| NTRAVENOUS ANTI VI RAL TREATMENTS 5Rel at ed APpli cati ons Thi s pat ent
docunent clains the benefit of priority of U S. Application No. 60/772, 748,
filed FebrualV 29%/0934H6, and of International Applicati dtfTRE2007/003755

PCT/ US2006/ 013535, filed April 12, 2006, which applications are herein

i ncorporated by reference. 10Background The i nfluenza virus
neur am ni dase i nhibitor peramvir has marked activity agai nst the influenza
virus in vitro and in experinentally infected m ce (Govorkova et al.,
Anti m crobial Agents and Chenot herapy, 45(10), 2723-2732 (2001); and Snee et
al ., Antimcrobial Agents ang&hermiheiraPikar 4esimendd3- 15 748 (2001)).
Unfortunately, clinical trials using this drug showed a suboptinal'’

t herapeutic effect on influenza infection in humans foll owi ng oral

adm ni stration over a period of days. Currently there is a need for nethods
and fornul ations that are useful for treating viral infections (e.g.,

i nfl uenza infections) in humans. mAar,y, o? the I nvention 20lt has
unexpectedlf been discovered that &% @ﬂé¥%uﬁﬁgwﬁvenous adm ni stration of
perami vir to a nous&hispathi esduimeat diginistabenefif diteiazizy ofTiSs Applicadbmgs ar e

unexpected not _onl t he hi ffectiveness . SN

admi ni strati onl\g’l‘ 6%“5%%’2‘?@%@% %%@8&@8?83i’%c%?t“%“ﬁgl\}’@w%%’g%’g of the '
conmpound t hat waI/AISR006/(165P5, Ailtdiepslf 1222006/ evhichesbligmions dbéerbi | ity to obtain
25 therapeutical | \é)use(;ﬁgj)lhlf ffects wwth a-single admnistration is inportant

inter alia becdifS&ate P& patient conpliance issues resulting fromthe
need for mujgiple adm nistrations. AdBadkicesnimhdl y, the admi nistration of a | ow

dose is inportant becau it mnimzes .cost t he porential for

si de-effects. It hag%ﬁPgﬁmﬁﬁﬁﬁnﬁﬁ@%ﬁ@@?éﬂ*9“@?@%5§5W§3m$ﬁ%?aﬁﬁ%ravenous and
i ntranmuscul ar iaBfivitdgainst té indhefavinis Vi viroant inrekeriprentallg éfediedyicpl asma
concentrations qf ram vir wW.th gn extende alf-life. i , in one
enbodi nent t he (&ﬂ‘\fgﬁ?‘facfﬁa T‘é’\’fi’”é'l’é’éo%éf’l r@f’f‘{ﬁﬁ”‘?@emmf’?@gf’ﬂm’q\# ?%gglé(nf ection
(e.g., an inflyeomy dndfSesdkicnn), Amindclobn@dgensid Shagpthadpy, ADE)Y,EMBAg an
effective aﬁ_: %&@Ol%@&gﬁa&?ﬁ%ﬁ%gﬂgs Cl)lfsinfg' rg'Hll'u% silbweltci a sulblcnlnfimglr V.

H2NH2N- - - 1

therapeutic effect on influenza infection in humans following oral administration

over a period of days. Currently there is a need for methods and formulations

that are useful for treating viral infections (e.g., influenza infections) in humans.
Summary of the Invention .

20 " Ithas unexpectédly been-diséovered that a single intravenous
administration of peramivir to a mouse is effective to treat influenza. These
findings are unexpected not only because of the high effectiveness of a single
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

25 therapeutically useful effects with a single administration is ﬁnpoﬂant inter alia
because it minimizes patiént compliance issues resulting from the need for
multiple administrations. Additionally, the administration of a low dose is
important because it minimizes cost and the potential for side-effects. It has also
been unexpectedly discovered that intravenous and intramuscular injections of

30 peramivir to humans provides high plasma concentrations of peramivir with an
extended half-life.

Accordingly, in one embodiment the invention provides a method for

treating a viral infection (e.g., an influenza infection) in a human comprising



or a pharmaceutically acceptable salt thereof, to the human by an intravenous

10 route. The invention also provides a nethod for inhibiting a
neur am ni das¥ORW78RBran conpri si ng adni ni stering an ef FEAUSYETPEAhI t ory
amount of a compound of formula I, I, Ill, or 1V, or a pharmaceutically

acceptable salt thereof, to the human by an intravenous route. 15The invention
al so provides a unit dosage formthat is suitable for intravenous
adninistration to a human conprising up to about 400 ng of a compound of

formula I, [ phar ceutlc acce | e salt thereof The
i nventi on aI so 4"8’91 geélggﬁhuﬁ{’cttwa Ry aR ?a\é‘l‘}lqr%poélﬁ P T?ﬂ"é‘“lla&rm »i nt ravenous

adm ni stration érdva human conprising up to about 1,000 ng (e.g., up to about
800, 600, 500, 400, 3Q@, 200, 150, 100, or 75 ng) of: %) conpound of formula I,

I, Ill, or IV, or a pha éutlcally accept abl e sal : The
|nvent|on al so provides kit conprising packaging materials, a conpound of

formula I, 11, 111, or I or a pharmaceutical l'y accept 8l e salt t hereof, and

i nstructions for adm ni st e¥ t beo;gonpound t oNa human by \a Nt fca@enous
route. The 1n entlon provi des the use 0 g“of formula I
I, U, or IV, or apht (ically acceptable salt of( in the

manuf act ure of : nent for intravenous n for i4creaS|ng life

. NHCOCH
expect ancy or redu0|ng dlﬁFy in a group 6f manmmal s expo A" to a source of
an influenzacvirus, by in ravenous injection of a dose of t nmedi canment into
each nmenber of the groupypresenting clinical synmptqgs of infection. The
i nvention also provides t B of a conpound of for ™ 11, 111, or 10 1V,
or a pharmaceutically accel}able salt thereof, in the nufacture of a
medi canent for iptravenous Nnjection for increasing | '\ expect ancy or
reducing nortal ity i pfcogin i nf | uenza
virus, by intravenous\ ' . nto each nenber
of the group. 15Brief AEsgription of the Figures

gure 1. Figure 1
depicts plasma péram vir ggegntration tine curves affgs.,15 mnute intravenous
i nfusi ons of peramvir tqnmpalthy human vol unt eers. fgure 2. Figure 2

depicts plasma peramivir concentration tinme curves after intr&nuscul ar
injections of peramvir to healthy human vol unteers. 20Detail ed Description

or a pharmaceutically acceptable salt thereof, to the human by an intravenous
10 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, 1L, 1T, or IV, or a pharmaceutically acceptable salt thereof, to the
human by an intravenous route. '

15 The invention also prov1des a unit dosage foxm that is suitable for
- intravenous administration to a human comprising up to about 400 mg of a
compound of formula I, I1, III, or IV, or a pharmaceutically acceptable salt
thereof.

The invention also provides a unit dosage form that is suitable for

20  intravenous administration to a human comprising up to about 1,000.mg (e.g., up
to about 800, 600, 500, 406, 300, 200, 150, 100, or 75 mg) of a compound of
formula [, II, III, or IV, or a pharmaceutically acceptable salt thereof.

The invention also provides a kit comprising packaging materials, a

compound of formula I, II, III, or IV, or a pharmaceutically acceptable salt



The influenza virus neuram ni dase inhibitor peramvir has been previously
shown to have marked activity against influenza virus in vitro and in

experi ment alW9 2¢00¥e18ed ni ce (CGovorkova et al., (2000; Z&A/USAEEIBTA .,
(2001)). Unfortunately, clinical trials using this drug showed an i nadequate
25 inhibitory effect on influenza in humans. This effect was attributed to a
poor adsorption of the drug when adm nistered once daily orally in patients.
It has been di scovered That peranivir is well adsorbed when adm ni stered
intravenously (j,.V.) i an t he conpound remains at relatively high
levels in the pﬂﬁ?ﬁﬁanngFﬁF@ﬁ‘F Eﬁgng e§8??@§“ﬁpa€Wﬁ@P ¥Rt s presented

30 herein indi cai@sedob@toute. si ngl e treatment of peramivir given i.v. wll

rotect mce infected with an |[nfluenza V|ru ccord certain
Ebod ment s of 't he. pf MR A RSO B P2 PR SaRe Lt M 1 Vi £
infection in a Mrmlapewmicagya&aptablsrsafma@oﬂﬁnﬁfefn@&mﬁéauamat VI ral anount
of a conpound of forml 1), } t4BH2N "--"-GNI 1 or a

phar maceut i cdl | V‘eﬁ‘(‘f&@fﬂtgﬂi ‘Euévff‘f’“stlﬂgf“é%“f orf‘t?retaﬁ‘é‘gmebt?“%’rf’rf?ﬂuf“é’@enous
route. |nnfb€téli@hﬂa@fdikpd>lfi’ﬂ%ﬁh§als éﬁjﬁsmcwﬁﬁea‘faﬁmﬂmvims gy, 111, or W

is a conpound of formula har maceut i cal
accept ag}) e s a| t Lﬁe&e@&s 1nJect10n ofa dose of the mecf1 cament mto eac?x member of the groupy

presenting clinical symptoms of infection.
‘The invention also provides the use of a compound of fonpulé I, 10, 101, or
10 1V, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for intravenous injection for increas"mg life expectancy or reducing
mortality in a group of mammals exposed to a source of an influenza virus, by
intravenous injection of a dose of the medicament into each member of the
group.
15 Brief Description of the Figures -

Figure 1. Figure 1 depicts plasma peramivir concentration time curves
after 15 minute intravenous infusions of peramivir to healthy human volunteers.

Figure 2. Figure 2 depicts plasma peramivir concentration time curves
after intramuscular injections of peramivir to healtlly human volunteers.

20 ) Detailed Description

The influenza virus neuraminidase inhibitor peramivir has been
previously shown to have marked activity against influenza virus ir vitro and in
experimentally infected mice (Govorkova er al., (2001); and Smee et al.,
(2001)). Unfortunately, clinical trials using this drug showed an inadequate

25 inhibitory effect on influenza in humans. This effect was attributed to a poor
adsorption of the drug when administered once daily orally in patients.

It has been discovered that peramivir is well adsorbed when administered
intravenously (i.v.) in mice and that the compound remains at relatively high
levels in the plasma for at least 6 hours. A series of experiments presented

30 herein indicates that a single treatment of peramivir given i.v. will protect mice

infected with an influenza virus.



In certain enbodinents, the vim infection is an influenza infection. In
certain enbodinents, the viral infection is an influenza type A or type B
infection. IMOYAERE enbodi nents, the viral infection P$STARYYEN3HY a strain
of 5 virus represented by the formula H Ny wherein X is an integer from 1-16
and Y is an integer from1-9. In certain enbodinents, the influenza is an
H3N2, H1N1, H5N1, avi an, or seasonal influenza. In certain enbodi nents,
the effective anti-viral anount is up to about 800 ng..In certain enbodi nents,
the effective anti-viral ;ampunt. is 0 about 400 10 .. In certain
embodi nents, the effégfoln\i/lélgn}ghﬁrgaﬂ%u%défﬁf{gﬂ?f] ﬁﬁ’gpffﬁerftbnvgg PRPEEKeRy. In certain
enbodi ment's, t heegfofidat treating a virahMinfeatiomaimmi umanSothipribitg ABMki st 440 .
In certain embodinents. .the entiée effecti%e ﬁose i.s_ adm nj stered in one
i ntravenous adntniarrart e FHUERPE AFRRINBO aF LUML el e effective dose
is 15 admnistered in nmultiple intravenous adm ni strations. In certain
embodi ments, a-conpoypd or fornula la, or a phagmaceutically acceptable salt
thereof, is admnistereg= In certain enbudgfifents, the plasna
concentration of the cagpound is higher than the |;C50 of the virus causing the
viral infection 12 hours\fel\l ow,ng 20 ad Qf the conpound. Certain
enbodi nents of t wvention provite hef i nhibiting a

. ' ¢t fective inhibitory
amount of a gorrpound‘ochcQ,r la I, I, IJA70or | Yeodd2NNH or a
pharmaceutical |y acceptabg salt thereof, to the- human by aQHj ntravenous 5
route. In certain enbodi nents, the conpound of formula I, II, IIIl, or
IV is a conmpound of foﬂfzm;/},,,l. a, Ha, Da, or IVa: I%=12NNK, H2N NH

HN . HN
CO.H COH
NHCOCH; NHCOCH;
(I Ivy,
10
or a pharmaceutically acceptable salt thereof, to the human by an intravenous
route. '
In certain embodiments, the compound of formula I, IL, I, or IV is a
compound of formula Ia, IIa, Illa, or IVa:
15
”z”\]%m{ ' ”2"'\qu
HN, HN,
WCOR K (WCOZH
NHCOCH; OH NHCOCH; OH
(Ia) : (I1a)
.“ZN\‘%NH ' HzN\.r//N”
HN, HN,
’ ‘“‘\\\COZH K \\\\\COQH
NHCOCH;
20 (Illa) ‘ . (IVa),



HNi ,402H NHCOLH3 (Ila) 15 o
In certain enbodi nents, the
In certain eHOYWHEAs, the
In certain enbodi ments, the

In certain enbodi nents, the
ng. In certain enbodi nents,

r a pharmaceutically
effective inhibitory
effective inhibitory
effective inhibitory
effective inhibitory
the entire effective

acceptabl e salt thereof.
anount is up to about 800 ny.
amount PCI/GE7/803%B0out 400 ny.
anount is up to about 300 ng.
anount is up to about 20 200
inhibitory dose is

adm ni stered in one intravenous adm nistration. |In certain enbodi nents, the

entire effective iq?ibiton dose is.adm nistered in nmultiple intravenous
admi ni strations” 2P arma‘ieﬂngaéllytaﬁ? HH#ed; a conpound of formula la, or a
pharmaceuti cal |y acchpdepbin@ntalimdnis #R0firal infecBONiginThMid@Ea irfkdiiogeld ai n
enbodi ments, the nethods,. . copprise orally admnistering a

may furth
neur ami ni dase i ¥APB ?%?Odﬂrﬂe‘%i‘ﬁéh‘m‘ gofection is ay jpflugnzatype A opbap Rents, the
neur ami ni dase i ifdiiohOIn defrain dnsboddiind, SHeBl iR in@éclioh Ys daBssi] 4 AV e

car boxyl ate. . | n.certain enbodi nents, .the neuramnm ni dase i nhibitor
that is adm fi sYEYSSEPEeF ahynée ?W‘%?g&iﬁ{fl K i 87 intfesr fromI-foandh Y v o
CO2H is an integer from 1-9. In certain embodiments, the influenza is an H3N2, HIN1,

H5N1, avian, or seasonal influenza.
In certain embodiments, the effective anti-viral amount is up to about 800
mg. In certain embodiments, the effective anti-viral amount is up to about 400
10 mg. Incertain embodiments, the effective anti-viral amount is up tio about 300
mg. In certain embodiments, the effective anti-viral amount is up to about 200
mg.

In certain embodiments, the entire effective dose is administered in one
intravenous administration. In certain embodiments, the entire effective dose is
15 administered in multiple intravenous administrations,

In certain embodiments, a compound or formula Ia, or a pharmaceutically
acceptable salt thereof, is administered.

In certain embodiments, the plasma concentration of the compound is
higher than the ICso of the virus causing the viral infection 12 hours following
20 administration of the compound. ‘

Certain embodiments of the present invention provide a method for
inhibiting a neuraminidase in a human comprising administering an effective

inhibitory amount of a compound of formula I, I, ITI, or IV:

HN
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NHCOCH3 aro or a pharnmaceutically acceptable salt thereof In certain
enbodi nents, the neuram nidase inhibitor that is admnistered orally is a
conpound of WOeMIO®218a, Ha, Ina, or IVa: HZNNHNH ,,,, , GEEHPEEBEIZNLCOCH3
(M) (WO, or a pharnaceutically acceptable salt thereof In certain enbodinents,
t he. neuram ni dase inhibitor that is admnistered 5 orally is a conpound of
formula Ila, or a pharmaceutically acceptable salt thereof In certain
enbodi ments, the neuram nidase inhibitor that is admnistered orally is
adnlnlstered for up tq,20 days. In certain enmbodipgnts, the neuram nidase
inhibitor that is adnlnFﬂFEWbd orally is’ adnlnlsteréqs?Wr up to 10 days. In
certai n enbodi ments, uranlnldase inhibitor that, is adm nistered 10
orally is adm nis 5 5 days. Certain enboNingnts of the present

. . . - <];oz o3

i nvention provide \ e tTormthat is m ttavenous
adm ni stration to a bua cohprising up to abou O g/0f a conpound of
formula I, 11,1 wcoki2 N NH NHCOGH;

[4119) Iv),

or a pharmaceutically acceptable salt thereof, to the human by an intravenous
S route.
In certain embodiments, the compound of formula I, IL, OI, or IV is a

compound of formula la, Ila, IIla, or IVa:

HZ,N\]//,NH
HN,//

‘M\\\Coz H ‘\\\\\c OaH

NHCOCH; OH

10 (Ia) (a)

N

H

HoN

N
<
£
%

o COH

NHCOGH,

(1iTa) ' (IVa),

15 or a pharmaceutically acceptable salt thereof.
In certain embodiments, the effective inhibitory amount is up to about
800 mg. In certain embodiments, the effective inhibitory amount is up to about
400 mg. In certain embodiments, the effective inhibitory amount is up to about
300 mg. In certain embodiments, the effective inhibitory amount is up to about
20 200 mg.
In certain embodiments, the entire effective inhibitory dose is

administered in one intravenous administration. In certain embodiments, the



20 or a pharmaceutically acceptable salt thereof. In certain

enbodi nents, the conpound of formula I, IIl, IIl, or IVis a conpound of
formula |a, WYRA20PW2185r 1va: H2N H2N.ri HNe.. NHCOCH3 ®&ATUSN7/003735r a
pharmaceutically acceptable salt thereof. In certain enbodinents, the unit
dosage form conprises up to about 400 ng of the conpound or salt. In certain
enbodi nents, the unit dosage form 10 conprises up to about 300 ng of the
conpound or salt. In certain enbodinents, the unit dosage form conprises up to

Slr)ggtentzoion\r/rg n?{ %%Q%?%%ggﬂ’gﬂﬁgﬁ 3%%%“??%@@%%%]@%%?%?? gf cz)Prgound of
formula I, |, ddnlipis@atidny. H2NNH S
In certain-embodiments, a compound of formula Ia, or a pharmaceutically
acceptable salt thereof, is administered.
5 In certain embodiments, the methods may further comprise orally
administering a neuraminidase inhibitor to the human.
In certain embodiments, the neuraminidase inhibitor that is administered
orally is.oseltamivir carboxylate.
In certain embodiments, the neuraminidase inhibitor that is administered

10  orally is a compound of formula ¥, I, III, or IV:

YNH H:N\fNH
HN

HN

NHCOCH; OH NHCOCH; OH

@ an

HoN

HaN HaN

\[%t‘m . YNH

HN HN,

l 5 NHCOCH; NHCOCH;

- () Iv),
or a pharmaceutically acceptable salt thereof.
In certain embodiments, the neuraminidase inhibitor that is administered

orally is a compound of formula Ia, ITa, Illa, or IVa:

\fNH ) HzNW%NH

H

N,
Z
£

WCOsH

20 NHCOCH; OH NHCOCH, OH

(Ia) . ' (Ia)



20 or a pharmaceutically acceptable salt thereof; and instructions for
adm ni stering the conpound to a human by an intravenous route. I n
certain enbngﬁ%ﬁ@ﬁ?“&he conpound is provided in a formACAUSHN78UFBabl e f or

i ntravenous adm ni stration. 5In certain enbodiments, the kit conprises up to
about 800 ng of the conmpound or salt. In certain enbodi ments, the kit
conprises up to about 400 ng of the conpound or salt. In certain enbodi nents,
the kit conprises up to about 300 ng of the conpound or salt. In certain
embodi ments, the kit cguprises up to about 200 ng,ef the conpound or salt.
10Cert ai n enbodi nents of d" present invention provi d' kit conprising
packaging materials, a ugit dosage form as describedyherein, and instructions
for adm nistering the conpound t&%ﬁ human by an i ntra%enayus %&ute.

Certai n enbodi nent &nt i nvention ide a «9f “a conmpound of
formula I, 11, 11, oW1 or a pharmaceut | eptabl e salt
thereof; in the sanufactyre, of a medi canment for intmg¥gpous injection for
increasing life expect ancygr reducing nortality in a groupﬂqg)nannals'exposed
to a souree of an influenza virus, by 25 intravenous injection’of a dose of
the medi cament Pht Bhasgascuieilyacceptablewalighesers. presenting clinical synptons of

i nfection. | B &RAATbRHRIM, MR HefrantiltBa e AMBHG AT fhiMttRed » 11, 111,
or 1Vis a conmpound of fornula [a, Ha, 'Ina, or IVa: 10 or a pharmaceutically
accept abl e sal t oH@isspgompoyng ef foamuladains diphermaseutically peseptgblasalt theregf | s an

avi an influenza Vir Uf certain embodiments, the neuraminidase inhibitor that is administered

orally is administered for up to 20 days. In certain embodiments, the
neuraminidase inhibitor that is administered orally is administered for up to 10
days. In certain embodiments, the neuraminidase inhibitor that is acimim'stered
10 orally is administered for up to 5 days.
Certain embodiments of the present invention provide a unit dosage form
that is suitable for intravenous administration to a human, comprising up to

about 800 mg of a cbmpound of formula I, I0, 11T, or IV:

HzN\ﬁNH HZNYNH
HN

COH COxH

NHCOCH; OH NHCOCH; OH

15 @ ay

HaN \'/ NH HzN\ﬁNH

H HN,

D_jb/ - -
NHCOCH, NHCOCH,

(1) . avy,

20 or a pharmaceutically acceptable salt thereof.
In certain embodiments, the compound of formula 1, II, III, or IV is a

compound of formula Ia, Ila, Illa, or IVa:



In certain enbodi nents, the influenza virus is an influenza type A or type B
virus. In certain enbodinents, the influenza virus is HS5N1, or a nutant strain
t hereof In CEPRUMAI8Hoodi nents, the influenza virus is CHUSHOAOBTSvirus 15
represented by the formula 1-1, Ny wherein Xis an integer from1-16 and Y is an
integer from1-9. In certain enbodinents, the influenza virus is an H3N2,

HIN1, H5N1, avi an, or seasonal influenza virus. In certain

enbodi ments, each nenber of the group presenting synptons of infection
receives only one intkavenous dose of the nediganment. In certain 20

enbodi nents, each menb&r~of the gr oup presentlng tonms of infection

recei ves nultlple |ntraNenous doses of the nedic nt. In certain enbodi nents,
t he nenbers of the groupz, Q&Lng cl i nixcal synpte B~0f infection are treated
orally with a nerm hhl bitor. In Tertain i\“}“‘reznts, t he
neuranlnldase i nhi bi ; i 25 certain enbodi nents,

[, or 1IV: HN
rtain

' b, L
NHC 00 H3 or a pharnaceuteﬁally acceptable salt thereof, In(
fornmula la, Ha,

enbodi ments, the neuram ni dase |nh|b|tor is a compound of

Ella, or IVa: H2N 15 HzNJ,Td;LH HZNYNH

Hi Hi

N N
% Z
% %

\\\\\\\COZH

NHCOCH,

5 (Lfa)

or a pharmaceutically acceptable salt thereof.
In certain embodiments, the unit dosage form comprises up to about 400
mg of the compound or salt. In certain embodiments, the unit dosage form
10 comprises up to about 300 mg of the compound or salt. In certain embodiments,
the unit dosage form comprises up to about 200 mg of the compound or salt.
Certain embodiments of the present invention provide a kit, comprising

packaging materials, a compound of formula I, I, III, or IV:

HN ~ HN
COH COH
15 NHCOCH,  OH NHCOCH;  OH
4y (ID
HzN\fNH 1-' ZN\I%NH
HN HN
CO.H COzH
NHCOCH; NHCOCH,
an (Iv),

20



NHCOCH3 or a pharmaceutically acceptable salt thereof. In certain

enbodi nents, the neurarninidase inhibitor is a conpound of fornula la, or a
phar maceut i CEPPY74EREBpt abl e sal t thereof. I n cePCEUR2@MEE rent s, the
source of the virus is an infected bird. In certain enbodi nents, the source of

the virus is a mammal presenting synptoms of infection. In certain
enbodi nents, the use is for reducing nortality. 5Certain enbodi nents of the
present invention provide a use of a conmpound of forrmula I, IIl, Ill, or IV

CO2H NHCOCH3 OR NH. 10 HaNNH or . a pharnmaceutically acceptabl e salt
thereof, in theorrf’awﬁpﬁﬁ‘ieﬂwéa'ﬂéﬁac%?p?@kﬁég:&t‘é‘%&rﬁndﬂﬁmﬁcﬂ?‘ﬁa@é steRingct i on f or

i ncreasing |ifethexp@gbaiicy adiumal Byiah MraBidudkddty. i N a group of manmal s exposed
I L nfnl clé?tgi%%m iocrlilrjnse’ntst,)éxe comp.ound is provided in a formulation
suitable for intravenous administration. '
5 In certain embodiments, the kit comprises up to-about 800 mg of the
' compound or salt. In certain embodiments, the kit comprises up to about 400 mg -
of the compound or sait. In certain embodiments, the kit comprises up to about
300 mg of the compound or salt. In certain embodiments, the kit comprises up
to about 200 mg of the compound or salt.
10° Certain embodiments of the present invention provide a kit comprising
packaging materials, a unit dosage form as described herein, and instructions for
administering the compound to a human by an intravenous route.

Certain embodiments of the present invention provide a use of a

compound of formula I, II, III, or I'V:

15 |
\fNH HZNYNH
HN

NHCOCH; ©OH NHCOCH; OH

HN

)] (1))
HaN \fNH HZNYNH
HN HN
COH COH
NHCOCH;, NHCOCH;
20 (1) vy,

or a pharmaceutically acceptable salt thereof, in the manufacture of a

medicament for intravenous injection for increasing life expectancy or reducing

mortality in a group of mammals exposed to a source of an influenza virus, by
25 intravenous injection of a dose of the medicament into each member of the group

presenting clinical symptoms of infection.

10



inti-avenous injection of a dose of the nmedicanent into each nmenber of the
group. In certain enbodi nents, the conpound of forrmula!, II, I,
or 1Vis a MOYBaARd of fornula la, Ila, 11lla, or | VaPCTHS2007/093p83COPH

HaN FIN . OO2H NH: 01143 . (I 1l a)

In certain embodiments, the compound of formula I, 11, [If, or IV is a

compound of formula Ia, Tla, I1la, or IVa:

HzNYNH

H

<
“\‘\\\\

“\‘\\\COZH

NHCOCH; OH

5 (Ta) ' ~ (la)

HaN

\]%NH
Hy

=,

‘\\\\\COZH

NHCOCH; NHCOCH;

(lla) (IVa),

10 or a pharmaceutically acceptable salt thereof.

In certain embodiments, the influenza virus is an avian influenza virus.

In certain embodiments, the influenza virus is an influenza type A ortype B-
virus. In certain embodiments, the influenza virus is H5N1, or a mutant strain
thereof. In certain embodiments, the influenza virus is a strain of virus

15  represented by the formula HyN, wherein X is an integer from 1-16 and Y is an
integer from 1-9. In certain embodiments, the influenza virus is an H3N2,
HINI1, H5N1, avian, or seasonal influenza virus. ‘

In certain embodiments, each member of the group presenting symptoms
of infection receives only one intravenous dose of the medicament. In certain

20 embodiments, each member of the group presenting symptoms of infection
receives multiple intravenous doses of the medicament.

In certain embodiments, the members of the group presenting clinical
symptoms of infection are treated orally with a neuraminidase inhibitor. In
certain embodiments, the neuraminidase inhibitor is oseltamivir carboxylate. In

25 certain embodiments, the neuraminidase inhibitor is a compound of formula I, II,
I, or IV:

11



NHCOCH3 5 or a pharnaceutically acceptable salt thereof In certain
enbodi nents, the influenza virus is an avian influenza virus. In certain
embodi ment s, VPRWTA¥R¥n i nfluenza virus is 1-15N1, or a MGTAIRROYPEESN t her eof .
In certain enbodi nents, the influenza virus is a strain of virus represented
by the formula 1-1"Ny wherein X is an integer from1l-16 and Y is an 10 integer
from1l-9. In certain enbodinents, the influenza virus is an influenza type A
or type B virus. In certain enbodi nents, the influenza virus is an H3N2, HIN1,

H5N1, avi an, or seasonal influenza virus. In certain enbodi nents,
each nmenber of the group receives only one intravenous dose of the nedi canent.
In certain enbodi nent:% h menber of 15 the graqup.l.eceives nultiple

i ntravenous doses of the¢ nedicanent. I n certfai n enbodi nents, the nenbers

of the group are treatéet
enbodi nents, the neuramn
certai n enbodi nents

orally with a neuram ni d&ise inhibitor. In certain
rdasecemhi bi t or \s_osel t anyni W r_ar boxyl ate. In
am ni dase i nhi bi i onpound of fornula I

I, 111, or IV:

NHCOCH; OH

@ . (D)
HzN NH “2“\]¢NH

HN HN
COH COM
5 NHCOCH; NHCOCH;
(I avy,

or a pharmaceutically acceptable salt thereof. In certain embodiments, the
neuraminidase inhibitor is a compound of formula Ia, IIa, Illa, or IVa:

Han\f NH

H

",

_aneozH

10
(IIa)

“‘\\\\C OzH

NHCOCH, NHCOCH;

(Illa) (IVa),
15
ora pharmaceutically.acceptable salt thereof. In certain embodiments, the
neuraminidase inhibitor is a compound of formula Ia, or a pharmaceutically

acceptable salt thereof.

12



or a pharmaceutically acceptable salt thereof In certain enbodinents, the 5
neur am ni dase i nhibitor is a conpound of formula la, Ha, Ina, or |Va: or
a phar maceutWeatrh9atcept abl e salt thereof. In certain E¢BEEPHEABSS t he

neur am ni dase inhibitor is a conmpound of fornula la, or a pharmaceutically 15
acceptabl e salt thereof. In certain enbodi nents, the source of the
virus is an infected bird. In certain enbodinents, the source of the virus is
a mamual presenting synptonms of infection. In certain enbodi nents, the use is

for reducing nortality. .20Certain odi nents,of .the present 'invention provide
a use of a conpound %fce?'%g%b% llmen?s’l’, °spyree BfthF\V/?mS Srandniseisd Rgdelit i cal |y

accept abl e sal tcerlabreiodiments, e soansfot Ciciins 6f a MaiBl $RERMs kPhploBls’ avenous
i njection for a&]hfé}é{ié}g a plasma concentration in a human of the conpound that
is effective to treat a virus by intravenous injection 10 of a dose of the
medi canent into the Ingaemin embodimentseticakaisdoiedaciinsrttyt he present invention

provide a use of a c d, of. for al, L, Ill, or.]V. or a

phar maceut i cgl ly accgé;%?{g rgb%({éﬁnf:mts ﬁgh’ﬁé’fé.se‘g}&m?ﬁg‘é‘i‘ Piovidegnse @hel of fornul al,
11, 111, or |V ¢ompotfi] 28{oBRpMR) H I dr IV: : '

Acet am do- 2- et hyl but yl) - 4- guani di no- 2- hydr oxycycl opent ane- car boxyl i ¢ aci d;
(1S, 2S, 3R, 4R) - 3- (1- Acet am do- 2- propyl pentyl) - 4- guani di no- 2-

hydr oxycycl opent anec® #ic acid; (1R 3R 4R)® -vicet am do- 2-

propyl pentyl) - 4-guani dnpcycl opent anecar boxylic acifd; or (1R 3R 4R)-3-(1- 10
Acet am do- 2- et hyl but y1}J"\d- guani di nocycl opent anecatpoxylic acid; or a

phar maceuti cal | y—accept aff saf¥ t her eof . A acifee€ conpound of

formula | is a conpou Forrmul a 1a,- or a plarns cally acceptable salt
t her eof . c
NHCOCH,; OH NHCOCH; OH
@ IT
10 uy
HZN\I%NH H;N N
HN ' T
CO.H COH
NHCOCH, . . NHCQCH,
(I ‘ av),

or a pharmaceutically acceptable salt ihereof, in the manufacture of a
15 medicament for intravenous injection for increasing life expectancy or reducing
mortality in a group of mammals exposed to a source of an influenza virus, by
intravenous injection of a dose of the medicament into each member of the
group.
In certain embodiments, the compound of formula I, ILOL,orIVisa

20 compound of formula Ia, ITa, Ila, or IVa:

\fNH HZNY NH

H H

HaN

W

N
=z
%

NCOH (W\COH

NHCOCH; OH
(12) ' -(1la)
13



It wll be appreciated by those skilled in the art that conmpounds having 15
one or nore chiral centers may exist in and be isolated in optically active
and racem c WYBRMHE9%e conpounds may exhi bit pol ynor phiP§HUSRR7PET50 pe
understood that the present invention enconpasses the use of any racemc,
optically-active, polynorphic, or stereoisoneric form or mxtures thereof, of
a conpound of formula I, Il, 11, or IV, which possess the useful properties
20 described herein, it being well known in the art how to prepare optically
active forns (for. exanple, by resolution of the racem c form by
recrystallization techi ques, by synthesis from opkically-active starting
materials, by chiral syntfiesis, or by chronatographi ®paration using a
chiral stationary phase)wmand how to determine anti-vigyal (e.g. anti-influenza)

activity using tke standar st&x25 described her ei Nz G USJOHQ other simlar
tests which are we known *he art. In cases ere [

polinds are.
sufficiently basic ogr= icYto form stabl e nont oxi-=aci~d” or base salts,
adm ni stration the canpeynds as salts may D€ apprepliate. Exanples of
phar maceutical |y accept abfiig)salts are organic acid additi on(ﬁ@} ts fornmed with
aci ds which form a physi ol ogi cal acceptable anion, for 18 or a
phar maceutical ly acceptable salt thereof, in the nmanufacture of a nedi canent
for intranmussul @ra pHapRsdeu@illl QbceptBicaMit Mkréb P! asma concentration in a human of
t he conmpound that is effective to treat a virus by intranuscul ar injection of

a dose of the nedi cadMSRTPsmEotimenitythginfluspea Werdarmadabiduemsavius.t he pl asna
concentration dh dehginGampausts hehiBRSAdRAIViIHRSs HERA, & 2 LliGnddblls 12 hours
follow ng injec |onf_§f t he c%gg yund. . Mce infected w tth i nfluenza

A DuckJMV 1525/ 8T P+BREFRIPF %@W@tstﬁh%%ﬁn%?@Pﬁg%%Sfﬂlmelw. 1 hour
pre-virus exposiepesetitédbypfe Brinviia N, viIREDS XQb ar thteckPidl R1lad VW k0. Peranivir
was si gni fig nt.I§ Qg@t egzﬂ' ve to the mce at the two highest dosages used, as
seen by preventT6R"of"Hez 'Hé‘,ceﬁt@‘%?é‘m’ﬁ]fﬁwaﬁs’ﬁhﬁh‘&h‘éﬁ%?sﬂmsd&ﬂaﬁ}w%d i nhi bition
of lung virus ttybeAr tyHR® Giril) /K Berts EmPEEmERE ahalh¥ndVaRid AIa® 1ung
par anet er s. Th}@gp’g_&%ﬁd appeared wel|l tolerated in concomtantly run.toxicity
controls. Thes g iP¥gpePTSpasenal inflycgravirus. i v, peramivir treatment is

ef ficaci ous in infl uaresairemdsdinth@ iRl m¥nitRr of the group MEecHRIBRAYRAS used in the
i nvention are known in &Oggagrt and can he synthesized by the art worker using

avai | abl e met hdB¥&a\ceg® Uthe pedicapepie p cpin gmbedimgpts) each member of Speci fi ¢

val ues |istesl hbe gionp rariveafiubplSinnaudaohi 43489065he alrdichapges. are for 20
illustration only; they do ngt_exclude ot her defined val ues or other val ues
wi thin defined rangd® P eRBOJiIIgEs he members Ai$hg grawmess treated orallg vitheci f i ¢

conmpound of f orafdutaniinidade inhibitor0Mn edftdis eAbSAMRAMYHe Al ufRiids@idhdbitok1 @ 1 na, or
IVa: HHN exa nmet hanesul fonate, acetate, citrate, malonate,

le, tosylate, > at e,
tartarate, Sucgg ﬂ%e%tg’,m‘ﬁg‘f‘?fa%oé‘??fe' 48 S84 erbodimentsolie pevraminidasa jighibitor
a- gl ycer ophosplisih eomfotridaldifeniulor, gam,or $&l t s may al so be forned, including
hydrochl orige, sulfate, nitrate, phosphate, bicarbonate, and carbonate salts.
5Phar maceutical |y acceptable salts nmay be obtained using standard

HZN\.]%NH H2N\ﬁm—|
HN HN
NHCOCH

CO.H .

COzH
OH

NHCOCH; OH 3

@ (11)'
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procedures well known in the art, for exanple by reacting a sufficiently basi c
. conmpound such as an amne with a suitable acid affording a S|0Iogically
accept abl e aWPeW7/0MWali netal (for exanple, sodium potP4: §$ Hpﬁﬁlthlun) or
al kaline earth netal (for exanple calciunm salts of carboxylic acids can al so
be 10 nade. The conpounds of forrmula I, IIl, 111, and IV can be

formul ated as pharmaceutical conpositions and adm nistered to a mammal i an
host, such as a human patient, by intravenous routes. Solutions of the active
compound or its saltssan be prepared in water, opgtionally mxed with a

nont oxi ¢ surfactant. 15 Spersions can al so be prepgetl in glycerol, l|iquid
pol yet hyl ene glycols, trimacetin, and m xtures there and in oils. Under
ordinary conditiwns of storane @pd use, these preparaLiqQns ggntaln a
preservative to preve owth of microorga ghar maceut i ca

dosage forns suitabl I Acl ude sterile aqueous
sol utions or di'persion‘mﬁ@,sterlle powders conpri sfpg,the active

i ngredient(s) which are giippted for the extenporaneous pre tion of sterile
injectable or infusible solutions or dispersions, optionally @ncapsul ated in

| i posones. In all cases, the ultimte dosage formshould be sterile, fluid and

stabl e under t heaqmadnatceamnpﬁccaaaumm theRoR MG BhBinAAfbodilad iUl d carrier or
25 vehicle can b be a. sglve qui d di_ spersion medi_um conpfising, for

exanpl e, water ““BPENSGRsE IBWWVBPCTPHngiﬁﬁﬁpeﬂ Bt JodHslor Tr:opyl ene gl ycol ,
l'iquid polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl
esters, and suitabl gqn xtures thereof. The proper fluidity can be nmaintai ned,

for exanple, by the fo 't on of |iposonmes, by t i nt enance of the reqU|red
particle size in 30 theycase of dispersions or by,the use of surfactants. The
prevention of the acti o of n1&£oorgan|31. can befbr-ught about by various

N

anti bacterial and—anti “agents, for - RS chl or obut ano
phenol , sorbic aci g osal , and the | ike—ptT ny cases, it wll be
preferable to include li@al di ¢ agents, fo6r examlg., sygars, buf fers or sodi um
chloride. Prolonged absoggjion of the injectable conp03|th §) can be brought
about by the use in the conpositions of agents del ayi ng absorption, for
exanpl e, al um num nonsstearate and gel atin. 5Steride injectable solutions can
be prepared by incorporating the active conpound(s) fnto an approPriate
solvent with the other offional ingredients enunerated above, optionally
followed by filtwer sterlll Qe I n the case of st ert puaers for the
preparation of steri abl e sol uti ons, nmet hods of
preparation are dryi ng and t he freeze dr echhi ques, 10 which yield
a powder ofl&k he” active Migredi ent plus any additi onatecdesi red ingredi ent
present in the previousl terile-filtered sol utions. IV, used herein the
terms "treat", "treating" and "treatnent"” include adm nistering a conpound

prior to the onset of clinical synptons of a disease state/condition so as to
prevent the def&? BiffEAteubrallyngcaniaile sl thersofydh certain embodiments, the

neuraminidase inhibitor is a compound of formula Ia, or a pharmaceutically

15 acceptable salt thereof.

In certain embodiments, the source of the virus is an infected bird. In
certain embodiments, the source of the virus is a mammal presenting symptoms
of infection.

In certain embodiments, the use is for reducing mortality.

20 Certain embodiments of the present invention provide a use of a

compound of formula I, II, 111, er v:

15



15 adm ni stering a conmpound after the onset of one or nore clinical synptons
of a disease state/condition so as to reduce or elimnate any such synptom
aspect or ch¥PaWEIRBtic of the disease state/conditionPCSISH7PEZRSI ng need
not be absolute to be useful. As illustrated hereinbel ow, the active conpounds
can be adm nistered prior to exposure to the virus. The agents can al so be
adm ni stered subsequent 20 (e.g., within 1, 2, 3, 4, or 5 days) to exposure to
t he virus. As used herein the term"unit dosage form' relates to an

i ntravenous fornul ateen cqontai-ning a specific aggount of a drug, the whole of
which is intended to befadm nistered as a single 8. 1t is distinguished
froma supply of an inaefinite anount of a nedicagent, e.g., a bottle of

P ] COzH | l n. one . .
;r’a viral infection in a
human conpri si ng_3 I ng an effective anotr a conmpound of formula I
I, 11, or Pt, or a phargaseutically aceeptabl eysdlt L\t hereof, to the human by
i ntravenous adm nistrati . Typically,. the effective 30 anmogjt is adm ni stered
in a single intravenous adm nistration.” I n sonme enbodi ments, "‘the effective

amount i s adm ni stered™ | tiple adm ni strationsgy_ Aggordi ngly, the nethods
of the invention provide)for hi gh pati ent conplianéngﬁg they require a | ow

dose of the effective agéyt. I n one enbodi nert, of the invention, the

effective inhibi % conmpound of fornmul Lol 11, or Wis up
to about 1,000 ng. 5Nn o odi nent of the inventio e effective

i nhi bitory anou conpound of formul a , [Il, or Wis up to about
SO0 ny. 5 n one eMjfth nent of the invention, whexeffective inhibitory
amount of the conpound oormula I, I, 111, or IVis up t@ xabout 600 ny.

- In one enbodi nent of the invention, the effective inhibitory,ammun of 10 the

conpound of fornu%% |, H,,HI, or Wis up to about 500 ny. In one

enbodi ment of R&PRARTESETEALY 295eptable salt thoreof. imthsimamufacampofe of the conpound
of fornula |, hhedidamendfor invrakéndup irjG:tRR%: ingY- lL.R.one embodi ment  of
the invention, .the effective inhibftory(gﬁgﬁggm%?PFﬁgafgﬁﬁgﬁﬁ%HHPafornula I
L1, 111, or |\vhimapotihe compoyndihet ipgtiectise to wons adiryobl mtmvernohs fetibmvent i on,
the effectiue iofilidbid shiie ABTbHher®intd BR HRRound of formula I, 11, IIl, or IV
is up to about 200 I n one enbodi nent of the

i nvention, the effe@#@i@ embrAimanty of thgpresent inventina reovigounst affa formula |, 11,

111, or IVis upmpourahdbmhBOL, DI, or IV: I n one embodi ment of the
invention, the effective inhibitory amount of 20 the conpound of formula I,
[1, I'l'l, or IVis up to about 75 ny. According to the nethods of the
i nvention a conpound= @rmula |, I, I'Il, omalV ig adm nistered to a human
i ntravenously. In one gnbodi nent of the

HN HN

COH COH
NHCOCH, OH NHCOCH; OH
15 ® (1)

N
\fNH Hjy YNH
HN

HN

COZH oM

NHCOCH; NHCOCH;

(1) vy,
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i nvention, the compound of formula I, H [IIl, or IV is admnistered once to a
human i ntravenously. |In another enbodi nent of the invention, a neuram nidase
25 i nhi bi t orVP 3003083183 dmi ni stered to the human orally. PSTOREVEMINT nent of
the invention, the neuram nidase inhibitor that is admnistered orally is
oseltam vir carboxylate. In one enbodi nent of the invention, the neuram nidase
inhibitor that is admnistered orally is a conmpound of formula I, I, H, or
TV: or a pharnacetnically acceptable salt thereof In one enbodi nent of the
invention, the neuramwidasg, inhibitor that is admpistered orally is a

' conpound of fornula Ia, , Il'la, or IVa: or ap taceuti cal | y acceptabl e
salt thereof In one enboefnment of the invention, thewdeuramn nidase inhibitor
that is adm ni st®red oral [ dcogonpound of fornula Fa—or &.pharmaceutically
acceptabl e salt thergof. “ According to rreo“? t he i nventi on,

t he conpound of f 11, 11, or |V,$‘D"' pc¢eut i cally acceptabl e

salt thereof, can al so oaelm ni stered in conbinati Qe th one or nore’

addi tional therapeutic ag@id)s, such as anti-viral agents (@vg), agents active
agai nst influenza) or antibiotics. 5 The intravenous fornul ati ons of the
invention can also conprise one or nore -additional therapeutic agents, such as
anti-viral agentrs fhermaceuthgiintsceptbiewaltdgaéofst i nfluenza) and anti biotics.
Thus, intravenous adpinistration of .peramvir _to treat a viral infectionis
descri bed hergei n. | n‘fmrs%em écc‘iﬂnﬁ’rouﬁgﬂfﬁf@?@&t]:l’ow’B?Np’é?%?@?@‘f{{batq‘eat a viral
10 infection i sAadtsoniddesehylbest)eganilifEBaydexgbyclopXaiy-@rixylivkdigh furt her
exenplifies int r, adm ni stration of ramvir. to treat a viral
infection, as i@g@%ﬁ@g’dﬁrﬂlﬁwlgp- SRCBARF AN SrEURBAIS-No.  PCT/ US2006/ 013535,
filed April 12, hy@edfcyddrentinsatiasylicadd; (WR3RMA)S-(1naastaniiatoed by reference.
Further, as descri

d herein,. it has been ynexpect edl i scovered that
i ntravenous anoprfg}l;i? %tgg'?rﬁg%r&fhé’? C’fcﬁ(fpgg?f'%cﬁ% °5$'&?°p‘é?‘§rﬁr§}]g3§’6ghg' hs provides
hi gh pl asnal@ontentdmidbiZectsylbiityer@mnidinocyélbfentmeexbaiytedcinl @ hal f-l1ife. As

descri bed her ei he compound escri bed herein can be used to treat a virus,
e.g., an infl ueé\hfg}’?/ﬁe}ltﬁ%aﬁ?ﬁ‘é?c’p%}?ge ﬁg}cr? e conpounds can-be used to treat any
one or conbination ok spdeifid @hipouhdgf fimalaliss a tdingdiad babreubahwa t he " 11"

pharmaceutically acceptable salt thereof.
It will be appreciated by those skilled in the art that compounds having
15 one or more chiral c;enters may exist in and be isolated in optically active and
racemic forms. Some compounds may exhibit polymorphism. It is to be
understood that the present invention encompasses the use of any racemic,
optically-active, polymorphic, or stereoisomeric form, or mixtﬁres thereof, of a
compound of formula I, II, III, or IV, which possess the useful properties
20  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
techniques, by synthesis from optically-active starting materials, by chiral
synthesis, or by chromatographic separation using a c':hiral stationary phase) and
how to det.ermine anti-viral (e.g. anti-influenza) activity using the standard tests
25 described herein, or using other similar tests which are well known in the art.
In cases where compounds are sufficiently basic or acidic to form stable
nontoxic acid or base salts, administration of the compounds as salts may be
appropriate. Examples of pharmaceutically acceptable salts are organic acid

addition salts formed with acids which form a physiological acceptable anion, for

18



20 stands for a type of hemaggl utinin,
neur am ni dase. The fornul a |

and the "N' stands for a type of

| XNy wherein Xis an integer from1-16 and Y is

an integer fYOMIIY218:an al so be used to describe the cdBIUAY/HRESpresent ed

in the table.
N8 N9 111 HI N1 HIN2 HIN3 HIN4A HI N5

WD 20071095218PCT/ US2007/ 003755 Table 1 Ni

N2 N3 N4 N5 N6 N7

10

15

20

25

or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for intramuscular injection for achieving a plasma concentration in a
human of the compound that is effective to treat a virus by intramuscular
injection c;f a dose of the medicament into the human.

In certain embodiments, the plasma concentration of the compound is

higher than the ICsq of the virus 12 hours following injection of the compound.’

Mice infected with influenza A/Duck/MN/ 1525/81 (H5N1) virus were
treated a single time i.v. 1 hour pre-virus exposure with peramivir at doses of 20,
10 and 3 mg/kg. Peramivir was significantly protective to the mice at the two
highest dosages used, as seen by prevention of deaths, lessening of lung
consolidation, and inhibition of lung virus titers. The 3 mg/kg dose was
moderately inhibitory to lung parameters. The compound appeared well
tolerated in concomitantly run toxicity controls. These data indicate that a single
i.v. peramivir treatment is efficacious in influenza virus-infected mice. .

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.
6,562,861).

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

A specific compound of formula I, II, ITT, or IV is a compound of formula
Ia, la, Ia, or IVa:

-

H

HaN HoN

NH
)

H

N N
% =
Z A

“\\\\\C O H

NHCOCH; OH

(la) (Ila)
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HIN6 HIN7 HIN8 JI 1IN9 112 H2N1 H2N2 H2N3 H2N4 H2NS5 112N6 1-12N7 H2N 8 H2N9

H3NI H3N2 H3VIS>§ 2(;)@/%'94521’8 HENS H3NG PCT/US2007/003755

10

15

20

25

30

example, tosylate, methanesulfonate, acetate, citrate, malonate, tartarate,
succinate, benzoate, ascorbate; o-ketoglutarate, and a-glycerophosphéte.'
Suitable inorganic salts may also be formed, including hydrochloride, sulfate,
nitrate, phosphate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be 6btained using standard

procedures well known in the art, for example by reacting a sufficiently basic

- compound such as an amine with a suitable acid affording a physiologically

acceptable anion. Alkali metal (for example, sodium, potassium or lithium) or
alkaline earth metal (for example calcium) salts of carboxylic acids can also be
made. .

The compounds of formula I, II, I1I, and IV can be formulated as
pharmaceutical compositions and administered to a mammalian host, such as a
human patient, by intravenous routes. Solutions of the active compound or its
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.

The pharmaceutical dosage forms suitable for injection or infusion can
include sterile aqueous solutions or dispersions or sterile powders comprising the
active ingredient(s) which are adapted for the extemporaneous preparation of
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
vehicle can be a solvent or liquid dispersion medium comprising, for example,
water, ethanol, a polyol (for example, glycerol, propylene glycol, liquid
polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and
suitable mixtures thereof. The proper fluidity can be maintained, for example,
by the formation of liposomes, by the maintenance of the required particle size in
the case of dispersions or by the use of surfactants, The prevention of the action
of microorganisms can be brought about by various antibacterial and antifungal

agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal,

19
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H3N7 H3N8 H3N9 . HAIN9 - H4 HAN1 114N2 114N3 1-14N4 . HANS HANG. HAN7
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10

15
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‘and the like. In many cases, it will be preferable to include isotonic agents, for

" example, sugars, buffers or sodium chloride. Prolonged absorption of the

injectable compositions can be brought about by the use in the compositions of

agents delaying absorption, for example, aluminum monostearate and gelatin.
Stén‘le injectable solutions can be prepared by incorporating the active

compound(s) into an appropriate solvent with the other optional ingredients '

enumerated above, optionally followed by filter sterilization. In the case of

. sterile powders for the preparation of sterile injectable sélutions, the preferred

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

As used herein the terms “treat”, "treating” and “treatment” include
g

_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 of a
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. As 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.

‘ As used herein the term “unit dosage form” relates to an intravenous
formulation containing a specific amount of a drug, the whole of which is
intended to be administered as a single dose. It is distinguished from a supply of
an indefinite amount of a medicament, e.g., a bottle of medicine, from which a
dose has to be measured out.

In one embodiment the invention provides a method for treating a viral
infection in a human comprising administering an effective amount of a
compound of formula I, IT, IT, or IV, or a pharmaceutically acceptable salt
thereof, to the human by intravenous administration. Typically, the effective
amount is administered in a single intravenous administration. In some

embodiments, the effective amount is administered in multiple administrations.
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Accordmgly, the methods of the invention provide for hlgh patient compliance
and they require a low dose of the effectlve agent. '
In one embodiment of the mventlon, the effective inhibitory amount of
the compound of formula I, II II, or IV is up to about 1,000 mg.
5 - In one embodiment of the invention, the effective inhibitory amount of
the compound of formula I, IL, IIT, or IV is up to about 800 mg. '
In one embodlment of the invention, the effective inhibitory amount of
the compound of formula L IL, III, or IV is up to about 600 mg.
~ -Inone embodlment of the i invention, the effective mh1b1tory amount ‘of
10 the compound of formula I, II, IIf, or IV is up to about 500 mg. .
In one embodiment of the mventmn the effective 1nh1b1tory amount of |
the compound of formula X, I, I, or IV is up to about 400 mg.
In one embodiment of the invention, the effective mhlbxtory amount of
the compound of formula I, II I, or IV is up to about 300 mg.
15 In one embodiment of the invention, the effective inhibitory amount of
the compound of formula I, II, I, or IV is up to about 200 mg.
" In one embodiment of the invention, the effective inhibitory amount of
the compound of formula I, II, 101, or IV is up to about 150 mg.
In one embbdiment of the invention, the effective inhibitory amount of
20 the compound of formula I, II, III, or IV is up to about 75 mg.
According to the methods of the invention a compound of formula L, 11,
- III, or IV is administered to a human in&avenously. In one embodiment of the
invention, the compound of formula I, I, II, or IV is administered once toa
human intravenously. In another embodiment of the invention, a neuraminidas"e
25 inhibitor is also administered 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, II, I1L, or IV:
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\ﬁ NH . HpN \KNH
HN HN
COH COH
NHCOCH; OH y NHCOCH;  OH
’ N
HzN\fNH Ha \fNH
HN ) ) HN
NHCOCH; NHCOCH,

5 am - . . avy,

ora phannaceﬁtically acceptable salt thereof. In one embodiment of the _
invention, the neuraminidase inhibitor that is administered orally is a. compound
of formula Ia, Ila, a, or IVa:

10

WWNCOH WNCOH
NHCOCH; OH
(Ia) (IIa)
HzN\\ﬁN H HoN \f"“
HN
WCOH %, W O
NHCOCH; ' NHCOCH,
15 (I1a) (IVa),

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, or a pharmaceutically acceptable sait thereof,

2
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According to the methods of the invention, the compound of formula I, -

- -IL I, or IV, or a pharmaceutically acceptable salt thereof, can also be

administered in combination with one or more additional therapéutic agents,
such as anti-viral agents (e.g., agents active against influenza) or aﬁtibiotics.

The intravenous 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 antibiotics. ’ ’

Thus, intravenous administra;ion of peramivir to treat a viral infection is
described herein. Intramuscular administfation of peramivir to treat a viral
infection is also described herein (see, e.g., Example 2), which.further
exemplifies intramuscular administration of pe;amivir, to treat a viral infection,
as is described in International Application No. PCT/US2006/013535, filed April
12, 2006, the disclosure of which is incorporated By reference. Further, as
described herein, it has been unexpectedly discovered that intravenous and
intramuscular injections of peramivir to humans provides high pla_smai
concentrations of pefamivil; with an extended plasma half-life.

* As described herein, the compounds described herein can be used to treat
a virus, e.g., an influenza virus. For example; the compounds can-be used to
treat any one or combination of the following strains. In the table below, the “H” '
stands for a type of hemagglutinin, and the “N” stands for a type of
neuraminidase. The formula HyNy wherein X is an integer from 1-16 and Y is an
integer from 1-9, can also be used to describe the combinations presented in the
table. ‘
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Table 1 ) .
N1 N2 N3 N4 N5 | N6 N7 N8 N9

HI |HINI |HIN2 |HIN3 |HIN4 |HIN5 |HING |HIN7 |HINS |HINO
H2 |H2N1 |HZN2 |HON3 |H2N4 | H2N5 | H2NG | H2N7 | H2Ns | H2Ne
H3 |H3NI |H3N2 |H3N3 | H3N4. | H3N5 | H3N6 | H3N7 | H3N8 | H3NG
"H4 |HANI |HANZ |H4N3 | H4N4 | HANS | HANe. | H4N7 | H4NS | HAND
H5 |HSNI |H5NZ |H5N3 | H5N4 | HSN5 | H5N6 | H5N7 | HSNS | H5NO
H6 | H6N1 |H6N2 |H6N3 | HON4 |H6N5 |HENG | HeNT |Hens H6N9
H7 |H/NI |H7/N2 |H/N3 |H/N4 |H/N5 |H7Ne |HIN7 |HINS |E7No
H8 | H8NI | H8N2 | HSN3 | H8N4 | H8N5 | H8NG | H8N7 | HENE | HaNo
HY9 |HONI | HON2 | HON3 | HON4 | HON5 |HON¢ | HON7 |HSNS | HONO
H10 | HIONT | HION2 | HION3 | HI0N4 | HIONS | H10NG | HI0N7 | H10NS | HIOND
THI1 | AIINI | HIINZ | HIIN3 | H11N4 | H1IN5 | HITNG | G187 | B11NE | H1iNS
H12 | Hi2NT | H12N2 | H12N3 | Hi2N4 | Bi2N5 | H12N6 | 51287 [HizNs THiaNg |
H13 | HI3N1 | HI3NZ | HI3N3 | HI3N4 | HI3N5 | HI13N6 | H13N7 | H13N8 | HI3NO
H14 | H14N1 | H14N2 | H14N3 | H14N4 | H14N5 | H14N6 | H14N7 | H14N8 | H14N9
HI5 | HI5SNI | HISN2 | HISN3 | HI5N4 | HI5NS | HI5N6 | HI5N7 | H15N8 | HISN9
H16 | HI6N1 | H16NZ | HI6N3 | H16N4 | H16N5 | HI16N6 | H16N7 | Hi6NE | H16NS

The virus may be, for example, an avian virus or a humanized avian virus. Thus,
the term “avian virus” includes both avian forms of the virus and humanized
S forms of the avian virus.
Certain embodiments of the present invention provide the use of a

compound of formula I, II, I, or IV:

“2N\]%NH “2"\]'//4:9

HN HN

COH COH

NHCOCH,  OH

10 @

NHCOCH; OH

dan
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HaN

-

HN ’ ) HN

B
COH. - ) COH
" NHCOCH, . ) NHCOCH; .

am Coaw,

or a pharmaceutically acceptable salt thereof, in the manufacture of a
5 medicament for int;avénous injection for achieving a plasma concentration in a
human of the compound that is effective to treat a virus by intravenous injection
of a dose of the medicament into the human.
‘ Certain embodiments of the préserit invention also provide the use ofa

compound of foﬁhula LIL O or IV:

10
HzN\IiNH . . l’izr‘l\.ﬁNH
HN HN
COH COH

NHCOCH;  OH NHCOCH; OH

o | o m
HZN\fNH . HzN\fNH

HN . HN

NHCOCH, . . NHCOCH;

15 dm) V),
or a pharmaceutically acceptable salt theréof, in the manufacture of a
medicament for in_tramuspular injection for achieving a plasma concentration in a
human of the compound that is effective to treat a virus by intramuscular

20 injection of a dose of the medicament into the human. .

Ceﬁain embodiments of the invention also provide compositions

comprising peramivir formulated for intravenous administration to 2 human.
Certain embodiments of the invention also provide compositions comprising
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H1I6N3 1-116N4 F, 116N5 H16N6 11 | 6N7 HL6N8 1116149 $Ee virﬁs Pay bﬁ, for
anple, an avian virus or a humani zed avi an virus. us, the term "avi an

Sixrlrjrg" i ncl MHR3YBBIRBavi an forms of the virus and humaniP£2d@SPHYBHE of the

avi an virus. Certain enbodi nents of the present invention provide the

use of a conpound of formula I, 11, 111, or IV: or a pharmaceutically

acceptabl e salt thereof, in the manufacture of a 5 nedicament for intravenous

injection for achieving a plasma concentration in a human of the conpound that

is effective tOpérilﬁﬁ/ﬁrf@mYdl{ltU&f&)fndrﬂggfl@J\éed%"ilr? Eioﬁg”t 'txgsg OLfaﬁgdosgryg ¥t.h venti on

medi canent into the huma f r
al so praovide th%?h!j%’@g@fplféf"@cﬂ?p@mmtlm lrn‘ailmdnapﬂperakmyn Hak js e@fecﬂl\)éto 2 oo NH

HN treat the virus. '
Certain embodiments of the invention also provide compositions
5 comprising peramivir formulated for intramuscular administration to 2 human.
Certain embodiments of the invention also provide compositions comprising
peramivir formulated for intramuscular administration for use in treating a virus
by achieving a plasma concentration in a human of peramivir. thét is effective to
treat the virus. ‘ '

10 In certain embodiments of the inventiqn, the plasma concentration of the
compound is higher than the ICs, of the virus at least about 12 hours following
the injection. '

In certain embodiments of the iﬁventibn, the plasma concentration of the
compound is higher than the ICs of the virus at least about 24 hours following ‘

15  the injection. ‘

In certain embodiments of the invention, the plasma concentration of the
compound is higher than the ICsj of the virus at least about 36 hours following
the injection.

In certain embodiments of the inver;tion, the plasma concentration of the

20  compound is higher than the ICs; of the virus at least about 48 hours folloWing
the mjection. '

In certain embodiments of the invention, the plasma concentration of the
compound is higher than the ICs, of the virus at least about 60 hours following
the injection.

25 In certain embodiments of the invention, the plasma concentration of the
compound is higher than the ICs; of the virus at least about 72 hours following
the injection.

In certain embodiments of the invention, the Virus is an influenza virus.
In certain embodiments of the invention, the virus is an avian influenza virus. In

30 certain embodiments of the invention, the viru's is H5N1, or a mutant strain
thereof.
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142N\ .., NH NHGOCH3 or a pharmaceutically acceptable salt thereof, in the
manuf acture of a nedi canent for intramuscular injection for achieving a plasm
concent r at i ONOPHW74%Aan of the conmpound that is effectiP¢d/USHPTPEES a virus by
i ntranmuscul ar 20 injection of a dose of the medicanent into the human. Certain
enbodi nents of the invention also provide conpositions conprising peratnivir
formul ated for intravenous admnistration to a human. Certain enbodi nents of
the invention al so provide conpositions conprising peramvir fornulated for

i ntravenous admi ni strRhRRAGEEWINESw b Gkl BY 4 i gghizeving a plasma
concentration in a human of peram vi rlt'{?at Psgg?ef eéé%@g%gqﬁll%%% t he virus.
Certain enbodi I$f the invention al so provi de conpositions 5 conpri sing
peramivir formulated for intranmuscular adm nistration to a hunman. Certain
enbodi nents of the invention al so provide conpositions conprising peramvir
formul at ed for F¥noRleds Effest ofaBYiiTinpatarent with Fegamirie on fnflua@ah iAnyiras Vi r us by
achi eving a Pl gafgtgpncentration in a human of peramvir that is effective to
treat the virus, 10In certain enbodi ments of the invention, the plasm
concentration dFPeH@eddiqsiamMics wergindctedfianwithe dbeS@oaghttdibe thisr us at | east
about 12 hour s 1f19] doihehAEvibY @G . | n. certain enbodi nents of the
i nvention, the plasha concentrati onﬁ%&ftlﬁémg%%r&}ﬁeatelﬁsl'vhl EYF M4h?t.he | C50 of
the virus at | ¢®832capbrfl 194n¢ 3 medkd viihgipitine 11Bour ipes-vimjsaspbaie. Placebo | N certain
enbodi Ment's of . (BkelsBNE) Wal eiminfierBt #L1.80,9f 2hhe. cogpound i's

hi gher t han the( 1C50 o@t he .vtflr usera}t Ef.gg gﬁgﬁgﬁ%}{@%aﬁ%‘ﬁ&g 2#)61%%%?1;9 t he

i nj ection. 10 mice. Dryg-tgeataddpfeciedbues snsimlacebé-tiehted contei wem obtdieedpl asnma
concentration q@lﬂg,hﬁdzghqlggp&;ﬂdd' R ghgl ) f .the virus. at

| east about 48 hours fol | owi ng théggi %j ect%l%é.&%fsb?mk‘fl%uggm“é‘? A€nbodi ment s of
the invention, YeAEd Siitithahighert deserof thenpmpfoundrangermpelndbd mfdetegher t han t he

1 C50 of the Vi lfndd. ARSiciBRRMro8 % ROM:S ' h L EEL] 2ol N
certain enbadi nents of the i nv_e,n%i or?,' %edg?gérﬁraga@g}ﬁrtggqﬁg alygﬁmgf’vefehe conmpound
i's higher than veighed gnmegdipteberiazite the initial teatmentland i 8 i2fthothasindlol | owi ng t he

I njection. 15 treatment. Five normal controls were weighed. : :
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In certain enbodi nents of the invention, the virus is an influenza virus.

In certain enbodi nents of the invention, the virus is an avian influenza
virus. In 30V@eM78¥¥18enbodi ments of the invention, the WOH{IS20F0QER1, or a
nmut ant strain thereof The invention will now be illustrated by the
followi ng non-limting Exanples. Example 1. Effect of IV Treatnment with
Peramvir on Influenza A Virus 5 Infection Experinment Design: Mce were
infected Lit with a dose thou* ght to be the LD100 of influenza virus. G oups
of 10 m ce wer 1t i < Wt LV [ 20 0.,and 3 nag/ kg
a single time irérl]%eﬁ? %?eeit\?ﬁﬁl\séqeel%'g% E%%MHP‘%Q?%%%&??%‘?%?%“ %a%g?mﬁas

admi ni st ered i .Jpfection wavligel el with the above to 20 infected 10 mice.
Drug-treated ipfected rﬁcF I placebyp-treated—control-s—were—oebserved daily
for death thro!ﬁ'{:g - figpale I%%t oci | g’%‘fiﬁ?’?é‘l’@,‘h‘lg’ GfTeRrest Smelei ce were
treated with t SHBSY dose of the| HEAHRS Yr RTHFYE Xepsurd t he i nf ect ed
animals. Al tiokirot tyfleemad r ol s wer e pbseined rbpe: Meahilirir,ough 21 days and
wer e wei ghed i navdice™MENX 5pSisoHSNI)the initial treatment and 18' h aftler the

final 15 treatfgNt. . Fi Ve NOLITEE, cont{ ol s—were wei ghed—Fabte—2—F&ect - of
Single I.V. Trgﬁu&ﬁﬁfﬁem} rsﬁeﬂzlggﬁxl}‘ﬁi \j %ﬁﬁﬁj@‘ﬁa{’?ﬁ:l $%8 A Virus Infectjon in
Mce. Aninals: Female 18-21 gram BALB/c m ce Treatnent schedul e:. Peramvir,:

Single treatngnt 1 hour p'lLe-vi rus pxpgesurle Minfdéted, TRhled@mea AjDuci c/ MV 152518
(HSN1) Treatngnt route: Peram vir -| Controishr ug diluent: Sterile|Saline Expt.
duration: 21 days Mean Day
' Dose Surv/ Surv/ to Death® &
Treatment (mg/kg) Total Total "SD
Peramivir 20 . 3/3 10/10%* >21.0% |
0.0***
10 3/3 10/10%** >21.0=+
O_O***
3 33 5/10 9.6+1.3
Saline ‘ — — 9/20 9.1+14
Normal —_ 5/5 —_ —
Controls :

®Mean day to death of mice dying prior to day 21.
S **P<0.01; ***P<0.001 compared to saline-treated controls.

The infection induced in this experiment was lethal to 55% of the mice (Table
1), with a mean day to death of 9.1 days. The single i.v. injection with peramivir
at 20 and 10 mg/kg was highly protective to the infected animals, with 100%
10  surviving the infection (P<0.01). Toxicity controls run in parallel all survived
and gained weight, indicating compound was well tolerated in this experiment.
These data indicate that peramivir is a significant influenza inhibitor

when used in a single i.v. injection.

15 Example 2. Effects of IV and IM Treatment with Peramivir in Humans
Peramivir was studied in a placebo-controlled phase I clir_;ical study in
healthy human volunteers to evaluate safety and pharmacokinetic parameters
using intravenous and intramuscular administrations. Blood samples were -
28



Tox Controls Infected, Treated M ce Treatnent Dose (ng/kg) Surv/ Total Surv/

Total Mean Da(\;
w0 2

10

15

20

25

30

1 Vi 3 10/10** >21.0 0.0*** 10
309/0%%} hb SD Peramvir 20 3/ PCT/US2007/003755

collected from the subjects at different time points after drug administration to
determine the concentration of the drug in plasma. The time course plots are
shown in Figure 1 and Figure 2 for intravenous and intramuscular
administrations respectively. _

In the intravenous study, peramivir concentrations followed linear
kinetics with an unusualiy extended plasma half life of greater than 12 hours. At
doses of 2 mg/kg and above, the level of peramivir in plasma at 48 hours post-
doée is greater than the ICs, for all strains of influenza virus tested, including HS
virus types. For doses grea.xter than 4 mg/kg, even at 72 hours, the levels of the
drug are greater than the ICsp values.

In the intramuscular study, peramivir concentrations also followed linear
lf.inetics with an unusually extended plasma half life. Even at 72 hours post-
dosing, the levels of peramivir are higher than the ICs, values for all the
influenza virus strains tested. 4

The long plasma half-life and the high levels of peramivir in human
volunteers are unusual and unexpected ﬁﬁdings and indicate that intravenous and

intramuscular administrations of peramivir are beneficial in the treatment of

-influenza in humans.

All publications, patents and patent applications cited herein are
incoriﬁorated herein by reference. While in the foregoing specification this
invention has been described in relation to certain embodiments thereof, and
many details have been set forth for purposes of illustration, it will be apparent to
those skilled in the art that the invention is susceptible to additional '
embodiments and that certain of the details described herein may be varied
considerably without departing from the basic principles of the invention.

The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention are to be construed to cover both the singular
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 10™)
unless otherwise noted. Recitation of ranges of values herein are merely

intended to serve as a shorthand method of referring individually to each separate
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- - - ice dyin rior to day 21.
Controls 5v/vg2007/09521%%an day to death of m ytng p PCT/US2007/003755

value fal]fng 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
order unless otherwise indicated herein or otherwise clearly contradicted by

5 context. The use of any and all examples, or exemplary language (e.g., “s‘uch
as”) provided herein, is inténded metjely to better illuminate the invention and
does not pose a limitation on the scope of the invention unless otherwise

claimed.
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5 **P<0. 01; ***P<0.001 conpared to saline-treated controls. The
infection induced in this experinent was lethal to 55% of the mce
(Table 1), with a nean day to death of 9.1 days. The single i.v.
injection with peramivir at 20 and 10 ng/ kg was highly protective to
the infected animals, with 100% 10 surviving the infection (P<0.01).
Toxicity controls run in paMlel all survived and gai ned wei ght,
i ndi cati ng conpound Was Wl | tolerakfgdkg this experinent.
These data indicate that peramvir TS a significant influenza
i nhi bitor when used in a single i.v. injection. 15 Exanple 2. Effects
of 1V an M.Treatnent with Perandvir in Humans Peram vir was studied
in a plac BUEBEF? 'Ped phase | clinical study in healthy human
vol unteers to eval uate safety and pharnaacoki netic paranmeters using
i ntravenous and i ntranuscul ar adm ni strations. Blood sanples were
col | ect ed!-f r orAhetvee sipsasanonnd of firmpilarleHt IIE ondVopoi nt s after drug
admnistration to determ ne the concentration of the drug in plasna.
The tine course plots are shown in Figure 1 and Figure 2 for
i ntravenous ard~ ptsanuscul ar admni ni st r ath wmf espectively. 5In the
i ntravenous study, peram vir concentrations|followed |inear Kkinetics
w th an unusual | Y8 ext ended plasma half |ifé&\of greater than 12 hours.
At doses of 2 ng/K d_above, theN evel of masir i n plasna at 48
hours post-dgse is gat er than thel trains of influenza
virus tested oIl ng I-15 virus t oses greater than 4
ng/ kg, even at g are greater than
the 1C50 val ues. Igpthe intranuscul ar study, peram vigpy concentrations
also followed linear kinetics with an unusually extended plasnma hal f
life. Even at 7Zxhours post-dosing, the lewels of peramivir are
hi gher than the | val ues for all the influefiza virus strains
tested. 15The | ongypl asma hal f-1ife and the hiygh | evels of peram vir
i n human wol unt eers ug&§ual and unexpect ed '-dingﬁiand i ndi cate
that intra ramuscul ar ad ‘-'stratI=a§ 6f peramvir are
beneficial in ment of -influenza ) BOS.

(1) (IV),

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
intravenous administration to a human for the therapeutic and/or prophylactic treatment

of a viral infection.

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

compound of formula Ia, ITa, IIIa, or IVa:

\fNH HzN\fNH

H H

HaN

N
%

N
%
%

s ‘\\\\COZH \\\\\\COZH

NHCOCH, OH

(Ia) (Ila)
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Al'l publications, patents and patent applications cited herein are 20
i ncorporated herein by reference. Wiile in the foregoing
specification this invention has been described in relation to
certain enbodi nents thereof; and many details have been set forth for
purposes of illustration, it will be apparent to those skilled in the
art that the invention is susceptible to additional enbodi nents and
that certain of ' ails described herei i te varied 25

consi derably wi thout departing fromthe basic grinciples of the

i nvention. e use of the terns "a" and*an" and "the" and

=z,

sinmilar referents intfe gemtext of describing fe\ nwention are to
be construed td "h t he singular and the “éil , unl ess

ot herw se i ndi cat® herein or clearly contradiyCted’by context. The
terms "coppri sing,weocdhavi ng, " "including," ang.gontaining” are to 30

be construed as op gnded terms (i.e., neaning "I ncl ing, but not
limted to") unless otherwi se noted. Recitation of range$ of val ues
herein are nerely intended to serve as a shorthand net hod of
referring.ingivi I e arate value falling within the
range, unl €95 26t é'?tdéa%ﬁgta?cﬁaﬁggt%@aﬁ efotg'l n, and each separate value is
incorporated into the specification as if it were individually
recited herei Al | t hods described herein can be perforned in any
sui tabl e brder! }LﬁﬂségggmEPQ\ﬁé‘éheF%’éIﬁFa‘t”@bmﬁ"é‘P@PFF Brinienes WKEor) earl y
contradicted by 5 context. The use of any and all exanples, or

exenpl ary | anguage (e.g., "such as") provided herein, is intended
merel y t dkbet tihe us¢ plethinad,evhepain ﬂnwémf)in&n:tiamés aggrfiuanet type deordype B
Iinitatiﬁﬁﬁﬁﬁn}he scope of the invention unless otherw se clai nmed.
CLAI M5 at '1s clainmed is 1. The use of a conpound of formula I, I1,
11, or IV or a pharmaceutically acceptable salt thereof, in the

manuf act ure of  a nmedj canent for, i ntravenpus admnistration to _a. hunman
for the ﬁeraﬂéﬂﬁt“ﬁwéﬁa% OIpia*ﬁﬁgﬁl%@ﬁveraf@%%mCaWd ygistrgim of virus
i nfecti onheprdsehftd BySRe Rhm6lad, N, kheIEX ¢4 &h RBeLRIRAUhnAlY fshniteger! .

1, 111, or IVis a
from 1-9.

6. The use of claim 3, wherein the influenza is an H3N2, HiN1, H5NI, avian, or

seasonal influenza.

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

8. The use of claim 7, wherein the effective anti-viral amount is up to 400 mg.

9. The use of claim 8, wherein the effective anti-viral amount is up to 300 mg.

10.  The use of claim 9, wherein the effective anti-viral amount is up to 200 mg.

11.  The use of any one of claims 1-10, wherein the entire effective dose of the

medicament is suitable for administration in one intravenous administration.
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conmpound of forrmula la, Ha, Illa, or IVa: H2N FIN* D4R , CO2H NHCOCH3
H (la) H2 NNH 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 nfl uenza type A or type B infection. 5. The use of claim1l or 2,
wherein the viral infection is caused by a strain of virus
represented by the formula 1-1"Ny wherein X is an integer from 1l-16
and Y is an integer from1-9. 6. The use of claim3, wherein the

i nfluenzall,s amhd usé 3NZny dlleN¥ claitadM -102vhedEin I entiedsRale dddklovarza. 7.
The use of any one of clains 1-6, wherein the effective anti-viral
amount i sg@cdmens gsuiable foy admypistiasien gF mgltiple intraveppis asiministsetionsf ect i ve
anti-viral anount is up to 400 ng.

13.  The use of any one of claims 2-12, wherein a compound or formula Ia, or a

pharmaceutically acceptable salt thereof, is used.
14, The use of any one of claims 1-13, wherein the medicament is formulated so that
the plasma concentration of the compound is higher than the ICsp of the virus causing the

viral infection 12 hours following administration of the medicament.

15. The use of a compound of formwia I, II, III, or I'V:
%NH

HN
NHCOCH; OH

NHCOCH; OH

H N,

) (I)
HzN\fNH HaN NH
HN HN
CO.H CO.H
NHCOCH, NHCOCH;
(111) vy,

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

intravenous administration to a human for inhibiting a neuraminindase in a human

16. The use of claim 15, wherein the compound of formula L, II, III, or [V is a

compound of formula Ia, [1a, IIla, or I'Va:
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9. The use of claim@8, wherein the effective anti-viral amount is up
to 300 ng. 10. The use of claim9, wherein the effective anti-viral
anount is up to 200 ng 11. The use of any one of clainms 1-10,
wherein the entire effective dose of the medicanent is suitable for
adm nistration in one intravenous adm ni stration. 12. The use of
any one of clains 1-10, wherein the entire effective dose of the
medi canent s SNt e for adm nistrati or¥_N | tiple intravenous
adm ni strati ons. [13 The use of any one G?Tfﬁgins 2-12, wherein a
conpound or fornuka la, or a phannaceuticaldy acceptable sal t
thereof, is used. *Z14 The.use of agy one of*e+qi ngyl-13, wherein the
nedlcanent T3 2 efit ration of the
conmpound i s the 1 C50 of the viuS~efAusing the viral

i nfection ' he medi canent. 15.

O C&L, OH
The use of a conpoqgﬁaof formula I, 11, IIT, IV: wé HN CO2H
NHCOCH3 or a pha ceutically acceptable salt t her o?

in the
manuf acture of g,gredi canent for |ntravenoungdnlnlstratlon to a human

for inhibiting a n %hi ni ndase in a human 16. "use of claim 15,
wherein the conpou of formula I, I, Ill, orjlVis a conpound of
formula | Ha, 1113a, qr |Va: %
8 (COH y _,‘\w\\co‘”
NHCGCH, NHECCCH,
(11Ia) (IVa),

or a pharmaceutically acceptable salt thereof.

17.  Theuse of claim 15 or 16, wherein the effective inhibitory amount is up to 800

mg.

18.  The use of claim 17, wherein the effective inhibitory amount is up to 400 mg.
19.  The use of claim 18, wherein the effective inhibitory amount is up o 300 mg,
20.  The use of claim 19, wherein the effective inhibitory amount is up to 200 mg.

21.  The use of any one of claims 15-20, wherein the entire effective inhibitory dose of

the medicament is suitable for administration in one intravenous administration.

22.  The use of any one of claims 15-20, wherein the entire effective inhibitory dose of

the medicament is suitable for administration in multiple intravenous administrations.

23, Theuse of any one of claims 16-22, wherein a compound of formula Ia, ora

pharmaceutically acceptable salt thereof, is used.
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H2N'---,..%--,- NHH2NINH HN(. _Hilts. D70..... C? H2N or a
pharmaceutically acceptable salt thereof. 17. The use of claim15 or
16, wherein the effective inhibitory anmount is up to 800 ng. 18. The
use of claim 17, wherein the effective inhibitory anount is up to 400
ng. 19. The use of claim 18, wherein the effective inhibitory anmount
is up to 300 ng. 20. The use of claim 19, wherein the effective
inhibitory amount is up to 200 ng. 21. The use of any one of clains
15-20, wherein the entire effective inhibitory dose of the nedi canent
is suitab2e foAuaﬂrdbmgstfwmtuhms kultabeefof intrieaneiatnialdirhonSth adduiran,

22. The use of %g of alns 15- % Wﬂerein the entire effective
i nhi bi tor‘ff’%%lgdﬁ’tf’ OH’&H agrmreundoidomula > dL A8y ord¥ii ni stration in
mul tiple intrax gadm nistrations. 2@y _The, use of any one of
clainms 16-22, mhe ein a conmpound of fornuf\rfh, or a pharmaceutically
accept abl e salt ereof is used. 24.A unikt¢ dosage formthat is
suitable for intra SCQMn1nistr tion to a Neo LONMPrising up to

800 ng of formula I,
NHCOCHy OH NHCOCH; ©OH
) (1D
HzN\fNH HZNYNH
HN HN
COH CO,H
NHCOCH; NHCOCH;
(IID) (Iv),

or a pharmaceutically acceptable salt thereof.

25. The unit dosage form of claim 24, wherein the compound of formula I, II, III, or

IV is a compound of formula Ia, IIa, Illa, or IVa:

.

H

H,N

d
m\\\\\

,.-\\\\COZH ‘,\\\\COzH

NHCOCH; ©OH

(Ia) (I1a)

N

H

HN

"
%

OO oM

NHCOCH,
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FNNH

dosage formof claim24, wherein the conpound of fornmula I,
or IVis a conpound of fornula la, Ha, Ina, or IVa: H2N FIN,

or a pharmaceutically acceptable salt thereof. 25.The unit

H3 OH (1a) H2 NNH " 00O2H NH CO CH3

(LlIa) (1Va),

or a pharmaceutically acceptable salt thereof.

26.  The unit dosage form of claim 24 or 25 that comprises up to 400 mg of the

compound or salt.

27.  The unit dosage form of claim 26 that comprises up to 300 mg of the compound

or salt.

28.  The unit dosage form of claim 27 that comprises up to 200 mg of the compound

or salt.

29, Use of a compound of formula I, IT, ITI, or IV:
\fNH

HN
}{/Q/ -

HzN

NHCOCH, OH NHCOCH;  OH
iy (ID
HZNYNH HZNYNH
HN HN
CO,H COH
NHCOCH, NHCOCH;
(1IT) vy,

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

intravenous injection for increasing life expectancy or reducing mortality in a group of

huinans exposed to a source of an influenza virus, by intravenous injection of a dose of
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(M) (I'Va), or a pharnmaceutically acceptable salt thereof. 26. The
unit dosage formof claim24 or 25 that conprises up to 400 ng of the
conpound or salt. 27. The unit dosage form of claim 26 that
conprises up to 300 ng of the conpound ,or salt. 28. The unit dosage
formof claim27 that conprises up to 200 ng of the conpound or salt.

29. Use of a compound of fonma I, II, IIl, or I'V: HZN HN HN
Coe1l C%'E'm’é'&%cgl%elg_i?ftog;cl{ 1|112:1nber of the group presenting clinical symptoms of
infection.
30.  Use as in claim 29, wherein the compound of formula I, IT, III, or IV is a

compound of formula Ia, ITa, I1la, or IVa:

\I?NH HZN\,{%NH

WCOH

(Ia)

Hzl

“‘“\\\Z

.\\\\‘\CDEH

NHCOCH,

(11Ia) (IVa),

or a pharmaceutically acceptable salt thereof.

31. Use as claimed in claim 29 or 30, wherein the influenza virus is an avian

influenza virus.

32.  Use as claimed in claim 29 or 30, wherein the influenza virus is an influenza type

A or type B virus.

33, Use as claimed in claim 29 or 30, wherein the influenza virus is HSN1, or a

mutant strain thereof.
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H2N or a pharmaceutically acceptable salt thereof, in the

manuf acture of a medi canent for intravenous injection for increasing
|ife expectancy or reducing nortality in a group of humans exposed to
a source of an influenza virus, by intravenous injection of a dose of
t he medi canent into each menber of the group presenting clinical
synptons of infection. 30.Use as in claim29, wherein the conpound of

formula 3411 U!;é As,clzﬁﬁlea ¥ dlﬁnfiflg?&ﬂ%o%@l eﬁlfthé ﬁfﬂﬁfﬁﬁz@x vllﬁls lsEaastrah\{a@f HAfus
| Va: H2NH2N HN [ Cﬁ_l) CCIZI—L’S | a)
represented by the formula HxNy wherein X is an integer om 1 16 and Y is an integer

from 1-0.

35. Use as claimed in claim 29 or 30, wherein the influenza virus is an HIN2, HINI,

H5N1, avian, or seasonal influenza virus.

36.  Use as claimed in any one of claims 29-35, wherein the entire effective dose of

the medicament is suitable for administration in one intravenous administration.

37.. Use as claimed in any one of claims 29-35, wherein the entire effective dose of

the medicament is suitable for administration in multiple intravenous administrations.

38.  Use as claimed in any one of claims 29-37, for increasing life expectancy or
reducing mortality in a group of humans, wherein the members of the group presenting

clinical symptoms of infection are treated orally with a neuraminidase inhibitor.

39, Use as claimed in claim 38, in which the neuraminidase inhibitor is oseltamivir

carboxylate.

40.  Use as claimed in claim 38, in which the neuraminidase inhibitor is a compound

of formula 1, 11, 111, or IV:

\.]&NH HZN\'%NH
HN

HN

HoN

CO,H GO,H

NHCOCH; OH NHCOCH, OH

ey (1D)
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or a pharmaceutically acceptable salt thereof. 31. Use as clained in
claim?29 or 30, wherein die influenza virus is an avian influenza
virus. 32. Use as clained in claim?29 or 30, wherein the influenza
virus is an influenza type A or type B virus. 33. Use as clained in
claim?29 or 30, wherein the influenza virus is H5N1, or a nutant
strain thereof. 34. Use as clained in claim?29 or 30, wherein the
influenza virus Jys a strain of virus represgpted by the formula HxNy
wherein Xis an integé™ from1-16 and Y is an Tw¥ﬁﬁer from1-9. 35.
Use as clained in gl aim29 or 30, wherein the jinfluenza virus is an
H3N2, M NI H5NI, , or seasonal influenza
clainmed in ¥fi¥ 29- 35, wherein the
of the medica tabl e for adm ni stxati oA one intravenous
adm ni st r aj+4 Use as clained i n—apy ong of clains 29-35,
wherein tfe entiré*e¥f ective dose of the medi®ewent is suitable for
adm nistration in mIbtiple intravenous adninistrati o), 38. Use as
claimed in any one of claims 29-37, for increasing |life expectancy or
reducing nortality in a group of humans, wherein the nenbers of the
group pr esaphamiacedticallg atceptybiptsdnthebf.i nfection are treated orally

Wi th a neuram nidase inhibitor. 39. Use as clained in claim38, in
whi ch the neuraninidase inhibitor is oseltamvir carboxylate. 40.

Use as clgi medjseRs Glaphdd 1§%Iallh'38v‘fﬂ'“ﬂﬂcﬂ I!B@ n@&h‘ﬁlﬁﬂﬂla@b Hﬁ?o‘?tol' R RifRind s @

conmpound of forrmula I, Il, H, or
of formula Ia, IIa, Ila, or TVa:

qu\ﬁ NH HzN\f NH

H H

=
u\\“\\

N’/
%
%

CORH WCOH

NHCOCHy OH

(Ia) (ITa)

H,N

\fNH HzN\fNH

H

.\\“\\z
I

A

-\\“’\\c 021‘1 “\\\\Coz H

NHCQCH3 NHCOCH,

(I1la) (Iva),

or a pharmaceutically acceptable salt thereof.

42.  Use as claimed in claim 41, in which the neuraminidase inhibitor is a compound

of formula Ia, or a pharmaceutically acceptable salt thereof.

43.  Use as claimed in any one of claims 29-42, in which the source of the virus is an
infected bird.
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NHCOCH3 OH H2N  H2NHzN. NH HN or a pharmaceutically acceptable
salt thereof. 41.Use as clained in claim38, in which the
neur am ni dase inhibitor is a conpound of formula la, Ira, Ma, or |Va:
or a pharmaceutically acceptable salt thereof. 42. Use as clained in
claim41, in which the neuram nidase inhibitor is a conpound of
formula la, or a pharnaceutically acceptable salt thereof. 43. Use
as cl ai megly.in BRYasANEnBE 1Pl IFE of Has 20.41 HRNGLL 1HBR0SRLE £ rud RS
virus is an infecte ird. 44, Use as alne In any one of clains
29- 42 i n imahpresestispsymgdomns of méectibm.us i s a human presenting synpt ons
of infection. 45. Use as clainmed in any one of clainms 29-44, which
is for reducing nortality. 46. Use of a conpound of forrmula I, II,
LT, or 135, H2dHskdMied in any one of claims 29-44, which is for reducing mortality.

46.  Use of a compound of formula I, II, III, or IV:
%NH

HN i
J——p/m’“ o

NHCOCH; ©OH NHCOCH, ©OH

M - (1)

HzN\fNﬂ HzN\’%NH

CO,H COH
NHCOCH, NHCOCH,

(I11) vy,

HzN

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
intravenous injection for achieving a plasma concentration in a human of the compound
that is effective to treat a virus by intravenous injection of a dose of the medicament into

the human.

417. Use of a compound of formula I, II, III, or IV:

\fnr-c |

HN HN

H,N

COH COH

NHCOCHy OH NHCQCH; OH
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H2 NNH or a pharmaceutically acceptable salt thereof, in the

manuf acture of a nmedi canent for intravenous injection for achieving a
pl asma concentration in a human of the conpound that is effective to
treat a virus by intravenous injection of a dose of the nedi canent
into the human. 47.Use of a conpound of forrmula I, IIl, Ill, or IV
FINHN or a pharmaceutic4l ly acceptable salt thereof, in the

manuf acture of a nedi canent for intramuscular injection for achieving
a plasm concentratPon in a human of the conmpound thadDis effective
to treat a virus by intramuscul ar injection of a dose of the

medi canent into 't he—hwman. 48. The use of cI%ﬁﬁTéﬁﬂor 47, wherein the
pl asma concentratign of the conmpound is higher|than the | C50 of the

virus 12 hours fol™ow ng injection of the conpBund.
CO.H

NHCOCH,

(11D V),

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
intramuscular injection for achieving a plasma concentration in a human of the compound
that is effective to treat a virus by intramuscular injection of a dose of the medicament

into the human.

48.  The use of claim 46 or 47, wherein the plasma concentration of the compound is

higher than the ICsp of the virus 12 hours following injection of the compound.
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