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ANTTI - INFLUENZA AGENTS

Technical Field -
The present invention relates compounds that

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

Background Art ' -

‘Infection by influenza viruses, in particular
type A viiuses. has had a significant impact on human
health over the centuries, including three pandemics in
the 20th century (Horimoto aﬁd Kawaoka, 2001). Vaccines,
are available against influenza virus but are effective

only against particular strains. Until recently the drugs

of choice for the treatment of influemza A virus infection
were the adamantane-based M2 ion channel pbotein |
inhibitors, Rimantadine and Amantadihe (Douglas, 1990).
However, both d:ugs_havé been reported not only to have
eignificant side-effects, but algc lead to the rapid
emerggnce»of drug resistant influenza viral strains.

\ Since'1999,~inhibitors ofvthé 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 |

‘cycle of influenza viruses, facilitating the release of .

virus progeny from the infected cell surface by cleaving
the cell-surface virus attachment liéands. Inhibition of
the sialidase activity leads to clumping,of the virus
ptogeny'at the cell surface,>resulting'in diminished
propagation of infection (Palese and Compans, 1976).
Desgpite 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
all strains of influenza A and B virus sialidase examined
to.thé.mid 1980s (Varghese et al., 1992). This
observation led to the design and devélopment 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 Itzsteinm et al., 1993) and oseltamivir carboxylate
(Rim et al., 1997), are now on the market. Both

'.1nh1b1tors are sub-nanomolar inhibitors of both 1nf1uenza

A and B virus sialidases. Oseltamivir carboxylate is
currently recommended by the WHO as the primary antiviral
treatment'for.pharmacological nanagement of influenza

-A(H1IN1l) 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 pandemlc 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 deoreased efficacy, through resistance '
development, of the most widely used sialidase inhibitor,
work towards development of next generation sialidase k
inhibitors is of importance.

There are two phylogenetlcally 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 strazns 1nfect1ng humans in the 20th
century carried either N1 (group 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 sialidese caused the most devastating influenza
pandemic of the 20th century [1914-1918 (HIN1). Over the

- past few years an avian influenza virus strain of HSN1

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 recently been
shown crystallographically’to be structurally distinct
(Russell et al. 2006). Group 1 sialidases have

significant conformational flexibility in‘the eo-oalled
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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 fééulﬁing in a larger potential ‘
active/binding site compared to group 2 sialidases.

" Structure-based design of influenza virus
sialidase_inhibitors reported to date has been carried-out
using the X-ray crystal structures of sialidases from -
influenza A virus group 2 (N2 and'NQ) sialidases, and
influenza B sialidase. These inhibitors show coﬁparable
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'
cohformation'of.the 150 loop.

Summary of the Invention

‘The present invention relatea to novel compounds
which bind to influenza A virus group 1l 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
selectzve inhibitor of influenza A v1rus group 1
sialidases:

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

' alkyl, optxonally substituted aryl, optionally substltuted

acyl or optionally substituted sulfonyl; _ . By

’ X, is CO.H, P(O) (OH),, NOz, SO.H, SO0sH, -C (O)NHOH
or tetrazole; | ‘

| ‘ X; is alkyl, aralkyl, alkenyl alkynyl.
opt;onally substituted alkyl, opt:.onally substituted.
aralkyl, optionally substa.tuted alkenyl, optionally
subst:.tuted alkynyl, OR2, S8SR;, NR3R:', or su.bstltuted
trlazole,

where R, and R,' are selected independently from

optionally substituted acyl, optionally substituted

sulfonyl,  alkyl, alkenyl, alkynyl, Optn.onally subatltuted

alkyl, or optionally subst:.tut:ed alkenyl,

or R;' is hydrogen;

X3 and X;' are selected independent:lyb from
hydrogen, Rs;, halogen, CN, ORs, NRsRs', NHC (NRs)N(R;)z., N,
SR3, -0-CHz-C(0)-NR3R3', -O-CHz-C(NH) -NR3R;', -O-CH;-C(S)-
NR3R3' ' ‘

.and optionally substituted triazole, '

or X; and X;' together are =O, =N-OR;, or =CH-Rs
where R; and R;' are selected 1ndepende.nt1y from

- hydrogen, optionally subst:.tuted acyl optionally

subgtituted sulfonyl, alkyl, aralkyl, alkenyl, alkynyl,-
heteroalkyl, heterocyclyl, optionally subst:.tuted alkyl,
opt:.onally substituted aralkyl, opticnally su.bst:.tuted
alkenyl, -C(O)Rg and -8(0) zRg,

where R; is selected from optlonally su.bst:.tuted

alkyl and optionally substituted alkenyl;

X4 is NReRe', ORy, SRy, CH2C(O)Ry, CH;C(O)ORy,
CH>C (O} NR4R4', CHR4NO,, CHR,CN, CHR4R,', or CH,NHRq,
' where Ry and R;' are selected :Lndependently from

,hydrogen, optionally substituted acyl, opt:.onally

substituted thioacyl, ppt:.onally substituted sulfonyl,
alkyl, alkenyl, alkynyl, optionally substituted alkyl,
optionally substituted aralkyl, optionally substituted



WO 2011/006208 , . PCT/AU2010/000905

10

15

20

30

35

alkenyl, optionally substituted heteroaryl, and optionally
substltuted heterocyclyl; '

x5 is optionally substituted alkyl, optiqnally
substituted aralkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
heteroaryl, optionaily substituted heterocYclyl,'-c(o)Rs,._
COsRs, -C(O)NRsRs', -P(O) (ORs) (ORs'), -P(O) (ORs) (NRsRs'),
-P(0) (NRsRs')2, CN, ORsg, azide, NHR;, NR¢R¢', SR, or
optionally substituted triazole,

where Rs and R;. are 1ndependent1y selected from

hydrogen, optionally substituted alkyl, optionally

substituted alkenyl, 0ptlona11y substltuted aryl. or
heteroaryl, and

, R¢ and Rg' are 1ndependently selected from
optionally substltuted acyl, optlonally substituted
sulfonyl, optionally" ‘substituted alkyl, optionally
substituted aralkyl; optionally substituted alkenyl,

' optionally substituted aryl, hetéroaryl, 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 generai
formula (I) each bound through a 11nker to a multlvalent
template. _ ' '

' Accordlng to a third aspect of the present
1nvent10n there is provided a pharmaceutical composition
comprising a compound of gemneral formula (I) and a

- pharmaceutically 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 manufactﬁre of'a'wedicamegt for

" the préventipn or treatment of influenza.
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According to a sixth aspect of the present
invention there is provided the use of a compound of

" general formula (I) in.the prevention or treatment of

influenza.

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

1l) providing a compound of general formula (IV),
wherein: ' .
X2, X3, X, and Xs are as def:Lned and may be protected
by’ protecting groups, - ‘

Xs is X3, or a fu:qctional group that can be modified
to form X,, where Xs; can be selected from, but is not
limited to, CHO, CN, CH;OR', -thiazole, and

' Z is a group that can be activated to enmable beta-
elimination; »

XS O x6
Xa A X2
X3
(V)

- 2) el:.mlnata.ng H-Z from the compound of general f.ormula.
(V) . ,
- 3) converting Xs; to X, when it is other than Xy;
4) optionally functionalizing Xi, iz, Xy, X4 and/or Xs;
5) optionally deprotecting X;, X;, X3, X4 and/or Xs.

In an embodiment:
Z is a halide and elimination is ach:.eved under

' basic cond:.tlons, or

% is a halide and elimination is achieved in the
presence ‘of a heavy metal reagent; or _
Z is acyloxy and elimination is achieved under
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% is alkoxy and elimination is achieved under
acetolys:l.s conditions; or ' ‘

'Z is phosphite and elimination is achleved u.nder

Lewis acidic ‘conditioms.

A compound of general formula IV where Z is

hallde 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, -CHZOR' '

Accordlng to an e:l.ghth aspect of the present invent:.on
there is prov1ded a method of preparing a compound of
general formula (I), comprising the steps of-

- 1) providing a compound of general formula (V}:, wherein
X2, X3, X4 a.nd xs are as def:.ned and ma.y be protected by
protect:.ng groups; . .

2) introducing X; to the compound of general formula (V)
in a direct C-1 lithiation followed by reaction of the
lithiated species with EX, wherein E is an electrophlle
and X, may ‘be protected with a protectlng group,
3) optionally functionalizing X, X2, Xi, X and/or Xs;
~and | : '
4) optionally de\prb‘l_:ecting Xy, X2, X3, X4 and/or Xs.

)

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 Dfawiqggﬁ

Figure 1. A. Superimposition of influenza A
virus'NB sialidase—inhibitor'complexes of 3-allyl-NeuAc2en
(7) (dark grey: compleonbtained after 60 min. soak) and
Neu5Ac2en (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
'0pen}.conforﬁation of the 150-lcop 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-loop 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-NeuS5Ac2en (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)
complexj closed 150-loop N8/NeuS5Ac2en 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 J
X4 x2 ‘
X' X3
I

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

A is O, S or NRy; _

" where R, is hydrogen; optionally substituted

alkyl, optionally substituted aryl, optionally sdbétituted

acyl or optiomnally substituted sulfonyl;
| X, i8 COH, P(0) (OH)3z, NOz, SO;H, SO;H, -C(O)NHOH
or tetrazole; A .
X, is alkyl, aralkyl, alkenyl, alkynyl,
optionally substituted alkyl, optionally substituted
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aralkyl, optionally substituted alkenyl, opticnally
substituted alkynyl,'ORz, SR;, NR;R;', ot substituted
'trlazole, , '
. ‘where R; and R,' are selected independently from
-5 optionally substituted acyl, optionaliy substituted
| sulfonyl, alkyl, alkeanyl, alkynyl, optionally substituted
alkyl, or optionally substituted alkenyl
or R;' is hydrogen:
X3 and X;3' are selected independently from
10 hydrogen, Rs, halogen, CN, OR;, NR3R;', NHC(NR3)N(R3)a, N,
'~ SR;, -0-CH-C(O)-NR;R;', -O-CHp-C(NH)-NR3R;', -O-CH;-C(S)-
NR3R;* . ’ . . -
and optionally substituted triazole, ,
or X; and X;' together are =0, =N-ORj, or =CH- Ry
15 where R; and R;' are selected Lndependently from
hydrogen, optionally substituted acyl, optionmally
substituted sulfonyl, alkyl, aralkyl, alkenyl, alkynyl,
hetercalkyl, heterocyclyl, optionally substituted alkyl,
optionally substituted aralkyl, optxonally substituted
20 . alkenyl, -C(O)Rg and -8 (O) 2Rs, _ :
' where Ry is selected from optionally substituted
“alkyl and optionally substituted alkenyl;

X, i8 NRs R¢', O R, S Ry, CH;C(O) Ry, CHyC(O)ORy,

25 CH,C(O}N R; R;', CH R4NO,, cH R,CN, CH R; R4', or CH;NHR,

' where Ry ahd Ry' are. selected 1ndependent1y from
'hydrogen optionally substituted acyl, optionally
substituted thiocacyl, optionally Bubstituted‘sulfonyl,
alkyl, alkenyl, alkynyl, optionally substituted alkyl,

30 optionally substituted aralkyl, optionally substituted v
alkenyl, optibnally substituted heteroaryl, and optionally
substltuted heterocyclyl;

Xs 18 optionally substxtuted alkyl, optionally
substituted aralkyl, optlonally substituted alkenyl,

35 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(0) (NRsRs');, CN, OR;, azide, NHRs, NR¢R¢', SRs, or
optionally substituted triazole, o

where R; and Rs. are independently_selected from
hydrogen, optidnaliy substituted alkyl, optionally
substituted. alkenyl, optionally substituted aryl, or
heteroaryl, and o -

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

In an embod:.ment xs denotes CH;YR7, CHYR;CH,YR; or
CHYR,CEY R;CH.;YR;, .
. where Y is 0, S, or NR;', and successive Y
moieties in an Xs group are the same or different, or
‘'where the substituent YR, is =0, =N-ORs, or =CHR;,.
or : ‘ '
where two adjacent YR; groups together form part
of a ring structure which optionally includes at least one
heterocatom selected from O, 8 and N and is optlonally
substltuted, in partlcular, an epoxide, aziridine, 5 or 6
membered cyclic ether group, .
and R; and R;' are independéntly selected from
hydrogen, optionally substituted acyl, optionally
substituted sulfonyl, -8(0)203 -P(O)(OH)z- optionally

substituted alkyl, optionally substituted aralkyl,
optionally substituted alkenyl, optionally substituted
aryl, heteroaryl, or heterocyclyl.

In an embodiment the compounds are of general

'formula (II), with the stereochemistry as shown;
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In an embodiment A is O.
‘ In an embodiment X; is CO.H dr_P(O)(OH)g or an
ester thereof. The ester will readily hydrolyse in vivo
into the free acid. In an embodiment X, is CO.H.

io . In an embodiment X;* is H and X; is selected from
R3, halogen, CN, OR;, NR3R;', NHC(NR:)N(R3),, N;, SR; and »
optionally substituted triazole, .
: where R; and R3' are independently selected from
alkyl, alkenyl, alkynyl, optionally substituted alkyl,

15 _optionally’shbstituted_alkenyl, -C(O)Rg or -S(0).Rg,
where Rg is selected from optionally substituted

alkyl and optionally substituted alkenyl.
. In an embodiment X; ie - NR4R,'. Advantageously Rg
is optionally substituted acyl and Rs' is hydrogen,
typically acyl such as acetyl. -

20
In an embodiment the compounds are of general

formula (IIT), with the stereochemistry as shown;

ﬂ25
wherein X;, X,, x,,_and X; are as ﬁescfibed above,
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one of X; and X;' is hydrogen,

one of X3 and X' is hydrogen,

one of Xy and xs"is'hydrdgen, and

X:, X7, Xé, X', Xy, and Xy' are the same or
different, and are selected from H, OR;, NRyR;', SRy, oF
optionally substituted triazole, or . '

together X; and X,', Xy and X', or'xg,and;X9' form

- . =0, or =N-OR7.

'In:an embodiment the compounds are selected from

‘the group consisting of:

- methyl -5~ acetanu.do 4,7,8,9-tetra-0- acetyl -2, 6-
anhydro -3,5-dideoxy-3- C-(prop 2'-eny1)—n glycero p-galacto-
non-2- enonate, s -

5- acetamldo 2,6- anhydro -3,5~ d;deoxy -3- C-(prop -2'-
enyl) -p-glycero-v-galacto-non-2-en-onic acid,

methyl 5-acetamido-4,7,8,9-tetra- o- acetyl -2,6-
anhydro- 3 5« dldeoxy-B Cc-(4,4- -dimethylpent- 2'-eny1)-D-
glycero-n-galacto non-2-enonate,

5-acetamido-2, 6-anhydro-3,5- dideoxy-3 Cc-(4,4-
dimethylpent-2*-enyl) - D—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-D galacto-non-2-enonate,

5-acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- (3'-
cyclohexyl-prop 2'-eny1)-D-glycero -D-galacto-non-2-enconic
acid, .
methyl 5-abetamido-4,7,8,9-tetra-0-acety1-2,6-
anhydro-3, S-dideoky-B—C-(3'-pheny1-prop¥2!-eny1)-b-glyﬁero—
p-galacto-non-2-enonate, '

5-acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- (31-

'phenyl—prop 2'-eny1)~D glycero-p-galacto-non-2-enonic acid,

: methyl 5-acetamido-4,7,8,9-tetra-0- -acetyl-2,6-
anhydro-3, 5-dideoxy-3-C~[3'- (p-tolyl) -prop-2'-enyll -n-
glycero-p-galacto-non-2-enonate (8d, R = 4-CH,Ph),

' ' 5-acetamido-2,6-anhydro-3,5-dideoxy-3-C-[3'- (p-
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tolyl)-prop-Z‘-enyl]-D-glycero-p-galacto—non-2-enonic acid,
methyl ‘5-acetamido-4,7,8,9-tetra-0O-acetyl-2, 6-
anhydro-3,5- d1deoxy-3 -C-[3'-(4-texrt- butoxyphenyl) prop -2'-

.enyl] -p-glycero-p-galacto-non-2-enchate,

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-0-acetyl-2, 6—
anhydro-3,5- dldeoxy 3- C-(3'-naphthy1 prop 2'-enyl) -D-

'glycero D—galacto non-2-enonate,

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

vanhydro—3,5-dideoxy-3-c-[4'-(3,4rdimethoxyphenyl)-but-2'-

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

dimethoxyphenyl) -but- 2'-enyl]-D-glycero D-galacto non-~2-

enonic acid,

- methyl .5-acetamido-3- c—(3’-acetoxypr0py1)—
4,7,8,9-tetra-0-acetyl-2, 6-anhydro-3,5- dldeoxy-n-glycero ~D~
galacto-non 2-en-onate,

S5-acetanmido-3- C-(3'-hydroxypropy1) -2,6- anhydro-
3,5-dideoxy-n 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- propyl—n-glycero -pD~galacto-non-2-
enonate, " , o

5-acgtamido-2.6-anhydro-3,S—dideoxy-3¥C-pr0pY1-D-

glycero-p-galacto-non-2-enonic acid,

methyl 5-acetamido-4,7,8,9- tetra O-acetyl-2, 6-
anhydro-3,5-dideoxy-3-C- propenyl D~ glycero-n galacto -non-2-
enonate,

_ methyl 5-acetamido 2,6-anhydro-3,5- dideoxy 3- C-
(prop-2'-enyl) -p- glycero -D-galacto-non-2-enonate ,

methyl '5- acetamido-2,6- anhydro 3,5-dideoxy-8,9-0-
isopropylidene-3- C-(prop 2'-eny1) -D-glycero-p-galacto- non~
2-enonate, '
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methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-4-0-
ethyl-8,9~0-isopropylidene-3- C-(prop 2'-enyl) -p- glycero-v-
galacto-non-2-enonate,

methyl 5-acetamido-2, 6-anhydro-3,5-dideoxy-4-0-
ethyl-8,9-0O-isopropylidene- -3- -C- (prop- 2f-enyl)-n glycero D~
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- acétyl 2,6- anhydro—A

3,5-dideoxy-3- C-(prop- 2'-eny1)-n glycero p-talo-non-2-

enonate)-[4 5-4] - 2-oxazollne,

methyl S- acetamldo 7.8,9- tr1 O- acetyl 2,6-
anhydro -4-azido-3-C- (prop 2'-eny1) 3,4,5- trldeoxy -p-
glycero- D-galacto non-2-enonate,

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

5-acetamido-2, 6-anhydro-3, 5- dldeoxy 3- O -~ethyl-p-
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) -p~-glycero-D-
galacto-non -2-enonate, and ' '

methyl 5-acetamido-4,7,8, 9 tetra-o0- acetyl -2,6-
anhydro-3,5-dideoxy-3-0- [2'-(4'-1sobutyl-
[1*,2",37] triazol- 1"-yl)ethyl]—n-g1ycero -p-galacto-non-2-
enonate.

It will be appreciated that the manner of
representing substituents in the foregoing general formula
does not imply any particular stereochemistry or
orientation for the substituents unless that is
specifically shown. -In particular, where compounds are
optically active both (R) and (S) enantiomers or a mixture
of the two, including a racemic mlxture, are env1saged
unless otherwxse specxfled., . '

The term “alkyl” used either alone or in a
compound word such as “optionally substituted alkyl” or
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“optionally'substituted 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, 1,2edimethy1pfop§1;
1,1-dimethylpropyl, hexyl, 4-methylpentyl, 1-methylpentyl,
2-methylpentyl, 3—methy1pentyl,'1;1>dimethy1buty1, 2,2-
dimethylbutyl, 3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3~
dlmethylbutyl, 1,2,2- trimethylpropyl, 1,1,2-
trimethylpropyl. heptyl,'s-methylhexyl. l-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- or 5-ethylheptyl, 1-2- or 3-

propylhexyl, decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-

methylnonyly 1"" 2-1 3", 4" 5- or S‘Gthyloctyll 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-

éthylnonyl, 1-, 2-, 3-, 4- or 5-propyloctyl, 1-, 2- or 3-

butylheptyl, l-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.
Examples of cycloalkyl include cyclopropyl, cyclobutyl, A

'cyclopentyl, cyclohexyl,-cycloheptyl, cyclooctyl,

cyclononyl and cyclodecyl and the like. In an embodiment

alkyl is C1-C5 alkyl.

The term “alkenylh used either alome or in

' compound .words such as “alkenyloxy denotes groups formed

from stra1ght chain, branched or cyclic alkenes 1nclud1ng

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

include allyl, butenyl, iso-butenyl, 3-methyl-2- butenyl,.
l-pentenyl, cyclopentenyl, 1- methyl cyclopentenyl, 1-
hexenyl, 3-hexenyl, cyclohexenyl, l-heptenyl, 3-heptenyl, -

‘1-octeny1,‘cyc100cteny1, 1-noneny1f 2-nonenyl, 3-noneny1,
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1-decenyl, 3-decenyl, 1,3-butadienyl, 1-4,pentadienyl, ‘
1,3-cyelopentadienyl, 1)3-hexadienyl, 1,4-hexadienyl, 1;3-
cyclohexadienyl, 1,4-cyclohexadienyl, 1,9— i
cycloheptadienyl, 1,3,5-cycloheptatrienyl and 1,3,5,7-
cycloocﬁatetraenyl._In an embodiment alkeamyl is C2-C5

The term “acyl” used either alone.or”inbcompound
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
heteroeyclic 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 omne or two

‘additional heteroatoms bonded to -C(0), -C(S) or -C{N=H) .
'According, the term acyl,envisages -¢c(o)-, -c(s)-,-C(NH) -,

-0-c(0) -, -0-C(S)-, -0-C(N=H)-, -8-C(0)-, -8-C(8)-, -8-

C(N=H)-, -NH-C(O)-, -NH-C(S)-, -NH-C(N=H), -0-C(0)-0-, -O-
. €(8)-0-, -0-C(N=H)-0-, -8-C(S)-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. Examples of acyl include straight
chain or branched alkanoyl such as fermyl, acetyl,
propanoyl, butanoyl, 2-methylpropanoyl, pentanoyl, 2,2-
dimethylpropanoyl, hexanoyl, heptanoyl, octanoyl,
nonanoyl, decanoyi; undecanoyi, dodecanoyl, tridecenoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl,
nonadecanoyl and icosanocyl; cycloalkylcarbonyl such as
cyelopropylcarbonyl oyclobutylcarbonyl, '
cyclopentylcarbonyl and cyclohexylcarbonyl, aroyl such as
benzoyl, toluoyl and naphthoyl; aralkanoyl such as
phenylalkanoyl (e. g. phenylacetyl, phenylpropanoyl,
phenylbutanoyl, phenyl;sobutyl, phenylpentanoyl and
phenyihexanoyl) and naphthylalkanoyl (e.g. naphthylacetyl,

" naphthylpropanoyl and naphthylbutanoyl);Aaralkenoyl such

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

~ thienylhexanoyl, thiazolylacetyl, thiadiazolylacetyl and

tetrazolylacetyl; and heterocyclicalkenoyl such as
heterocyclicpropenoyl,,heterocyqlicbutenoyl,

'heterocycliépentenoyl and heterocyclichexenoyl.

The term “sulfonyl” used either alone or in

_compound words such as “optionally substltuted sulfonyl”

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

independently H, optionally substituted alkyl or

optionally substituted aryl. Accordingly the group in its
entirety may be, for example, a sulfonateAester or amide,
depending on the.context, such as -0-S(0);R; or -NRy-S-
(O)2R;. ' ' , _
" The term Traryl® used either alone or in compound
words such as “optionally substituted aryl”, “optionally
substituted aryloxy” or “op;ionally substituted
heteroarYI" denoﬁes single, polynuclear, conjugated and
fused residues of aromatic hydrocarbons (“carbocyclic
aryl” or “carboaryl”) or aromatic'heterocycllc
(“heteroaryl”) ring systems. Examples of carbocyclxc aryl
include phenyl, biphenyl, terphenyl, quaterphenyl,
phenoxyphenyl, napthyl, tetrahydronaphthyl, anthracenyl,
dlhydroanthracenyl benzanthracenyl, dlbenzanthracenyl
phenanthrenyl fluorenyl, pyrenyl, 1ndeny1. azulenyl,
chrysenyl. ‘Examples of heterocaryl include pyridyl, 4-
phenylpyridyl, 3-phenylpyridyl, thienyl, furyl, pyrryl,

pyrrolyl, furanyl, imadazolyl, pyrrolydinyl, pyridinyl,

piperidinyl, indolyl, pyridazinyl, pyrazolyl, pyrazinyl,
thiazolyl, pyrimidinyl, quinolinyl, isoquinolinyl,
benzofuranyl, benzoth;enyl, purinyl, quinazolinyl,

i phena21ny1 acridinyl, benzoxazolyl, benzothiazolyl énd

the like. - Preferably; a carbocyclic aromatic ring system
contains 6- 10 carbon atoms and an aromatic heterocycl;c

" ring system contains 1l to 4 heteratoms 1ndependent1y
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‘selected from N, O and 5 and ﬁp to 9 carbon atoms in the

ring.
The term “heterocyclyl” or equivalent terms such
as-“heterdc?clic" used either alone or in compound words

_such. as “optionally substituted saturated or unsaturated

- heterocyclyl” denotes monbcycliclor'polchclic'

" ‘heterocyclyl groups‘contaihing at least one heterocatom
‘atom sélected from nitrogen, sulphur and oxygen. Suitable

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

saturated 3 to 6-membered heteromonocyclic groups

: contaihing 1 to 4 nitrogen atoms, such as, pyrrolidinyl,

imidézolidinyl, piperidino or piperazinyl;

unsaturated condensed heterocyclic groups

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

isoindolyl, indolizinyl, benzimidazolyl, quinolyl,
isoquinolyl,.iﬁdaZolyl, beﬁzotriazoiyl or
tetrazolopyridazinyl:; - .
unsaturated 3 to 6-membered héteromonocyc;ic
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 containing 1 to 2 oxygen atoms and 1 to 3'nitrogen
atoms, such as, oxazolyl, 1lsoxazolyl or oxadiazolyl;
saturated 3 to 6-membered heteromonocyclic groﬁp
containing 1 to 2 oxygen atoms and 1 to 3 qitrogen 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
contalnlng 1 to 2 sulphur atoms and'1l to’3 nxtrogen 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 .
polyhydroxyfaldehyde or ketone, or one of their cyclic
tautomers, and includes a compound resulting from 7
reduction of the aldehyde or keto group such as alditols.
Oxygen atoms may be teplaced by hydrogen or bonds to a

" halogen, nitrogen, sulfur 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,'Dfarabinopyranose} L-rhamnopyranose, D-
ribose, D-fucose, N-acylneuraminié acid, 2-keto-3-deoxy-
nonulosonic acid, 2-keﬁo-3-debxy-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 bdnds
to halogen, nitrogen, sulfur or carbon, as well as
oligosaccharides containing these moieties.

In this specification “optionally substituted”

:means that a group may or may not be further substituted

w1th one or more functional groups such as alkyl, alkenyl,
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alkynyl, aryl, halo, haloalkyl, haloalkenyl, haloalkynyl,
halecaryl, hydroxy, alkoxy, alkenyloxy, aryloxy, benzyloxy.
haloalkoxy, haloalkenyloxy. haloaryloxy, nitro,

-nitroalkyl, nltroalkenyl, nltroalkynyl nitroaryl,

n1troheterocyc1y1 amino, alkylamino, dialkylamino, .
alkenylamino, alkynylamino, arylamino, diarylamino,
benzylamino, dibenzyleﬁino, acyl, alkenylacyl,
alkynylacyl, arylacyl, acylamino;>diacylamino, acyloxy,
alkyleulphonylbxy)_arylsulphenyloxy, heterocyclyl, '
heterocycloxy.Aheterccyclamino, haloheterocyclyl,
alkylsulphenyl, arylsulphenyl, carboalkoxy, carboaryloxy,
mercapto, alkylthio, benzylthico, acylthio, phosphorus-

.containing groupe and the like, and including groups such

as oxo, =8, =N-, where appropriate, particularly as
substituents in ring structures such as lactones, lactams
and cyclic imides, provided that none of the .substituents
outlined above interferes with che formation or ectivity
of the subject compound.

Any of the moieties whose length ie deflned 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
piecursors and ease of synthesis, as well as efficacy.

- The compounds of the invention may be prepared- by
manlpulatlon of carbohydrate structures to lntroduce the
functional groups as described in the general formulae.

An extensive array of methodologies has been developed to
manipulate different positions on'carbohydrate templates
as disclosed, for example, in Ernst, Hart & Binay, 2000;
Chapleur, 1998; and Stick, 2001; the contents of which are
incorporated herein by reference. 1In particular,
methodologles to manlpulate each position of the/
neuraminic acid template have been developed as dlsclosed
for example in Zbiral 1992; von Itzsteln and Thomson,
1997; Kiefel and von Itzstein, 2002; the contents of which
are 1ncorporated hereln 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 contalnlng an
alpha, beta-unsaturated carboxylate, halohydrin formation:
{(path A) can be achieved using N-bromosuccinimide, as
described for example in Okamoto et al., 1987. Radical’
reaction of the bromohydrin can be employed to introduce a
carbon- 1inked subst;tuent X, using BugSn(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-unsaturated derivative. Direct
introduction of a carbon-linked substituent X, can be
achieved through transition metal-mediated radical
reaction with the alpha,beta- -unsaturated carboxylate (path
B) . Radical addzt;on,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 deriﬁative.

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

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

contents of which are incorporated herein by reference,
brdmination‘alpha to the carboxylate (path C), followed by
elimination of HBr can be employed to form the beta- V
gubstituted alpha,beta-unsaturated derivative. .
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In an embod:.ment 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, hydrogenat;on, 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 ﬁetathesis (such
as described in Meinke and Thiem, 2008) . Olefinic cross
metathesis reactions can be pe:formed'using Ruthenium-
based metathesis catalysts: Grubbs 1st generation (G-1),
Hoveyda—Grubbs 1st generation (HG-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:

[ Muttivatent template | —inker >—x 0.,
' !
' X.J;g:
S Xs' X
. ) .
In an embodiment the multivalent template is

selected from the group cons1st1ng of, but not limited to,
polystyrene nanopart;cles,vceramlc nanopartlcles, coated
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~gold particles, di-, tri- and tetra-antennary structures

and dendrimers (as described for example in Roy 1997),
liposomes, 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 1ncorporated by
reference.

The compounds of the invention interrupt the
infectlous cycle of influenza A virus strains, and
therefore are useful in the preventlon or treatment of

“influenza in a subject, particularly a human subject when

administered in a therapeut;cally effective amount.

As used herein, the term “therapeut;cally
effective amount” means an amount of a compound of the
present invention effective to vyield a desired therapeutic
response, for example to prevent or treat a disease by

'admlnistratxon of a pharmaceutically-active agent.

The specif;c "therapeutically effective amount”
w111, obviously, vary with such factors as the particular
condition ‘being treated, the physlcal condition and
clinical hlstory of the subject, the type of ‘animal being
treated, the duratlon of the treatment, the nature of

'.concurrent therapy (if any), and the specific formulations

employed and the structure of the compound or its
derivatives. _ » ‘ _

As used herein, a "pharmaceutlcally 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 pharmaceutlcally
acceptable derivatives of the compcunds of general formula
I and the salts thereof, are also within the scope and
spirit of the invention. Such derivatives includes
pharmaceutically acceptable 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 avv
pharmaceutically acceptable inorganic or organic acid .
inéluding but not limited to hydrochloric¢, hydrobromic,
sulphuric, phosphoric, methanesulfonic, toluenesulphonic,
benzenesulphonic, acetic,’propionic,‘éscorbic, citric,

.malonic, fumaric, maleic, lactiec, salicyclic, sulfamic, or

tartartic acids. The counter ion of guaternary amines and
pyfidiniums include chloride, bromide, iodide, sulfate,
phosphate, methansulfonate, citrate, 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, ptopyl,.and butyl chlorides,
bromides and iodides; dialkyl sulfates like dimethyl and

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

known manner, for example by treating the compound with an

apprbpriate acid or base in the presence of a suitable

solvent. i _
The compounds of the invention may be in

. erystalline 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 generally 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. Solveﬁté may be, by way of example, water,

ethaneol or acétic 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, phosphate esters and those formed

" from amino acids, preferabl?'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-invgntion 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 in wvivo apblication,

parenterally by injection or by gradual perfusion over
time iﬁdependently or together. Admihistrationvmay be
intravenously, intra-arterial, intraperitoneally,
intramuscularly, subcutaneously, infracavity.
transdermally or by inhalation. Inhalation may be by way
a dry powder inhaler, a metered dose inhaler or nebulizer
as described, for example, in WO99/16421, 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 rharmacological and/or

physioclogical effect. The effect may be prophylactic in

. terms of completely or partlally preventing infection,

and/or may be therapeutic in terms of a partial or
complete cure of an infection. ™Treating®" as used herein

‘covers any treatment of, or prevention of lnfectlon in a

vertebrate, a mammal, particularly . a human, and includes:
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.

‘ The pharmaceutical compositions of the invention
comprise a pharmaceutically aeceptable carfier
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, talc, milk protein, gelatln,
starch, vitamlns, cellulose and its derivatives such as
hydroxypropylmethyl cellulose, polymers such as
polyvznylpyrrolldone(PVP) 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 descrlbed, for instance, in‘Rem1ngton'
Pharmaceutical Sciences, 15th ed. Baston: Mack Publlshlng
Co., 1405- -1412,1461-1487 (1975) and The National Formulary
XIV., 14th ed. Washingtoni 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 adjusted according to routine skills in

the art. See Goodman and Gilman's The Pharmacological
Basis for Therapeutics (7th ed.). When desired the
formulations may be adapted to give sustained release of

the aetive ingredient.’

A The pharmaceuticalicompositions are'preferably
prepared and administered in dosage units. Soliad dosage
units 1nclude ‘tablets, capsules and suppositories. For
treatment of a subject, depending on activity of the
compound, mannerlof 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 mnltlple administration of subdivided doses at
spec1fic intervals.

The pharmaceut1cal compositions accordlng 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 eeverity of the
microbial infection and the weight and general state of
the subject. “Typically, dosages used in vitro may provide
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,; inwLanger, Science,
249: 1527, (1990).'_Fo:mulati9ns 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

coil.

Agqueous suspensions normally contain the active

‘materials in admixture with excipients suitable for the

manufacture of aqueods suspension. Such excipienté may be
suspending agents such as sodium carbokyméthyl cellulose,
methyl cellulose, hydroxypropylmethylcellulose, sodium
alginate, polyviﬁylpyrrblidoné, gum. tragacanth and gum
aéacia; dispersing or wetting agents, which may be (a)
natﬁrally occurring phosphatide such as'lecithip; (b) a
condensation product of an alkylene oxide with a(faﬁty
acid, for example, polyoxyethylene stearate; (c) a

- condensation product of ethylene oxide with a long chain

aliphatic alcohol, for example, _
heptadecaethylenoxycetanol; (d) a condensation product of

. ethylene oxide with a partial ester derivéd_from a fatty

acid and hexitol such as polyoxyethylene sorbitol

moncoleate, or (e) a condensation product of ethylene

oxide with a partial ester derived from fétty-acidg and
hexitol anhydrides, for example polyoxyethylene sorbitan
monooleate. ' : )

The pharmaceutical 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 alsoc be a
sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example,
as a solﬁtion in 1.3-butanedi§1. Among the acéeptable
vehicles and solvents which may be empioYed afe’water,
Ringer's solution, and isotonic sodium chloride solution.
In addition, sterile, fixed oils are conventionally .
employed as a solvent or suspending medium. For this

purpose, any bland fixed oil may be employed, including

synthetic mono-or diglycérides. 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 _
admlnxstered in the form of 11posome dellvery systems, '
such as small unilamellar vesicles, large unilamellar
vesicles, and multilamellar vesicles. Liposomes can be
formed from a variety of phoépholipids, such as
cholésterol, stearylamine, or phosphatidylcholines.
Cémpounds of general formula (I) may also be admlnlstered.

" in combination with cyclodextrine 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 admlnlstratxon. Thus 1n

 general the compounds may be administered in the form of a

solution or a suspension or as a dry powder.

Solutions and suspensions will generally be
aqueous, for example prepared from water alone (for - 7
éxample 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 benzalkonium,chloride)1
solubilising agents/surfactants such as polysorbates (e.g.
Tween 80, Span 80, ‘benzalkonium chloride), bufferlng
agents, 1sqton1c1ty-adjust1ng.agents.(for example sodium
chloride), absorption enhancers and viscosity enhancers.
Suspensions may additionally contain suspending agents

_(for example microcrystalline cellulose, carboxymethyl

cellulose sodium) .

[\

Solutions or suspensioné are applied-diréctly to

- the nasal cavity by conventzonal means, for example with a-

dropper, pipette or spray, or metered dose inhaler. The
formulations may be provided in single or multx-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 admlnisterlng an
appropr;ate, predetermlned volume of the solution or
suspension. In the case of a spray this may be. achieved
for example by means of a metering atoﬁising spray pump.

' Intranasal administration may also be achleved
by means of an aerosol formulatzon in which the compound ,
is prov;ded in a pressurised pack with a suitable
propellant such as a chlorofluorocarbon (CFC), for example
didhlprodifluorehethane, trichlorofluoromethane or

dichlorotetrafluororoethane, 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 nix of the
compound in a suitable powder base such as lactose,
starch," starch derivatives such as hydroxypropylmethyl
cellulose and polyv1nylpyrr011d1ne (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 cartrldges 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 mlcrons or.less. Such a particle size may be
obtained by means: known in the art, for example by

~-micronisation.

Dosage levels of the compound of general formula
(I) of the present invention will usually be of the order
of about 0.05mg to about 20mg per kilogram body weight,
with a prefer:ed-dogage range between about 0.0Smg to
vabout 10mg per kilogram body weight pef day (from about
0.1g to about 3g per patxent per day). The amodnt of

active ingredient which may be combined with the carrier

materials to produce a single dosage will vary, depending
uponlthe host to be treated and the particular mode of
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administration. For example, 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 ingredieqt.l

It will be understood, however, that the speclfxc
dose 1evel for any part;cular patient will depend upon a
variety of factors 1nc1ud1ng the activity of the speczfic
compound employed, the age, body weight, general health,
gex, diet, time of admlnlstratlon, 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 with other compounds to provide7anvoperative

) 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 therapeut:cally active agent, in
partlcular 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
pharmaceut:cally acceptable ‘carrier therefore comprise a

further aspect of the invention.

- Suitable therapeutic agents for use in such

-combinatiohs include other anti-infective agemts, in
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Vparticular anti-bacterial and anti-viral’agents such as
‘those used to treat respiratory infections. For example,

other compounds effective against influenza viruses, such
as amantadlne, rimantadine and r1bav1r1n, may be included
ifi such combinations.

The individual componeants of such combinations
may be administered either sequentially or simultaneously

.in separate or combined pharmaceutical formulations.

When the compounds of the invention are used .
with a second therapeutic agent active against the same
virus, the dose of each compound may either be the same as
or differ from that emﬁloyed when each compound is used
alone. ‘Appropriate doses will be readily appreciated by
those skilled in the art.

Modes for Perform;gg the Invention

Examples of synthetic schemes that can be
employed to prepare compounds in accordance with preferred
embodiments of the invention are now described in more
detail. ' The methods described .are intended to illustrate
the nature of such preparations and are not intended to
limit. the scope of the invention or of the applicable
methods. Detailed description of the methods is found in
the Experimental section below.

An exemplary method of preparing the compounds of
the invention, where X; is linked through carbon to the
scaffold, is shown in Scheme 1 below (described in

Examples 1-4).

Introduction of a carbon linked substituent can
be performed by radical reaction on an alkyl bromide. In
compodnds containing an alpha,beta-unsaturated
carboxylate, halide can be introduced beta to the
carboxylate through halohydrin foimation, for example
using N-broﬁosuccinimide; as described for'example in
Okamoto et al., 1987. Radicel reaction of the bromohydrin
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can be employed to introduce a carboh?linked substituent X,
using Bu;Sn(X3;), as described for example in Paulsen and
Matschulat, 1991 (described in Example 1). The hydroxyl
groﬁp alpha to the carboxylate is then converted to a

-5 leaving group suitable to enable beta-elimination. Methods
of beta-elimination inc¢lude activation of the position |
alpha to the carboxylate of the beta-substituted ester

' with hdlogen, phosphite [as. described for example in -

4 ' 8tolz, F. et al., J. Org. Chem. (2004) 69, 665-679] or

10 acetate, and subsequent beta-elimination; for an alpha-
halide under basic conditions [as'described for example in
Blattner (1980); Rye (2002)] (described in Examples 3, 22
and 24) or for an acetate or phosphite [as described for
example in Stolz (2004)1 under Lewis‘acidié conditions.

15 ‘ , » ,
Scheme 1:

OAc DAc OAc QAc OAc OAc

H ' H ~ OH H ., OH '
OO 2 NANPOcooh b SO cooH,
Oac ! ) OAc : , OAc )
AcHN Y AcHN® Y TBr T AN YRR
OAc OAc QAc
1 2 S -8
OAc OAc . QAc OAc . oac OAc :
OAc H (o] ’ .
Hs v O ..u COEC.-% °
—- - BAc Oac \ OAc ,
AcHN AcHN Y g AcHN :
OAc : OAc
] : : 5 6
OH OH N
. H o _coH
> OH I
e -
7 9“ '

20 Scheme 1. Reagents and condztzons. (a) NBS, DMSO/H,0, -30
*C, 2 h; (b) Bu;SnAll, AIBN, Tolueme, 100 °C. 8 h; (c)
Ac;0, Pyridine, rt, 16 h; (d) AcCl, dry MeOH, 0 °C, 48 h;

" (e) DBU, dry, CH,Cl; 0 °"C-rt, 16 h; (£f) NaOH (1N), MeOH/H,O
(1:1), 5 'c, 12 h. '
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Exemplary methods for varying the substituent X,
‘are shown in Schemes 2 to 5 (described in Examples 5-24).
5 1In an embodiment where X, is -CH,CH=CH;, further
manipulation of the allyl group can be achieved using a
range of reagents, for example using Grubbs catalyst as
. exemplified in Scheme 2 (described in Examples 5-18), and.
_borane reagents as exemplified :I.n Scheme 3 (descrlbed in
10 Examples 19 and 20)

Scheme 2:
OAc OAc OAc OAc OH OH
Ho oozcua . M o _co,oh, . ¥ o _con
OAc l Oac I R OH ’ . R -
ACHN™ Y = AcHN™ Y ~ AcHNT Y N~
OAc ’ OAc . OH .
6 8 , 9
, R ‘
CHQ )
8aMa —{CH, 8e/9e —@—o _
CH, C

_ OCH,3
8d/ad —< >—CHa 8g/9g /\@
OCHj,

15 v .
Scheme 2. Reagents and conditions: (a) Grubbs catalyst
"(1-15 mol%), alkene (CHz=CH2 R), dry DCM, Nz, 20-60 °C, 12-
60 h; (b) 1 M aq. NaOH, MeOH, 5 'C to rt, O- .24 h.

20

Scheme 3:
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QAc QAc - ' OAc OAc
L0 oM _O._COzMe
OAc | ' ~ " BAc | B
AcHNY Y = AcHN® ™ -
, AcQ AcO :
6 10 )
. OAc OhAc OH OH
o Ko _come g Y o _coH
' . 6Ac ' OAC . OH l OH
ACHNY ™ : AGHNT
- AO - . OR
" . 12

Scheme 3. Reagents and conditions: . (a) 9-BBN-H, THF, 50
°‘c, 12 h; (b) Hz0;, NaOH, 20 °'C, 30 min..: (c) ACgO, DMAP,

5 MeCN, rt, 24 h; (d) NaOH (1N), MeOH/H,0 (1:1), 5 'C, 16 h.

. \ T

Scheme 4:

OAc OAc QAc OAc - OAc OAc
Ho OOgCH; § co.crs
OA-: OAc OAc
AcHN AcHN” Y75
OAc OAc
3 .. .18
OAc OAc
Ho
[ Y | d -3
—  OAc o
: AcHN™ Y AcHN
OAc

.10 . 15

Scheme 4. Reagents and conditions: (a) PA/C (10%)}, MeOH,

ACOH, H,, 40 psi, xt, 24 h; (b) AcCl, dry MeOH, 0 "C-rt, 48

h; (c) DBU, dry DCM, 0O °‘C-rt, 16 h; (d) NaOMe (1 N}, dry

15 MeOH, 0 °C-rt, 5 h; (e) NaOH (1 N), MeOH, H;0, 0 ‘c-rt, 3
h. :

. Scheme 5:
20
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Orc OAc OAc OA&
~ H O COOCHs ab ‘ 0. COOCH,
Oac L. L . y OAc |
AcHN® YRS AcHN Z
OAc QAc
4 17

Scheme 5. Reagents and conditioms: (a) AcBr, dry MeOH, °
dry CH,Cl,, 0°C-rt, 8 h; (b) DBU, dry CH,Clz, 0°C-rt, 2 h.

s

Exeméié:y methods for varying the substituent X,
are shown in Schemes 6 to 8 (described in Examples 25-30).
Scheme 6: selective alkylation of the C-4-

10 hydroxyl group of a suitably protéqted precursor can be
achieved using an alkyl halide in the presence of Ag;O or a
hydride reagent (as exemplified in Scheme 6)'[és described
for example in Tindal, D.J. et al., Bioorg. Med. Chem.
Lett. (2007) 17, 1655-1658; Ikeda, K. et al., Carbohydr.

15 Res. (2001) 330, 31-41] (described in Examples 25-28).
The introduced alkyl group ¢an be further modified [as'.
~described for exémple in Ikada,’k. et al., Carbohydr. Res.

(2001) 330, 31-41]. ' ‘

20 Scheme 6:

Ohc- OAe OH OH : ' OH_
0. _COCH, Y o _cocH, o O. _COCH,
H a H I b z '
OAc l —+=  OH — o
AcHN? Y = AcHN® Y = ’)TfkcHN Y N
Onc OH OH
6 18 19
oH OH OH OH OH
o O, COLHs 0. _CO,CHs O _CO.H
] H I e e I l
’%’ﬁﬁN = AcHN = AcHN =

Scheme 6. Reagents and conditions: (a) NaOMe (1 N), dry
25 MeOH, 0 °C-rt, 4.h; (b) 2,2-Dimethoxypropane, Amberlite®
IR-120 (H') resin, anhydrous acetone, rt, 16 h; (c) ethyl
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iodide, sodium hydride, dry DMF, 0 'C, 2 h; (d)aq Acetic
acid (80%), 80 ‘C, 1 h; (e) NaOH (0.1 N), MeOH, H,0, 0 °‘C-
rt, 12 h. ‘

Schemes 7 and 8: formation of an oxazoline
between the C-5 acetamide end the C-4 position (as '
exemplified in Schemes 7 and 8) allows subsequent
intioductioﬁ\of,a substituent (X;) such as azide (as

10 exemplified in Scheme 8) or thiolacetate at C-4 [as
described for example in von Itzstein, M. et al.,
Carbohydr. Res. (1993) 244, 181-185] {described in
Examples 29 and 30). The introduced azide group can be-

 further modified [as described for example in: Chandler,

15 M. et al. J. Chem. Soc. Perkin Trans. I (1995) 1173-1180;
Lu and Gervay-Hague, Carbohydr. Res. (2007) 342, 1636-

16501.
Scheme 7; : ) : o
20 :
OAc OAﬁ Ohc
. O§-c0LH,”
OAc P
AcHN® Y R
, Oac
4
Scheme 7. Reagents and conditions: (a) BF;.Et;0, diy
CH.Cl,, rt, 48 h. ’
25 ’
Scheme 8:
R OAc CAc OAc QAc ‘
N o cocH, . . ¥ o _ocdcoH,
) ) ’ e —— H l
'OAc OAc
AcHN™ T = AcHN® Y =
~ OAc N3
8 2
30

Scheme 8. Reagenteg and conditions: (a) BF3;.Et;0, dry

'
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'MeOH, dry CH,Cl:;, rt, 20 h; (b) A21dotr1methylsllane.

anhydrous ‘BuOH, 80 °C, 24 h.

Exemplar? methods of preparing the compounds of
the invention, where X; is linked through oxygen to the
scaffold, are shown in Schemes 9 and 10 (descrxbed in

.Examples 31-43).

Scheme 9: a hydroxyl group can be introduced beta '
to a carboxylate by manipulation of an alpha- beta
unsaturated ester functionality (as exemplified in Scheme

. 9) through reaction of the alpha-beta unsaturated ester

with a dihalide [as described for example in Okamoto, K.
et.al., Bull. Chem. Soc. Jpm. (1987) 60, 631-636] (Example
31), selective hydrolysis of the alpha bromide of the so-
formed dibromide (for exahple as deﬁcribed in Example 31),
formation of an epoxide from the so-formed bromohydrin {[as
described for'example in Okamoto et al. (1987)] (described
in Example 32), and ring-opening of the epoxide by attack
at the position alpha to the éa:boxylate [as described

for example in Okamoto et al. (1987)] (described in

Example 33). The epoxide may be opened to introduce‘an

:alkyl group [as described for example in Okamoto et al.

(1987)] or anm acyl group [using a method such as described
for example in- Tlmmera, C.M. et al., J. Carbohydr. Cbem
(1998) 17, 471-4871. The beta- -hydroxyl group can be
alkylated using an alkyl halide in the presence of Ag,0 or
a hydride reagent (described in Examples 34 and 39). The
substituent alpha to the carboxylate is then converted to
a leaving group sultable to enable beta-elimination. when
thig substituent is p- methoxybenzyloxy, the p-

- methoxybenzyl group can be removed for example by

oxidative cleavage with ceric ammonlum nitrate (CAN) or

- 2,6-dichloro-5, 6- dlcyanobenzoqulnone (DDQ) (described in

Examples 35 and 40). Conversion of the alpha hydroxyl
group to a leaviag group can be performed as described

" above (Scheme 1). Introduction of bromine alpha to the
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carboxylate can be performed for exemple'through
converSion of the hydroxyl group to an acetate and
subsequent reaction w1th a brominating reagent such as
HBr/AcOH (described in Examples 37) or TMSBr (descrlbed in
5 ~ Examples 43). Beta- ellminatlon of HBr to form the beta-
substituted alpha- beta-carboxylate functionality can be
performed'using for example a base such DBU or
‘triethylamine (such as described in Examples 37 and 43).

10 Scheme 9‘:‘ ' . o .

OAc OAc ' OAc OAc OAc OAc
1Ho . fH,Er v H . OH -
I 0OLH: 5 N O0J..cocHy ' 0J..cOCH,
OA - 0 . - O ,
AN T WY AN B
. Oac Ohc ' ' OAc
1 25 , 26
" OAc QAs OAc OAc CO,CH,
e y O ~CO:CH, .opma .opn?a
- oac [ o QM Oac
AcHN® Y7 AcHN
OAc
, 27 28 , 29
OAc OA’c_' OH . QAc OAc Ohc OAc OAc Br
N O.2_CO,CH, 9 . Ho ‘oozcus h y ) [ WCOCH,
— - — - — - .
OAc - OAc OAc :
AcHN Y o Pt 0 AN Y oS
QAc ) OAc OAc
81 _ 32
OAc OAc OH OH
AN ] CO,CH, . HoI COzH
— ol L —
acHN” Y7 O C AN Y o™
OAc : OH

Scheme 9. Reagents and conditions:' (a) Br;, dry ancig, d
15 °C, 0.2 h; (b) Na,CO;, dry CH,Cl,, 0 °C, 0.25 h, rt, 0.5 h;
(c) DBU, dry MeCN, N, rt, 0.25 h; (d) p-methoxybenzyl
alcohol, CSA, dry CH.Cl., N3, 0 °C, 0.25 h, rt, 1 h; (e)
CaHsI, Ag;0, MS 4 A, dry DMF, N, rt, 16 h; (f) DDQ, CH,Cl; .
H:O, rt, 54 h; (g) AcsO, DMAP, pyridine, rt, 16 h; (h)
20 HBr-AcOH (33%), dry CH,CI1CH,Cl, N;, 0 ‘C, 1 h, rt, 2 h;
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(1) DBU, dry CH,ClCHCl, 0 "C -rt, 12 h; (j) NaOH (1N),
MeOH/H,O (1:1), 5 °C, 12 h. :

S o Exemplary methods for varying the substituent X,,

are shown in Schemes 10 and 11. ‘
Scheme 10: the side chain introduced‘a.t C-3 can

be further mo_difiéd according to known procedures. For
example, where X, is -O-CH;CI{, further manipulation of the

10 cyano group can be achieved, for example, through
reduction to the amine (described in Example 42), and
subsequent conversion of the amine to an azide (described
in Example 42). Where X, is -O-CH,CH;NH; [for example (38)]
the amine can be further modified by acylation under

15 standard conditions. o » |

Scheme 10:

OAc 'CAc

H o, Q00 0. §O:CHs oM
K‘/ii‘m - K/iiw = K/kiim”’
DAc Oac OAc ,

OH 0" CN 076N

OAc QAc OAc OAc
' H . | H
AcHN” Y acHN” Y AchHN” YT N
~ OAc : OAc OAc
28 85 . 88
OAc O o.9% OAc OAc o 9% Ohc QAC
c WCOCH; 4 | \COCH, . K:/'Ioj:‘oozcrg
~ Oac Oac * ° OAc L N
AcHN’ Y 0 en ncn? Y Yo~ AcHN” Y 0T
Oac O4c _ Oac
87 58 s9
. OAc OAc OAc OAc
H o Br H
t . LCOCH; g . 0 -C0:LH,
6AC N3 6AC Na
acHN? Y Yo~ AcHN’ Y 0T
OAc Oac
40 41

20 . . , _
Scheme 10. Reagents and conditions: (a) BrCHZCN, .A'gzo,-
TBAI, MS 4 &, dry CH,Cl, rt, 16 h; (b) DDQ, CH;Cl, H,0, rt,
‘54 h; (c) Acz0, DMAP, dry Pyr. Rt, 16 h; (d) Pd/C (10%),

: HCl (1M), Hz, psi 40, rt, 16 h; (e) TEN;, CuSO., Et;N,

25 pyridine 5°C, 0.2 h, rt, 16 h; (f) TMSBr, dry CH;Cl,, N,
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0°C-rt, 56 h; (g) DBU, CH,ClCH,Cl, N;, 0°C-rt, 16 h..

2

Scheme 11: an exemplary method fdr\manipulation

' of the side-chain X; through elaboration of an azido group

to a substituted triazole is shown in Scheme 11 (described
in Examples 44 and 45). In a 1,3-dipolar cycloaddltlon
reaction an azide can be reacted thh a substltuted alkyne
to produce a aubstituted triazole [as described for
example in Lu and Gervay Hague, Carbohydr. Res. (2007)
342, 1636- 1650; and rev;ewed in Bock. V.D. et al., EBur. J.
Org. Chem. (2006) 51-68.]. '

‘Scheme 11:
Orc OAc - o OAc cmﬁ o Ok .
L\/ljtiij:CQﬁHa a Lw/Lj:;ijQﬁHsN—N
2 —— = =
OAc N OAc N
AcHNT Y o~ T e \)\R
OAc OAc
39 . : - 42
. OAc OA;_:{ ' ‘ OAc OAc
b 0J..C0,CHy 0 COLCH:
l 2. = S
OAc N .
ACHN o/\/N\)\n AcHN o R
: Sac
a3

Scheme 11. Reégénta and conditions: (a) 2-Methyl-4-
pentyne, CuSO¢.5HzO,‘sodium ascorbate, IPA/H,0 (1l:1), 50 _
'C, 4 h; (b) AcBr, MeOH, CH,CICH,Cl, 0 °C, 1 h, rt, 56 h;
(c) DBU, CH;ClCH.Cl, N,, 0°C- -rt, 16 h.

An exemplary method for producing a dlvalent
array of an inhibitor of the invention, where Xs is a

" glycerol side-chain [such as described in MacDon.ald,

S.J.F. et al., Antimicrob. Agents Chemother. (2004) 4g,
4542-4549), is shown in Scheme 12. Ménipulation of the
glycerol side-chain of compound (45) to protect the C-8
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and C;9 hydroxyl groups as a cyclic carbonate (46) [as
described for example in: Andrews, D.M. et al., Eur. J.
(1999) 34, 563-574; MacDonald et al. {2004); Lu

‘Med. Chem. -
(2007) 342 1636-1650.1,

and Gervay-Hague, Carbohydr Res.
followed ‘by selective acylation of the c-4 hydroxyl group

5
‘giving (47), exposes the C-7 hydroxyl group to reactlon.
Functionalisation from the C-7 hydroxyl group as a
carbamate either through direct reaction with a d1-
1socyanate [as described for example 1n MacDonald et al.

10- (2004)] or v1a a p-nitrophenyl ester and subsequent

reaction with a diamine [as described for example in
MacDonald, S.J. F. et al., J. Med. Chem. (2005) 48, 2964-

2971] produces the protected divalent compound {(48) .
Removal of the protectlng groups provides the dlvalent

15 compound (49) . ‘ .

Scheme‘lZ:

. m N
6 o
ACHN )’kmn
OAcyI

o
AcHN™ 7
OH
45
0 oqpm Ho
6 )
© ACHN _ AcHN
OAcyl
. 48egn 246 .
.o o A
. OJLN/\/\/\f’)/\/\HJL .
wh n H
de O.__COH AN O__OCOH
e, HO & il : HO” & | .
) R .
_ AcHNT Y ~ ’ AGHN® Y =
' 6H OH
| 49e89.n=24,6 .
20 . A | | |
Scheme 12. Reagents: (a) carbonyl diimidazole,

(b) Ac;0, pyridine; (c) ONC- (CH;)n-CNO,

acetonitrile, DCM;
(Q) Etle DCM, xeont Hz0.

DMAP, DCM; (d) NaOMe, MeOH;
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- A8 described above there ére'é number of general
methods for the preparation of the compounds of the
invention. In one‘aspect, general precursors for the
preparation of compounds of general formula (I) are
compounds of general formula (IV), where Z is a group
that, in conjunction with the hydrogen beta to Xs, is
removed from (IV) to form an_alpha.beta-unsaturated'
compound (VII), in which X; is X,, or is a functiomal group
that can be subsequently modified to obtain X;. For
example, when X¢ is a functional group that can be modified
to form X;, X; can be selected from, but is not limited to,
CHO, CH;OR', CN, or a thiazole, where R' is a protectlng
group. 'In general, CHO and CHOR' can be converted to X,
where X, is a carboxylate function, using oxidation
methods. In general, CN can be converted to Xl,'where X; is
a carboxylate function, by reaction under acidic or basic
conditions. In general, a thiazole can be converted to X,
where X, is a carboxylate function, by a series of
reactions suéh as the sequential use of methyl trifla;e;
sodium borohydride, and CuCl;-Cu0 (as described for example

in Dondoni, A. et al. Tetrahedron (1998) 54, 9859-9874).

There are a range of methods for the generation of the
alpha,beta-unsaturated compound (VII) £from compounds of
type (IV), a number of whlch are described and exemplified
in the Methods section.

s s el

(xv) (VII) (1)

Formation of (VII) from (IV) when Z is halide can
be performed, for example, by the use of a base [as
described for example in Blattner, R. et él.,‘J. Chem,

Soc. Perkin I (1980) 1535-1539; Rye and Withers, J. Org.
Chem. (2002) 67, 4505-4512], or by the use of a heavy
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metal reagent such as a éilver or mércury compound [as
described for example in Tokuyama and Kanji, Tetrahedron

Lett. (1969) 2383-2385; Somsak, L. Carbohydr. Res. (1989)

195, cl-c2]. Formation of (VII) from (IV) when 2 is
acyloxy can be performed, for example, by the use of a
Lewis acid [as'described for example in Kok, G.B. et al.,
Carbohydr. Res. (1996) 289, 67-75]. Formation of (VII)
from (IV) when Z is alkoxy can be performed, for exémple,
under acetolysis conditions [as described for example in
Kok, G.B.. et al., Chem. Commun. (1996) 2017]. Formation of
(VII) from (IV) when Z is phosphite can be performed, for
example, by the use of a Lewis acid [as described for
example in Stolz, P. et al., J. Org. Chem. (2004) 69, 665-
6791. ‘

v Compounds of general formula (IV) where Z is a
halide can be formed, as described and exemplified in the
Methods section. <Compounds of general formula (IV) where
Z is a halide can also 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, and -

'CH;OR', where R' is a protecting group, to give (IV) where

Z is a halide (as described for example in Blattner, R. et
al., J. Chem. Soc. Perkin I (1980) 1535-1539; Rye and
Withers, J. Org. Chem. (2002) 67, 4505-4512].

. . . z
X5, O~_Q Xs O X
X X - X M X2
X , . X3
{(vI) B & 44 B

Compounds of general formﬁla.I may also be _
prepared by direct lithiation of a C-2 substituted glycal
of‘general structure (V) (as described for example in
Schmidt, R.R. et al. Tetrahedron Lett. (1987) 28, 6591-
6594) . - ' '
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Examples ‘ _

- The following examples refer to the schemes
above. all new compounds gave the expected spectroscopic
data. ' ’

General method for base-catalysed ester hydrolysis:

A solution of compound (0.05 mmol) in agueous
MeOH (50%, 4 mL) at 5 °C or room temperature is adjusted
to pﬁ 13 using aqgq. NaOH (1 M). The solution is stirred at
a temperature of 5 ‘C or room temperature and the progress
of reaction is monitéredvby TLC analysis (EtOAc/MeOH/HﬂL

7:2:1). After 2-24 h Amberlite’ IR-120 (H') resin is added
' to adjust pH 3, the reaction mixture is filtered, the

resin is washed with MeOH/H,0 1:1 (25 mL) and the filtrate
is concentrated té dryness under vacuun. The crude product
is dissolved in water, the pH of the solutionm is adjusted
to pH 7 using aq. NaOH (1 M), and the solution is
lyophilised. The product can be purified by reverse'phase
HPLC.

fGeneral method for cross metathesis reactidns:.

To a solution of the allyl.derivative (6) (100
mg, 0.19 mmol) in anhydrous dichloromethane (19.5 ml)
under N;, was added olefin (acyclic alkene) (1.94 mmol)
followed by Grubbs second generation catalyst (1-15 mol%),
and the reaction mixture was stirred at 20-60°C for 12-60
h. The solvent was removed undef vacuun and the crude
product was‘pﬁtified by column chromatography on silica’
(EtOAc-Hexane) to yield the substituted olefin as a white
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foam.

Example 1 _ : 7 _
Methyl S-acetamido-4,7,8,9-tetra-0O-acetyl-3,5-
dideoxy-3—c-(prop-z'-enyl)rD—erytth-S-L-gluco-non-2-
ulopyranosonate'(3):- . '

| To a solution of bromohydrin (2) (1.55 g, 2.71
mmol) [prepared from (1) aécording to the method of
Okamoto gt-al.) 1987] in dry toluene (25 mL) was added
allyltributyltin (4.33 g, 13.11 mmol) and azo-bis-
isobutyronitrile (AIBN) (44 mg, 0.271 mmol) at room
temperature under N,. The reaction mixture was stirred at
room temperature under vacuum for 20 mins, followed by _
reaction mixture at 100 °C for 8 h {(complete disappearance
of sfarting material by TLC analysis). The reactiocon '
mixture was concentrated under vacuum, the residue was
dissolved in acetonitrile (30 mL), and the solution was
washed with petroieum ether (3 x 20 mL). The adetonitrile
extract was concentrated under reduced pressure and the
crude product was purified by flash chromatography on '
silica gel to afford the allyl derivative (3) (Paulsen and
Matschulat, 1991) as a white solid (825 mg, 57%).
Re 0.5 (EtOAc); 'H NMR (300 MHz, CDCl;): § 1.85 (NHCOCH;),
1.98, 1.99, 2.06, 2.10 (4s, 14 H, OCOCH; x 4, -CHz-), 2.48-
2.56 (m, 1 H, H-3), 3.80 (s, 3 H, COOCH;), 3.97 (dd, J =
12.3, 6.9 Hz, 1 H, H-9), 4.07 (dd, J = 7.2 Hz, 1 H, H-6),
4.20 (ddd, J = 10.2, 9.9 Hz, 1 H, H-5), 4.32 (dd, J =
12.6, 2.4 Hz, 1 H, H-9'), 4.37 (8, 1 H, 2-0OH), 4.87-4.93 _
(m, 2 H, =CH,}, 4.99 (dd, J = 9.9 Hz, 1 H, H-4), 5.18 (ddd,
J=17.8, 5.4, 2.4 Bz, 1 H, H-8), 5.28 (dd, J = 6.6, 2.1
Hz, 1 H, H-7), 5.51-5.65 (m, 2 H, NH, -CH=). LRMS (+ ve

mode): m/z 554.2 [M+Nal"’.

Example 2 o ‘ , o
| Methyl 5-acetamido-2,4,7,8,9-penta-O-acetyl-3,5-
dideoxy-3-C-(prop-2'-enyl) -p-exrythro-a-L-gluco-non-2-
ulopyranosonate (4): * '
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 To a solution of allyl derivative (3) (700 mg, '
1 31 mmol) in anhydrous pyridine (16 mL) was added acetic
anhydride (8 mT,) ‘and 4- (dimethylamino)pyridine (1.5 mg, 1

mol %) at rdom temperature under N,. The reaction mixture

was e;irred at room temperathre for 16 h (complete
disappearance of starting material by TLC analysis). The
reaction mixture was evaporated to dryness, taken up in
ethyl acetate (50 mL) and washed successively with 0.1 N
HCl1l, H,0, and satd aq. NaCl. The organic phase was dried
(anhydrous Na,S0;), filtered and evaporated under reduced
ﬁressure, and the residue purified by flash chromatography
on silica gel (BtOAc/hexanes 4:1) to afford the title.
compound as a white solid (720 mg, 95 %).

‘Re 0.4 (EtOAc); 'H NMR (300 MHz, CDCl;): § 1.78, 1.93, 1.95,

1.97, 2.07, 2.11 (6 x s, 18 H, NHCOCH;, OCOCH; x 5), 2.01-
2.05 (m, 1 H, -CHz-), 2.12 (m, 1 H, H-3), 2.30-2.39 (m, 1
H, -CH:;-), 3.73 (s, 3 H, COOCH;), 3.88 (dd, J = 10.5, 2.1

Hz, 1 H, H-6), 4.05 (dd, J = 12.3, 7.2 Hz, 1 H, H-9), 4.12

(app. @, J = 10.5 Hz, 1 H, H-5), 4.52 (dd, J = 12.3, 2.4
Hz, 1 H, H-9'), 4.81-4.89 (m, 3 H, =CH,-, H-8), 5.06 (dd, J
= 10.5, 10.5 Hz, 1 H, H-4), 5.30 (dd, J = 6.0, 2.7 Hz, 1
H, ‘H-7), 5.59 (m; 1 H, -CH=), 5.72 (d, J = 9.9 Hz, 1 H,
NH): C NMR (75.5 MHz, CDCl;): & 20.7, 20.9 (OCOCH; x 4),
22.9 (NHCOCH;), 30.9 (-CHs-), 45.6 (C-5), 49.2 (C-6), 53.1
(COOCH;), 62.0 (C-9), 68.0 (C-8), 72.2 (C-4), 72.4 (C-3, C-
7), 99.3 (C-2), 115.7 (=CHz), 135.3 (-CH=), 165.6 (C-1),
167.8 (NHCOCH;), 170.2, 170.6, 170.9, 171.1 (OCOCH; x 5);
LRMS [CpsH3sNOij4] (+ ve ion mode) (m/z): 595.9 [M+Nal®, .
533.8.

. Example 3

Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-

- anhydro-3, 5-dideoxy-3-C- (prop 2'—enyl) -D- glycero p-galacto-

non-2-enonate (6):

Anhydrous MeOH (3.6 mL, 0.08 mol) was slowly
added_dropwise to AcCl (10 mL, 0.14 mol) with cooling in
an ice—water-bath, (Caution! This reaction is exothermic
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and rapid addition of methanol can result in violent
release of HCl gas). The resulting solution was added to a
cold solution of glycosyl‘acetate (4) (225 mg, 0.39 mmol)
in a mixture of anhydrous CH,Cl, (10 nL) and AcCl (10 mL,
0.14 mol). The reaction mixture was then stirred at room
temperature in a sealed (glass-stoppered) ‘round bottom

flask for 48 h. The reaction mixture was concentrated

under reduced pressure and azeotroped with toluene (3 x 20
ml)} to yield glycosyl chloride (5) as an off-white foam.
The crude chloride was taken up in dry dichloromethane (10
mL), to which DBU (232 microL, 1.56 mmol, 4 mole equiv.)
was added, and the reaction was left to stir at room
température under N, for 8 h. The ‘reaction mixture was
evaporated to drymess, taken up in chloroform and washed
successlvely Wlth satd ag. NH.Cl, H;O0, and satd aq. Nacl.

" The organic phase was dried (anhydrous Na2804), flltered
and’ evaporated under reduced pressure,,and the re51due

purlfzed by £flash chromatography on silica gel
(EtOAc/hexanes 3:2) to afford the title compound as a
white solid (93 mg, isolated yield 46%, corrected yield
over 2 steps 91% based on recovered starting material).

Rr 0.6 (EtOAc); H NMR (300 MHz, CDCly): & 1.85, 2.00, 2.02,
2.03, 2.07 (5 x s, 15 H, NHCOCH;, OCOCH; x 4), 2.91 (dd, J
= 15.0, 6.9 Hz, 1 H, -CH;-), 3.32 (dd, J = 15.0, 6.0 Hz, .1
H, -CHz-), 3.74 (s, 3 H, COOCH;), 4.10 (dd, J = 12.3, 7.2
Hz, 1 H, H-9), 4,18 (dd, J = 9.6, 3.3 Hz, 1 H, H-6), 4.38
(ddd; J = 9.6, 8.1, 8.4 Hz, 1 H, H-5), 4.59 (dd, J = 12.3,
2.7 Hz, 1 H, H-9'), 4.97 (dd, J = 13.5, 2.1 Hz, 2 H, =CHy),
5.22 (m, 1 H, H-8), 5.44 (dd4, J = 5.1, 3.3 Hz, 1 H, H-7),
5.50 (d, J = 9.9 Hz, 1 H, NH), 5.55 (d, J = 7.8 Hz, 1 H,
H-4), 5.62-5.76 (m, 1 H, -CH=); *’C NMR (75.5 MHz, CDCl,): &
20.7, 20.8 (OCOCH; x 4), 23.0 (NHCOCHs;), 31.5 (-CHz-), 47.5
(C-5), 52.2 (COOCH;), 62.0 (C-9), 68.2 (C-7), 70.4 (C-4),
71.0 (C-8), 76.2 (C-6), 116.3 (=CH;), 120.2 (C-3), 134.9 (-
CH=), 141.4 (c-2), 162.2.{C-1), 169.9, 170.1, 170.2,

170.5, 171.1 (NHCOCH3, OCOCH; X 4). LRMS [C;3HyNOy2] (+ ve
ion mode) m/z : 536.2 I[M+Nal®, 476.2, 416.1, 231.9.
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Example 4
. sQAcetamido-z,6-anhydro-3,5~dideoxy-3-C-(prbp-Z'—
enyl) -p-glycero-p-galacto-non-2-en-onic acid (7):

' Compound- (6) was deprotected according to the
general:précgdurevat 5 °C for 12 h. The crude product was
purified by reverse phase HPLC and then lyophilized to
give the title compound as a white solid (32 mg, isolated
yield 51 %, corrected yield 60 % based on recovered
starting matéfial), ,

Re 0.1 (EtOAc/MeOH/H,0, 7:2:1); 'H NMR (300 MHz, D;0): &

2.03 (s, 3H, NHCOCH;), 3.07 (44, J = 15.3, 6.9 Hz, 1 H, -
CHz-), 3.31 (a4, J = 15.3, 5.1 Hz, 1 H, -CHz-), 3.58-3.66
(o, 2 H, H-7, H-9), 3.82-3.89 {(m, 2 H, H-8, H-9'), 4.09-
4.18 (m, 2 H, H-5, H-6), 4.31 (dd, J = 6.6, 2.4 Hz, 1 H,
H-4), 5.03-5.14 (m, 2 H, =CH;), 5.79-5.93 (m, 1 H, -CH=);
C.NMR (75.5 MHz, D0): 8 22.0 (NHCOCH;), 30.2 (-CHy-),

50.5 (c-5), 62.9 (C-9), 68.1 (C-7), 68.9 (C-4), 69.8 (C-

8), 75.4 (C-6), 115.7 (=CH,), 119.9 (C-3) 135.9 (-CH=),

174.6 (NHCOCH;) (C-1 and C-2 not observed); LRMS [CysHz1NOs]
m/z (+ ve ion mode) : 354 [M+Nal*; (- ve mode) 330 [M-1]*;
HRMS (FAB): Calc. for Ci;H;NOg : 330.119441. Found: m/z
330.118000. ' ' - '

Methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
anhydro-3,5-dideoxy-3-c-(4,4-dimethylpent—2'—enyl)-D-

'glycero-D-galactq-non-z—enonate (8a, R = t—butyl):

To a solution of the allyl derivative (6) (120
mg, 0.23 mmol) in anhydrous dichloromethane (20 mL) under

. N;, was added 3, 3-dimethyl-1- butene (0.29 mL, 2.33 mmol)

followed by Grubbs second generation catalyst (28 mg, 15
mol%), and the reaction mixture was stirrgd at 40°C for 24
h. The solvent was removed under vacuum and the crude

'product was purified by column chromatography on silica

(EtOAc-Hexane) to yield the title compound (8a) as a white .
foam (52 mg, 39%: corrected yield 59% based on recovered
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starting material).
R 0.7 (BtOAc); 'H NMR (300 MHz, CDCly): 8 0.94 (s, 9 H,
'C(CH3}s, 1.87 (s, 3 H, NHCOCH;), 2.02, 2.04, 2.05, 2.09 (4
x 8, 12 H, OCOCH;), 2.78 (dd4, J = 14.7, 7.8 Hz, 1 H, -CH,-
), 3.39 (ad, J = 14.7, 6.9 Hz, 1 H, —CH;-), 3.76 (s, 3 H,
COOCH;), 4.12 (dd, J = 12.3, 7.2 Hz, 1 H, H-9), 4.17 (dd, J
- 9.6, 3.3 Hz, 1 H, H-6), 4.41 (ddd, J = 9.6, 8.1, 7.8 Hz,
'l H, H-5), 4.62 (dd, J = 12.3, 3.0 Hz, 1 H, H-9'), 5.17

(m, 1 H, =CH-), 5.25 {(m, 1 H, H-8), 5.33 (d, J = 9.9 Hz, 1
H, NH), 5.44-5.47 (m, 2 H, H-7, -CH=), 5.55 (d, J = 9.9

Hz, 1 H, H-4); LRMS [C;7H33NO;;] {+ ve ion mode) m/z 592.2
[M+Nal*. ‘ ' ' ‘

.

Example 6 N - _ .
5-Acetamido-2, 6-anhydro-3,5-dideoxy-3-C- (4,4~ -
dimethylpent-2* -enyi) -p-glycero-p-galacto-non-2-enonic acid
(9a, R = t-butyl): | | | |
Compound {8a, R = t-butyl) was deprotected
according to the géneral procedure at room temperature for

24 ' h. The crude product was purified by reverse phase

HPLC and then lyophilized to give title compound (9a) as a
white solid (9 mg, 53%). ' ,

Re 0.1 (BtOAc/MeOH/H,0, 7:2.5:0.5); 'H NMR (300 MHz, D;0): &
0.82 (s, 9 H, C(CH;)3, 1.89 (s, 3H, NHCOCH;), 2.83 (dd, J =
14.7, 7.5 Hz, 1 H, -CHz-), 3.17 (dd, J = 15.0, 5.7 Hz, 1 H,
-CH;-), 3.45-3.51 (m, 2 H, H-7, H-9), 3.68-3.74 (m, 2 H, H-
8, H-9'), 3.99- 4.01 (m, 2 H, H-5, H-6), 4.16 (dd, o =
6.3, 3.0 Hz, 1 H, H-4), 5.17-5.27 (m, 1 H, -CH=), 5.49 (d,
J = 15.6 Hz, 1 H, =CH-); 2°C NMR (75.5 MHz, D;0): & 24.4
(NHCOCH;), 31.24 (C(CHs3)3), 31.6 (-CHz-), 34.6 (C(CH3)3),
53.0 (Cc-5), 65.3 (c-9), 70.5 (C-7), 71.1 (C-4), 72.3 (C-
8), 77.9 (c-6), 123.7 (=CH-), 125.0 (Cc-3), 142.9 (C-2),
146.7 (-CH=), 170.0 (C-1), 177.0 (NHCOCH:). LRMS [CigHsNOg)
m/z (- ve ion mode) : 386.1 [M-1]*; HRMS (FAB): Calc. for
C1gH29N;0sNa; (+1) : 410.178538. Found: m/z 410.179200.

Example 7
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_ Methyl 5-acetamido-4;7,8;9-tetra-o-acety1—2,6—
anhydro-3, 5-dideoxy-3-C-(3'-cyclohexyl-prop-2'-enyl) -D~-

'glyceio—n-galgcto-nonez-enonate (8b, R = cyclohexyl): -

To a solution of the allylhderivativé (6) (100
mg, 0.19 mmol) in aﬁhydrous dichloromethane (19.5 mL)
under N;, was added vinyl cyclohexane (0.26 mL, 1.94 mmol)
followed by Grubbs second generation catalyst (19 mg,
0.023 mmol, 12 mol%), and the reaction mixture was stirred
at 40°'C for 48 h. The solvent was removed under vacuum and
the crude product was purified by column chromatography on

8ilica (EtOAc-Hexane) to yield the title compound_(eb) as

a white foam (52 mg, isolated yield 45%, corrected yield
64% based on recovered starting material).

R; 0.65 (BtOAc); 'H NMR (300 MHz, CDCl;): 8 1.00-1.27 (m, 5
H, cyclohexyl), 1.65 .(m, 5 H, cyclohexyl), 1.86, 2.02,
2.04, 2.08 (58, 16 H, NHCOCH;, OCOCH; x 4, cyclohexyl-CH),
2.77 (dd, J = 15.0, 7.8 Hz, 1 H, -CHz-), 3.35 (dd; J =
14.7, 5.1 Hz, 1 H, -CH,-), 3.75 (s, 3 H, COOCH;), 4.12
(dd, J = 12.3, 6.9 Hz, 1 H, H-9), 4.17 (dd, J = 9.6, 3.3
Hz, 1 H, H-6), 4.41 (ddd, J = 15.9, 6.3 Hz, 1 H, H-5),
4.62 (dd, J = 12,3, 3.0 Hz, 1 H, H-9'), 5.22-5.28 (m, 2 H,
H-8, -CH=), 5.30 (d, J = 6.6 Hz, 1 H, H-7), 5.40-5.46 (m,
2 H, H-4, =CH-), 5.53 (d, J = 8.1 Hz, 1 H, NH);

LRMS [C25H,1NO 2] m/z (+ ve ion mode) : 618.1 [M+Nal".

Example 8
| 5-Acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- (37 -
cyclohexyl-propfz'-enyl)-D-glycerofn-galacto—non:z-enonic
acid (b, R = cyclohexyl): L '
Compound (8b, R = cyclohexyl) was deprotected
according to the-general procedure at room temperature for
24 h. The crude product was purified by reverse phase
HPLC and then lyophilized to give title compound (9b) as
white solid (12 mg, isolated yield 33%).
Re 0.2 (BtOAc/MeOH/H,0, 7:2:1); 'H NMR (300 MHz, D;O)}): &
0.82-1.15 (m, 5 H, cyclohexyl), 1.41-:1.52 (m, 5 H,
cyclohexyl), 1.76-1.78 (m, 1.H, cyclohexyl-CH), 1.88 (s, 3
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H, NHCOCH;), 2.72 (dd, J = 14.7, 7.5 Hz, 1 H, -CH;-), 2.97
(dd, J ='14.7, 5.4 Hz, 1 H, -CH;-), 3.41-3.49 (m, 2 H, H-7,
H-9), 3.67-3.73 (m, 2 H, H-8, H-9'), 3.95-3.97 (m, 2 H, H-
5, H-6), 4.10 (dd, J = 6.6, 2.4 Hz, 1 H, H-4), 5.19-5.28
(m, 1 H, -CH=), 5.40  (dd, J = 15.6, 6.3 Hz, 1 H, =CH-); ¢

' NMR (75.5 MHz, D;0): § 21.9 (NHCOCH;), 25.5, 25.7 (C

cyclohexyl), 29.1 (-CHz-), 32.4 (C cyclohexyl), 39.9. (-CH-
cyclohexyl), 50.7 (C-5), 62.87 (C-9), 68.2 (C-7), 68.4 (C-
4), 69.6 (C-8), 75.2 (C-6), 115.8 (C-3), 124.2 (=CH-),
139.0 (-CH=), 169.0 (C-1), 174.4 (NHCOCH;) (C-2 mot
observed) . LRMS [C2¢H3:N03) m/z (+ ve ion mode) : 436.2
[M+Nal®, 396.2, 319.2, 218.6, 179.4, 133.8; m/z (- ve ion
mode) : 412.2 [M-H]*, 340.0, 269.0, 199.9, 164.1; HRMS
(FAB) : Calc. for CaoH;N;OpNa; (+1) :. 436.195178. Found: m/z
436.194188. -

Example 9
» Methyl 5-acetamido-4,7,8, 9 tetra-0O-acetyl-2, 6-

anhydro 3,5- dldeoxy 3- C-(3'-phenyl -prop-2'-enyl) -op-glycero-
p-galacto-non- 2- -enonate (8c, R = Ph) :

, To a solution of the allyl derivative (6) (100
mg, 0.19 mmol) in anhydrous dichloromethane (19.5 mL)
under N, was added styrene (0.22 mL, 1.94 mmol) f£ollowed
by Grubbs second generation catalyst (19 mg, 0.023 mmol,
12 mol%) - and the reaction was stirred at 40°C for 22 h.
The solvent was removed under vacuum'and the crude product
wés purified by column chromatography on silica (EtOAc-
Hexane) to yield the title compound (8c) as a white foam
{30 mg, isolated yield 26%, corrected yield 64% based on
recovered starting material).

"Ry 0.7 (EtOAc); 'H NMR (300 MHz, CDCl;): & 1.86, 2.02, 2.03,
©2.04, 2.10 (5s, i5 H, NHCOCH;, OCOCH, x 4), 3.12 (dd, J =

15.0, 7.2 Hz, 1H, -CH;-), 3.44 (dd, J = 15.3, 6.9 Hz, 1 H,

-CHz-), 3.78 (s, 3 H, COOCH;), 4.08-4.22 (m, 2 H, H-6, H-

9'), 4.43 (ddd, J = 9.3, 7.8, 1.5 Hz, 1 H, H-5), 4.61 (dd,
J = 12.3, 2.7 Hz, 1 H, H-9), 5.24-5.29 (m, 1 H, H-8),
5.45-5.48 (m, 2 H, H-4, H-7), 5.61 (d, J = 7.5 Hz, 1 H,
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NH), 6.04-6.14 (m, 1 H, =CH-), 6.34 (d, J = 15.9 Hz, 1 H,
Ph-CH=), 7.15-7.31 (m, 5 H, Ph); °c NMR (75.5 MHz, CDCl;):

8 20.7, 20.8, 20.9 (bCOCHg x 4), 23.1 (NHCOCH;), 31.0 (-

CH,-), 47.6 (C-5), 52.3 (COOCH;), 62.0 (C-9), 67.3 (C-7),
70.4 (C-4), 70.8 (C-8), 76.2 (¢-6), 120.3 (C-3), 126.1
(=CH-), 126.5, 127.2, 128.5 (Arc), 131.7 (ArCH=), 137.1
(c-2), 141.4 (Ar q carbon), 162.3 (c-1), 170.0, 170.1,
170.6, 171.1 (NHCOCH;, OCOCH;,); LRMS [CpsH3sNO1;) m/z . (+ ve
jion mode) : 612.2 [M+Nal“.

Example 10 _ _ A
' ' 5-Acetamido-2,6-anhydro-3,5-dideoky-3-c—(3‘—
phehyl—prdp-Z'-enyl)-D-glycero-D—galacto—hon-z-enonic acid
(9¢, R = Ph): ' '
Compound (8c, R = Ph) was deprotected according
to the general procedure at room temperature for 24 h.
The crude product was purified by reverse bhase HPLC and
then lyophilized to give title compound (9c) as a white
solid (8 mg, isolated 40%). ' ‘ .
Re 0.2 (EtOAC/MeOH/H,0, 7:2:1); ‘H NMR (300 MHz, D;0): &
1.88 (s, 3H, NHCOCH;), 3.1 (dd, J = 15.3, 7.5 Hz, 1 H, -

CH;-), 3.3 (dd, J = 14.7, 5.4 Hz, 1 H, -CHz-), 3.45-3.51

(m, 2 H, H"7: H'g.)' 3-68-3-75 (m, 2 Hi H"B, H—gl)' 4.01'

.4.03 (m, 2 H, H-5, H-6), 4.21 (dd, J = 6.0, 3.0 Hz, 1 H,

H-4), 6.12-6.22 (m, 1 H, =CH-), 6.38 (d, J = 15.9 Hz, 1 H,

Ar-CH=), 7.09-7.21 (m, 5 H, ArH); '>C NMR (75.5 MHz, D,0): &

21_;9 (NHCOCH;) , 29.5 31.0 (-CH,-), 50.5 (C-5), 62.9 (C-9),
68.0 (C-7), 69.0 (C-4), 69.8 (c-8), 75.4 (C-6), 120.6 (C-
3), 125.9 (=CH-), 127.3, 128.0, 128.8 (ArC), 130.7 (Ar-

'CH=), 137.3 (C-2), 174.6 (NHCOCH;) (C-1 not observed).

LRMS [C20H2sNOg) m/z (+ ve ion mode) : 430.1 [M+Nal®, 368.1,

. 276.9, 237.8; m/z (- ve ion mode) : 406.1 [M-11%, 362.1,

308.1, 284.1, 235.9, 168.9, 140.9.; HRMS (FAB): Calc. for
CaoHzsN2OgNa; (+1): 430.147238. Found: m/z 430.148173.

Example 11 X . ;
Methyl S-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
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anhydroiB,S-dideoxy—B-C-[3'-(p-tolyl)-prop—2'-gny1]—D-
1 glycero-njgalactp;non;Z-enohate (8d, R = 4-CH;Ph) :
' To a sblution of the allyl derivative (6) (93
~* mg, 0.18 'mmol) in anhydrous dichloromethane (18 mL) under
5 N, was added 4-methylstyrene (0.23 mL, 1.80 mmol) followed
| by Grubbs second‘generation'catalysf (22 mg, 0.027 mmol,
15 mol%) and the reaction was stirred at 40°C for 22 h.
The solvent was removed under vacuum and the crude product
was purified by column chromatography on silica (EtOAc-

10 Hexane) to yield the title compound (8d) as a white foam
(75 mg, isolated yield 69%, corrected yield 77% based on
recovered starting materiai). .

Ry 0.7 (BtOAc); 'H NMR (300 MHz, CDCl;): & 1.85, 2.02, 2.03,
2.09 (4 x s, 15 H, NHCOCH3, OCOCH, x 4), 2.28 (s, 3 H, p-

15  tolyl CHi), 3.09 (dd, J = 14.7, 7.2 Hz, 1 H, -CH2-), 3.42
(dd, J = 14.4, 6.6 Hz, 1 H, -CH.-}, 3.78 (s, 3 H, COOCH;),
4.12 (dd, J = 12.3, 6.9 Hz, 1 H, H-9), 4.19 (dd, J = 9.6,
3.3 Hz, 1 H, H-6), 4.43 (ddd, J = 9.6, 9.3, 8.1 Hz, 1 H,
H-5), 4.61 (dd, J.= 12.3, 2.7 Hz, 1 H, H-9'), 5.25 (m, 1

20 H, H-8), 5.46 (m, 1 H, H-7), 5.54 (d, J = 9.6 Hz, 1 H,
NH), 5.60 (d, J = 7.8 Hz, 1 H, H-4), 6.04 (m, 1 H, -CH=),
6.30 (d, J = 15.9 Hz, 1 H, =CHAr), 7.06 (d, J = 8.1 Hz, 2

H, Ar), 7.18 (d, J = 8.1 Hz, 2 H, Ar); *c NMR (75.5 MHz,
CDCl3): & 20.7, 20.8, 20.9, 21.1 (OCOCH; x 4), 23.1

25  (NHCOCH;, p-tolyl CHy), 31.0 (-CH;-), 47.5 (C-5), 52.2
(COOCH;), 62.0 (C-9), 67.3 (C-7), 70.5 (C-4), 70.8 (C-8),
76.2 (C-6), 120.5 (C-3), 125.4 (-CH=), 126.0 (Ar), 129.2
(Ar), 131.5 (=CH-Ar), 134.4 (Ar q carbon), 137.0 (Ar q
carbon), 141.4 (c-2), 162.3 (C-1), 170.0, 170.1, 170.5,

30 171.1 (NHCOCH;, OCOCH; X 4); LRMS [CyHyNO;;) m/z (+ ve ion
mode) : 626.2 [M+Nal*, 588.2, 536.0, 440.0, 262.0 ‘

Eicamgle 12 : o
5-Acetamido-2,6-anhydro-3,5-dideoxy>3-C-[3" - (p-
35 .tolyl)-prop-z'-enyll-D-glycero-D—galacto-non~2—ehonic acid
(94, R = 4-CH,;Ph): - .
Compound (8d, R = 4-CH;Ph) was deprotécted
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according to the general procedure at room temperature for

24 h. The crude prodﬁct was purified by reverse phase

HPLC and then lyophilized to give title compound (9d) as a

white solid (45 mg, isolated 94%) .
Re 0.3 (EtOAc/MeOH/H,0, 7:2:1); *H NMR (300 MHz, D,0): &
1.98 (s, 3 H, NHCOCH;),2.25 (p-tolyl CH;), 3.15 (dd, J =

15.3, 7.5 Hz, 1 H, -CH,-), 3.40 (d4, J = 14.7, 6.0 Hz, 1 H,

-CH;-), 3.54-3.61 (m, 2 H, H-7, H-9), 3.79-3.86 (m, 2 H, H-
8, H-9'), 4.11-4.13 (m, 2 H, H-5, H-6), 4.30 (dd, J = 4.5,
4.2 Hz, 1 H, H-4), 6.17-6.26 (m, 1 H, -CH=), 6.45 (d, o =
15.9 Hz, 1H, =CH-Ar), 7.16 (d, J = 8.1 Hz, 2 H, Ar), 7.30
(d, J = 8.4 Hz, 2 H, Ar); *C NMR (75.5 MHz, D,0).: & 20.0
(p-tolyl CH;), 21.9 (NHCOCH3), 29.4 (-CH,-)., 50.4 (c-5),
62.8 (Cc-9), 67.9 (c-7), 68.9 (C-4), 69.7 (c-8), 75.3 (C-
6), 121.4 (C-3), 125.9 (Ar), 126.8 (-CH;-CH=), 129.3 (Ar),
130.5 (=CHAr), 134.4 (Ar q carbon), 137.6 (Ar g carbon),
141.0 (C-2), 174.5 (NHCOCH;) (C-1 mot observed). _
LRMS [C31H27NOg] m/z (- ve ion mode) 420.1 [M-1]"; HRMS
(FAB) : Calc. for C;H,;N1OgNa;: 444.162888. Found: m/z
444.164115.

Example 13
Methyl 5- acetam:.do 4,7,8,9-tetra-0O-acetyl- 2 6-

anhydro 3.5- dldeoxy 3-C-[3'-(a- tert -~-butoxyphenyl) -prop-2"'-
enyl]—D-glycero—n—galacto—non-z-enonate (8e, R = 4-(t-
butoxy) Ph] : ‘

To a solution of the allyl derlvatlve {6) (75 mg,
0.14 mmol) in anhydrous dichloromethane (18 mL) under N,,
was added 4- (tert-butoxy) styrene (0.27 mL, 1.46 mmol)

followed. by Grubbs second generation catalyst (17.8 mg,

0.021 mmol, 15 mol%) and the reaction was stirred at 40°C
for 24 h. The solvent was removed under vacuum and the
crude product was purified by column chromatography on

- silica (EtOAc-Hexane) to.yield the title compound (8e) as

a white foam (30Amg,visolated yvield 31%, corrected yield
59% based on recovered starting material). : .
R 0.7 (BtOAc); 'H NMR. (300 MHz, CDCls;): & 1.30 (s, 9 H,
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C(CH3)5), 1.87, 2.02, 2.04, 2.10 (5 x s, 15 H, NHCOCH;,
OCOCH; x 4), 3.06 (dd, J = 14.4, 7.2 Hz, 1 H, -CHz-), 3.46
(dd, J = 14.4, 6.9 Hz, 1 H, -CH,-), 3.78 (s, 3 H, COOCH;),
4.12 (4d, J = 12.6, 6.9 Hz, .1 H, H-9), 4.19 (dd, J = 9.3,
3.3 Hz, 1 H, H-6), 4.43 (ddd4, J = 9.6, 7.8, 7.8 Hz, 1 H,
H-5), 4.60 (dd, J = 12.6, 3.0 Hz, 1 H, H-9'), 5.26 (m, 1
H, H-8), 5.37 (d, J = 9.3 Hz, 1 H, NH), 5.46 (dd, J = 5.1,
3.3 Hz, 1 H, H-7), 5.61 (4, J = 7.5 Hz, 1 H, H-4), 5.99

{m, 1 H, -CH=), 6.30 (4, J = 15.9 Hz, 1 H, =CH-Ar), 6.88

1

(d, J = 8.4 Hz, 2 H, ArH), 7.20 (d, J = 8.4 Hz, 2 H, ArH);
LRMS [C33He3NO33) .m/g (+ ve ion mode) : 684.2 [M+Nal’. ‘

Example 14 _

5-Acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[3'-(4-
tert-butoxyphenyl)—?ropfz'fenyllaD-glycero-D—galacto—non-2-
enonanic acid [9e, R = 4-(t-butoxy)Ph]:

Conpound [8e, R = 4-(t-butoxy)Ph] was
deproteCted’according to the general procedure at room
temperature for 24 h. The crude product was purified by

‘reverse phase HPLC and then lydphilized to give title

compound (9e) as a white solid (11 mg, isolated 61%).

R: 0.3 (EtOAc/MeOH/H;O, 6:3.5:0.5); 'H NMR (300 MHz, D0):
1.11 (s, 9 H, C(CH3;)s, 2.81 (s, 3H, NHCOCH;), 2.91 (dd, J =
15.6, 8.4 Hz, 1 H, -CH;-), 3.11 (dd, J = 15.0, 5.7 Hz, 1 H,
-CH2~), 3.35-3.44 (m, 2 H, H-7, H-9), 3.62-3.69 (m, 2 H, H-
8, H-9'), 3.92-3.95 (m, 2 H, H-5, H-6), 4.08 (dd, J = 6.6,
2.4 Hz, 1 'H, H-4), 6.02 (m, 1 H, -CH=), 6.28 (d, J = 15.9
Hz, 1 H, =CHAr), 6.83 (d, J = 8.4 Hz, 2 H, ArH), 7.18 (d,
J = 8.7 Hz, 2 H, ArH); LRMSI[C;H33NOg;] m/z (- ve ion mode) 1
477.8 (M-11*; HRMS (FAB): Calc. for CuHs:N.0sNal (+1) :
502.204753. Found: m/z 502.207250.

Example 15 _ :
Methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
anhydro-3,5-dideoxy-3—c-(3'-naphthyl-prop-z'-enyl)-D-
glycero-p-galacto-non-2-enonate ([8f, R = naphthyl]:

- To a solution of the allyl derivative (6) (100
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mg, 0.19 mmol) in anhydrous dichloromethane (19.5 mL)
under N;, was added 2-vinyl naphthalene {(0.29 mg, 1.94

‘mmol) followed by Grubbs second generation catalyst. (24.6.

mg, - 0.029 mmol, 15 mol%) and the reaction was stirred at

' 40°C for 26 h. The solvent was removed under vacuum and
‘the crude product was purified by column chromatography on

silica (EtOAc-Hexane) to yield the title compound (8f) as
a white foam (92 hg, isolated yield 74%).

Re 0.6 (Toluene:EtOAc, 1:4); 2H NMR (300 MHz, CDCl,): & 1.87
(s, 3 H, NHCOCH), 2.02, 2.03, 2.04, 2.11 (4 x 8, 12 H,
OCOCH;), 3.20 (dd, J = 15.0, 6.9 Hz, 1 H, -CH,-), 3.48 (dd,
J = 15.0, 6.6 Hz, 1 B, -CH;-), 3.80 (s, 3 H, COOCH;), 4.13
(d4d, o = 12.3, 7:2 Hz, 1 H, H-9), 4.22 (dd, T = 9.3, 3.6
Hz, 1 H, H-6), 4.46 (ddd, J = 9.6, 7.8, 7.8 Hz, 1 H, H-5),
4.61 (ad, J = 12.3, 3.0 Hz, 1 H, H-9'), 5.27 (m, 1 H, H-
8), 5.40 (4, J = 9.6 Hz, 1 H, NH), 5.48 (dd, J = 5.1, 3.6
Hz, 1 H, H-7), 5.65 (d, J = 7.8 Hz, 1 H, H-4), 6.23 (m, 1
H, -CH=), 6.51 (4, J = 15.9 Hz, 1 H, =CH-Ar), 7.39-7.43

(m, 2 H, ArH), 7:53 (dd, J = 8.7, 1.8 Hz, 1 H, ArH), 7.64
(s, 1 H, ATH), 7.74-7.77 (m, 3 H, ArH): C NMR (75.5 MHz,
CDC1;): § 20.7, 20.8, 20.9 (OCOCH; x 4), 23.1 (NHCOCH;),
31.21 (-CH,-), 47.5 (C-5), 52.3 (COOCH;), 61.9 (C-9), 67.3
(C-7), 70.5 (C-4), 70.8 (C-8), 76.2 (C-6), 120.3. (C-3),
123.4 (-cH=), 125.6, 125.8, 126.1, 126.9, 127.6, 127.8,
128.1 (ArC), 131.7 (=CH-Ar), 132.7, 133.5, 134.5 (Ar q
carbon), 141.4 (C-2), 162.3 (C-1), 170.0, 170.1, 170.5,

- 171.1 (NHCOCH;, OCOCH3; x 4); LRMS [C33H37NO;2] m/z (+ ve ionm -

mode) : 662.2 [M+Nal®, 630.3; 602.2.

Example 16
5-Acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- (3'-

-naphthYl-prop—Z'-enyl)-D—glycero—D-galacto-non-Z-enonic'
acid [9f, R = naphthyll:

Compound (8f£, R = naphthyl) was deprotected
according to the genpral procedure at room temperature for
16 h. The crude prbduct was purified by reverse phase
HPLC and then lyophilized to give:title compound (9f) as a
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white solid (47 mg,‘iéolaﬁed\83%). ,

Re 0.2 (EtOAc/MeOH/H,0, 7:2.5:0.5); 'H NMR (300 MHz, CD;OD):
8 2.01 (NHCOCH;), 3.33 (dd, J = 8.4.Hz, 1 H, -CHz-), 3.56
(4, J = 9.0 Hz, 1 H, H-7), 3.65 (dd, J = 11.4, 5.4 Hz, 1

'H, H-9), 3.75-3.88 (m, 3 H, H-8, H-9', 1 H, -CHz-), 4.06-
4'16 (m' 2 H' H-S, H-G)" 4037 (d, J = 705 HZ, 1 H’ H'4)'

6.41 (m, 1 H, -CH=), 6.68 (4, J = 15.9 Hz, 1 H, =CH-),
7.37-7.45 (m, 2 H, ArH), 7.60 (dd, J = 8.7, 1.5 Hz, 1 H,
ArH), 7.69 (s, 1.H, ArH), 7.74-7.79 (m, 3 H, ArH); 3C NMR
(75.5 MHz, CD;OD): & 21.2 (NHCOCH;), 29.4 (-CHs-), 51.4 (C-
5), 63.3 (C-9), 68.4 (C-7), 68.7 (C-4), 69.8 (C-B), 76.0
(c-6), 122.3 (C-3), 123.4 (-CH=), 125.2, 125.8, 127.1,
127.4, 127.6, 127.9 (ArC), 131.2 (=CH-Ar), 132.8, 133.7,
135.1 (Ar q carbon), 162.3 (C-1), 173.5 (NHCOCH:): .

LRMS [Cz4Hz,NOg]l m/z (+ ve ion mode) : 480.1 [M+Nal*', 440.1;
m/z (- ve ion mode) :M456.1 [M-H]*, 412.1, 334.0, 304.0,
236.9. - "

Example 17
Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-

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

enyl] -p~glycero-p-galacto-non-2-encnate . [8g, R = 3,4-
dimethoxybenzyl]: ' '

' To a solution of the allyl derivative (6) (200
mg, 0.38 mmoi) in anhydrous dichloromethane (39 mL) under

N, was added 4-a11y1-1,2-dimethoxybenzene'(0.66 mL, 3.89

mmol) followed by Grubbs second generation catalyst (39
mg, 0.046 mmol, 12 mol%) and the reaction was_étirred at
40°C for 48 h. The solvent was removed under vacuum and
the crude product was purified by column chromatography on’
silica (EtOAc-Hexane) to yield the titlebcompound (8g) as
a white foam (30 mg, isolated yield 12%, corrected yield
47% based on recovered starting material). ' '

Re 0.35 (EtOAc); *H NMR (300 MHz, CDCl;): & 1.86, 1.98,
2.02, 2.03 (4 x s, 15 H, NHCOCH;, OCOCH; x 4), 2.87 (dd, J
= 14.7, 7.2 Hz, 1 H, -CHz-), 3.23 (d, J = 6.6 Hz, 2 H, -
CH;-), 3.34 (dd, J = 15.3, 5.7 Hz, 1 H, -CHz-), 3.7¢ (s, 3
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H, COOCH3), 3.82, 3.85 (OCH; x 2), 4.12 (dd, J = 14.4, 6.9
Hz, 1 H, H-9), 4,20 (44, J = 8.7, 5.1 Hz, 1 H, H-6), 4.40
(ddd, J = 9.6, 7.8, 7.8 Hz, 1 H, H-5), 4.61 (dd, J = 12.3,
2.7 Hz, 1 H, H-9'), 5.25 (m, 1 H, H-8), 5.36 (d, J = 9.6

5 Hz, 1 H, NH), 5.42-5.52 (m, 3 H, H-7, -CH=, =CH-), 5.56

| (4, J = 7.8 Hz, 1 H, H-4); °C NMR (75.5 MHz, CDCl;): &
20:6, 20,'7, 20.8 (OCOCH; x 4), 23.0 (NHCOCH;), 30.3 (-CH,-
), 38.4 (-CH;-), 47.4 (C-5), 52.1 (COOCH;), 55.8, 55.9
(OCH;.x 2), 62.0 (C-9), 67.4 (C-7), 70.4 (C-4)}, 71.0 (C-8),

10 76.2 (C-6), 111.2, 111.8, 120.2 (ArC), 120.6 (C-3), 127.4

- _(-CH=CH-), 131.4 (-CH=CH-), 133.0 (Ar q carbon), 141.1 (C-

2), 147.2, 148.8. (Ar q carbon), 162.3 (C-1), 169.9, 170.0,
170.1, 170.2, 170.5 (OCOCH; x 4, NHCOCH;); LRMS [Cj;He NOy4]
m/z (+ ve ion mode) : 686.2 [M+Nal*.

15
Example 18
5-Acetamido-2, 6-anhydro-3, 5-dideoxy-3-C-[4'- (3, 4-
dimathoxyphenyl)ebut~2'-enyl]rD-glycero-D—galacto-non—2-
enonic acid [9g, R = 3,4-dimethoxybenzyl]:
20 - Compound (8g, R = 3,4-dimethoxybenzyl) was

deprotected according to the general procedure at room
temperature for 24 h. The crude product 'was pui'ified by
‘reverse phase HPLC and then lyophilized to give title
~compound (9g) as 'a white solid (18 mg, isolated 86%). .

25 Re 0.2 (BtOAc/MeOH/H:0, 6:3:1); 'H NMR (300 MHz, Di0): &
1.84 (NHCOCH;), 2.86 (dd, J = 15.6, 6.6 Hz, 1 H, -CHs-).-
'3.10-3.15 (m, 3 H, -CHz-, -CH;-Ar), 3.46-3.51 (m, 2 H, H-7,
H-9), 3.65 (s, 6 H, 2 x OMe), 3.67-3.71 (m, 2 H, H-8, H-
9'), 3.91-3.97 (m, 2 B, H-5, H-6), 4.07-4.21 (m, 1 H, H-

30 4), 5.38 (m, 1 H, =CH-), 5.53 (m, 1 H, -CH=), 6.65 (d, J =
8.1 Hz, 1 H, ArH), 6.76 (4, J = 2.1 Hz, 1 H, ArH), 6.81
(d, J-= 8.1 Hz, 1 H, ArH); °C NMR (75.5 MHz, D,0): § 21.9
(NHCOCH;) , 28.9 (-CHz-), 37.5 (~CH;-), 50.5 (C-5), 55.6,

. 55.7 (2 x OMe), 62.8 (C-9), 68.1 (C-7), 68.8 (C-4), 69.8
35 (c-8), 75.3 (C-6), 112.0, 112.2, 120.7 (ArC), 128.3 (=CH-
). 130.9 (-CH=), 134.5 (C-3), 146.2, 148.0, 158.0 (Ar g

. carbon), 174.5 (NHCOCH;), (C-1, C-2 not observed) ;
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LRMS [C23H31N010] m/z- (- ve ion mode) : 480.1 [M-H]*, 439.1,
394.2, 277.0; HRMS (FAB): Calc. for C23H31N1010Na; . (+1)
504.184017. Found: m/z 504. 185864 .

Example 19 o
Methyl 5-acetamido-3-C-(3'-acetoxypropyl)-

4,7,8,9-tétra-o-acetyl-2}6fanhydrq-3,5—dideoxy-n—g1ycero-n-
galaéto-non—é-en-onate (11):

' To a solution of the allyl derivative (6) (200
mg, 0.38 mmol) in dry THF (20 mL) under Nz, was added 9-BEN
solution in THF (0.5 M) (1.54 mL, 0.77 mmol). The
reaction mixture was stirred at 50 °cC for 12 h. The crude
boronic acid (10) was treated with hydrogen peroxide (2
mL) and aqg. NaOH solution (O 2 mL, 1 N) at 0 'C and the
reaction mixture was stirred at room temperature for 30
min. The reaction mixture is diluted with ethyl acetate
and washed with ag. NaCl. The organic phase was dried
(Na,804) , filtered and evaporated under reduced pressure.

' The crude product was dissolved in dry acetonitrile under

N, and to it was added acetic anhydride (1 mL) followed by

- DMAP (5 mg). The reaction mixture was stirred at room for.

24 h after which it was concentrated under reduced:

‘pressure. The residue was dissolved in ethyl acetate,
‘washed with aq. NaCl, dried (Na;SO,), filtered, and

evaporated under reduced pressure. The crude product was
purified by flash chromatography on silica to afford the
title compound (11) as a white foam (20 mg, 9 % over three
steps). » _

Re 0.5 (EtOAc); “H NMR (300 MHz, CDCly): & 1.74 (m, 2 H, -
CHz-), 1.88, 2.01, 2.02, 2.03, 2.08 (Ss, 18 H, NHCOCH;, .
OCOCH; x 5), 2.25-2.31 (m, 1 H, -CHz-), 2.43-2.53 (m, 1 H,

~CHz-), 3.74 (s, 3 H, COOCH;), 4.00-4.03 (m, 2 H, -CH,-

OAc), 4.12 (dd, J = 12.3, 6.9 Hz, 1 H, H-9), 4.23 (dd, J =
9.3, 3.6 Hz, 1 H, H-6), 4.38 (ddd, J = 16.8, 9.3 Hz, 1 H,
H-5), 4.61 (dd, J = 12.0, 2.4 Hz, 1 H, H-9'), 5.22-5.27
(m, 1 H, E-8), 5.47 (44, J = 7.5, 2.7 Hz, 1 H, H-7), 5.59
(d, J = 7.8 Hz, 1 H, H-4), 5.68 (d, J = 9.3 Hz, 1 H, NH);
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»c NMR (75.5 MHz, CDCl3): & 20.7, 20.8, 20.9 (OCOGH3 x5,
NHCOCH;), 23.9 (-CH:-), 27.6 (-CH;-), 47.3 (C-5), 52.1 - v
(COOCH;), 62.0 (C-9), 63.8 (-CH,-OAc), 67.4 (C-7), 70.5 (C-
4), 70.9 (C-8), 76.0 (C-6), 121.4 (C-3), 141.3 (C-2),
162.2 (c-1), 170.1, 170.2, 170.6, 171.1, 171.2 (NHCOCH.
OCOCH; x 5). LRMS (+ ve mode) : m/z 596.2 [M+Nal*, 554,
514. =

Examglekzo' . ,
' SfAcetamido-B-c-(3'ahydroxypropyl)-2,6-anhydro-
3,5-dideoxy-p-glycero-p-galacto-non-2-enonic acid (12):
Compound (11) was deprotected accordlng to the
general procedure 5 ‘C for 16 h. The crude product was
purified by reverse phase HPLC and then lyophilized to
give tltle compound (12) as white solid (42%).
Re 0.2 (EtOAc/MeOH/H,0, 7:2:1); 'H NMR (300 MHz, D,0): &

. 1.47-1.62 (m, 2 H, -CH,- ), 1.91 (s, 3 H, NHCOCH3). 2. 21-

2.28 (m, 1 H, -CHz-), 2.42-2.52 (m, 1 H, -CHy~), 3.43- -3.51
(m, 4 H, H-7, H-9, -CH;-OH), 3.68-3.74 (m, 2 H, H-8, H-9'),
3.98-4.00 (m, 2 H, H-5, H-6), 4.22 (dd, J = 6.6, 2.4 Hz, 1
H, H-4). LRMS (-ve mode) : m/z 348.1 [M-1]°.

'ExamEIe 21

Methyl 5- acetamido 4,7,8,9-tetra-o- -acetyl-3,5-

dideoxy-3-C- propyl D-erythro-f- L-gluco -non- 2--

ulopyranosonate (13)°

Allyl compound (3) was dlssolved 1n methancl (4
mL) and to it added acetic acid (4 mL), followed by Pd/C
(10%) . The reaction flask was degassed using vacuum and
then hydrogenation reaction was carried out using Parr
apparatus under hydrogen (40 psi) at room temperature. The
progress of reaction was monitored by TLC, after complete
consumption of starting material reaction mixture was
filtered through celite bed, residue was washed w1th
methanol (3 x 10 mL) and combined oxganic pPhase was
‘concentrated under reduced pressure to give alkane
der;vative, The crude product was purified by flash
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chromatogiaphy on silica gel'to afford the ;itle compound
(13) as a white solid (95 mg, isolated yield 95%).

Re 0.6 (BtOAc):; H NMR (300 MHz, CDCl3): 8 0.75 (t, J = 6.6
Hz, 3 H, -CH;), 1.10-1.19 (m, 4 H, -CH,CH,-), 1.82 (s, 3 H,
NHCOCH;3) , 1.95, 1.98, 2.03, 2.07 (4 s, 12 H, OCOCH; x 4).
2.30-2.37 (m, 1 H, H-3), 3.82 (s, 3 H, COOCHs), 3.94 (dd, J
= 12.3, 7.2 Hz, 1 H, H-9), 4.11-4.17 (m, 2H, H-5, H-6),
4.34 (@4, J = 12.6, 2.4 Hz, 1 H, H-9'), 4.96 (t, J = 10.5,
9.9 Hz, 1 H, H-4), 5.10-5.15 (m, 1 H, H-8), 5.27 (dd, J =
6.3, 5.7 Hz, 1 H, H-7), 6.05 (d, J = 9.3 Hz, 1 H, NH),
6.31 (bs, 1 H, OH); **c NMR (75.5 MHz, CDCls;): & 14.2 (-
CH;), 20.7, 20.7, 20.8, 20.9, (OCOCH; x 4), 22.9 (NHCOCH),
30.3 (-CH;-CH;-), 44.0 (C-3), 49.6 (C-5), 53.5 (COOCH;),
62.6 (C-9), 67.9 (C-7), 70.4 (C-6), 70.9- (C-8), 74.4 (C-

. 4), 96.9 (c-2), 170.0, 170.3, 170.6, 170.7, 170.8, 171.6

(N'HC'OC_H:;, OCOCH3 x 4, COOCH;3). C33335N013=> LRMS (- ve ion
mode): m/z 531.5 [M-H]".

Examgle 22
Methyl S5-acetamido-4,7, 8 9- tetra O-acetyl-2,6-

anhydro-3,5-dideoxy-3-C-propyl-p-glycero-p-galacto-non-2-
enonate (15) : . |

To a solutlon of allyl derlvatlve (13) (95 mg,
0.17 mmol) in acetyl chloride (10 mL) at 0°C was added dry
methanol (0.2 mL). The reaction mixture was stirred at
room temperaturefin_a sealed (glass—stoppered) round

~bottom flask for 48 h. The reaction mixture was .

concentrated under reduced pressure and azeotroped with
toluene (3 x 5 mlL) to yield chloride (14) as an off-white
foam. The crude chloride (98 mg) was taken up in dry
dlchloromethane (5 mL), to which DBU (92 microL, 0.61
mmol) was added. The reaction was left to stir at room
temperature under N2, for 16 h. The reactlon mixture was
evaporated to dryness, taken up in chloroform and washed
with saturated ad. NH,Cl, H,0, and satd aqg. NaCl. The -
organic phase was dried (Na,SO;), filtered and evaporated
under reduced pressure, and the residue purified by flash
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chromatography on silica gel to afford the title compound
(15) as a white solid (75 mg, isolated yield 83%).

Re 0.6 (EtOAc); 'H NMR (300 MHz, CDCl3): & 0.87 (t, F < 7.2
Hz, 3 H, -CH;), 1.31-1.53 (m, 2 H, -CHy-), 1.88 (s, 3 H,
NHCOCH;), 2.02, 2.04, 2.07, 2.09 (4 s, 12 H, OCOCH; x 4),
2.09-2.20 (m, 1 H, -CH;-), 2.40-2.50 (m, 1 H, -CHs-), 3.75
3.82 (s, 3 H, COOCH3;), 4.10 (dd, J = 6.9, 2.4 Hz, 1 H, H-

' 9), 4.19 (dd, J = 9.6, 3.3 Hz, 1 H, H-6), 4.34-4.43 (m, 1

H, H-5), 4.61 (dd, J = 12.3, 2.7 Hz, 1 H, H-9'), 5.22-5.27
(m, 1 H, H-8), 5.41-5.47 (m, 2 H, H-7, NH [D:0 exchanged]l),

5.59 (d, J = 8.1 Hz, 1 H, H-4); **C NMR (75.5 MHz, CDCl;): &

14.0 (- CB;), 20.7, 20.8 (OCOCH3; x 4), 22.0 (-CH;-), 23. 1
(Nncocns). 29.1 (-CHz-), 47.6 (C-5), 52.1 (CoOCH;)} , 62.0
(C-9), 67.4 (C-4), 70.6 (C-7), 70.9 (c-8),.76.1 (C-6),
122.7 (c-3), 162.3 (c-2), 170.1, 170.5 (NHCOCH;, OCOCH3 X
4, COOCHj3) . ngHnNon. LRMS (+ ve ion mode): m/z 537.8
[M+Na)* 455.8 (M- ~-COOCH;) ; LRMS (— ve ion mode): m/z 513.6
(4-HI*. '

5—Acetamido-2,6-anhydr6;3,Sadideoxy-S-C-propyl-D-
glycero-p-galacto-non-2-enonic acid (16):

Compound (15) (65 mg, 0.12 mmol) was dissolved in
anhydrous methanol and solution was cooled to 0 °C using
ice bath. Sodium- methoxide (1M) solution was added to
reaction mixture and after 10 mins reaction mixture was
brought to room .temperature. The reaction mixture wasg
stirred at rt for 5 h. The progress of reaction was
monitored by TLC analysis. The reaction mixture wasg ‘
acidified to pH 6 using Amberlite® IR-120 (H') resin and
the solution was flltered through cotton plug. The resin
was washed with water and the combined filtrate was
evaporated to dryness to give the deacetylated product as
an off 'white solid (43 mg, isolated yield 100%) . The
deacetylated compound was deprotected according to the

' general procedure at rt for 3 h. The crude product was
purified by reverse phase HPLC and then lyophilized to
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give title compound (16) as white soild (29 mg, isolated
yleld 71%).

Re 0.2 (EtOAc/MeOH/H;0, 7:2:1); H NMR (300. MHz, D;0): &
0.87 (t, J =7.5, 7.2 Hz, 3 K, -CH;), 1.26-1.59 (m,.2 H, -
CH,-), 2.05 (s, NHCOCH;), 2.31 (m, 1 H, -CHz-), 2.50 (m, 1
H, -CH;-), 3.59.3.66 (m, 2 H, H-7, H-9), 3.84-3.87 (m, 2 H,
H-8, H-9'), 4.12-4.14 (m, 2 H, H-5, H-6), 4.35'(dd, J =~
6.3, 2.7 Hz, 1 H, H-4); 3C NMR (75.5 MHz, CDCl3): & 13.0 (-
CH3)» 21.1 (-CHp-}, 22.0 (NHCOCH;), 27.9 (-CHz-), 50.5 (C-
5), 62.9 (C-9), 68.0 (C-7), 68.8 (C- 4). 69.8 (C-8), 75.3
(c-6), 162.3 (C-1), 174.6 (NHCOCH;) , (C-2 and C-3 not
observed); CjiqH3NOg: LRMS (- ve ion mode): m/z 331.8 [M-
H]*.

'lxamgle 24

Methyl 5- acetamldo 4,7,8,9-tetra-0-acetyl-2,6-

- anhydro-3,5- dldeoxy 3-C-propenyl-p- glycero-n-galacto -non- -2-

enonate (17): _ »

Anhydrous MeOH (2 mL, 0.06 mol) was siowly added
dropwise to solution of glycosyl acetate (4) (128 mg, 0.22
mmel) in AcBr (10 mL, 0.14 mol) with cooling in an ice-

‘"water bath. (Caution! This reactlon is exothermlc and

rapid addition of methanol can result in v1olent releasge

of HCl gas). The reactlon mixture was then stirred at room .
temperature in a sealed (glass-stoppered) round bottom
flask for 8 h. The reaction mixture was concentrated under
reduced pressure and azeotroped with toluene (3 x 20 mL)

to yield the glycosyl bromide as an off-white foam. The
crude bromide was taken up in dry dichloromethane (5 mL) ,

‘to which DBU (99 microL, 0.66 mmol, 3 mole equiv.) was

added, and the reaction was left to stir at room
temperature under N> for 2 h. The reaction mixture was
aevaporated to dryness, taken up in chloroform ‘and washed
successively w1th satd aq. NH.Cl, H,0, and satd aqg. NaCl,
The organlc phase was dried (anhydrous Na,804), filtered

- and evaporated under reduced pressure, and the residue

purified by flash chromatography on silica gel
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(Acetone/Hexanes 30:70) to afford the title compound (17)

' as a white solid (64 mg, isolated yleld 56%, over 2

steps) .

Re 0.7 (EtOAc); 1H NMR (300 an, CDC13): & 1.75 (dd, J =

6.6, 1.5 Hz, 3 H, -CH), 1.90 (NHCOCH;), 2.02, 2.03, 2.04,
2.08 (4 x s, 12 H, OCOCH; x 4), 3.77 (s, 3 H, COOCH;),
4.12-4.20 (m, 2 H, H-6, H-9), 4.43 (ddd, J = 9.3, 8.1, 6.3
Bz, 1 H, H-5), 4.50 (44, J = 12.3, 3.0 Hz, 1 H, H-9'),
5.24 (m, 1 H, H-8), 5.50-5.62 (m, 2 H, H-7, =CH-), 5.66
(d; = 9.3 Hz, 1 H, NB), 5.79 (d, J = 6.0 Hz, 1 H, H-4),
6.88 (ad, 7 = 16.2, 1.5 Hz, 1 H, -CH=); °C NMR (75.5 MHz,
CDC13): & 19.2 (-CHs), 20.7, 20.8 (OCOCH; x 4), 23.1
(NHCOCH;) , 48.0 (C-5), 52.3 (COOCH;), 61.8 (C-9), 67.0 (C-
7}, 67.3 (C-4), 70.3 (C-8), 76.0 (C-6), 119.5 (C-3), 123.8
(=CH-), 128.8 (=CH-), 140.8 (C-2), 162.3 (C-1), 169.9,
170.1, 170.6, 170.9 (NHCOCH;, OCOCH, X .4). LRMS [CysHs;NOys]
(+ ve ion mode) m/z : 536.1 [M+Nal®. :

Example 25 ' : y
Methyl 5- acetamido 2,6~ anhydro 3,5- dideoxy-B C~
(prop- 2'-eny1)-D—glycero -D-galacto-non-2-enonate (18):
Compound (6) (127 mg, 0.24 mmol) was dissolved
in anhydrous methanol and solution was cooled to 0 -°C

‘using ice bath. Sgdium methoxide solution (1M) was added

to reaction mixture and after 10 mins reaction mixture was
brought to room temperature. The reaction mlxture was
stirred at rt for 4 h. The progress of reaction was
monitored by TLC analysis. The reaction m;xture was
acidified to PH 6 using Amberl:te IR-120 (H') resin and
the solution was fxltered through cotton- plug. The resin
was washed with water and combined filtrates was
evaporated to dryness to give deacetylated compound (18)
as an off white solld [TLC (EtOAc/MeOH, 4:1) : ‘Re .0.2]. The

‘crude product was used without further purification in the

subsequent 8,9-0- 1sopropy11dene der;vatxve. A crude yield
of 98% was obtained.
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Exam Ele 26 -
Methyl S5-acetamido-2,6-anhydro-3,5- d;deoxy-s 9-0-

lsopropylldene 3-C- (prop-2'-enyl) -D- glycero-p- galacto non-'
2- enonate (19) :

Compound (18) was dissolved in mixture of dry
acetone (é mL) and 2,2- dimethoxypfopane (1 mL) at room

'temperature under an atmosphere of argon. This was

followed by the addition of Amberllte IR-120 (H") resin
and the reaction was stirred at rt for 16 h.'After the
removal of the resin by filtration, and evaporatlon of the
solvent, subsequent treatment with dry NEt; and .
resuspension of the resultant residue in DCM yielded the.
product (19) as a white preclpltate in quantltatlve yleld
(60 mg, 71%).

Re 0.3 (BtOAc):; LRMS[CiHpNOsl m/z (+ ve ion mode) :

408.1 [M+Nal*; (- ve ion mode): 384.1 [m-1]°*.

Example 27

- Methyl 5- -acetamido-2,6- -anhydro-3, 5-dideoxy-4-0-
ethyl -8,9-0-igopropylidene-3-C- (prop-2'-enyl) -p-glycero-p- -
galacto-non-2-enonate (20):

. To a solution of compound (19) (50 mg, 0.12 mmol)
in dry DMF was added ethyl iodide (20 mL, 0.25 rmmol). The
reaction mixture was stirred at 0 °'C for 10=m1nutes and
then sodium hydride (4 mg, 0.16 mmol) was added. The

'reactzon mixture was stirred at 0 °C for 2 h. The pPrograss

of reaction was monitored by TLC analysis. The reaction
mixture was then quenched with 0.1 mL of dry MeOH and,
after a workup consisting of evaporation of DMF and

aqueous extraction, the crude product was chromatogréphed

using 5:1 EtOAc/hexanes as eluent to give the desired
product (20) as an off-white foam (25 mg, 47%).

~Re 0.7 (BtOAc); LRMS [020H31N°g] m/z (+ ve ion mode) : §36-1

[(M+Nal*; (- ve ion mode): 412.1 {m- 1]*

Example 28 .
S-ACetamido-z,GéanhydrOQS,5-dideoxy-4-o-ethy1-3-
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C- (prop-2'-enyl) -p-glycero-p-galacto-non-2-enonic acid
(22): .
' The deprotection steps involved the initial
removal of the ieopropylidene group protecting the C-8 and
5 C-9 hydroxyl groups followed by the de-esterification of
the C-1 carboxylic acid. De-isoprcpylidination'of (20) was
carried-out by the use of 80% AcOH at 80°C for 1 hr. After.
evaporetion of the AcOH, de-esterification of (21) was
carried -out accordlng to the general procedure at 0 ‘C- rt,
10 12 h. The crude product was purified by reverse phase HPLC
and then lyophilized to give ‘the tltle compound (22) as a
white solid (18 mg, 83%). - .
Re 0.2 . (EtOAC/MeOH/H,0, 7:2.5:0.5); IH'NMR (300 MHz, D,0): &
1.12 (t, J = 7.2, 6.9 Hz, 3 H, (-CHs-), 1.99 (s, 3 H, .
15 NHCOCH;), 2.86 (dd, J = 15.0, 7.2 Hz, 1 H, -CHz-), 3.26
(dd, 7 = 15.1, 5.2 Hz, 1 H, -CH;-), 3.53-3.68 (m, 4 H, H-7,
' H-9, -CH;-CHy), 3.78-3.83 (m, 2 H, H-8, H-9'), 4.11-4.21
(m, 2 H, H-5, H-6), 4.30 (dd4, J = 8.4, 1.8 Hz, 1 H, H-4),.
5.01-5.12 (m, 2 H, -CH:;-), 5.80 (m, 1 H, -CH=); C NMR
20 (75.5 MHz, CDCl3): § 15.1 (-CH;), 22.4 (NHCOCH:), 31.0 (-
CHz-), 47.7 (C-5), 63.8 (C-9), 65.2 (-CH,-CH;), 68.5 (C-7),
70.3 .(C—'4), 76.1 (C-8), 76.8 (C-6)., 116 4 (-CH,- ), 116.8.
(C-3), 136.4 (-CH=), 144 9 (c-2), {(c- 1 and NHCOCH; not
observed) . LRMS [C“HHNOﬂ. m/z (- ve ion mode) : 358.1[M-
25 H1*', 314.1, 248. 7. 207. 9, 177.9; HRMS (FAB): Calc for
| Ci¢HzsN10gNa; (+1) : 382.147238. Found: m/z 382,147911.

Example 29 . _ :
‘ 2-Methyl- (methyl 7,8,9-tri-0O-acetyl-2,6-anhydro-

-30 3,5- dldeoxy 3-C-(prop-2'-enyl) -pD-glycero-p-talo-non- -2-
enonate) - [4 5-d] -2- oxazollne (23)
_ To a solution of allyl derivative (4) (100 mg,
‘0. 174 mmol) in anhydrous dichloromethane (10 mL) under N,
-was added boron trifluoride diethyl etherate (217 microlL,

35° 1.74 mmol) and the reaction was stirred at rt for 48 h,
The progress of reaction was monitored by TLC ana1y31s._
The mixture was then slowly poured on to a stirring ice
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(1.5 g)-water (4.5 mL) mixture containing EtOAc (25 mL)

. and NazCO; (850 mg). The aqueous layer washed with a

saturated NaCl solution (3 x 5 mL), and subsequently dried
over anhydrous NazSO4( Evaporation of the organic filtrate
afforded crude product which was purified by column
chromatography on silica_(Acetone-Hexane,»30:70) to yield
the title compound (23) as a white foam (48 mg, 61%).

R; 0.7 (BtOAc); 'H NMR (300 MHz, CDCl;): & 2.01, 2.04, 2.06,
2.1 (4 x's, 12 H; OCOCH; X 3 and oxazoline Me), 3.00 (dd, J
= 14.1, 8.4 Hz, 1 H, -CHz-), 3.29 (dd, J = 10.5, 2.4 Hz, 1
H, H-6), 3.68 (dd, J = 14.4, 6.6 Hz, 1 H, -CH,-), 3.77 (s,
3 H, COOCH;), 3.93 (ddd, J = 9.9, 9.0, 2.7 Hz, 1 H, H-5),
4.20 (dd, J = 12.6, 6.3 Hz, 1 H, H-9), 4.62 (dd, J = 12.6,
2.4 Hz, 1 H, H-9'), 4.77 (d, J = 9.0 Hz, 1 H, H-4), 5.06-
5.18 (m, 2 H, =CH;), 5.41 (ddd, J = 6.3, 2.7, 2.4 Hz, 1 H,
H-8), 5.62 (dd, J = 6.0, 2.4 Hz, 1 H, H-7), 5.85 (m, 1 H,
-CH=); *C NMR (75.5 MHz, CDCl;)}: § 14.2 (oxazoline -CHs),
20.6, 20.8, 20.9 (OCOCHs x 3), 32.8 (-CH,-), 52.2 (COOCH;),
62.0 (C-9), 62.2 (C-5), 68.6 (C-7), 70.3. (C-8), 74.7 (C-

4), 76.4 (C-6), 117 (=CH;), 121.5 (C-3), 134.6 (=CH-),

142.2 (C-2), 162.3 (C-1), 166.8 (oxazoline CO), 169.6, ,
169.8, 170.7 (OCOCH; x 3). Cz;H;;NO;90: LRMS (+ ve ion mode):
m/z 476.4 [M-H]*. ' B

Example 30 - '

Methyl S5-acetamido-7,8,9-tri-O-acetyl-2,6-
anhydro-4-azido-3-c-(prop-z'—enyl)-3,4,5-trideoxy-n-
glycero-p-galacto-non-2-enonate (24) 4 :

‘ To a solution of allyl derivative (6) (375 mg,
0}73.mmol) in anhydrous dichloromethane (10 mL) under N,
was added anhydrous methanol {23 mL, 0.74 mmol) followed by
boron trifluoride diethyl etherate (916 microL, 7.3 mmol)
and the_reaction,hixtﬁre was stirred at rt for 20 h. The
mixture was then slowly poured on to a stirzing ice (1.5
g) -water (4.5 mL) mixture containing EtOAc. (25 mL) and
Na,CO;. (850 mg). The aqueous layer washed with a saturated
NaCl solution (3 x 5 mL), and subseqﬁently'dried over
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gnhydrous Na,50,. Evaporation of the organic filtrate
afforded crude product (23) (313 mg, 75%), which was used
without fuxthér purification in the subsequent reaction.
To a solution of oxazoline derivative (23). (313 mg, 0.69
mmol) in anhydrous tert-butanol (4 aL) under N;, was added
azidotrimethylsilane (764 microL, 5.78 mmol) and the
reaction was stirred at 80 °C for 24 h. The reaction
mixture was diluted with ethyl acetate (50 mL) and the

- organic layer was washed with hydrochioric.acid (0.1 N, 4

mL) and water (2 x 5 mL). The combined aquesus layer was
extracted with ethyl acetate (2 x 5 mL). The combined
organic extracts were then dried (anhydrous Na,S0), and
évaporated under reduced pressure to give crude product
which was purified byAcolumﬁ chromatography on silicé
(Acetone-Hexane, 30:70) to yield the title compoucd (24)
as. a whi;e foam (105 mg, 31%).

R: 0.8 (EtOAc); 'H NMR (300 MHz, CDCl;): 8 1.84 (dd, J =
6.6, 1.5 Hz, 3 H, -CH;), 1.97, 2.02, 2.03, 2.12 (4 s, 12 H,
NHCOCH;, OCOCH; % 3), 3.77 (s, 3 H, COOCH;), 4.10-4.17 (m, 2
H, H-5, H-9), 4.29 (dd, J = 8.4, 3.9 Hz, 1 H, H-6), 4.37
(d, J = 6.9 Hz, 1 H, H-4), 4.51 (dd, J = 12.3, 3.0 Hz, 1
H, H-9'), 5.30 (m, 1. H, H-8), 5.46 (m, 1 H, H-7), 5.82 (d,

"J = 8.4 Hz, 1 H, NH) [D,0 exchanged], 5.95 (m, 1 H, =CH-),

6.99 (d, J = 15.9 Hz, 1 H, -CH=); *C NMR (75.5 MHz,
CDC1l3): & 19.2 (-CH;), 20.7, 20.8 (OCOCH; x 3), 23.4

' (NHCOCH35) , 49.9 (C-5), 52.3 (COOCH;), 58.4 (C-4), 61.7 (C-
9), 67.6 (C-7), 70.0 (C-8), 75.4 (C-6), 119.7 (Cc-3), 123.9

(-CH=), 130.4 (=CH-CH;), 140.8 (C-2), 162.4 (C-1), 169.8,
170.2, 170.3, 170.6 (NHCOCH;, OCOCH; x 3). Caz1Hz¢NOjg: LRMS
(+ ve ion mode): m/z 518.8 [M-H]*, 490.9, 430.8,.370.8,

'306.8, 257.9.

Example 31 N |
Methyl 5-Acetamido-4,7,8,9-tetra-0O-acetyl-3,5-

dideoxy-B—bromo-n-e:ythro-s-L-manno-non-2-ulopyranosopate
(26) : ' ’
' To a solution of 2,3-dibromide (25) (330 mg, 0.52
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mmol) [prepared from (l) ~according to the method of
Okamoto et_al.,u1987] in- anhydrous dichloromethane (10 mL)
at 0 'C, was added silver carbonate (215 mg, 0.78 mmol)
and silver perchlorate (162 mg, 0.78 mmol). The mixture
was_stifred, protected from light, for 15 min at 0 °‘C and
a further 30Imin at room temperature. The mixture was

" filtered through Celite and the filtrate concentrated.

under vacuum. The crude product was purified by
chromatography on szilica (hexane/acetone 6:4) to give the
title compound (26) ‘(Okamoto .et al., 1987) as a white
solid (276 mg, 0.48 mmol, 93%). '

Re 0.36 (EtOAc); H NMR (300 MHz, CDCly): § 1.90 (NHCOCH;), .
2.03, 2,08, 2.09, 2.16 (4s, 12 H, OCOCH;), 3.86 (s, 3H,

COOCH;), 4.12 (dd, 1H, Jy,3'= 8.2 Hz, Js,s- = 12.5 Hz, H-9),
4.38-4.43 (m, 2 H, H-5, H-6), 4.59 (d, 1 H, J3,4 = 3.7 Hz,

~H-3), 4.94 (dd, 1H, Jo s = 2.2 HZ, Jor,5 = 12.5 Hz, H-97),

5.25 (m, 1 H, H-8), 5.36 (dd, 1 H, Jy,6 = 1.5 Hz, J7.a= 3.6
Hz, H-7), 5.41 (dd, 1 H, J,3 » 3.7 Hz, Js,s = 10.0 Hz, H-

4), 5.95 (s, 1 H, OH), 6.10 (d, 1 H, Jm,s = 6.02 Hz, NH);
LRMS (ESI): m/z 592.4, 594.4 [M+Na)‘]. '

Examgle 32
‘Methyl S5-Acetamido-4,7,8,9-tetra-oO- acetyl -2,3- .

anhydro-5-dideoxy-p-erythro--L- gluco non -2~ ulopyranosonate
(27) :

According tovthe method of Okamoto et al.
(Okamoto et al., 1987), a solution of (26) (426 mg, 0.75
mmol) in dry acetonitrile (4 mL) under N; at room
temperature, was treated with DBU (140 microL, 0.90 mmol).
The mixture was stirred for 15 min at room temperature and
thén.thg-solution‘was applied to a silica-gel column and
chromatographed (toluene/acetone 3:2) to give the title
compound (27) (Okamoto et al., 1987) (315 mg, 85% yield)
as a white foam ‘ : -
Rr 0.53 (EtOAc); 'H NMR (300 MHz, CDCl;): & 1.91 (s, 3 H,
NH COCH3;), 2.03, 2.05, 2.11, 2.12 (4s, 12 H, OCOCH;), 3.59
(s, 1L H, H-3), 3.83 (s, 3 H, COOCH;), 4.06 (dd, 1 H, Je.7 =
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4.5 Hz, Js,5 = 8.4 Hz, H-6), 4.15 (dd, 1 H, Jg¢,5 = 6.9 Hz,
Jg, 9+ = 12.5 Hz, H-9), 4.;4 {m, 1 H, H-5), 4.51 (dd, 1 H,

‘J9r,8 = 3.0 Hz, Jg-,9 = 12.5 Hz, H-9), 5.19 (d, 1 H, J¢,s =

7.5 Hz, H-4), 5.25 (m, 1 H, H-8), 5.40 (dd, 1 H, J7.6 = 3.7
Hz' J7,8 = 501 HZ, H‘?); 5-51 (d' 1 H' Jm's = 9.9 Hz, NH) i
LRMS (ESI): m/z 513.4 [M+Na)'l. ' ‘

Example 33 ‘ .

Methyl (4'-methoxybenzyl-s-Acetamido-4 7,8,9-
tetra-O-acetyl-5-dideoxy-p-erythro-o-L- gluco non- 2-
ulopyranoside)onate (28) ’

To a solution of (27) (560 mg, 1.14 mmol) in dry
dichlorocethane (5 mL) at 0 C under N;, was added p-
methoxybenzyl alcohol (3 ml,) and then camphor- -sulfonic
acid (catalytic). After stirring for 15 min at 0 °c, the
reaction was let warm to room temperature for 1 h. The
chlorinated sclvent was remove under vacuum and the -

residual oily solution was purified by flash

chromatograpby (EtOAc/dichloromethane gradient 1:1 to 8:2)

-to yield the (28) (580 mg, 81%) as a white solid..
"Re 0.39 (EtOAc):; 'H NMR (300 MHz, CDCl;): & 1.86 (s, 1 H,

NHCOCH;) 2.01, 2.03, 2.06 2.08 (4s, 12 H, OCOCH;), 2.69 (d,
1H, J’og,_a = 4.8 Hz, OH), 3.79 (s, 3H, OCH;), 3.80 (s, 3H,
COOCH;3) , 3.82(dd, 1H, J3,4 = 9.6 Hz, Jou,s = 4.8 Hz, H-3),

4.04 (dd, 1H, Js,p3 = 6.0 Hz, Jo,9 = 12.6 Hz, H-9), 4.20-

4.28 (m, 2H, H-5, H-9), 4.51 (d, 1H, CH,PMB), 4.58 (dd,
1H, J¢7 = 2.1 Hz, Je,5 = 10.8 Hz, H-6), 4.78 (d, 1H,
CH,PMB), 5.13 (dd, 1H, Jgs = J.= 10.2 Hz, H-4), 5.26
(dd, 1H, J7,¢ = 1.8 Hz, Jy0 = 8.4 Hz, H-7), 5.32-5.41 (m,
2H, H-8, NH), 6.86 (4, 2H, Ph), 7.31 (d, 2H, Ph); LRMS
(ESI): m/z 650.2 [M+Na)*]. ‘

Example 34
Methyl (4'-methoxybenzy1 -5-Acetamido-4,7,8,9-
tetra-oO- -acetyl-5-dideoxy-3-0-ethyl-p- ezythro -a-L-gluco-non-
2-ulopyranoside)onate (29): : -
'COmpouhd (28) (0.882g, 1.41 mmol) was dissolved

'
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in anhydrous DMF (40 mL) under N, at room temperature, and

activated MS 4 A (1 g) were added. After stirring for 1
h, ethyl iodide {(0.57 mL, 7.03 mmol), freshly prepared Ag:0
(1.625g, 7.03 mmol) [Campaigne and LeSuer, Organic

.Syntheses Coll. (1963), 4, 919], and tetrabutylammonium

iodide (260 mg, 0.705 mmol) were added. After completion .
of addition, the reaction mixture was stirred, protected
fronm iigh;, for 16 h at room temperature. The solution
was tiltered‘thrbugh Celite and thébfiltrate_concentrated
under reduced pressure. The residue was purified by
chromatography on silica (EtQAc/dichioromethape 6:4) to
yield (29) (444 mg, 48%) as a white solid foam. -
Re = 0.73 (EtOAc); 'H NMR (300 MHz, CDCl3): § 1.05 (t, 3 H,
OCH,CH;), 2.03 (s, 1 H, NHCOCH;), 2.03, 2.04, 2.06, 2.10
(48, 12 H, COCH;), 3.56 (m, 2 H, H-3, OCH,CH;}), 3.78 (s, 3
H, OCHs;), 3.80 (s, 3 H, COOCH;), 3.80-3.84 (m, 1 H,
OCH,CH:), 4.03 (dd, 1H, Js,s = 6.0 Hz, Jy,5- = 12.6 Hz, H-9),
4.20-4.35 (m, 2 H, H-5, H-9’), 4.52 (d, 1 H, CH,PMB), 4.68-
4.78 (m, 2 H, H-6, CH;PMB), 5.13 (dd, 1 H, Jos = Ja3 = -
9.0 Hz, H-4), 5.25 (dd, 1 B, Jy6 = 1.8 Hz, Jy,5 = 8.4 Hz, H-
7), 5.33 (m, 1 H; H-8), 5.43 (d, 1 H, Jwm,s = 10.2 Hz, NH),

.6.86 (d, 2 H, J = 11.4 Hz, PMB), 7.31 {(d, 2 H, J = 11.4

Hz, PMB); LRMS (ESI): m/z 677.8 [M+Na)'].

Methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-3,5-
dideoxy-3-0O-ethyl-p-erythro-ff-L-gluco-non-2-ulopyranosonate
(30) : ' - L :

To a solution of (29) (300 mg, 0.46 mmol) in a
mixture of dichloromethane (45 mL) and H;O (5 mL), was
added DDQ (229 mg, 1.01 mmol). The reaction was stirred
for 54 h at room temperature. The reaction mixture was
then washed with.saturated NaHCO3;, brine, dried (Na,S0,).,
filtered, and the filtrate concentrated under vacuum. The
residue was purified by chromatography on silica
{EtOAc/dichloromethane 7:3) to yield (30) (193 mg, 79%).

Re = 0.56 (EtOAc); »H NMR (300 MHZ, CDCl;): & 1.04 (t, 3 H,
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OCH,CH;), 1.85 (s, 1 H, NHCOCH3;), 1.98, 2.03, 2.05, 2.10
(4s, 12 H, COCHs), 3.58 (m, 2 H, OCH,CH;), 3.86-3.99 (m, 2
H, H-3, H-9), 3.8 (s, 3 H, OCH;), 4.01-4.43 (m, 3 H, H-5,
H-6, H-9’), 5.11-5.22 (m, 2 H, H-4, H-8), 5.58-5.32 (dd4, 1

H, J.6= 1.8 Hz, J7,6 = 8.4 Hz, H-7), 5.95 (d, 1 H, Juu,s =
9.9 'Hz, NH); LRMS (BSI): m/z 557.9 [M+Na)'l. ’

. Example 36

Methyl 5-acetamido-2,4,7,8,9-penta-0O-acetyl-3,5-
dideoxy-3eo—ethy1-n-erythro-B-L-gluco-non-z-ulopyranosonate'
(31) . | ‘ '

Compound (30) {160 mg, 0.30 mmol) was dissolved

in dry pyridine (3 mL) and acetic anhydride (2 mL) and

DMAP (catalytic amount) were added to the reaction

mixture. After stirring for 16 h the reaction was

concentrated under reduced pressure and the residueAwas
purified by chromatdgraphy on sgilica
(EtOAc/dichloromethane 7:3) yielding (31) (173 mg, 95%).
Re = 0.43 (BEtOAc); 'H NMR (300 MHz, CDCly): & 1.05 (t, 3 H,
OCH,CH;), 1.84 (s, 1 H, NHCOCH;), 2.00, 2.02, 2.08, 2.14,
2.19 (Ss, 15 H, COCHs), 3.52-3.57 (m, 2 H, OCH,CH;), 3.67
(d, 1 H, Ja,4= 9.6 Hz, H-3), 3.80 (s, 3 H, COOCH;), 3.95
(a4, 1 H, J¢,7= 2.4 Hz, Jg,5 = 10.8 Hz, H-6), 4.06-4.29 (m,
2 H, H-5, H-9), 4.48 (dd, 1 H, Js:,5s = 3.0 Hz, Js,5 = 12.3 "
Hz, H-9'), 4.96 (m, 1 H, H-8), 5.16 (t, 1 H, J¢3= Jq.5 =
9.9 Hz, H-4), 5.31 (dd, 1 H, J7,¢ = 2.1 Hz, J7.s = 4.2 Hz, H-
7), 5.55 (d, 1 H, Jgs,s = 9.9 Hz, NH); LRMS (ESI): m/z

1 599.8 [M+Na) *].

'Example 37

Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6--
anhydro-3,5—dideoxy-3—o-ethy1-n-glycero-n¥galacto—non-27‘
enonate (33):

COmpouhd {(31) (74 mg 0.128 mmol) was dissolve in
anhydrous 1,2-dichloroethane (1 mL) under N; and the
solution cooled to 0 °C, when HBr-AcOH (33 %, 2 mL) was
added dropwise. The reaction was stirred for 1 h at 0 °'C,
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and then for another 2 h at room temperature. The
solution was diluted with anhydrous toluene and evaporated
under reduced pressure. Evaporation with toluene was
repeated alfurther'z times to give the crude glycosyl
bromide (32) as a yellow solid. Compound (32) was used
without purification for the elimination reaction. Crude
(32) (0.128 mmol) was dissolved in 1,2-dichldroethane (2
mL) under N, and the solution cooled to 0 °'C, when DBU (75
microL, 0.480 mmol) was added. The reaction was stirred
overnlght at room temperature then concentrated under
reduced pressure. The residue was dissolved in EtOAc. and
washed with a saturated aqueous solution of ‘NH,Cl, water
and brine, dried (Na;S0;), filtered and the filtrate
concentrated undér vacuum. The residue was purified by
chromatography on~silica‘(EﬁOAc/dichloromethane 65:35) to
give compound (33) (37 mg, 56%) as a white foam.

Unreacted (31) (13 mg, 17%) was also recovered.

Re = 0.65 (EtOAc); 'H NMR (300 MHz, CDCly): & 1.21 (t, 3 H,

OCH,CH;), 1.94 (s, 1 H, NHCOCH;), 2.06, 2.08, 2.10, 2.14

(4s, 12 H, COCHsY, 3.71-3.76 (m, 1 H, OCH,CH;), 3.75 (s, 3
H, COOCH:;), 3.92-3.97 (m, 1 H, OCH,CH;), 4.08-4.18 (m, 2 H,
H-6, H-9), 4.38 (m, 1 H, H-5), 4.58 (dd, 1 H, Js.,s = 3.0
Hz, Js,9 = 12.3 Hz, H-9'),; 5.24 (m, 1 H, H-8), 5.46 (m, 1.
H, H-7), 5.70 (4, 1 H, 7.2 Hz, H-4), 5.93 (d, 1 H, Jm,s =
9.3 Hz, NH); *°C NMR (75.5 MHz, CDCl;): & 15.3 (OCH:CH:),

' 20.72, 20.79, 20.86, 20.93 (4 x OCOCH;), 23.07 (NHCOCH;),

47.87 (C-5), 52.14 (COOCH3), 61.96 (C-9), 67.25 (C-7),
68.65 (C-4), 70.11, (OCHCH;), 70.92 (C-8), 76.33 (C-6),
136.76 (C-2), 142.85 (C-3), 169.57-170.56 (5 x COCH;, C-1);
LRMS (ESI): m/z 539.8 [M+Na)‘l. ' '

Example 38

5-Acetamido-2, 6~anhydro-3,5- dideoxy -3-0- ethyl D-
glycero p-galacto-non-2-enonic acid (34):

Compound (33) was deprotected according to the
general procedure at 5 °C for 12 h (19 mg, 88%).

lE NMR (300 MHz, D;0): & 1.06 (t, 3 H, OCH;CH;), 1.84 (s, 1
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, NHCOCH;) ;, 3.36-3.44 (m, 2 H, H-7, H-9), 3.62-3.76 (m,
3H, OCH,CH; H-8, H-9), 3.85-4.02 (m, 3 H, OCH,CH; H-5, H-6),
4.38 (m, 1 H, H-4); '*C NMR (75.5 MHz, D;0): § 14.13
(OCH,CH;) , 21.94 (NHCOCH;}, 50.41 (C-5), 62.85 (C-9), 66.92
(C-4), 67.86 (C-7), 68.46 (OCHCH;), 69.94 (C-8), 75.46 (C-
6), 143.09 (C-3), 165.92 (C-1), 174.45 (NHCOCHs), (C-2 not
obse:ved): LRMS (ESi)i m/z (M-1)*: 334.4.

Example 39
Methyl {4'-methoxybenzyl-5- Acetamido 4,7,8,9-

tetra O-acetyl-5- deoxy 3-0- acetonltrllevn-e;ythro Q-L-
gluco -non-2- ulopyran051de)onate (35):
Compound (28) (578 mg, 0.92 mmol) was dlssolved

‘in anhydrous dichloromethane (17 mL).underszat ToOom.

temperature and activated MS 4 A& (4 g) were added followed
by bromoacetonitrile (245 microL, 3.68 mmol). After
stirring for 1 h freshly prepared Ag.0 (854 mg,.3.68 mmol),
and TBAI (340 mg, 0.92 mmol) were added. After complete
addition, the reaction mikture_was stirred, protected from

1light, for 16 h at room témperature. The solution was

filtered through Celite and the flltrate concentrated -
under reduced pressure. The resldue wag purified by
chromatography on silica (hexane/acetone 6:4) to YIGld
(35) (485 mg, 79%) as a white solid foam.

'Re = 0.68 (EtOAc); 'H NMR (300 MHz, CDCl;): 8 1.86 (s, 3 H,

NH COCH;), 2.00, 2.02, 2.07, 2.08, 2.13 (58, 15 H, COCHs),
3.67 (4, 1 H, H-3, Jy,4 = 10.6 Hz), 3.80 (s, 3 H, OCHs).
3.82 (s, 3 H, COOCHs), 4.03 (dd, 1H, Js,s = 6.0 Hz, Js,s =
12.3 Hz, H-9), 4.21 (dd, 1 H, J5.,s = 2.4 Hz, Jor,g = 12.3
Hz, H-97), 4.29 (m, 1 H, H-5), 4.43 (d, 2 H, CH;CN), 4.51
(@, 1 H, CH,PMB), 4.68-4.71-4.79 (m, 2 H, H-6, CH,PMB),
5.13 (dd, 1 H, Ja,s = Je,3 = 10.6 Hz, H-4), 5.26 (dd, 1 H, .

"Jy7,6 = 2.1 Bz, J7,3 = 9.0 Hz, H-7), 5.34-5.39 (m, 2 H, H-8,
NH)' 6.86 (d' 2 E' J = 11.4Hz' PIIB), 7.29 (d, 2 H" J &

11.4 Hz, PMB); LRMS. (ESI): m/z 688.9 [M+Na).’]v.

Exgggie 40
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.Methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-3,5-

dodeoxy-B O-acetonitrile-n-erythro-f-L- gluco non-2-

ulopyranosonate (36):

To a solution of (35) (485 mg, 0.73 mmol) in a
m1xture of dichloromethane (30 mL) and H;O (2 mL) was added
DDQ (497 mg, 2.19 mmol). The reaq:;on was stirred for 5¢

"h at room teﬁperatute.' The reaction mixture was then “

washed with saturated NaHCO;, brine, dried (Na,80,),
filtered, and the f;ltrate concentrated under vacuum. The

. residue was purified by chromatography on silica

(hexane/acetone 6:4) to yield (36) (306 mg, 77%).
Re = 0.52 (EtOAc); *H NMR (300 MHz, CDCls): & 1.86 (s, 3 H,
NH COCHJ)' 1.99' 2-0'4, 2-07' 2.09' 2.14 (58, 15 H' COC’H3) r

. 3.84-3.95 (m, 1 H, H-9), 3.93 (s, 3 H, COOCH;}, 4.12 (4, 1

H, H-3, J3,4= 9.6 Hz), 4.21-4.33 (m, 2 H, H-5, H-6), 4.39
(d, 2 H, CH;CN), 4.48 (dd, 1 H, Js-.g = 2.4 Hz, Jer,s = 12.3
Hz, H-9‘), 4.95 (s, 1 H, OH), 5.14 (m, 2 H, H-4, H-8),
5.31 (dd, 1 H, J7,¢ = 1.5 Hz, Jy,3 = 5.1 Hz, H-7), 6.05 (d, 1
H, NH); LRMS (ESI): m/z 569.1 [M+Na)'].

Example 41
Methyl 5-acetamido-2,4.,7.8,9-penta-O-acetyl-3,5-

dldeoxy 3-0O-acetonitrile-p-erythro-p- L-gluco non-2-

ulopyranosonate (37) : »
Compound (36) (300 mg, 0.55 mmol) was dissolved

in dry pyr1d1ne (3 mL) and acetlc anhydride (2 mL) and

" DMAP (catalytic amount) were added to the reaction

mlgture. After stirring for 16 h the reaction mixture was
concentrated and the residue was purified by
chromatography on silica (hexéne/acetone;sés) yielding

(37) (314 mg, 97%). | -

Re = 0.48 (EtOAc); 'H NMR (300 MHz, CDCl3): & 1.86 (s, 3 H,
NH COCH;), 2.01, 2.04, 2.06, 2.09, 2.11, 2.14 (6s, 18 H, -
COCH;), 3.81 (s, 3 H, COOCH;), 4.02 (dd, 1 H, Js,s = 6.6 Hz,
Jo,ss = 12.3 Hz, H-9), 4.12 (d, 1 H, H-3, J3¢= 9.6 Hz),
4.12-4.23 (m, 2 H, H-5, H-6), 4.29 (4, 1 H, CH,CN, J = 16.8
Hz), 4.42 (ad, 1 H, Js.,s = 2.7 Hz, Jy,9 = 12.3 Hz, H-9'),
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4.49 (d, 1 H, CH,CN, J = 16.8 Hz), 5.03-5.10 (m, 1 H, H-8),
5.14 (dd, 1 H, Ja5s = Je3= 11.1 Hz, H-4), 5.32 (dd, 1 EH,
Jr.¢= 1.8 Hz, J7,6 = 6.0 Hz, H-7), 6.02 (d, 1 H, Jg,s= 9.4

. Hz, NH);); LRMS (ESI): m/z 611.2 [M+Na)'].

Example 42 ) : . :
B Methyl 5- acetamidoiz 4 7,8,9- penta -O-acetyl-3,5-
dideoxy-3 -0-(2'-azidoethyl) -D- erythro a-L~gluco-non-2-
ulopyranosonate (39): .

To a mixture of (37) (130'mg, 0.22 mmol) and PA/C
(10%, 125 mg) in methanol (3 mL) was added 1 M HCl

" golution (0.3 mL, 0.3 mmol). The mixture was stirred and

shaken for 16 h at room temperature under a pressure of 40

psi of hydrogen. .The reaction mixture wasg filtered

through Celite and the filtraté_copqentrated under vacuum.
The crude product (38) [Re = 0.42 (EtOAc/MeOH/H,0 7:2:1)]
was employed without further pu:ifidation for the next
reaction. o . ,i.

A gsolution of triflic azide in pyridine was
prepafed according to the method of Yan et al. [Ri-Bai Yan
et al. Tetrahedron Lett. (2005) 46, 8993-8995]. Compound

(38) (0.28 mg, 0.445 mmol) was dissolved in anhydrous

pyridine (1.5 mL), then CuSO; (3 mg, 0.011l mmol) and
triethylamine (124 microL, 0.89 mmol) were added and the
solution was cooled to 5 C. The solution of TEN; (0.8 mL,
0. 534 mmol) in anhydrous pyridine was ‘added to the -
reaction mixture dropwise. After sti:ring at 5 °C fb:.lo
min, the reaction waa_aliowed to warm to room temperature
and stirred for a further 16 h. The solvent was removed
under vacuum and the crude product was purified by
chromatography on silica (hexane/acetone 6 5) yielding

(39) (357 mg, 77%). o

Re = 0.45 (EtOAc); ‘B NMR (300 MHz, CDClj): § 1.85 (s, 3 H,
NH COCH3), 2.01, 2.03, 2.06, 2.09, 2.10, 2.15 (6s, 18 H,
COCH;), 3.20-3.26 (m, 2 H, OCH,CH;N;), 3.65-3.76 (m, 2 H,
OCH,CH,N3) , 3.79 (s, 3 H, COOCH3;), 3.85 (d, 1 H, H-3, J3,4 =
9.6 Hz), 4.02-4.10 (m, 2 H, H-6, EB-9), 4.19-4.31 (m, 1 H,
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H-5), 4.46 (dd, 1 H, Js.,s = 2.7 Hz, Jg-,o = 12.6 Hz, H-97),
5.00-5.04 (m, 1 H, H-8), 5.18 (dd, 1B, Jus = Jaz= 9.9

Hz, H-4), 5.32 (dd, 1 H, J7,= 2.1 Hz, Jy,53 = 5.1 Hz, H-7),

5.49 (d, 1 H, Jyu,s = 9.9 Hz, NH);); LRMS (ESI): m/z 641.1
[(M+Na)*).

Example 43 )
‘ Methyl 5- acetamldo 4, 7,8,9-tetra-0O-acetyl-2, 6-

- anhydro-3,5-dideoxy-3-0- (2'-a21doethy1) -p~-glycero-p-

galacto-non- 2-enonate (41): .

© Compound (39) (60 mg, 0.097 mmol) was dissolved
in anhydrous DCM'(i mL) under N; and the solution cooled to
0 °‘C, when TMSBr (64 m;croL 0.48 mmol) was added. The
reaction mixture was allowed to warm to room temperature
at which temperature it was stirred for 56 h. The

. reaction was concentrated under vacuum, yleldlng the crude

glycosyl bromide (40) as ‘white- -yellow solid [Rf = 0.48
(EtOAc)]. Compound (40) was used without purification for
the elimination reaction. Crude (40) (0.097 mmol) was

~ dissolved in anhydrous 1,2-dichloroethane (2 mL) under N,

and the solution cooled to 0 °C when DBU (75 microL, 0 480
mmol) was added. The ‘reaction was stlrred overnight at
room temperature then concentrated under vacuum. The

. residue was dissolved in EtOAc and washed with a saturated

aqueous solution of NHAﬂq water and brine and dried over
Na;80,, and: concentrated under vacuum. The residue was
purified by chromatography on silica (hexane/acetone
65:35) to give compound (41) (5 mg, 9%) as a white foam.

‘Unreacted (39) (49 mg, 82%) was also recovered.
Re = 0.46 (EtOAc); ' ’H NMR (300 MHz, CDCl3): § 2.04 (s, 3 H,

NH COCH;), 2.06, 2.08, 2.10, 2.12 (4s, 12 H, COCH;), 3.40-
3.53 (m, 2 H, OCHzC'HzN:i): 3.79 (8, 3 H, cooczar;) 3.86-3.96"
(m, 1 H, OCH,CH;N;), 4.06-4.18 (m, 2 H, OCH,CH,N;, H-9),
4.28 (dd, 1 H, Jo.7 = 3.6 Hz, Js5 = 8.7 Hz H-6), 4.36-4.45
(m, 1 H, H-5), 4.54 (dd, 1 H, J5.,6 = 3.0 Hz, JTyi,s = 12.6
Hz, H-9’), 5.25-5.31 (m, "1 H, H-8), , 5.48 (dd, 1 H, Jy¢ =
3.9 Hz, Jy,e= 5.4 Hz, H-7), 5.69 (d, 1 H, Jym.s = 9.3 Hz,

bl
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NH); 5.79 (d, 1'H, Ju,s = 6.9 Hz, H-4); LRMS (BSI): m/z
581.3 [M+Na)'l. ' ' '

Example 44 ‘ _ }
' Methyl S-écetamido-2.4,7.8,9-penta—0-acety1-3,5-
didéoxy-3-o-[2'-(4“-isobutyl-[1',29,3"]triazol-1'-

yl)ethyl]-D-erythroFa-L-gluco-pbn-2-ulopyranosonate (42; R

= 2-methylp:6pY1)(42)=

Compound (39) (100 mg, 0.162 mmol) and.2-methyl-
4-pentyne. (24 microL, 0.194 mmol) were dissolved in
aquecus isopropanol solution (3 mL, isopropanol/H,0 1:1).

‘A 1 molar solution 6f‘copper(II) sulfate pentahydrate (32

microL, 0.032 mmol) was added, followed by the addition of
1M sodium ascorbate solution (64 microL, 0.065 mmol). The
reaction was heated at 50 ‘C for 4 h. The mixture was
evaporated under reduced pressure, and the residue was
diluted with ethyl acetate and washed with water and
brine, dried (Na,S0,), filtered, and the filtrate .
evaporated under vacuum. The residue was purified by

- chromatography on silica (hexane/acetone 4:6) yielding
. compound (42; R = 2-methylpropyl) (103 mg, 91%) as a white

solid.

Re = 0.07 (EtOAc); *H NMR (300 MHz, CDCls): & 0.90 (d, 3 H,
CH;, J = 6.6 Hz), 0.91 (4, 3 H, CH;, J = 6.6 Hz) 1.84 (s, 3
H, NH COCH;), 1.87, 2.00, 2.03, 2.09, 2.18 (5s, 15 H,
COCH;), 1.85-1.92 (m, 1 H, CH(CH3)z). 2.54 (m, 2 H, CH.CH),
3.77 (s, 3 H, COOCHs), 3.84 (d, 1 H, H-3, Js,e = 9.6 Hz),
3.86-4.08 (m, ¢4 H, OCH,CH;N, H-6, H-9, ), 4.09-4.19 (m, 1
H, H-5), 4.23-4.48 (3 H, OCH,CH,N, H-9‘), 4.98-5.04 (m, 1

" H, H-8), 5.12 (ad, 1 H, J45 = Je,3= 13.5 Hz, H-4), 5.32

(dd, 1 H, J7,6= 2.1 Hz, J7,3 = 5.1 Hz, H-7), 5.49 (d, 1 H,

 Jym,s = 9.6 Hz, NH), 7.25 (s, 1 H, CHC); LRMS (ESI): m/z

723.3 [M+Na)'l.

Example 45 : o . :
' Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
anhydro-3, 5-dideoxy-3-0-[2"'- (4"-isobutyl-
/ . : ~ ,
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(i, 2‘,3"]triézol-1"4y1)ethy1]—D-glycero-D-galacto-non-z-
enonate (44; R = 2-methylpropyl) (44): '
Compound (42) (71 mg 0.101 mmol) was dissolved in
anhydrous 1,2-dichloroethane (2 mL) under N and the
solution cooled to 0 ‘C,-then AcBr (300 microl, 4.0 mmol)
was added dropwise. MeOH, (80 microL, 2 mmol) was added
slowly to the solution and the mixture was stirred for 1 h
at 0 ‘'C and then for a further 56 h at réom temperature.
The solution was diluted with anhydrous toluene and
evaporated under reduced pressure. Evaporatlon with
toluene was repeated a further 2 times to give the crude
glycosyl bromide (43) as a yellow solid. Compound (43)
was used without purification for the elimination
reaction. Crude (43) (0.101 mmol) was dissolved in
anhydrous 1,2-dichloroethane (2 mL) under N; and the
solution cooled to 0 °C when DBU (61 microL, 0.404 mmol)
was added. The reaction was stirred overnight at room
temperature and then concentrated under vacuum. The
residue was dlssolved in EtOAc and washed with a saturated

‘aquecus solution of NH.Cl, water and brine, dried (Na,80.),

filtered, and the filtrate concentrated under vacuum. The
residué was purified by chromatography on silica '
(EtOAc/dichloromethane 65:35) to give the compound (44; R
= 2-methylpropyl) (46 mg, 66%) as a white foam. Unreacted
(42) (15 mg, 20%) was also recovered. '

Re = 0.1 (EtOAc); IH NMR (300 MHz, CDCls): & 0.90 (d, 6 H,
CH;, J = 6.6 Hz), 1.90 (s, 3 H, NH COCH;), 1.97, 2.02,
2.03, 2.09 (4s, 15 H, COCH;), 1.86-1.95 (m, 1 H, CH(CHi)z),
2.54 (d, 2 H, J = 7.2 Hz CH,CH), 3.72 (s, 3 H, COOCH;),
4.14 (dd, 1 H, Js.s = 6.9 Bz, Js,5r = 12.3 Hz, H-9), 4.20-
4.32 (m, 3 H, OCH,CH,N, H-6), 4.31-4.41 (m, 1 H, H-5),
4.54-4.59 (3 H, OCH,CHN, H-97), 5.23-5.29 (m, 1 H, H-8),
5.46 (dd, 1 B, J76 = J7, = 4.5 Hz, H-7), 5.65 (d, 1 H, Js,s
- 6.6 Hz, H-4), 5.97 (d, 1 H, Jms= 9.3 Hz, NH), 7.36 (s,

1 H, CHC); LRMS (ESI): m/z 663.4 [M+Na)*].
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Biological data

Example 46 ‘
Enzyme inhibition: Inhibition data against

,influenza A virus N1 and N2 sialidases for éompounds (7).,
" (9b-d) and (21), compared to parent template NeuSAc2en, is

describéd in Table 1. Sialidase inhibition assays were
carried-out on MES-B—dodecyl-n—maltoside cell extracts
prepared from 293T cellsAtransiently expressing the viral
enzyme according to the known method (Rameix-Welti et al;}
2006) . Enzymatic activity was measured using the
fluorogenic substrate 2-Dlpha-(4'-hethylumbe11iferyl)-N=

" acetylneuraminic ac;d accordzng to the known method

(Potier et al., 1979) To measure the inhibitory effects
of compounds, cells were preincubated for 30min at 37°C in
the presence of variable concentrations of the compounds.
The K; was calculated by £itting the data to the '
appropriate Michaelis Menten equations. The compounds
with the C-3 side-chain (Xz), (7), (9b-d) and'(zi),vshow
selective inhibition of N1 over N2 sialidases; in contrast
the parent compound NeuSAc2en (X:; = H) shows'equ1va1ent

iphibition of both sialidases.

.Table 1. Ia vitro inhibition of influenza A virus N1l and
N2 sialidases by compounds (7) and (9b- d) and (21)
compared to parent template NeuSAc2en.

Ky (micropM) !

Compound  [X;] ' _ | N1®! N2

(7) [allyl] 222 + 17 - 3629 & 2130

(9b) [cyclohexyl-allyl] 243 ¢ 21 > 5000
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(9¢) [phenyl-allyl] 52.1 + 0.29 1020 40
'(9d) [p-Me-phenyl-allyl] 7.3 % 0.8 219 £ 30
(21) ' [4-OEt-3-allyl] 810 + 308 > 5000
NeuSAc2en [H]. © 0.97 + 0.15 1.24 +.0.23

al pesults are given as means i SD for at least three
independent determinations for duplicate samples.

] N1 [A/HongRong/156/97 (HSN1)] -

el N1 [A/Cambodia/408/05 (H5N1)]

(9l N2 [A/Paris/908/97 (H3N2)]

Example 47 » .
J Enzyme inhibition: Inhibition of wild type and

mutant (H274Y, N2948 and Q136K) influenza A virus N1
sialidases by (7) and (9d) compared to parent template
NeuS5Ac2en is described in Table 2. The H274Y, N294S and
Q136K mutations were each introduced into a.plaémidic

clone encoding the N1 of A/Hong Kong/156/97, achrding-to

. the known method (Rameix-Welti et al., 2006). sSialidase

inhibition assays were carried-out as described in Example
46. i ’ . |
Mutations H274Y (which significantly reduces
sensitivity to anti-influenza drug oseltamivir-carboxyiate
[Okomo-Adhiambo et al. Antiviral Res. (2010) 85, 381] and
‘N294S, both of which affect binding interactioms in the

main active site, affectVsimilarly'sensitivity to

inhibition by.(75,”(9d).'and parent template NeuS5Ac2en.
The Q136K mutation, which reduces seﬁsitiviﬁy to the anti-
influenza drug zanamivir [Okomo-Adhiambo et al. Antiviral
Res. (2010) 85, 381]1 significantly increases sénsitivity
to compounds (7) and (9d). - ' |

‘Table 2. In vitro inhibition of wild type and mutant

yinfluenza‘A\virus N1 sialidases by (7) and (92d) compared
to parent template NeuS5Ac2en. '

- K; (microm) ™!
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' N1 sialidase mutant . (ed) Neu5Ac2en
[A/HongKong/156/97 . 222 + 17 7.3 + 0.8 0.97 ¢ 0.15
(HSN1)1 Wild type '

-[A/HongKoug/156/97 : 459 + 92 ‘11 £ 0.9, 1.43 % 0.17
(HSN1)] H274Y - B -
[A/HongKong/156/97 980 + 50 25'% 3.1 3.9 % 0.5
(HSN1)] N294s o ;
. [A/HongKong/156/97 16.8 + 2.5 2.6 * 0.4 1.37 £ 0.15

(H5N1)] Q136K

lal Results are given as means i SD for at least three
independent determinations for duplicate samples.

Example 48 .- 1
Cell-based virus inhibition assay (Plaque
Reduction Assay): Im vitro sensitivity of influenza virus
isolates to (7) and (9d), in comparison to parent template
NeuSAc2en, is shown in Table 3. The plaque phenotype of
the'indiceted‘viiuses was assayed on MDCK-SIAT celle
(Matrosovich et al, 2003) in the presence of serial
dilutions of (7) (500 nM to 5 mM), (9d) (10 nM to 1 mM),
or NeuSAc2en (10 nM to 1 mM), using a plaque assay
protocol adapted from a published procedure (Matrosovich
et al, 2006). Cells were stained with crystal violet after

‘72 h of incubation at 35 °C. For each inhibitor, the

average plaque diameters were plotted ‘against the
inhibitor concentrations. The 50% effective concentratlon
(ECsp) was determined graphically ag the concentration of
inhibitor that induced a 50% reduction in the average
plaque diameter. : ‘
Mirroring the results for sialidase inhibition

(Examples 46 and 47), the compounds with the C-3 side-
chain (X;) (7) and (9d) selectively inhibit growth of the

influenza viruses that express an N1 ‘sialidase (HIN1),

compared to the N2-expressing virus (H3N2). In contrast,
the parent compound, C-3 unsubstituted NeuS5aAc2en (X; = H),
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shows equivalent growth inhibition of both viruses.

Table 3. In vitro sensitivity of influenza virus isolates

to (7) and (9d), in comparison to standard NeuSAc2en.

Ecso (microm)

Virus | _ o (9d) NeuSAcZen
A/Paris/0497/2007 1800 80 .. 20
(HIN1, H274) ™ o |
A/Paris/1170/2007 2200 a0. S
(HIN1, ¥274)' |

'A/ Paris/908/97 > 5000 > 1000 - 20
(E3N2) |

) gog, values ﬁe:e'determined as the concentrations which -
induced a 50 % reduction of the average plaque diameter in
a single plagque reduction asaay experiment.

] HIN1 clinical isolate of the 2007-08 season sensitive to
ogseltamivir carboxylate. ' .

©) HIN1 clinical isolate of the 2007 08 season naturally
resistant to oseltamivir carboxylate.

In growth of A/Par18/0497/2007 (H1N1) virus,

.¢ompound (9d) produced significant decrease in plaque size

moving from 1 to 10 to 100 microM concentration. In
contrast, in growth of A/Paris/908/97 (H3N2) virus,
compound (9d) produced little or novviSibie difference in
rlague size at 1, 10, or 100 microM concentration.
NeuS5Ac2en showed'a similar decrease in plaque'size for
both viruses size moving from 1 to 10 to 100 microM
concentration.

. Structural Data

Example 49 _ _ -
' X-Ray crystallographic study of influenza A virus
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N8 sialidase-inhibitor complex: A group 1 (N8) influenza

'A virus sialidase crystal, prepared as previously

described (Russell et al., 2006), was sqakgd in 1lmM
solution of compound (7) for 60 minutes. The N8/(7)

- complex (Figures 1A and 1B) has the ‘open' conformation of

the 150-loop., in contrast to the N8 complex with C-3
unsubstituted NeuSAc2en (Figure 1C) where the 150-loop is
'closed!’ (Russell et al., 2006). The 3-allyl-NeuSAc2en
complex maintainsg the 'open' conformation of the 150-loop
seen in'the apo structure (Russell et al., 2006), with the
Cc-3 allyl side~chain of (7) bound into the 150 cavlty as
ant1c1pated.

Example 50 . o
X-Ray crystallographic study of influemnza A virus

N8 gialidase-inhibitor complex: A‘group 1 (N8) influenza

A virus sialidase crystal; prepared as previously
described (Russell et al., 2006), was soaked in 1mM
compound (9c) for 60 minutes. The N8/ (9c) complex (Figure
2) has the 'open' conformation of the 150-lcop with the C-
3 phenylallyl substituent extending into the 150-cavity.

Example 51 .
X-Ray cfystallographic study of influenza A virus
N8 sialidase-inhibitor complex: A group 1 (N8) influenza
A virus sialidase crystal, prepared as prev;ously
described (Russell et al., 2006), was soaked in 1mM

‘compound (9d) for 60 minutes. The N8/ (9d) complex (Figure

3, left and right panels) has the 'open' conformation of

the 150-loop with the C-3 (p-tolyl)allyl substituent

extending well into the 150-cavity. ' ‘
Superimposition of influenza A virus N8 X- -ray

- crystal structures, open 150-loop N8/(9d), and the closed

iso-loop in N8/NeuSAc2en (PDB: 2htr), is shown in Figure .
4. The dihydropyran ring and C-2, C-4, C-5, and C-6
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substituents of (9d) and Neu5Ac2en have very similar
‘positions in the active site. The phenyl ring of (9d) is
positioned adjacent to Asp-151 in the open 150-loop
‘conformation indicating the potential for interaction with

5 this residue by. suitable functionality (X;) extending from
the C-3 p,osi._tion of NeubAc2en or the corresponding
position ofvother‘ compositions 6f the invention.
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Claims
1. A cpﬁpound of general formula (I) which is a

selective inhibitor of influe#za A virqs group 1
sialidases:

or a pharmacehtica}ly acceptable salt, ester or prodrug

thereof, wherein

A is O, S or NRy; _
where R, is hydrogen, optionally substituted

alkyi, optionally.substituted aryl, optionally substituted

acyl or optionally substitﬁted sulfonyli

% is COzH, P(0) (OH) z, NO,, SO.H, SOsH, -C(0)NHOH
or tetrazole;

X2 is alkyl, aralkyl, alkenyl, alkynyl,
optlonally substituted alkyl, optionally substituted
aralkyl, optionally substituted alkenyl, optionally
substituted alkynyl, OR;, SRz, NRzR:', or substituted
triazole, ' .
A where R; and R;' are selected independently from
optzonally substituted acyl, optionally substituted
sulfonyl, alkyl, alkenyl, alkynyl, optionally substituted
alkyl, or optionally substituted alkenyl,

or R»' is hydrogen; '

X3 and X,' are selectedflndependently from
hydrogen, Ra, halogen, CN, ORi:, NR3R3;', NHC(NR3;)N(R;3);, N3, -
SR3, -O-CHz-C(O) -NR3R3', -0O-CH,;-C(NH) -NR;Rg', -0-CH,;-C(S) -
NR3R;3* .
and optiomnally substituted triaéole,



WO 2011/006208 PCT/AU2010/000905

- 10

15

20

25

.30

35

- 92 -

or X; and X;' together are =0, =N-OR3, or =CH-R3
where R; and R;' are selected independently from
hydrogen, optionally substituted acyl, optionally

substituted sulfonyl, alkyl, aralkyl, alkenyl, alkynyl,

heteroalkyl, heterocyclyl, optionally substituted alkyl,

optionally substituted aralkyl, optionally substituted

alkenyl, -C(O)Rs; and -S(O)2Rs,
where Rg is selected from optionally substituted
alkyl and optionally substituted alkenyl;

Xs is NR4R:', OR4, SRs, CH2C(O)Rs, CH.C(O)OR.,
CH.C(O)NR4Rs', CHR4NO;, CHR,CN, CHR4R,', or CH;NHR,
where R; and R;' are selected independent}y from

-bhydrogen optiona].ly substituted acyl, optionally "

substituted thioacyl, optionally substituted sulfonyl,
alkyl, alkenyl, alkynyl, optionally substituted alkyl,
optioﬁally substituted’aralkyl, optionally substituted
alkenyl, optionally substituted heteroaryl, and optidnally
substituted'heterocyclyl,

Xs is optionally substituted alkyl, opt;onally

substituted aralkyl optionally substituted alkenyl,

optionally substituted alkynyl, optionally substituted

‘heteroaryl, opta,onally subat:.tuted heterocyclyl, -C(O)Rs, -

COzRs, -C(O)NRsRs', -P(O} (ORj;) (ORs'), -P(0) (ORs) (NRsRs') ,
-P(0) (NRsRs') 2, CN, ORs, azide, NHRg;, NRgR¢', SR;, or

" optionally substituted triazole,;

where Rs; and Rs: are independently selected from
hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted aryl, or

‘hetercaryl, and

R and R¢' are independent;.ly selected from
optionally substituted -‘acyl, optionally substituted
sulfonyl, optionally substituted alkyl, optionally
gubstituted aralkyl, optionally substituted alkenyl,
optionally substituted aryl, heterocaryl, or heterocyclyl.

2. A compound as claimed in claim 1 wherein A is O. .
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3. . A compound as claimed in either one of claims 1
or 2 wherein X; is CO;H or P(0) (OH), or an ester thereof.

5 4. A compound as claimed in claim 3 wherein X; is
CO.H. ' )
5. . A compound as claimed in any one of claims 1 to 4

~ wherein X, is alkyl, aralkyl, alkényl, optionally
10 substituted alkyl, optionally substituted aralkyl or
- optionally substituted alkenyl. o

6. A compound as claimed in any one of claims 1 to 4
wherein X, is OR., SRa, NR:R;'. '
15 '

7. A compoﬁnd-as claimed in any one of claims 1 tb 6
wh;ei‘ein X3' is hydrogen and X; is selected from R;, OR;,
NR3R;', NHC (NR;)N(Rs)z, N3, SRs, and optionally substituted
20 triazole, ) ' o
_ where R; and R;' are independently selected from
alkyl, alkenyl, alkynyl, optionally substituted alkyl,
‘optiona]_.-ly substitiztéd alkenyl, -C(O)Ra or -S(0):Rs,
_ ~ where Ry is selected from optionally substituted
25 alkyl and optionally substituted alkenyl.

8. A compound as claimed in any one of claims 1 to
7 wherein X, is -NR¢R;', R4 is optionally substituted acyl
and Ry' is hydrogemn. = ‘ '

30 .
9. A compound as claimed in claim 8 wherein R; is
acyl. '
35 | o
- 10. . A compound as claimed in any one of claims 1 to 9

wherein X; denotes. CH;YRy, CHYR'7CH2YR7 or CHYR;CHYR;CH,YR;,
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where Y is O, S, or NR;', and successive Y
mo;etles in an Xs group are the same or different,’

where the substituent YR, is =0, =N-OR;, or =CHR,,
or ’ ' N

‘where two adjacent YR; groups together form part
of a ring structure which optiocnally includes at least one
hetercatom selected from O, 8 and N and is optzonally
substituted, in particular, an epoxide, aziridine, 5 or 6
membered cyclic ether group, . -

and R; and R;' are. 1ndependent1y selected from
hydrogen, optionally‘subst;tuted acyl, optionally
substituted sulfonyl, -S(0).0H, -P(O) (OH),, optionally

 substituted alkyl, optionally substituted aralkyl,

optionally substituted alkenyl, optionally substituted
aralkyl, and optionally substituted alkenyl.

11. - A compound of general formula (II) which is a

‘gelective inhibitor of influenza A virus group 1

slalidases:

where1n X1, X2, X3, X, and X; are as deflned in any one of
claxms 1 to 10.
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12. a compound of general formula (IiI) which is a
selective 1nh1b1tor of influenza A virus group 1
sial;dases°

wherein X, Xa, Xas and X, are as defined in any one of

claims 1 to 10,

one of X; and X,' is -hydrogen,

one of X3 and X3' is hydrogen,

one of'Xg and X,' is hydrogen,-énd

er Xqt, ZXs, Xg‘) X,, and x9"aré the same or
different, and are selected from H, OR;, NR;R;', SR;, or
optionally substituted triazole, or

‘together Xy and X,', Xg and X', or X, and X;' form
=0, or =N-ORj. ’ ‘

13. A compound. selected from the group consisting of:

- methyl 5-acetamido44 7, 8,9-tetra-0O-acetyl-2,6-
anhydro-3,5- dideoxy 3- c-(prop 2'-enyl) -p- glycero-p-galacto-
non-2-enonate, 4

5-acetamido-2,6- anhydro -3,5-dideoxy-3-C- (prop 21 -
enyi)-n glycero-p-galacto-non-2-en-onic. acid,
methyl S5-acetamido-4,7,8,9- tetra-O- acetyl -2,6-
anhydro-3, 5-dideoxy-3-C- (4, 4- -dimethylpent- 2'-eny1)-n—
glycero p-galacto-non-2- enonate, ‘
~ 5-acetamido-2, 6-anhydro-3, 5 dldeoxy 3 Cc-(4,4-
dimethylpent-z'-enyl)-D-glycero-D-galacto-non-2-Qnonlc
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acid, A .

methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
anhydro-3,5-dideoxy-3-C- (3'-cyclohexy1 prop-2"'- enyl) -D-
glycero-pv-galacto-non-2-enonate,

5-acetamido-2, 6 -anhydro- 3 5- dideoxy-3 -C-(3'-
cyclohexyl-prop-2'-enyl) -p-glycero-n-galacto-non-2-enonic
acid, , ’ _ ) v
| methyl S-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
anhydro-3;5-dideoxy-3-c-?3'—phenyl-propfz'?ényl)-n-giycero-
p-galacto-non-2-enonate,

5-acetamido-2, 6- -anhydro-3,5- dideoxy-3-C-(3"'-
phenyl prop-2'-enyl) -p-glycero-p- galacto-non 2-enonic acid,

" methyl S5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-

‘anhyd:o-B,S—dideoxy53-c-[3'-(p-toiyl)-prop-Z'-enyl]-D-

glycero-p-galacto-non-2-enonate (8d, R = 4-CHs;Ph),
' S-acetamido-2, 6-anhydro-3, 5-dideoxy-3-C-[3' - (p-
tolyl) -prop- -2'-enyl] -p- glycero-p-galacto-non-2-enonic acld,
‘ methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-

‘anhydro-3, 5-dideoxy-3-C-[3'- (4-tert-butoxyphenyl) -prop-2"'-

enyl]-n-glycero—n-gglacto-non—z—enonate,

5-acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[3'- (4~
tert- butoxyphenyl) -prop- 2'-enyl] -o- glycero-b-galacto- non- 2-
enonanic acid,

.methyl 5- acetamido 4,7,8,9-tetra-0- acetyl -2,6-
anhydro-3,5-dideoxy-3-C- (3'-naphthy1-prop 2'-enyl) -p-
glycero-p- galacto -non-2-enonate,

5- -acetamido-~2, 6-anhydro-3,5-dideoxy-3-C-(37-
naphth&l-prbp-z'-enyl)-D-leCero-D-galacto-non-z-enonic
acid, _ : ' . '
methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-

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

enyl]-D-glycero-n-galacto-hon-2-enonate,
' 5-acetamido-2, 6-anhydro-3,5-dideoxy-3-C- [4'-(3,4-
dimethoxyphenyl) -but- 2'-eny1]-n-glycero p-galacto- non- 2-
enonic acid,

methyl 5- acetamldo .3-C- (3'-acetoxypropy1)-
4 7.8,9-tetra-0-acetyl-2,6- anhydro -3,5-dideoxy-p-glycero-p-
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galactoénon-z-en-onate,' .
5-acetamido-3-C- (3'-hydroxypropyl) -2, 6-anhydro-

3,Sfdideoxy-D-glycerq-n-galacto-nog-2-endnic acid,

) methyl_5-acetamido-4,7,8;9?tetra-0-acety1—2,6-

anhydro-3,S-dideoxy—3-C-propyl-D-glycero-v-galacto-non-z-.

enonate,.

5- acetamldo 2, 6-anhydro- 3 5- dideoxy 3-C- propyl D-

" glycero-bp- galacto non-z -enonic acld,

10
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30

35 -

2-enonate,

methyl S-acetamido-4,7,8, 9-tetra-o-acety1-2 6—
anhydro -3,5- dldeoxy -3-C-propenyl-p- glycero D galacto-non-2-
enonate, _ .

methyl 5—acetamidof2,6+anhydro-3,5-dide0xy-3-c-
(prop-2'-enyl) -p-glycero-p-galacto-non-2-enonate ,

' methyl S5-acetamido-2,6-anhydro-3,5-dideoxy-8,9-0-
isoprppylidene-B-C-(prop-2'-eny1)-D-glycero-D-galagto-non?

~

methyl 5-acetamido-2, 6-anhydro-3, 5-dideoxy-4-0-

‘ethyl-8,9- o- lsopropylldene -3-C-(prop-2'-enyl) -p- glycero D-

galacto-non-2- -enonate, _
methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-4-0-
ethyl-8, 9-o-isopropy1ideneé3-c-(prop¥2'-enyl)-D-glycerb-h—
galacto non-2- -enonate, '
5-acetamido-2, 6-anhydro-3,5-dideoxy-4-0- ethyl 3—
C- (prop-2'-~-enyl) -p-glycero-bp-galacto-non- 2.enonlc acid,
| '~ 2-methyl- (methyl 7,8,9-tri-O-acetyl-2,6-anhydro-

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

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

methyl 5- acetamldo 7,8,9-tri-oO- acetyl -2,6~
anhydro- -4-azido-3-C- {prop- 2'—eny1) -3,4,5- tr:deoxy D-
glycero D- galacto-non-2- enonate,

methyl 5-acetamido-4,7,8,9-tetra-O- acetyl -2,6-

anhydro-3,5-dideoxy-3-0-ethyl-p-glycero-p-galacto-non-2-

enonate, - S : : '
5-acetamido-2,6-anhydro-3,5-dideoxy-3-0-ethyl-p-
glycero p-galacto-non-2-enonic acxd

methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
aphydro-3 5- d;deoxy-3 -0-(2'-azidoethyl) -p-glycero-p-
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galacto-non-2-enonate, and
methyl S-acetamido-4,7, 8 9-tetra-0O-acetyl-2,6-

.anhydro—B,S-dldeoxy-3-O-[2'-(4'-1sobuty1-

[1",2",3"]triazol-1"-yl)ethyl) -p-glycero-p-galacto-non-2-
enonate.

14. A compound which is a multivalent preéentation of
any one or compounds as claimed in any one of claxms 1 to

13 comprlslng a plurality of said compounds bound through

a linker to a multlvalent_tqmplate.

15. A pharmaceutical composition comprising a
compound of as claimed in any one of clalms 1 to 14 and a
pharmaceut;cally acceptable carrler.

16. A method of preventing or treating influenza in a
subject comprising administering to said subject a

compound as claimed in any one of claims 1 to 14.

17. : Use of .a compound as claimed in any one of claims

1 to 14 in the manufacture of a medicament for the
- prevention or treatment of influenza.

i8. ' Use of a compound as claimed in any one of claims

'l to 14 in the prevention or treatment of 1nf1uenza.

1s8. ' A method of preparing a compound of general
formula (I) as claimed in any one of claims 1 to 10,
comprising the steps of:
1) providing a compound of general formula (IV),
wherein: v '
X;, X3, X, and X5 are as defined in any one of claims 1 -
to 10, . ' '
and may be protected by protecting groups,
Xs is X;, or a funcfional group that cén be modified
to form X,, where X; can be selected from, but is not
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limited to, CHO, CN, CHO0R', thiazole, and
and Z is a group that can be activated to enable

, ,
X5 O %q
YT
5 ' : To(IVv)

beta- elimination;

2) eliminating H-Z from the compound of general formula

(IV) ;

_ 3) converting Xs to X; when it is other than X;;

10 4)optiqna11y fgnctionalizing X3, X2, X3, X3 and/or Xs;
and -

5) optionally deprotecting X;, X:, X, X; and/or Xs.

~

15 . ' o7
20. . A method as claimed in claim 19 wherein:
Z is a halide and elimination is achieved under
basic condltlons, or
_ Z is a halide and elimination 18 achieved in the
20 presence of a heavy metal reagent; or
Z is acyloxy and ellmlnatlon is achieved under
Lew1s ac1d1c condltlons- or
. 'Z is alkoxy and elzmznatzon is achzeved under
acetolysis conditions; or
25 .z is phosphite and elimination is achieved under
Lewis acidic conditions.
21. " A method of preparing a compound of general
' formula (I) as claimed in any one of claims 1 to 10, -
comprising the steps of:
30 1) providing a compound>of general formula (V),
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wherein X,, X;, X4 and Xs are as defined and may be
5 protected by protecting groups;

2) int:oducing X; to the compound of general formula (V)
in a direct C-1 1ithiation followed by reaction of
the lithiated "species with EX; wherein E is an
electrophile and X, may be protected with a protecting

10 group; ‘ : f
3) optionally -functionalizing_xl; X;, X3, X, and/or Xs;
4) optionally deprotecting X1, X2, X3, X4 and/or X5.
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