| NTRAMUSCULAR ANTI VI RAL TREATMENTS 5Backgr ound The i nfl uenza

vi rus neuram ni dase inhibitor peram vir has marked activity against
the influenza virus in vitro and in experinentally infected mce
(Govorkova et al., Antimcrobial Agents and Chenot herapy, 45(10),
2723-2732 (20012)' and Snmee et at, Antimcrobial Agents and -

(" henot her ap)'O A¥(14P4 743- 10 748 (2001)). Unfort unat BFYUSRISOKE,)
trials using peramvir showed an undesirably low inhibitory effect on
i nfluenza in humans followi ng oral adm nistration over a period of
days. Currently there remains a need for nethods and fornul ations
that are useful for treating viral infections such as influenza

i nfections. 15 SummrngF.RégW THEARANIT YR TREATMENT v ent i on It
has unexpectedly been discovered that a single intramuscul ar

-adm nistration of peramvir-to a use is, effective to treat

i nfl uenza. THese findings are unexggéigéﬁ%t only because of the high
ef fectiveness of a IhéafeenZdviasfdufinihidat nbbitaipctaieidampatad, but al so
because of the | ow dose of .the conpqund that was found to pr.ovide

ofT et ve. t r oatiHaHE RS DR BTREG G L BrarH 1 ROPSBATD Cttey TGt ui
effects with a @ongkeaachil tbisiicrabilofgenSaidiqhendidrtpy, @ 2723-282

because it mnigjzes patient, conpliance issues that res om t he
need for nulti p@&gﬁﬁlgﬁ?‘%ﬁteﬁg’% Ilcm%ﬁg%ef’% ﬁ'éf@if,mo?’ﬁ’é’wéd%jﬂ i%g'r ation
of a | ow dodé i&E8ZR0ILNpUnfodmnhtelycdiaicalariald usingpeminmbshaadtanand t he
potential for side: CL.S ... Accor di ngl i, one enbodi nent the
i nvention provi%ggmggl Eﬁ%ﬁblﬁoﬁ"re FHSRH Ham%m\%"%gﬁsﬂ&h%@ﬁqr%ﬁ (e.g., an
i nfl uenza i nf ecidmamytration eyetrapeecd ddayp: Ceirendy tewiremaisameaifoametisfds ect i ve
anti-viral am%ﬁf%uﬁh&g E@Pa&’efﬂef&f foI anﬂﬁg 1%:&1 ihfe!:tkdns Rlch aSO]{]ﬂLlG}J/.VE.a

' infections. ' :

15 .
Summary of Certain Embodiments of the Invention

It has unexpectedly been discovered that a single intramuscular

-administration of peramivir to a mouse is effective to treat influenza. These
findings are unexpecied not only because of the high effectiveness of a single

20 administration of the compound, but also because of the low dose of the
compound that was found to provide effective treatment. The ability to obtain
therapeutically useful effects with a single administration is important,. inter alia,
because it minimizes patient compliance issues that result from the need for
multiple administrations, Additionally, the administration of a low dose is

25 jmportant because it minimizes cost and the potential for side-effects,



10 or a pharmaceutically acceptable salt thereof, to the human by an
i ntranuscul ar route. The invention al so provides a nethod for
inhibiting a neuram nidase in a human conprising adm ni stering an

effective inhibitory anmount of a conpound of formula I, I, I,
or IV, or a pharnmaceutically acceptable salt thereof, to the 15 hunman
by an int ranﬁ‘@&??”éﬁ”zi"out e. The invention al so prGTHERA1HH t

dosage formthat is suitable for intranuscular admnistration to a
human conpri si ng upAteorddehiin 056 GnlmgnepittheinvertiboprrvidGe mefird 6 a

conmpound of for 2

accept abl e saltnﬁﬁgregﬁlmyﬁgﬁg nvé%%?%%m%igo rOV|5LE&§$§%%

conpri si ng pac kedginistpring treeffeetive antw%mpwh@fa@bmpwﬁgf%rmﬂaﬂﬂ Oy 11, or
|V, or a pharngggutically acceptable salt thereof, and i nstructions
for adm nistering the conpound to a human by an |ntranuscular route.
The invention al so pf @ the use of a conpound® wnula |, 1L
[11, or 1V, or a pharmadeutically acceptable salt thereof, in the
manuf acture of a nedica
increasing life expectan
manmal s, e.g.,
by |ntranuscular'
dose, of the neth

ent for intramuscul ar injectyon for

and/ gdu reduci ng
@\- to a source o
@t a dose, e.g., an
i nt o, each nmenber o

za Vvirus,
antiviral

up pré enting
nvention al's rovi des the

clinical symptons of i NiE€tiTh. The i

use of a conpound of f oftHul a I, 11, or 1V, or ap maceutically
acceptabl e salt thereof, in t he nanufacture of @ 10 nedi cament for

i ntranmuscul ar |nject|on Nncreasing |ife expec or reducing

nortality in a group of mmal s, e.g., humans, exposed to a source of
an influenza virus, by iff\tanuscul ar injection of dose of the
medi canment into & heHgr oup. COH

. NHCOGHs

(I av),

10  or a pharmaceutically acceptable salt thereof, to the human by an intramuscular
route.

The invention also provides a method for inhibiting a neuraminidase in a

" human comprising administering an effective inhibitory amount of a compound
of formula I, T, III, or IV, or a pharmaceutically acceptable salt thereof, to the
15 human by an intramuscular route.

The invention also provides a unit dosage form that is suitable for
intramuscular adminisiration to a human comprising up to about 500 mgs (e.g.,
about 150 mg) of a compound of formula I, II, ITI, or IV, or a pharmaceutically
acceptable salt thereof.

20  The invention also provides a kit comprising packaging materials, a
compound of formula I, I, III, or IV, or a pharmacéutically acceptable salt
thereof, and instructions for administering the compound to a human by an

intramuscular route.



Det ai |l ed Description 15The influenza virus neuram ni dase inhibitor
peram vir has been previously shown to have marked activity agai nst
influenza virus in vitro and in experinentally infected mce
(Govorkova et al., (2001); and Snee et al., (2001)). Unfortunately,
clinical trials using this drug showed an i nadequate i nhibitor

effect on inﬂ%’é??ﬁlé”l%n humans. 20It has been di scover EHTUFRAINRSE ngl e
intramuscul ar injection of peramvir significantly reduces wei ght

| oss and nortality The invcolonaisp erovises thi vsh of pedmperngeet Rrppink 1L L ¢5 ngl e

ntranuscular il 86 ehRRaRlidly RN sAPRebALR iR sRthb ord T eal
influenza infections and to provide an alternate option to
osel tami vir duredigament fon intrampsealaigpiession ik incpeasing [Hpprppetangp@d{osst ed as a

singl e i ntramuSELas mbMIBLh & Qbul efﬁ&ﬂpﬂguggh&s&nk,wﬁ;&amsmce@ad vas
found to be active when adm nistered intranuscularly. In three -

di fferent st fidieeinflsenza visisoptiprarpalariirstion i deset 4y /il ent strai ns

(HIN1 and H3N2)an@firal d¥kd, UEMRE RecdicatichiUfio efthincaBenor & gfub bidghsng
i ntranmuscul ar injection of peramvir was conpared to oral treatnent
(gq.d. x5 days) cHhicappeensss delipt ari vir or peramivir. Al though 5 days

( ?-!-gi) of 056"tar'gﬁe}é%fen‘!-é&a_llh@'i:f?idlaé’ﬂé&lgﬁ@fi&ﬁpbﬁ}d@ffdﬁiﬁﬁlai,(ﬂt]ILgleat ment
of influenza, qnce daily dosjng for s was, al so. showp to be
effective. In aViorprpamaspigiteiccepiahle s %gré%fc?%ﬁfma&“fg‘?hﬁﬁ\ﬁga

intramuscul ap iYaREhé® Por firaedcalal Mjettiod Ford@sRsingiife dedinc?& ny/ kg was
conparable to the oral %re.at ment %g.d. 15(5 d%%%nsm o%{etl.t ani vi% or
peram vir at t HEERHEOH 2 F PR PHETYR S Gy 5 KROSH AATRES deat h,
and wei ght | 0SS irfuerda s@s, Bf infaniigéukg inj@tdopofaidogloéthe nkdienmnesciufoar
injection, peramvVvir demnstrated conparable efficacy in 5 terns of

survival . NeverfHerBPE Ot MRy i mum wei ght | oss was greater in the
single intranuscul ar peram vir -t ikxtéletiDegeigntion ver sus the oral (q.d. x5

days) oseltgpivir-treated group.  The. j i for the

t r eat ment g?g]ups vva;rheo s%?%‘ggug?couﬁm%géﬁgﬁg@fg%ﬁpagh%%%I be noted
that whil e the pgrevivedy stbosdo ive perkaddctivity agdinstripflkepea wiews mdtre aidfiect i ve
in ternms of suryiyval |.anifi adl gasg in the nean
days to death. eﬁ%e%ﬁlntelﬁ)ilﬁv?gtgd\%?caE(I}cglvgrek?*agég?%’&%ﬁ% rcr]i%%{ee with a viral
chal | enge t hat (@4¥etinfogosakelst, bliidat yialwheng this dag skovied epimadepiatd at ed as

late as 48 houriﬁhiﬂ%?}éﬂe&foﬁ%mu%ainhumans. :

20 1t has been discovered that a single intramuscular injection of peramivir

significantly reduces weight loss and mortality in mice infected w1th influenza
© AMHINI. A single intramuscular injection of peramivir can thus be used to treat

influenza infections and to provide an alternate option to oseltamivir during an
influenza outbreak.

25 Peramivir was tested as a single intramuscular injection in the mouse
influenza model and was found to be aciive when administered intramuscularly.
In three different studies of a prophylaxis model using two different strains
(HIN1 and H3N2) of influenza A virus, efficacy of a single intramuscular
injection of peramivir was compared to oral treatment (q.d.x5 days) of either

30 oseltamivir or peramivir. Although 5 days (b.i.d.) of oseltamivir is normally .
used in the clinic for treatment of influenza, once daily dosing for 5 days \-vas

also shown to be effective. In all three studies, the efficacy of a single



Single intramuscul ar injections of either peramvir or oseltamvir
were al so conpared in the 11 IN1 nouse influenza nodel. The survival
data indicated 15 that a single intramuscular injection of peramuvir
is efficacious and provides conplete protection against lethality.
Conversely, a single intramuscular injection of oseltamvir Pr ovi ded
no significafMOPrFeetti on against lethality. The wei gRETVIFSYOYSH A s
consistent with the survival data and indicates that a single

i ntramuscul ar i Wreesews ingictipneetapmapivir 3 dosesrof 4@ o1 2Pang/g Wi eransrableg

vei ght loss in @Gl 86ttt (LS dayd) bf Sklidnldfr G afnBRH VI sBHeQMR-n ThESE
studies indicate that peramvir iS efficacious when given as a single
i ntramuscul ar | Bsef fusyivalypser days toglsethiandiveight loss. A{descepiiangkg as hy t he
sane route of agigidihSdniudduld® Hhidchod PGarii 88ndnStdidd @& FardPRABHcacyIn S NGl €

i ntranmuscul ar_ i njection of oSeltam vir carboxylate in mce showed a
sinilar effect WEswhErdyahdiegeriglessaiie waxipym WeigrblotsienesHedR ®rt ani vir .
25The | C50s of peiARMivkculR Per@8i9lrindfibd/drbupGRfRONY4ral(§d. a5 8ay§lubnanonol ar
against HIN1 at 0.11 and Q.69nM (Bantia et al.,Antim crob. Agents
Chenot her. 45, S§tsuivirrerted gry-) Themrpcippweight dpssr tha geamens siqugs
respectively. |WaseBichRd abusldayd 10, RELANCY: RGA HASWhilkRehy 1aRdstddEase

enzynes, a single intramyscul ar injection of oseltamvir
(car boxyl at e) i%er"’r'i‘ﬁ‘f“éf“f%?’?fe‘?"t PP e S VRl hEE WS &5 gl e 30
i ntranmuscul an i digrefchhtOitrdase i the @lehrOdayd 10 degle | Heumivit washishlvietisotivaine)

given as_single jntranuscul ar ipjecti Al though the slow off-rate
of peramvir \/\a@mﬁ%ﬁ?{aﬁ Mﬁgﬁfyf‘hcamgl?%leﬂ'@tﬁvgﬁgﬁ?&&g’é&&?‘v%ne woul d
expect peram viinititied iilatelas 48ibgint pyst-infechat h Nl andN2 neur ami ni dases
since the am no aci ginr si.dues jn tmgjgggtlelﬂ\{e site.are ﬂ?mghnlrxergonser ved

—y

i
. £ 5C C (3 . . .
anong different neurdfi nldase subty e PV S Oh ey, - peram vir is

a pot ent i nhi bidl@rcompareicn il dase isfbiehxsiniodel. Rrecpivivhiaktainliated

del ayed single jntr ) ni st 1.ans. . i in5
preventi ng 18 riaftee AP RHeuRARloRb Ahlatle s S Ricth bt D0
vi ew of the in complptegmdeciion aghinstdethidityaConyerselyriavingle inframfifenlet | ve as a
singl e intranus ENj / I : t of
human i nf | uenzaﬁil}igt?)%gk% ec‘lfl?ﬁ(}%‘ggeqn%%ﬁgaggﬁrgﬁ%dgpﬁéanﬁﬁ%ﬁg&engodi ment
the invention pwedshtesdaie iresorigient With therseraivhlnigtagnd/indigatesithef egivglon in a
human conpri si plgu&%ilg&ﬁué?g&ﬁmgﬁgmg&fi@%ha«@ inl e R4 Heiddf 10& iff OMPOUNd

of formula I, II, , |V, ohar maceutical |y "acceptabl e salt
t her eof , t o 2heinfseipdmicpymlikeithonselsmivingrouped Fhops udics rdisate tplperasyyir y

is efficacious when given as a single intramuscular injection, whereas

o

oseltamivir is not effective by the same route of administration in the mouse
influenza model. A single intramuscular injection of oseltamivir carboxylate in
mice showed a similar effect as the single intramuscular injection of oseltamivir.

25 The ICsos of peramivir and oseltamivir carboxylate are subnanomolar
against HIN1 at 0,11 and 0.69nM (Bantia er al., Antimicrob. Agenis Chemother.
45, 1162-1167 (2001)) and H3N2 at 0.59 and 0.55 nM, respectively. In spite of
similar potency against neuraminidase enzymes, a single intramuscular injection
of oseltamivir (carboxylate) is not effective. However, peramivir as a single

30 intramuscular injection is superior to oseltamivir (carboxylate) given as single
intramuscular injections. Although the slow off-rate of peramivir was

demonstrated with the N9 neuramiﬁidase, one would expect peramivir to bind

4



the effective anount is adm nistered in a single intranuscul ar

adm ni stration. The nethods of the invention provide for high patient
conpliance as they involve a | ow dose of the effective agent 15l n one
enbodi ment of the invention, the effective inhibitory anmount of the
compound of formula I, Il, IIl, or IVis up to about 500 ge. -
from about 1HY*¥324bout 500 nm). I n one enbodi %W%‘f”ﬂﬁ%

i nvention, the effective inhibitory anount of the conpound of formula
|, 11, ra, or Hightiyso bgsh NbandN2 oeurdbGaidases sir@tha amine addtesidiatintbe of t he
invention, the effective ..nhibitor d of formula
L, 1, 1, or % oS a %%%Y%%“’ﬁ%?%wﬁ%é%‘“ﬁ%. ngdatgtgmtgﬁg&het hods of
the invention, a compoumay.gkrafivinieh potént inhibitorof peuragyinifiage pagivity.

adm nistered t an 4 Moy t he
invention, t he%%ﬁﬂ%%ﬁ%%#@%%ﬁ?@?ﬁa} %Emgrgrﬁgqg&g% S ac?r‘;ig%i stered
once to a 255 hpraenting tethality swiveaght loss in thearraseHafveareisendplriryievoit theh e

| nvention, & nGhyAalHREekd Bl Rt difcrfik 0, AR iRl &R tiduhe
human orally. I'n one enbodi nent of the invention, the neuram ni dase

i nhi bi tor that apdcandeissf inths eedtmenigfhymensinfiucazavims pfertia®ar boxyl ate. I n

one enbodi ment of t ke JRNEN B emohfncREHE B ARSRIk B Rielbd RF that is
adm nistered orally 1s a conpound of formula I, 30 II, ifi; or IV, or

a phar maceut i caiertipeadid prietipeingdrmat sEpags Aminigrneantifivient of the
i nvention, ghe a&%ﬂt%ﬂ&bﬁ@ﬁﬁoﬁbﬁhﬁht,mﬂM,&r&ﬁﬂﬁh&&ﬁ&a&i ed orally is

a conmpound of fornmula la, ila, M, or |Va: NH L H3 l(iTrf%[g Va) ,
or a phar maceuteFEapbly salfabessf e hwagniby faPETH 210, nt of
the invention, ¢@ra8bba60nNisd@sRisieftdidd dimdle ihftaduséutar adhithBirgber ed

orally is a conpound 10 of formula Ja, or a pharmaceutically
accept abl e sal tLbg Féthadsrof the mVEW@EB?mdﬁB’rgJ@hPﬁgnﬁ?@gﬁ&?&?% ¥ he

i nvention, the isRKRAWINRE offty dfidbtdre bgent. |, [ LI, or 1V, or a
pharmaceutically ac . sal t. thereof adm ni st ered in

conbi nati onldi th on]g‘e"g%" g"tﬂ)ﬂ{?ﬁ’é‘m it T aTony tﬂ%?a%ﬁ@‘lﬁflﬁ%&g S %uch as
anti-viral agenhscofmpogd of BEANA K IIAM] 6r1\I€ iupab sivbt 300feenzEm ayout
antibiotics. 10 mg to about 500‘mg).
In one embodiment of the invention, the effective inhibitory amount of
the compound of formula I, II, I, or IV is up to about 150 mg.
20 In one embodiment of the invention, the effective inhibitory amount of
the compound of formula I, IT, ITL, or IV is about 150 mg.
Ac;cordiﬂg to the methods of the invention, a compound of formula I, IT,
I, or IV is administered to a human intramuscularly. In one embodiment of the
invention, the compound of formula L, II, III, or IV is administered once to a
25 human intramuscularly. In another embodiment of the invention, a
neuraminidase inhibitor is also admijﬁstered to the human orally. In one
embodiment of the invention, the neuraminidase inhibitor that is administered
orally is oseltamivir carboxylate. In one embodiment of the invention, the
neuraminidase inhibitor that is administered orally is a compound of formula I,
30 1IL I, or IV, or a pharmaceutically acceptable salt thereof. In one embodiment of
the invention, the neuraminidase inhibitor that is administered orally is a
compound of formula Ia, Ila, Ilfa, or IVa:

5



15The intranuscul ar fornul ati ons of the invention can al so conprise
one or nore additional therapeutic agents, such as anti-viral agents
(e.g., agents active against influenza) and anti biotics. The
conmpounds used in the invention are known in the art and can be

synt hesi zed by the art worker using avail abl e nmet hods (see, .

U.S. Patent I\%).ZUQWW,“SGZ, 861). -  Specific values I|iP F’QEF“'I‘?@’I‘%?% f or
radi cal s, substituents, and ranges, are for illustration only; they
do not exclude other defined values or other values wi thin defined
ranges for the radi oa s d substituents HaN w A specific conpound
of formula I, I, IIl, IV is a compound of formula 25 la, |ia,
Ilia, or IVa: HaNNH!-l or a pharnaceutlcalIwNacceptabIe salt

t her eof . A specific npeund of f 5 Woby or IVis

(1S, 28, 3R, 4R) - 3- (1-.- )
Acet am do- 2-eth uani di no- 2- pent ane- car boxylic
acid; 10 (18, 28, 3R 4me8w K Acet am do-2- pr, opy#pentapl) - 4- guani di no- 2-
hydroxycyclopentanecarbo& lic acid; (1R 3R 4R)-3-(1-Acefllahi do- 2-
propyl pentyl) - 4- guanldLnocycIopentanecarboxyIig acid; or

\\\“z

(1R 3R 4R) - 3-( 1- ’ NH : NH
Acet am do- 2- et hyl but y1) 1 4- guani di nocycl oPent anecgt boxylic acid; or a
phar maceutical | y accepta ) e.salt thereof.

O ' (NCOH

“\\\\\

NHCOCH;

(IlTa) (iva),

or a pharmaceutically acceptable salt thereof. In one embodiment of the
invention, the neuraminidase inhibitor that is administéred orally is a compound

10 of formula Ia, or a pharmaceutically acceptable salt thereof.

According to the methods of the invention, the compound of formula I,
10, 1M, or IV, or a pharmaceutically acceptable salt thereof, can also be
administered in combination with one or more additional therapeutic agents,
such as anti-viral agents (e.g., agents active against influenza) or antibiotics.

15 The intramuscular formulations of the invention can also comprise one or
more additional therapeutic agents, such as anti-viral agents (e.g., agents active
against influenza) and anﬁbiotics.

The compounds used in the invention are known in the art and can be
synthesized by the art worker using available methods (see, e.g., U.S. Patent No.

20  6,562,361).

Specific values listed herein for radicals, substituents, and ranges, are for
illustration only; they do not exclude other defined values or other values within
defined ranges for the radicals and substituents

A specific compound of formula I, I, IT, or IV is a compound of formula

25 Ia,Ia, IITa, or IVa:



15A specific conmpound of formula |I is a conpound of fornula la, or a
pharmaceutically acceptable salt thereof. It wll be appreciated
by those skilled in the art that conpounds having one or nore chiral
centers may exist in and be isolated in optically active and racem ¢
forms. Sonme conpounds may exhi bit polynmorphism It is to be 20

under st ood t M&2047He72Hr esent i nventi on enconpasses t he PGEESYY6/04333p
racem c, optically-active, polynorphic, or stereoisoneric form or

m xtures thereof, &f onmpound of fornul a®N_k#, |a, and/or |V,

whi ch possess the useful properties descrlbed herein, it being well .
known in the art howp prepare optlcally act'hve forns (for exanple,
by resolution of the r. Y, 9°6h 25 t echni ques,
by synthesis from 1.3 als, by chiral

synt hesis, or by chronatOoraphlc sepay-a sing a chlral stationary
phase) and WO 2007/ ¥¥24¥PCT/ US2006 013535 ’F‘f"""”’to det@cd

anti-viral (e.g. ant|-|@ﬁluenza) activity using the st dard tests
described herein, or,yusing other simlar testswwhigh are well known
in the art. In cé§g€ ere conpounds are §UE?|ciently basi c or
acidic to formstable ppntoxic acid or base sal s, adm nistration of
t he conpounds salts 1t bengapproprlate Exanptes g@bn
pharmaceutically dalts are organi i dition salts
formed with acids whie “m a physi ol ogi ca bl e anion, for
exanpl e, tosylate, netiaagsul fonate, acetate, cktaate, nal onate,
tartarate, succinate, bgnmaoate, ascorbate, a-ketoglutafdte, and

a- gl ycer ophosphate. Suitable inorganic salts nay al so be forned,

i ncludi ng hydrochl oride, sulfate, 10 nitrate, phosphate, bicarbonate,
and carbonate &%ﬁ&MmmmmmmEmmwmmeutﬂmahfy acceptable salts may be
obt ai ned usi ng staggar roc%uJEl %?I&ﬁ%ﬁ1ﬁﬂP@Pﬁﬁ@(ﬁﬁ@3ﬁﬁR}3hQr
exanpl e, by reacti FRerent 13 asi c compound such_as_an am ne
with a sui tabl Acammdo-afeﬂmlbdnyhg-aaq@dmgt&?-bﬂ@@fﬂ%ﬂ’%ﬂ@&’é@b@%h‘f ®idanij on.

Alkal i metal, (1.05s8%a%Ph &1 A28 pRENAGHURRAidIb LT UM - or
hydroxyeyclopentanecarboxylic acid; {(1R,3R,4R)-3-(1-Acetamido-2-
propylpentyl)—tl-guanidjnocyclopentmecarboxylic acid; or (1R,3R,4R)-3-(1-
Acetamido-2-ethylbutyl)-4-guanidinocyclopentanecarboxylic acid; or a

pbarmaceutically acceptable salt thereof.
15 A specific compound of formula Iis a compound of formula Ia, or a
pharmaceutically acceptable salt thereof.

Tt will be appreciated by those skilled in the art that compounds having
one or more chiral centers may exist in and be isolated in optically active and
racemic forms. Some compounds may exhibit polymorphism. It is to be

20 understood that the present invention encompasses the use of any racemic,
optically-active, polymorphic, or stereoisomeric form, or mixtures thereof, of a
compound of formula I, II, 11, and/or IV, which possess the ugeful properties
described herein, it being well known in the art how to prepare optically active
forms (for example, by resolution of the racemic form by recrystallization

25  techniques, by synthesis from optically-active starting materials, by chiral
synthesis, or by chromatographic separation using a chiral stationary phase) and

7



15 alkaline earth netal (for exanple calcium salts of carboxylic
acids can al so be nmade. The conpounds of formula I, I, Ill, and W
can be fornul ated as pharnaceutical conpositions and adm nistered to
a mamal i an host, such as a human patient, by intranuscul ar routes.
Sol utions of the active conmpound or its 20 salts can be prepared in
wat er, opti oMy 1H%ed with a nontoxic surfactant. DFSHEPRIIRScan
al so be prepared in glycerol, liquid polyethylene glycols, triacetin,
and mi xtures tiertsadterane anthvisdl (sg. afiiBnenes) détiviiy w@hﬁt@ﬂ@%‘:ﬂéf
storage and us se.prepara $E5MAhnkent 0 prevent
the growth of ‘%‘f&‘&’%‘@i‘”ﬁ SHEE© r?rs’s%lrlf%?eggsnbw}l%gﬁ{eg o[% the i nvention,

t he compounds of Zﬁdamsmhbmcbmpduhdsatelsufﬁcamb'/hwcvl\ﬁcércéof%ﬁlﬁﬁﬂ'!ﬂat ed with
a buffer, cit.rat.e 4 ds as saltstr b

phar maceut i calﬁoé}%?zﬁé‘%ldf’ol?aﬁ%saggl? Egﬂ#mﬁknfoe t&imonasosﬁl ] % usi on can

i ncl ude st ensi I@pmqnm@t&mﬂeuwﬁmawﬁﬁllxwpﬁbbﬁéﬁscﬂfe ‘B’E@%"laf”é powder s
conpr i si ng { he, 460l v LRGERGPAIE Shidhhioh ) pafSAtanagubR bk

ext enpor aneous’ prepar a1 I'on sterile injectable or infusible

sol utions or déixeppleseohts, meprcoifandtsy ashtcapisalr. AP fosones. I n
all cases, the ugcl,lltla'tméngoa(?eo %gx%atta %ﬁ&o@ﬁ%@ d§§&fdph&phafte| uid and

stabl e under tHie Condi t1ons of ranuf actureé an storage. The liquid

carrier or. V@lﬁ@ﬂ?i@tg@ﬂiﬂﬁmﬁwm@@f@wd%ﬁlﬂ?@l%ﬁ sptsy sol vent

or liquid dj E{rﬁb osgﬁa% WL BHIR! AdicRonale@fltsexanpl e wat er, et hanol,
a pol yol (for exa ycerol, propyl ene gl yco
pol yet hyl ene gl ycoIPé‘aIma?FGuQaﬁléaqcFH@” b5 Btangs ysing Sﬁ%ch{dom c

glyceryl est erﬁm deﬁ{ﬁgsv%lllﬁﬁ%ﬁltﬁéﬁ%r%ﬁﬂ@ﬁy&@ictmﬁhﬁlﬂﬁlﬁ@ﬂﬁbasfcl uidity
can be maintai

for exanple e f on .of sones, by
t he mai ntenanc@)ﬂwlom%dffécbr*’édﬁF‘P@SWSBPWTGQ%"‘%??%B"’W %519:1%‘
di spersi ons or ,yifbiemibne Al Sidfaf @HeRdiipte, sobifien, pastmmtardmmmi) or he
var i

action of mcroorganl sns can be broyght
antibacteri B akding F‘Eﬁ%éﬁ’”&‘@%ﬂf%ﬁg Sg]gy’g%{’) yheagass z“er‘lna%mbe

chl or obut anol , ypfeenol , sorbic acid, thinerosal,

The compounds of formula I, TI, TII, and IV can be formulated as
pharmaceutical compositions and administered to a mammalian host, such as a
human patient, by intramuscular routes. Solutions of the active compound or its

20  salts can be prepared in water, optionally mixed with a nontoxic surfactant.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols,
triacetin, and mixtures thereof and in oils. Under ordinary conditions of storage
and use, these preparations contain a preservative to prevent the growth of
microorganisms. In some embodiments of the invention, the compounds of
25  formula ], I, I, and/or IV are formulated with a buffer, e.g., a citrate, e.g.,
sodium citraie.

The pharmaceutical dosage forms suitable for injection or infusion can
include sterile aqueons solutions or dispersions or sterile powders comprising the
active ingredient(s) which are adapted for the extemporaneous preparation of

30 sterile injectable or infusible solutions or dispersions, optionally encapsulated in
liposomes. In all cases, the ultimate dosage form should be sterile, fluid and

stable under the conditions of manufacture and storage. The liquid carrier or



and the like. In many cases, it will be preferable to include

i sotoni c agents, for 10 exanple, sugars, buffers (e.g., sodium
citrate) or sodiumchloride. Prolonged absorption of the injectable
conpositions can be brought about by the use in the conpositions of
agents del ayi ng absorption, for exanple, alum num nonostearate and
gel atin. SteMGBEFAECt abl e sol uti ons can be prepar ed PEY/US2006/013535

i ncorporating the active 15 conpound(s) into an appropriate sol vent
Wi th the ot heryeapleicaiinla sbRet oligidt dspemioy mediem vorepraedondremple,

optionally followed by filt sterilizati,on, Ggasg of sterile
powders for th&aifr @ﬁ‘&%ﬁaﬁt ?W‘i’fl@‘f’r e§?15‘?1?’lg§’°?r?lli B¢ y!fgf é@%é’ I %Eﬁli ons, the
preferred nmet hogstgkndyippay-at itelike) egstahiiln wnipkin glyeand csitie ad eeze
dryi ng techni ques, which vie a ov\%r. f t oM G0l Al ent  pl us
any additi onal S“Hébé? ?@h"eﬁéﬁéfeﬁgglg’ﬁipgoﬁ?r p%détggﬁdg%la&%% T evi og_ls’l y

steril e-fil tser pohshimdtion oflipodmes S thehminginance hfthe wavisd Putiggpize
"treating" and,"treatpent." incl W [ JrePenGONRAM UG | OF tO
the onset of cifft %@?%Fooﬁéy%ggg%g%ggggste}?ree/(;ondi tion so as to
prevent the devkhicporeiisnsicasmbraghiFbonpy wsiopniibagisrig gpd #1iEwgH| ng a
conpound after_the onset .of £ LidAbC &his i agoRf, a 25

di sease state/ %%ﬂt&ifgﬁeéﬁm%gpgg& %gfélglg%%odk el 1 m ﬁate any cs)uch

synpt om  aspectndake likhaawng rises, itavilbpe nr¢ferakle toderdude spiopis AEHRAT | on.

Such treati need, n |, Ut &5 1:0ciR8e) b8 &fdttm chRSidd. | Hrbishdeat ed

her ei nbel owl?)gt h%mggtsﬁéaéggg%%@ﬁas ca_nmbee)adm' ni sci er %gl’ rior to
exposure to t hebsviptiomof titjecipylorrompesiiionedas §° Frevehtphon| “é?im&&)s equent
(e.g., within b 2eids ofagefl ddayitd¥Bior’iBn S4RASHHIE aludiidube Vi rus. 30As
used herein th&term tunit dosage fornt relates to an intranuscul ar
fornul ati on comcndstermaig aad gp88i f i ¢ anount of a drug (e.g., from about
10 ng to about 500 diie Rieliablc $HARihs chBOe sHEared b rcttBarhiingalic asthiech i s
intended to be WO 2007/°117241PCT/ US2006/ 013535 a%dm' ni stered as a

si ngl e dosel5 | eomppug(Snte P APEREHR %W%ME’&%WEFB? topa] MEfRdErtifi$oe
anmount of a negdjcArRAtbove, Gionally BObivkdbydieredilieitioe, Inflleaaewtii ch a dose

has to be neasured out. o .
sterile powders for the preparation of sterile injectable solutions, the preferred

methods of preparation are vacuum drying and the freeze drying techniques,
which yield a powder of the active ingredient plus any ac_idiﬁonal desired
20  ingredient present in the previously sterile-filtered solutions.

As used herein the terms “treat”, "treating" and “treatment” include
administering a compound prior to the onset of clinical symptoms of a disease
state/condition so as to prevent the development of any symptom, as well as
administering a compound after the onset of one or more clinical symptoms ofa

75  disease state/condition so as to reduce or eliminate any such symptom, aspect or
characteristic of the disease state/condition. Such treating need not be absolute to
be useful. Ag illustrated hereinbelow, the active compounds can be administered
prior to exposure to the virus. The agents can also be administered subsequent
(e.g., within 1, 2, 3, 4, or 5 days) to exposure to the virus.

30 As used herein the term “unit dosage form” relates to an intramuscular
formulation containing a specific amount of a drug (e.g., from about 10 mg to
about 500 mg, e.g., about 150 mg), the whole of which is intended to be
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The invention will now be illustrated by the followng non-limting 5
Exanpl e. Exanple 1. Intranuscul ar Treatnment of Influenza with

Peram vir The efficacy of a single intramuscul ar injection of
peramvir in the mouse influenza nodel was evaluated. To summari ze,
peram vir was found to be 10 effective when adni nistered

i ntranuscul aM32% 14 puse i nfluenza virus infection FEHEPZOHOESE Y vi r
potently inhibited the neuram ni dase enzynme N9 fromHINO virus in
vitro with a 50Qffinistkedistaaingledorc Bt disingdshed 6368 pupply of agindefigitn M
On-site dissociation stuydies |nd| e RELAN tightly
bound to N9 nelPuHt % g’@‘mfetn g“ﬁﬁ&ﬂej &Dit'/ﬁ'nlag%ngas za%ﬂagrﬁioxrsi?frmg}%

osel tam vir cambguyd aite 15 di ssociate rapidly from the enzyne (tin=
1.25 h). Asingle i tramisc f ng/ kQ)
significantly redué[rI e D%W]ﬁaogggjgﬁlg&érﬁ?&gﬁ Wﬂr?ﬁr%hggﬁﬁgr%f ected with
i nfluenza A/SHLBHampihi | e osel tam vir denonstrat ed no efficacy by the
sane treatnent reginmen. Additional efficacy studies indicated that a
single injection of peramvir (2-20 ng/kg) was conparable to an oral
20 g.d.x5 day couEseupi lolubiabpscutiwiTrpaimented InfliepzasyithBeramiyiroo

g/ kg/day) in prevegl gﬁgacpsfmr%a ¥ RN @ich b Mmi il o BEe o el S
Thus, a single i-ntramuscufar ection of peram vir can he used treat
i nfluenza i nf euﬁumsmadvélwmw%lﬂ%@s TasuBmeEe, REaE BHvas oPnd & Bssel t ani vi r

during an ipfl ReshtSudPih e nRbislihf¥énAvirRan@etioni r to
i nhi bi t thefbﬁlegf?%r&n@e%gggﬁ%%ﬁew ty of from tehe I %%@Ifﬂﬁ S was

tested and conpadddPayniyiapientyinhibiadihe SRramR4F FRaEat The

| G50 for peramyyis zn(!z;ro%ltHQSO‘}Quﬁlbﬁ coﬁ%ﬁﬁaﬁ@'[@l@sb)rof@amwa()ﬁ- (2.1 +/-
0.4 nM, and zanamvir (1.6 +/ - amst@1 g@gﬁﬁgre not
significantly éﬁeffﬁisé?féﬂwn“qqﬁ?émd@@d@éwj’é‘%m ¥ 2y 5.0 +/ -
1.1 nM for 30n9§£ﬁ&u§£§!e¥t&,{>mi)b«ﬂiébéhéglhﬁlaﬁaﬁzﬂndbseltﬁmﬁr caiboxglael f or

zanam vir 10.0 +/- e i of nza del, viral
i nfection IbsadélsﬁoﬁlaTeé%d%?“b@Gﬁ%Féﬂﬂ L?d"f%f rﬁ?, and this

decrease in bogyecwei Ghtra@Rir(B Bi/ESH siphifibandy tddmamylght loss and mortality
in mice infected with inﬂueﬁza A/HIN1, while oseltamivir demonstrated no

efficacy by the same treatment regimen. Additional efficacy studies indicated
that a single injection of peramivir (2-20 mg/kg) was comparable to an oral
20 q.d.x5 day course of orally administered oseltamivir (2-20 mg/kg/day) in
preventing lethality in H3N2 and HIN1 influenza models. Thus, a single
intramuscular injection of peramivir can be used treat influenza infections and
provides an alternate option to oseltamivir during an influenza outbreak.
Results
25 The ability of peramivir to inbibit the neuraminidase activity of N9 from '
the H1N9 virus was tested and compared to zanamivir and oseltamivir
carboxylate. The ICsp for peramivir (1.3 +/- 0.4 nM), oseltamivir carboxylate
(2.1 +/- 0.4 nM), and zanamivir (1.6 +/- 0.3 nM) against N2 enzyme were not
significantly different. The ICsp values were: for peramivir 5.0 +- 1.1 nM; for
30  oseltamivir carboxylate 10.4 +/- 0.7 nM; and for zanamivir 10.0 +/- 1.2 nM.
Tn the mouse influenza model, viral infection leads to loss of body weight
and high mortality, and this decrease in body weight correlates with pulmonary

10



WO 2007/ 117241PCT/ US2006/ 013535 viral titer and pul nonary | esion
score. Therefore, the efficacy of orally and intranuscul ar

adm ni stered peramvir, oseltamvir and zanam vir were eval uated on
the basis of the weight |oss, nean days to death and survival rate,
measured for 16 or 21 days post-infection for treated, infected

ani mal s rel atYR¥¥ 5 dhtreated, 5 infected (control) afCHEFR%MIY he
prophyl axis nodel, a single intranmuscul ar injection of peramvir,

gi ven 4 hours ved iiteeand pulmbnarhlaioresaere. Thierefora-imetfigagy@ioraligr@d conpar ed to
an oral treatne Lsikel n ARG AR £ A vidre Haa@sq of 1
and 10 ng/ kg/ dléng%m%éurlr%%%tﬁ%k%%egtpectl g’g&ggg}l{\l{s’%ﬂd?et hal ity was observed
in the mce tredhekksiavf thowaishtigs kpamiiayhioisistth and seaivaEat: PEHISens.
rovever, al 1Ng; lo B! 108 Srieciliv Phealel SnflbiEParkhIVMER th Gudelted, Of &
treatment group versus 48% survival in the intramuscul ar treatment
group. M ce 5t riofried (opitrdh) aaimspisngl e i ntranuscul ar i nj ection of
peramvir (10 ng/ kgﬂm@?&?ﬁ}%ds%oﬁﬂ, D@ ushuds S Mo petamivisher eas

m ce given peramivir ofally for 5 days at_the same dose |ost 0.22 g.
15Per ami vi r wa@’vm@wuﬁdpﬂfomvgﬁléh%n%t“@,miﬂ,v%a“a%’mrP@‘FEE’ 38Tl “singl e

intranuscul ar fOLRGE bQRrathi 36 Sdale fop s Baydiaf @kesion { el loonykfdan t he HINL
virus. Conplete protection against_ lethalit %vgls observc?%il@t al |
e

doses. However Coppipia Prstectiqnezsnsyisthalify Watobsery © BRTFTeEr

survived. By CRORAGE BHN tERAR: REBnepd. HoRelet,@nthay Mighg tode si0bkadfittey was

al so observed in the mce treated orall vvl%)(p/ 20 .osel amvir at both

2 and 10 ny/ kg%ﬁ%?%?i@O%??fm“f\ﬁo‘éqéeﬂm UG Fefat ed toxicity

\r/1\/_erﬁ o:)sgrved(y}{ﬁaﬁ20 us}a%alaﬁsh' %ieﬁt g&‘@@_lﬁtﬂﬂ&gﬁtﬁtv&tlhadhjgl’ehmnm_' smlaha.lectg;m t he

i ghest dose my/ Kg)., ram vir and oseltamvir .sho ose

response rel at P@?%l&&ﬂ&ﬁ?%@%“@*ﬁ?mr g?ghtg?sg}’yn‘#aégtvgncf\{%g%%e over tinme

vvag 1‘28I I oyxﬁd. é\@mq@ya_nﬁvirasrsn@mmud {apaemii2 samede ot Ogffate. | 0SS | not he 2, 10,

an ny peram vir-treat r.oups . g,

respectivel ¥ Addi tIfeff'HﬁWV/"a,sa@%%‘ﬁ?’%‘ﬁﬁer\?ﬁ\é\%?%\%}?édzeoﬁgg%s%gﬁ ¢ effect

with the great agbmiealr iweétght hbwskefat vital Bdectiomwith e BELyiFusng ‘at day 8

for the 2 and 10 K .oups. S ' i IRter | BSS Shows
nl%{e 68&&{:10 gmiéstF %Jaﬁts'%é% X’t?slaﬁ(fed %?ltx de%eél\@-i er,

a simlar trend™ neral, one se res ] 1n greater weight

| 0ss when conpafbelfivi salinecrea@d rngblewicakusaved. By congjariggnecoppletearuscul ar

| nj ections of poram Vil QtenQf6 k&l dbterfld i e HReHGatttOSH Ay WRInE

eval uat ed mhengg’ae&%rﬂag?léér%eec}]%ﬁ&hourso pr? or to inoculation with HIN1
20 oseltamivir at both 2 and 10 mg/kg/day (q.d.x5 days). No signs of drug-related

toxicity were observed when peramivir was administered intramuscular at the

highest dose (20 mg/kg).
Peramivir and oseltamivir showed a dose response relationship when the

weight loss of infected mice over time was followed. At day 8, the maximum
25 mean weight loss in the 2, 10, and 20 mg/kg peramivir-treated groups were 3.3,
0.98, and 0 g, respectively. Additionally, oseltamivir provided a similar effect
with the greatest mean weight loss of 1.34 and 0 g occurring at day 8 for the 2
and 10 mg/kg groups, respectively. Day 5 weight loss shows a similar trend. In
general, a lower dose resulted in greater weight loss when compared with a
30 higher dose.
Single intramuscular injections of peramivir or oseltamivir at 10 mgkg

dose were evaluated when administered 4 hours prior to inoculation with HIN1
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virus. Oseltamvir provided only 30% protection, which is not
significantly different fromthe control group in which 90% of the
mce died. In the peramvirtreated group, conplete protection agai nst
lethality was observed. The peramvir group did not show any

subst anti al ¢ss (about 1.7%of initial weight

ot her hand, \teﬁdeggi%{tam vir group |l ost significant wel)Pﬁﬁ’?QZO?GQ&)ﬂ? 4 g
(25% of ini t| al and ut of 10 ce su In the
same0 nmodel , d??ﬁéggg%lhvwo‘g‘%ﬂﬁ&gggﬂm?P@af”H’é fséloﬁfg”éﬁ f@g my/ kg dose

of either per ardiffdrént ﬁbm@&&bﬁtﬁiﬂgféhﬁ m\m&haﬂ%%ﬁl@ﬂnceﬁﬁda]ﬁkhélpéramml ded
better protection (gr al | i a surviva 500/ ereas, only

Wi I t
10% of nice sur¥F§ E‘OF%X?%etﬁgréfe‘f%awt ]f%‘ E3’E|s'p°bs‘="rVe SRR ni ne
if simlar pr otge@ipldu&oeﬂj‘oa@hﬁslmtmuelbmvm (uﬁdung'mlofiﬁ:ﬂiahm,ghim ouses,

Compared 1o #hdGHaF NEFERY ReERi sudr kbR PRl BT GRM b 1 ce

infected with tﬂmﬁalH&bght)vanduslysloﬁtdfm ®ics burdiyed hethelsamg moadd, saadm n| stered

1 hour prior to viral The sjn ramuseul
treatnent of pefamvit® %ngfé ?gh%%??%ogoggmﬁ}rkgg?sae% Frrpgléafmvéroorrpl ete
' protection agaiassitamivétwalassbaged, Bérdibivis providedititer idgedtipaoily witted so
demonstrat ed Siyd Al BLPABE WnE LIRS oA Dty HERanke MEan

wei ght | oss was al s nent” groups I'n that the
osel tam vir 10r emtwpd mi ce Iost 28% of their wei ght (about 5.1 g)

conpared 10 25% 20§ uerblno tEBM: oo B 1 i abHP DY _day
8. In the delayed treatnent node |ntrarmscu stration of a
10 ny/ kg si ngl emws,éhqﬁfﬁq;@rdmsmglemmmhmlmsmmtmn@fm@rp@%t -infection
gave conpl ete pcro?;iﬁaﬁgéﬂo% R kAElnt Bﬁéstl?abﬁww(q d%%‘!ayf‘s?&mlbé}nfe.ﬂé‘dﬁﬁl i ne

group, 70% Il ethality was observed. re was no significant wel ght

| oss by day 5 ithe B8 vina %%%Y%M%é%@ﬁ@?ﬁdiﬁ@ﬁ?éﬁt‘m%ps 25

gi ven both qs-alm%u&ﬂoﬁmﬂ%wﬁ&mma%ﬁéwbppe&aw@m@@halg RE dose
i njection, whereas, the sallne-treated group | ost terials

and net hods ThéJf?WﬁeFiﬂ]é??EtéoﬂPlﬂelpEf’é“égOWé‘&StﬂerﬁhaPW(gflgi%’fﬁ% re obtai ned

from Anerican TyRRmGHk Ay RmoRdiaRE bilnPih prdYiiosSRsts (WA sukBAd) PeNVE/ 33;
HIN1) and Dr. 30 Robert Sidwell, Utah State University Logan urT,

USA (AN ct ori a/Dyeighipss vvaﬁ%}mwéﬁdén%ug Both fragimen sroppy i e
crystals from A/skibNgi(thWBa 7dd)osBaBYRSE their weight (about 5.1 g) compared to 25%

20 (4.5 g) weight loss in the peramivir group by day 8. In the' delayed {reatment

model, intramuscular administration of a 10 mg/kg single dose of peramivir 24
hours or 48 hours post-infection gave complete protection against lethality,
whereas, in the saline group, 70% lethality was observed. There was no
significant weight loss by day 5 in both 24 and 48 hours peramivir-treated groups
25 given both orally (q.d.x5 days) and by single intramuscular injection, whereas,
the saline-treated group lost 2.1 g.
Materials and methods
The influenza A viruses used in this study were obtained from American
Type Culture Collection, Manassas, VA, USA (A/NWS/33;HIN1) and Dr.
30 Robert Sidwell, Utah State University, Logan, UT, USA (A/Victoria/3/75;H3N2)
and were mouse adapted. Purified N9 crystals from A/HIN9 (NWS/G70) avian
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virus were obtained fromDr. G aene Laver, Aushalian National
University, Canberra, Australia. Speci fic pathogen-free femal e
BALB/c mce (10-19 g) were obtained from Charles Rivers Laboratories
(Ral ei gh, NC, USA). They were quarantined 5 for 24 hours prior to

i nfection and mai ntai ned on rodent diet fromHarlan Tekl ad and tap

wat er . PR AMNHY osel tnmivir, oseltamvir car boX{ Iy
zanam vir were synthesized by Bi oCryst Pharmaceuticals, Inc.

(Bi rmi ngham  Alvjrusyi) obtaiied fromdirpGuaere iwver. Hustphand¥ntipgal Ypieersifye 0. 9%
sodi um chl ori d N Myo experiments. 10 A mixture of 5%
i sof | urane/ 95%%81}?%%# Was admi ni stered as anest hesi a. standard

A
fluorinetric assay Spagfiupsdweenisndeme BALBE pirsaly eree incdni ni anse
activity (Poti %&m%hmﬂés?ﬁvﬁ@d‘mr@oﬁ&hﬁmigh %, URS .‘ﬁ%ﬁw&r}%ﬂa@nﬁnqd—rhe

- met hyl unbel

substrate (2'- [l 1feryl) -a-D-acet yl neuram_ni ¢ acid,
MINANA) is cf edu@dboys P@meﬁﬁ@waly?@ndoénﬂl?}@%mT duct
that can be quagpiifige. 15 The assay mi xture contained inhibitor at
vari ous concentrations and neuram ni dase enzyne in 32, 5nmM MES

(2- (N-or phol i no) - ReramdYie senltasivircosgiiamyir gibereste and ZREII S WHi? chil or i de

at pH6.5 and i ReihatedyBACHOPROnMeRical M. (BRaGhdhoR, AUSH) atiled by the
addition of the substrate. After jncubatjon_ for 30-120 m

ter jncy 120 nin
fl uorescence WESDPUBLVRIGERPEIEY & Foats (hfro sodgr qhiogide fog RO SERBR S50 nimy
and 20 subsfg atsemBhaiieSwisitRr56/bi% aglcetwishommnishedanmpbtestaeadi ngs. The

1050 was cal cul ated by plo ti_ng _Eer cent inhibition.of neuram ni dase
activity versus the®FRMRETUGRDEER ASRTA PTeS P MERYC PEETE Y% e report ed
as the aver age npfrarhibid@e agvie (Bol® s &l., AhkiCBosken e 94 RRG et DI t h

i sof | urane and exposed.to 1004 i rus 25 intr .
instillation. IS}‘PSgﬁ%&dﬁ‘{éﬂ%ﬁﬁ‘ﬁ%ﬁjﬂl§&ﬁmﬁ%mﬁ%§u cﬁ&%ﬂﬁ?@%ﬁﬁ%ﬁ 1 or 4
hours bef ore Vicleated ibpfieeiniigitkse iayidiheflioraentmotucintba edn bedpangfiolns gi ven
at tinmes indicated after the viral..infectign i cted, drug and
saline-tr ea?éda%‘f’ B T eacf)%t%’ae‘%%wtorrnatcvg? Ou%f ?m%ﬁ%{e%‘)d\ﬁe%cg obser ved
daily for changesaminideseiegtytnednil.Fnovi MES/(2 d¥atonsholitegyethaptsalfonicf or

eval uati on of ikt Al BELLYL hokRSk PSSk Ghked G5 sfiar AuCt i On
y and/or Thcreasé in nean tdays to deat eterm ned t hrough
16 or 21 days. reaction was started by the addition of the substrate. After incubation for 30-120
min fluorescence was recorded (excitation: 360 nm and emission: 450 nm) and
20 substrate blanks were subtracted from the sample readings. The ICsp was
calculated by plotting percent inhibition of neuraminidase activity versus the
inhibitor concentration. The results are reported as the average of three
experiments. '
Mice were anesthetized with isoflurane and exposed to IOQpL of virus by
25 intranasal instillation. In the prophylaxis model, drug was adminis;téred lord
hours before viral infection; in the treatment model, drug was given at times
indicated afier the viral infection. Each infected, drug and saline-treated group
contained 5-10 mice. All mice were observed daily for changes in weight and for
any deaths. Parameters for evaluation of antiviral activity included weight loss,

30 reduction in mortality and/or increase in mean days to death determined through

16 or 21 days.
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Mce were infected intranasally with an approxi mately 70-90% | et hal
dose of the A/ NWS/ 33(HLN1) or A/Victorial3/75 (H3N2) influenza virus.
Oral treatnent with peramvir or oseltanaivir (prepared in

i njection-grade saline) began 1 or 4 hours before virus exposure
(prophyl axi s m)dell) and continued 5 once daily for 5 days unless

i ndi cat ed. AY Rt ranuscul ar treat ment was adni niP§¥@F7§&6’°i3°65r 4
hours before virus exposure or at tines indicated (treatnment nodel).
Nor mal and sal i ne-t M&%‘éﬂe’@@ﬁﬁe@waé]é%ﬁ%aﬂpmm—ﬂo% fedhak g e

treat ment schedws@oftﬁ’mfg(ﬁlﬁ%ta@lmdctwmsr(ﬁ@uﬁmniawmﬁﬂl ity
and/or increase in nean days to death. 10The data was anal yzed by

Sigma Plot (W nEGHeRilsesn v g pselgpis (repmredgbyectio-grdeplinghd Si gma
Stat (W ndows Viespsd D& 420lks bekaRdRhs &gasmr@Blsh@zaxis 2RAeAl adtinugA  USA) .
The t-test \NSS useﬁi_tg eval uate differences in nmean days to death.
Oneway anal ysi s°HF J7 T aiexs VARG SHaS SipEr MGrmsauiedieAgertes

SO:‘ ][n Si dal ¢ teS:idnjﬁlﬁﬁeréHﬁi dmlmi 1®6rs mfoieiv&h@exg@ma;f hISIRRS intiRated/ aﬁéﬁ(l
ifferences in 15 i, ght ss. Kapl.an- Mei er survival K anal ysis og
rank or Gehan- W%@%@lﬁgij%F@?@ﬁﬁ?tpéiﬁmﬁ ¥ e‘?&‘?‘{lﬂd@gﬁn thssABe r

di f f er ences. treatuieiesBedile /T aRGErs studil w@icR@uomh hodsralitesdbi s, and

di scussion, are_provided in E)adgt a et at, Antiviral Research, 69,
39-45 (2006). wereasemgaandaypiodedtty ons  patents and patent
applicationdocited Mbe¢d&kawanamlyzadbyr fipharler Wistoes Vehivn A0l &SpeRce. Wil e
in the foregoi .speci figcati t his, L.hvention. h e described in
relation to cer alcaﬁo’?‘ﬁb[%%e}ﬁ%érﬁgm? %tgﬁ'@?}? ,owﬁygmr?ﬁgé’ %’é‘%g??rgorﬁ%(\% been
set forth for pimPeielsCAfUSA) Tistrrat warised tb evilate differaappan aedin dbs 5
t hose skilled i e t .t inv i i S suscepti.ble to

b i onal - enbo ks OB SRl P e SUTANOD ks SIBERREERERS | Do
herei n may be \iglineSidakgess fod primtideynulitlhuatpartbermdo tiahgtefdifferantdsdn basi ¢
princi pl es t i 1 ON 1 . LN "an"
and "the" aﬂ s‘lpﬁ%qt%gserﬁg Igggdﬁ%eésﬁrvr}a%}ﬁ%a&%%rqltg %&a%ﬁ%féegescfef%}vﬁ%gfhe
invention are twerbepbestie surviva numbes diffrentsot h t he si ngul ar

These findings, including methods, results, and discussion, are provided
in Bantia ef al., Antiviral Research, 69, 39-45 (20086).
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10 and the plural, unless otherw se indicated herein or clearly
contradi cted by context. The terns "conprising,"” "having,"
"including," and "containing" are to be construed as open-ended terns
(i.e., neaning "including, but not limted to") unless otherw se
noted. Recitation of ranges of values herein are nerely intended to
serve as a sROTPAAAH* et hod of referring |nd|V|duaIIyI’¥Em§QE‘W13535
separate 15 value falling within the range, unless otherw se

i ndi cated herein, ahlivedissionsspriinaad paisn enlisatPHCHFOSTR 8 i nto t he

speci fication %?colépt)rateh hW@iﬁ% }e‘fbgén\fé Opaild Y tHe @G doBid shRfRAbn ti | m3t hods
descri bed herein orrre in any sui tapble order ynl

ot herwi se i ndi é@?@*&?ﬂﬁésr@%deé‘fﬂbﬁ Ralation & certain prbedinesmts thiggo taB

context. The U%&npaetﬂmxam@en%hdfoﬁﬁm{rﬁges o@ﬂlu%ﬁ!ﬁ) kil bé @:@gﬂﬁg@
(e.g., "such_ 20 as") provided herein, 1s intended perely to better

illumnate the ﬂi‘cﬁ‘?/%ﬂleﬂ%m%ﬁﬂthﬁé]?s‘n‘ﬁé‘ﬂmdﬁ)?éceauql‘? #2448 " on t he scope

of the inventi QRbbinEHSantACIYAIS OFf Gé thaﬁ]ﬁdescrﬂﬁﬂﬁérﬁﬁn}&iaﬁ vdrigd cl ai med
is: 1.The use of an effective anti-vir armun{te a co ound of
fornula 1, cppsideraply without derrytpg rom the S‘%P’Hﬁﬁ’ Frﬁ{%

acceptabl e Sal t t hereafse ofithe bR “srand fae hud- %eﬁﬁnd&lﬂﬂi&dteﬁ@m’ihﬂﬁui tabl e
for intramuscul ar adm ni tr%l on for th thera eutic %anle%{ngular

prophyl actic t CEHexHahdes iPgptonArede ?%?HStfuﬁ 12 RFAR

10  and the plural, unless otherwise indicated herein or clearly contradicted by
context. The terms “comprising,” “having,” “including,” and “containing” are to
be construed as open-ended terms (i.e., meaning “including, but not limited t0™)
unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate

15 value falling within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it were individually
recited herein. All methods described herein can be performed in any suitable
otder unless otherwise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary language (e.g., “such

20  as™) provided herein, is intended merely to better illuminate the invention and
does not pose a limitation on the scope of the invention unless otherwise

claimed.
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2. The use of claiml, wherein the conpound of formula 1,1!, IIll, or
IV is a conpound of fornmula la, ha, Illa, or IVa: H N HNe, DTIR%

NHCOCH3 OH (1 a) ti Nc# OCO2H

CLAIMS
What is claimed is:
1. The use of an effective anti-viral amount of a compound of formula L, 11, 11, or
IV:
HQNYNH HaN NH
HN

HN
CO;H COH
;
NHCOCH, OH

NHCOCHs  OH
4} (1D
”’N\Ifma ”3“YNH
HN HN
CO,H coH
NHGOCH; NHCOGH,
(111) (Iv),

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament
suitable for intramuscular administration for the therapeutic and/or prophylactic treatment

of a viral infection in a human.

2. The use of claim 1, wherein the compound of formula 1, 11, IIL, or IV is a

compound of formula Ia, lIa, Illa, or [Va:

‘\\\\\C O,

NHCOCH; OH NHCOCH, OH

(Ia) (11a)



NHCOCH3 (IVa), or a pharmaceutically acceptable salt thereof 3. The
use of claiml or 2, wherein the viral infection is an influenza
infection. 4. The use of claim3, wherein the viral infection is an
i nfluenza type A or type B infection. 5. The use of claim3, wherein
the influenza is an H3N2, HINI, 1-15N |, avian, or seasonal

i nfluenza. 6. The use of any one of clains 1-5, wherein the
effective anti-viral amount is up to about 500 ng. 7. The use of any

one of clainms 1-5," in the effective anti®wjral, anount is up to
about 150 ngy. 8. The[use of any one of clainms 1-5, wherein the
effective anti-viral "gnmount is about 150 ng. My,

1 LNE0:H K - G0H

NHCOCH, NHCOCH,

(1l1a) (IVa),

or a pharmaceutically acceptable salt thereof.

3. The use of claim 1 or 2, wherein the viral infection is an influenza infection.
4. The use of claim 3, wherein the viral infection is an influenza type A or type B
infection.

5. The use of claim 3, wherein the influenza is an H3N2, HiINI, HI5N1, avian, or

seasconal influenza.

6. The use of any one of claims 1-5, wherein the effective anti-viral amount is up to
about 500 mg.
7. The use of any one of claims 1-5, wherein the effective anti-viral amount is up to

about |50 mg.

8. The use of any one of claims [-5, wherein the effective anti-viral amount is about
150 mg.
9. The use of any one of claims 1-8, wherein the entire effective dose is

administered in one intramuscular administration.

i0. The use of any one of claims 2-9, wherein the compound of formula I, [1, (II, or

1V is a compound of formula [a, or a pharmaceutically acceptable salt thereof.



9. The use of any one of clains 1-8, wherein the entire effective
dose is adm nistered in one intranmuscul ar adm nistration. 10. The
use of any one of clains 2-9, wherein the conpound of formula 1, 11
[Il, or 1Vis a conmpound of formula la, or a pharmaceutically
acceptable salt thereof |1.The use of an effective inhibitory anmount
of a compound of formula I, II, Ill, or IV: H2N or a

phar maceutical ly acceptable salt thereof, in the manufacture of a
medi canent dui t abhevskorf ai affecénumbibitary aadomtof aicompoueld of @rmtifaeg, 11, 111, or
therapeuticlgnd/or prophylactic inhibition of a neuram nidase in a

human. 12. The use of claimll, wherein the conpound of forrmula 1, I
11, or IVis a conpound of fornula la, Ha, Illa, or IVa: HN
Hld

\ff‘”” HzN\fNH
HN

HN

NHCOGH; OM NHCOCH; OH
(D (1D
HoN NH N WH
. \f \f
HN HN
COH COH
NHCOGH, NHEOCH,
(111 (Iv),

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament
suitable for intramuscular administration for the therapeutic and/or prophylactic

inhibition of a neuraminidase in a human.

12. The use of claim 11, wherein the compound of formula I, I, 1, or [V is a

compound of formula Ia, 1lg, Illa, or [Va:

\fNH lﬁh‘\fNH

Hrgé H

%
=,

Gt WCOH

NHCOCH; OH

(la) (}fa)



Hoir, 1 ..... 7...E1? NHCOCH3 OH (Il a) H2N NH or a _
pharmaceutically acceptable salt thereof. 13. The use of claimll or
12, wherein the effective inhibitory anount is up to about 500 ny.

HzN\fNH HENY NH

H}

\!4
%
k3

“\\\\C OzH £ o \\\\CO:H

NHCOCH; NHCGCCH,

(1lla) (IVa),
or a pharmaceutically acceptable salt thereof.

13. The use of claim [1 or 12, wherein the effective inhibitory amount is up to about

500 mg.

14, The use of claim 11 or 12, wherein the effective inhibitory amount is up to about

150 mg.

I5.  The use of claim 11 or 12, wherein the effective inhibitory amount is about 150

mg.

16.  The use of any one of claims 11-15, wherein the entire effective inhibitory dose is

administered in one intramuscular administration.

17. The use of any one of claims I1-16, wherein the compound of formula I, I1, 11, or

[V is a compound of formula la, or a pharmaceutically acceptable salt thereof.

I8.  The use of any one of claims 1-17, further comprising orally administering a

neuraminidase inhibitor to the human.

19, The use of claim 18, wherein the neuraminidase inhibitor that is administered

orally is oseltamivir carboxylate.

20.  The use of claim 18, wherein the neuraminidase inhibitor that is administered

orally is a compound of formula 1, I1, 111, or [V:

19



14. The use of claim 1l or 12, wherein the effective inhibitory
anount is up to about 150 ng. 15. The use of claim 11l or 12, wherein
the effective inhibitory anount is about 150 ng. 16. The use of any
one of clainms 11-15, wherein the entire effective inhibitory dose is
adm nistered in one intranuscular adm nistration. 17. The use of any
one of clainms 11-16, wherein the conmpound of forrmula 1, 1, IIlIl, or
IV is a conmpound of fornmula la, or a pharnmaceutically acceptable salt
thereof. 18. The use of any one of clainms 1-17, further conprising
oral |y adm ni st eging a neur am ni dase inhiQj,tor to the human. 19. The
use of claim18, whwreln the neuranini dase’ TTﬁ?ﬁltor that is
adm ni stered oral | yyis oseltam vir carboxyl gje 20. The use of claim
|d§§e i nhi bi dm ni stered orally
II 11 (111) or a
phar maceuti cal | bIe salt thereof se of claim18,
wherein the \.ni.dase i nhibitor Ladm mlstered orally is a
conmpound of formla k% “ha, Lila, o e

or that \s

V.

18, wherein the neur
is a conpoun

i
| Va:

(1)
HzN\ﬁNH H‘"YNH
HN HN
COH CO;H
NHCQCH; NHCOCH;

(1) (Iv),
or a pharmaceutically acceptable salt thereof.
21, The use of claim 18, wherein the neuraminidase inhibitor that is administered

orally is a compound of formula Ia, Ila, [la, or [Va:

HZNYNH

Hi

",
%

_‘\\‘\\CO 2H

NHCOCH;  OH

(1a) (11a)

HaN

G0 C0aH

NHCCCH; NHCOCH,

(I1la) (1Va),

or a pharmaceutically acceptable salt thereof.
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H2NNH112NNH or a pharmaceutically acceptable salt thereof. 22.
The use of claim?21, wherein the neuram nidase inhibitor that is
adm nistered orally is a conpound of formula la, or a
pharmaceutically acceptable salt thereof. 23. The use of any one of
clainms 18-22, wherein the neuram nidase inhibitor that is
adm nistered orally is adm nistered for up to 20 days. 24. The use
of any one of clainms 18-22, 141lierein the neuran nidase inhibitor
that i s adm2@i st e’heakecm aﬂalny')l svhaehii e 8684816 idhe inhiBitdrAhat & LN Sistered -
The use of an One of pP q EZ wherei n the neuramni ni dase
i nhi bi tor t &Y% %P’?ﬁf’Hl‘ Ple'PEE B r2a P & Phagmagaial s perriapls sl thpyealo 5
days.

23.  The use of any one of claims 18-22, wherein the neuraminidase inhibitor that is

administered orally is administered for up to 20 days.

24.  The use of any one of claims 18-22, wherein the neuraminidase inhibitor that is

administered orally is administered for up to 10 days.

25, The use of any one of claims 18-22, wherein the neuraminidase inhibitor that is

administered orally is administered for up to 5 days.



