useful as a method of treatment (e.g., therapy or

prevention) of influenza.



[ 0012] Desirabl e exanpl es of the conpound of the general
formula [1] used in the present invention include the follow ng
conpounds: conpounds represented by the general formula
[11 wherein R is a hydrogen atom R2 is a fluorin atom and R is a.
hydrogen atom 20[0013] The conpound of the general fornula [11 used
in the preseBEsrnventi e0ri saprEANGedUDyTERNDNNERYIORt hods known per
se in the art and may be produced according to, for exanple, a
producti on né0h6d]125 descri bed i n PATENT DOCUMENT 1. [0014)

Exanpl es of a neuram nidase inhibitor used in the present invention

i ncl ude conpounds t hendekeesabrer9 thei preaentvonvenaboni véslhaei ng
inhibitory effects on neuram nidase, such as oseltamvir, zanamvir,
peram vir, C$e8958PaAdIFRIRETILIOseltami vir and zananmivir are
preferablg. Gseltamvir is furthernore 5 desirable, %02151
The admi nPstration rouFE bR aPpRSFIRCEBAEFEAI CRbABDsI PRORSEF t he

presenu |nven bon IS not artl ularbélognlte and it g?ﬁorlne

adni ni st er ed°10°F Kt PavERG §F§e or al ftrd @cﬂ?ﬁ??y
hypodernlcalgxlorl?eé bﬁéﬁ&hgn’a9§h§88§xén9toﬁ%,tQﬁogggloéegpg%ented

admi ni stration ' rou oveér razine deriva

by the genergl.for miba Edlagict he s8LhyLhsteoh, may 1 breadbai st ered

wi th the 15 neuranini dase | bi t or S|nul aneously or in a particular

order. [0016}pranched C;.;, alKdopPhairmgeutd cal, corposi fiero ioﬁ?@

present invention is useful for the treatnent (e g., therapy or
prevention) ehtipllpenzavaleryl, and prglppavnagﬁuakeaL6conp05|t|on

of the present invention allows treatnent (e,g,, therapy or
prevention) aikpbrerksenelegroatibueazag., Moeeayercarbheyindi i dyall idr ugs
used exhibit strong anti-influenza 25 virus effects even when they
are adm ni stkeyedo¢ardecr easednahoantsp Thegef obenzbhéi pndespecti ve
side effects can be reduced, [0017]
naphthoyl), a heterocycllc carbonyl group (e.g.,
nicotinoyl, thenoyl, pyrrolidinocarbonyl, and furoyl),
15 a succinyl group, a glutaryl group, a maleoyl group, a
phthaloyl group, and a linear or branched o-
aminoalkanoyl group (which may be N-terminally
protected) derived from amino acids (examples of the
amino acids include glycine, alanine, valine, leucine,
20 isoleucine, serine, threonine, cysteine, methionine,
aspartic acid, glutamic acid, asparagine, glutamine,
arginine, lysine, histidine, hydroxylysine,
phenylalanine, tyrosine, tryptophan, proline, and
hydroxyproline); an alkyloxycarbonyl group means, for
25 example, a linear or branched C;-;; alkyloxycarbonyl
group such as methoxycarbonyl, ethoxycarbonyl, 1,1-

dimethylpropoxycarbonyl, isopropoxycarbonyl, 2-

ethylhexyloxycarbonyl, tert-butoxycarbonyl, and tert-



10 When the pharmaceutical conposition of the present invention is
used, it may usually be m xed appropriately with pharnmaceutical aide
used in formul ation, such as an excipient, a carrier, and a 5

di luent. These fornulations nmay be adngnistered orally or
parenterally in a formsuch as a tablet, a capsule, a powder, a
syrup, a grapeheylaxpchkboay$sHspenstonkyanx eoatisoenl qrseb Uhkhs, a
powder ed preparation, a suppository, eye drops, nasal drops,
eardrops, a patchxathplanp enhntnedi-s aikahoknfechoonl agecondi mgchoaa
conventional nethod. Moreover, an adm nistration nmethod, a dose, and
t he frequencyebtyadninesbeayl oandayhbectle) ot edaappropryatepy; an
according to the age, body weight, and synptomof a. patient. It nmay
usual | y be 18r#dfiKHFstreperl ogaPly Beapar eher afr§npesSg. 2 injection,
intravenogs drigs1 and adm nistration to a rectal site) to an adult
in one to°seV8FaVLiGFVFaEECUBSe?EY UdoSR sFEdf KBl 09X PP 1008 Ary/ kgL per
day. EXAMPLES 20[ 0018 xt, the present invention wll
be describedeﬁf?%g?ef%?eﬁﬁécfﬁ %%§¥f2&5ﬂBPe§9gﬁbﬁﬁvg??z¥ﬁe present
invention is,r i d.to,_bhe | im t he 0,01 25-

uor o- 3 nyar oSy SachYrEReRRL: D RSiv e tRePEr Rkl torntrafeltulths
T-705) was sele e ) -4 ich ks an in-vivo
active 11 %%rﬁ%ggxg§é3¥%n§%?§§ngﬁﬁgghn§§¥v?%&ﬂg¥§'sglggfed as

neur ani ni daSQlk?Dijéi@{_§1aiﬁyi hi 8o GONE 8Xh , 2 ESndOHdx Yagdni D £H8 1-

present tests was obtalned by extraction from Tam flu (comercially
avai | abl eodreghoxfothewedabyaba hydrokysi syacgesdbngetfsp €oaventi onal

nmet hod. [0020] Test Exanple 1 T-705 was selected as a
t est conpoundxafSt 4074n was-Sel esl edl asyacneuxakyybi dasepi sbchi aer, 10
(1) Culture of MDCK cells Madi n- Dar by Cani ne Ki dney

(herei naf t erpbeney boxedetloy hsaMDGK)ecethglsupmathuied at 37C under 5%
carbon di oxi de conditions in an Eagle's MEM medi um suppl enmented with
10% fetal bolP®@2kerumin the culture

an arylthio group means, for example, a phenylthio

15 group; an alkylsulfonyl group means, for example, a C;4
alkylsulfonyl group such as methylsulfonyl,
ethylsulfonyl, and propylsulfonyl; an arylsulfonyl
group means, for example, benzenesulfonyl,
toluenesulfonyl, and naphthalenesulfonyl groups; a

20 dialkylaminoalkylidene group means, for example, N,N-
dimethylaminomethylene and N,N-diethylaminomethylene
groups; an aralkylidene group means, for example,
benzylidene and naphthylmethylene groups; a nitrogen-
containing heterocyclic alkylidene group means, for

25 example, a 3-hydroxy-4-pyridylmethylene group; a
cycloalkylidene group means, for example,
cyclopentylidene and cyclohexylidene groups; a

diarylphosphoryl group means, for example, a



sol ution were dissociated by an et hyl enedi am netetraacetic
acid-trypsin nethod and suspended in the sane nedi um as above. The
cell suspension prepared to contain 2 x 104 cells in 100 pi, was in
turn inoculated to a 96-wel 1l plate. The cells 20 were cul tured
overni ght at. 37C under 5% carbon di oxide conditions to obtain a
monol ayer of dMXKngebhssph0021] gt3hpt nhl uenazal ¥y I psokpheelyl ograng
drug addition A test nediumused was a nedi um prepared by 25 addi ng
-1-tosyl am doe2nphefhykethyhpthl oaodebhytkykehoaph(TPCKyxdnpat ed
trypsin at a concentration of 3 lig/m, to an Eagle' s MEM nmedi um
cont ai ni ng 19 bgeinecsearuniapboatarsappl eaeat kdl worohre0eggsnl for
kanamycin and four 12 tines the usual concentration of vitam ns.
The MOCK cel £52BBtai ned>rhethelparagpraph-t13ydherelringddeiwhh an
Eagl e's NENInediun1after renoval of the_culture supernatant. Then, to

each wel |} tHECYDf | dWng SGgBAtSTWerE 844¥4: 91OBPLMBR En E3fle' s MEM
di t ai ni bovj bum it i L.t ti th
Concent rat| oFPORotTe. TooPeRRirtmvEo CereCar ARV T Bhroa vi rus (PRIS
(111M1)) SOIU£%8@t?9£E§%§§g%Qu4 0 x 103 PFU nL with an Eagle's MEM
) It 7 eht

medi um 10 contail nin ed trypsin at four tines the
concentratioqo@{o}he test nmedium and 50 Lof an Eagle's MEN nedi um
containing. T-705 or G3-4071 at four tinmes the target

concentration-705 targgh §@Dﬁ§ﬂb£@£éeﬂiﬁgtgéah%éfﬁcgﬁééssgsoél§1
0.0625, 0.125, 15 0,25, 0.5, 1, 2, and 4; and - 4071 target

concentradi ofr{WwpE1 I va 01 8684 325 0uO0825amDnO1B@bot8cO2hg §rBhps0. 1,
0.2, 0.4, and 0.8) or containing a T-705/GS4071 (5:1 ratio by wei ght
concentr ati onyampkésir ehatevheifioundei gesuphedtacgébedohaetit r gtrcenge
20After drug addition, the cells were cultured at 35C for 2 days
under 5% cardona Hi oxPdeteondiei Gnsypf 0022prg3hifNedynahesed, uptrake
assay Cytopathic effect éCPE) observed along with 25 influenza virus
proliferati of@wasP asé2ssed3 byl ?he, néehod¥idescri BedsinI¥C-Viral .

Met hods, 2002, vol, 106, p. 71-79 and PrDo. Nati. Acad. Sc., 1998,
vol . 95, p, BETALiBBYoexamples thereof hngspdengncafplefFeHPof 2N

cul ture, 0.033% neutral red solution diluted with
Cul o o HR R P Bkl (oS cenrar el kil e by EReBonubegrares an

vol une of 100 Ai to_each 1. The plate s.allowed to si nd 5 %t

35C under 598 LAt BORCHr BRI HE EERGPt i SRS L ThaY hodFSuPat 8F, SpRgxy31ky1
Dot . . . ne

Poi e ueh L pea Sa L e L SPUN PR, PYaPORL] Ahh PRy ALREE REBREROan

buffer, 100 ' i on, ud; d of

0 05 o /APl BLEbKE SPLUb) OFn k00 bl LBy APLE S, EOTROSSC O

ethanol at ldaradi hPyoyOkyBi¥as added, t oneachiwehk gefBegpbabe was

allowed to stand at roomtenperature, protected fromlight. Thirty
m nut es 1@t efi t ehsor-baneea { SH0g r Ha) e MBSy HBASUR Ay USHBEeAgroup, a
cycloalkylidene group, a diarylphosphoryl group, a
diaralkylphosphoryl group, an oxygen-containing
heterocyclic alkyl group, and a substituted silyl
group.
25 [0011]
Examples of a salt of the compound of the

general formula [1] used in the present invention may

include usually known salts of hydroxyl groups.



15 mcroplate reader (BIO RA[) Mdel 550). Uninfected controls were
prepared by adding instead of the influenza virus solution, 50 AL of
an Eagle's MEM nedi um containing TPCK-treated trypsin at four tines
the concentration of the test nmedium agd subjected to 20 the sane
procedures as those for the test group, followed by absorbance

measur enent . gkempbkanknheweblesmuit haut ubek ngaiinecubahedinkth hhe sMaCK
cells were subjected to the sane procedures as those for the
uni nf ect ed centhoks, sbdliliwednbypabseesbhances2btaeastheathtlikeghtirth
wel l's were used in each concentration. An average val ue was used, and
a nuneric valgsasdbt ainbdabycsubtpacthfgnehecabsor banvenofimbbank sf:r om
the measured val ue was used for followi ng 14 calculation as
absorbance. An¢aFaetsbvarhedibyosabtrractpnglinfiecaBsbibaRescsf such
infected controls fromthat of the uninfected controls was used as a
val ue of conpPef&iRhNBieToRSof LU PHEY PRBENPer AELBREYFRBLBSr nNibi ti on

oL o v VBEpAL SLotonel neRED oSt e, calculel o, aegord o o

lif i - . f single d ined,.d - -
Pabsor bance. aicrateiead L eRRfE o Pt RbEor badet st o a i nr puPRh -
control)-(Abgg%ggggglg%ihgtengghgggﬁggh2]angoggg}_(4) Anal ysi s of

conbi nati on romthe concentra,ions of single

drugs and tweideHgs1H88R8d1chBq¢aPhRation, the ratio of the 15
conbi nati on drugs, and the inhibition rate of virus proliferation,

the conbiipation effectscuwerebanakyzrgdlusi 8g SAS Eeleasac8ule( SAS
Institute Japan Ltd.) according to the Median effect method of Chou

et al. O nmephedsashbownital AdvancedtEhzyneaRegul aki enlt1884h 200k
22, p. 27-55, an equation for drugs whose nmechani sns of action are
conpl etel y i hdepeaflentbieom each ot her (nutually nonexcl usive drugs)
was used to calculate a Cl value, The conbination effects were
determ ned b&8eH26n a Cl value at 50% i nhibition of 25 virus
proliferation according to the descriEtion of the paper of Taira et
al . [Acta Medica OkayahaSirabbs, e¥slpPles, op. ths- 3gpreHefePrh €he 5.' 2
0.8 represents synergism _0.8. < Cl < 1.2 represents additivity, and
1.2 =" c§§ r%%?%g%ﬁtgoﬁﬂ?éﬁogﬂénPsféoﬁﬁ]tgﬁepFﬁﬁ?BFtF8ﬁ6P598§ of
virus proliferation of T-7 singly used, GS-4071 singly used and the
conbi nati on b?ci%g et%?u5%9§?81§§o§ﬁmPﬂu%§Bre 1, Results of analysis

using these val ues arecshowtho 1aPlLes2ncd08] chlaBlhcth: Seaghgiuse

[1] wherein R! is a hydrogen atom, R?> is a fluorine
atom, and R® is a hydrogen atom.
20 [0013]

The compound of the general formula [1] used
in the present invention is produced by combining
methods known per se in the art and may be produced
according to, for example, a production method

25 described in PATENT DOCUMENT 1.
[0014]
Examples of a neuraminidase inhibitor used in

the present invention include compounds themselves or



Si ngl e use of GS-4071 Conbi ned use of T-705 and GS-4071 Conc.
I nhibition Conc. Inhibition Conc. Inhibition (114/101) rate (Pd 7a)

rate (pg/m)

10

15

20

25

rate 0.0156 0.019 0.00313 0.019 0.01873 0.040 0.0313
9

their in-vivo metabolites having inhibitory effects on
neuraminidase, such as oseltamivir, zanamivir,
peramivir, CS-8958 and FRUNET. Oseltamivir and
zanamivir are preferable. Oseltamivir is furthermore
desirable.

[0015]

The administration route of a pharmaceutical
composition of the present invention is not
particularly limited, and it may be administered
intravenously, orally, intramuscularly, hypodermically,
by inhalation, by spraying, or through other
administration routes. Moreover, the pyrazine
derivative represented by the general formula [1] or
the salt thereof may be administered with the
neuraminidase inhibitor simultaneously or in a
particular order.

[0016]

The pharmaceutical composition of the present
invention is useful for the treatment (e.g., therapy or
prevention) of influenza.

The pharmaceutical composition of the present
invention allows treatment (e.g., therapy or
prevention) of more severe influenza. Moreover, the
individual drugs used exhibit strong anti-influenza
virus effects even when they are administered in
decreased amounts. Therefore, their respective side
effects can be reduced.

[0017]



0.067 0.00625 0.11 0.03755 0.21 0.0625 0.097 0.0125 0.14 0.075 0.41
0.125 0.27 0.025 0.25 0.15 0.59 0.25 0.43 0.05 0.29 0.3 0.73 0.5 0.60
0.1

10
When the pharmaceutical composition of the
present invention is used, it may usually be mixed
appropriately with pharmaceutical aids used in
formulation, such as an excipient, a carrier, and a
5 diluent. These formulations may be administered orally
or parenterally in a form such as a tablet, a capsule,
a powder, a syrup, a granule, a pill, a suspension, an
emulsion, a solution, a powdered preparation, a
suppository, eye drops, nasal drops, eardrops, a patch,
10 an ointment, or an injection according to a
conventional method. Moreover, an administration
method, a dose, and the frequency of administration may
be selected appropriately according to the age, body
weight, and symptom of a patient. It may usually be
15 administered orally or parenterally (e.g., injection,
intravenous drips, and administration to a rectal site)
to an adult in one to several divided dose(s) at

dose(s) of 0.01 to 1000 mg/kg per day.

EXAMPLES
20 [0018]

Next, the present invention will be described
with reference to Test Examples. However, the present
invention is not intended to be limited to them.

[0019]
28 6-Fluoro-3-hydroxy-2-pyrazinecarboxamide
(hereinafter, referred to as T-705) was selected as a

test compound. GS-4071, which is an in-vivo active



0.42 0.6 0.96 1 0.85 0.2 0.61 1.2 0.88 2 0.93 0.4 0.732.40.954 1.0
0.8 0.84 4.8 0.94 [Table 2] Ratio of conbined drugs (T-705:68-4071)
Cl value at 50% i nhibition

i il
form of oseltamivir, and zanamivir were selected as
neuraminidase inhibitors. In this context, GS-4071
used in the present tests was obtained by extraction
from Tamiflu (commercially available drug), followed by
5 hydrolysis according to a conventional method.
[0020]
Test Example 1
T-705 was selected as a test compound. GS-
4071 was selected as a neuraminidase inhibitor.
10 (1) Culture of MDCK cells
Madin-Darby Canine Kidney (hereinafter,
referred to as MDCK) cells subcultured at 37°C under 5%
carbon dioxide conditions in an Eagle's MEM medium
supplemented with 10% fetal bovine serum in the culture
15 solution were dissociated by an
ethylenediaminetetraacetic acid-trypsin method and
suspended in the same medium as above. The cell
suspension prepared to contain 2 x 10? cells in 100 puL
was 1in turn inoculated to a 96-well plate. The cells
20 were cultured overnight at 37°C under 5% carbon dioxide
conditions to obtain a monolayer of MDCK cells.
[0021]
(2) Influenza virus infection and drug addition
A test medium used was a medium prepared by
25 adding L-1l-tosylamido-2-phenylethyl chloromethyl ketone
(TPCK) -treated trypsin at a concentration of 3 pg/mL to
an Eagle's MEM medium containing 1% bovine serum

albumin supplemented with 60 pug/mL kanamycin and four



5:10,66 [0027] 10The conbi ned admi nistration of T-705 and GS-
4071active formof cseitam ir) exhibited nore excellent synergistic
inhibitory effects on virus proliferation than that exhibited by the
single-drug admnistration. [0028] Tegst Exanple 2 T-705 was sel ected
as a test. conpound. 5 Zanam vir was sel ected as a neuram ni dase
inhibitor. Attest was cenductefcenttheisanerwaytasihp.the nethod
described in Test Exanple 1. [0029] The inhibition rates of virus
proliferation 10 of T-705 ¥DAgl yeldsedpbzanaailvin shagbyragedphard)t he
conbi nation of these drugs are shown in Table 3. Results of analysis
usi ng these VareesiafpedsrHowh #n Fable'sd. MEYOBOJlipmabFeed] rSinnghe wse
of T-705 Conc, Inhibition (Pg/nll)rate Single use of Zanamvir
Conc. / nhi bi t FBR FRaGFARI FREEENatatbrbi RBENusBOopach well, the

5 following agents were added: 100 pL of an Eagle's MEM
medium containing bovine serum albumin and vitamins at
two times the concentration of the test medium; 50 pL
of an influenza virus (PR/8 (HIN1l)) solution adjusted
to 4.0 x 10° PFU/mL with an Eagle's MEM medium

10 containing TPCK-treated trypsin at four times the
concentration of the test medium; and 50 uL of an
Eagle's MEM medium containing T-705 or GS-4071 at four
times the target concentration (T-705 target
concentration (ug/mL): 0.0156, 0.0313, 0.0625, 0.125,

15 0.25, 0.5, 1, 2, and 4; and GS-4071 target
concentration (pg/mL): 0.00313, 0.00625, 0.0125, 0.025,
0.05, 0.1, 0.2, 0.4, and 0.8) or containing a T-705/GS-
4071 (5:1 ratio by weight concentration) mixture at the
four times the target concentration.

20 After drug addition, the cells were cultured
at 35°C for 2 days under 5% carbon dioxide conditions.
[0022]

(3) Neutral red uptake assay
Cytopathic effect (CPE) observed along with

25 influenza virus proliferation was assessed by the
methods described in J. Virol. Methods, 2002, vol. 106,
p. 71-79 and Proc. Natl. Acad. Sci., 1998, vol. 95, p.

8874-8849.



T-705 and Zanarnivir Conc.Inhibition (Pgina4rate 0,0625 0.062 0OM)31
0.062 0.01875 0.10 0.125 0./7 0.00625 0.12 0.0375 0/3 0/5 0.34 OM 25
0.23 0.075 0.38 0.5 0.64 0.025 028 015
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15
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25
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After the completion of culture, a 0.033%
neutral red solution diluted with a calcium/magnesium-
free Dulbecco's phosphate buffer was added at a volume
of 100 pl to each well. The plate was allowed to stand
at 35°C under 5% carbon dioxide conditions. Two hours
later, the solutions in the wells were removed by
aspiration. After rinsing twice with 100 pL of a
calcium/magnesium-free Dulbecco's phosphate buffer, 100
PL of a mixed solution of a buffer (pH 4.2; composed of
0.1 mol/L sodium citrate and 0.1 mol/L hydrochloric
acid) and ethanol at 1:1 ratio by volume was added to
each well. The plate was allowed to stand at room
temperature, protected from light. Thirty minutes
later, absorbance (540 nm) was measured using a
microplate reader (BIO-RAD Model 550). Uninfected
controls were prepared by adding, instead of the
influenza virus solution, 50 pL of an Eagle's MEM
medium containing TPCK-treated trypsin at four times
the concentration of the test medium and subjected to
the same procedures as those for the test group,
followed by absorbance measurement. For blank, wells
without being inoculated with the MDCK cells were
subjected to the same procedures as those for the
uninfected controls, followed by absorbance
measurement. Eight wells were used in each
concentration. An average value was used, and a
numeric value obtained by subtracting the absorbance of

blank from the measured value was used for following



0.69 1 037 0.05 0,49 02 0.87 2 0.89 CAOMO OM0.94 0/ 0.67 A
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calculation as absorbance. A value obtained by
subtracting the absorbance of infected controls from
that of the uninfected controls was used as a value of
complete inhibition of virus proliferation. The
inhibition rate of virus proliferation in each test was
calculated according to the following formula:

Inhibition rate of virus proliferation =
[ (Absorbance of single drug or combined drugs)-
(Absorbance of infected control)]/[(Absorbance of
uninfected control)- (Absorbance of infected control)].
[0023]
(4) Analysis of combination effects

From the concentrations of single drugs and
two drugs used in combination, the ratio of the
combination drugs, and the inhibition rate of virus
proliferation, the combination effects were analyzed
using SAS release 8.2 (SAS Institute Japan Ltd.)
according to the Median effect method of Chou et al.
Of methods shown in Advanced Enzyme Regulation, 1984,
vol. 22, p. 27-55, an equation for drugs whose
mechanisms of action are completely independent from
each other (mutually nonexclusive drugs) was used to
calculate a CI value. The combination effects were
determined based on a CI value at 50% inhibition of
virus proliferation according to the description of the
paper of Taira et al. [Acta Medica Okayama., 2006, vol.
60, p. 25-34] wherein CI £ 0.8 represents synergism,

0.8 < CI < 1.2 represents additivity, and 1.2 < CI



;0031.: Ratio of conbined drugs (T-705:Zanamivir) O value at 50%
inhibition 5:10.36 [0032] The conbi ned adm ni stration of
T-705 and zanam vir exhibited nore excellent synergistic inhibitory
effects on virus proliferation than that exhibited by the single-drug
adm ni stration. [0023) Test Exanple 3 T-705 was

sel ected as acbestecoppeundgoGSs4071 was sel ected as a. neuram nl dase
inhibitor. A test 10 was conducted in the sanme way as in the nethod
descri bed in(P83¢IExanple 1 using. Victorial/3/75 (H3N2[ as influenza
virus. [0034] The inhibition rates of virus proliferation 15 of T-705
singly used, GS-4071 sih§l yltdedtiand rekescerbivaaticorref ifresd igrugs
are shown in gaglg g. Results of anal ysiis using these val ues are
shown in TabP& 67/P o?%PgF?aBF§d51G§rﬁaﬂé §<896# F765 CAFFolthi biti on

(Pginth)rate 3 ngle yse gk %@é%27%rgggehgg'% H@Min Table 1.

Results of analysis using these values are shown in

Table 2.
[0025]
[Table 1]
Single use of Single use of Combined use of
T-705 GS-4071 T-705 and GS-4071
Conec. Inhibition Conc. Inhibition Conc. Inhibition
(pg/mL) rate (pg/mL) rate (ng/mL) rate
0.0156 0.019 0.00313 0.019 0.01873 0.040
0.0313 0.067 0.00625 0.11 0.03755 0.21
0.0625 0.097 0.0125 0.14 0.075 0.41
0.125 0.27 0.025 0.25 0.15 0.59
0.25 0.43 0.05 0.29 0.3 0.73
0.5 0.60 0.1 0.42 0.6 0.96
1 0.85 0.2 0.61 1.2 0.88
2 0.93 0.4 0.73 2.4 0.95
4 1.0 0.8 0.84 4.8 0.94
[0026]
[Table 2]

Ratio of combined drugs
(T-705:G8-4071)

5:1 0.66

CI value at 50% inhibition

[0027]

10 The combined administration of T-705 and GS-
4071 (in-vivo active form of oseltamivir) exhibited
more excellent synergistic inhibitory effects on virus

proliferation than that exhibited by the single-drug



(pg/wl.)rate Conbi ned use of 1-705 and GS-4071 Cone. I nhibition
(pg/raf.)zate 0125 0.026 OMD3125 0.086 0.01875 0.15 0.25 0.09 0.00825
0,14 0.0375 (137 0.42 0.0125 0.44 0.075 0.72 0.76 0.025 0.54 OAS

16
administration.
[0028]
Test Example 2
T-705 was selected as a test compound.

S Zanamivir was selected as a neuraminidase inhibitor. A
test was conducted in the same way as in the method
described in Test Example 1.

[0029]
The inhibition rates of virus proliferation
10 of T-705 singly used, zanamivir singly used, and the
combination of these drugs are shown in Table 3.

Results of analysis using these values are shown in

Table 4.
[0030]
[Table 3]
Single use of Single use of Combined use of
T-705 Zanamivir T-705 and Zanamivir
Conc. Inhibition Conc. Inhibition Conc. Inhibition
(ng/mL) rate (rg/mL) rate (pg/mL) rate
0.0625 0.062 0.0031 0.062 0.01875 0.10
0.125 0.17 0.00625 0.12 0.0375 0.23
0.25 0.34 0.0125 0.23 0.075 0.38
05 0.64 0.025 0.28 0.15 0.69
1 0.77 0.05 0.49 03 0.87
0.89 0.1 0.60 0.6 0.94
0.2 0.67
0.4 0.75
[0031]
[Table 4]

Ratio of combined drugs
h(T—705:Zanamiy{r)
5:1 0.38

CI value at 50% inhibition




0.92 0,86 0.05 a68 0.3 1.03 4 0.94 QA 0.80 0/ 018 [ 0036]
[ Table Ratio of combined drugs (T-705 :GS-4071) CI value at 50%

i nhi bition

10

15

17
[0032]

The combined administration of T-705 and
zanamivir exhibited more excellent synergistic
inhibitory effects on virus proliferation than that
exhibited by the single-drug administration.

[0033]
Test Example 3

T-705 was selected as a test compound. GS-
4071 was selected as a neuraminidase inhibitor. A test
was conducted in the same way as in the method
described in Test Example 1 using Victoria/3/75 (H3N2)
as influenza virus.

[0034]

The inhibition rates of virus proliferation
of T-705 singly used, GS-4071 singly used, and the
combination of these drugs are shown in Table 5.

Results of analysis using these values are shown in

Table 0.
[0035]
[Table 5]
Single use of Single use of Combined use of
T-705 GS-4071 T-705 and GS—4071
Conc. Inhibition Conc. Inhibition Conc. Inhibition
(ng/mL) rate (ng/mL) rate (ng/mL) rate
0.125 0.026 0.003125 0.086 0.01875 0.15
0.25 0.09 0.00625 0.14 0.0375 0.37
0.5 042 0.0125 0.44 0.075 0.72
1 0.76 0.025 0.54 0.15 0.92
2 0.86 0.05 0.68 0.3 1.03
4 0.94 0.1 0.80

0.2 0.88




5:10. 36 [0037] The conbi ned adm nistration of T-705 and G8 4071
(in-vivo active formof oseltamvir) exhibited nore excellent
synergistic inhibitory effects on virus proliferation than that

exhi bited by the single-drug adninistﬁ_ ion. [0038] Test Exanple 4
10T-705 was selected as a test conpound_ Zanam vir was selected as a
neur am ni daseggignlijbi tor. A test was conducted in the sane way as in

t he nmet hod descr|bed in Test Exanple 3. [0039] 15The inhibition rates
of virus prolirkenat ikon of T-705 singly used, zanam vir singly used,
and the conbination of these drugs are shomn in Table 7. Results of
anal ysi s usi L a ?rqu
of Single use o ﬁEHBgn; 4%79 - -

Cone, | nhi bi

705 Zaommiatie 3 305 andbZanedi vir

5:1 0.36

[0037]
The combined administration of T-705 and GS-

4071 (in-vivo active form of oseltamivir) exhibited

5 more excellent synergistic inhibitory effects on virus
proliferation than that exhibited by the single-drug
administration.
[0038]
Test Example 4

10 T-705 was selected as a test compound.
Zanamivir was selected as a neuraminidase inhibitor. A
test was conducted in the same way as in the method
described in Test Example 3.

[0039]

15 The inhibition rates of virus proliferation
of T-705 singly used, zanamivir singly used, and the
combination of these drugs are shown in Table 7.
Results of analysis using these values are shown in

Table 8.



flag/a)rate Cone,Inhibition rate

Conc. (tignal.) Inhibition rate

0. 1250. 026 0.0125 0.074 0.01875 0.032 0.250.092 0.025 0.14 0.0375
0.12 OS0.42 0.05 0/7 OM/5 O/7 1036 0.1 OAO 0.15 030
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[0040]

[Table 7]

Single use of Single use of Combined use of

T-705 Zanamivir T-705 and Zanamivir
Conc. Inhibition Conc. Inhibition Conc. Inhibition
(pg/mL) rate {(ng/mL) rate (ag/mL) rate
0.125 0.026 0.0125 0.074 0.01875 0.032
0.25 0.092 0.025 0.14 0.0375 0.12
0.5 0.42 0.05 0.27 0.075 0.27
1 0.76 0.1 0.40 0.15 0.70
2 0.86 0.2 0.60 03 0.87
4 0.94 04 0.71 0.6 0.94
0.8 0.81
[0041]
[Table 8]

Ratioc of combined drugs
(T-705:Zanamivir)

CI value at 50% inhibition

5:1 0.25

[0042]

The combined administration of T-705 and
zanamivir exhibited more excellent synergistic
inhibitory effects on virus proliferation than that
exhibited by the single-drug administration.

[0043]

As seen from the results, the combined
administration of a pyrazine derivative represented by
the general formula [1l] or a salt thereof and various
neuraminidase inhibitors exhibits synergistic anti-
influenza virus activities and is effective for the
therapy or prevention) of influenza.

treatment (e.qg.,

INDUSTRIAL APPLICABILITY



20.86 0.2 OAO 03 0.87 40.94 OA 031 A 0.34 OMO0.81 [ 0041] [Table
8] Rati o of conbined drugs (T-705:Zanamvir) 5:1 Cl value at 50%
i nhibition 0. 25

20
[0044]

A pharmaceutical composition comprising a
pyrazine derivative or a salt thereof and one or more
neuraminidase inhibitor(s) has synergistic strong anti-

5 influenza virus activities and is useful for the
treatment (e.g., therapy or prevention) of influenza.
A method of using these compounds in combination is
useful as a method of treatment (e.g., therapy or

prevention) of influenza.



The conbi ned adm ion of T-705 and exhi bited nore excel ynergistic
-itory effects on virus proation than the exhibitedthe single drug
admn tration. [0043] As seen fromthe results, the
conmbi ned adm ni stran. of a yrazine defivative represented by 10 the
general formuflor a salt thereof and various neuraniru,cjase

i nhi bitors exhi bsynergistic antl- Ickaﬁﬁnzaact|V|t|es and is
effective for the treatnent q: e reve % qi
influenza 2(41 [0044] pharmaceu w 537 ond

en; y |
ﬁgﬂféhsh?gafépﬁ’ﬁfﬁ%”aeo\ff%sv i Sy icf‘o“tap sefr?% ?f&’jla"iffruenme
virus actividles andd s uselul, of Ahetd AL (e ghnd et 2pY-ghs

prevention) 0 uenza. usin ese conpounds in

combi nation | fﬁe%ﬂ @}?ef’eé@té}%’ He té@%é@é‘tné@ﬂamlﬂf@é%y or

prevention) uenza. A pharnaceuti cal
conposi tion fﬁngfgggqu |nfluenza virus infection, conprising a
pyrazi ne derivative represented by the foll ow ng general formula or a
salt thereof[rsehone Or nore neuram nidase inhibitor(s) [Fornula 1]
RWHTr, 2-NHR- R O wherein RI is a hydrogen atom 14.2 is a fluorine
atom R3 is a hydrogen atom '2The pharmaceutical conposition
according to claiml, wherein th?fneuhi ' ase inhibitor is

oseltamivir or canamvir ::I:
Rz N NHR

0

wherein R! is a hydrogen atom, R? is a fluorine atom, R?
is a hydrogen atom.

2 The pharmaceutical composition according to
claim 1, wherein the neuraminidase inhibitor is
oseltamivir or zanamivir.

3. The pharmaceutical composition according to
claim 1, wherein the neuraminidase inhibitor is
oseltamivir.

4., The pharmaceutical composition according to
claim 1, wherein the neuraminidase inhibitor is
zanamivir.

5. Use of a pyrazine derivative represented by
the following general formula or a salt thereof and one
or more neuraminidase inhibitor(s) in combination for
the manufacture of a medicament for treating influenza

virus infection:



3. The pharnmaceutical conposition according to claiml, wherein the

neur am ni dase inhibitor is oseltamvr, The pharnmaceuti ca
conposition according claiml1, wherein the neuram nidase inhibitor is
zananmj vir, Use of a pyrazime derivative represented by

the follow ng general formula or a salt thereof and one or nore
neur am ni dasigdmhills tr (s) in conmbination for the manufacture of a
medi canent for treating in virus infection: 22 [Formula 2] -OHO
wherein R is a hydrogen atom R2 is a fluorine atom R2 is a
hydrogen atom 6. The use accorﬁ@ng NS chgi m 5, wherein the

neuram ni dase inhibitor is eseltamyir>pr zanamvir. 7. The use
according to claimb5, wherein the,n&ur i niglgee i nhibitor is
oseltamvir. B.The use accordi ngRto cNai nj[5, wherein the

neeram nidase inhibitor is zanamvir. (0]

wherein R' is a hydrogen atom, R? is a fluorine atom, R?
is a hydrogen atom.

6 The use according to claim 5, wherein the
neuraminidase inhibitor is oseltamivir or zanamivir.

7. The use according to claim 5, wherein the
neuraminidase inhibitor is oseltamivir.

8. The use according to claim 5, wherein the

neuraminidase inhibitor is zanamivir.



