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ANTI - INFLUENZA AGENTS

Technical Field -
The present invention relates compounds that

5 inhibit influenza A virus sialidases and are therefore
potential anti-influenza agents. ' :

Background Art ‘ -

Infection by influenza viruses, in particular
10 type A vifuses, has had a significant impact on human -
health over the centuries, including three pandemics in
the 20th century (Horimoto and Kawaoka, 2001). Vaccines
are available égainst influenza virus but are effective
only againsat particular strains. Until recently the drugs
1S of choice for the treatment of influenza A virus infection
were the adamantane-based M2 ion channel ptotein
inhibitors, Rimantadine and Amantadine (Douglas, 1990).
However, both d:ugs_havé been reported not only to have
significant side-effects, but also lead to the rapid
20 emergence of drug resistant influenza viral strains.
Since 1999, inhibitors of the viral surface
enzyme sialidase_(neuraminidase. NA) have been available',
for treatment and prophylaxis of influenza A and B virus
infection. The sialidase plays a key role in the life
25 cycle of influenza viruses, facilitating the release of
. virus progeny_from'the infected cell.suffaCe by cleaving
the cell-surface virus attachment liéands. Inhibition of
the sialidase activity leads to clumping,of the virus
progeny at the cell surface, resulting in diminished
. 30. propagation of infection (Palese and Compans, 1976). '
Despite the rapid antigenic mutability of the -sialidase,
the critical amino acids of the sialidase active site
(both those contacting the substrate and the supporting
framework residues) were found to be highly conserved in
35 all strains of influenza A and B virus sialidase examined
to the mid 1980s (Varghese et al., 1992). This )
observation led to the design and development of a number
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of potent and selective inhibitors of influenza virus
sialidase (Rich et al.. 2007), two of which, zanamivir
(von Itzstein et al., 1993) and oseltamivir carboxylate
(Rim et al., 1997), are now on the market. Both
inhibitors are sub-nanomolar inhibitors-of both influenza
A'and.B virus sialidases. Oseltamivir carboxylate is
currently recommended by the WHO as the primary antiviral
treatment for pharmacological management of influenza

'A(HIN1) virus infection (treatment and prophylaxis) (WHO
‘Guidelines, August 2007), and has been stockpiled by .

governments around the world as part of their preparedness
plans for an outbreak of pandemic influenza. However,
strains of influenza virus resistant to oseltamivir

' carboxylate have been reported, both in oseltamivir-

treated patients (reviewed in Reece, 2007), and recently
in circulating-strains in wild bird populations. With the
spectre of the decreased efficacy, through resistance ‘
development, of the most widely used sialidase inhibitor,
work towards development of next generation sialidase ‘
inhibitors isvof importance.

There are two phylogenetically distinct groups of

‘influenza A virus sialidases - group 1 (N1, N4, N5, N8)

and group 2 (N2, N3, N6, N7, N9) (Russell et al., 2006).
Influenza A virus strains infecting humans in the 20th
century carried either N1 (éroup 1) or N2 (group 2)
sialidases (although there have been reports of a small
number of peopie infected with N7 viral strains) (Horimoto
and Kawaoka, 2001). An influenza A virus strain carrying
a group 1 sialidése caused the most devastating influenza
pandemic of the 20th century [1914-1918 (HIN1). Over the
past few years an avian influenza virus strain of HS5N1
strain has been of global concern and, more recently, an
influenza pandemic involving an HIN1l strain has been ‘
declared. The two groups of sialidases have recentiy been
shown crystallographically to be structurally distinct
(Russell et al. 2006). Group 1 sialidases have
significant conformational flexibility in the so-called
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*150-loop’, which has always been seen in the ‘closed’
conformation in group 2 sialidases. - In group 1
sialidases, in the apo structure (no inhibitor or
substrate bound) the 150-loop is seen in the ‘open’
conformation resulting in a larger potential
active/binding site compared to group 2 sialidasges.

" Structure-based design of influenza virus
sialidase inhibitors reported to date has been carried-out
usipg the X-ray crystal structures of sialidases. from
influenza A virus group 2 (N2 and'NQ) sialidases, and
influenza B sialidase. These inhibitors sﬁow comparable
inhibition of both influenza A virus group 1 and 2
sialidases, however none were designed’to éxploit binding
to the structure of group 1 sialidases with the ‘6pen'
conformation of the 150 loop.

Summary of the Invention

‘The present invention relates to novel compounds
which bind to influenza A virus group 1 sialidases with
the 150-loop in the ‘open’ conformation. Consistent with
this observation; the compounds are selective inhibitors
of influenza A virus group 1 sialidases.

’ _ According to a first aspect the present invention
provides a compound of general formula (I) which is a
selective inhibitor of influenza A virus'group 1 ‘
sialidases:

or a pharmaceutically acceptable salt, ester or prodrug
thereof, wherein
' A is O, 8 or NR,;
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where R; is hydrogen, optionally'substituted

7

' alkyl, optionally subsatituted aryl, optionally substituted

acyl or optionally substituted sulfonyl: . .
X, is CO;H, P(O) (OH),, NOz, SO.H, SO;H, -C(O)NHOH
or tetrazole; ' . _ ‘
' X; is alkyl, aralkyl, alkeayl, alkymyl.
optionally substituted alkyl, optionally subatituted.
aralkyl, optionally substituted alkenyl, optionally
substltuted alkynyl, OR2, SR;, NRyR:!', or substltuted
triazole, )
where R; and R,' are selec:ed independently frpm
optionally substituted acyl, optionally substituted
sulfonyl, alkyl, alkenyl, alkynyl, optionally substituted
alkyl,'or optionally substituted alkenyl,v‘
or R;' is hydrogen;
X3 and X3' are selected independently f£rom
hydrogen, R;, halogen, CN, OR;, NR3R;', NHC(NR;)N(R3)z, N;,
SR3, -0-CH3-C(0O) -NR3aR3', -O-CH;-C(NH) -NRiR3', ~0-CH;-C(8) -
NR3R;'! o .
and optionally substituted triazolé,’_ »
or X; and X;' together are =0, =N-OR;3;, or =CH-R;
where R; and Rj' are selected independently from

- hydrogen, optionally substituted acyl, optionally

substituted sulfonyl, alkyl, aralkyl, alkenyl, alkynyl,:
heteroalkyl, heterocyclyl, optiocnally substltuted alkyl,
optlonally substituted aralkyl, optionally subst1tuted
alkenyl, -C(O)Ry and -8(O):Rs,

where Ry is selected from optionally substituted
alkyl and optionally substituted alkenyl;

Xy i8 NR4R4', ORy, SRy, CH;C(O)Ry; CH,C(O)ORs,
cnzc(O)NR..R", CHR,NO,, CHR4CN, CHR4R4', or CH:NHR4,
' where Ry and R;' are selected independently from

‘hydrogen, optionally substituted acyl, optionally

substituted thioacyl, optionally substituted sulfonyl,

' alkyl, alkenyl, alkynyl, optionally substituted alkyl,

optionally substituted aralkyl, optionally substituted
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alkenyl, optionally substituted heteroaryl, and optionally
substituted heterocyclyl; .

Xs is optionally substituted alkyl, optxonally
substituted aralkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, -C(O)Rs, -
CO;Rs, -C(O)NRsRs', -P(O) (ORs) (ORs'), -P(O) (ORs) (NRsRs'),
-P(0) (NRsRs') 2, CN, ORs, azide, NHRg, NRgR¢', SRg, or
optionally substituted triazole,

where Rs and Rs;. are 1ndependent1y selected from

hydrogen, optionally substituted alkyl, optionally

substituted alkenyl, opt;onally subatltuted aryl or
heteroaryl, and

Rs and Rs' are independently selected from
optionally substituted acyl,'dptionally substituted
sulfonyl, optionally ‘substituted alkyl, optionally
substituted aralkyl, optionally substituted alkenyl,

‘ optionally substituted aryl, heteroaryl, or heterocyclyi.

According to a second aspect of the present
invention there is provided a compound which is a
multivalent'presentation of the compounds of general ‘
formula (I) comprising a plurality of compounds of general
formula (I) each bound through a linker to a multivalent .
template. 3 ' ' '

v " According to a third aspect of the present
inventibn there is provided a pharmaceutical composition
comprising a compound of general formula (I) and a

_ pharmaceutlcally acceptable carrier.

According to a fourth aspect of the present
invention there is provided a method of preventing or
treating influenza in a subject comprising administering
to said subject a compound of general formula (I).

According to a fifth aspect of the present
invention there is provided the use of a compouhd’of
general formula (I) in the manufactdre of'a'medicamegt for '

‘the prevention or treatment of influenza.
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According'to a'sixth aspect of the ptesent
invention there is provided the use of a compound of
general formula (I) in the prevention or treatment of
influenza. ' '

According to a seventh'aﬁspect of the present
invention there is provided a method of preparing a
compound of general formula (I), comprising the steps of:

1) providing a compound of general formula (IV),
wherein: ’
X2, X3, X, and Xs are as defined and may be protected
by protecting groups, ' o
X¢ is X;, or a fuqc'tio_nal group that can be modified
to form X,, where Xs can be selected from, but is not
limited to, CHO, CN, CHOR’, thiazole, and
- Z is a group that can be ac,t:i.vate'd'to enable beta-
elimination: '

Xs (o) Xe
X4 ‘H x2
Xs
(IV)

" 2) elimin_ating'n-z from the compound of general formula
C(IV) ; : .
3) converting X; to X, when it is other than X;;
4) optionally functionalizing X, x;, Xy, X, and/or Xs;
and o ' '
5) optionally deprotecting X,, X, X3, X4 and/or Xs.

In an embodiment: o
Z is a halide and elimination is achieved under

basic conditions; or

_ Z is a halide and elimination is achieved. in the
presence ‘of a heavy metal reagent; or v
Z is acyloxy and elimination is achieved under
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%z is alkoxy and elimination is achieved under
acetolysis conditions; or ‘
' 'Z is phosphite and elimination is achieved under

Lewis acidic conditioms.

A compound of general :Eormula IV where Z is
halide can be formed by halogenation of a compound of the
general formula VI where Q can be selected from, but is
not limited to, -COOR', -CN, -CHOR'. ' '

According to an eighth aspect of the present invention
there is provided a method of preparing a compound of

_general formula (I), comprising the steps of:

1) providing a couipound of genéral formula (V):, wherein
X2, X3, X4 a.nd xs are as def:.ned and may be protected by
protectzng groups; '
2) introducing X; to the compound of general formula (V)
in a direct C-1 lithiation followed by reaction of the
lithiated species wit;h EX, wherein E is an electrophile
and X, may ‘be protected with a protecting gzjoup';
3) optionally functionalizing X;, X., X3, X¢ and/or Xs;
~and : '
4) optionally deprotecting X;, Xz, X3, X, and/or Xs.

v .

In an embodiment E is a halogen. Typically X; is protected

- with an alkyl group, which can be removed by hydrolysis.
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Brief Description of the Dfawings

Figure 1. A. Superimposition of influenza A
virus N8 sialidase—inhibitorvcomplexes of 3-allyl-NeuAc2en
(7) (dark grey: Complex'obtained after 60 min. soak) and
NeuS5Ac2en (white; PDB: 2htr). B. N8-(7) complex with (7)
shown in CPK format. C. N8-NeuS5Ac2en complex (Russell et
al., 2006) with C-3 unsubstituted NeuSAc2en shown in CPK.
format. The 3-allyl-NeuS5Ac2en complex maintains the
‘open' conformation of the 150-lo0p seen in the apo
structure (Russell et al., 2006)., in contrast to the
complex with NeuS5Ac2en where the 150-loop is 'closed!
(Fig. 10). :

Figure 2. Influenza A virus N8 sialidase-
inhibitor complex of 3-phenylallyl-NeuS5Ac2en (9¢c). - The
N8-(9¢c) complex maintains an 'open' conformation of the

'150-1loop with the C-3 phenylallyl substituent extending

into the 150-cavity.

Figure 3. Influenza A virus N8 sialidase-
inhibitor complex of 3-(p-tolyl)allyl-NeuS5Ac2en (9d). Left
panel: 3-(p-tolyl)allyl-NeuSAc2en (9d) in stick'format;
Right panel: 3- (p-tolyl)allyl-Neu5Ac2en (9d) in CPK -
format. The N8-(9d) complex maintains an 'open’
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‘conformation of the 150-1loop with the C-3 (p-tolyl)allyl

substituent extending well into.the 150-cavity.

Figure 4. Superimposition of influehza A virus
N8 X-ray crystal structures: open 150-loop N8/ (9d)
complex;' closed 150-loop N8/Neu5Ac2en complex (PDB: 2htr)
(ligands in stick format), showing position of Asp-151.
The dihydropyran ring and c-2, C-4, C-5, and C-6
substituents of (9d) and Neu5Ac2en have very similar
positions in the active site. The phenyl ring of (94)
lies adjacent to Asp-151 in the open-loop conformation.

Detailed Description of Preferred Embodiments

The invention discloses compounds that
selectively inhibit influenza A virus group 1 sialidases

and may therefore interrupt the infectious cycle of

.influenza A virus strains. In particular the invention is

concerned with compounds of generai formula (I);
Xs AL Xy ,

X4 X2

or a pharmaceutically acceptable salt, ester or prodrug
thereof, wherein .

A is O, S or NRy;

~where R; is hydrogeh, optionally substituted

alkyl, optionally substituted aryl, optionally substituted

acyl or optiomnally subgtituted sulfonyl;
| X, is CO;H, P(0) (OH)32, NOz, SOH, SO3;H, -C(O)NHOH
or tetrazole; v .
X; is alkyl, aralkyl, alkenyl, alkynyl,
optionally substituted alkyl, optionally substituted
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aralkyl, optionally substituted alkenyl, optionally
substituted alkynyl,_ORz, SR;, NRR;', of substituted

' tr:l.azole,

‘where R; and R;' are selected independently from
optionally substituted acyl, optionally. substituted
sulfonyl, alkyl, alkenyl, alkynyl, optionally substituted
alkyl, or optionally substituted alkenyl

or R;' is hydrogen:

X3 and X3' are selected independently from
hydrogen, Rs;, halogen, CN, OR;, NR3R;', NHC(NR3)N(R:)a, Ns,
SR;, -0-CH;-C(O) -NR3R;', -O-CH;-C(NH)-NR3;R;', -O-CH>-C(S)~
NR;3R; o :
and optionally substituted triazole, .

or X; and X;' together are =0, =N-ORs, or =CH- R

where R; and R;' are selected independently from
hydrogen, optionally substituted acyl, opt;onally
substituted sulfonyl, alkyl, aralkyl, alkenyl, alkynyl,
hetercalkyl, heterocyclyl, optionally substituted alkyl,
optionally substituted aralkyl, opt;onally substituted
alkenyl, ~-C(O)Rg and -8(0O)2Rs, _

where Rg is selected from optionally substituted

~alkyl and optionally substituted alkenyl;

X, is NRy R¢', O Ry, S Ry, CHC(O) Ry, CH2C(O)ORy,
CH,C(O)N Ry Ry', CH R4;NO,, CH RCN, CH Ry Ry4', or CH;NHR, _
where R, and R,' are selected independently from

' hydrogen optionally substituted acyl, optionally

substituted thioacyl, optionally substituted sulfonyl,
alkyl, alkenyl,'alkynyl, optiocnally substituted alkyl,
optionally substituted aralkyl, optionally substituted v
alkenyl, optionally substituted heteroaryl, and optionally
substituted heterocyclyl;

Xs is optionally substxtuted alkyl, optiomally:
substituted aralkyl optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
heteroaryl; optionally substituted heterocyclyl, -C(O)Rs, -
COzRs, -C(O)NRsRs', -P(O) (ORs) (ORs'), -P(O) (ORs) (NRsRs'),
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-P (O) (NRsRs')}2, CN, OR;, azide, NHRe, NR¢R¢', SRs, or
optionally substituted triazole, .

where Rs and Rs. are independent:bly selected from
hydrogen, optionally substituted alkyl, optionally
Bubstituted-alkenyl, optionally substituted aryl, or
heteroaryl, and o - v

R¢ and Rg' are independently selected from
opt:.onally substituted acyl, .optionally substxtuted
sulfonyl, optionally su.bst:.tuted alkyl, opt;onally
substituted aralkyl, optionally substituted alkenyl,
optionally substituted aryl, heteroaryl. or heterocyclyl.

In an embod:.ment Xs denotes CH;YR-,, CHYR,CH,YR; or
CHYR;CHY R;CH,YR,, )
where. Y is O, S, or NR;', and succeséive Y
moieties ih an Xs group are the same or differemnt, or
‘where the substituent YR, is =0, =N-ORs, or =CHRj,
or . |
' where two adjacent YR; groups together form part
of a ring structure which optionally includes at least one
heteroatom selected from O, 8 and N and is optionally
subst1tuted, in part:icular,‘ an epoxide, aziridine, 5 or 6
membered cyclic ether group, .
and R; and R;' are independently selected from .
hydrogen, optionally substituted acyl, optionally
substituted sulfonyl, -8 (0)20H, -P(0) (OH),, optionally

substituted alkyl, optionally substituted aralkyl,
optionally substituted alkenyl, optionally substituted

aryl, heteroaryl; or heterocyclyl. v
In an embodiment the compounds are of general

’formula (II), with the stereochemisgtry as shown;
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In an embodiment A is O.

5 : In an embodiment X; is CO.H dr»P(O) {(OH)2 or an
' ester thereof. The ester will readily hydrolyse in vivo
into the free acid. In an embodiment X; is CO.H.

10 ' ~ In an embodiment X3;' is H and X3 is selected from
R;, halogen, CN, OR;, NR3R3', NHC(NR;)N(R;)2, N3, SR; and
optionally substitutéd triazole, i

where R; and R;' are independently selected from
_alkyl, alkenyl, alkynyl, optionally substituted alkyl,
15 _optionally sﬁbstit_uted alkenyl, -C(O)Rg or -S(O)2Rg,
‘ where Ry is sélected from optiocnally substituted
alkyl and optionally substituted alkenyl. ‘ '
In an embodiment X; ie - NR4Ry'. Advantageously Rs
is optionally substituted acyl and Rs' is hydrogen,
20 typically acyl such as acetyl. I

. In an embodiment the compounds are of general
formula (IIXI), with the stereoéhemi;try as shown;

25

wherein X;, X;, X3, and X; are as ﬂescfibed above,
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one of X; and X;' is hydrogen,

one of X3 and Xg' is hydrogen,

one of Xy and X' is-hydrdgen, and

X7, X7, xg, X', Xy, and Xy' are the same or
different, and are selected from H, OR;, NRyR;', SR;, or
optionally substituted triazole, or _ '
together x7 and X,', X; and X', or X, gnd;x,' form

- . =0, or =N-OR;.

'In:an embodiment the compounds are selected from
the group consisting of:

- methyl -5-acetamido-4,7,8,9-tetra-o0- acetyl -2, 6-
anhydro -3,5-dideoxy-3-C- (prop- 2'-eny1)-n glycero-n galacto-
non-2-= enonate, -

5- acetam:do 2,6- anhydro -3,5- dldeoxy -3-C-(prop-2'-
enyl) -p-glycero-bp-galacto-non-2-en-onic acid,

methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
anhydro-ﬁ,s-dideoxy-B-c?(4,4-dimgthy1pent-2'-enyl)-D-
glycero-p-galacto-non-2-enonate, '

S-acetamido-2, 6-anhydro-3,5- dideoxy 3-C-(4,4-
dimethylpent-2'-enyl) -p- glycero D- galacto non-2-enonic
acid, , _

methyl 5-acetamido-4,7,8,9-tetra-0- acetyl-2,6-
anhydro -3,5-dideoxy-3-C-(3'-cyclohexyl-prop- 2'-eny1)-D-

'glycero-n -galacto-non-2-enonate,

5-acetamido-2, 6-anhydro-3,5- dideoxy 3-C-(3'-
cyclohexyl-prop- 2'-eny1)-n-g1ycero -D-galacto-non-2-enonic
acid,

methyl 5-abetamido-4,7,8,9-tetra-o-acetyl-2,se
anhydro-s,s-didequ-B-c-(3'—phenyl-propQZJ-enyl)-n—glydero-
D-galacto-non-2-enonate, '

5-acetamido-2, 6-anhydro-3,5-dideoxy-3- -C-(37-

‘phenyl-prop 2'-eny1)-n glycero-p-galacto-non-2-enonic acid,

- methyl 5-acetamido-4,7,8,9-tetra-o-acety1-2,6-
anhydro-3,5¥dideoxy-3-c-[3'-(p-tolyi)-prop-z'-enyll-n-
glycero-p-galacto-non-2-enonate (8d, R = 4-CH3Ph),

' S-acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[3' - (p-
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tolyl) -prop-2'-enyl] -p-glycero-p-galacto-non-2-enonic acid,

methyl'S-aceéamido-4,7,8,9-tetra-o-acety1-2.6—
anhydro-3,5-dideoxy-3-C- [3'- (4-tert-butoxyphenyl) -prop-2'-
enyl]-b-glycero~n-galacto-non-z-enonate, »

5-acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[3'- (4-
tert-butoxyphenyl)-prop-z‘-enyll-D-glycero-n-gélacto-non-2-
enonanic acid, '

methyl ‘5-acetamido-4,7,8,9-tetra-o- -acetyl-2, 6-
anhydro-3,5- dldeoxy 3-C- (3'-naphthy1-prop 2'-enyl) -p-

'glycero-n-galacto -non-2-enonate,

S5-acetamido-2, 6-anhydro-3,5- d;deoxy—3 -C-(3'-
naphthyl-prop-2'-enyl) -p-glycero-bp-galacto-non-2-enonic
acid, ' , _
v methyl S-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-

~anhydro-3,5-dideoxy-3-C-[4'- (3, 4-dimethoxyphenyl) -but-2"-

enyl] -p-glycero-p-galacto-non-2-enonate,
© 5-acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[4'-(3,4-

dimethoxyphenyl) ~but- 2'-eny1]-n glycero- n-galacto non-2-

enonic acid, :
_ methyl .5-acetamido-3- C-(B'—acetoxypropyl)-
4,7,8,9-tetra-0-acetyl-2, 6-anhydro-3,5- dldeoxy D-glycero-p-
galacto-non-2-en-onate, : ‘ _
' 5-acetam1do-3-c-(3'-hydroxypropy1)-2,6-anhydro-
3,5-dideoxy-n-g1y¢ero-n-galacto-non-z-enonic acid, :
methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
anhydro-3,5-dideoky-3-c-propyl—D%gl}cero-D-galacto-non-z-
enonate,’ o o
5-acetamido-2, 6-anhydro-3,5-dideoxy-3-C-propyl-p-
glycero-p-galacto-non-2-enonic acid, B
methyl S-acétamido-4 7,8, 9-te£ra-o-ace£yl-2 6-
anhydro-3, 5-dideoxy-3-C-propenyl- D~g1ycero-n galacto -non-2-
enonate,
_ methyl S-acetamido 2, 6-anhydro-3,5- dideoxy 3-C-
(prop-2'-enyl) -p- glycero-n-galacto-non -2-enonate ,
methyl ‘5- acetamido-2,6- -anhydro-3, 5-dideoxy-8,9-0-
isopropylidene-3- C-(prop-2'-eny1)-n glycero-p-galacto- -non-
2-enonate, '
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methyl S5-acetamido-2,6-anhydro-3,5-dideoxy-4-0-
ethyl-8,9-0-isopropylidene-3- C-(prop 2'-enyl)-n-glycero-n-
galacto-non-2-enonate,

methyl S5-acetamido-2, 6-anhydro-3,5-dideoxy-4-0-
ethyl-s,9-O-xsopropy11dene-3-c-(prop-2f-enyl)-D-glycero-n-
galacto-non-2-enonate,

5-acetamido-2, 6-anhydro-3, 5-dideoxy-4-0O-ethyl-3-
C- (prop-2'-enyl) -p-glycero-p-galacto-non-2-enonic acid,

2-methyl- (methyl 7,8,9-tri-O-acetyl-2,6- anhydro-,

3,5-dideoxy-3- C-(prop- 2'-enyl)-n-glycero p-talo-non-2-

enonate)-[4 5-d] -2-oxazoline,

methyl S- acetamxdo 7,8,9-tri-o- acetyl 2,6-
anhydro -4-azido-3-C- (prop 2'-enyl)-3,4,5- trldeoxy n-“
glycero- D-galacto-non 2-enonate,

methyl S5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
anhydro-3, 5-dideoxy-3-0-ethyl-bp-glycero-bp-galacto-non-2-
enonate, = ' '

S5-acetamido-2, 6 -anhydro-3, 5- dideoxy 3-0O-ethyl-D-
glycero-p- galacto non-2-enonic acid, o

methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
anhydro-3, 5-dideoxy-3-0- (2'-azidoethyl) -pD-glycero-p-
galacto-non-2-enonate, and '

‘methyl S5-acetamido-4,7,8, 9 tetra-o- -acetyl-2,6-
anhydro-3,5-d1dequ-3-0-[2'-(4'-1sobutyl-
(1*,2",3"]triazol-1"-yl) ethyl] -p-glycero-p-galacto-non-2-
enonate. ’

It will be appreciated that the manner of
representing substituents in the foregoing general formula
does not imply ahy particular stereochemistry or
orientation for the substituents unless that is
specifically shown. -‘In particular, where compounds are
optically active both (R) and (8) enantiomers or a mixture
of the two, including a racemic mixture, are envisaged
unless otherwise specified. N

The term “alkyl” used either alone or in a
compound word such as “optionally substituted alkyl” or
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‘optionally>sﬁbstituted cycloalkyl" denotes straight
chain, branched or mono- or poly- cyclic alkyl. Examples
of straight chain and branched C alkyl include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, amyl, isoamyl, sec-amyl, 1,2—dimethy1piopj1;
1,1-dimethylpropyl, hexyl, 4-methylpentyl,'l-methylpentyl,
2-methylpentyl, 3-methylpentyl, 1,l-dimethylbutyl, 2,2-
dimethylbutyl, 3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-
dimethylbutyi, 1,2,2-trimethylpropyl, 1,1,2-
trimethylpropyl, heptyl, 5-methylhexyl, 1l-methylhexyl,
2,2-dimethylpentyl, 3,3-dimethylpentyl, 4,4- '

‘dimethylpentyl, 1,2-dimethylpentyl, 1,3-dimethylpentyl,
1,4-dimethylpentyl, 1,2,3-trimethylbutyl, 1,1,2-

trimethylbutyl, nonyl, 1-, 2-, 3-, 4-, 5-, 6- or 7f
methyloctyl, 1-, 2-,. 3-, 4- orls-ethylheptyl, 1-2- or 3-
propylhexyl, decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-

methylnonyl, 1-, 2-, 3-, 4-, 5- or 6-ethyloctyl, 1-, 2-,

3- or 4-propylheptyl, undecyl 1-, 2-, 3-, 4-, 5-, 6-, 7-,

‘8- or 9-methyldecyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-

ethylnonyl, 1-, 2-, 3-, 4- or 5-propyloctyl, 1-, 2- or 3-
butylheptyl, i-pentylhexyl, dodecyl, 1-, 2-, 3-, 4-, 5-,
6-, 7-, 8-, 9- or 10-methylundecyl, 1-, 2-, 3-, 4-, 5-, 6-
+ 7- or 8-ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6-propylnonyl,
1-, 2-, 3- or 4-butyloctyl, 1-2-pentylheptyl and the like.
Exampies of'cycloalkyl include cyclopropyl, cyclobutyl, »
cyclopentyl, cYclphexyl,-cycloheptyl, cyclooctyl,
cyclononyl and cyclodecyl and the like. Iﬁ an eﬁbodiment

alkyl is C1-C5 alkyl.

The term ™alkenyl” used either alone or in

" compound .words such as “alkenyloxy” denotes grbups formed

from étraight chain, branched or cyclic alkenes including

~ethylenically mono-, di- or poly-unsaturated alkyl or
" eycloalkyl groups as defined above. Examples of alkenyl

include allyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, .
l-pentenyl, K cyclopentenyl, 1-hethyl-cyclopentenyl) 1-
hexenyl, 3-hexenyl, cyclohexenyl, l-hgptenyl,VB-heptenyl,-

" 1l-octenyl, cyclooctenyl, l-nonenyl, 2-nonenyl, 3-noneny1,
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1-decenyl, 3-decenyl, 1,3-butadienyl, 1-4,pentadienyl, _
1,3-cyélopentadienyl, 1)3-hexadieny1, 1,4-hexadienyl, 1,3-
cyclohexadienyl, 1,4-cyclohexadienyl, 1,;— :
cycloheptadienyl, 1,3,5-cycloheptatrienyl and 1,3,5,7-
cyclooctatetraenyl. In an embodiment alkenyl is C2-C5

The term “acyl” used either alone or inm compound
words such as “optionally substituted acyl” denotes an
aliphatic acyl group or an acyl group‘éontaining.an
aromatic ring, which is referred to as aromatic acyl, or a
heterocyclic ring, which is referred to as heterocyclic
acyl, but also includes such groups when oxygen is
replaced with sulphur or an N=H group, and further
includes such groups containing either one or two

‘additional heterocatoms bonded to -C(0), -C(S) or -C(N=H).
According, the term acyl envisages -C(0)-, -C(S)-,-C(NH)-,

-O‘c(o)'t -O-C(s)"l -O-C(N;=H)-l 'S'c(o)‘l 'S'c(s)'l -8-
C(N=H)-, -NH-C(O)-, -NH-C(8)-, -NH-C(N=H), -0-c(0) -0-, -O-

_C(8)-0-, -0-C(N=H)-0-, -8-C(8)-8-, -NH-C(N=H)-NH-, and son

on. In embodiments an acyl group may include between 1 and
30 carbon atoms but more commonly is an aliphatic C1-C5
acyl such as acetyl. Exampies of acyl include straight
chain or branched alkanoyl such as fdrmyl, acetyl,
propanoyl, butanoyl, 2-methylpropanoyl, pentanoyl, 2,2-
dimethylpropanoyl, hexanoyl, heptanoyl, octanoyl,
nonanoyl, decanoyl. undecanoyl, dodecanoyl, trldecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl,
nonadecanoyl and icosanoyl; cycloalkylcarbonyl such as
cyclopropylcarbonyl coyclobutylcarbonyl, '
cyclopentylcarbonyl and cyclohexylcarbonyl; aroyl such as
benzoyl, toluoyl and naphthoyl; aralkanoyl such as '
phenylalkanoyl (e.g..phenylacetyl, phepylpropanoy}.
phenylbutanoyl, phenylisobutyl, phenylpentanoyl and
phenylhexanoyl) and naphthylalkanoyl (e.g. naphthylacetyl,

" naphthylpropanoyl and naphthylbutanoyl) ; Aralkenoyl such

as phenylalkenoyl (e.g. phenylpropenoyl, phenylbutenoyl,
phenylmethacrylyl, phenylpentenoyl and phenylhexenoyl and
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naphthylalkenoyl (e.g. naphthylpropenoyl, naphthylbuteﬁoyl
and naphthylpentenoyl); heterocycliccarbonyl;
heterocyclicalkanoyl such as thienylacetyl,
thienylpropanoyl,'thienylbutanoyl, thienyipentanoyl,

~ thienylhexanoyl, thiazolylacetyl, thiadiazolylacetyl and

tetrazolylacetyl; and heterocyclicalkenoyl such as
heterocyclicpropenoyl, heterocyclicbutenoyl,

‘heterocyclicpentenoyl and heterocyclichexenoyl.

The term “sulfonyl” used either alone or in

_compound words such as “optionally substituted sulfonyl”

denotes one of the groups -S(0):Ry; wherein each R; is

independently K, optionally substituted alkyl or

optionally substituted aryl. Accordingly the group in its
entirety may be, for example, a sulfonate ester or amide,
depending on the.context, such as -0-S(O);R; or -NR;-S-
(O)2Ry. ' _
" The term “aryl” used either alone or in compound
words such as “optionally substituted aryl”, “optionally
substituted aryloxy” or ‘op;ionally substituted
heteroarYl” denotes single, polynuclear, conjugated and
fused residues of aromatic hydrocarbons (“carbocyclic
aryl” or “carboaryl”) or aromatic heterocyclic ‘
(~heteroaryl”) ring systems. Biampleg-of carbocyclic aryl
include phenyl, biphenyl, terphenyl, quaterphenyl, ' '
phenoxyphenyl, napthyl, tetrahydronaphthyl, anthracenyl,
dihydroanthracenyl, benzanthracenyl, dibenzanthracenyl,
phenanthrenyl, fluorenyl, pyrenyl, indenyi, azulenyi,'
chrysenyl. Examples of heteroaryl include.pyridyl, 4-
phenylpyridyl, 3-phenylpyridyl, thienyl, furyl, pyrryl,
pyrrolyl, furanyl, imadazolyl, pyitolydinyl, pyridinyl,
piperidiny1,>indoly;, pyridazinyl, pyrazolyl, pyrazinyl,
thiazolyl, pyrimidinyl, quinolinyl, isoquinolinyl,
benzofuranyl, benzothienyl, purinyl, quinazolinyl,

* phenazinyl, acridinyl, benzoxazolyl, benzothiazolyl and

the like.  Preferably, a carbocyclic aromatic ring system
contains 6-10 carbon atoms and an aromatic‘heterocyclic
ring system contains 1 to 4 heteratoms independently
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selected from N, O and § and ﬁp to 9 carbon atomé in the
ring. '

The term “heterocyclyl” or equivalent terms such
as “ﬁeterdcyclic” used gither”aione or in compound words
such. as “optionally substituted saturated or unsaturated

- heterocyclyl” denotes monocyclic or polycyclic
" heterocyclyl groups containing at least one heteroatom
"atom selected from nitrogen, sulphur and oxygen. Suitable

héterocyclyl groups include N-containing héterocyclic
groups, such as, unsaturated 3 to 6 membered
heteromohocyclic groups containing 1 to 4 nitrogen atoms,
for example; pyrrolyl, pyrrolinyl, ihidazolyl,'pyrazolyl,
pyridyl, pyrimidinyl., pyrazinyl, pyridazinyl, triazolyl or
tetrazolyl; N

saturated 3 to 6-membered heteromonocyclic groups
contaiﬁing 1 to 4 nitrogen atoms, such as, pyrrolidinyl,
imidﬁzolidinyl, piperidino or biperazinyl;

unsaturated condensed heterocyclic groups -

‘cohtaining 1 to 5 nitrogen atoms, such as indolyl,

isoindolyl, indolizinyl, benzimidazolyl, quinolyl,
isoquinolyl, indazolyl, benzotriazolyl or
tetrazolopyridazinyl: - ' .
unsaturated 3 to 6-membered heteromonocyclic
group containing an oxygen atom, such as, oxiranyl,'

- pyranyl or_furyl:

unsaturated 3 to 6-membered heteromonocyclic
group containing 1 to 2 sulfur atoms, such as, thienyl;

unsaturated 3 to 6-membered heteromonocyclic
group comntaining 1 to 2 oxygen atoms and 1 to 3'nittogen
atoms, such as, oxazolyl, isoxazolyl or oxadiazolyl;

saturated 3 to 6-membered heteromonocyclic groﬁp
containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms,
such as, morpholinyl; '

unsaturated condensed heterocyclic group
containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms,

~such as, benzoxazolyl or benzoxadiazolyl;

unsaturated 3 to 6-membered heterombnocyclic
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group. containing 1 to 2 sulphur atoms and 1 to 3. nitrogen
atoms, such as, thiazolyl or thiadiazolyl;

saturated 3 to 6-membered heteromonocycllc group
contalnlng 1 to 2 sulphur atoms and 1 to 3 nitrogen atoms,
such as, thiazolidinyl; and

unsaturated condensed heterocyclic group
containing 1 to 2 sulphur atoms and'1l to'3 nitrogen atoms,
such as, benzothiazolyl or benzothiadiazolyl.

The term “carbohydrate” denotes a carbohydrate
residue or a functionalised or deoxygenated carbohydrate
residue, and includes monosaccharides and
oligosaccharides. A carbohydrate residue is an acyclic .
polyhydroxy-aldehyde or ketone, or one of their cyclic
tautomers, and includes a compound resulting from
reduction of the aldehyde or keto group such as alditols.
Oxygen atoms may be replaced by hydrogen or bonds to a

" halogen, nitrogen, aulfur‘or carbon atoms, or carbon-

oxygen bonds such as in ethers or esters may be
introduced. Examples of carbohydrates include but are not
limited to D-galactose, D-galactofuranose, N-acetyl-D-

_galactofuranose, D-galactopyranose, N-acetyl-D-

galactopyranose, D-glucose, D-glucofuranose, N-acetyl-D-
glucofuranose, D-glucopyranose and N- acetyl-D-
glucopyranose, D-mannose, D-mannofuranose, D-

‘mannopyranose, N-acetyl-D-mannopyranose, D--

arabinofuranose, D-arabinopyranose, L-rhamnopyranose, D-
ribose, D-fucose, N-acylneuraminic acid, 2-keto-3-deoxy-
nonulosonic acid, 2-keto-3-deoxy-octulosonic acid, D-
galacturonic acid, D-glucuronic acid, D-muramic acid, D-
fructose, D-galactitol, D-glucitol, D-mannitol, D-
lactitol, and their equivalents where oxygen atoms have
been repiaced‘in selected'positions with hydrogen or bdnda
to halogen, nitrogen, sulfur or carbon, as well as
oligosaccharides containing these moieties.

In this specification “optionally substituted”

‘'means that a grbup may or may not be  further substituted

with one or more functional groups such as alkyl, alkenyl,
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alkynyl, aryl, balo, haloalkyl, haloalkenyl, haloalkynyl,
haloaryl, hydroxy, alkoxy, alkenyloxy, aryloxy., benzyloxy,
haloalkoxy, haloalkenyloxy, haloaryloxy, nitro,

-nitroalkyl, nltroalkenyl, nltroalkynyl nitroaryl,

n1troheterocyc1y1 amino, alkylamino, dialkylamino, .
alkenylamino, alkynylamino, arylamino, diarylamino,
benzylamino, dibenzylahino, acyl, alkenylacyl,
alkynylacyl, arylacyl, acylamino, diacylamino, acyloxy,
alkylsulphonyloxy, arylsulphenyloxy, heterooyclyl, ‘
heterocycloxy,>heterocyc1amino, haloheterocyclyl,
alkylsulphenyl, arylsulphenyl, carboalkoxy, carboaryloxy,
mercapto, alkylthio, benzylthio, acylthio, phosphorus-
containiog groupe and the like, and including groups such
as oxo, =3, =N-, where appropriete, particularly as
substituents in ring structures such as lactones, lactams
and cyclic imides, provided that none of the;subatituents
outlined above interferes with the formation or activity
of the subject compound.

Any of the moieties whose length is defxned in
terms of the number of carbon atoms present may possess
any number of carbon atoms within the specified range.
Nevertheless, within this fange certain species will be
preferred due to factors such as availability and cost of
pieoureors and ease of synthesis, as well as efficacy.

‘The compounds of the invention may be prepared- by
manlpulation of carbohydrate structures to lntroduce the
functional groups as described in the general formulae.
An extensive array of methodologiea has been developed to
manipulate different positions on’carbohydrate templates
as disclosed, for example, in Ernst, Hart & 8inay, 2000;
Chapleur, 1998; and Stick, 2001; the contents of which are
incorporated herein by reference. In particular,
methodologles to manlpulate each position of the'
neuraminic acid template have been developed as dlsclosed

" for example in Zbiral 1992; von Itzste1n and Thomson,

1997; Kiefel and von Itzstein, 2002; the contents of which
are 1ncorporated herexn by reference.
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A number  of general methods for the‘preparation
of the compounds of the invention where X; is C(O)OH are
shown in the following scheme. In compounds cpntaining an
alpha, beta-unsaturated carboxylate, halohydrin formation
{path A) can be édhieved using N-bromosuccinimide, as
described for example in Okamoto et al., 1987. Radical’
reaction of the bromohydrin can be employed to introduce a
carbon-linked substituent X, using BuQSn(xz); as described
for example in Paulsen and Matschulat, 1991. Chlorination
or bromination at the alpha position and subsequent
elimination of HX can be employed to give the beta-
substituted alpha,beta-unséturated_derivative. Direct
introductibh of a carbon-linked substituent X, can be
achieved through transition metal-mediated radical
reaction with the alpha,beta-unsatﬁrated carboxylate (path
B) . Radical addition to the double bond may be carried-out
in the_presence‘of a transition metal catalyst such as
ceric(IV) ammonium nitrate or manganese triactetate, as
described for example in Linker, 2002; Gyollai et al.,
2002. Acetolysis of the alpha-methoxy group using
sulfuric acld, acetic acid and acetic anhydride, such as
described in Kok.et al., 1999, can be employed to form the
beta-substituted alpha,beta-unsaturated derivative.

' ’ In compounds derived from uronic acid derivatives
such as disclosed in Florio et al., 1999; Smith et al.,

'1999; Plorio, et al., 2000; Mann et al., 2006; the

contents of which are incorporated herein by reference,
bromination alpha to the carboxylate (path C), followed by
elimination of HBr can be employed to form the beta- »
substituted alpha,beta-unsaturated derivative. .
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In an embodiment where X, is -CH,CH=CH., further
structural elaboratlon can be achieved through

"manlpulatlon of the allyl group using a range of reactions

including, but not limited to, hydrogenation, epoxidation
[such as described for example in J. Am. Chem. Soc. (2003)
125, 924)], halogenation [such as described for example in
Chem. Rev. (1956), 56, 753-901], cycloaddition [such as
described for example in J. Org. Chem. (2008), 73, 7164],
addition of borane reagents (such as described in Falck-
Pedersen et al., 2005), and olefin cross metathesis (such
as described in Meinke and Thiem, 2008). Olefinic cross
metathesis reactions can be pe:formed'using Ruthenium-
based metathesis catalysts: Grubbs 1lst generatioan (G-1),
Hoveyda-Grubbs 1lst generation (8G-1), Grubbs 2nd

‘generation (G-2), Hoveyda-Grubbs 2nd generation (HG-2),

and Grela’s catalyst (Gre-2). ,
In an embodiment the multivalent array of the
compounds comprises the following structure:

X4 X2

Muttivalent template —— Linker ) xsj;og:x‘
' |

' X3’ Xy
. v 1 ,
In an embodiment the multivalent template is
selected from the group consisting of, but not limited to,
polystyrene'nanogarticlea, Cefamic nanoparticles, coated

\
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'gold particles, di-, tri- and tetra-antennary structures

and dendrimers (as described for example in Roy 1997).
liposomés, micelles, and virus hybrid systems. Multivalent
arrays of influenza virus sialidase inhibitors
(principally zanamivir) are is described, by way of

- example, in WO 98/21243, WO 2000/055149 and WO

2002/020514, the contents of which are incorporated by
reference.v ‘ :

. The compounds of the invention interrupt the
infectious cycle of influenza A v;rué strains, and
therefore are useful in the prevention or treatment of

~influenza in a sﬁbject, particularly a human subject when

administered in a therapeutically effective amount.
As used herein, the term “therapeutically

effective amount” means an amount of a compound of the

present invention effective to yield a desired therapeutic
response, for example to prevent or treat a disease by
administration of a pharmaceutically-active agent. '

The Bpecifiq "therapeutically effective amount”
will, obviously, éary with such factors as the particular
condition being treated, the physical condition and
clinical history of the subject, the type of animal being

treated, the duration of the treatment, the nature of _
.concurrent therapy (if any), and the specific formulations

employed and the structure of the compound or its
derivatives. ) . i ]

As used herein, a "pharmaceutically acceptable'
carrier" is a pharmaceutically acceptable solvent;
suspending agent, excipient or vehicle for delivering the

' compound of general formula (I) to the subject. The

carrier may be liquid or solid, and is selected with the
planned manner of administration in mind.

_ It will be appreciated that pharmaceutically
acceptable derivatives of the compounds of general formula
I and the salts thereof, are also within the scope and
spirit of the invention. Such derivatives includes
pharmaceutically acceptablé esters, prodrugs, solvates and
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hydrates of the compounds or their salts.
Pharmaceutically acceptable derivatives may include any
solvate, hydrate or any other coﬁpound or prodrug which,
upon administration to a subject, is capable of providing
(directly or indirectly) a compound of formula I or an
antivirally active metabolite or residue thereof.

The pharmaceutically acceptable salts include
acid addition salts, base addition salts, salts of

.pharmaceutically acceptable esters and the salts of

quaternary amines and pyridiniums. The acid addition
salts are formed from a compound of the invention and a.
pharmaceutically acceptable inorganic or organic acid .
including but not limited to hydrochloric, hydrobromic,
sulphuric, phosphoric, methanesulfonic, toluenesulphonic,
benzenesulphonic, acetic, propionic,_éscorbic, citric,

‘malonic, fumaric, maleic, lactic, salicyclic, sulfamic, or

tartartic acids. The counter ion of quaternary amines and
pyridiniums include chloride, bromide, iodide, sulfate,
phosphate, methanaulfonate, citraée, acetate, malonate,
‘fumarate, sulfamate, and tartate. The base addition salts
include but are not limited to salts such as'sodium,

'potassium, calcium, lithium, magnesium, ammonium and

alkylammonium. Also, basis nitrogen-containing groups may
be quaternised with such agents as lower alkyl halides,
such as methyl, ethyl, propyl,vand butyl chlorides,
bromides and iodides; dialkyl sulfates like dimethyl and’

~diethyl sulfate; and others.'rhe-Salta'may be made in a

known manner, for example by treating the compound with an

appropriate acid or base in'the presence of a suitable

solvent. ) ‘
The compounds of the invention may be in
crystalline form either as the free compounds or as
solvates (e.g. hydrates) and it is intended that both
forms are‘within the scopé of Ehe present invention.
Methods of solvation are genérally known in the art.
The term “solvate” is a complex of variable

stoichiometry formed by a solute (in this invention, a
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compound of the invention) and a solvent. Such solvents
preferably do not interfere with the biological activity
of the solute. Solvehté may be, by way of example, water,
ethanol or acetic acid. Methods of salvation are )
generally known within the .art.

. The term “pro-drug” is used in its broadest sense
and encompass those derivatives that are converted in vivo
to the compounds of the invention. Such derivates would.
readily occur to those skilled in the ért. and include,
for example, compounds where a free hydroxyl group is
converted into an ester derivative or a ring nitrogen atom
is converted to an N-oxide. Examples of ester derivatives
include alkyl esters, phosphaté esters and those formed

" from amino acids, preferablY'valine. Any compound that is

a prodrug of a compound of the invention is within the
scope and spirit of the invention. Conventional
procedures for the preparation of suitable prodrugs
according to the invention are described in text books,-
such as “Design of Prodrugs” Ed. H. Bundgaard, Elsevier,
1985. . '

The compound of general formula (I) may be
administered in ény convenient form including orally,
topically, or parenterally in dosage unit formulations
containing conventional non-toxic pharmaceutically
acceptable carriers, adjuvants, and vehicles. The

-compounds can be. administered, for imn vivo apblication,

parenterally by injection or by gradual perfusion over
time independently or together. Admihistratiou}may be
intravenously, intra-arterial, igtraperitoneally;
intramuscularly, subcutaneously, intracavity.
tranadermally or by inhalation. Inhalation may be by way
a dry powder inhaler, a metered dose inhaler or nebulizer
as described, for example, in W099/16421, the contents of
which are incorporated herein by reference. For in vitro
studies the agents may be added or dissolved in-an
appropriate biologically acceptable buffer and added to a
cell or tissue. ' o
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Generally, the terms "treating®, "treatment" and
the like are used herein to mean affecting a subject,

‘tissue or cell to obtain a desired pharmacological and/or

physiological effect. The effect may be prophylactic in
terms of completely or parﬁially'prevehfing infection,
and/or may be therapeutic in terms of a partial or
complete cure of an infection. “Treating" as‘ﬁsed herein
covers any treatment of, or prevention of infection in a
vertebréte, a mammal, particularly a human, and_ihcludes:
'preventing the infection from occurring in a subject that
may have been exposed to an influenza virus, but has not
yet been diagnosed as affected; inhibiting the infection,
ie., arresting its development; or relieving or
ameliorating the effects of the infection, ie., cause
regression of the effects of the infection.

v The pharmaceutical compositions of the invention
comprise a pharmaceutically acceptable cafrier
designed~to'bring a compound of the invention into a form
suitable for administration to a subject using carriers,
excipients and additives or auxiliaries.

Frequently used carriers or auxiliaries include
magnesium carbonate, titanium dioxide, lactose, trehalose,
mannitol and other sugars, tale, milk protein,.gelatin,
starch, vitamins, cellulose and its derivatives such as
hydroxypropylmethyl cellulose, polymers such as
polyvinylpyrrolidone(?VP) and polyethylene -glycols, animal

" and vegetable oils, solvents such as sterile water,

alcohols, glycerol and polyhydric alcohols. Intravenous

"vehicles include fluid and nutrient replenishers.

Preservatives include antimicrobial, anti-oxidants,
chelating agents and‘inert_gases. Other pharmaceutically
acceptable carriers include aqueous solutions, non-toxic
excipients, including salts, preservatives, buffers and
the like, as described, for instance, in Remington's
Pharmaceutical Sciences, 15th ed. Baston: Mack Publishing
Co., 1405-1412,1461-1487 (1975) and The National Formulary
XIV., 14th ed. Washingtoné American Pharmaceutical .
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Association (1975), the contents of which are hereby
incorporated by reference. The pH and exact concentration
of the various components of the pharmaceutical
composition are adjustéd according to routine skills in
the art. See Goodman and Gilman's The Pharmacological
Basis for Therapeutics (ﬁth ed.). When desired the
formulations may be adapted to give sustained release of

the active 1ngredient.

oo The pharmaceutical compositions are preferably
prepared and administered in dosage units. Solid dosage
units ihcludé'tableta, capéuleg and suppositories. For.
treatment of a subject, depending on activity of the
compound, mannérfof administration, nature and severity of

~ the disorder, age and body weight of the subject,

different daily doses.can be used. Under certain
circumstances, however, higher or lower daily doses may be
appropriate. The administration of the daily dose can be
carried out both by single administration in the form of
an individual dose unit or else several smaller dose units
and also by multiple administration of subdivided doses at
specific intervals. : o o '
' The pharﬁaceutical compositions according to the
invention may be administered locally or systemically in a
therapedtically effective dose. Amounts effective for
this use will, of course, depend on the severity of the
microbial infection and the weight and_genéral state of
the subject.  Typica11y, dosages used in vitro may providé
useful gpidance»in the amounts useful for in situ
administration of the pharmaceutical composition, and
animal models may be used to determine effective dosages
for treatment of.the cytotoxic side effects. Various
considerations are described, eg.; in Langer, Science,
249: 1527, (1990). Formulations for oral use may be in
the form of hard gelatin capsules wherein the active
ingredient is mixed with an inert solid diluent, for
example, calcium carbonate, calcium phosphate or kaolin.
They may also be.in the form of soft gelatin capsules
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wherein the active ingredient is mixed with water or an

0il medium, such as peanut oil, liquid paraffin or olive

~oil.

Aqueous suspensions normally contain the active
materials in admixture with excipients suitable for the
manufacture of aqueous suspension. Such excipienté may be
suspending agents such as sodium carbokymethyl cellulose,
methyl cellulose, hydzoxypropylmethylcelluloSe, sodiunm
alginate, polyviﬁylpyrrélidoné, gum tragacanth and gum
aéacia; dispersing or wetting agents,Awhich may be (a)
naturally occurring phosphatide such as lecithin; (b) a
condensation product of an alkylene oxide with ; fatty
acid, fo: example, polyoxyethylene stearate; (c) a
condensation product of ethylene oxide with a long chain
aliphatic alcohol, for exanmple, _
heptadecaeihylenoxycetanol; (d) a condensation product of
ethylene oxide with a partial ester derivédvfrom a fatty
acid and hexitol such as polyoxyethylene sorbitol
monooleate, or (e) a condensation product of ethylene
oxide with a partial ester derived from £atty acids and
hexitol anhydrides, for example polyoxyethylené sorbitan
monooleate. - : .
’ Fhe pha;maceutical compositions may'be~in the
form of a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated according
to known methods using suitable dispersing or wetting
agents and suspending agents such as those mentioned
above. The sterile injectable preparation may also be a
sterile injectable solutiom or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example,
as a solution in 1,3-butanedi§1. Among the acéeptable
vehicles and solvents which may be employed are water,
Ringer's solution, and isotonic sodium chloride solution.
In addition, sterile, fixed oils are coanventionally .
employed as a solvent or suspending medium. For this
purpose, any bland fixed oil may be employed, including
synthetic mono-or diglycerides. In addition, fatty acids
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such as oleic acid find use in the preparation of
injectables. »

» Compounds of the invention may also be »
administered in the form of liposome delivery systems,
such as small unilamellar vesicles, large unilamellar
vesicles, and multilamellar vesicles. Liposomes can be
formed from a variety of phoépholipids, such as
cholesterol, stearylamine, or phosphatidylcholines.
Compounds of general formula (I) may also be administered

- in combination with cyclodextrins for enhanced aqueous

solubility. _

‘The compounds of the invention maY be
administered by any of the methods and formulations
employed in the art for intranasal adminiastration. Thus in
general the compounds may be administered in the form of é
solution or a suspension or as a dry powder.

Solutions and suspensions will generally be
aqueous, for example prepared from water alone (for -
example sterile or pyrogen-free water), or water and a
physiologically acceptable co-solvent (for example
ethanol, propylene glycol, and polyethylene glycols such
as PEG 400). Such solutions or suspensions may
additionally contain other excipients for example
preservatives (such as benzalkoniumlchloride),
solubilising agents/surfactants such as polysorbates (e.g.
Tween 80, Spah'BO,-benzalkonium chloride), bufferihg
agents. isdtonicity-adjusting.agents (for example sodium
chloride), absorption enhancers and viscosity enhancers.
Suspensions may additionally contain suspending agents
(fo: example microcrystalline cellulose, carboxyhéthyl
cellulose sodium). ‘ .

golutions or suspensioné are applied'diréctly to

'~ the nasal cavity by conVentional means, for example with a

dropper, pipette or spray, or metered dose inhaler. The
formulations may be provided in single or multi-dose
fashion. In the latter case a means of dose metering is

desirably provided. In the case of a dropper or pipette
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this may be achieved by the patient administering an
appropriate, predetermihed volume of the solution or
éuspension. In the case of a spray this ﬁay be achieved
for examplé by means of a metering atomising spray pump.

' intranasal administration may also be achieved
by means of an aerosol formulation in which the COmbound
is provided in a pressurised pack with a suitable ‘
propellant such as a chlorofluorocarbon (CFC), for example
dichlorodifluoromethane, trichlorofluoromethane or

dichlorotetrafluocroroethane, carbon dioxide or other

suitable gas. The aerosol may conveniently also contain a

‘ surfactant such as lecithin. The dose of drug may be
controlled by provision of a metered valve.

Alternatively the compounds may be provided in
the form of a dry powder, for example a powder mix of the
compound in a suitable powder base such as lactose,
starch, starch derivatives such as hydroxypropflmethyl
cellulose and polyvinylpyrrolidine (PVP). In an embodiment

. the powder carrier will form a gel in the nasal cavity.

The powder composition may be presented in unit dose form,
for example in capsules or cartridges of e.g. gelatin or
blister packs from which the powder may be administered by.

~means of an inhaler,

In the intranasal formulations the compound will
generally have a small particle size, for example of the
order of 5 microns or.less. Such a particle size may be
obtained by meahs‘kpown in the‘art, for examplg by /

micronisation.

Dosage levels of the compound of general £ormuia
(I) of the present invention will usually be 6: the order
of about 0.05mg to about 20mg‘per kilogram body weight,
with a preferred dosage range between about 0.05mg to
about 10mg per kilogram body weight per day (from about
0.1g to about 3g per patient per day). The amodnt of
active ingredient which may be combined with the carrier
materials to produce a single dosage will vary, depending
upod the host to be treated gnd.the particular mode of
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administration. ' For exanple, a formulation intended for
oral administration to humans may contain about 1mg to 1lg
of an active compound with an appropriate and convenient
amount of carrier material, which may vary from about 5 to
95 percent of the total composition. Dosage unit forms ‘
will generally contain between from about 5mg to 500mg of
active ingfedient._

It wili be understood, however, that the spec1fxc
dose level for any part;cular patient will depend upon a
variety of factors including the activity of the specific
compound employed, the age, body weight, general health,‘
sex, diet, time of administration, route of
administration, rate of excretion, drug combination and
the severity of the particular disease undergoing therapy.

The compounds of the invention may additionally
be combined ﬁith other compounds to provide'an operative

. combination. It is intended to include any chemically

compatible combination of pharmaceutically-active agents,
as long as the combination does not eliminate the activity
of the compound of geheral.formula-(I) of this invention.
In an embodiment are used in combination with other
therapeutic agents, for example other anti-infective
agents. In particular the compounds of the invention may
be employed with other antiviral agents.:

The invention thus provides in a further aspect
a combination comprising a compound of formula (I) or a

"pharmaceutically acceptable salt or derivative thereof

together with another therapeutically active agent, in
particular an antiviral agent.

The combinations referred to above may
conveniently be presented for use in the form of a
pharmaceutical formulation and thus such formulations
comprising a combination as defined above together with a
pharmaceutically acceptable carrier therefore comprise a
further aspect of the invention. ’
| - Suitable therapeutic agents for use in such

'combinations include other anti-infective agents, in
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'particular anti-bacterial and anti-viral agents sﬁch as

those used to treat respiratory infections. For example,
other compounds éeffective against influenza #iruses, such
as amantadine, rimantadine and’ r1bav1r1n, may be included
ifi such combinationms. _
The individual components of such combinatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>