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DERIVATIVES AND ANALOGUES OF 2-DEOXY-2,3-DIDEHYDRO-N-ACETYL
NEURAMINIC ACID AND THEIR USE AS ANTIVIRAL AGENTS

- ABSTRACT

De_rixgtives and analogues of 2-deoxy-2,3-didehydro-N-acetyl neuraminic acid, |
pharmaceutical formulations thereof, method fdr their preparation and their use in

the treatment of viral infections, in patrticular inﬂu‘eriza, are described.
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, "TERIVATIVES AND ANALOGUES OF 2-TEOKY-2,3-DIPEHYDRO-N-ACETYL NEURAMINIC ACID AND THEIR
USE AS ANTIVIRAL AGENTS®.

This ipvention relates to a new class of chemical
compounds and to their use in medicine. 1In pafticular the
invention concerns new 4-substituted-2-deoxy 2,3-didehydro
derivatives of «-D-neuraminic acid, methods for their
preparation, pharmaceutical formulations thereof and their

~use as antiviral agents.

Enzymes' with the ability to cleave N-acetyl
neuraminic acid (NANA), also known as sialic acid, from other
sugars are present in many microorganisms. These include
bacteria such as Vibrio cholerae, Clostridium perfringens,

Streptococcus pneumoniae, and Arthrobacter gialophilus, and
viruses such as influenza virus, parainfluenza virus, mumps

virus, Newcastle disease virus, fowl plague virus, and Sendai
virus. Most of these viruses are of the orthomyxovirus or
paramyxovirus groups, and carry a neuraminidase activity on
the surface of Lhe virus particles.

Many of the neuraminidase-possessing organ;sms are
major pathogens of man and/or animals, and some, such as
influenza virus, Newcastle disease virus, and fowl plague
virus, cause diseases of enormous economic importance.

It has long been thought that inhibitors of
neuraminidase activity might prevent infection by
neuraminidase~bearing viruses. Most of the known
neuraminidase inhibitors are analogues of neuraminic acid,
such as 2-deoxy-2,3-didehydro-N-acetylneuraminic acid (DANA)
and its derivatives. See, e.g., Meindl et a2l., Virology 1974
58 457/;3. The most active of these is 2-deoxy-2,3-dehydro-
N-trifluorcacetyl~neuraminic acid (FANA), which inhibits
multi-cycle replication of influenza and parainfluenza

viruses in vitro. See Palese et al., Virology 1974 59 490-
488. ‘

a nmeer of 2-deoxy-2, }-didehydro-N-acetyl-
neuraminic acid derivatives are known in the art. See for
example P. Meindl et al., Vixology, 58, 457-463 (1974); P.
Meindl and H. Tuppy, Mh. Chem, 100 (4), 1295-1306 (1969);: M.
Flashner ¢t al., Carbohydrate Research, 103, 281-285 (1982);

E. Zbiral et al.., Liebigs Ann Chem, 159-165 (1989): T. Ogawa
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produce the P-anomer of 2-deoxy-N-acetylneuraminic acid.
This Pf-anomer did not inhibit Vibrio gholerae neuraminidase.
4 The most potent in vitro inhibitors of viral
neuraminidase have thus been identified as compounds that are
S based on the neuraminic acid framework, and these are thought
by some ﬁo be transition-state analogues. Miller et al.,
' Biochem. Biophys. Res. Comm. 1978 g; 1479. But while many of
the aforemeﬁqipned neuraminic acid analogues are competitive .
inhibitors of neuraminidases, to date, none has been reported '
10 as showing anti-viral activity in vive. For e#ample, _
although a half-planar, unsaturated 6-member ring system has
been asserted to be important for inhibitory activity, see
Dernick et al. in ANTIVIRAL CHEMOTHERAPY (K. K. Gauri ed.)
Academic Press, 1981, at pages 327—336, some compounds
15 characterized by such a system, notably FANA, have been
reported not to possess in vivo anti-viral activity. See
- Palese and Schulman in CHEMOPROPHYLAXIS AND VIRUS INFECTION
OF TH&UPPER RESPIRATORY TRACT, Vol. 1 (J. S. Oxford ed.» CRC

~Press, 1977, at pages 189-20S5.

20 We have now found novel 4-substituted 2-deoxy«2,3-

didehydro derxivatives of «-0O-neuraminic acid which are active

in vivo.
'The‘invencion therefore provides in a first aspect
compounds of formula (I) or formula (la) . 4
th
5& A R,
* 3
_./- (1.3
- RY ™
s R' R'\
R,3

25 where in general formula (I), A is oxygen, carbon or sulphur,

and in general formula (Ia), A 1s nitrogen or carbon;
é
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R! denotes COOH, P(O) (OH),, NO,, SOOH, SO.H,
tetrazol, CH,CHO, CHO or CH(CHO),, '
" R® denotes H, ORS, ¥, Cl, Br, CN, NHRS, SRS or
CH,X, wherein X is NHRS, halogen or ORS and
RS is hydrogen; an acyl group having 1 to 4
carbon atoms; a linear or cyclic alkyl group having 1 to 6
carbon atoms, or a halogen-substituted analogue thereof; an
al}Yl group or an unsubstituted aryl gorup or an aryl
substituted by a halogen, an OH group, an NO, group, an Nﬂz
group or a COOH group,
% and R* are the same or different, and each
denotes hydrogen, CN, NHR®, N;, 8RS, =N-OR®, guanidino,
4 . . | .
N-® , m§ , N - 0 , -NH-N-R !

l L1

Rﬁ RG R6

i

oR® ‘
' CH;—
N '

=¥

R* denotes NHR®, SRS, OR®, COORS, NO,, C(RS),,

-@f,Co0RE, CH,NO, or CH,NHRS, and

R’ denotes CH,YRS, CHYRSCH,YRS or CHYRSCHYRSCH,YRS,
where Y is O, S, NH or H, and successive Y moieties in an
R’ group are the same or different,

and pharmaceutically acceptable salts or
derivatiVes thereof.

In both these formulae R!, R?, R’ and ®*, R', ®°
and R® are subject to the provisos that in gernal formula
(n),

(i) when R? or R is OR® or hydrogen, and A is
oxygen ox sﬁlphur, then said compound cannot have hoth

(a) an R? that is hydrcge.n and

(b) an R* that is O-acyl or NH-acyl, and
(1i) RS represents a covalent bond when Y is
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(i) when R3 or f3' is or® or hydrogen, and A is
nitrogen, then said compound cannot have both
tay an R? thac is hydrogen, and
{by an RY that 18 NH-acyl, and
t1ir RS represents a covalent bond vhen Y ais
hydrogen. = *

In a8 preferred embodiment, the compound has general
formula (11}

HO oy
Z

l(‘.'

()

I
'// CF&CIlbﬂ%“

Rl 1s coon. r? .s
hydrogen, RY¢is acetamido, and R® is -CHOM.CHOH.CH,O¥, and R>
is hydrogen or RJ', wvhere g3’
-n.RB RY;

1.e. in general formula (I) above,

denotces ~Ny, -CN, ‘CHZNHZ' or

Ra and Rg.are the same or differenc, ana each
denotes hydrogen, & linear or cyclic alkyl group of 1 to &

carbon atoms, an acyl or subsctitued acyl group of 1}

Lo 6
carbon atoms, -C. (NH!.NHz, ~CH,.COOH,

~CH2CH2-0H or

R0 ang R11 may be the same@ or differeny, and each
denotes oxygen or RIZN-, and
7 R!2 genotes hydrogen, -On.

-OCH 4, -NH:,-OC
cCH3)éN-.

wWe have founa.& particulac subclass o: compounds of

{Lr which are unexneccediy more active inan their
corresponding 4 -hydroxy anaiogues.

formula

Thus 1n & pertaculercly preferred aspec: the

wnvention pcovides compounds of formula (ib»
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.v// wherein R3P is talk)xNRsbR7b, CN or Ny

'where alk is unsubstituted or substituted
methylene, .

x is 0 or 1 _

'RSb is hydrogen, C;_galkyl (e.g. methyl, ethyl),
aryl (e.g. phenyl), aralkyl (e.g. phenC;_galkyl such as
benzyl), amidine, NR7bR3b, Or an unsaturated or saturated
ring containing one or more hetercatoms (such as nitrogen,
oxygen or sulphur),

. R7b is hydrogen, C;_calkyl (e.g. methyl, ethyl:, or
allyl, ox NR5bR7b forms an optionally substituted 5 or 6
membered ring optionally containing one or more additional
heteroatoms (such as nitrogen, oxygen or sulphur:, 8D is
hydrogen or C;_galkyl, and
, RIP is NHCOR'P where RID is hydrogen, substituted
or upsubstituted Cy_galkyl or aryl,

' and pharmaceutically acceptable salts of the
caompounds of formula <(Ib) and their pharmaceutically
acceptable derivatives.

In the compounds of formula (Yb) the substituents
(for exaﬁplg-the group Rs_in the substituent R>; may
themselves bear substituents conventionally associated in the
art of pharmaceutical chemistry with such substituents..

Preferably rR? is Na6R7, in particular NH, or
guanidino. _

f Preferably R? s NHCOR® where R? ig methy! or
halogen substituted methyl (e.g. FCHy, FoCH-, FiCo.

_ i References herein to preferred definitions of
groups in compounds of formula (1) apply mutatis mutand:s to
the corresponding groups in forxrmulae (la), ¢(Ib) and (1]).

4 ' Cy.42lkyl as used herein includes both straight

chain te.g. methyl, ethyl) and branched chain te.q.
_LaeLn 'e-9. me

—_—
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where alk is unsubstituted or substituted
methylene,

x is Q or 1

RSb is hydrogen, C;_galkyl (e.qg. methyl, ethyl),
aryl (e.qg. phenyl), aralkyl (e.g. phencl_4alky1'such as
or an unsaturated or saturated
ring. containing one Or more hetercatoms (such as nitrogen,
oxygen or sulphuz),

R'D is hydrogen, Cl galkyl (e.q. methyl, ethyl), or
allyl, or NRSPR7P forms an optionally substituted 5 or 6
membered rind optionally containing one or more additional
hetercatoms (such as nitrogen, oxygen or sulphur:t, REP s
hydrogen or C,_galkyl, and

riP s NHCORgb where R ;s hydrogen, substituted
or unsubstxtuted Cy- 4a1kyl or aryl,

and pharmaceut;cally acceptable salts of the
compounds of formula (Ib) and theix pharmaceutically
acceptable derivatives. -

In the compounds of formula (Ib) the suybstituencts
(for axample the group R in the substituent R3) may

— _.._l‘//
WO 91716320 PCY/AU91/00161
-6 - .
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. whezein R3P is (alk), NRSPR'®, CN or N,

thepselves bear substituents conventionally associated in the

art of pharmaceutical chemistry with such substituents..
Preferably R is NRGRT,
guanidino.

_ preferably R? is NHCOR® where R? is methy! or
halogen suhstituted methyl (e.g. FCH,, F,CH-, F4Ch.

in particular NH; or

References herein to preferred definitions of
groups in compounds of formula (I) apply mutatis mutandis co
the corresponding groups in formulae (la)y,

(Ib) and (Il}.
Ci.481ky} as used herein includes both straight

chain (e.q. methyl, ethyl) and branched chain (e.g.

@o12
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‘By pharmaceutically acceptable derivative is
meant any pharmaceutically acceptable estexr or salt of such
ester of the compounds of formula (I) or any other <¢ompound
which upon administration to the recipient is capable of
providing (directly or indirectly) a compound of formula (I}
or an antivirally active metabolite or residue thereof.

It will be appreciated by those skilled in the art
that the cémpgunds of formula (I) may be modified to provide
pharmaceutically acceptable derivatives thereof at any of the
functional groups in the compounds. Of ﬁarticular'interest
as such derivatives are compounds modified at the C-1

- carboxyl function, the C-7 or C-% hydroxyl functions, OI at

amino groups. Thus compounds of interest include Cy_qalkyl
(such as methyl, ethyl or propyl e.g. iSOpropyi) or aryl
(e.g. phenyl, benzoyl) esters of the compounds of formula
(I),‘C-1 or C-9 esters of compounds of formula-(I) such as
acetyl esters thereof, C-7 or C-9 ethers such as phenyl
ethg;s, benzyl ethers, p-tolyl ethers, and acylated amino
derivatives such as formyl, acetamido.

It will be appreciated by those skilled in the
art that the pharmaceutically acceptable derivatives of the

compounds of formula (I) may be derivatised at more than one

position.

pharmaceutically acceptable salts of the compounds
of fornmula (X) include those derived from pharmaceutxcally
acceptablg, lnorganxc and organic acids and bases. Examples
of suitable acids include hydrochloric, hydrobromic;
sulphuric, nitric, perchloric, fumarxic, maleic, phosphoric,
glycollic, lactic, salicylic, succinic, toluene-p-sulphonic,
tartaric, acetic, citric, methanesulphonic, formic, benzoic,

. malonic, naphthalene-2-sulphonic and benzenesulphonic acids.

Other acids such as oxalic, while not in themselves
pharmaceutically acceptable, may be useful in the preparation
or/;alts useful as intermediates in obtaining compounds of

the invention and their pharmaceutically acceptable acid
addition salts.

—-—u-~h_~___§3£35 derived from appropriate bases include alkali
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metal (e.g. sodium), alkaline eaxrth metal (e.g.
magnesium), ammonium and NRZ (where R is C;, 4alkyl) salts.

.. References hereinafter to a compound of the _
invention include the compounds of formula (1) and i
pharmaceutically acceptable salts and derivatives thereof.

Particularly preferred compounds of the invention
include :- '

_ 5-Acetamido-4-amino-2,3,4,5-tetradeoxy-D-glycero-p-
galaeté;hon-2—enopy:anosonic acid talso known as 5-
(acetylamino)-4-amino-2,G-anhydro—B,4,S-trideoxy—g—glxgg;g-g-
galacto-non-2-enoic acid), salts thereof including the sodium
salt and 5-Acetamido-4-guanidino-2,3,4,5~-tetradeoxy-D-
glycero~-D-galacto-non-2-enopyranosonic acid (also known as 5-
(Acetylamino»-2,6-anhydro-4-guanidino-3,4,5-trideoxy-D-
glycero-D-galacto-non-2-enoic acid) and salts thereof,
including the ammonium salt.

The compounds of formula (I} possess antiviral
activity. In particular these compounds are inhibitors of
viral neuraminidase of orthomyxoviruses and paramyxoviruses
for example the viral neuraminidase of influenza A and B,
parainfluenza, mumps, and Newcastle disease, fowl plague and
Sendai virus. _ :

There is thus provided in a further aspect of the
ion a compound of formula (I) or a pharmaceutically
acceptable salt or derivative thereof for use as an active
therapeutic agent, in particular as an antiviral agent, for

example in the treatment of orthomyxovirus and paramyxovirus
infections.

inve

Ig a further or alternative aspeét there is |
provided a method for the treatment of a viral infection, for :
example orthomyxovirus and paramyxovirus infections in a
mamma 1 including man, comprising the step of administering to
said mammal an effective amount of a compOund of formula (I}

ox a pharmaceutically acceptable salt or derivative thereof. N
: There is also provided in a further or alternative
aspect use of a compound of the invention for the manufacture

- of a medicament for the treatment of a viral infection.

It will be appreciated by those skilled in the art

e
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that reference herein to treatment extends to prophylaxis as
well as the treatment of established infections or symptoms.
It will be furthex appreciated that the amount of a
compound of the invention required for use in treatment will
vary not only with the particular compound selected but also
with the route of administration, the nature of the
condition being treated and the age and condition of the

‘patient, and will ultimately be at the discretion of the

attendant physician or veterinarian. In general however, a
suitable dose will be in the range of from about 0.01 to
750mg/kg of bodyweight per day preferably in the range of
0.1 to 100 mgs/kgsday, most pxeferably in the range of 0.5 to
25 mg/kgrday.

In particular we have found that the etfect;ve

‘doses of the compounds tested are related to their jin vitrxo

poteié&. Thus DANA (which has ICgy plaque reduction of
5pg/ml) has been found to be effective at doses of between 1
and 10mg/kg per treatment. The corresponding methyl estex of
DANA (ICgq 50-100pg/ml)y is effective at proportionally higher
dose.

Tréatment is preferably commenced before or at the
time of infection and continued until virus is no longer

present in the respiratory tract. However the compounds are

also effective when given post-infection, for exaﬁple after
the appearance of established symptoms.

Suitably treatment is given 1-4 times daily and

continued for 3-7, e.g. 5 days post infection depending upon

the particular compound used.

The desired dose may be presented in a single dose or
as divided doses administered at appropriate intervals, for
examﬁie as two, three, four or more sub-doses per day.

The compound is conveniently administered in unit

- dosage from for example containing 10 to 1500mg, conveniently

20 to 1000mg, most conveniently 50 to 700mg of active
ingredient per unit dosage form. )

while it is possible that, for use in therapy., a
compound of the invention may be administered as the raw

chemical, it is preferable to present the active ingredient

[o1s
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as a pharmaceutical formulation.
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The inventicn thus further provides a
pharmaceutical formulation comprising a compound of the
formula (I) or formula (ia), but not subject to the proviso -
5 thereto, or a pharmaceutically acceptable salt or derivative
theredf together with a pharmaceutically acceptable carriex
therefor.

Y

The carrier must be ‘acceptable’ in the %ensg of
being éompatible with the other ingredients of the
10 formulation and not deleterious to the recipient thereof.

The pharmaceutical formulations may be in the \
form of conventional formulations for the intended mode of
administration. |

For intranasal administration according to the
method of the invention the neuraminidase inhibitors may be

administered by any of the methods and formulations employed
in the art for intranasal administration.

15

Thus in general the compounds may be administered
in the forxm of a solution or a suspension or as a dry powder.
20 Solutions and suspensions will generally be
' aquepus, for example prepared from water alone (for example
sterile or pyrogen-free water), or water and a _
physiologically acceptable co-solvent {for example ethanol,
propylene glycol, and polyethyléne glycols such as PEG 400:.
' Such solutions or suspensions may additionally
contain oth;r excipients for example preservatives (such as
benzalkonium chloride), solubilising agents/surfactants such
as polysorbates (e.g. Tween 80, Span 80, benzalkonium
chloride), buffering agents, isotonicity-adjusting agents
{for example sodium chloride), absorption enhancers and
viscosity enhancers.

25

o~

30

Suspensions may additionally contain
suspending agents (for example microcrystalline cellulose,
carboxymethyl cellulose sodium). |

Solutions or suspensions are applied directly to
the nasal cavity by conventional means, for exgmplé with a
dfgpper, pipette or spray.
in single or multidose form. 1In the latter case a means of
dose metering is desirably provided. 1In the case of a

33

The formulations may be provided
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dropper or pipette this may be achieved by the patient
administering an appropriate, predetermined volume of the

solution or suspension. In the case of a spray this may be

achieved for example by means of a metering atomising spray
punp. '

Intranasal administration may also be achieved by
means of an aerosol formulation in which the compound is
provided in a pressurised pack with a suitable propellant
such as a chlorofluorocarbon’ (CFC), for ekample dichloxodi-
fluoromethane, trichloxofluoromethane or dichlprotetrafluro-
roethane, carbon dioxide or other suitable gas. The aerosol
may conveniently also contain a surfactant such as lecithin.
The~dgse 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 éxample'a powder mix of the
compound'in_a suitable powder base such as lactose, starch,
starch deriviatives such as hydroxypropylmethyl cellulose
and polyvinylpyrrolidine (PVP}. Conveniently the powder
carrier will form a gel in the nasal cavity. The powder
composition may be presented in unit dose form, for example
in capsules or cartridges of e.g. gelatin ox blister packs
from which the powder may be administered by means of an
inhaler. '

In the intranasal formulations the compound will

'generafly have a small particle size, for example of the

order of 5 microns or less. Such a particle size may be
obpained' by means known in the art, for example by
micronisation.

~ When desired the formulations may be adapted to
give sustained release of the active ingredient. The
compounds of the invention may also be used in combination
with other cherapeutic 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 anothex

@o17
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therapeu;;cally active agent, in particular an antiviral
agent. _
_ The combinations referred to above may conveniently
. be p;égented for use in the form of a pharmaceutical i
3 formulation and thus such formulations comprising a ,
' . combination as defined above together with a i
pharmaceutically écceptable carrier therefor comprise a
further aspect of the invention.
Suicable the:apeutlc agents for use in such
10 combinations include other anti-infective agents, in
particular anti-bacterial and anti-viral agents such as those
used to treat respiratory infections. For example, other
compounds effective against influenza viruses, such as
amantadine, rimantadine and ribavirin, may be included in
15 such combinations. _
The individual components 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 employed when each compound is used alone.
Appropriate doses will be readily appreciated by those
skilled in the art. '
25 The compound of formula (I) and its &
. pharmaceutically acceptable salts and derivatives may be
prepared by any method known in the arxrt for the preparation
of compounds of analogous structure. . '

20

In one such process (A) a compound of formula (III)

R: Ol

(i

Ele
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wherein R? is as defined in formula (I), and L is a leaving
group (for example a sulphonic acid residue such as tosyl,
mesyl, trifluoromesyl) or a protected derivative thereof is
reacted with the appropriate nucleophile, for example azide,
cyanide, an appropriate carbanion, or thiocacetate.

The compounds of forxmula (IXI) may be obtained
from the corresponding compounds of formula (IV)

(1V)

by inversion,of the 4-OH group by methods known in the art,
for example by reaction with a Lewis acid (such as BF 3
etherate) followed by hydrolysis. The compounds of formula
(IV) are either known in the art or may be obtained by
methods analogous to those for preparing the known compounds.

In a second method (B) the compounds of formula (I)
may be prepared from other compounds of formula (I) by

interconversion. Thus compounds of formula (1) wherein R

is NH, or CHyNH, may be prepared by reduction of the
corresponding azido or cyano analogues respectively.

Compounds wherein rR3 is NH alkyl or guanidino may
be prepared by derxrivatisation cof the corresponding compound

wherein R? is NH,. _

Compounds of formula I where r! is CooOH may be
prepared by hydrolysis of the corresponding ester under
either acidic or basic conditions, for example at pH 11-12
(using a base such as sodium or ammonium hydrox;de), or at pH
2-3 (using an acid such as sulphuric acid:.

| As will be appreciated by those skilled in the art,
it may be necessary or desirable at any stage in the above
described processes to protect one or more ‘sengitive groups
in the molecule to prevent undesirable side reactions; the

protecting group may be removed at any convenient subsequent
stage in the reaction sequence.
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The protecting groups used in the preparation of
compoupds of formula (I) may be used in conventional manner.
See for example ‘Protective Groups in Organic Chemistry’ Ed.
J. F. W. McOmie (Plenum Press 1973) or ‘Protective Groups in
Organic Synthesis’ by Theodora W Greene (John Wiley and Sons
1981y, '

Convent;onal amino protecting groups may include
for example aralkyl groups, such as benzyl, diphenylmethyl or
triphenylmethyl groups; and acyl groups such as N-benzyloxy-
carbonyl or t-butoxycarbonyl. Thus, compounds of general
formula (I) wherein one or beth of the groups R? and r3
represerit hydrogen may be prepared by deprotection of a
corresponding protected compound.

Hydroxy groups may be protected, for example, by
aralkyl groups, such as benzyl, diphenylmethyl or
triphenylmethyl) groups, acyl groups, such as acetyl; silicon
protecting groups, such as tximethylsilyl groups: or as
tet¥ahydropyran derivatives.

Removal of any protecting groups present may be
achieved by conventional procedures. Thus an aralkyl group,
such as benzyl, may be cleaved by hydrogenolysis in the
presenéé of a catalyst (e.g. palladium on charcocal); an acyl
group such 4s N-benzyloxycarbonyl, may be removed by
hydrolysis with, for example, hydrogen bromide in acetic acxd
or by reduction, for example by catalytic hydrogenation;
sil;con protecting groups may be removed; for example, by
treatment with fluoride ion; tetrahydropyran'groups may be
cleaved by hydrolysis under acidic conditions.

Where it is desired to isolate a compound of the
invention as a s2lt, for example as an acid addition salc,

' this may be achieved by treating the free base of general
formula (I) with an appropriate acid, preferably with an
equ{valent amount, or with creatinine sulphate in a suitable
solvent (e.g. agueous ethanol).

The present invention is further described by the
-following examples, which are for illustrative purposes only,
and should not be construed as a limitation of the invention.
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General gethogglogies BRI

The following general methods arxe applizcable to
the synthesis of compounds of the invention.

Deacetylation

, ~ Treatment of the acetylated material with Amberlite
IRA—¢O6’<OH‘) with stirring, for a period of time, generally
2-3 h, at room temperature results in complete de-D-
acetylation. The resin is filtered off and the filtrate
concentrated to dryness to afford the desired de-O-
acetylation material.

Those skilled in the art would recognise that other

Etandard procedures are available for the complete de-0-
acetylation of the same matexial, such as treatment with
sodium methoxide in methancl.

Deesterifzcatxon

The completely de-0-~acetylated materxal is taken up
in agueous sodium hydroxide and stirred at room temperature
for a pétiod of time, generally 2-3 h. The mixture is then
adjusted to pH 7.0-7.5 with Dowex S0w X 8 (H*) resin.
FiltprAtion followed by freeze-drying of the filtrate affords
the desired deesterified material.

Those skilled in the art would readily be able to
identify several alternative options for the deesterification
of the same material such as acid hydrolysis, alternative
base hydrolyses e.g. ammonium hydroxide, potassium hydroxide.

Intermediate compounds referred to in Examples 1 to
15 are identified as follows:

. COMPOUND 2 _ _
Methyl 5-acetamido-7,8,9-tri-O-acetyl-2,3,5-trideoxy-D-
glycero-D-talo-non-2-enopyranosonate (4-epi-
Neu5,7,8,9Ac, 2enlMe) .

_—
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Methyl 5-acetamido-7,8,9-tri-O-acetyl-4-azido-2,3,5~ trxdery-
D-glycero-D-galacto~non-~2-encpyranosonate (4-azidc-
Neu5,7,8,9Acy2enlMe)

COMPOUND 5 ¢

Methyl 5-acetamido-7,8,9-tri-O-acetyl-4-amino-2,3,4,5-
tetradeoxy-D-glycero~D-galacto-non-2-enopyranosonate (4-
amino-Neu3,7,8,9Ac 2enlkMe)

coMPOUND 8

Methyl -S-acetamido-7,8,9-tri-0O-acetyl-4-N,N-diallylamino-
2,3,4,5-tetradeoxy-D-glycero-D~galacto-non-2-encpyranoscnate
(4-N,N-diallylamino-Neu5,7,8,9Acs2eniMe)

COMPOUND_10

Methyl S-acetamido-7,8,9-tri-O-acetyl-4-N-allylamino-
2,3P9{5-tetradeoxy—Q—glycero-g—galacto—non-2-enopyranosonate
(4-N-allylamino~Neu5,7,8,9Ac 2enlMe)

COMPOUND 12 |

Methyl S5-acetamido-7,8,9-tri-0O-acetyl-4-~amino-2,3,4,5~
tetradeoxy—n-glycero ~D-talo-non-2-enopyranosonate (4-epi-4-
aminoNeu$ ' T8, 9Ac42enlue)

COMPOUND 13 :

Methyl 7,8,9-tri-O-acetyl-2,3,5-trideoxy-4',5’~-dihydro-2-
methyloxazolo {5,4~d) D-glycero-D-talo- non-z—enopyranosonate
(4~epi 4 S5-oxazaloNeu7,8,9Acy2enlMe)

gogpognn 15

Methyl S-acetamido-~7,8,9-tri-O-acetyl-4-azido-2,3,4.,5-
tetradeoxy-n—g1ycero-D—talo-non 2-enopyranosonate (4-ep;—
- azidoNeu$,7,8,9Ac, 2enlMe)

COMPOUND 16 _ .

Mggpyl 5-acetamido-4-azido-2,3,4,5-tetradeoxy-D~-glycero-D
talo-non-2-enopyranosonate (4-epi-azidoNeuSAc2enliMe)
COMPOUND 18 _

Methyl 5~aceramido-7,8,9- trL-O-acetyl -4~ N-methylamxno-

2,3,4,5-tetradeoxy- D-glycero D-galacto-non~2-anopyranosonate
(4-N-methylamino-Neu3,7,8,9AcsZenlMe)

mwﬂﬁsBﬂmRTTmai
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COMPOUND_ 19 REPLAGED =~
Methyl S-acetamido-4-N-methylamino-2,3,4,5-~tetra eoxy- Q~
glycero-D-galacto-non-2~enopyranosonate (4 -N-methylamino-
NeuSAcZeniMe) |
COMPOUND_21
Methyl/ S—acetamido-7,8,9-tri-O-acetyl-4-N,N-dimethylamino-
2,3,4,5—tetradery—Q-glycero—g—galacto-non-2enopyranosonate
(4-N,N-dimethylamino-Neu5,7,8,9Acs2enlMe)

COMPOUND 22 |

Methyl S-acetamido-4-N,N-dimethylamino-2,3,4,5-tetrxadeoxy-D-
glycero-D-galacto-non-2-enopyranosonate (4-N,N-
dimethylaminoNeuSAc2enlMe)

COMPOUND 24

Methyl 5-acetamido-7,8,9-tri-0O-acetyl-~4-N-

_methoxycarbonylmethylamino-2,3,4,5-tetradeoxy-D-glycero-D-
galacto;non-z-enopyranosonate (4~N-
methoxycarbonylmethylaminoNeu$s,7,8,9Ac 2enlMe)

COMPOUND 25

Methyl ‘5-acetamido-4-N-methoxycarbonylmethylamino-2,3,4,5-
tetradeoxy-D-glycero-D-galacto-non~2-enopyranosonate (4-N-
mét&ngcarbonylmethylaminoNeuSAc2en1Me)

COMPQUND 27 | :

Methyl 5-acetamido-7,8,9-tri-O-acetyl-4-N-2/-
hydroxyethylamino-2,3,4,S—tetradeoxy-g-glycero-g-galacto—ﬁon-
2~-enopyrancosonate (4-N-2’-hydroxyethylaminoueu5,7,8,9-
Acg2enlMe)

COMPOUND 28 |

Methyl S-acetamido-4-N-2/-hydroxyethylamino-2,3,4,5~-

_ tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate (4-N-27-

hydroxyethylaminoNeus,7,8,9Ac, 2enlMe)

COMPOUND 29

Methyl's-acetamido 7,8,9-tri~-0O-acetyl-4~N- é’
'hydroxyethylam;no -2,3,4,5-tetradeoxy-D-glycero-D- galacto non-
.2-enopyranosonace (4-N-~ 2/—hydroxyethylamxnoNeuSAc2en1Me)
COMPOUND 3D

3-Egpxy-g-glycero-g-galacto-2—nonulopyranosonic acid (KDN)

\
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COMPOUND 31 REPLACES

Methyl 3-Deoxy-D-glycero-D-galacto-2-nonu lopyranosonate = o i
(KDN1Me)

COMPOUND 32

Methyl (4,5,7,8,9-penta-q-acety1-2,3-dideoxy—g-glycero-ﬂ—g-
galacto-2-nonulopyranosy1'chlorid)ohate
(KDN4,5,7,8,9Acg2BC11Me)

COMPOUND_33

Methyi 4,5,7,B,9—penta—0—aCety1—2,3-dideoxy—g-qucero-g—
galacto-non-2-enopyranosonate (KDN4,5,7,8,9Acg2enlMe)
COMPOUND 34

Methyl 2,3-dideoxy—g-glycero-g-galacto-non-2—enopyranosonace
(KDN2enlMe) |
COMPOUND_36

Hydrazinium 4,5-diamino—2.3,4,S-tetradeoxy-g-glycero-g-
galactoenon—z-enopyranosonate (Hydrazinium 4,5-diaminoNeu2en)
coMpoynn 37 ° '
4,S—diamino-z,3,4,5-tetradeoxy—g-glycero-g—galacto—non-zf
enopyranosonic acid (4,5-diaminoNeu2en)

Example. 1 The preparation of Sodium 5-Acetamido-4-azido-

,2,3,4,5—tetradeoxy-g-g;xcero—g—ga;acto-non-2-
enopyranoscnate (4-Azido-NeuSAc2en) (4)

The overall reaction scheme is as followé:

_Ac-o/J“‘o Ac  HC. 1) BRy.BG0 Acy
o

) Ac on HC
/
H,C o’;n‘w ° 2) HOAc/Bihyl Acase/ Hicrr o
¢ '(“ H0 ) ) 2)
' 1) T, Ofpyriding

CH,Q,

¢ 2) NaNyn.Bu,NHS0, / :
DMP L

OH

HO OH o O N NNOMoMOH ¢ O'ACO/\‘ He.
%

7 B
2} OH° LI‘N . 0 '
H

) 3
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Preparation of (2) REPLACET,
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,/’ To an agitated solution of methyl STacetamidos- Y

4,7,8, 9-tetra—o-ace:yl -2,3, S—trxdeoxy-o glycerg-D~galacto-
non-2-enopyranosconate (1) (1500 mg, 3.17 mmol) in & mixture
of benzene (50 ml) and methanol (300 mg) was added dropwise
BF3Et50 (12 ml) over thirty minutes under a nitrogen
atmosphere at,room temperature. The whole mixture was then
allowed to stir at room temperature for 16 hours. The
solution was diluted with ethyl acetate (250 ml), washed
successivély with saturated NaHCO; solution (30 ml x 3) and
water (20 ml x 3), then evaporated to a small volume (about
10 ml), to which was added water (0.5 ml) and acetic acid

(0.5 mly. The wholé mixture was then stirred at room

temparature for two days before being diluted with ethyl
acetéte {200 ml). The ethyl acetate solution was washed with
5% NaHCO; solution (30 ml x 2) and water (20 ml x 3), then
evaporated to dryness. The residue was chromatographed

(silica gel, ethyl acetate as eluting solvent) to afford pure
compound (2} (550 mg, 40%).

l4-nmr (cDC1ly) 8 (ppm); 1.95, 2.06, 2.08, 2.10, 2.35 (s, 15H,
Acetyl CH, x 5, 3.80 (s, 3H, COOCH3), 4.1-4.4 (m, 4H, Hy,
Hs, HG" Hg), 4.82 (dd, 1H, Jg 8 1.8Hz, J9 9 12.3Hz, Hg),
5.27 (m, 1H, Hg), 5.45 (dd, 1H, J7 g 3.5Hz, Hy), 6.15 (d, 1H,
J3,q 5.4Hz, Hy), 6.47 (d, 1H, Jyy 5 8.8Hz, -CONH).

Preparation of (3)

To a stirred solution of compound (2) (800 mg, 1.67.
mmol} in anhydrous dichloromethane (10 ml) and dry pyridine
(316 mg, 4 mmol) at -3Q0° to -40°C, was added dropwise a
solution of rrifluoromethane sulphonic anhydride (Tf,0) (556
mg, 2 mmol) in dichloromethane (2 ml) over 15 minutes. The
reacfion mixture was then stirred at -30° for S hours, and
concentrated to dryness in vacuo. The residue was then
dissolved in dry DMF (5 ml) containing 2 mixture of sodium
azide (650 mg, 10 mmol) and tetrabutylammonium hydrogen
sulphate (170 mg, 0.5 mmol). The reaction mixture was
stirred at %oom temperature for 16 hou;s,xand then evaporated
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to dryness under high vacuum. The residue was partitioned
between dthyl acetate (200 ml) and water (S0 ml). The
organic layer was separated and washed with water (50 ml x
2), dried over Na,S04, evaporated to leave a residue (780
mg), which was subjected to double chromatography (silica
gel, the first solvent system was ethyl acetate/acetone:
8/1; the second solvent system was dichloromethane/water: -
10/LT/%D afford a colourless oil (3) (185 mg, 24%).

MS. (FAB) 457 (M* + 1), 414 (M* -N3. ra120; + 19.1°
(C1,MeOH).ir.(CHCly) cm™! 2100 (N-N3). 1748 (carbonyl). -

amr (CDCly) & (ppm). 2.04, 2.05, 2.06, 2.12, (s, 12H, Acetyl

CHy x 4). 3479 (s, 3H, COOCH3), 3.91 (dad, 1H, Jg ny 8.4Hz, :
Js,4 8.8 Hz, Jg g 9.9Hz, Hg), 4.17 (dd, 1H, Jg.g 6.8Hz, Jg.g, '
12.5Hz, Hg.), 4.42 (dd, 1H, J4 3 2.9Hz, J, 5 8.8Hz, Hy), 4.48

(dd, 1H, Jg 9 2.3Hz, Jg 5 9.9Hz, Hg 4.46 (dd, 1H, Jg g 2.7Hz,

Jg'gr 1..2-5!'12, Hg), 5.31 (m, 1H, Js"} 5.2Hz, Ja'g 2.74z, _
Jg,9¢s 6.8Hz, Hg), 5.45 (ad, 1H, Jg ¢ 2.3Hz, Jq g 5.2Hz, Hy),

5.96 (d, 1H, J3 4 2.9H, H3), 6.13 (d, 1H, Jyy,s 8.4Hz, -CONH)
13¢-me (€DC13> 8 tppm)

© 20.7 (CH3-C0-0-), 23.2 (CH3CO-NH), 48.3 (Cg), 52.6 (COOCH;),
ls?:ﬁ/.(C4}' 6211 (Cg)( 67-7’ 70-9 (C7, CB" 75-9 (Cs)' 107-6

(C3), 145.1 (Cy), 161.5 (Cy), 170.2, 170.3, 170.7, (acetyl
"C=°x4,o )

'P;egaragion of ¢4)
Gompound (3) (50 mg, 0.11 mmol) was dissolved in

. anhydrous methanol (5 ml) containing sodium methoxide (8 mg, i

0.15 mmol:. The. mixture was stirred at room temperature for

2 hours and concentrated to dryness in vacuo. The residue

was taken up in water (3 ml), stirred at room temperature for
1.5 hours, ajusted to pH 6-7 with Dowex 50 x 8 (HK*) resin,

and then lyophilised to afford the title compound (43 (35 mg,
94%).
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i.r. (XBriyem~! 3400 (br.-OH), 2100 (-N3), 171
g pmr (Dzo) & (ppm). 2.06 (5, 3H, acetyl CHq), 3.64 (dd
3. 9!{2‘ 37 8 6 8HZ, H"), 3.88 (dd' 1H J9 8 2.6Hz, Jg 9#

5 11l.8Hz, Hg), 3 94 (m, 1H, 38’7 6.8Hz, Js'g 2.6H=z, J8,9'
6-3“2. Hs)' 4-21 (dq' IHl JS’4 10-4H2' JS;G 8-9“2, HS)' 4-31
(dd, 1H,'J4'3 2.28=z, J4‘5 2.2Hz, J4'5 10.4Hz, H,), 4.34 (dd,
1H, 35 S 8.9Hz, J6,7 3.9Hz, Hs) S.82 (d, 1H, J3’4 2.2Hz, H3).
. ) )

gxamgle'z The preparation of Sodium 5-Acetamido-4-amino-

10 2,3,4,5-tetradeoxy-D-qlycero-D-galacto-non-2-

enopyranosonate (4-amino-NeuSAc2en) (6)

The oﬁerall reaction scheme is as ‘follows:

' AS . Al
Ac O H,C. H dinc Ac Q HYC.
0.\/'\%17/(? ki - 0\%\\0
/ 0 - /
HN 0
Ac N Xgahx
Q) (9
1) NeOMe/McOH OH
2) OH' ' - A“;:NH}N Y/ 0
(6)

Prepa at on of (35)

' Into a solution of methyl S-acetamido-? 8 9-tri-0-

acetyl-4-azido-2,3,4,5-tetradeoxy-D-glycero-D-galacto~non-2-

eno§§ranosonate (3) prepared as in Example 1, (95 mg, 0.208

mmol) in pyridine (6 ml) was bubbled with H,S for 16 hours at

room temperature. The solutjion was then flushed with

nitrogen for 15 minutes, and evaporatéd to remove pyridine

20 undef high vacuum. The residue was chromatographed (silica
gel, ethyleacetatesisopropanol/water = 5/2/)1) to afford a
colourless compound (5) (50 mg, 56%).
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MS. (PAB) 431 (M* + 1), 414 (M* -NHy), (a1%0p 3
MeOH). i.r. (CHCly) cm‘l 3400 (br.NHg), 1740 {carbonyly.

g nmr (CDC1, + CD3OD> & (ppm). 1.96, 2.06, 2.07, 2.10 (s,
121 acetyl CH3 x 4), 3.81 (S, 3H, ~COOCH3), 3.92 (brt, 1H,
35,4 & J5,¢ 108z, Hg), 4.17 «dd, 1H, Jg. g 7.2Hz, Jg' g
12.3351,59.3, 4.22 (br. dd, 2H, J4 5 & Jg, 5 10Hz, J4, 3 & Jg, 9
2.1Hz, H, & Hg), 4.71 (dd, 1H, Jg g 2.6Hz, Jg,g- 12.3Hz, Hy),
5.31 (m, 1H, Jg 7 4.9Hz, Jg,g 2.6Hz, Jg g+ 7.2Hz, Hg), 5.45
d, 1H, Jq,¢ 2.1Hz, J9 g 4.9Hz, Hy), 5.97 (d, 1H, J3,4 2.1Hz,
H3).

13c.nmr (cDCI4 + CD30D) & (ppm)

20.2, 20.3 (CH3~CO-0-), 22.3 (CH3~CO-NH), 48.2 (Cg), 50.4
(Cqd, 52.0 (COOCH3), 52.1 (Cg), 67.8, 71.2 (Cq, Cg),

76.5 (Cg), 112.5 (C3), 143.5 (Cy), 162.0 (Cy1, 170.2, 170.4,
170.8, 172.2 (acetyl -C = 0 x 3).

Preparation of (6)

Compound (5) (SO0 mg, 0.116 mmol) was dissolved in
anhydroﬁs methanol (5 ml) cbntaining sodium methoxide (12.4
mg, 0.23 mmol). The mixture was stirred at room temperature
fo#,zCS'hours and evaporated to dryness in vacuo at 30°C.
The residue was stirred in water {3 ml) at room temperature
until TLC (silica gel, ethyl acetate/methanol/0.1 N HCl =
57/4/1) indicated that hydrolysis was complete. The solution
(pH about 10.5) was then gradually adjusted to around pH 7.5
by Dowex 50,x 8 (H') resin. As soon as the pH of the

solution reached 7.5, the suspension was quickly filtered-by !
2 press filter., The filtrate was lyophilised to afford the
title compound (6) (30 mg, 83%).

‘H-nmZ (5,0 & (ppm>. 2.07 (5, 3H, acetyl CHj),
3.59 - 3-70 m' 2H' H" & Hg‘;, 3089 (dd, lH 39'8 216H2( _Jg‘g'
11.8Hz, Hg), 3.95 (m, 1H, Hg), 3.99 (brd, 1H, J, ¢ 10.6Hz,

 Hq), 4.21 (bxr, 1H, J5 4 & J5, g 10.6Hz, Hg), 4.29 (brd, 1H,

JS,S 10.6HKz, Hﬁ)' 5.66 (d, 1H 33'4 1.9Hz, H3).
v |
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10
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guanidlno -2,3,4,5-tetradeoxy-D-glycero-Dp-
galacto-non-2-enopyranosonate (7

The overall reaction scheme is as follows:

oA . HO
' S-CH, >
| ;
1) HN-C=NH uu-—-—(\L o j[
“"JL- L Nu}L/’T‘\\7
2) Dowex S0W x 8, Ac )__ NI
NH,OH N

(N

Inte a solution of S-methYILSOurea (546 mg, 3 mmol)
in waterx (15 mlL) at ice-bath temperature, methyl-5,7,8,9-trxi-
O-acetyl-4-amino-2,3,4,5-tetradeoxy~D-glycero-bD-galacto-non-
2—enopyr3nosonate (5) prepared as in Example 2 (40 mg, 0.093
mmol) was added. <The reaction mixture was stirred at 5°C for
seven days and poured onto a column of Dowex SOW X 8 ()
resin (35 mL>. The column was then washed with cold water
{700 mL) and eluted with 1.5 M NH,0H solution. The eluate
(120 mL3 was concentrated to dryness undex high vacuum. The
resulting residue was chromatographed (silica gel; solvent
system l: ethyl acetates/isopropancls/watex, 1/5/1; solvent
system 2:; 75% isopropanol) to provide the title compound (M
(8 mg, 24.5%).,

4 Compound (7) gave a strong, positive Sakaguchi
reaction, indicating the presence of a guanidine group. NMR

cata for compound (7) are given below.  4-nme t{Do0 + CD4y0D)

2.06 (s, 2H; acetyl CH3), 3.60 (br. d., 1M, Jq g 9.4Hz, Hy),
3.63 (dd, 1H, Jg.,g 6.2Hz, Jg- g 11.8Hz, Hg«31, 3.76 (br. d.,
1H, J4 g 9.4Hz, Hg), 3.87 (dd, 1H, Jg,g 2.6Hz, Jg g+, 11.8Hz,
Hg), 3.93 tddd, 1H, Jg 7 9.4Hz, Jg g 2.6Hz, Jg,g- 6.2Hz, Hg),
4.01 (dd, 1H, Jg 4 9.4Hz, Jg g 10.6Hz, Hg), 4.20 (br. d., lH
Jg,5 10.6Hz, Hg), 5.63 (d, 1H, Jj 4 2.1Hz, Hj).
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Example 4 Sodium S-Acetamido-4-N ,N-diallylamino-2, 3,4,5-
Exampie =
' ] tetradeoxy~g-glxgero—g-galacto-non-2-
enopyranosonate. (9).
| .‘/‘ . ] .
The overall reaction scheme is as follows: .
OA | OAc
<
a : (N1
0 \

(1.3

Jnto a solution of allyl bromide (60mg, 0.5mmol)
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and methyl S-acetamido-7,8,9-tri-O-acetyl-4-ami P ——

tetradeoxy-D-~glycero-D-galacto-non-2~enopyranosonate S
(90mg, 0.209mmol) in acetonitrile (SmL), was added silver
carbonate (ll6mg, 0.418mmol). The mixture was stirred and
protected from light at room temperature for 16 h. The
resulting suspension was filtered, and the filtrate was
evaporated to dryness. The residue was subjected to
flash-column chromotography silica gel, ethyl acetate
containing 10% methanol) to afford methyl 5-acetamido-7,8,9-
triaolécety1—4—N,deiallylamino—z,3,4,S—tetradeoxy-g-glxcefo—
D-galacto-non-2-enopyranosonate (8) (85mg, 80%).

Honmr (cDCLy) & (ppmy  1.94, 2.05, 2.06, 2.11 (s, 12H,
acetyl CHy x 4), 2.97 (dd, 2H, Jyga,10b & J107a,10'b 14.3Hz,
JlOa,n & Jle'a,ll' 7.6H2, Hyjga & Hygead, 3.24 (dd, 2H,
Jiob,10a & Jlo b,10‘a 14.3Hz, Jigp,11 & J10p, 117 4-9Hz, Hyep
& HlO b" -58 (dd, IH, J4 3 2.4Hz, J4 5 9. 31’12, Hy), 3. 79 (s,

] Jg's 2.6Hz, 39'9' 12.3HZ, Hg)p 5.09 (ad, 2H, J12C15,11 &

J12/cis, 11’ 10.6HZ, Jjoqem & J12'gem 1-5H2, Hyjeig &
Hi12°cigd)s 5-14 (dd, 2H, Jy12¢rans,11 & J12°erans,11’ 17-7HzZ,
legem & leogem ~1.5Hz, Hiz2erans & Hi7¢pans?» $.27-5.32 (m,
2H, Hg & -CONH-3, 5.55 (dd, 1H, J, ¢ 2.1Hz, J;,g 4.7Hz, Hp),
5.72 (m, 2H, Hll & Hll',' 6.07 (d, 1H, J3‘4.2.4H2, H3)o
:.// |

Compound (8) (80mg, 0.l156mmol} was dissolved in
anhydrous methanol (10mL) containing sodiunm methoxide
{16.2mg, 0.30mmol?. . _

The solution was stirred at room temperature for 2
h, then evaporated to dryness. The residue was taken up in
water (5mL;, and left at room temperature for 2 h. The
resulting solution was neutralized with Dowex 50 x 8 (H') and
freeze-dried to éfford the title compound (9) (49mg, 80%).

'H-nmr (D20) & (ppm) 1.94 (s, 3H, Acetyl CHy3, 3.24-3.44 (m,
4H, Hjg x 2 & Hyg+ x 2), 3.48-4.33 (m, 7H, H4, Hg, Hg, Hy,
Hg, Hg & Hg/), 5.24-5.29 (m, 4H, Hy5 x 2 & Hypr x 2), 5.69
td, 1H; J3 4 “2Hz, H3), 5.73-5.76 (m, 2H, Hy; & Hy;.>

_
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Example 5 Sodium 5-Acetamido-4-N-allylamino-2,3,4,5-
tetra~-deoxy-D~glycero-D~galacto-non-2-
enopyranosonate (11)
The gverall reaction scheme was as follows:
i

Ally) beomide
A‘;COW N

. . : {1n

13 NaOMeNteC Ho

W ———

o g

To a solution of allyl bromide (48mg, 0.40mmol) and
zompound (5) (155mg, 0.36mmol)) in acetonitrile (SmL) was

_added silver carbonate (107mg, 0.38mmol). The mixture was

stirred, whilst protected from light, at room temperature for
16 h. The resulting suspension was filtered cff, and the

10 fiif;ate was evaporated to dryness. The residue was
chromatograph=ad on a silica gel column (ethyl acetates

isopropanol/watex = 5:2:1). Fractions with an Rf value of
0.5 were combined and evaporated to dryness to afford
compound (10) (S3mg, 32%). The starting material (5) with an
Rf value of 0.3 (6lmg, 39%) and N, N—diallyi derivative (8)

with an Rf value of 0.9 (20mg, 11%) were recovered . —
respectively.

i

15



19/02™ 98 MON 10:05 FAX Chany 23 8333

10

15

20

25

Cat
o

81 3 9243 8333 GRIFFITH HACK & CO ' @o3s

WO 91/16320 : PCT/AUSL/00161 \

. o oL e r——y

- 27 - THIS SHEET HAS BEEN
REPLACED

lg-nmr <cvc13> of compound (10) is shown as follows

& (ppm) 2.96, 2.05, 2.06, 2.11(s, 12H, Acetyl CH3 x 4), 3. 25
(dd, 1H, J)0a,10b-14-1Hz, J10a,11 5-8Hz, Hyga), 3.37 (dd, 1H,
J10b,10a~14-1Hz, J10b,11 5.9Hz, Hygp), 3.43 (dd, 1lH, J4,3
3.1Hz, J4,5 7.5Hz, Hg), 3.79 (s, 3H, COOCH3), 4.09 (ddd, iH,
35,4 7-SHz, Jg, yyo-1Hz, Js, ¢ 8.1Hz, Hg), 4.2 (dd, 1H, Jg- g
7.1Hz, Jg- g-12.2Hz, Hg:), 4.30 (dd, 1H, Jg g 8.1Hz, Jg 7

a. 1n=/’u6), 4.63 (ad, 1H, Jg,g 3.2Hz, Jg,g--12.2Hz, Hg), 5.09
(dd, 1H, Jy2cis,11 10-2HZ: Ji2cis, 12trans~1-3H2. Hyacys).
5.18 (dd, 1M, Jy3erans,11 17-1H2, Ji2erans,12¢is™1-3H2,
Byoerans)s 5.36 (ddd, 1H, Jg 5 4.2Hz, Jg ¢ 3.2Hz, Jg g-
7.1Hz, Hg), 5.57 tdd, 1K, Jy g 4.1Hz, J7 g 4.2Hz, Hy), 5.65
(d, 1H, Jyy, g 9.1Hz, -CONH-), 5.83 (dddd, 1H, J3) 12trans

17.1H=z, J11,12¢is 10.2Hz, Jll,lOa 5.8Hz, Jll,lOb 5.9Hz, Hll),
6-09 (d' lH' J3'4 3-1“2, H3)-

Compound (10) (50mg, 0.llmmol) was stirred in
anhydrous methanol (5mlL) containing sodium methoxide {12mg,
0.225nmol) at room temperature for 2 h, then evaporated to
dryness. The residue was redissolved in water (5mL) and
allowed ‘to stand at room temperature for 2 h before being
neutralized with Dowex S0 x 8 (H') resin. The aqueous

solv;ion was freeze-dried to afford compound (11} {(31lmg,
78%) .

lg-nmr (D20) & (pom) 2.02 (s, 3H, CH3CO), 3.42 (dd, 1H,

JlOb,lOa—1354Hz' JlOb,ll 6.3Hz, JlOb’f 3.51-4.27 (m, 7H, Hy.

Hs, Hﬁ’ Hq, HB’ Hg & Hg:) 5.30 (dd, 1H, 312cis,12trans
“1.5Hz, 312015 11. 10. 3HZ, HlZCLS}' .34 ¢dd, 1H,

Jl2trans,12cis 1-3H2, Jyocrans,11 17-7Hz, Hi2trans's 5-72 (d,

1H, 33'4.2 .4Hz, H3), 5.89 (dddd, Jll,lOa 6. SHZ, Jll,lOb
6.3Hz," Jy3,12¢cis 10-3H2. Jyy 13trans 17.7Hz, Hypo.
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Exgmple 6 Sodium S-Acetamido-4-amino-2,3,4,5-Tetra Geoxy-

D~glvcero-p-talo-non~2-enopyranosonate (14).
) ' ' i
The overall reaction scheme is as follows:

Q
1 HIOI"M.AMICN!CI,

———t————

1M N Ousepropylethylamun
3 Maply/a-Bo NHEDSowcrneH 70
{21 * 41 KpSipyndine

Oy

Ac ' ]

.,/ _ OAc N/Q:I" 0
L A e, o
Y

11 Amteilve 1A u«?
H(

an "
Ot

b aded

. To a stirred solution of compound (2) (500mg,
5 1.04mmol) in anhydrous dichloromethane (8mL) containing
pyridine (20Smg, 2.6mmol) at -30°, was added dropwise a
solution of trifluoromethanesulphonic anhydride (T£20)
€367mg, 1.3mmol) in dichloromethane (2mL) over a period of 20
minutes. The reaction mixture was then stirred at -30° for 5

10 h,,aﬁa finally evaporated to dryness under reduced pressure.
The resulting residue was stirred in dry DMF containing
N,N-diisopropylethylamine (194mg, 1.5mmol) at room
temperature for 16 h. The reaction mixture was concentrated
undex high vacuum to remove DMF. fThe residue was then

15

stirred in & two~phase mixture of toluene (5mL) and water
(3mL) containing tetra-n-butylammonium hydrogen sulphate
(950mg, 2.8mmol) and sodium azide (137mg, 2. lmmol). The ‘

g

mixture was stirred at room temperature for 16 h and then
—__evaporated to dryness.

T

The residue was partitioned batween
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ethyl acetate (50ml) and water (l5mL), with the ic layer

washed successively with water (5mL x 23, and then e@vaporated
to dryness. The residue was taken up in pyridine (5mL),
bubbled with H5S, and then evaporated to dryness. The

5 residué/was subjected to flash-column chromotography (silica
.gel, the first solvent system was ethyl acetate, the'second
sol#ent system was ethyl acetate/iso-propanol/H,0 : 5/2/1).
The ethyl acetate eluate contained compound (13) (260mg,
$53%). The fractions with a positive ninhydrin reaction,

10 collected from the second solvent system, were combined and
evaporated to dryness to afford compound (12) (32mq, 6.5%).

MS- (FAB)Y, 431 (M*' + 1), 414 M* - NHD).

ly-nmr (CDCly + CD300) & (ppm> 1.96, 2.06, 2.08, 2.09 (s,
12H, Acetyl CH3 x 4), 31.52 {dd, 1H,

J4,3 5-SHz, J4 g 4.5Hz, Hy), 3.80 (s, 3H, COOCH3), 4.16 (dd,
18, Jg 5 10.2Hz, Jg 9 2.3Hz, Hg), 4.17 (dd, 1H, Jg- g-12.4Hz,
J9',8 7.31’!2, Hgl), 4.23 (dd, 1lH, JS,G 10,2Hz, J5,4 4.5Hz,
Hg,)f 4.73 (dd, 1H, Jg g/-12.4Hz, Jg g 2.7Hz, Hg), 5.34 (ddd,
lﬂ'%,-’ 4.71’!2‘ JB'S 2-7“2, Ja'g’ 7.3HZ, Hs)' 5-45 (dd' IH'
20 J'}'s 2.3“2' Jvfa 4-7!’12, H’), 6-12 (d' IH' 33’4 SQSHZ' H3)-

15

13¢_nmr (cDC1l3 + CD30D) & (ppm) 20.7 (CH3C(010-),
23.1(CH3C(QIN-), 43.8(Cg), 46.2(C4>, 52.4(COOCH3),

162.4¢C3)>, 170.3 & 170.8(CH3CO x 43. \

25 Compound (12) was stirred in anhydrous methanol

(5mL) containing Amberlite IRA-400 (OH-) resin (1l00mg) at
room temperature for 3 h. Following filtration, the
filtrate was evaporated to dryness. The residue was
dissolved in water (5mL) and adjusted to pHl3 with 0.1M NaOH.

The‘aqueous solution was stirred at room temperature for 2 hr
and then neutralized with Dowex 50 x 8 (H*) resin.

30

After
filtration, the filtrate was lyophilized to afford compound

(14) (16mg, 70%), which was positive in the ninhydrin
reaction. '

————

—_—
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ly-nmr (0,00 & (ppm) 2.10 ¢s, 3H, CH3CO), 3.67-3.7& (m,
2H, Hy & Hg), 3.92 (dd, 1H, Jg,g 2.8Hz, Jg,g--11.9Hz, Hg),
(d, IH' 33'4 5-14“2, HB).

Example -7 Sodium S-acetamido-4-azido-2,3,4,5-tetradeoxy-~
D-glycero-D-talo-non-2-enopyranosonate (17).

‘OAc

HO QAc g 3
. ACQ, l\:2:12:7,-000Me aco, I -0 COOMe
" AcHN 4 13 T(,O/pyridine/OCM AcHNG /
AcO AcO )
¥ 2y NN .diisopropylcthylaminc/OMF
< 1 NaN /- Bu N.HSO,/Toluane/H () 15
401t MHQO
. . Nat Me/Mct i
{
O Ny } , oH N3
o, 1 O~__.COONa  NaOW wo, 1 0. _-COOMe
ACHNY / AGHND Y/
. HO H 20 RO
17 |

To a stirring solution of compound (2) (500 mg,1.04
mmoly in anhydrous dichloromethane (8 mL) containing pyridine
(205 mg, 2.6 mmol: at -30°C, a solution of trifluoromethane-
sulphonic anhydride (T£,0) (367 mg, 1.3 mmol) in dichloro-
methane (2 mL) was added dropwise over a period of 20

. minutes. The reaction mixture was then stirrred at 3°C for S
h, and finally evaporated to dryness under reduced pressure.
The resulﬁing residue was stirred in dry DMF containing

N,N-diisopropylethylamine (1%4 mg, 1.5 mmol) at room
temperature for 16 h,

F- el

The reaction mixture was concentrated
under high vacuum to remove DMF. The residue was then
stirred in a two-phase mixture of toluene (5 mL) and water (95
mL}) containing tetra-n-butylammonium hydrogen sulphate (950
mg, 2.8 mmo L) and sodijium azide (137 mg, 2.1 mmoly. The

—_—
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mixture was stirred at room temperature for 16 h and then was
diluted with 0.2 M HCl (S mL). The mixture was stirred at
rooﬁ temperature for 48 h. To this reaction mixture were
added ethyl acetate (50 mL) and 2 M HCl (1 ml). The organic
layer was separated and washed with water (5 mL X 3), then
evaporated to dryness. The residue was subjected to flash
coluhn-chromatography_(silica gel, ethyl acetates/hexane=2/1).
The fractions with Rg value of 0.32 (ethylacetate/hexane=2/1
as developing solvent) were combined and evaporated to
dryness to afford compound (15). (40 mg, 8.4%). The column

was then eluted with ethyl acetatesmethanol=10/1 to recover

the starting material (2) (280 mg,56%). Compound (15} was
isolated as a white foam substance.

MS (FAB) 457 (M*+1), 414 (M*-N3),

i.r. (CHCl3) cm™! 2108 (-N3), 1748 (carbonyl)

ly-nmr (cDCly), 8 ¢(ppm)1.97, 2.04, 2.06, 2.07 (s,12H, acetyl
CH{™x 4), 3.82 (s, 3H, COOCH3), 4.1274.20 (m, 3H,Cg, Cq &
Cgd, 4.51 (ddd, 1B, Jg,4 4.4Hz, Jg, 10.7Hz, J5,NH, 10.1Hz,
Hg), 4.69 (dd, 1H, Jg,g 2.6Hz, Jg g 12.4Hz, Hg), 5.31 (m,
1H, 33’7 4 .9Hz, J8,9 2.6Hz, J8,9' 7.0Hz, Hg), 5.45 (d4d, 1H,

J7'6 2.1Hz, J7'8 4'9Hz' H?)’ 5068 (d' lH, JNH’S IOIIHZ'CONH),
6.15 (d, 1H, J3,4 5.7Hz, Hy)

13conmr (CDC1y) 8 (ppm)
20.7, 20.8, (CH3CO-O x 3), 23.1 (O CH3 CO-NH), 44.8 (Cg),
52.6 (COOCH3), 54.8 (Cq), 62.1 (Cg), 67.6, 71.3 (Cq, Cg),

73.5 Cg) . 104.5 .(<C3), 146.3 (Cyr, 161.5 (CyI, 169.9, 170.2,

Compound (153 (40 mg, 0.088 mmol) was dissolved in
anhydrous methanol (4 mL) containing sodium methoxide (6.4
mgf/b.lz mmol). The mixture was stirred at room temperature
for 2 h and concentrated to dryness in vacug to afford
compound (16), which was then dissolved in water (3 mL),
stirred at room temperature for 2 h, adjusted to pH W7 with
Dowex 50 X 8 (H') resih, and then lyophilised to give the
title compbund (17) as a yellowish powder (25 wmg, 83%).
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i.r. (KBf) em~! 3400 (br, -OH), 2108 (-N3), 1714 (carbonyl)
L (bZO) 4 (ppm)

1.97 «(s,; 3H, acetyl), 3.8574.4 (m, 7H. H4l H51 HB:“'){ Hav Hgt
&Hg )' 6.07 4, J3456HZ, HB)

Example Sodium 5~acetamido—4—N-methylaminc—z,3,4 S-
tetradeoxy-D-glycero-D~galacto-non-2-
‘ enopyranosonate (20)
QAc
OAc
AcO o)
AcH%l ' COOMa | aco, 1 O, -COOMe
Mel/Ag;C0,CH N AcﬂNw
AcO NH, AcO
. : NHCH,
§ 13
' NaOMe/McOl
HO, : O _-.COONa HO
AcHNY 7 aoH o COOMe
HO
S NHCH, #0 HO  Nmch,
'-~// 20

19

Tp a solution of methyl iodide (15 mg, 0.10 mmol)
and compound (5) (48 mg, 0.11 mmol) in acetonitrile (6 mlL)

was added silver carbonate (42 mg, 0.15 mmol). The mixture

was stirred whilst prqtected from light, at room temperature

for 1€ h. The resulting suspension was filtered off, and the

filtréte was evaporated to dryness. The residue was subjected

to chromatography (silica gel, ethyl acetate/isopropanol/

water=5/2/1). Fractions with R¢ value of 0.36 were combined

- and concentrated in vacuum to dryness to afford compound (18}

(25 mg, 51%).

\\“\\“\““‘~&\\\
//ll/t///lll/////m/fli?““

-
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MS (FAB) 445 (M*+1), 414 (MT — NHCH3) REPLACED
14 - amr (CDCly) & (ppm)

1.95, 2.05, 2.06, 2.12 (s, 124, acetyl CH3 X 4), 2.45 (s, 3H,
R~CH3), 3.72 did, 1H, J4,3 2.3Hz, Jgq 5 9.2z, H4), 3.89 (s, \
5 3H, COOCH3), 4.16 (dd, 1H, Jg«, g 7.2Hz, J9',9 12.3Hz, Hy'),
4.26 (ddd, 1N, J5'4 ©9,2H2, J5,NH 9.1Hz, Jsle 9.0Hz, HS),
4.36 (dd, 1%, Jg,5 9.0Hz, Jg,7 2.7Hz, Hg), 4.64 (dd, 1iH, Jg,8
2.9Hz, JQ,Q' 12.3Hz,.H9),_Sr34 (m, 1H, 38,7 4 .80z, J8,9
2.9Hz, Jg,9’ 7.2Hz, Hg), 5.51 (dd, 1H, J7,6 2.7Hz, Jg,8
10 4.8Hz), 6.05 (d, 1H, J3 4 2.3Hz, Hy)

‘ Compound (18) (25 mg, 0.056 mmol) was siirred in
anhydrous methancl (5 mL) containing sodium methoxide (5.4
mg,:nzi mmol) at room temperature for 2 h, then evaporated to
dryness to give compound (19), which was redissolved in water

15 (5 mL) and allowed to stand at room temperature for 2 h

before being neutralized with Dowex 50 x 8 (H*) resin. The
filtrate was lyophilised to afford compound (20)
(15 mg, 82%), '

i
1H-nmr (D50} .3 (ppm)
20 1.94 (s, 3H, CH3CO)», 2.43 (s, 3H, N-CH3), 3.574.3 (m, 7H, Hy,
Hg, Hg, Hy, Hg, Hg & Hg'), 5.65 (d, 1H, J3’4 2Rz, H3)
:'//
)
i
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Example 9 Sodium S-acetamido-4-N,N-dimeth =
' tetradeoxy-D-glycero-D~galacto~non-2=
enopyranosonate (23).
. Qe o OAc
Acokc . y COOMe AcO, .l o COOMe “
S MGVA‘;-CD;/G“;O" ACHW
AcO N ACO _
NH, , O \hes ._
3 19
‘ 1
Amberhia IRA 400(OH) i
McOH
OH - | OH
~ HO, o COONa  NaOH Ho, 1 o COOMe
AckN / AcH W
HO
. NMQZ Hzo Ho NMOz
23 11

To a solution of methyl iodide (65 mg, 0.46 mmol)
] and compound (5) (100 mg, 0.23 mmol) in acetonitrile (15 mL)
was‘ggded silvexr carbonate (127 mg, 0.46 mmol). The mixture
was stirred and protected from light at room temperature for
16 h. The resulting suspension was filtered off and the
filtrate was evaporated to dryness. The residue was
subjected twice to flash-column chromatography (silice gel,
ethyl acetatg/ isopropgnol/waterESIZ/l) to afford compound
(21) (30 mg, 28%) as a colourless foam. }

10

MS (FAB) 459 (M*+1) 414 (M* —N(CH3)2)
ly-nmr (CDCl3) & (ppm)

15 1.98, 2.05, 2.06, 2.12 (s, 12H, acetyl, CH3 X 4), 2.33 (br s,
6H, N(CH33,), 3.42 (dd, 1H, J4, 3 2.8 Hz, J4 5 B.6Hz, Hyd,
3.79 ¢s, 3H, COOCH3), 4.17 (dd, 1H, Jg'g 7.4Hz, Jg. g 12.3Hz,
Hg*), 4.18 (ddd, 1H, Jg, 4 8.SHz, Jg yy 8.9Hz, Jg ¢ 9.0Hz,
Hg), 4.31 (dd, 1H, Jg, 5 9.0Hz, Jg ; 2.9Hz, Hg), 4.68 (dd, 1H,

20 Jg,g, 3-0Hz, Jg g 12.3Hz, Hg), 3.31 (m, 1H, Jg 7 4.4Hz, Jg g

3.THz, Jg,g- 7.4Hz, Hg), 5.51 (dd, 1R, Jq g 2.9Hz, Jy 4
4.4Hz, Hy), 5.79 «(d,

33'4 2.3[‘!2, H3’

S

1H, Jyy,s 8-9Hz, CONH), 6.09 «d, 1H,
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Compound (21) (30 mg, 0.066 mmol) we

anhydrous methanol (4 mL) containing dry Amberlxte IRA 400
(OH™) resin (90 myg) at room temperature for 3 h, then the
resin filtered off. The filtrate and washings were combined

5 and evaporated to dryness to afford compound (22) (20 mq),
which was stirred in water (5 mL) at pH 12 at room
temperature for 2 h, then was adjusted to pH 7.5 with Dowex
50 X 8 (HY) before filtration. The filtrate was lyophilised
to afforq compound (23) (15 mg, 66%) as a white powder.

10 1n—nmr (D50) & (ppm)
1.97<&, 3H, acetyly, 2.33 (s, 6H, N(CH3)y), 3.5074.26 (m,
H, H4, Hs, HGI H-;, He, Hg & Hgt’, $.71 (4, 33,4 1-8HZ, H3}

Example 10 Disodium 5-acetamido-4-N-oxycarbonylmethyl-
amino-2,3,4,5étetradeoxy—g-glycero—g-ga1acto—

" 15 ¢ non-2-enopyranosonate (26).

g

- OAc

) OAC {
ACO_ o COOMe ac0 2 g 0w 2_CcOOMe
ACHN} J ACHNY / 4/
ACO BeCH;COOMe/Ag,COVCH,CN

\
NHp ACO'S NHCHZCOOMe

[ “’0 1
NaOMeMeOH
-/I OH ' OH
HO, l o COONa  NaOM o, 1 o COOMe
HO NHCH,COONa H,0 HO . NHCH,COOMe
26 '

15

To a solution of methyl e-bromcacetate (36 mg, 0.23
mmol) and compound (5) (100 mg, 0.23 mmol) in acetonitrale
{12 mL,) was added silver carbonate (64 mg, 0.23 mmol). The
mixtufé was stirred at xroom temperature for 16 h whilst

20 shielded from light, then filtered.

T

The filtrate was
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evaporated to dryness. The residue was ch '““

10

15

20

25

silicg<gel column (ethyl acetatellsopropanol/water=5/2/1)
Fractions with Rg value of 0.60 were collected and evaporated
to dryness to affard compound (24) (80 mg, 68.5%).

lgenmr (COCl3) 8 (ppm)

. 1.97, 2.044, 2.047, 2.11 (s, 12H, acetyl CHy x 4), 3.49 (AB,

28, JAB 17.6Hz, Hlo x 2), 3.50 ¢dd, 1H, J4‘3 2.9Hz, 34'5
(ddd' 1H, 35'4 8-4 HZ'JS'NH 8-81{2' 55‘6 8-1H2,Hs’, ‘4c17 (dd’

1!{' 39"8 714!{2' Jg"g 12-3HZ, Hg',' 4032 (dd‘ 1H, JG'S

8.1Hz, Jg, 7 4.1Hz, Hg), 4.63 dd, 1K, Jg g 3.1Hz, Jg g«
12.3Hz, Hg), 5.37 m, 1H, Jg 9 4.1Hz, Jg g 3.1Hz, Jg g-
7.4Hz, Hg), 5.56 (t, 1H, J7, 4.1Hz, J9 g 4.1Hz, Hy), 6.03
(d, 1M, Jyy,s 8.8Hz, CONH), 6.04 (d, 1H, J3 4 2.9Hz, Hyp)

Compound (24) (80 mg, 0.159 mmecl) was stirred in
anhydrous methanol (20 mL) containing sodium methoxide (18
mg, 0.32 mmol) at room temperature for 2 h, then evaporated
to dryness to give compound (26), which was redissolved in
water (15 mL). The solution was allowed to stand at room
‘temperature for 2 h before being adjusted to pH 7 by Dowex 50
X 8 (H*) redin. The filtrate was freeze-dried to afford
compound (25) as a white powder (59 mg, 94.6%).

lHenmr (D403 & (ppms
2.04 (s, 3H, acetyl:, 3.58 (AB, 2H, Jag 17.6 Hz, Hyg x 2),

3.5074.40 (M, 7H, Hy, Hg, Hg, H7, Hg, Hg & Hg>, 5.68 (d, 1H,

33, 4 2.1Hz, H3)

\

This sp,

//11/1///1:1/////1/1/7:’1/
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ample 1 Sodium S-acetamido-4-N-2‘-hydroxyethylamimo="—""
2,3,4, 5-tetradeoxy-g-glycero-D-qa1acto—non-2—
. enopyranosonate (29)
one orc |
Ao, ,;!; OsprCOOMe a0 ¥, %01 coome
Ae W“G‘pl:‘“w\&mﬂ“‘w ACHNW
ACO NH Afo s
2 TV NHCH M0
s . o ,m 11
\/.
Ambesiue IRA 2XLON 4
MR
OH |
HO, l 0 COONa a3 Ho 1 0 COOMe
ACHN: ncrmw
” .
© NHCHZCHOH 1,0 HO  NHCH,CHaOM . |

9 1

. To a solution of bromoethanol (158 mg, 1.26 mmol)
S and compound (5) (84 mg, 0.195 mmol) in acetonitrile (10 mL)

was added silver carbonate (100 mg, 0.36 mmol). The mixture
was protected from light and stirred at room temperature for
7 days. : Then it was filtered off, the filtrate was

evaporated to dryness. The residue was chromatographed on a

10 Silj_‘ﬁa gel column (ethyl acetate/isopropanol/water=5/2/1).°
Fractions with R¢ value of 0.4 were combined and evaporated
to dryness to afford compound (27) (40 mL, 40%).
MS (FAB) 475 (M*+1), 414 (M -NHCH,CH,0H)
lH-nmr (€oCly) & tppm>

15

1.96, 2. os, 2.10 (s, 124, acetyl CH3 x 4), 2.29 (br. s, 2H, | i
(s, 3H, COOCH3), 4.15 (ddd, 1H, Jg 4 7.5Hz, Js ¢ 8.4Hz, Jg ppu
8-3!{2" HS" 4-19 (dd' IH; Jg'

- g 7-5Hz, Jg. g 12.3Hz Hg:),
20 4.29 (dd,

1H, Jg 5 B.4H2, Jg 3 3.8Hz, Hg), 4.65 (dd, 1H, Jg g
2-9!{2' Jg'gl 12.3HZ, Hg)' 5-36 (m’ lH, J8'7 41‘12, Je'g 2-9“2(
Jg.g+ 7.5Hz, Hg), 5.55 ¢dd, 1H, Jq ¢ 3.8Hz, Jq g 4Hz, Hy),
6.08 (d, 1H, 33'4 2.9Hz, H3), 6.09 (d, 1lH, JNH-'S 8.3Hz, CONH)

This Sheet H;

i
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13c-nmr (CDC13) 5 (ppm) :

20.6, 20.8, (CH3-CO-O- x 3), 23.10 (CH3-~Co-NH), 46.5 (Cg),

47.2 (Cqg)., 52.3 (CH3COOCH3), 55.6 (Cgq), 61.1 (Cyy), 62.1

(Cg>, 68.1, 71¢1 (Cq,Cg), 76.7 (Cg), 111.6 (C3), 143.7 (Cyp), ..
S 162.1 (Cy), 170.1, 170.3, 170.6, 171.0 tacetyl carbonyl x 4)

Compound (27) (40 mg, 0.084 mmol) was stirred in
anhydrous methancl (10 mL) containing dry Amberlite IRA-400
(OH™)Y (120 mg) at room temperature for 4 h, then filtered.
‘The filtrate and washings were combined and evaporated to
1o dryness to give compound (28), which was redissolved in water
' (10 mL) and adjusted to pH 13 by adding NaOH. The aqueous
solution was left at room temperaturxe for 3 h before being
adjugpéd to pH €7 with Dowex 50 x 8 (H') resin. The
solution after filtration was lyophilised to afford compound
15 (29) as a white powder (20 mg 66%).

l14-amr (D501 & (ppm)
l. 99 (s, 3H, acetyl), 2.91 (AB, 2H, Hyg x 2), 3.53 7 4. 25 (m,

SH“ H‘i HSI HG' H?; Hat Hg, Hg'; Bll x 2), 5 65 {dl J3 4 2 24 l

‘;-~»*f”””"ﬂ’¢;’f

i
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X 1 2
enopyranosonate (33)

H*McOH

AgNOJCH (CN

NaOMe/McOlH

Ol

"‘h

3

"O\’ ¢ o NaOH/ 10
Ho )/

¢ H

34

Comgound (30) (332 mg, 1.24 mmol) was stirred in
anhydrous methanol (40 mL) containing Dowex 50 x 8 (H') resin

QAc

Ac

GRIFFITH HACK & CO

THiS SHEET HAS BEEN {

REPLACED

L Coth

OAc

-0OAc
&,

OA«

2

| 5.r;§ g

¢

A

Sodium 2,—3—dideoxy-g-gLycero-gFaﬁIEEf6=ﬁ6n-24

COOCH,

Q

COONA

5 (50 mg) at room temperature for 16 h before filtration.

filtrate was eVaporated to dryness to give compound (31) (320
"mg,. 1.13 mmol, 91.5%), which was stirred in acetyl chloride

(5 mL) at room temperature for 3 days then evaporated to

dryriess to afford Compound (32) (539 mg,” 1.057 mmol,
10 The residue was dissolved in acetonitrile (20 mL) containing
silver nitrate (500 mg, 2.94 mmol} and potassium'carbonate

[T fin

93.6%).

045
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(90. mg, 0.65 mmol) protected from light and stirzred at room
temperature for 16 h, then filtered. The filtrate was i

evaporated to small velume and partitioned between ethyl
acetate (75 mL) and water (15 mL)}. The organic layer was
5 washed with water (10 mL x 3) and evaporated to dryness. The
| residue was chromatographed on silica gel column (ethyl
acetate/hexane=2/1) to afford pure compound (33) (200 mg,
0.423 mmol, 40%).

 H-nmr (CDCl3) & (ppm)
10 2.062,,2.070, 2.073, 2.094, 2.096 (s, 1SH, acetyl CHj x 5),

3.807(s, 3H, COOCH3), 4.19 (dd, 1H, Jg g 5.9Hz, Jg: g 12.3Hz,

Hg'), 4.33 (dd, 1H, JG,S 9.4Hz, JG,? 3.0Hz, Hg), 4.57 (dd,

18, Jg g 1.9Hz, Jg g+ 12.3Hz, Hg), 5.20 (dd, 1H, Jg 4 7.0Hz,

JS 6 9.4Hz, Hg), 5. 38 (m, 1H, JB 2 3.1Hz, Ja g 1.9z, J8,9'
15 5.9Hz Hg), 5.49 (dd, 1H, Jq,¢ 3.0Hz, Jq, g 5.1Hz, Hy), 5.57

(ad, 1H, J4 3 3.1Hz, J4 5 7.0Hz, Hy), 5.57 (d, 1R, 33'4 !
3.1Hz, H3) - |

Compound ¢33) (100 mg, 0.211 mmol) was stirred in
- anhydrous methanol (10 mL) containing sodium methoxide (24
20 mg, 0.423 mmol) at room temperature for 3 h, then evaporated
to dryness to afford compound (34) (50 ng, 90%), which was
redxssolved in water (5 mL) and left at room temperature for
3 h before adjusted to pH 7 with Dowex 50 x 8 (K') resin.
The solution was freeze-dried to give compound (35) (47 mq,

25  91%y,

‘Heamr (020) 8 (ppm)

J5'4 7. SHZ, .‘?5,6 10.5Hz Hsl, 3.87 ~ 3.99 (m, 3!’1, H4, Ha, Hg),

4'13 (d' lﬁf Js’s 10.51’12, HG), 4140 (dd, J.H, 34'3 2«332. Jq's i
30 7.8H=z, H4),' 5.67 (d, 1H, J314 2. 3Hz H3) ) )

This Sheet Has Been RT

(U IIIIH i



19/03 88 ¥ON 10:09 FAX 61 3 9243 Shany 243 B33

10

15

8333 GRIFFITH HACEK_& CO

001
WO 91/16320 61
THIS SHEET HAS BEEN

| ; - 4l - REPLACED
Example 13- Sodium 4,5-Diamino-2,3,4,

. . glycero-D-galacto—non-2-enopyranosonate (38)

-/
OH OH '

HO, 0. _-CO0’ Ho Y O _-CO0

hers NH,NH, ;0 HzNw

2 2:%02 !
6 ¢ Heat 36
11 Ambertitc IRA-40XHCO0 1
211 § M HCOON
1 1) Amberite IRABIOH)
OH OH
HO,_ 1 o COONa  NaOH HO_ 1 o COOH
: HO NHg HO NH,
38 : ‘ 27
-/.

A solution of compound (6) (125 mg, 0.40 mmol) in
hydrazine hydrate (5 ml) under'argon was heated at 85°C for 3
days, and the resulting mixture was vacuum evaporated to
dryness. The residue was dissolved in water (15 mL) and
passed through a column of Amberlite IRA-400 (BCOO ), then
eluted with 1.5 M HCOOH. The eluate (200 ml,) was evaporated
to dryness. The résidue was chromatographed on silica gel
deactivated with 10% water (developing solvent:
xsop:opanol/water = 4/1). The fractions with Rg value of 0.1
were combined and.evaporated to dryness, then freeze-dried.’

- The residue, compound (36), was dissolved in water (10 mlL),

passed through a2 small column of Amberlite IR-4B (OH 3 (10

mE;, The effluent was evaporated to dryness to give compound
€37), M5 (FAB) of which was 249 (M*+1). Compound (37) was
dissolved in water and adjusted to pH 7.5 with 0.1 M NaOH,

then freeze-dried to afford compound (38) (20 mg, 20%) as a
white powder.

A

is Sheet Has Been R laced
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H-nmx (D50) & (ppm)

3 01 (dd, 1H, Js 49 THz, Js 6 10.2Kz, Hs), 3 58 (m, 2H, Hg, &
10. 28z, Hs), 5.54 (d, 1H, J3 4 2.48z, H3)

a .e 4 Methyl S-acetamido-z,3,5—trideoxy—9-(p—
toluenesulphonyl)-D-glycero-D-galacto-non-2-
'_// enopyranosonate (39).

A solution made up of methyl S-acetamido-2,3,5-
tridéoxy-grg1ycero~grgalacto—non—2—enopyranosonate (1000 mg.,
3.16 mmol) in dry pyridine (85 nL) was cooled in an ice-bath.
p-Toluenesulphonyl chloride (660 mg., 3.46 mmol) was added
and the pale‘%ellow homogeneocus solution left to stirx
0vez:.night at 4°C.

Further tholuenesulphonyl chloride (220 mg., 1.15
mmol) was added and the solution left to stir for an

- additional 4h at room temperature.

Workup was first by addition of water (1 mi)
followed by rotary evaporation to afford a viscous yellow oil
which was flash chromatographed (§iO,, EtOAc/i-PfOH/HZOr
é/2/1,v}v/v) tc give as the major product 1.19 g. (80% yield)
of compound (39,

o
i.7 (XBX) : vpay (cm™
(NHAC),
1358, 1174 (SOZ), 810, 662, 550 (An)
MS (FAB); 460 (M+ET)
iy amr (3000MHz, CD;0D/TMS) ; 8 (ppm) = 2.03 (s; 3H, NHAC),
2.4S5 (s, 3H, ArCH3), 3.49 (d, 1H, J5'71.70, Hg), 3.76 (s, 3H,
CO,CH3), :

3.91 (dd, 1H, Jg g.10.80, Hg), 3.98-4.13 (m, 3H, Hg, Hg and
Hg )'

1y 2964 (OH), 1730 (CO,CH3), 1656

5.92

td, 1H, J3,4 2.49, Hy), 7.74 (d, 2H, ArH), 7.79 (d, 2H, ArH)

This Sheet Has Been Reilac
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Example 15 Methyl S5-acetamido-9-~azido-2,3,5,9-tetradeoxy-

10

15

20

25

30

D-glycero-D-galacto-non-2-enopyranosonate (40)

Methyl S-acetamido-2,3,5~trideoxy-9-(p-
toluanesulphonﬁl)—g-glycexo-Q-galacto-non—z-enopyranosonate
(39) (600 mg., 1.27 rmol) and lithium azide (186 mg., 3.80
mmol) were dissolved in dry DMF (20 mL) and the yellow
homogenous sclution heated to 80°C. After 2 h, further
lithium azide (186 mg., 3.80 mmol) was added and the solution
left at 80°C overnight. The solvent was removed by rotary
evaporation and the remaining dark brown oil dissolved in
pyridine (2 mL) and flash chromatographed (Si0,, 5/2/1
EtOAC/i-PrOH/H,0). The major product was compound (40) (370
mng., 88% yield) obtained as a white ioam.
1.T.(KBryzvg,  (em™l) 3428 (s,OH), 2104 (s, N3y, 1730 (s;
CO5CH33, 1656 (s, NHAC)

MS (FAB) : 331 (M+HY) .

1% nnr (300 MHz, D,0): § (ppm) = 1.94 (s, 3H, NHAc), 3.37
(dd, 1H, Hg')e |

3.48 - 3.57 (m, 2H, Jg g, 5.77, Hg and Jg g* 13.16, Hg), 3.66
(s, 3H, COxCHy), 3.91 - 3.98 (m, 2H, Hg and Hg), 4.15 (d, IH,
J7,8 10.86, Hy), 4.38 (dd, 1H, J4,5 8.88, Hy), 5.91 (d, 1H,

Example 16 Methyl 5,9~diacetamido-2,3,5,9-tetradeoxy-D-
glycero-D~galacto-non-2-engpyranosonate (41).

_ Thiolacetic acid (130 mL, 1.82 mmol) was added to
met&;l S-acetamido-$-azido-2,3,5,9-tetradeoxy-D-glycero-D-
galacto—non—z-enopyranosona:e (70 mg.,0.21 mmol) to give a

pale yellow solution that was left to stir overnlght at room
temperature.

Excess thioclacetic acid was then evaporated off
under low pressure and the remaining solid repeatedly treated

with water followed by evaporation (3x3 mL). The remaining

so0lid was dissolve@ in methanol (4 mL), filtered and the

" This Sheet Has Been

A
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filtrate Qpplied to a preparative tlc plate (8i0O;, 20 cm. x

- 20 cm. X 2 mm. eluted with 5/2/1 EtOAc/i~-PrOH/H,0).
with Rg=0.47 was worked up to give 51 mg-

The band
(70% yield) of

compound (41) as a white powder.

{sS, NHAC)
MS (FAB) :

(s, 3H, NHAc),

10 3.23 (dd, 1H,‘Hg'), 3.48 (d, 1H, Hg), 3.56 (dd,

14.17, Hg),
3.75
ﬂs),
'37),
15 H3);

Exanple 17

347 (M+H™)
'H nmr (300 MHz, D,O)

4.02 (dd, 14, JS,E 9 10, Hgy, 4. 22 (d, 1H, J7,3 10.85,
4-45 (dd, I.H’ Jq's 6-94, H4)' 5-61 (d' lH' J3’4 2-47,

: & (ppm) = 1.96 (s, 3H, NHAC), 2.00
]-H( Jg'g'

7.40,

5,9-diacetamido-2,3,5,9-tetradeoxy-D-glycero-D-

galacto-non-2-enopyranosonic acid (42).

_.//' The preparation of compound (42) from compound (39)

is summarized below:

oM
o, 1 o)
ACHN; VA
~ HO , OH
39
OH .
achn, Y o
ACHN_ ™
_ HO OH
e - 41
—

This Sheet Has

i i /ill

COOMe iu
Me
N3, Q
LiNyDMFR0"C AcHN Y/ CoOMe
HO OH
40
CH,00SH
' OH
COOH 1, 0n ACHN_ ,1 o COOMe
AcHN%J :
4
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. A solution of methyl 5,9-diacetamido-2,3,5,9-
tetradeoxy-D-gkycero-D~galacto-non-2-enopyranosonate (413 (46
ng., 0.13 mmol) dissolved ' in 0.1M aq. sodium hydroxide (5 ml)
was stirred at room temperature for 2.5 h. The solution was
then adjusted to pH 5 with Dowex 50W-X8 (H'), the resin
filtered off and the filtrate lyophilized to give 40 mg.

(91% yielé) of compound (42) as a white powder.

f.r. (RBE) 3 vguy (cm™}) 3376 (s, OH), 1652 (s, NHAG)
MS (FAB) i 333 (M+H™) _
14 nmr (300 MHz, D,0) : & (ppm) = 1.89 (s, 3H, NHAc), 1.93

(s, 38,/ NHAC),

3.15 (dd, 1H, Hg'), 3.40 (d, 1H, Hg), 3.48 (dd, 1H, Jg o'
3.82 ((na, 1lH, Ja'g 3.0, Jslgt 7.43, HB)' 3.94 (dd, 1H, JS,G
10-42' Hs)' 4-13 (d’ IH’ J7'8 10.91, H?)' 4'36 (dd’ IH' Jq's
8.80, Hy), 5.?1 (d, 1H, J3 4 2-41, Hy)

Example 18 Methyl S-acetamido-9-cyano-2,3,5,9-tetradeoxy-
D~glycero-D-galacto-non-2-enopyranosonate (43)

* A solution of methyl ' S-acetamido-2,3,5-trideoxy-9-
{p~toluenesulphonyl)-pP-glycero-bD~galacto-non-2-
enopyranosonate (39) (80 mg., 0.17 mmol), texrt-butylammonium
cyanide (2 mg) and sodium cyanide (12 mg., 0.25 mmol) in dry
DMSO (1.25 ml) was stirred at room temperature for 5 days.

:.//

Workup by preparative thin layer chromatography

_(3102, 20 cm. x_20 cm. x 2 mm. eluted with EtOAc/ i-

PrOH/H,0, 5/2/1) gavé as the major component 30 mg. (61%
vield) of compound (43) as a cream coloured powder.

(Rg=0.74). °

L.r.(KBR) = v, (cm~l) 3440 (s, OH), 2256 (w, CN), 1726 (s,

C02CH3),
1638 (s, NHAcC)
MS (FAB) : 315 (M+H™)

'8 nmr (300mHz, D,0) : & tppm) = 1.92 (s, 3H, NHAc), 2.75

This Sheet Has Been RTi
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2.93 (dd, 1H, Jg,¢-17.22, Hg), 3.55 (dd, 1H, Jg 3 1.17, He),
3.67 (3, 3H, COxCHz), 4.02 (dd, 1H, J5,¢ 9.05, Hs), 4.13-4.19
(m, 1H, Jg,g 3.91, Jg,g¢6.56, Hgd, 4.16 (dd, 1H, Jq g 10.50,
S Hy), 4.37 (dd, 1H,J, 5 8.95, Hy), 5.90 (d, 1H, J3 4 2.42, Hy

Example 19 S5-Acetamido-9-cyano-2,3,5,9-tetradeoxy-D- I
glycero-p-galacto-non-2-enopyranosonic acid
@
(44).

Jpn~

The methodology used to prepare S-acetamido-9-
10 cyano-2,3,5,9~tetradéoxy-D-glycero-D~galacto-non-2-
‘enopyranosonic acid (44) is summarised below:

OH : OH .
0., 1 O~.__.COOMe T | o
. ACHNY Y/ NaCNA-Bu NON ACHND Y
HO OH : HO OH

COOMe

: : DMSO/S days
~ 39 | 43

13 aq NaOit
04 resn

: OH \
ne, 1 On_-cooH
AcHN_

HO OH

- - | 4%

Methyl S5-acetamidc-9-cyano-2,3,5,9-tetradeoxy-D-
Qlyceroig—galacto-non-z—énopyranosonate (43) (80 mg., 0.25
mmol; was dissolved in 0.1M ag- sodium hydroxide (10 nL) and

15 the fesultant solution stirred at room temperaiﬁre for 3 h.
‘ The pH was then adjusted to 4 with Dowex
50W-X8(H+S, the resin filtered off and the filtrate
1yophiliéed to give 75 mg

(98% yield) of compound (43) as a
fluffy white powder.
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§£.7. (KBI) : vpay (CW “1) 3370 (s,0M), 2254 (w, CN), 1656 (s,
NHAC)

MS (FAB) t 301 (M+H")

1§ amr (300MHz, D,0) 3 & (ppm) = 1.98 (s, 3H, NHAC), 2.70
(dd, 1H, Hg'),

2.88 (dd, 1H, Jg,g- 17.27, Hg), 3.48 (d, 1H, Hg), 3.97 (dd,
1H, Js,6 9.84, Hg), 4.09-4.24 (m, 2H, H; and Hg,Jg g
3.90,7g o° 6.53), 4.41 (dd, 1H, J4, 5 8.87, Hgd, 5-80 (d, 1H,
33:.4 ..42, H3)

Example 20 Inhibition of Influenza Virus Neuraminidase

An in vitro bioaséay of the above-described
compodnds agaihst N2 influenza virué neuvraminidase was
conducted, following Warner and O’Brien, Biochemistry, 1979
18 2783-2787. For comparison, with the same assay the K; for
2-deoxy~N-acety~-e-D-neuraminic acid was determined to be 3 x
1074 .

- Values for K; were measured via a
spectrofluorometric technique which uses the fluorogenic
substrate 4-methylumbelliferyl N-acetylneuraminic acid (MUN),
as described by Meyers et al., Anal. Biochem. 1980 101 166~
174. For both enzymes, the assay mixture contained test -
compoyrid at several concentrations between 0 and 2 mM, and
apprbximately 1 mU enzyme in buffer (32.5 mM MES, 4 mM CaCl,,

pH €.5 for N2; 32.5 mM acetate, 4 mM CaClz, pH 5.5 for V.

cholerae neuram;nldase).
The reaction was started by the addition of MUN to
final concentxat;ons of 75 or 40 uM. After 5 minutes at

37°C, 2.4 ml 0.1 M glycine-NaOH, pH 10.2 was added to 0.1 ml
reaction mixture to terminate the reaction. Fluorescence was
read at excitation 365 nm, emission 450 nm, and appropriate

MUN blanks (containing no enzyme) were subtracted from

read;ngs. The K; was estimated by Dixon plots
(1/fluorescence versus compound concentration). Results are

summarized in Table 1, and unless otherwise stated, refer to
inhibition of N2 neuraminidase.
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Table 1
Inhibition of Influenza virus Neuraminidase In Vitro
Compound x\ . \
2—deoxy~N-acetyk4x-g—néuram1nic acld ' ' i ..

sodium 5-acetamldo-4-az1do-2,3,4,S—tetradeoxy—g-glxcero-g-ga}acto-non-z- .

enopyranosonate (4)

sodium 5-acetamido-4-amino—2,3,4,5-tetradexoy—g-glgcero-g—galactoﬁnon-2-

enopyranosonate (6)

ammon i um 5-ace£amido—4—guanidino-z;3,4.5~tetradeoxy—g—glgcero—g-

galaéto-non—z—enopyranosonate {7)

K Fu) _
3 Nx 1074
2 x 1078

6 x 1078

1.9 x 1077
(N9 nguraminidase,

pH 6.5)

1 x 1078
(N2 virus, [

pH 7.9)

(N9 neuraminidase)

§ .
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H
o

]

a30vdad
339 SYH 133HS Skl

'lsloonsnwlhﬂ

£¢08 €¥26 - € T9 IVA ZT:0T NOR: 96. 20/6T

££68 £b26 £ 19

00 ¥ XOVH HLIAAINO

Y0l




10 -

15

—F
— 1 ,
——F] -4
— 4.5 x 10
—— .
—w {V. cholerae neuraminidase; pH 5.8)
— O . .
— -2
=: N - N | > 10
& ) . (sheep neuraminidase; pH 4.5)
sodium 5—acetam1do-4rN,N~dia11y1amino-2,3,4,5-tetradeoxy-g:glxcegg-g—
galacto-non-2-enopyranosonate (9) 4 x 1076
sodium S-acetamido44-N-allylamino-2,3,4,5-tétradeoxy-g-glzcero-g- .
2.5 x 1079

galacto~-non-2-gnopyranoonate (1)
Methyl 5-acetamido-?,8,9-tr1-o-acety1-4—amino-z,3,4,5-tetradepxy-g-
glycero-D-talo-non-2-enopyxanosonate (12)

Methyl 7,8,9-tri-O-acetyl-2,3,5-trideoxy-4’,5’'-dihydro-2‘-methyl-
oxazolo [5,4-d) Q—glyce:o—g-talo—non-2-enopyranosonate (13}

sodium S-acetamido-4-amino-2,3,4,5-tetradeoxy-D-glycero~D~talo~non-2-

enopyranosonate (14)

Sodium S~acetamido-4-azidd«2,3,4,5-tqtradeoxy—g~glycero-g-talo~ncn-2-
enopyranosonate (17)

(N2 and N9 neuraminidase)

approx. 3 & 10~3

3 x 1077

1 x 1077
(N2 and N9 neuraminidase)

2.8 x 1077
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15

Sodium S-acetamido~4-N-methylamiho-2,3,4.S-tetradeoxy-g-g1yce;o-g-
ga1acto~non-2-lepyranosonate (20} , o 1.15 x 10'6

N | N

Sodium 5-acetamido-4-N,N_dimathyiamino—z,3,4,5—tetradeoxﬁ-g-gLycero-Q-.
galacto-non—Z-enopyranosonate {23 - : 7 x 1077
-
_ .
Methyl, 5-acetamido-4—N-methoxycarbonylmethylamino—2,3}4,5-tetradeoxy~§-
* glycero-D-galacto-non-2-enopyranosonate (25) 7 x 1076
Sodium S—aéetamido—d—N-z'-hydroxyethylamino-z,B,4,S—tetradeoxy—g-qucero- _
D-galacto-non-2-enopyranosonate (29} ' ' _ 1.6 x 1075
' (N2 and N9 neuraminidase)

Sodium 2,-3}-dideoxy-D-glycero-D-galacto-non-2-enopyranosonate (35) 4.8 x 10"4

Sodium 4,S—D;amino-2,3,4,54tettadeoxy-g-glycero-g~ga1acto—non~ze _
enopyranosonate (38) ' 6.5 x 1077

Methyl 5,9-diacetamido-2,3,5,9~tetradeoxy-D~glycero-pD~galacto-non-2-
enopyrxanosonate (41) 3.6 x 10‘5

S,9-diacetamido-2,3,5,9-~tetradeoxy-D~-qglycerg-D-galacto~non-2-

enopyranosonic acid (42) 1.45 x 1073
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Methyl s-acetamido-9-cyano-

2,3,5,9-tetradeoxy—g-glycero—Q-galacto-non-2—
enopyranosonate (43) '

approx. 3 X 1073
5—Acetamido—9-cyano—2;3§3,9-tetr&deo;y;g—glycero-g-galacto-non 2- | '
enopyranosonic acid (44) T | o - ~6
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Example 21 Inhibition of Influenza Virus Replication In

Vicro

'/ Inhibition of influenza A/Singapore/1/57 (H2N2) and
Influenza B/Victorias102/85 replication in vitro was measurxed
by reduction of viral plagque formation in Madin Darby canine
kidney (MDCK) cells

Monolayers of confluent MDCK cells, grown in six
well tissue. culture plates, were inoculated with 0.3 ml of
virus diluted to give about S0-100 plaques/well. Virus was
diluted in serum-free minimal essential medium (MEM)
containing 2 ug/ml N-ﬁosyl—l—phenylalanine chloromethyl
ketone (TPCK) treated trypsin {Worthington Enzymes), and test
compound.

Virus was'adso:bed at room temperatuxe for one
hour, and the cells then overlaid with defined cell culture
medium, version 1 (DCCM-1)sagar overlay containing test
compound, 4 ml/well. DCCM-1 is a serum-free complete cell
gro medium (Biological Industries), to which TPCK treated
trypsin and DEAE-dextran to a final concentration of 2 pg/ml
and 0.001% respectiﬁely, were added. Agar (S%) (Indubiose)
was diluted 1:10 in the overlay before being added to the
plate.

oncd overlaid, plates were incubated at 37°C, 5%
CO, for 3 days. Cells were then fixed with 5%
glutaraldehyde, stained with carbol fuschin and the viral
plagues counted. Results were as follows: |
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TABLE 2

Compound

Sodium 5~Acetamido—4-amino-2,3,4§B-tetradeoxx-g-
alycero-D-galacto-non-2-enopyranosonate

(4-amino-NeuSAc2en) (6}
&

Sodium 5—Acetamido-47amino-2,3,4,5-tetra deoxy-D-~
glxcero-g—talo-hon-Znenopyranospnate {14).

Ammonium 5-Acetamido-4-guan1d1no-2,3,4,S-tetradeoxy~
Q—glxcero—g-galacto-non-z*enopyranosonate (7

Sodium.5-acetamido-4-N~2’-hydroxyethylamino~2,3,4,5-
tetradeoxy-g-g1ycero-g—ga1acto~non-2~enopyranosonate (29)

Sodium S—acetamido—4-N-allyl—N—hydroxy¥2,3,4,5—tetradeoxy-
g-glzcero-g-ga1acto~non—2—enopytanosonate {45)

Sodium 4,5-Diamin0*2,3,4,S-tetradeoxy-g-glycero-g-galacto-

aon-2-enopyranosonate {38)

IC5q Plaque Reduction (M)
Influenza A\\'

1.6

3.0

1.6

60

4.7

11

Usag sey 1004g sty

AU

Influenza B

1.6

1.2,

1.6

2,7
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Sodium 5-acetamido-4-N-allyl-N-hydroxy-2,3,4,5-
tetradeoxy-D~glycero~-D-galacto-non-2-enopyranosonate (45) can
readily be prepared from compound (11) described in Example
5, using oxidation methods. o

] . \
5 Example 22 In Vive Anti-~Viral Activity :

_ The compounds o£ Examples 2,3 and 6 (4-amino, 4-
guanidino and 4-epi-amino), as well as the compound DANA (2-
.deoxy-NJacetyl-c-g—neuraminic acid), which was shown in
Example-20 to have anti-neuraminidase activity in vitro, were
10 tested for anti~viral activity in a standard in vivo assay.
When administered intranasally to mice before and during
challenge with influenza A virus, these compounds reduced the
titff/ﬂf virus in lung tissue 1 to 3 days after infection;
: Mice were infected intranasally with 50 pl of 103
15 TCIDgy units/mouse of H2N2 influenza A virus (A/Sing/1/57).
The test compound was admjionistexed intranasally at a dose
rate of either 12.5 or 25 mg/kg body weight (50 pl of agueous
solution/mouse) as follows: 24 hours and 3 hours before
infection; 3‘hours after infection then twice daily on each
20 of days 1, 2 and 3 after infection. The structurally

unrelated compounds ribavirin and amantadine were also used
for comparison. '

-~

_ +  The mice were sacrificed on days 1, 2 and 3 after
infection, their lungs removed and virus titres in the lungs
25 measured. The titres were plotted graphically and expressed
as the percentage area under the curves (AUC) compared to
those for untreated mice.  Results are summarized below.
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_ Table 3
Bfficacy in Influenza Virus Infected Mice g
' .9
Experiment '\Compound ' \ Dose $ AUC 3
' . ' : (mg/kg body weight) g
Sodium §-Acetamido-4-amino-2,3,4,5-
tetradeoxy-p,—g_;mg;g_-g-ggl_a_ggg-non-z- ®
enopyranosonate (4-amino-NeuSAc2en) (6} 25 0.06
Amantadine 25 0.08
DANA 25 0.18
Ammonium 5-Acetamido-4-guanidino-2,3,4,5-
tetradeoxy-D-glycero-pD-galacto-non-2- :ﬂ
enopyranosonate (7) 12.5 0.03 “,"
Ribavirin 25 29.8
Amantadine 25 0.2
12.5 0.03
DANA 12.5 2.0
Sodium 5-Acetamido-4-amino-2,3,4,5- —
tetradeoxy-D-glycero-p-talo-non-2- .- | §
enopyranosonate (14) 12.5 E% 21.1 :ﬁﬁ
Amantadine 12.5 E% 8.8 .g;
DANA 12.5 %E’i 4.0y m > N
— =l
=1 =
E— i
8 .
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All three compounds tested showed greater potency
than DANX.
Ex e 2 The following fbrmulations are representative

of compositions according to the invention: S

S AQUEQUS SOLUTION . o
S

2 w/w
Compound of formula (I) 10.0
Benzalkonium chloride 0.04
Phenylethyl alcohol ' 0.40
10 Purified water to 100% w/w \
L)
AQUEQUS COSOLVENT SOLUTION
) 2 w/w
Compound of formula (I _ _ 10.0
Benzalkoniun chloride 0.04
15 Polyethylene glycol 400 10.0
Propylene glycol o 30.0
"Purified water to 100% w/w
AEROSOL, FORMULATION
4 $ w/w ,
20 CQmpéund of formula (I) 7.5
Lecithin _ 0.4
Propellant 11 25.6
Propellant 12 - 66.5
. | , | | _ \
DRY POWDER FORMULATION
25 . % w.w
Compound of formula (I) 40.0
pactose 60.0

'These formulations are prepared by admixture of the
active ingredient and excipients by conventional :
30 pharmaceutical methods: ' i
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Tt will be-clearly undexstood that the-imwention in

its generxal aspect is not limited to the specific details
referred to hereinabove. |
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_ original claim 13 cancelled: Til
CLAIMS: original claims 1,3,7 and 12 amended:

_new claims 10, 13-15, 19 and 24-37 added:

other claims unchanged {9 pages)] i

on ) October 1991 (01.10.91): |

o
1. A compound of formula (I) or formula (Ia)

(N ' ' (1a)

where in general formula (I), A is oxygen, carbon or sulphur,
and i general formula (Xa), A is nitrogen or carbon;
| "R! denotes COOH, P(O) (OH),, NO,, SOOH, SOH,
tetrazol, CH.CHO, CHO or CH(CHO).,
o R* denotes H, OR®, F, Cl, Br, ©N, NHR®?, SR® or CH.X,
wherein X is NHR®, halogen or OR® and -
R®-is hydrogen; an acyl group having 1 to 4 carbon
atoms; a linear or cyclic alkyl group having 1 to 6 carbon
atoms, or a halogen-substituted analogue thereof; an allyl
group or an unsubstituted aryl group or an aryl substituted
by a halogen, an OH group, an NO. group, an NH, group or a
COOH group,

-

. R and R* are the same or different, and each
denotes hydrogen, CN, NHRS, Ny, SRS, =N-ORS, OR", guanidino,

N—RS NRS N—o0 |, -NH-N-R®

ORS RS RS RS

N

& T

R' denotes NHR®, SR®, OR®, COOR?, NO., C(RY),,
CH.COOR®, CH.NO. or CH.NHR?, and
| ‘R® denotes CH.YR®, CHYRCH,YR® or CHYRCCHYRCCH.YR®,
where Y is 0, S, NH or H, ‘and successive Y moieties in an B
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group aré the same or different, ”!IIIICI "II!_I I“JI "Ilsl " I!Il

and pharmaceutically acceptable salts or
derivatives thereof,
. provided that in general formula (X)
(i) when R’ or R’ is OR® or hydrogen, and A is
oxygen or sulphur, then said compound cannot have both
- (a) an R? that is hydrogen and
(b) an R* that is O-acyl or NH-acyl, and
(ii) R® represents a covalent bond when Y is
hydrogen, and that in general formula (Ia),
(i) ,when R® or B is ORS or hydrogen, and A is
nitrogen, then said compound cannot have both
(a) an R* that is hydregen, and
(b) an R® that is NH-acyl, and
(i) R® represents a covalent bond when Y is
hydroqen. _ ,
2. A compound as claimed in Claim 1 wherein the
compound is a compound of formula (II)

H -
. kg ., COOH

CH,CO.NHY

NTe)

ﬁlll D
\.I

o .
wherein R’ is hydrogen or B and R is ~N;, —CN, -CH#NH-_. , or -
N.RS.R?;

R® and R® are the same or different, and each
denotes hydrogen, a linear or cyclic alkyl group of 1 to 6
carbon atoms, an acyl or substituted acyl group of 1 to 6
carbon atoms, -C.(NH).NH,, -CH,.COOH, ~CH.~CH.-OH or
~CHy. CH. (R‘°) (R'Yy,

R0 and R" may be the same or different, and each
denotes oxygen or R°N=, and.
R2 denotes hydrogen, -OH, -OCH;, -NH,, or
(CH;) aN- | |
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or a pharmaceutically acceptable salt or
derivative ,thereof.

3. A compound as claimed in Claim 1 or Claim 2
wherein R’ is NHRS.

4. A compound as claimed in any one of Claims 1 to 3

wherein R? is

Sheet Has Been Reraced

3 T

NHz ox NH"C"NHz.

-8, * A compound as claimed in Claim 1 and selected

from the group consisting of:-

4 Sodium S—-acetamido-4-azido~2,3,4,5-tetradeoxy-D-
glycero~D-galacto~non-2-enopyranosonate (4-Azido-
NeuSAcz2en) ;

Sodium 5-acetamido-4~N ,N-diallylamino-2,3,4,5-
tetradeoxy-g-glycero-g—galacto-non-z-enopyranosonate,

Saedium 5-ace£amido-4—N—allylamino-z,3,4,5-
tetradeoxy-D-glycero~D-galacto-non~2-enopyranosonate;

Sodium S;acetamido~4—amino-2,3,4,5-tetradeoxy-2—
glycero-D-talo-non—-2-enopyranosonate; (4-epi-amino-
NeudAc2en) ; ‘

. Methyl 5~acetamido—7,8,9-tri—o—acety1—4-N,N-_

diallylamino-2,3,4,5-tetradeoxy-p~glycero-p-galacto-non-2-

enopyranosonate (4-N,N-diallylamino-Neus,7,8,9Ac2enlMe};
' ° Sodium S-acetamido-4-N ,N~diallylamino-2,3,4,5-
tetradeoxy~g-g1ycero—D—galacto—non-z-enopyranosonate, .

' _/ . Methyl S~acetamido-7,8,9-tri-o-acetyl~4-N-
aliylamino-2,3,4,S-tetradeoxy-g-qlycero-g-ga1acto~non~2-
enopyranosonate (4~N-allylamino-Neu5,7,8,9Ac 2enlMe);

Sodium S—acetamido~-4-N,N-dimethylamino-2,3,4,5~
tetradeoxy~D-glycero-D-galacto-nhon-2-enopyranosonate;
Sodium 2,3-dideoxy~D-glycero-D-galacto-non-2- .
enopyranosonate; and
' Methy) S5-acetamido-7,8 9-tr1—0-acetyl-4-azxdo—
2,3,4,5~-tetradeoxy-D~glycero-D-talo-non-2-enopyranosonate

- {4~epi-azidoNeus,7,8,9AC2enl1Me) .

6. . A pharmaceutical formulation comprising a
compound of formula (I) or (Ia) as defined in any one of
Claims 1 to 5, or a pharmaceutically acceptable salt or

l. /
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- derjivatiye thereof, together with a pharmaceutically

acceptable carrier therefor.

7. / A pharmaceutical formulation as claimed in Claim

6 wherein the formulation is adapted for intranasal

5 administration.

8. Use of a compound of formula (I) or (Ia) as
defined in Claim 1 in the manufacture of a medicament for
the treatment of a viral infection.

9. Use of a compound as claimed in Claim 8 wherein
10 the viral infection is influenza.
l10. A method for the treatment of a mammal including

-man suffering from a viral infection comprising
administration of a compound of formula (I) or formula (Ia)

(0

N

NS

v o R,
R

wherein in general formula (I), A is oxygen, carbon or
15 sulphur, and in general formula (Xa), A is nitrogen or
carbon;
~ R' denotes COOH, P(O) (OH),, NO,, SOOH, SOH,
tetrazol, CH,CHO, CHO or CH(CHO),,
] R? denotes H, OR®, ¥, cl, Br, cN, NHR®, SR® or
20 éﬂzx, wherein X is NHR®, halogen or ORS® and
- R® is hydrogen; an acyl group having 1 to 4
carbeh atoms; a linear or cyclic alkyl group having 1 to 6
carbon atoms, or a halogen—substituted analogue theéreof; an
allyl group or an unsubstituted aryl) group or an aryl
25 substituted by a halogen, an OH group, an NO, group, an NH,
group or a COOH group, :
R® and R’ are the same or different, and each
denotes hydrogen, CN, NHR®, N;, SRS, =N-oR®, ORS, guanidino,

-
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, B denotes mm‘ sr®, ORrS, COORS, NO,, C(R%),
ca,t‘éon“ CH,NO, or CH,NHRS, and .

R® denotes CH,YR®, CHYRSCH,YRS or CHYRSCHYRSCH,YRS,
where Y is 0, S, NH or H, and successive Y moieties in an
h? group are the same or different,

or, a pharmaceutically acceptable salt or
derivative thereof.

11. A method- for the treatment of a mammal including
man suffering from a viral infection which comprises the
step of administering to said mammal an effective amount of

" a compound of formula (I) or (Ia) as defined in Claim 1.

12. " A method as claimed in Claim 11 wherein the viral
infection is influenza.

13. : A method as claimed in either Claim 10 or Claim
11 wherein the infection is by a respiratory virus.

14. : A method as claimed in any one of Claims 10 to 13
wherein the active ingredient is administered teo the
respiratory tract. ' _
1s. A method as claimed in any one of claims 10 to 14
wherein the active ingredient is administered intranasally. \
1§. A mgthod for the preparation of a compound of
formula (I) as defined in Claim 1 which comprises the steps
of

(A) reaction of a compound, of formula (III)

This Sheet Has Been RTlaced

AR




61 3 9243 8333
19/02 '96 MON 10:16 F

AX 61 3 9243 8333 GRIFFITH BACK & CO
727 1040

- PCI/AU91/00161
| 3
U N

THIS SHEET HAS BEEN -
! REPLACED

)

wherain R', R?, R* and R’ are as defined in Claim 1 and L is a
leaving group, with a2 nucleophile; or

@oes

‘(B) interconversion of one compound of formula
(I) to another compound of formula (I), and if necessary ox

desired, subjecting the resulting compound to one or two
further reactions comprising

(i) removing any protecting groups;

: - (1) converting a compound of formula (I) or a
salt thereof into a pharmaceutically acceptable salt thereof.
17.

A compound of formula (Ib)

OH - )
O " '=: 0 /(..O:}".
—Y "."l' \’.'
! N
) i
M 4\'_/ _ i
Rdh g §—
}-—230

+

wherein R¥ is (alk) NR®R™, CN or N;
_ where alk is unsubstituted or substituted
methylene,’ : '

x is 0 or 1

: /Rﬂ’ is hydrogen, C,¢alkyl, aryl, aralkyl, amidine,
NRPR® or an unsaturated or’ satura.ted ring contéining one or
more heterocatoms (such as nitrogen, oxygen or sulphur),

R™ is hydrogen, C,alkyl or allyl; or

NR®R™ forms an optionally substituted 5 or 6 ;
membered ring optfonally containing one or more additional
heteroatoms,

P

R® ig hydroger{ or C;4salkyl and
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. R® ig NHCOR™ where R™ is hydrogen, subatituted

oxr ungsubstituted C; alkyl or aryl,
or a pharmaceutically acceptable salt or

derivative thereof.
18. . A compound as clained in Claim 17 wherein R® is
NR®R™, | |
19.}// A compound as claimed in Claim 17 or Claim 18
wherein R*® is NH, or NHC(=NH)NH,.
20. S-acetamido~-4~amino-2, 3,4, S5-tetradeoxy~D~glycero-
D—-galacto—-non-2-enopyranosonic acid and pbarmaceutically
acceptable salts and derivatives thereof.

i

21. Sdeum 5~acetam1do-4~am1no-2 3,4,5~tetradeoxy-D—
g1ycero—g~ga1acto-non—2—enopyranosonate.
22. S-acetamido-4~guanidino-2,3,4,5-tetradeoxy-D-

glycero-D~galacto-non-2—enopyranosonic acid and
pharmacentically acceptable salts and derivatives thereof.

23, . Ammoniuﬁ S-acetamido~4-guanidino-2,3,4,5~
tetradeoxy-D-glycero~D—galacto—-non-2-enopyranosonate.
24, ;A pharmaceutical formulation comprising a

compound as claimed in any one of Claims 17 to 23 as active
ingredient together with a pharmaceutically acceptable
carriat therefor. )

25. A pharmaceutical formulation suitable for
intranasal administration comprising a compound as claimed
in any one of Claims 17 to 23 as active ingredient together \
with a pharmacgptically acceptable carrier therefor.

26. " A pharmaceutical formulation as claimed in Claiw
24 or Claim 25 wherein the active ingredient is $-
acetamido-4-anino-2, 1, 4,5-tetradeoxy-D-glycero-D~galacto-
non—-2—enopyranosonic acid or a pharmaceutically acceptable
salt therebdbf.

- 27. A pharmaceutical formulation as claimed in Claim
24 or Claim 25 wherein the active ingredient is S-
acetamido-4~guanidino-2,3,4, S-tetradeoxy-D-glycero-D- Ths Stect Has Heen
galacto—-non-2-enopyranosonic acid or a pharmaceutically | ,II,I" lIII" "II

accept§4/g salt thereof.

28. A method for the treatment of a mammal 1nclud1nq
man. suffering from a viral infection comprising
administration of an effective amount of a compound as
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29. A method-as claimed in Claim 28 wherein ‘the

infection is a viral respiratory infection. \
30. A mgthod as claimed in Calim 28 or Claim 29 wherein

the viral.infection is infiluenza. >
31. A method as claimed in any one of Claims 28 to 30 -
vherein the active ingredient is administered to the '
respiratory tract.

32. A method as claimed in any one of Claims 28 to 31
wherein the compound is administered intranasally.
33. _ A method as claimed in any one of Claims 28 to 32

wherein the compound is S5-acetamido-4-amino-2,3,4,5~
tetradeoxy-h-g1ycero—D-galacto-non-2-enopyranosonic acid or a
pharmag;utlcally acceptable salt thereof. .
34. A method as claimed in any one of Claims 28 to 32
vwherein the compound is 5-acetamido-4-guanidinoc-2,3,4,5-
tetradeoxy-D-glycero-D~galacto~non~2~enopyranesonic acid or a
pharmaceutically acceptable salt thereof. V.
35. Use offi a compound as claimed in any one of Claims
17 to 23 in the manufacture of a medicament for the treatment
of a viral infection. ’ _ .
a6. A compound as claimed in any one of Claims 17 to 23
for use in medicine.
37. A method for the preparation of a cowpound of
formula (Ib) as defined in any one of Claims 17 to 23 which
comprises the steps of:

(&) - reaction of a compound,of formula (IIIb)

“ho :

i

D O O

wherein¢R® is as defined in Claim 17 and L is a

leaving group, or a protected deriyative of said ' A
compound with a nucleophile: or o
(B) Lnterconversxon of one compound of fermula

(Ib) to another compound of formula (Ib)
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-and if necessary subjecting the resulting cowpound to one or
two further reactions comprising:

. (1) removing any protecting groups;
_ (ii) converting a compound of formula (Ib) or a
salt thereof inte a pharmaceutically acceptable salt thereof.

. /—"—‘ .

- A L A
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