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" DERI-VATI VES AND ANALOGUES OF 2- DEOXY - 2. 3- DI DEHYDRO- N- ACET =URAM NI C
ACI D 1} » USE AS ANTI VI RAL AGENTS". 'ﬂxgéhéépﬁxgbg@N
relates to @ newclass of chenical conmpounds and to thdir ungpQA@”@gl cing
In particular the invention concerns new 4-substituted
2, 3-di dehydro derivatives of a-D-neuraminic acid, nethods for their
preparation, pharnmaceutical formulati ons thereof and their use as antiviral

agents. ERIVATIVES AN ANALOGEE! 2Ime %-lbiﬁ@ﬁ%hd‘%h%ﬁﬂﬁ
e 0 e D ANA THEIR G55 A ATMIRAL RN oo T

many nlcroor
d ostrldlun1perfr|ngens Streptococcus pneunoni ae, and Art hrobacter

si al ophi | us and V|ruses such as influenza virus, parainfluenza virus,
munps V|rud& Tie dlsease virus, fow plague virus, and Sendai virus.
Most of these V|ruses are of . the orthonyXOV|rus or par amyxovi rus groups,
and carry a neuran1n|dase activity on

De_r;xgtwes 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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S : 61 3 9243 8333 TMAS SHEET HAS BEEN
t Wi/ 0% 18 NP PO45BeFAK BUS peRepiga38s.  GRIFFITH maWRnw cof tlhe  REPLAGED
neur am ni dase- possessing organi sns are maj or pat hogens

]
an[nal\b’pﬁ_iﬂtﬁ@ﬁne, such as influenza virus, Newcastle difﬁ‘gf#?{?&sﬂand
fow plague virus, cause diseases of enornous econonic inportance.

I'{, has | CREBTVATIVES ANDOANSHIOGUES IOR (2-TEXRiYH-4)3 NEUBAMINICOACTIE ANDVIHEIR. 1M ght
prevent i nfectUssas VTIPS AGNISI dase- bearing viruses. Mst of the known
neur am ni dase i nhibi.{.or; re .anal f ur.am ni [ :

- deoxy- 2, 3. di deni s, YRt A iee. S T T (TR ves.
See, e.gomppundg aad Ho theing|usgy imnediisyy. 63In TRRCFHSEIAEL FH® of these

! sh,ZE) dfgmlainao%e@lbq{darr%& txfétJ |Mx§l%3§ift?ﬁitm3d%ﬂkf 2¢3dd{déiironhi ch

i nhi_bi myl ti-cycle repljcation of influenza and.pagain za viruses in
Vi t Po. gglﬁéltééésetc'él .",é‘\ﬂ?"cﬁ%'b‘y"’l‘gﬁf:’é' d&%‘?“%@ B8:"EhEED A nunber of
2- deoxy p2epadiadaiopdr hsamesten &1 gl rform: ba tioons deheyveaof vasdarbeknown in

the art e r indl et al., Virology, 58, 457-463 (1974); P
Mei nd| -é‘ﬁ? ﬁ.*f %&&%‘?‘%ﬁ %%’{\n% 1009&24) . 1295-1306 (1969): M. Flashner et
al ., Carbohydrate! g ivithpEhe @bty tp5leave Nraget¥l 4 . Liebigs
Ann CheReukafridie> @ERP) iNnANA D aBso known as sialic acid, from other

10 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

| aur

virus, Newcastle disease virus, fowl plague virus, and Sendai

15 wvirus. Most of these viruses are of the orthomyxovirus or
paramyxovirus groups, and carry a neuraminidase activity on
the surface 6flyhe virus particles. _

Many of the neuraminidase-possessing organisms are
major pathogens of man and/or animals, and some, such as

20 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

.25 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

30 multi-cycle replication of influenza and parainfluenza
viruses in vitro. See Palese et al., Virology 1974 59 490-
498, , |

A number of 2-deoxy-2,3-didehydro-N-acetyl-

neuraminic acid derivatives are known in the art. See for
35 example P. Meindl et al., Virxology, 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
— T = _
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- 2197025 PB\HON 09; S6TRAX, 8hedr 9943 6938, e?zét3 caapr(xﬁ)mcﬁ?e%o 6224 {j( HHS73HEET. ! aaeat—:;&
ar.7’ T"TF_héaron Tetters, 27 (43) 5229-5232 (1986); H. ura ataar,,.Chen1 008
Pharm Bul | (12), 4807- 4813 (1988); German O fenleg F3E '
1439249WaAH]} t hese conpounds are active in vitro agains CH/AY 6Elase

fromV. cholerae or Newcastle disease™ rus as well as that frominfluenza
Viruses RESSAR, B A raftne LBt 2rSBeRh i Fia by haRpTe ncRar al Tl uenza
3-aza-2, Fda M neRe-did- IPta%%h#hbét3QDELQCEEL$§£éEtﬁﬁéraﬂdnldase-
O [err]-N-acetyl-DmdindBtigsdtent 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
'f'i A R,
* 3
_./- (i3
- RY ™
s R}' R'\
Ry
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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) 2- - Y3579 O 89:560RAX. B gxy02ms Glang 056, I ,g&l '$kaya et al., Vop.
Virol. 1972 17 223-28. Neur am ni dase from 23t hr obact er

& o¢

sialophilus is inhibited in vitro by the glycals TH PP
2, 3-dehydr o- 4- epi - N-acet yP- neuramini ¢ aci d, S %“éiilgéSDB:EN '
2, 3=dehydr o- 2- deoxy- N- acet yl neuram ni ¢ aci d and --

5- acet am do- 2, 6- anhydr o- 2; 3, 5-t ri deoxy- D-Trehrid- non- 2- en- 4-ul osonate, and
by their nethyl esters. _§ee Kumar | . r ydr gt e 1 94
123-130; Carbohydrate Rég. §§ef0§59§1- %g?(gﬁﬂé't Y gre?zﬁ%g%m
2-[err]-azi do-tetiazehpUCH/OHO,C CHO exa 0l (CHO),, '

2- deoxy- 2, 3- di dehydro- 6-gahisoneuram.ni ¢ _acigd, C SSHELS ¢ abedron
Letters 1987 28 191- 194,‘%8‘&“6’#3%”‘00(9&%1%3& %?hr%gbgéﬁ' NARS, 8
N-acetyl - 2, 3- dCBjN0onhermerin] 30-ime R, nhalagen, oxabRf iamdet al ., Agric.

Bi ol . Che 1988 52 120961215 re. repart o_Lnhibi i dase,

al t hqugh the type of, ne?}?aﬁfnf‘é{ﬁ&%\?& %(%‘t g?éféfn{#?ﬁ%dh% g.mé:?, g‘l .
Tetrahedron Lecaxbenligtang) S6UBn&eMGor deypclidaalkyt gyoubebaving 2-to 6
deoxy- N acet yl ah£pbh- SeOfN] 25k N chéfagenbéa&h&'tﬂtagaarsnaiagha_%ﬁéféaﬂ Yafl!
ot herwi se agai ns{ neuram nf dase. None of the known inhibjtors of

neur ami ni dase ¥&4¥Yi 9500R 9F 1 *B wRSuPTERtUedRYYL )FERR SCE NRIVAF XL

activity in visabseptutedepy aonRloges) @ GWNfrodpycafiPROj fgwnip y dreavs,

Shown 10 b 1 NBELLKeok s E¥8 giuse! "

% and R* are the same or different, and each
denotes hydrogen, CN, NHR®, N;, 8RS, =N-OR®, guanidino,
4 . . | .
N-8 , w , N - 0 , -NH-N-F

l L1

RS Ré RS

|

oR® |
| CHy—
NN K

- R* denotes NHR®, SRS, OR®, CcOORS, No,, C(R%)s,

-@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

20 PR’ 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
25 (n),

15

(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 hydrcge.n and
(b) an R* that is O-acyl or NH-acyl, and
io (1i) RS represents a covalent bond when Y is

)ydrogen, and that in general formula (Xa),
: This Sheet Has Been Re
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vitro-inhibition of viral neuram ni dase woul ect a A
bl ockade WO /16320 nf ect i on. Mei ndl and Tuppy, HopPETEAYSIROOR1Z.
Physi ol Chem 1969 350 1088, described Bydrogenation of the olefinic double
bond of ©2-deoxy-2,3-dehydro-N-acetylneuramnic acid to

REPLACEMENT SHE (i) when R3 or R3  is OR® or hydrogen, amd A xmoduce
the [err]g én?f ﬁ HGQ§Xd c%%pgxkgeggggbql%&yg(gogqns [err]-anoner did
not i nhi bl r|o C erae neu he nost potent in

vitro |nh|b|tors of V|réP’néuanlﬁPé&séshQVSfPﬁ§§ bé@ﬁ identified as
conpounds that are basedbanahha4neua&nualuuae:@xframemnrk and t hese are

thought by some to be 4 sl iipaths® 2 3QUAY dddd Undt ¥lis
hydrogen. ¢

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

()

1.e. in general formula (I) above, R} 1s COOH, r? 1s
10 hydrogen, RY¢is acetamido, and R® is -CHOM.CHOH.CH,O¥, and R>
is hydrogen or RJ', vhere R} denotes ~N4., -CN, -CHoNH,, or A
-n.RB RY;
Ra and Rg.are the same of difierenct, ang each
denotes hydrogen, & linear or cyclic alkyl group of 1 to &
15 carbon atoms, an acyl or subsctitued acyl group of ! two 6
carbon atoms, -C.{(NH).NH;, ~CH,.COOH, -CH3CH,-Oli or
~CHy.CH. (/L% (r11,,

R0 ang R11 may be the same@ or differeny, and each
denotes oxygen o RIZN-, ancd
25 ‘q// R!2 denotes hydrogen, -0, -OCH 4, -NH:,-QC
(CHy1N-.
We have founa.e& parcticulac Subclaés o: compounds of
formula ({) whiCh are unexneccediy more active inan theyr

corresponding 4 -hydroxy anaiogues.

25 Thus 1n & pertaculercly preferred aspec: the .
wnvention pcovides compounds of formula (ib» \
Thisllslliiﬁtliiilﬁﬁli{leﬂhw‘i
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Bi. Qég./eoz\ ﬁ_&%fg STREQX 6W2@9{83832?4@mﬂntm\@ﬂli goany of the :
af orenmenti oned neuraminic acid anal ogues are conpetitive inhibitors of @Ror
neur am niwa®IZIeRe date, none has been reported as show ng aRCI/AUILDO161
activity in vivo. For exanple, although a half-planar, unsaturated 6-nmenber
ring systemhas been asserted to be inﬁoﬁtant for inhibit
Dernick et al. in ANTIVIRAL CH HERAPY (K. K. Gauri ed.
1981, at pages 327-336, sone c ounds chey,pcterized by s

notably FANA, have b or Lew, n g/possess in vivo al

activity. See Palese and Schul maf in ENCPRCPHYLAXIS AND VI RUS_ | NFECTI ON

OF THE UPPER RESPI RATORY T Va| . S. Oxford ed.) CRC Pfess, 1977,

at pages 189-205. : e e odf# und novel 4-substituted .
2-deoxy- 2, 3- di dehydro derivat fveés 1n[er -D-neuram nic acid which are N

active in vivo. The inventton therefore provides in a first
aspect conpounds of [ormula (kb of QY 6HRTE, cn o ny  [OFT]
‘where alk is unsubstituted or substituted
methylene, .
x is O or 1
S RSb is hydrogen, C;_ Galkyl te.g. methyl, ethyl),
aryl (e.g. phenyl), aralkyl (e.g. phenC;_galkyl such as
benzyl), amidine, NR7bR3b, or an unsaturated or saturated A
ring containing one or more hetercatoms (such as nitrogen,
oxygen or sulphur),
10 . R7b is hydrogen, C;_calkyl (e.g. methyl, ethyl:, or
allyl, or NRSPR7P forms an optionally substxtuted 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
15 , 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.
20 _ In the compounds of formula (Ib) the substituents
(for exaﬁplg-the group R in the substituent R31 may
themselves bear substituents conventionally associated in the 3
art of pharmaceutical chemistry with such substituents.
Preferably r? is NrOR 7, in particular NH, or
25 guanidino.
' Preferably RY 15 NmCOR?® where RY is mehhyl or
halogen substituted methyl (e.g. FCHy, FoCH-, F3c;
References herein to preferred definitions of
groups in compounds of formula (1) apply mutatis mutandis to
30 the corresponding groups in forxrmulae (la), ¢(Ib) and (1]). '

.~// ' Cy.42lkyl as used herein includes both straight
__Eﬁiiﬂ_ifgg;_f?thyl' ethyl) and branched chain fe.q.

This Sheet Has B
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genér al Tormil a_fa),

10

15

20

25

30

1924 B)33 A i SGRIFFOGNmEACKAE lken or sul phur, and in

IS mtrogen or car bOI”I
WO 91716320 PCY/AU91/00161
- 6§ - \
H
% CO,H
|'IO 2s,, / .
¢ ) “ s Sheet Has Been Replaced
i
SN "N .
R = H o
R'.‘h
- wherein R3b is (alkixNRGbR7b, CN or N4

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

" penzvl), amidine, NR7bRGb, or an unsaturated or saturated

ring. containing one or more heterocatoms (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
heterocatoms (such as nitrogen, oxygen or sulphur:, R8P s
hydrogen or C,_ salkyl. 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

thepselves bear substituents conventionally associated in the

art of pharmaceutical chemistry with such substituents..
Preferably R is NRGRT, in particulax NH; or

guanidino. ' _

_ preferably R? is NHCOR® where R? is methy! or

halogen suhstituted methyl (e.g. FCH,, F,CH-, F3Co-
References herein to preferred definitions of

groups in compounds of formula (I) apply mutatis mutandis to

the corresponding groups in formulae (la), (Ib) and (II).

Ci.481ky} as used herein includes both straight
chain (e.q. methyl, ethyl) and branched chain (e.g.

@o12



19/03:"98 HON 09:58 PREGHI} deemBem COCHay No[err], SOOH,
SofeTrTH™ T‘er}’zﬂo‘l'PHO:l[ e? rTCHO, CHO or Biﬂ%%ﬁﬁﬁ&fdd] | ! Rl err] Zo1s

dehotes H F, , Br, CN, NHRerr], SR err] or CH g n X
I's NHR emﬁig gen or OQ[err] and ' KusVRie

Rlerr] is hy rogen; an acyl
group having 1 to 4 carbon atons; a |iaear-or cyclic

a
to 6 carbon atons, or a hal ogen-substituted anal ogue tHhe#SPHERR HAS BiE
group or atsmmﬁ%sl)tmmﬁltﬂylawnpqmuaa aryl substifuted W%QEQO gen

an CH group, an JF _A(}ng]as& &pRaBlied GEPIVELIVR, is
Rlerr] and Rlerr] ar t%e sane_or erent nd each denat§ Q&QE&E&P CN
NHRCeT ], 'l\?%ﬁ‘*]"“ISF?’&’F'}‘““I\F%HHif]acﬁﬁaﬁf‘&iﬁoes er %1y &
| ester of the compounds of formula (I) or any other compound
S 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
10 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-l
carboxyl function, the C-7 or C-9 hydroxyl functions, or at
 amino groups. Thus compounds of interest include C;_galkyl
15 (such as methyl, ethyl or propyl e.g. isopropyl: 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
eth“/s benzyl ethers, p-tolyl ethers, and acylated amino
20 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. '

25 Pharmaceutically acceptable salts of the compounds

of fornmula (X) include those derived from pharmaceutxcally
acceptablg, lnorganxc and organic acids and bases. Exqmples
of suitable acids include hydrochloric, hydrobromic,
sulphuric, nitric, perchloric, fumarxic, maleic, phosphoric,

30 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-acceptablé, may be useful in the preparation

salts useful as intermediates in obtaining compounds of -

the invention and their pharmaceutically acceptable acid
addition salts.

35

—-_--h_~___§3£35 derived from appropriate bases include alkali
This Sheet Hag Been
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CTETEFTTT[é?FIT”CFf%ffoiffﬁfﬁfﬂﬁ—ﬂeH{err]hD[err] or CHerr]NHR[err], and 4

Rl err] denotes CH r CHYR err]CH err] YR[err] or \ / _
CHYR} erm)mﬂr]%%kﬁ@][ 1*"" laﬁ%were Yis 0, S, NHor H,chﬁ%ilgluggle?si ve
Y noieties in an R[Cgimm the sane or different,
phar maceutically ac or derivatives thereof
both these fornulae Rerr], Rerr], RreBr} and Rerr],
Rlerr] are subject to the provisos that in gernal fornul =
(i) wheetRlel e} gor SREARMD .| 31XALANE] SFF thy dFEFET 9% is oxygen or
E;IpEur,.hbﬁﬂg&ihﬂ>Qoﬁgﬂb&duﬁaﬂﬂatNhﬁvﬁwhe&b Rkis Cy.q8lkyl) salts.(a) an

~that is hydrogen_a . I t is 0-ac
or NHacyl, and "RegerencefipfrElnﬁféﬁf]t?eargéé s & ggig%%ﬁt bond mhgn .
Yis invention include the compounds of formula (I) and

S pharmaceutically acceptable salts and derivatives thereof.

Particularly preferred compounds of the invention
include :- '

THIS SHEET HAS BEEN i
R[ ?f( repaeen] and

5-Acetamido-4-amino-2,3,4,5-tetradeoxy-D-glycero-p-

gg;éggé}hon-2—enopy:anosonic acid (also known as 5- '

10 (acetylamino)-4-amino-2,6~anhydro-3,4,5-trideoxy-D-glycero-D-
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 écid (also known as 5-
(Acetylamino»-2,6-anhydro-4-guanidino-3,4,5-trideoxy-D-

15 glypero-g-galacto—non—2¥enoic acid) and salts thereof,
including the ammonium salt.

The éompounds of formula (I} possess antiviral
activity. In particular these compounds are inhibitors of
viral néuraminidase of orthomyxoviruses and paramyxoviruses

.20 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

inveption a compound of formula (I) or a pharmaceutically

25 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. | . _

Ig a further or alternative aspeét there is .

30 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
35 ’ 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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&r1 or hydrogen and A @015

i s nitrogen, then S d onpound cannot have both hﬁa
Rl er.r] WQDII&ZWdr%“‘ﬁBmRe (b) an Rlerr] t acyl ,
and R

BET/AY
| ent bond .
Lot iuﬁdcﬁéi general f {F S T

In a preferred enbodi CED

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
5 vary not only with the particular compound selected but also _
with the route of administration, the nature of the 3
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
10 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/kgsday.
In particular we have found that the etfect;ve
15 -doses of the compounds tested are related to their in wvitro
potency. Thus DANA (which has ICg, 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
20 dose.

4
Treatment 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
25 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
examfle as two, three, four or more sub-doses per day.

30

The compound is conveniently administered in unit
- dosage from for example containing 10 to 1500mg, conveniently
20 to 1000mg, mest conveniently 50 to 700mg of active
35 ingredient per unit dosage form. )
While it is possible that, for use in therapy. a 1
compound of the invention may be administered as the raw
chemical, it is preferable to present the active ingredient
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as a pharmaceutical formulation. REPLACED

=

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.

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

20

25

o~

chloride), buffering agents, isotonicity-adjusting agents
{for example sodium chloride), absorption enhancers and
viscosity enhancers.

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 &
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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on atons, an acyl or substitued

acyr group of 1 .to 6 carbon atoms, -C (NH).NH[err] CH[eQth%a}kggf}
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r Wlotr1ezeH Tis Sh @fﬂe cefRlerr]) (R [err]),

and R[err] may be t%lﬂ m lerent and each denotes oxygen or R:lerr]
N=, and hydrogen, -OH, -CCH|f€ : r
(CH[err]) [err] N-. ave <f Qund a partlculajH%hkﬂﬁggggngEnl
conmpounds of formula (1) mhlch are unexpectedly nore Vi fredor-")
cor r espondirgpgefysiE opipettee oguks. may be achievegsbynthe B?F%EﬂWarly
preferred gg@fﬁsw&ﬁgvgﬂtwaraﬁeyaess §oaneHanRLAkAT ooluke GEbLhe

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

achieved for example by means of a metering atomlsxng spray
S 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 sui;able propellant
such as a chloroflucorocarbon’ (CFC), for example dichloxodi-

10 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.

15 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 derivatives such as hydroxypropylmethyl cellulose ]
and polyvinylpyrrolidine (PVP}. Conveniently the powder

20 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.

25 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.

30

~ 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- i
infective agents. In particular the compounds of the
35 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
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eF i t&x(é‘lc@[e”] NR[err]R [err]

is unsubstituted or substituted nethyl ene,

1 R [err] is hydrogen, Cerr]-[err]alkyl |,
UG o1£183%0 pwmﬁﬁk lacgde. g. phenCerr]-[err] glﬁ"i@aa&égy
am di ne, NR[ ,
nmor

'I an unsaturated or Sjm
such as nitrogen, o );@@ISHPEEE

therapeutically active agent, in particular an antiviral
agent.

The comb;nat;ons referred to above may conveniently

. be p;égented for use in the form of a pharmaceutical

formulation and thus such formulations comprising a

. combination as defined above together with a
_ pharmaceutically acceptable carxier therefor comprise a

further aspect of the invention.
Suicable the:apeutlc agents for use in such
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
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 Ehe art.

The compound of formula (I) and its
pharmaceutically acceptable salts and derivatives may be
prepared by any method known in the art for the preparation
of compounds of ana]ogous structure. .

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

R: Ol
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o |
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oxygen CWGH/36IR0) %[jﬁ \MHM en or CJerr]-[err]al .

Rlerr] is NHCOR[ err] hydr ogen, substi tut ¢dTiis m&axhsm BEEN

Cerr]-derr]al kyl or and phar maceuti cal | y accepeRbAGEBal ts i
of - the conpounds of for mul a (I'b) and t hedr-phar maceut | caF=y—acceptrabte "
derivati ves. In the co % of for ’f) tfgg nts
(for exarrpreFﬁéngBoupSRFér F‘FfF'H 951“?“(]1?6 err Ry t emse es
bﬁar subst g&;aﬁﬁt Qf&&n&gcahpo.@ahl ;uaphmm etidh ltd:fmfwﬁ S#C*pm: i cal
chem stry with_su stit : re ei—éof ls
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Rlerr] is MegCRedr Mithhdhe R@Rr@m@mﬁ e knoriyele s uERT | $121R ﬁe‘?ﬁﬁ%(e g.
FCH er vanildd} ard [d3grddxaatle carbam.on, Ref eewiogcetetein to preferred

defi ni FI ons of groups_in conpou ds qf t andis to
the correspondi ng gr Jt§s GHRPC 5’3 ff m'yﬁ % f '§+¥ gg ShiSi LG
C err] - [ er rx@ink Whed corxtsb gratdiing |c|mdpmw$)o¢f1 gormiadat (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
10 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 (1)
may be'prepared from other compounds ¢of formula (I) by
i5 interconversion. Thus compounds of formula (1) wherein R
' is ﬁHz 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
20 wherein R3 is NH,. _

Compounds of formula I where Rl is CooH 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 b

25 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 sensitive groups
in the molecule to prevent undesirable side reactions; the

30 protecting group may be removed at any convenient subsequent
stage in the reaction sequence.

-~
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acceptabl e derivative is neant any pharmaceutically acceptal
salt of wagbrasgzy of the conpounds of formula (1) or
whi ch upon admi nistration to the recipi I s capabl e of

(directly or indirectly) a conmpound oF’F%%nula (1) or anit
nmet abolite or residug thereof

skilled in the art tHhat ?ﬁ%tﬁﬁﬁbgﬁnﬁrou Ls@hlknbEhépBES bﬁ&ﬁﬂohyothose

formul a (

provi de phaompqvndscatlioamuégtaBDemévrP@aPF@QsiPh§%88F¥§f°3%§ m?“?
functional gghogRs hRahb®eCObpatReEtivel CRotlpiaC Wnanriandice Chemistry Ed.

J. F. W. McOmie (Plenum Press 1973) or ‘Protective Groups in
5 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-

10  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

15 aralkyl groups, such as benzyl, diphenylmethyl or
triphenylmethy) groups, acyl groups, such as agétyl; silicon
protecting groups, such as tximethylsilyl groups; or as
tet¥ahydropyran derivatives.

Removal of any protecting groups present may be

20 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

25 or by reduction, for example by catalytic hydrogenation;
silicon protecting groups may be removed, for example, by
treétmgnt with fluoride ion; tetrahydropyran'groups may be
cleaved by hydrolysis under acidic conditions.

Where it is desired to isolate a compound of the

30 invention as a2 s2lt, for example as an acid addition salct,

' 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).

35 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.

This Sheet Has Been R
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as Y0t '8 HOW1Q:9e FAZr éorqzoamdss modi_ fcnndvmt mabe ¢Cogl car boxyl function,
t he~& 7+ or =C-9—hydroxyt TUnCtTons, or at ami no groups. Thus conpounds of

i nterest

p-tolyl e

|nclude Cerr]- [err]alkyl (such as nethyl, ethyl $1/60 81
i sopr opyWO8

formula (1), C—7 or C9 esters of conmpoyrds. of fornul«
esters thereof,

§9 (e.g.*phenyl, benzoyl) esters of t he. Co

sﬂé@*ﬂ%m'
qwmmAGEmers

C-7 or C9 ethers such as phenyl ethel

lota 128 ey no derivatives such- af-feemp——acety i 616

It will be apprecia t t
pha\erraceutlchIry ;cﬁﬁ J‘él eﬁ‘ig%'{/%gajbp"ét%%&é aéo@un séic??%ﬂril?(l) may

be ‘deri vattiheedytthmsis tofircempowrds teHnthe lnve“nP°Pharnaceut|cally

acceptabl e salts of the conmpounds of formula (1)

pharmaceutically acceptable, inorganic and organi c acids and bases.
Exanpl es of suitable acids include hydrochloric, hydrobrom c, sul phuric,
nitric, perchloric, funaric, maleic, phosphoric, glycollic, lactic,

salicylic
nmet hanesul
benzerfesul

10

13

20

25

69Iuene p- sulphonlc tartaric, acetic, citric,
PR

m c, benzoic, malonic, naphthal ene-2-sulp
phoni ¢ aciTEeatnent %&IEEQS%Eﬁta§aE§§|Peteﬁh?iéwﬁﬁ£ gﬂg?ﬁé %Ives

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.

Thogse 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

30

M.ethyl“ S5-acetamido-7,8,9-tri-0-acetyl-2,3,5-trideoxy-D-
glycero-D-talo-non-2-enopyranosonate (4-epi-
Neu5,7,8,9Ac, 2enlMe) .

_—
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phar Hage S 1o 19 B Ba e924ﬁa§ﬂsbe UsedROFPITR HAGR dPkgparation of salts
useful™ as™i Mernmediat €S Tn obtai ni ng conpounds of the invention and their @o2:

pharnaceutlcally acceptabl e acid addition salts. Salts from
appr opr i aWOBRI6320 ncl ude al kal | p%}\ﬁsﬂj/oom%

metal (e.g. sodi , alkaline earth nmet _(e.g. mag TITONT d,
NR[ err] (V\hereﬁym{s Cerr]-[err]al kyl) salts. E&%&éixg%&a
herelnafterggggﬁ rgpound of the invention include th conn@ EP farmil a
(1) and phar Ut IIy accept able s Its an erivat.i ther ¢ _
Parti cul ar Mp r% éf fajlhﬁﬁﬁn?@;@f—t[r ?‘ryﬂoﬁ- ? 3h%r E’;:q:z.deo:cy

Q-glycero-n—galacto~non-2-enopyranosonate (4-azidc-
Neu5,7,8,9Ac 2enlMe) . _

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

10 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-

15 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-

20 aminoNeu$ 1748, 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)

25 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 _ .

30 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~ -glycero D-galacto-non~2-anopyranosonate
35 (4-N-methylamino-Neu5,7,8,9Ac 2enlMe)

Sheet Has Been Reﬂlaced

AT




61 3 9243 8333

5- A2 P} YO 19792 EAD 63 ¥, 524%83¥de0X YGRIFEITACRACK- &-co
qaLacLo-nen-z-eﬂﬂpyranosdnlc acid (al so known as 5-

(acetyl am no) - 4- am no- 2, 6- anhydr o- 3, 4, 5-tri deoxy- D- gl ycero- Dpcrj,\ugl/omm
gal act o- YW@-91/16338 c aC|d) salts thereof including the sodiumsalt and

5- Acet ami 'do- 4- guani di no- 2, 3, 4, 5-tetr adegxy-D-

gl ycer o= D- gal act o- non- 2- enopyr anosoni ¢ acid (al so kno 'naSSHEETHASBrFN

(Acetylan1gg%g§uﬁnaﬂbydro 4- guani di no- 3, 4, 5-tri deoxy-
gl ycero-D-ga 0- pon-2 [oF bhar @ofg,=
AMTONi UM S ﬁyi g_acet§$h38 e hdge Hgl?ﬁ%ké b % Q 5 T

REPLAG?D_
R

ornula oss SﬁéﬁqFIVIra|

oun
activity. ghypero-Pubaldackesace ngpsnﬁagraﬂesmﬁtm t cﬁr’

neuran1n|dﬁ§gsgkzg ?QQHVXOVIrUSGS and paranyxoviruses for exanple the vira
neur am ni dase of

di seas

Iuenza A and B, parainfluenza, nmunps, and Newcastle
f Yand Sendai virus.

a furt her uephg&/oﬁ—hbetnmndpb7oﬂ 9-S5ApOTAGeSY Y-driliNrdimeyhylanino-

pharnaceutbcglhySQQ%&E%éQE&yS

10

15

20

25

30

35

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)

\
This Sh
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pr &9 Wed?% ¥Nt10etf FAE a1he wesmBaENt  Of mpmmmgxna%t i on,

for exanple

of thanmyxowi-+4ds and —par-amyxoviTas™i hfections in a mammal includi ng man,

conprising the step of adm nistering to said nanmal an effect of
d conpough s%‘ll'_ilwmh

deri vati ve t ereof

al ternative aspect use of a conpound Of 1Bhe i nventi on fppngg%mnuéggturk
of a nedi ¢a or.the treatnent of a viral infection REPLACEDt W|I]
be apprecreEred—y—tHose Skilled in the art ovyEaTe e
-9 - thatewlermmgfwr'%ﬁﬁ'e%%ﬁc%%%ﬂb‘émﬂo BY PRy axi s as weII
t he treat ngnxMde £st abl i shed infections or synptons. It wll be
further a | Igdihat t he amount of a
S Methyl ¢4,5,7,8,9 -penta-Q-acetyl-Z ,3-dideoxy-D-glycero-f-D-
galacto-Z-nonulopyranosyl chloridjonate
_ (XDN4,5,7,8,9Acg2BC1l1Me)
QOMPOUED 33
Methyl 4,5,7,8,9- penta-O-acetyl-2,3-dideoxy- D~glycero-D-
10 galacto-non-2-engpyranosonate (KRDN4, 5,7,8,9Acg2enlMe)
COMPOUND 34
Methyl 2, 3-dideoxy—g-glyce_ro-,D_-galacto-non-2-—enopyranosona te
(KDN2enlMea)
. COMPOUND_ 36 _
15 Hydrazinium 4,S5-diamino-2,3,4, 5-tetradeoxy-D~glycero-D-
galacto-non-2-enopyranosonate (Hydrazinium 4,5-diaminoNeu2en)
coMpoynn 37 °
4,5-diamino~2,3,4,5-tetradeoxy-D-glycero-D-ga lacto-non-2-
enopyranosonic acid (4,5-diaminoNeu2en)
20 Example. i The preparation of Sodium 5-Acetamido-4-azido-

9istssgrul @ (1) or a pharmaceutical ly acceptable
There is aI so provided i

- 2,3,4,5-tetradeoxy-D-glycero-D-galacto-non- 2-
enopyranoscnate (4-Azido-NeuSAc2en) (4)

The overall reaction scheme is as follows:

A.c-o/}'c HC. 1) BFy.BL,O Acy Ac . H.C
/
HE I 4 O ) HOAUBhyl Acame M€y °
o Al H,0 : o @
m 1) T, Olpyridioe/
H,Q
é 2) NaNyn- By N HSO, /
DMP
Ho 1 OH. o, O Ne' 1INIOMeMeOH  Ac oMo’“ H,C.
_ 0 o] o
km 7 o . IN 7 40
¢ N, 2} 0H L‘ N

) 3
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with the particular_conmpeund-setectetd bot—also with the route of

adninistration, the nature of the condition bei ng treated angc?ngugg?o

conditi orwofsumwat ient, and will ul t| mately be at the discretion of the

att endant physician or veterinarian. general however..a.suitable dose
n the range of from about O. Ollto 750ng/ kg of [{bpgsvwai HQ§grgay

w |l be, i
preferabl
range of

ommgﬁthankq@%gent will vary not only

éﬂ§ﬁ¥§f§%ijgf§%$%%€ 1 to 100 ny/ kg/ day, nost grefergpg yA¢gkthe
; a nd .t hat
the effective ddses 14&9Qkﬁﬁﬁﬁﬁd§°}%§fgﬂp3%emﬁgbgge -t

err nVItI’O

pot ency. ThuB,ﬁ%&#&éu&a€¢#ﬂast#[£ﬂ pLaqucxdseuwrQua_xg_sgeﬂrpgéﬂEﬁehas been

found to

~before or
present |

synpt ons.

10

15

20

25

30

35

g.i-‘m?fiﬁ&# 20t 191880 hgaNd .19MhkkI 1PER &l adktRie The
y¥ ester 0

DANA | 00 ff.ect
at r;?igort% rR3edngish Bhicend B ChShEA g ool el ik, Liohisst ve
ttnz ®i) i efect thiragdmiantiesuandent al nitoegens no Ionger
t fect
DhenCa vere %%:gfpﬁ%%gg ShSoh! BihoeRVBYE! | ifie WRAIY M ALTAT e | Ve

or e nmple after the appearance of established

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 gél, 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).

Prggpration 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

This Sheet Has B
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Sui t1§b°|2y 90 MY 18103 FAX 61924348330 nes d%fgymnﬂacﬁwtéo“%d for 3-7, e.g. 5
days post—i-nfect+ on-dependi ng- apon” The partTicul ar conpound used. The o2
desired dose may be presénted in a single dose or as divided doses .
adm ni st engg 9aieg@fpropri ate intervals, for exanple a , 02t il
nore sub-doses per day. _ The conpound is conv st ered

in unit dosage fromfor exanple contarnffg=10 to 150 : “entl y..
to 1000ny, nosi_ conveniently 50 to 700ny GliVe. | { PEdnadi t
dosage form° dryridss ““‘GW ?‘H‘qqt ViAEYYs &Jheeat%éa%/fd?%%fe a|e:tr:é’i her apy, a
conpound ofbativedmesttybmgabatse @A Ml andl watehel AP themMR, it is

preferabl e dRudH &S NHydh Wl ldaadadiBe lriitwashed with water (50 ml x
- 10 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°

10 . (C),MeOH).ir.(CHCly) cm™) 2100 (N-N3). 1748 (carbonyl). YH-
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

15 (dd, 1H, Jg 7 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 (dd, 1H, Jq, g 2.3Hz, J; g 5.2Hz, Hy),
5.96 (d, 1H, J3,4 2.9H, Hy), 6.13 (d, 1H, Jyg,5 8-4Hz, -CONH)
13c. me (CDC13> & (ppm)

20 - 20.7 (CH3-CO-0-), 23.2 (CH3CO-NH), 48.3 (Cg), 52.6 (COOCHj3),
' 57:§/.(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

25

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 wéter {3 ml), stirred at room temperature for
30 1.5 hours, ajusted to pH 6-7 with Dowex 50 x 8 (H*) resin,

and then lyophilised to afford the title compound (43 (35 mg,
94%).

_—

This Sheet Has Been

A



61 3 9243 8333
as 13/%a??1€8%di°| PHIFAT $indil 424308333 GRIFFTIIEHAORVE ol ON. thus further @027
provi des_a.phar maceutical—-fof rut-at ron~conpri sing a conpound of the fornul a

(1) or fornula (la), but not subject to the proviso thereto, POT lﬂmnél
phar macewviocgs/Zigaaeccept abl e salt or derivative thereof Jﬁug

pharnaceuticall acceptable carrier thergfor.
"acceptable' in the sense of being conpatible with the pther pEwy Eents of
the fornul gtion(rag)aarldgketerbousoBo,t Re0Bes-Biaent 17A . The

phar maceut ngaé,,,% gubf;lt ?oqg%my be.pB khe har rrheécggnv_-agt,u onals4f coumul ati ons
n

for the inten I stration. qu gsal

adn1n|straiﬁonJaccerGrﬁ&ztoJBheQNeﬁhgﬂzofHﬁhe Avért i'SH the neJnén1n|dase

|nh|b|tors3ngnzbe3 d slsnared7by anpsoﬁddhelﬁetﬁgqs anéHzor dgl, at*i ons

enploy t4" pas agmi ni gt lgazl, 00 2.6H h S in i
hd1c 8RS hlag 3 B S0 ¥ O o s P2 B

genera dmi ni’st i'n tHe %f a so UtloqAﬂ’

suspenS|on605Has ﬁgdny4p@Wdéﬂ . 18, Js5, 4 39-dH%ond saed Fs M Fendisdns

general ly die}qtie,qug4 02 Xa2rlg R epamd o wat.dnzl eng ,( fsar3sexaidyl e
I z ’

1H' J6'5 a.gHz‘ J6,7 3-9“2, Hs’ 5-82 (d' lH' J3’4 2-2“2, Ha’;

| TMS@JEEWEHAe"'Eﬁrt e

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.
4/ o - g /)
WN o
Ac N Xgahx
Y ) ;
1) NeOMe/McOH OH .
~ LT, o
2) OH' ' - A“:NH,N 4 o
)

g;ggpgat;on of (3)
' Into a solution of methyl S-acetamido-? 8 9-tri-0-
15 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%). -

ThlS Sheet Has Been Rerlaced
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,838F wat SRIFRIQE a1aBR %S k! 00i cal |y acceptabl e
ca-sal vent— (f o~ exanple- et-hanvls ~pr opyl®ené glycol, and pol yet hyl ene glycols

@028

such as PEG 400 . Such sol utions or suspensions na q éIEEa |y .

cont ai n oxA8BLA%SIPI ents for exanpl e preservatives (such a
chl oride),

80, Span 80, bgnza!koniun1ch|oride), bu ( .
|sotonlC|t&sadkﬁakhng3§gqgﬁs+(aqn fAMME SefLYY ¢hélidey
n

and vi Scosity enhancérs., Suspensi o may tional ly.
suspending"&@@ﬁtsiCﬁbr(§W5#ppe¢ﬁiér§59@sﬁ Ak ’ceﬁﬁgﬁoégfrigpﬁaiynethyI

; ACDCly + CD3BObUBI appmor. sudsens-Ofs r-@7ap2l-18d (ai.rect |y
oot BNt IRY (@At [Rodbiah! 8 2l hoae dnenper

in single or nmultidose

may be e
form 5 t N laatk ohs gaddHz ity &'I%dgé'nét‘%r ideg Liss ‘dedizratioy .9r ovi ded.

enhancers

cel | ul ose

to the naaajﬂ %%\Q

pi pette or “spray.

sol ubi i si ng agent s/ surfact an#g such as pol ysor
fter

I ng agents,

mul at’i ons pr.ovi

In the casqxf3 ¢ Kgry, 4.22 (br. dd, 2B, J4 g & Jg g 10Hz, J4 3 & Jg 7

10

15

20

25

30

2.1Hz, Hy & Hg), 4.71 (dd, 1H, Jg g 2.6Hz, Jg,g- 12.3Hz, Hg),
5.31 (m, 1H, Jg g 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, 1K, J3 4 2.1Hz,
H3).

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

20.2, 20.3 (CH3-C0-0-), 22.3 (CH3-CO-NH), 48.2 (Cg), 50.4
(Cq), 52.0 (COOCH3), 52.1 (Cgd, 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, Hy & Hgs), 3.89 (dd, 1H Jg g 2.6Hz, -Jg g

11_.81-!2, Hg), 3.95 (m, 1H, Hg), 3.99 (brd, 1H, Jg4 5 10.6H2,

 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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pi pette thlg_g&y_hg_thLemed.by—bheﬂpatrenr‘fg' nistering an appropri ate, @oz9

predeterm ned vol une of the solution or suspension. In the cg Rﬁgﬁmﬁﬂﬁay

t-his nmay v@ oigigagyed for exanple by neans of a netering ajpasS FRg-Spre :

punp. | ntranasal adm nistrati may al so be ach| enad dneemreaaspat: |

an _aerosol fornmulation in which the conpdund is provided |n a prEEAgEDEd
BT U s T 1 e 3 .r‘.". BT T

pack with t ahl e pr | c of hi08 OREE LB ,
exanple(ﬁé§é§#%§¥i o] pSEOLGR Sf CRmAS

f1 ueronet hane, trichlorofl uoronet ha ‘:_ - -
di chl orotetrafl uro- roet3HaRLAINO A3 ¢ o&THﬁtﬁ?gﬁ?ﬁ¥rBs§$¥§%F% 8as. The 5
aer osol may convenientIMﬁgh§g§g€m9m+h—eneurten@aﬂﬂa§ach7AS | ecithin. The
dose of drug may be controlled by provision of a netered val ve.
Al ternatively the conpounds be provided in the for gry powder,
for exanple a pomdeHTmﬁx°%ﬁrgﬁi EBAPHLRD Fﬁhﬁmguffaﬁﬁeg%g&agf'base such as
| act-ose, starch,

HO
OAc )
$-CH, >
| :
Q) [B] HzN-CzN“ HO ‘_"'< O O “
TOAC O _JL _ Y jL
oy S L ']' o/C"‘ ——e——- NI’-‘//I\\? 0
Ac” N 2) Dowex S0W x 8, Ac HN):_ NIt
< ® -
5. 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

10 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

15 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

20 data for compound (7) are given below.  4-nme t{Do0 + CD4y0D)
6 tppm). -

2.06 (s, 2H; acetyl CH3), 3.60 (br. d., 1H, Jq g 9.4Hz, Hp), ‘
3-63 (dd' lH' Jg"a 6-2“2' Jg'lg 11.8“24 Hg'), 3-76 (br- .d-'! i
1H, 34'5 9.4Hz, H4), 3.87 (dq, 1H, nge Z.GHZ, ngga, 11.8Hz,

25 Hg)' 3-93 (ddd' 1H' JB;? 9-4HZ, Ja‘g 2-6“2' Ja'gl 6.2“2, }{8),
4.01 (dd, 1H, J5'4 9-4H2, Js's IO.GHZ, HS’, 4-20 ‘br- dnl ]-H
Jg,5 Y0.6Hz, Hg), 5.63 «d, 1H, J3 4 2.1Hz, Hy.

heet Has Been RTlaced
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pmywanyHohdum(jNB Canverient ty-the powder carrier will forma gel -
Lﬂ-the-ﬂasar‘caV|ty The powder conposition nay be presented.i dose
form for exanple'in capsules or cartridges of e.g. gelat.RCHVAﬂPr@?@?

packs fWwOWEE328 t he powder may be admi ni stered by neans_of _an |nhaler
In the intranasal formulations the coppound will gener3 STTaL
parti.cl e—size;—forexanpte of the order of 5 mcrons o
particle sj ined by nmeans known in the ar . g
nlcronlsat thMMQEQHQ en desired the formul ati ons may be adapted to
gi ve SUStaIrrEBN lllﬂguﬂ-‘ the active ingredient. The conpounds of the
i.nvention d in conbination wth other therapeutic agents,
for exanple other anti- infective agents. In particular the conpounds of
the invention may be enployed wth other antiviral agents. The invention
thus provides in a further aspect a conbination conprising a conpound of
formula (1) or a pharnmaceutically acceptable salt or derivative thereof

t oget her wi th anot her

E:.:gmgle 4 Sodium S-Acetamido-4-N ,N-diallylamino-2, 3,4,5-
. —-—
- a tetradeoxy-g-glxgero—g-galacto-non-2

enopyranosonate. (9).

-/ . - l . .
The overall reaction scheme is as follows: _
0OAc
Atly! drontsds . ; .
" agCOYCHCN ) _ \
_.a——'
'Y
1
(6)) " .

(1.3

1 NaOMeiMeOH

HOM

S ) !
~ H,C CH,

{9

5 Jato a solution of allyl bromide (60mg, 0.5mmol)



12 1% a?)seﬁ?’f dAr 94 FaE 8L v agﬂnksssl n paégwﬁﬁlna&% tiviral agent.
The_ coabinati.ons + eferred- +6- above-may ctonvenren Iy e present ed for use in @o3
the form of a pharmaceutical fornulation and thus such fornul

conpri si NgucRofAgRenat i on as defined above together with a 1{90161
acceptable carrier therefor conprise a fycther aspect of t qymg ]
Sui t abl e, therapeutlc ageﬁts for use in stith combinations i éﬁ@i&%&gBEEN i
anti-infect | g_g b_ art I Gularg %rltﬂrlmﬁfé@].ﬁi%ﬁ i
such as thﬂg Yo X

plrdtory infectjons. For exanple, ofher
tetradeoxy-g-glxcerg—g-gg;acto-non-z-enopyranoso )

(90mg, 0.209mmol) in acetonitrile (SmL), was added s;lver
carbonate (ll6mg, 0.418mmol). The mixture was stirred and

S 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-

10 tri-olécety1—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 tdd, 2H, J10a,10b & J10%a,10'b 14.3Hz,
JlOa,ll & Jle'a,ll’. 7.6H2, Hloa & HlO'a" 3.24 ¢dd, 2H,
J10b,10a & Jlo b,10‘a 14.3H2, Jigp,11 & J19p,117 4-9H2, Hyey
& Hyprpd, 3-.58 (dd4, 12‘!, J4 3 2.4Hz, J4 5 8.3Hz, Hy), 3.79 (s,
- 3H, COOCH3), 4.12-4.26 (m, 3H, Hs, Hg:, Hs), 4.70 (dd, lH,
~ Jg,8 2.6Hz, Jg g- 12.3Hz, Hg), 5.09 (dd, 2H, Jyzcis,11 &
J12/cis, 11’ 10.6HZ, Jjoqem & J12'gem 1-5H2, Hyjeig &
Hy2'cig)s 5.14 (dd, 2H, Ji2trans,11 & J12°erans, 11’ 17-7Hz,
legem & leogem ~1.5Hz, Hiz2erans & Hi7¢pans?» $.27-5.32 (m,
2H, Hg & -CONH-3, 5.55 (dd, 1H, J, ¢ 2.1Hz, Jq,g 4.7Hz, Hy),
5.72 (m, 2H, Hll & Hll',' 6.07 (d, 1H, J3’4. 2.4Hz, H3)o
:.// |
25 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
30 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%).

15

urenn

20

sewrn

'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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corfS60hd 88 MOt Py FAR i ﬂst92imf8ba:9nzgls gﬁ&ﬁ mé'ghe@s amant adi ne,
ri mantadine. and— i-bavi £i A~ #ey -oe—i TIct qdEd T1T such conbi nat i ons. @o32
The individual conponents of such conbi nations may be adm ni stered either
sequent i %gﬁi&:ﬁi‘ mal t aneously in separate or conbi ned phar BCHAUIIAR0161
f ormul at rons. When t he compounds of the invent
second therapeutic agent active agai nst the sanme virus,

Tt
conmpound nay ei%per be the sane.as or-®6&fer fromthat llenploved - wWheh eachi
conmpound i s used al one. Appropriate doses w || readi |y appreci ated by
{hose ski Example Bhe ar$odium 5"‘““?%‘-98#&65ﬁ&ﬁ?"?5‘r‘ﬁ\%&' 19 2nd its
phar maceuti cal |y accept gbtgasabbsyansalyriers-Draslastcaqmapared by any

met hod known in the arteagﬁgkgﬁoggggggaqiqn of conpounds of anal ogous
uc

structure. I n one process (A) a conpound of forrmula (111)
[err] '

The gverall reaction scheme was as follows:

Ally) beomide
A‘;COW N

. R . {101
11 NaOMeMe(Hil 1o
now
4
|
() ,
5 ' To a solution of allyl bromide (48mg, 0.40mmol) and

zompound (5) (155mg, 0.36mmol)) in acetonitrile (SmL) was
added sjilver carbonate (107mg, 0.38mmol). Thé'mixture was
.stirred, whilst protected from light, at room temperature for
16 h. The resulting suspension was filtered cff, and the
10 fiXfrate was evaporated to dryness. The residue was
chtomatograpnad on a silica gel column (ethyl acetatey
isopropanol/watex = 5:2:1). Fractions with an Rf value of
0.5 were combined and evaporated to dryness to afford
. compound (109 (S3mg, 32%). The starting material (5) with an
15 Rf value of 0.3 (61lmg, 39%) and N, N-diallyl derivative (8)

e

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

i
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wher ein R[err]n

is_as defipned_in formug-HY¥y,~and TS A T€aving group (for exanple a 033

sufphonlc acid residue such as tosyl, mesyl, trifluoronesyl)

/uveiested
derivati WeOMONEG6320 is reacted with the appropriate nucleophlvgi_LgL_exaggg§z===

azi de, cyanide, an appropriate carbaniopy ar thioacetate.

conpounds of formula (111) may be obtained fromthe correspong

of fornmul alglhe (CDC13) of cokpbthd (10) is shown as follows

THIS SHER® HAS BEEN
li ng cg

10

15

20

25

Cab
o

& (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, Jj3c4s,11 10-2HZ: Jy2cis, 12trans~1-3H2, Hypeys)s
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}1HZI H3)-

Compound (10) (SOmg, 0.1lmmol) was stirred in
anhydroﬁs methanol (5mL) 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

solgpion was freeze-dried to afford compound (113} (3lmg,
78%) . '

lg-nmr (D20) & (pom) 2.02 (s, 3H, CH3CO), 3.42 (dd, 1H,
JlOa'IOb‘13-4Hz‘ Jloa'll SGSHZ; Hloa,' 3052 (ddr IH'
JlOb,lOa—1354Hz' JlOb,ll 6.3Hz, Jlob), 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,
J12trans,12cis 1:5HZ, Jyaerans,11 17-7Hz, Hy2trans's 5-72 (4,

.IH, 33'4.2 -4Hz, H3), 5.89 (dddd, Jll,lOa 6.6Hz, Jll,lOb

6.3Hz‘.J11,12CiS 10-3Hz. Jll,thrans 17.7“2, Hll).
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by 192 96 HAN G0: 0% FAT 60+ gnmqo;!m met hg(f?piqﬂo B dohe art, for exanple by o
r&mﬂonWLmaLﬂmsaud+amhﬂstTQHMafjfdlmmdbthnmyms 34
The compounds of formula (IV) are either known in the art or_nay be

obt ai ned %ﬁg @s anal ogous to those for preparing the knotia

In a seco (B) the conmpounds of formula (1) may b -@gggﬂggdesﬂﬁEN
ot her conpounds of formula (1) by interé@nver5|on Thus CnnpounﬂgmﬂCED
formula (1) Mmmu1ﬂew]|sNWeH] 01 NH[ ey
reduct i on kxanpke b r es Ry "(ﬁ'-ad‘?id& Tome:t

Conpounds wherein R3 is wq~@mmmmwmwmww
derivatisation of the corresponding conpound wherein Rerr] is NH[err]

Conpounds of formula | Vhere err r d by hydrolysis {
of the corresppndi n@%t%?eﬁ&rrﬁqm%gof b‘g§ gaig‘ﬁ'ﬁs'tlons for .
exanpl e ‘at pH 11-12 (using a hase such as sodi um or annDnlun1hydrOX|de, or '
at pH 2-3 (usigg.an acid such as sul phuric acid). OAc As will be

appreci ated by those skilled in the art, it nmay be Necessary or desirable
at any stage in/the apove

U}

u-!-"‘t;f-f;:.:—

Q

A O
1) “zOI"nanICNIQ) eH,
07 | ——— s B
Ac 1M N Ousepropylethylamun Ac s h
. 31 Naplya-Ba N HEO Sokcned ;0
(21 * 41 KpSipyndine un
HC :
o //)k““zn
/ : OAe N A)AL’ ©
L4

L A ’l" R CH,
AN

71 Amterine (KA us
H(

an "
Ot

. 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,_-a'ﬁa finally evaporated to dryness under reduced pressure.
The resulting residue was stirred in dry DMF containing
N,N-diisopropylethylamine ({194mqg, 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

g

(3mL) containing tetra-n-butylammonium hydrogen sulphate

(950mg, 2.8mmol) and sodium azide (137mg, 2.lmmol). The

mixture was stirred at room temperature for 16 h and then
___evaporated to dryness. The residue was partitioned batween

T
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ded®92hetf BMHABLSeBAR 61 r 09 HBt 8BE OF CRMIFETESEGK!4 W6 Oroups in the nol ecul €Z035
ito prevent_undesi.rahl e .si-de +eacti ormsT "the protecting group may be renoved ™~

*at-any conveni ent subsequent stage in the reaction sequence. pryau01
' REPLACEMGT 916520 . - 14 -

protecting groups used in the prepara}igg of conpounds o T SHIEE T HAS BREEN
be,used, in conventional manner. See for“exanple Protectijie G RERLAGED

& oups. %@‘g%ﬁ%%sg?%ﬂéé@-*&%%&é%%&?e@ﬁ??‘oﬂf WL ey, a0 Sons
1981) . washed successively with water (SmL x 23, and then’evaporated
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,

15  J4,3 S-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,
H5>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)-

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

162.4¢Cy), 170.3 & 170.8(CH3CO x 4). \
25 Compound (12) was stirred in anhydrous methanol

(5mL) containing Amberlite IRA-400 (OH-) resin (100mg) 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.
30

The aquecus solution was stirred at room temperature for 2 hr

and then neutralized with Dowex 50 x 8 (HY) resin. After

filtration, the filtrate was lyophilized to afford compound

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

~—

—_—
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CortéP i 8 MONAATRG BAR Rlcat isags gomaIpS rmegﬁpmﬁ ek kO&, exanpl e aral kyl
groups,_ such. as_henzyl., —di pherykmethyt or triphenyl met hyl groups; and acyl @036
groups such as N-benzyl oxy- carbonyl or t-butoxycarbonyl. Thus, conpounds
of gener ﬁ;é(} (I) wherein one or both of the groups r,_..-_._.:.,..w.l.'.'-u ‘
repr esent rogen may be prepared by degrotectlon of a crnw@ssHEHWM@SBEEN
pr ot ect ed conpound Hydr oxy gréfps may be proteited RERLACEDDI €,
by aral kyl roups such s benzyl, dlphe r' e Ty -
groups, acy £ P AAE Fa %L’ ec’tl ngd-’gr oups, such as i
trimethyl 5|2l;/,l !-g(c&mi;g X B2 ettdda.hym.op'{g,am HEH3at o as ~11-9 9Hz, HgRenpyal
of any protg d_r]g & O4PS zqfqugt& y beq ashieved &y, czm,ve{gls)rwé), 5.81
pr ocedur es. us an_aral K uch as benzyl, may be cl eaved by
hydr ogenol y&3s v 13, 4r 34 catalyst (e.g. palladium on charcoal):
an- acyl group such,as N benzyl oxycarbonyl, may be renoved by hydrol ysis

with, e%ﬁ_lj;ydr 0g&h HPTE ¢ %é{ﬁ,@ﬁf&i@.%c{bq Py rﬁ%ﬂﬁboﬁﬂ

exanple by hydrogenat i on; | con protecthg groups na
removed, for exanpl e, by DTEkKGRIA- RS I TRATF 1 RENWFTANR 0 r’a'n
groups may be cl eaved by hydrol ysis under acidic conditions.

‘OAc

HO QAc N,
. ACQ, l\ﬂb_,-cocnwe 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
mﬁg}l in anhydrous dichloromethane (8 mL) containing pyridine
. (205 mg, 2.6 mmol) at -30°C, a solutjon of trifluoromethane-
10  sulphonic anhydride (Tf,0) (367 mg, 1.3 mmol) in dichlero-
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 i
15 N,N-diisopropylethylamine i194 mg, 1.5 mmol) at room
temperature for 16 h. The reaction mixture wasg 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
20 mg, 2.8 mmo 1 3 and sodjium azide (137 mg, 2.1 mmol). The

—_—
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Whi9/92i 198i ¥ONJ e6ioBERkxt ©1 issodzahgsgs csc?r}‘%qgg I‘i% Balkg ¢ gyent ion as a salt, for @
exanpl e as an aci d _addj ti an.sal t= ~t Ri-s—mma e‘achleved by treating the freed937
base of"general formula (1) with an appropriate acid, prefera

' eqU|vaquhﬁQﬁp or wWith creatinine sulphate in a sui t abl HFSTAERF LR
aqueous et hanol The presenL ngention Is furthe DES
the follow ng exanples whi ch are for ustrative purposes

shoul d hot mkzﬁta%smlse%a&ﬁd i tﬁddmm@ipéiaumdurotﬁ h and then was
Bt Geggrlgl t 1‘.910 O% % BCl (S mL). The mixture was stirred at
room temperature foxr 48 h. To this reaction mixture were
added ethyl acetate (50 mL) and 2 M HCl (1 ml). The organic
S layer was separated and washed with water (5 mL X 3), then
evaporated to drymness. The residue was subjected to flash
column-chromatography (silica gel, ethyl acetates/hexane=2/1). .
The fractions with Rg value of 0.32 (ethylacetate/hexane=2/1 i
as developing solvent) were combined and evaporated to
10 dryness to afford compound (15). (40 mg, 8.4%). The column
was then eluted with ethyl acetates/methanol=10/1 to recover
 the starting material (2) (280 mg,56%). Compound (13} was
isolated as a white foam substance.

MS (FAB) 457 (M*+1), 414 (M*-N3),
15 i.r. (CHCl3) cm ' 2108 (-N3), 1748 (carbonyl)
ly-nmr (cDCly), 8 ¢(ppm)1.97, 2.04, 2.06, 2.07 (s,12H, acetyl
CHy X% 4), 3.82 (s, 3H, COOCH3), 4.1274.20 (m, 3H,Cg, C4 &
Cg), 4.51 (ddd, 1B, Jg,, 4.4Hz, Jg g 10.7Hz, J5,NH, 10.1Hz,
Hg), 4.69 (dd, 1H, Jg,g 2.6Hz, Jg g+ 12.4Hz, Hg), 5.31 (m,
1H, Jg 7 4.9Hz, Jg,g 2.6Hz, Jg g 7.0Hz, Hg), 5.45 (dd, 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) | S

20

13conmr (CDC1y) 8 (ppm)
20.7, 20.8, (CH3CO-O x 3), 23.1 (O CH3 CO-NH), 44.8 (Cg),
25 52.6 (COOCH3), 54.8 (Cg), 62.1 (Cg), 67.6, 71.3 (Cq, Cg),

73.5 (Cg), 104.5.(C3), 146.3 (Cy), 161.5 (Cy), 169.9, 170.2,

Compound (153 (40 mg, 0.088 mmol) was dissolved in
anhydrous methanol (4 mL) containing sodium methoxide (6.4
-390 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
35 title compbund (17) as a yellowish powder (25 wmg, 83%).
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Thel¥SF1 R ¥Y¥ e:ndr Bax ﬁiatshomsacsasappl |GRIPUITR HARK(d)@oSYNt hesi s of conpounds

of the_mue.nt_ton_--—-Deae-e-t-y-l-ah on— T T T Treatnent of the acetylated @o3:
material with Arrberllte *RA- 400 (OHerr]) with stirring, for a period of \
time, gengyg I,l% h, at roomtenperature results in conp

e res

acetyl ati on. inis filtered off and the filtrate co Cﬁxpt;rgﬂggtnmsBEEN
dryness to afford the desired de-0- acet$Ration materi al. REPIACER

skilled in the art would recogni-se that other standard pro eSS —aFe

avaj l.abl e for the conplete de-O acetylation of the sane material, such as
treat nent it sGKBiamemThoddate (br ei0RNOI2108 Doy r | ¥1k4t (GaFbonyl)
The conpl etlg} ke Q,zqutyl abgeh material is taken up

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

5 Example Sodium 5~acetamido-—4—N-methylanu‘.nc-z,3,4.5-
tetradeoxy-D-glycero-D~galacto-non-2-
enopyranosonate (20)

Ohc o QAc
MoAcH"a': ' COOMe ' aco, 1 O, ~.COOMe ‘
Mel/Ag 00,11, N AcﬂNw i
A nH AcO
: : NHCH,
s 13
' NaOMe/McOl
. EH : OH
HQ, : o COONa  NaOH HO
AcHN@’ © kcm CoOMe
. YO Nhew, W0 HO  nhew,
e 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) \
10 was added silver carbonate (42 mg, 0.15 mmol). The mixture
was stirred whilst prqtected from light, at room temperature
for 1€ h. The resdlting ;uspension was filtered off, and the
filtréte was evaporated to dryness. The residue was subjected
to chromatography (silica gel, ethyl acetate/isopropanol/
15 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, S1%).

—_
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10407088 MY AT RABr &ix P d 926 3383 | rreé‘gggmwmﬁ Qggrature for a period of
tie generally—2-3 h.-Fhe -Aixture- s rhen~adjusied to pH 7.0-7.5 with @o3s

Dowex 50w X 8 (Herr]) resin. Filtration followed by freeze-dr ng,y{gp
filtrate v sarigasohe desired deesterified material . Pﬂy% 9 ﬂed
in the art would readily be able to ide t3|f_y sever al aI

for.the deesterification of the sane mat erial such as ch_qstymemlﬂﬁﬁ BEEN
alternati \&@sbé‘?ﬂahyilge' §e§1p gu@rmmi'ummdngxl de, ps

it assi gﬁpt@@ﬁ@m de.

| nt-er medi aj ounds ref erre to i n Exanpl es t o 15 lare—rden
fol | ows: 'GZOVF&RI Fhahyd ¢
5- acet am dbs 958, 9105b D.aeetgllz 65 5-12Hdeagerpl CH3 X 45, 2.45 (s, 3H,

glycero- D-{akR3 poN3278NeRd | ARFORQL ¢ £438R) - JhEUS ol B9 N, [R@Y B, \
5 3H, COOCHi)}, 4.16 (dd, 1H, Jg. g 7.2Hz, J9',9 12.3Hz, Hy'),
4.26 (ddd, 1H, Jg 4 " 9.2Hz, Jg yy 9-1Hz, Jg g 9.0Hz, Hg),
4.36 (dd, 1H, Jg 5 9.0Hz, Jg,9 2.7Hz, Hg), 4.64 (dd, 1H, Jg g
2.9Hz, JQ,Q' 12.3Hz,.H9),_Sr34 (m, 1H, 38,7 4 .80z, J8,9
2.9Hz, Jg g+ 7.2Hz, Hg), 5.51 (dd, 1H, Jy,¢ 2.7Hz, Jq g
10 4.8Hz), 6.05 (d, 1H, J3 4 2.3Hz, H3y)

‘ 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 lyophxlised to afford compound (20)
(15 mg, 82%),

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, Hq, Hg, Hg & Hg‘'), 5. 65 (d, 1H, J3’4 2Rz, H3)

Sheet Has Been Reﬁaced
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5- acet ami do=7, 8,9+t H =6 acetyt A=azido-2,375-t 1 deoxy- @o40
D gl ycer o- D- gal act o- non- 2- enopyr anosonat e- ( 4- azi do-

Neu5, 7, 8,494 q_}?% 3]zgenl Me) COVPOUND 5 Met hyl | PCT/AU91/00161
5acetamdo 9-tTi-0O acetyl -4-am no- 2, 3, 4, 5-

t et radeoxy- D- gl ycero- D gal act o- non 2- €n ﬂyranosonate (
am no- Neu§, 7. 8..9A 42en| ng pﬁ? 1Y, _ai

5acetam%§¥m&%§!rl- é’é’t |acP* d_:.meth _
2, 3,4, 5-tetradeoxy-D-gl M@W‘&Q‘t W%%Tﬁ%ﬁ%%‘%‘t’é

(4 N, N-di al | yl anm no- NeUanbgirtHitdsond ent 22) . COVPOUND 10 Met hyl
5-acet am do-7, 8(9Adr|-0acetyl 4-N-al | yl am no-

2,3, 4, 5-tepégdedky- D cer act o- non- 2- engpyr gnosonaf e .
(4-N-al I yl'am Amﬁkfépﬁjz@enl Me Act, %cmm ¢
AcO -

THIS SHEET HAS BEEN || '
_ REPLACED

MelfAg:C0,/CH,CN AcH
ACO NM ey
5 P |
¢ Amberhize IRA 400(OH) \5
MecOH
OH - | OH’
HO, O..__.COONa  NaOH Ho, I O _-COOMe
AckiN y vy
HO
 NMe, HO HO  nMe,
23 12

: Po a solution of methyl iodide (65 mg, 0.46 mmol)
] and compound (5) (100 mg, 0.23 mmol) in acetonitrile (15 mL)
was‘ggded silvex 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
10 subjected twice to flash-column chromatography (silice gel,
ethyl acetatg/ isopropgnol/waterESIZ/l) to afford compound
(21) (30 mg, 28%) as a colourless foam. }

MS (FAB) 459 (M*+1) 414 (M* —u(cu3a2)
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(CH3)5), 3.42 (dd, 1H, J4 3 2.8 Hz, J4 5 8.6Hz, Hy,
3.79 ¢s, 3H, COOCH3), 4.17 (dd, 1H, Jg'g 7.4Hz, Jg. g 12.3Hz,
Hg')"' 4-18 (ddd, IH‘ J5'4 8-5H2‘ JS'N‘H aogﬁz, JS'G 9.01‘!2,
Hs)l 4-31 (dd' 1“] J6'5 9-0Hz; J6'7 2-9“2,“6), 4-68 (dd, 1Hl

20 J9'8.3-0H2, 39‘9' 12.3Hz, Hg)' 5.31 (m, 1H, J8,7 4.4Hz, Ja'g
3.THz, Jg,g- 7.4Hz, Hg), 5.51 (dd, 1R, Jq g 2.9Hz, Jy 4

4.4Hz, H4y, S5.79 (d, 1H, INnH, s 8.9Hz, CONH), 6.09 (d, 1H,
33'4 2.3[‘!2, H3’

S




CO\P(P}\ID%Z‘ONBIW ﬂxamebamzds-sia:B A @Rrgplgﬁ%& ﬁm no 2,3, 4, 5- '
tetradeoxL[}gl ycero=[x t-alo-nenr- 2-enopyranosonat e ( epi - B do41

789triv@mm235trideoxy 4' |5 -di hydro-2' - meteroxe St -
'D-gl ycer o- D-t al o- non- 2- enopyranosonate, 35 - THTSSHEETHAS BEEN
(4-.epi -4, 5-oxazal oNeu7, 8, 9Ac[ err] 2enl Me) COVPOUND 15 I\/q hyI REPLACED

5- acet ami do- 7, 8, 9- tr¢gﬂp&sﬁayt2ﬂa arBoomg, 304066 mmol)

tetradeoxy BnQ1N g h 4nBRirlite IRA 400 ‘
s ohece AR SRR L AR R AR e v o |
5-acetanid hzresin 899 wadep aaeesvytsv@egre&“&
1;-5 al o- ?On_ gréﬁﬂxg)’fﬂiﬂﬁéﬁaat a£§c4 ewheazudﬁwmmhmwm tembiinidl
-acet gm do- 7, ri age - 20
2,3,4, te??édsgﬁgc’ffﬁﬁgcg?o&ﬂréefag?o non- er?c?p roé‘rrllgscfnzgt) ¢ mdd .
(4 N- et hywamhowmustzrsegAepewﬁ]cg@n|<|ﬁe)ml-) at pH 12 at room :
temperutﬁre for 2 h, then was adjusted to pH 7.5 with Dowex
50 X 8 (HY) before filtration. The filtrate was lyophilised

to afford 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. BHZ, H3}

Example 10 Disodium 5-acetamido-4-N-oxycarbonylmethyl-
amino-2,3,4, 5-?tet.radeoxy—g-glycero-g-ga lacto-
"~ 15 ' ¢ non-2-enopyranosonate (26).

[
ACO_ o COOMe ac0 2 g 0w 2_CcOOMe
ACHN} 7 ACHNT/ 4
AcO BeCHCOOMe/AgzCOVCH,CN

b
10 13

5 14
NaOMeMeOH
/ OH ' QOH
Ho, Y o COONa  NaOH Ho, 1 o COOMe
AcHNW _ AcﬁNw
_ HO NHCH,COONa H,0 HO . NHCH,COOMe
26 ’ | -

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
ma.xture was stirred at yoom temperature for 16 h whilst
20 shielded from light, then filtered. The filtrate was

T
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19702 " VONPROIREPSL GAN/SL vy | 9243 8333 GRIFFITH BACE & C0 @oq
5 acet ani do-4-N-nethyl am-ro-2:-3 4, 5-1 et radéoxy- - 2
gl ycer o- D- gal act 0- non- 2- enopyr anosonat e (4- N-net hyl ani no- Neu5Ac2en| Me) )
COVPOUND éﬂ?%&é@o 5-acetam do-7,8,9-tri-0O acetyl - 4- NN-di rretﬂ'(\'/l'lmr {01631
2,3,4,5-t - D- gl ycer o- D- gal act o- non- 2enopyr an HASBEEN ,
(4- NN- di met hyl ami not Neu5, 7, 8, 9Ac[ err] 2ed8ve) COVPOUN '
5-acet am do- 4- NN—dlnethyIan1no 2,3,4,5-tetradeox
gl ycer o- D-$¥RRRFRTA8NTED- 6ﬁUB9F&nosoﬁ§FerF§‘§PﬁL %Fnﬁp

ONeusAc
COVPOUND 24ilica<gel column (ethyl acetate/:.sopropanol/water =5/72/1).
Fractions with Rg value of 0.60 were collected and evaporated

to dryness to affard compound (24) (80 mg, 68.5%).

S lgenmr (COCl3) 8 (ppm)
. 1.97, 2.044, 2.047, 2.11 (s, 12H, acetyl CHy x 4), 3.49 (AB,

2H, Jpg 17.6Hz, Hyjg x 2), 3.50 «dd, 1H, Jg4 3 2.9Hz, Jg 5 | |
8.4Hz, Hg), 3.71 (s, 3H,Cy,00Me), 3.79 (s, 3H,C;00Me), 4.09
(dad, 1H, Jg,4 8.4 Hz, Jg yy 8-8Hz, Jg,¢ 8.1Hz, Hg), 4.17 (dd,

10 1, Jg. g 7.4Hz, Jgr,g 12.3Hz, Hgs), 4.32 (dd, 1H, Jg 5
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 5 4.1Hz, Jg g 3.1Hz, Jg g¢
7.4Hz, Hg), 5.56 (¢, 1H, J7, ¢ 4.1Hz, Jq g 4.1Hz, Hy), 6.03
(d, 1H, Jyy,6s 8.8Hz, CONH), 6.04 (d, 1H, J3 4 2.9Hz, H3)

15 : . Compound (24> (80 mg, 0.159 mmol) 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

20 temperature for 2 h before being adjusted to pH 7 by Dowex 50
X 8 (H*) redin. The filtrate was freeze-dried to afford i
compound (25) as a white powder (59 mg, 94.6%).

 Henmr (D501 & ¢ppm)
2.04 (s, 3H, acetyl’, 3.58 (AB, 2H, Jpp 17.6 Hz, Hyg X 2),
25  3.5074.40 (M, 7H, Hy, Hg, Hg, H7, Hg, Hg & Hg.)>, 5.68 (d, 1H,
' I, 4 2.1Hz, H3) |

%

\
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Vetf(92 596 MAN A9 0f FAZ 3103 t eR43083m3et v - GRINFITH HACK & co @o

nmet hoxycarbanyl et byl am-ne-273; 47 —S5=tefradedoxy- D-gl ycer o- D 43
galact o- non- 2- enopyr anosonate (4-N

hoxy CWIGhOkJ63R0t PCT/AU91/00161

met hoxy ] hyl amaoNeu5, 7, 8, 9Ac[ err] 2enl Me) COVP T
5- acet ani do- 4- N- et hoxycar bonyl net hyl ar§o- 2, 3, 4, 5- S SRHEET AS BEEN J
t etr adeoxy- D- gl ycer o- D- gal act o- non- 2- enopyr anosonat e (4- EPLACED

met hoxyc { Ryl ang 5dc28at Ml dSONRPEURP-Rydipidygithy Iamino="
5-acet ama%%%&g—?rl -Odg&Ni\1H %

agety - -D- o-non-2-
hydr oxyet hyl am no- 2, 3, 42 g é %aﬁgg%?dff’xy 8\9?& 5§| aD'ctqoalr?c‘):r‘I:-
2- enopyr anosonat e (4 l\l—é{\epﬂ:ahsbdpoﬁyet Iﬁ?ﬁdm noNeu5, 7, 8, 9- Ac42enl Me)
COVMPOUND 28 Met hyl , 5-acet am do-4-N-2[ err]-hydroxyet hyI am no- 2, 3, 4, 5-
t et r adeoxy- DglyceoeeDgaI act o- non- 2- enopyr anosonghe (4- N—2[err]

hydr oxyet hyl asemo NAu5 NE COVPQJNRcag Ykt hs o COOMe
5- acet am do- 7, 8,8HN; tyhm o ACHN
hydroxyet hyl-am noAQD 3, -tetra eoxy- g (o] ycer o- D-gal agt,

2- enopyr anosonat e (4- N—% err] - hydroxyet hyl am noNeu5Ac g %‘]"'éuvam 30

\/
Acmbertne IRA JXCON
Mt
oH _
HO, l 0 COONa (M HoO 1 0 COOMe
AcHN@" nc)mw
H .
© NHCHZCHOH 1,0 HO  NHCH,CHaOM . |

29 1

TO a solution of bromoethanol (158 mg, 1.26 mmol)

5 and compound (5) (84 mg, 0.195 mmol) in acetonitrile (10 mL)
was addéd silver carbonate (100 mg, 0.36 mmol). The mixture
was protected from light and stirred at room temperature for
7 da&s.‘_Then it was filtered off, the filtrate was
evaporated to dryness. The residue was chromatographed on a

10 silfﬁ; gel column (ethyl acetate/isopropancl/water=5/2/13.°
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,OH)
lH-nmr (€oCly) & tppm>

15 1.96, 2.05, 2.10 (s, 12H, acetyl CHy x 4), 2.29 (br. s, 2H, | i
NH §OH), 2.76 (ABm, 2H, Hjg X 2), 3.47 (dd, 1H, J4 3 2.9Hz,
Jg,5 7.5Hz, H4), 3.62 (t, 2H, Jyj,y9 4.9Hz, Hyy x 2, 3.79
(s, 3H, COOCH3), 4.15 (ddd, 1H, Jg 4 7.5Hz, Jg5 ¢ 8.4Hz, Jg yy
8.3Hz,' Hg), 4.19 (dd, 1H, Jg- g 7.5Hz, Jg+ g 12.3Hz Hg'),

20 4.29 (dd, lH, Jg,5 B.4H2, Jg 9 3-8Hz, Hg), 4.65 (dd, 1H, Jg g
2.?Hz, Jg'ga 12.3Hz, Hg), 5.36 (m, 1H, J3'7 4Hz, J8,9 2.9Hz,
Jg,9¢ 7.5Hz, Hg), 5.55 (dd, lH, Jq ¢ 3.8Hz, Jq g 4Hz, Hy1,
6.08 (d, 1H, J3,4 2.9Hz, H3), 6.09 (d, 1H, Jyy, g 8.3Hz, CONH)

This Sheet

i



' ; 61 3 9243

3- Dle%?)z) sgﬂ;'cé??c?"tf"g‘af’hc’t 09223 np3al| opyr(smsn?;&qnincﬁcd @o ( KDN

- 18- .. COVRAUND 31.Methy -3~Beoxy=Dr gl yCET 6- D-gal act o- 2- nonul opyr anosonat e o4,

(KDNINE) COVPOUND 32 Met hyl

(4,5,7,8 %Oﬁ ?%Q acetyl -2, 3-di deoxy-D-gl ycero-[err]-D PCT/AU91/00161.

galacto 2-onu ranosyl chlorid)onate gKDN4,5,7,8,9Ac[err]2[err]CIINb)

COVPOUND 33 thhy¥ 4,5,7,8,9-penta- 0-ad8t yl - 2, 3- di deoxy- D] —

galacto non- 2- enopyr anosonat e (KD\4, 5, 7, 8, 9Ac[err]2enINb) '”*S?gifTHASBEEN
=PLACED

13¢_amr (CDCL3) (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

o

‘;ﬂ#”ffﬂzif/,ﬂ,,;,f

Vi



COMBERDO8 HONELth s FAX
( KDN2en1Me) COVPOUND.

475> g1 dmi no- 2, 3, 4, 5-t et radeoxy- D- gl ycero- D- gal act o- non- 2- eno

L] .
&1dhdeexy§31£;gls%3e€§3ﬁ%ﬁ& 9 &en- 2- enopyr anosonat e

36_ Hydr azi RiWmMA -~ - ———

(Hydr azi rikér%ﬁéi@h am noNeu2en COVPOUND 37

4, 5-di am
aci'd (4, 5-di am noNeu2
5- Acet anmi do- 4- azi do-
2,3,4,5-t

en) Exanple 1 = 3Phe preparatio

ranosonat e

5-t et radeoxy- D- gl ycer o- D- gal act 0- non{Rg# s Tainds 8REN "
of SegPUACED

. _ —D- -p=§aTacto-no
gl yEesium Par AcbapeY SR gLy Ce e A Opy T anosonat e

a

Eto0-non-2-~

(4- Azi do- NeuS5Ac2en) (4) enopyranosofiteo¢dB2l| reaction schene is as

follows: [err]-

. o OH oM
H*McOH
¥t
30
¢ CH,COCH
OAc _ Qac OA¢ v
acO o COOMe [04¢ €OOCH,
\Aco_.; / AgNOJCHCN 2 o
AcO OAc — Ac Ohe
33 A2
NaOMe/McOU
~/
o | NaOH/tL0 e :
N COOMe R L o COONA
HO 5 ¥/ HO /
3 3
Ho , OH HO’ o
34 as-

_ Comgound (30) (332 mg, 1.24 mmol) was stirred in
anhydéous'methanOI (40 mL) containing Dowex 50 x 8 (H') resin
5 (50 mg) at room temperature for 16 h before filtration. The
filtrate-was eVaporated to dryness to give compound (31) (320
' mg,_i;13 mmol, 91.5%);'which was stirxred in acetyl chloride
(5 mL) at room temperature for 3 days then evaporated to
dryriess to afford Compound (323 (539 mg,” 1.057 mmol, 93.6%).
10 The residue was dissolved in acetonitrile (20 mL) containing

silver nitrate (500 mg, 2.94 mmol} and potassium'ca_rbonate

This Sheet Has Been Re
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-19- Progpa?rcalttl i TAY) 61 3 s243 833?0 an gﬁm&ﬁ@cﬁw gsion of nethyl
5- acet-ari€do——4s A 8, 9+t etra Oateryl =2, 3, 5-1T1i deoxy D-gl ycero- D gal act o- @o.
non- 2- enopyr anosonate {1) (1500 ng, ,3.17 mml) in a mxture of benzene (50

m ) and WP 652800 ny) was added dropmnse BF[ err] Et [ er [To¥#&

thirty, mnutes under a nitrogen atnDsphere at room t enper fit HE.
m xt ure was then allowed to Stll’ at rodm Qarf'perature for [L6 hOLﬁEP!mm)

sol ution wa te kth e t 0] e S 7
St i ntod Eebae ol oﬂ“f% Rroys ?egngéﬁﬁtggénggﬁp gt%?*ga Ak Tobn
evapor at ed FG“EQE%PF‘*VéPG‘nﬂG( hhogheno £l rered .whiT&e \ﬁéé-téé&@d“ﬁ&t er (0.5 )
M) and acegvrépothteldOrd @hhllTbGlWh8|Qnﬂl&h&t&tW%&eUhﬁ%tﬁbbhredhqu room

The ot hyl - -REPEREeCSTa! R AR nABREq AP e hd SrdknitRgeE el M-
5§ washed wit.h water (10 mL x 3) and evaporat.ed 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, 15H, acetyl CHj x S,

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,

1H, Jg, g 1.9Hz, Jg g- 12.3Hz, Hg), 5.20 (ad, 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 g 3.0Hz, Jy 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) wes 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,

‘Henmr (D50) 8 ¢ppm)

3.69 (dd, 1H, Jgep 5.6Hz, Jg.g 12.0Hz, Hg.), 3.76 (dd,1H,

J5,4 7-8Hz, Jg g 10.5Hz Hg), 3.87 ~ 3.99 (m, 3H, Hy, Hg, Hg),

4.13 (d, 18, Jg,5 10.5Hz, Hg), 4.40 (dd, 1H, Ty 3 2.3H2, Jg 5
30 7.8Hz, Hy), 5.67 (d, 1K, J3 ¢ 2.3Hz Hy) | *

This Sheet Has Been RT
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59% REBO%8: YN 38199t FAZne1 30 Qﬁ43x832) ana GR@FIQ&‘H(E?\QK'H , .then evaporated _
to dryness. -The. residue- was ~chrorat ographetd—(sT| i Ca gel ethyl acetate as @oa’
eluting solvent) to afford pure conpound (2) (550 ny, 0%. - r ﬁ;omrgl ’

( CDCL[ er n"Wp f#16320( ppm ; 1.95, 2.06, 2.08, 2.10, 3

CH err] x 5), 3.80 (s, 3H COOCHerr]), £4,1-4.4 ( THHS SHEET %ﬁﬁFN [err],
Herr]),.4.82 (dd, LLH J[err],[err] 1. 8 Jlerr] |[err] REPRAGER M ellr]),

3. 27 (m 1#3&&'& ]1?7 S. é Q_@ﬁ ISHDJ.&E&M"i gn“]l : a = 15 (d

oo L Lot gy e vce]x)?-pagei#?t@ﬂd& <frifoeyp el IR0

nmg, 1.67 nmol) anhydrous di chl oronet hane (10 ml) and dry pyridine (316
my, 4 nmmol) at -30 to -40[err]C, was added dropw se a sol ution of
trifluoromet hanepgul phonic anhydride (Tf[err]0) (58 ng, 2 mmol) in

di chl ororrethg 2 moQyver ey mnutes. The raagtlin i _x psey t hen
stirred at REARTT /T or hours and concentr at eUHi s m

I n vacuo. The
resi due was ther;,“gi sh din erHEN‘Fz W) cont al iy g K i xture of sodium
2 m———t— NH,

é i Heat 3é

11 Amherlite IRA-400(HCOO Y
23 1 5 M HCOON _ '
1) Amberinte IR 48{OH)

H
HO__ i o COONa  NaOM - HO_ ,1 COOH
. HO NHts HO NH,
38 : 27
.F//

A solution of compound (6) (125 mg, 0.40 mmol) in
hydrazine hydrate (5 ml) under'argon was heated at 85°C for 3
S 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
10 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 mL),
passed through a2 small column of Amberlite IR-4B (OH 3 (10
15 mE;, The effluent was evaporated to dryness to give compound
€37), MS (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.

This Sheet Has Been R laced
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' 61 3 59243 8333 .
azil§69% '8EMONLO: 19 FARAL) 3 anddd es3mbut y bRYPFRR wReg ) dgogen sul phate (170 ng,
0.5 mml ). The reaction Jrixt we was-strrred-at roomtenperature for - 16 4043
hours,” and then evapor at ed

t-o drynes
acetate (

gh vatuum The residue was partitioned betﬂ@@ﬁl@ﬂﬂmﬂ :
B3 Bfisedd ‘

nd water (50 ml). The organic | : End_ .
washed with water (50 M x 2),. dried evdR Na2SO4, eWﬁcﬁ‘r"ﬁEﬁd-iAS)BEmv a
resi due (Z@O ng), which was subjected to doubl e chiromat BEPAPED (silijca gel,
the first s%ﬁW%ﬁt‘%z@%eﬁ1ﬁaﬂméthyl acet at e/ acet one: 8/ I, the secorg=sol vent

systen1massdorhtaupwmnhamglyalenz,nglg 10. zntorusa, c3k 58r @ss 2Hi | He3) &( 185

gy, 24%. Hyd,

10

15

" 20

25

30

10. 28z, Hs), 5.54 (d, 1H, J3 4 2.4Hz, 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 homogeneous solution left to stir i
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

. -1
i.r (XBxy) : Vpmax (Cm

Y 2964 (OH), 1730 (CO,CH3), 1656

(NHAC),

1358, 1174 (802), 810, 562, 350 (Anr)
MS (FAB); 460 (M+H™)

14 nmr (300eMHz, CD30D/TMS); & (ppm) = 2.03 (s, 3H, NHAC),
2.45 (s, 3H, ArCH3), 3.49 (d, 1H, Jg,91.70, Hg), 3.76 (s, 3H,
CO,CH3), )

3.91 (ad, 1H, Jg,g.10.80, Hg), 3.98-4.13 (m, 3K, Hg, Hg and
Hg y -

5.92

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

This Sheet Has Been Reilaced




VS, 14/0RE)P8 MON 19:pcRAT] 61 5 243461;%3 e rabe [err] D +
19. 1T-er_r_{ _(_CI_J.NE%) ﬂ. (.Cch?-[ er+]—§(sﬁw§§ﬁ%§(’k&ﬁe 1748 (carbonyl).  @o4s
[err]H nmr (CDCl[err]) [err] (ppm). 2.04, 2.05, =06
Acetyl Chivey 3.79 (s, 3H CoocHerr]), Eﬂ%&d’&E msﬁmm
8?2%&, J[erﬁ?yﬂﬁudé Hz, J[érr] [err] 9. QFE H er REPLACEP 1H h _
Jlerr].[err] 6.1 , Jlerr], [err] 12.5H Flerr]) 17 4Z7(ad, 1H,

J 4. - ]
LT ol O eihal Sl bedlby o 8 ot Gh-climmcbagr]
Jerr],[err]  12.5Hz, Hpe VFGIQ-@EQ@#PCIH'QﬂHaajeWRQﬂ aquggpte (40y
J[err],[err] 2.7Hz, J[erﬂ [erﬂ 6.8Hz, Herr]), 545 (dd, 1H, J[err],

rr] 2.9H
L[ere{]r]jz'ggz’l3‘]£§”]l‘-‘¥e[‘§‘? ﬁ‘ ZHZ?T“%) éﬁgcg%i)d]%éﬁyj]c- r£]e (]CDC1[err])
Lerr] (ppiplusrdsnishg m]—g@@l@@ex@@ﬂa@@ﬂt@ﬂ@&%ﬂ%@@%ﬁ@ﬂ) ;
.5 [ on o' (0 o (A Bl e Tl
%grg])ﬂ % ( ey dissalved in aﬁg%iz e d?“%é& Lo
homogenous solution heated to 80 C. Aafter 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
10 evaporation and the remaining dark brown oil dissolved in
pyridine (2 mL) and flash chromatographed (81045, 572/1
EtQAc/i-PrOH/HZO). The major product was compound (40) (370
mg., 88% yield) obtained as a white foam.
v o
1.T.(KBryzvg,  (em™l) 3428 (s,OH), 2104 (s, N3y, 1730 (s;
15 CO,CH3), 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
20 (s, 3H, COxCH3), 3.91 - 3.98 (m, 2H, Hg and Hg), 4.15 (d, 1H,

37'8 10-86‘ H?)' 4-38 (dd' lH’ J4’5 8-88' Hd)’ 5-91 (d' 1“,

Lparor

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

25 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.
30 Excess thioclacetic acid was then evaporated off
under low pressure and the remaining solid repeatedly treated i

with water followed by evaporation (3x3 mL). The remaining
so0lid was dissolve@ in methanol (4 mL), filtered and the

T




Conb"({ﬂﬁd 9(63!’01“( BBI#QPAZOGM mmh)ssws éFs;gpf-r.\@g mex%]gfydrous met hanol (5 m)
cont ai ni ng _sodi um. net hoxi de- £8& Agr -0~ 15— mmo m xture was stirred
at roomtenperature for 2 hours and concentrat ed to dryness |n vacuo. The

resi due K up in water (3 m), stirrjeg roan M ;a;gwommS
hour s, a%%‘glﬁ}opH 6-7 with Dowex 50 x 8 m” M‘ g then
I yoph| i sed to afford the title corrpound4(4 ) ?uf.
[ (KBr)cm[err] 3400 (br. , 2100 %ﬁera% 17 nyI).
[err] Hnmﬁ(lmr@m ®Py t(q)mpr;wa(@*'%ﬁl% e 45383 % ?‘@4
- 20 cm. X 2 mm. eluted with 5/2/1 I-:tOAc/i-PrOH/320)~ The band
with Rg=0.47 was worked up to give 51 mg- (70% yield) of
compound (41) as a white powder. '

5 i.r.'Tﬁgr) ? Vmax <em~1y 3400 «s, OHy, 1728 (s,CO0oCH3), 1656
(s, NHAC)
MS (FAR) : 347 (M+HT) : _
*H nmr ¢300 MHz, D,0) : & (ppm) = 1.96 (s, 3H, NHAC), 2.00
(s, 3H, NHAG), .

10  3.23 (dd, 1H, ‘Hg'>, 3.48 (d, 1H, Hg), 3.56 (dd, 1H, Jg g°
14.17, Hgd,
3.75 (s, 3H, CO,CH3), 3,89 (m, 1H, Jg g 2.90, J8 g+ 7.40,
Hg), ¢.02 (dd, 1H, Jg, g 9.10, Hg), 4.22 (d, 1H, Jq g 10.85,

37,' 4-45 (dd, I.H’ Jq's 6-94, H4)' 5-61 (d' lH' J3’4 2-47,
15 H3); |

Exanple 17 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:

o ' OH
Tso'k H% O~ COoOMe N § O coom
ACeRNS J LNDMEROC AcHNS y €
HO , OH wo o
LY I _ ' .. 4o
" . Q1,0081
AcHi i"’ o oM
CHN, ' COOM ) un Acun, 1 0
AcHNw % cHNiJCOOM?
: HO OH - N H HO OH
I 41 | 4
—
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1H, 9% 9 -“‘“Té By 3 ngrqsss[err]_mm&mmcm{ eor]) 3.65 (dd, 1H,
-9342— ~

J[Gr-F]——[ﬁ'H"] [‘err']' [eTrT 6.8Hz, H[err]) .88  (dd, 1H, J[err], @105
v] 2.6Hz, J 11.8Hz, H | _u_;‘. |
\[JFre;]r],[eNVq)Qz.E% B[ere;]r] [err] a[ng;])H[er A1/ Bo

J[err],[err] 10.4Hz, J[err] [err] 8.9Hz4gH er ])
J[ekr],[err] 2.2Hz, J[err], [err] 2.2Hz ?[err

(dd, 1H, J[err], [err,] s%l%mg[oqr r,,]et[}gf]_r]s,’isq‘ijtfacé{mic]lt) 3, BZS(H— 1L
é[igglahfr gé%é#t - _gyJéero-n-gQQLgfgrﬁpn—!L8n8£§9§£BLbﬂQt8f<§QQ'QW% l
5- t et r adeany- D-@l J3 emeo D gid swod Lverdiime-0 - 1M ag. sodium hydgeFidfodSnmia
(4-am no- NoUbACCRled Bt room temperagﬁ@eofo:ahLSrﬁaCtmﬁ& gollatdons was
f0||owg then adjustéd to pH 5 with Dowex 50W-X8 (HY), the resin

filtered gff and the filtrate lyophilized to give 40 mg.

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

4.34

f.x. (KBr) 3 Ypga, (cm™}) 3376 (s, OH), 1652 (s, NHAG)
MS (FAB) i 333 (M+H™) _
10 4 nmr (300 MMz, D,0) : & (ppm) = 1.89 (s, 3H, NHAc), 1.93
-ts, 3K, NHAC), - .
3.15 (dd, 1H, Hg'), 3.40 (d, 1H, Hg), 3.48 (dd, 1H, Jg o'
14.18, Hg), '
3.82 (m, 1H, Jg,g 3.01, Jg,g- 7-43, Hg), 3.94 (dd, 1H, J5 ¢
15 10.42, Hg), 4.13 (4, 1H, J9 g 10.91, Hy), 4.36 (dd, 1H, J4 g
8.80, Hy), 5.81 «d, 1H, J3, 4 2.41, Hj)

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

20 * 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.

25 -/ Workup by preparative thin layer chromatography
(Si0y, 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%
yield) of .compoimd (43) as a cream coloured powder.

(Rg=0.74). °

30 i.r.(KBR) : vp,, (cm~l) 3440 (s, OH), 2256 (w, CN), 1726 (s,
€O,CH3), ‘ o
1638 (s, NHAC)
MS (FAB) : 315 (M+H")

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

“‘ﬁﬁ'iiﬁTii‘ilﬁﬂi“linin
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S-acetamda- 7, 8, X Lrk-O- = — == — ~ "‘I@H‘ﬁnﬁgx % ]
acetyl - 4-azi do- 2, 3,4, 5-t et radeoxy- D- gl ycer o- D- gal act o- non- 2-
enopyr ano ﬁ* " prepared as in Exanple 1, (95 ng, 0.208 raI/AUON/00161.
pyri di ne ?%9 5 - bubbl ed with H2S foi 16 hour ¥ +==qje. The
solution was then flushed with nitrogén™for 15 mijhTHSSHERTHABRFENatled t o
remove pyrigd nggingers hi gh vacuum The residue wq chr ®RRLA&ERphed (Isilica
gel, ethyl_ acet at'ellgsop'ropanol-/water = 5/ llg I&dW)
conpound (23)9%5@%,1%6%9,9'17'22' Hg), 3.3 ' e Jg,7 1170 Hed,

3.67 (s, 3H, COCH3), 4.02 (dd, 1H, J5¢ 9.05, Hg), 4.13-4.19

(m, 18, Jg,g 3.91, Jg,g+6-56, Hgd, 4.16 (dd, 1H, J9 g 10.30,
S Hy), 4.37 (dd, 1H,J, 5 8.95, Hy), 5.90 (d, 1H, J3 4 2.42, Hy

dos2

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

Sy~

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 .
TsO, . l o COOMe ne o COOMe
ACHNY / NaCNA-Bu NN ACHNDY y
HO OH : HO OH

: : DMSO/S days
~ 39 | 43

13 aq NaOit
04 resn

: OH \
ST § o cOOoM '
ACHN_T 4

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

13 thg/tésultant solution stirred at room temperaiﬁre for 3 h.

The pH was then adjusted to ¢ with Dowex
50W-X8(HY), the resin filtered off and the filtrate _
1yophiliéed to give 75 mg (98% yield) of compound (43) as a
fluffy white powder.

7]
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- 2e/02 " quMON EASL ARG of ] b 83031, AQdrhiMacick o chH er 1), [err] [err]

+34.5[err] (A - MQH~ 4 - 4CHCE[®rTT) "cm [err] 3400 (br.NHerr]), 1740

(Carbonyl). [err]Hnnr (CDCl[err] + CD[err]OD) [err] (ppm.

2.07, 2. \yoeséxy acetyl CH3 x 4), 3.81 (S, 3H -f

1H, J[err],[err] & J [err], [err] 10Hz, Herr]), 1P SHIEE]
. [err] 12.3Hz, Herr] ) , 4.22 &Fr.”dd, 2H,|LI[ er (BEPY

Jlerr],[err] 10Hz, J[err], [err] & J[err], [err] 2. THz, Heérr] & Fl{err])

Jlerr]

4.71 (dd,

1H, J[erri,fertKBa) 9szmgker<ﬁ}“

Jlerr],

20. 2, 20.

5

10

15

T 20

25

30

35

1H, J[err],[err] 2. GF? %err] [err]
erp

( 3 (CHerr]-CONH), 48.2 rr])
H amx (300m-lz, Do0) 3 8 (ppm) = 1.98 (s, 3H, %%[A .

(dd, 1H, Hqg'),

2.88 (dd, 1H, Jg g+ 17.27, Hg), 3.48 (d, 1H, Hg), 3.97 (dd,
3.90,Jg * 6.53), 4.41 (dd, 1H, J4 5 8.87, Hyd, 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 CaCJ.z, pH 5.5 for V.

cholerae neuram;nldase).

The reaction was started by the addition of MUN to

final cohcentxations 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
zead 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.

- “ﬁﬁ'iiTr’i‘iirﬂifi‘li‘ﬂill

HASﬁEI\B 7.,2Hz

79 GFEOHJPe?%Fi f&rr%gsr]éﬁé% Hférr])
5.45 (d, ﬁﬁ?cg[err] [err] 2.1HZ, J[err],[err] 4.9Hz, Herr]), 5. 97 (d, 1H,
[err] 2.1Hz err%{)uzgerr]c-nm (CDCl[err] + CD[err]OD) [err] (ppm
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( Cpsm2r |96, MG 10: 12CAACHY ex r §243 &B31 ((C[GRIFFITHGHACR. & Cb. 2 (Clerr],
76.5 (dew]y ,~ 25 ¢Crert),” T43.5 (Jerr]), 162.0 (Cerr
170, 4, 170.8, 172.2 (acetyl -C =0 x 4). %é,ﬁ”r’g ' .
-Conpounduirds /4300, 0. 116 mmol ) was djgsol|yah ) thanol (5 n)
cont ai ni ng SlOdI um net hoxi de (12.4 ny, 16 23 {mol "“EWré‘g was stirred *
at roomtenperature for 1.5 hours and evaparat

&0 10 dryness in wacuo at
30[err]C. The residue was stirred in wgt @ {3 dilh at roemte

0 fpefgat ure unti |
TLC (silica gelS ethyl ‘Acetat €hnet hanoly/ @ LN &GE = 5/4/a) indi @ted that
hydrol ysis was @nplete® The $Bl ut i%nﬁ(g bt 10. 5) wds then-yradual |y

adj usted to agpbupd pH 7.5 by Doyex S0 % (M gerP resin* As 50%1 as the pH
of the soluti- rglb

derr]), @054
170. 2,

i /AU91/00161

eached 7.5, the susqqelgsi on weB quickly ®iltefe y a press
filter. The fultrate was, | yophilisedqitesafferd the titl e~conpeu (6) (30
ng, 83%. [&T

rTH-nnr (Dl err]0) [err] Eppm. 2.07 (S, 3H acety® CHerr]), :
3.59 - 3.70 m 2H, Herr] & Herr] ), %89 (dd, 1H J[err],

[err]a2. 6Hz, .
o ]
-J[err], [err] 2 z
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Example 21 Inhibition of Influenza Virus Replication In

Vicro

Inhibition of influenza A/sSingapore//S7 (H2N2) and
Influenza B/Victorias102/85 replication in vitro was measurxed
by reduction of viral plagque formation in Madin Darby canine
kidney (MDCK) cells

Mono}ayers 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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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.
Whan.administerad intranasally té mice before and during
challenge with influenza A virus, these comﬁounds 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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- 18/02 'ommaN oot by [FAD -sacet apdadessd, 8, 9- €RIFFIFEARAIRY & -¢b- ami no- 2, 3, 4, 5- @os1

t et radeoxy- B- gl ycer o- D- gal act o- non- 2- enopyr anosonat e (5) (90rrg 0. 209mMmol )

i.n acet qRplg1si@205"L, was added silver carbonate (1l6nmg, 0. PAYATG)/00T6E
m xfure was. stlrred and protected from$§bght at roomte erature for 16 h.

The resultlng suspepsion was filtered, and the filtrat at '
- dryness. reS| dug was subjected|jto flash-colum chr nﬁ%% gé’g‘ig?@&
gel, ethyl t e tontaini ng 10% Hethanol) to afford hyd - : {
5acetamdo-.;9- e 33 S 0o~ o o -cmo
tri-0O acetyll-%-NN-df al | yl adi 80-2, 3} 4, 5- t @b r adedxy- egl Ycer o- —-4:90:
D- gal act.o- ngr®2- enopyr anosonate (8] (85ny, 80%. [ er ]
[err] (ppm} 1.94, p.05, 2.06, 2.11 (s, 12H, acetyl dd 2H
Jlerr], [erH] & J [err][err] 14.3Hz, J[err],[err] & [er
Herr] &H Eerr]f) 8. 24 (dd, 2H, Jjerr], [err] &J[err], [erHu’
J[err], [er &g [ [grr], [err] 4.9Hz, Herr] b & Herr])
J[err], [ rr] 2 gHz} J4,5 9. 3Hz, Hmerr], 3.79 (s, 3H, [COOCCH err]),
4.12-4.26 (f 3+ qurr] Herr]., |Herr]), 4.70 (dd, 1H
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/ Q?P? 'gs[ﬁrarrﬂ %[‘qr}rijei]%grdghl—ﬁ%%g err] &%ﬁar EP:SHE Oa[ ((a(rj(rj] 221.H[ér£]er;?o1z

.14 (dd, 2H, J err] 11 & J [err]'trans, 11" 17.7Hz, J[err] &
-1 5Hz, HQ Oy err]), 5.27-5.32 (m 2H, H8 & - CONHmE==s:Rt
J[erﬂ, [err] 2 1Hz, J[err], [err] 4.7 H7), 5.72 (
[err]), 6.07 (d, 1H, J[err], [err] 2. AR, Herr]).

(8) (80ny, 0.156mMmoly) Waerdl SS&h df S8sYed OsBoved

cont ai ni sodd met hoxi de (16.2ng, 0.30mmuol). The soIﬁ?ron was
stirred at ro tenperature for 2 h, then evaporated to dryness. The

residue was taken up in water (5nL), and left at roomtenperature for 2 h,

The resulgy %&g@lﬁ%l on g f@i&é@iﬁ&%%ﬁ&@p&ﬁs b Xré tebentativad
freeze-dried t0 aiford tge title, co ound F% S Qg tg Lerr | H-nnr -
(D20) [err]. (ppm) .94 % CHRPOKELAMNS 2F jng3te, AYRRCERP Herr] x -

2 & Herr] x 2), 3.48-4.33 (m 7H, H[err] Herr], Herr], Herr], Herr],

H[err% & 608 S an29 (m 4H HI2 x 2 & H[err] X 2), 5.69 (d, 1H, S
Jlerr], [%é%‘r%g—%) 5.73-5.76 (m 2H, H{err] & Hlerr]. ) '

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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¥t will be-clearly understood that  the—imwention in

its generxal aspect is not limited to the specific details
referred to hereinabove. |
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‘WO 91716320 58 - PCT/AU91/00161
4 AMENDED CLAIMS |
‘ (received by the International Bureau . This Sheet Has Been R

laced

on 1 October 1991 (01.10.91): _

_ original claim 13 cancelled: _
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

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

| /(IH:-- | |

. 3 !
W LtH N )
by

= T O O

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

N
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| ut foallvl b 333 RERL 1554y @088
S 0.0 e by s PesaFids (OGS Bersaruion eod) commemtagep (

Iwo'g"m(;jmxt ure was stirred, whilst protected froml IPQIIVAUMIUDMm

tenperature for 16 h. The resultlng sus sion was filtered off, and the

feltrat
silica
With an

e was evaporated to dryness. The si due was chro
gel colum (ethyl acetate/ |sopropanollwater = mm ;ﬂi!ﬁﬂll
f

ropn @& ithe Same O SHFHTRNEMhd evapor at ed to dryme&s

compound (10) (53r@ind pha¥nachutitadily agcaprablal salksnidh an Rf val ue of

0.3 (61
(20my

%ﬁ%@tﬁ&s '%R/Nefllyl derivative (8) with an Rf value of 0.9

Wer'e T eco ‘respectively.
. provided that in general formula (I)

(i) when R’ or R’ is OR® or hydrogen, and A is
axyge‘n/ 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)
oH r AOH (11
. F, :
CH-,CONH X
R; \

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

~CH. CH. (R') (&', e
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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11(s, 12H, Acetyl CHerr]
Jlerr],[err]-14.1Hz, J[err],[err] 5.8Hz, Herr]), 3.

ML 5 L s

Bfﬂ?#)&"[ 5@»?11%%%98&”?‘@@ @ RTIE(AAX &s:OSho as f| | oy

4. 09

— COOCH
(ddd, “1H* Jf'er *lerr] 7.5Hz, J[err],[err]. J[err], [err][gralé
Herr]), 4.21 (dd 1H°m[aemqarmqtmqm ﬂq@@pﬁalplaw#aim @z, Hg.), 4.30 \
(dd, 1H J[ akétiv®tive eHdeoplerr], [err] 4.1Hz, Herr]), 4.63 (dd, 1H

J 3.2Hz, J 12. 2hz 5.09 (dd, 1H, J[
10 24z, o[ et} 12 [er[”oﬂxméfrﬂaé i Biod U i 5% e 5T Lo
Jlerr], 12[eww§eteihta Hise NHRF, 5. 36 (ddd, 1H, J[err],[err] 4.2Hz,

J .2Hz, J 57 dd J
4[irH;] (r'-:;]r? [err] 4[er ul rnr ?% %mﬁ-{lﬁ[@?ﬂ(c’ iﬁ&éﬁﬁ-@d—)—e”]i[e” ,

5. 83 (dddd, !her@{.mrk ;ls[err] 17 1Hz, J[err][err] 10.2Hz, J[err err]

5: 8Hz, J[ar][erﬂ 5.9Hz, Herg 609(d | H, J[err[h ‘““
v i

NHz ox NH"C"NHz.

10 5. 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-
NeuSAc2en) ;
15 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—
20 glycero-D-talo-non-2-enopyranosonate; (4-epi-amino-
NeudAc2en) ; ‘

. Methyl 5~acetamido—7,8,9-tri—o—acety1—4-N,N-_
diallylamine~2,3,4,5~-tetradeoxy-D~glycero-p-galacto-non-2-
enopyranosonate (4-N,N-diallylamino-Neus,7,8,9Ac,2eniMe);

25 " Sodium S-acetamido~4-N,N~diallylamino-2,3,4,5-
tetradeoxy-D-glycero-D—-galacto~-non-2-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);

30 Sodium S—acetamido~-4-N,N-dimethylamino-2,3,4,5~
~ tetradeoxy-D-glycero-D-galacto-non-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—
35 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 pharmaceuticaliy acceptable salt or

l. /



Corrgounqd&é;! ;é 4 gg,st@ | bqul?%‘ 33\/\/%125435&1?15'1&& fscgagopdr ous net hanol (5rrL) @os7

hoxide (12ng, 0.225mmol) at room_tenpera

then eva or dryness. The residue was redi SSﬂ@SHBE%@Igr
i‘ g ﬁmterrperature for 2 h beforle rﬁ:k A Ef
re

X The aqueous sol @lion was | o

89 H- D20 2.02 3H,
&‘LFE?E?C@ Q‘%ﬁ?ﬂ thiireofy cEppether Mikh Agﬁa&&q@qmqlésam
Herr]), 3. a& blld, careiek, thei'élfoh:'?) 4Hz, Jferr], [err] 6. 3Hz, J[err])
3.51-4. 27 H H H H

2SN 6T (B 0 oA bbb A Bhetheiiln, e Gl i ),
(dd, 1H, J[eﬁrmerpén]th&fldmulhtmh is h‘d.azdtad Hfaar rﬂr)t,rzﬁa,a&l(d 1H,

Jlerr] rr izt , 5.89 (dddd, J[err err] 6.6Hz, J[err], [err
6. 3Hz ,Bg[e]rard]%i[errlidﬁﬁg 3Hz, J[erﬁ] [err][ 17]7H[z H][err . Lerrl, Lerr]
se of a compound of formula (I) or era) 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)

%A N

(0

I

NS

3 Rzl 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, SO,
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-ORS, ORS, guanidino,

-
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- | e ig %niget am;mrfmmm&zc% 4,5-tetra deoxy-
lIBJQR y&ér‘@“gpot'é? S’Aﬁo% e'r%opyranosonate (14). al |
—reacti-on—sehemre—s as fol lows: [err] .H“SSHEETHASBEEM \

Ay - 62 -

10

is

20

25

REPLACED

. N , N->0O , ~NH-N-R®

: CHy—

N TN

, 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
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R* and R’ are as defined in Claim 1 and L is a
leaving group, with @ nucleophile;

(B)

wherein R!,

Rz

or
J.nterconvers:.on 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

(1)
- (11)

removing any protectn.ng groups;

converting a compound of formula (I) or a
salt thereof into a pharmaceutically acceptable salt thereof
17. A compound of formula (Ib)

)
Py A ’) (..O“l.
-~ \, .
YT .

wherein R*® is (alk) ,NR®R™, CN or N;
where alk is unsuhstituted or substituted
methylene, :

x is 0 or 1

/R is hydrogen, C,_salkyl aryl, aralkyl amidine,
NRPR® o an unsaturated or saturated ring containing one or
more heterocatoms (such as nitrogen, oxXygen 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,

R® ig hydroger{ or C;4salkyl and



1
i@o70

pyridi ne (205ny, 2. 6nmol ézéﬁij%O?ze“r?’ria?gm mobtesl cdr opwi se a Sol ution of
902 can wo A EME Bhohi 28nBYdri de (T 20) (367, =
i ane (2nlL) over a period of 20 minutes. [rH&"? SHEET BASHBEEN e was
j 30[err] for 5 h, and finally evap ed TEPLACHRess ufider
hmw“‘“m““ The resulting residdeeggas stirred in dry DVF contarni ng
,‘ sopropyl et hyl arg ne (194 |.5mmol) at roomtenperature for 16 h.
The react.ion ni xturelﬁm\/és*-%gm%d!welﬁ efshhydregensnsubsatitukedD\F.

The resi ducowasnéuisse ShitdL @, A1Rvi 8P m xture of toluene (5nL) and
wat er (5nmL) containing tet ratit- %ﬁ?'yl alr;rrg?l?g'l‘h hydrogen sul phate (950ny,

2.8mvol ) and sodi um £K & Phazrpageukicaldly) accept-akile @adtvax stirred at
room t enperddzrivative thdrevtd then evaporated to dryness. The residue was

artitione et ween -
II%EP'L ACENE EET . A campound as claimed in Claim 17 wherein R® is
7h : :

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

é
21. Sodium S-acetanido—-4-amino-2,3,4,5~tetradeoxy-D-
glycero-D-~galacto-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, ." Ammonium S-acetamido~4-guanidino-2,3,4,5~
tetradeoxy-D-glycero~D—galacto—-non-2-enopyranosonate.

24, ;A pharmaceutical formulation conmprising 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~amino-2,3,4,5—tetradeoxy—o-qlycero—n—qalacto—
non—-2—enopyranosonic acid or a pharmaceutically acceptable
salt therebf. '

~ 27. A pharmaceutical formulation as claimed in Claim
24 or Claim 25 wherein the active ingredient is S-

.- . . This Sheet Has Been
acetamido—-4—quanidino-2,3,4,5~tetradeoxy-D-~glycero-D- _
galacto—-non-2-enopyranosonic acid or a pharmaceutically | ,II,I" lIII" ml
accepta_l&e salt thereof. :

28. 7 A method for the treatment of a mammal including

man. suffering from a viral infection comprising
administration of an effective amount of a compound as



-29- et

hyI acetate (SOn}z)(‘ %
16708 CasioNe LY: 17i AT fhder 28t 2), and then evaporat ed to CPMIIMI
resi due was taken up in pyridine (5nm), &Bbbled w :

@o71
924er<;§ﬁ1ﬁml)mcm8¢ﬁ0the organi c | ayer washed

evaporated to dryness. The residue was-subjected | q—glg;saEE‘CbllABrﬁﬁEN } :
" chr onot (silica eI first solvent sysfem waerUAGED acet dte, the
second g ven%d f}t ;)(T?]‘%&Pb"'t A%e/F Edr L O ). The

ethyl ad®-ate el ua enemmdalaraacbmmm (CIl&)in( %&)me{ﬁ% tn‘&le fractians

with a
system
(32ny,
[err] H
12H, Ac
4. 5Hz,
10. 2Hz,
J[err]J,
[err]4

gqgédﬁ/fo,plfgygr‘; gchéé J_r&le} ?S-f Al diQn the second sol vent

re conblned an evapo o0 afford compound (12)
%B%. v R asn:ﬂla(lmesr AP Calg}n 28, or Qipdar 28 whedjein
rutre(ﬁa@uetnﬂedtﬁiiew]mldeewa] (ppm) 1.96, 2.06, 2.08, 2.09 (s, .»

:;err]) s ool o Glatheg 1R Sy B o Clatng gl oo gy
emai]n [the |act Bk ingradient 4dsl admithisitdrel] aig [thed-[err]. 4Hz
%ﬁ%ﬁlé&éﬁ#& . 423 (dd, 1H J[err], [err] 10.2Hz, J[err]

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.

o«

37. A method for the preparation of a compound of
formula (Ib) as defined in any one of Claims 17 to 23 which
comprises the steps of:

- {A) - reaction of a compound,of formula (T1Ib)

whereinsR® is as defined in Claim 17 and L is a -t
leaving group, or a protected deriyative of said ' A
compound with a nucleophile; or | o
(B) Lnterconversa.on of one compound of fermula

(Ib) to another compound of formula (Ib)

Sheet Has Been RTlaced
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Herr]), 4.73 (dd, 1H J e61=3§3 %“F] ﬁhlZﬂACﬂ[sem] [err] 2 7Hz, Herr]),
{{ o dociiish 1d417 BEest 3, [ THz, J[err] [err] ; (AL}
WOE 5 a5 (dd, 1M J7623Hz Jerrpbferr] I TS
%E)erYr](.[Cl[_lerr] 5. g;—l(z) )23 . [eEr]C g(rrr())(CDCl[err] LtE

) er.r err

52. 4(00(%9? H;( stse‘tg)s gl “B’@c[) "Q&?er"‘g“] .
111. 5( C[ &wo] )?nrth&rSé:@[aemib}xs toapticing:] ) . 170.3 & 170. 8(CH[err]CO x 4).

Co d (12 d 5 t Amber | it

TRA 400 (Ot ) resi n (Moo enbOiid RHE BELREEELng BhLugRILE TS croertite
filtration, the fi(iidte weonveupingt sdcompaundeof. fompulasi(dd was a

di ssol Vegai'ﬁ “RlZlol® Thi o230 phdirialeth tital TS akiddptarhd a3t dhis-qupieous

" solution W th
Dowex 50 x 8 (Herr]) resin. After filtration, the filtrate was |yophy/lized

to. af ford conpound (14) (16ny, 70% , which vvas’gg_lg_ve,m_t_he-—m—nh rin

R L
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. 30 - [err]Hnm (Dierr]O [err] (ppm 2.10 (
3.67-3.76 (m 2H, Herr] & Herr]), 3.92 (dd, 1H,
Jlerr] [err] -11.9Hz, Hg), 3.90-4.02 Cm 2H H7 &
2H, Herr] & H[err]) 5.81 (d, 1H, J[err] [err]
7
D=+gl ycero- D-talo non- 2- enopyranosonate (175 -

T

and Y. Ito, Tetfahedron Letters, 28 (49), 6221-6224 (1987);
T. Goto et al., Tetrahedron letters, 27 (43), 5229-5232
(1986); H. Ogura et al., Chem. Pharm. Bull, 36 (12), 4807-
4813 (1988); German Offenlegungschrift P 1439249. Many of
these compounds are active in vitro against neuraminidase
from V. cholerae or Newcastle disease virus as well as that
from influenza virus. Neuraminidase in at least some strains
of influenza or parainfluenza wviruses has also -been reported
to be inhibited in vitro by 3-aza-2,3,4-trideoxy-4-oxo-D-
arabinoctonic acid §-lactone and O-~g¢-N-acetyl-D-neuraminosyl-
)2--->3)-2-acetamido-2-deoxy-D-glucose. See Zakstel’'skaya et
al., Vop. Virol. 1972 17 223-28.

Neuraminidase from Arthrobacter sialophilus is

inhibited in vitro by the glycals 2,3-dehydro-4-epi-N-acetyl-
neuraminic acid, 2,3-dehydro-2~deoxy-N-acetylneuraminic acid
and 5-acetamido-2,6-anhydro-2,3,5-trideoxy-D-manno-non-2-en-
4-ulosonate, and by their methyl esters. See Kumar et al.,
Carbohydrate Res. 1981 24 123-130; Carbohydrate Res. 1982 103
281-285. The thio analogues 2-a-azido-6-thio-neuraminic acid
and 2-deoxy-2,3-didehydro-6-thioneuraminic acid, Mack &
Brossmer, Tetrahedron Lettexrs 1987 28 191-194, and the
fluorinated analogue N-acetyl-2,3-difluocro-«-D-neuraminic
acid, Nakajima et al., Agric. Biol. Chem. 1988 52 1209-1215,
were reported to inhibit neuraminidase, although the type of
neuraminidase was not identified. Schmid et al., Tetrahedron
Letters 1958 29 3643-3646, described the synthesis of 2-
deoxy-N-acetyl-e-D-neuraminic ‘acid, but did not report its
activity or otherwise against neuraminidase.

None of the known inhibitors of neuraminidase
activity in vitro has been shown to possess antiviral
activity in vivo, and indeed some, such as FANA, have
specifically been shown to be inactive jin vivo. Thus the
conventional wisdom has accordingly considéred that compounds
exhibiting in wvitro inhibition of viral neuraminidase would
not effect an in vivo blockade of virus infection.

Meindl and Tuppy., Hoppe-Seyler’'s Z. Physxol Chem
1969 ;§g 1088, described hydrogenation of the olefinic double
bond of 2-deoxy-2,3-dehydro-N-acetylneuraminic acid tQ.
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CLAIMS:
1. A compound of formula (I) or formula (Ia)

v

where in general formula (I}, A is oxygen, carbon or sulphur,
and in general formula (Ia), A is nitrogen or carbon;

R! denotes COOH, P(0)(OH);, NO,, SOOH, SO3H,
tetrazol, CH,CHO, CHO or CH(ClHO),,
' R? denotes H, OR®, F, cl, Br, cN, NHR®, SRS or
CH.X, wherein X is NHRs,.halogen or OR6 and )

R is hydrogen; an acyl group having 1 to 4 carbon
atoms; a linear or cyclic alkyl group having 1 to § carhan
atoms, or a halogen-substituted analogue thereof; an allyl
group or an unsubstituted aryl group or an aryl substituved
by a halogen, an OH group, an NO, group, an NHZ group or a
COOH group, '

R3 and R3' are the same or different, and each
denotes hydrogen, CN, NHRS, N3, SRs,-=N-ORs, ORG, guanidino,

Nn—RS NRS N-— 0 , -NH-N-RS
| 1 P
oR® R6 S rS
CH,—
o N )
' \“_'N \“—-N '

R denotes NHR®, SRS, ORS, COORS, mo,, c(RS),,
CH,CO0R®, CH,oNO, or CHyNHRS, and

R3 denotes CH,YRS, CHY35CHZYR5 o:’cayg5cnyascazyns,
where Y is O, S, NH or H, and successive Y moieties in an R°



To aisﬁWcomound (2) (500 ny, 1.04 m‘né YHISSHARY dAS BEEN
2.

di chl or wumnt ai ni ng pyridine (205 ny, nol BERLACEDC, a
sol uti oﬁ\@“ﬂmnﬁu ane- sul phoni c anhydride (Tf] - o To—d
mrol ) in el chl oro® méthldne (2 nL) was added dropw se o i

mnutes. The reaction mixture was then stir?¥ed at 3[efir] C fot 5SEP 190§
finally evaporated to dréness;under r Euced pressure. t?ésuh&hngnnasL
was stirred i BXArP PRE & ﬁté?ﬂﬁnQrNﬁig'F§86F0pylethyLan1ne CLod T
mmol ) at room t enper at uardf phatmabeutheal dgchtoaprabier sabas ooncentr at ed
under high vaguumto.reno DVE.. The residue was then stirred in a

t WO- phase mi X%Clgrlva iyve \ége

are of "to uenerfgfﬁL) and water (5 nmi) containing
t et ra- n- but yl ammoni um hpdewidadsthphain ¢go8eray, formudaok¥)and sodi um azi de

(137 ng, 2.1 mol, . Th?i) when R3 or R3’ is OR® or hydrogen, and A is
| oxygen or sulphu?, then said compound cannot have both
(a) an R? that is hydrogen and
(b) an R4 that is NH-acyl, and
(ii) R® represents a covalent bond when Y is
hydrogen, and that in general formula (Ia),
(i) when R3 or rR3" is OR® or hydrogen, and A is
nitrogen, then said compound cannot have both
(a) an R? that is hydrogen, and
(b) an rR? that is NH-acyl, and
(ii) RO represents a covalent bond when Y is
hydrogen.
2. A compound as claimed in Claim 1 wherein the

compound is a compound of formula (II)

ey

CH,CO.NHY

wherein R3 is hydrogen or R3" and R3' is -N3, -CN; ~CHoNH,,
or —N.RS.RQ;

R8 and Rg 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, CHy-CH,-OH or -

CH,.CH. (R10) (r1Y),

r10 r11

and may be the same or different, and each
denotes oxygen or R12N=, and

R12 denotes hydrogen, -0H, -OCH3, -NH,, or
(CH3)2Ne6r a pharmaceutically acceptable salt or derivative
thereof.
3. A compound as claimed in Claim 1 or Claim 2 which

is a compound of formula (Ib)



-31 - - mixture was stirred at roomtenperature for 16 [} EHE SHEET WESBEEN
diluted with 0.2 MHCL (5 nl). The mixture was stirred gt roORERGAGED at ur g
for 48 h. To this reaction mxture were added et hyl ace!

HCl (1 n) yer was separated and washed |} ,%?é =
t hen Jl“uﬂmmu“nmmuﬁess The resi dug was subjectgd to ENJF%HEET
c01 umm- chr omattogtaphy fsitica gel, ethyl Qiatel hexanef{2f4

with Rlerr] value of 0.32 (ethylacetate/hexane=2/1 as dc .

wer e conbi ned and evaporated to dryness to afford conpound (15). (40 ny,
8.4% . The colum was then eluted with ethyl acetate/nethanol=10/1 to
recover the starting material (2) (280 ng, 56% . Conpound (15) was i sol ated
as a white foam substance. M5 (FAB) 457 (MJ[er] +1), 414 (Merr] -N3),
i.r. (CHCl[err]) cm[err] 2108 g N err]), 1748 (carbonyl) [err] H nnr
(CbCiferr]), [err] (ppml!. 97, é 4, 2.0 07 (s,12H, acetyl CHerr] x 4),

3.82 (s, 3H, COOCCH eriQ)——4.12]&rr]¢ Qﬁﬁ'3HC[err], Cerr] &derr]),
4.51 (ddd, 1H, J[err], [erﬂrﬂ pis ,H(err] [err] 10.7Hz, J5,NH, 10.1Hz,
. l.l

4 N (o)
R™ H

o i
had
s

wherein R3P is (alk), NROPRP, cN or Ny
where alk is unsubstituted or substituted
methylene, '
x is 0 or 1

R6b is hydrogen, Cl_salkyl, aryl, aralkyl, amidine,

NR7bR8b or an unsaturated or saturated ring containing one
or more heteroatoms (such as nitrogen, oxygen or sulphur),
R7b is hydrogen, C1_6alkyl or allyl; or

NrR6PR7P forms an optionally substituted 5 or 6
membered ring optionally containing one or more additional
heterocatoms,

R8P s hydrogen or C;_galkyl and

R4b is NHCORgb where Rgb is hydrogen, substituted
or unsubstituted C;_jalkyl or aryl,

or a pharmaceutically acceptable salt or derivative

thereof.

4. A compound as claimed in any one of Claims 1 to 3
wherein R3 is NHRG. '

5. A compound as claimed in Claim 3 wherein R3P is
NrEPR7P

6.. A compound as claimed in any one of Claims 1 to S

wherein R3 is B
NH
I

NH2 or NH-C-NHz.



Hefr]), 4 69 (dd—tH—3fert] N [err] 2.6Hz, J[err] | errd SHEer 4kE seEheflr]) .
5.31 (m 1H, J er J[err], [err] 2.6 J[BEPLAcEgrr] . OHz,
Herr]), ‘ l“‘ Imlﬁ [err] 2. 1Hz, J[err], HEerr—sre—ene
5.68(d,1 IOIHz CONH), 6.15 (d,

Herr]) er -nnr (CDCl[err]) [err] (ppm 207 rr] @O O x

3), 23.1 (OCH[ r] CONH), 44.8 (derr]), 52.6 (
(Clerr]), 62.1 (Cg), 67.6, 71.3 (C7, CB)-51735(c[“rﬁ‘----—rozr—s—(qerr])

146. 3 161. 5 69 70 5 t
Corrpourlc(i:[ (erlrS% ).f'40 Ny, (() & r"']‘?z?ﬁf’% %sé]cﬁ’% &4 G ﬁlma&g$§$o§§1ﬁ§'f%§r%°’%4
mL) cont ai ni ngth®dixprpretdrsdisténg6of:~ny, 0.12 nnDI The m xture was

stirred at roomtenper aldyyd unf 8Ladefafiib£OAGEALLA, 904! 8Ly ﬁéo*y-xyacuo
to afford g;)é)und(m) WhIC was t hen dissol ved i n
stirred at r“é’c‘h'rQé‘eF‘SPYEaﬁ“%‘b?ft%t‘éd'Atzd-dﬁHNG[“ér“FF?“ ‘th Dowex 50

X 8 (H[err]) resin, andsbheaﬁlso@aéiaﬁﬁubiﬂ}ngNvazthyIEM1h@-EﬁﬁaxnﬁufdﬁEQ
as a yel | ow Shﬂ@weﬂ g( 1yce /‘iacto—non-2-enopyranosonate,
Sodium 5—acetamido-4—N-allylamino-Z,3,4,5—tetra-
deoxy-D-glycero-D-galacto-non-2-enopyranosonate (4-epi-amino-
NeudAc2en); ' '
Sodium 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-

glycero-D-talo-non-2-enopyranosonate;

-2—cempound—F1—

Methyl S-acetamido-7,8,9-tri-O-acetyl-4-N,N-
diallylamino-2,3,4,5-tetradeoxy-D-glycero-D-galacto~non-2-
enopyranosonate (4-N,N-diallylamino-Neu$5,7,8,9Acs2enlMe);

Sodium S-acetamido-4-N,N-diallylamino-2,3,4,5-
tetradeoxy-g-glxcero-gfgalacto—non~z-enopyranosonate;

Methyl 5-acetamido-7,8,9-tri-Q-acetyl-4-N-
allylamino-2,3,4,5-tetradeoxy-D-glycero-D~galacto-non-2-~
enopyranosonate (4-N-allylamino-Neu5,7,8,59Acs2enlMe);

Sodium S5-acetamido-4-N,N~-dimethylamino-2,3,4,5~
tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate;

Sodium 2,-3-dideoxy-D-glycero-D-~galacto-non-2-
enopyranosonate;

Methyl 5-acetamido-7,8,9-tri-O-acetyl-4-azido-
2,3,4,5-tetradeoxy-D-glycero-D-talo~non-2-enopyranosonate (4-
epi-azidoNeu5,7,8,9Ac 2enlMe);

8. 5-acetamido~4-amino-2,3,4,5-tetradeoxy~-D~glycero-D-
galacto-non-2-enopyranosonic acid and pharmaceutically
acceptable salts and derivatives thereof. '

9. Sodium 5-acetamido-4-amino-2,3,4,5-tetradeoxy-D-
glycero-D-galacto-non-2-enopyranosonate.
10. S-acetamido~4-guanidino-2,3,4,5-tetradeoxy-~D-

glycero-g-galacto—nona2-enopyranosonic acid and
pharmaceutically acceptable salts and derivatives thereof.
11. Ammonium S5-acetamido-4-guanidino-2,3,4,5-
tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate.

12. A pharmaceutical formulation comprising a compound



- 32 -—1i.r (KBr) cnferr] 3400 (br, -OH), 2108 (-N carbonyl)
[err]H nmr (E{err]O) [err] (ppm 1.97 (s, 3H, acety
7H, H[eLH ], Herr], Herr], Herr], &
5. 6Hz "I"I-MUWHMHHI" Sodi um 5- acet anmi do- 4- N- et
tetradeoxy Eig“ycéro D-galacto non- 2- - 62 -
of formula (I) 6% formula (Ia) Dete - §.3.SEP 1006,

¢

55 A R,
A
-R, (Ia)
4 z R,/ R2
R3

where in general formula (I), A is oxygen, carbon or sulphur,
and in general formula (Ia), A is nitrogen or carbon;
, Rl denotes COOH, P(0)(OH),, NO,, SOOH, SO3H,

tetrazol, CH,CHO, O ox.CH(CHO},,

R2 denotes H, OrRS, F, c1, Br, cN, NHR®, SRS or
CH3X, wherein X is NHRS, halogen or OR6 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 allyl
group or an unsubstituted aryl group or an aryl substituted
by 2 halogen, an OH group, an NO, group, an NH, group or a
COOH group,

R3 and R3’
denotes hydrogen, CN, NHRS, N3, SRG,

are the same or different, and each
=N~OR6, ORG, guanidino,

n RrS NrS N o , -NH-N-R®

I ] [

ORr® RS r6 RrE
CHz""

\~—-N \h—-N g
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RY dendtes NHRS, sr, Oor®, cOORS, NO,, C(R6)j,
CH,COOR®, CHyNO, or CH,NHRS, and ‘

R> denotes CH,YR®, cHYRSCH,YR® or
CHYRGCHYRGCHZYRS, where Y is O, S, NH or H, and successive Y
moieties in an R? group are the same or different,

or aﬁpharmaceutically acceptable salt or derivative
thereof, together with a pharmaceutically acceptable carrier
therefor.

13. A pharmaceutical formulation as claimed in Claim 12
wherein the compound of formula (I) is a compound as claimed
in any one of Claims 1 to 9.

14. A pharmaceutical formulation as claimed in Claim 12
or Claim 13 wherein the formulation is adapted for intranasal
administration. _ '

15. Use of a compound of formula () as defined in
Claim 12 in the manufacture of a medicament for the treatment
of a viral infection.

16. Use of a compound as claimed in Claim 15 wherein
the viral infection is influenza.

17. _ 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) as defined in Claim 11.

18. A method as claimed in Claim 17 wherein the viral
infection is influenza.

19. - A method 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)

(1)




f)

To, a-spl ution of methyrTodide(15 ngy, 0.10 nmol) and

0.11 mmol ) in acet{omizim 6 n) was added silver ci

mol ). The mxturﬂmm,wyﬂwufmr st protected fraq :
tenperature for 16*h.c ng suspensi on way| Gt i
filtrate was evaporated to dryneds. The residue wa Sll,l:C)J é@?@&ﬁﬂ-ogHEET
chromat ography (silica gel, ethyl acetate/isopropa bémw&GeSEplﬁgs).
Fractions with Rf value of 0.36 were conbjned and leoncenfrat’ed " 1T nvgcuum
to dryness to afford conpound (18) (25 ny, 51%. ’

wherein Rl, Rz, rR? and Rs are as defined in Claim 1 and L is

—0EA

a2 leaving group with a nucleophile; or

(B) interconversion of one compound of formula
(I) to another compound of formula (I), and if necessary or
desired, subjecting the resulting compound to one or two
further reactions comprising :
(i) removing any protecting groups; _
(ii) converting a compound of formula (I) or a
salt thereof into a pharmaceutically acceptable salt thereof.



- 33,» NS..{«FAB) 445 (Merr]+1), 414 (Mer ]REPLNUWMS}HEE[Terf] I—{
(CDCl[err]) [err] (ppm 1.95, 2.05, 2.06 2.123#5 W é?@ﬂif4)
2.45 (s, 3H NCHerr]), 3.72 (dd, 1H J@ s g%err] Mlerr] 9.2Hz,
Herr]), 3.'89 (s, 3H, COOCH err]), 4.16 err] 7.2Hz,
J9', 9 12. 3HapmhATVES fnD2arioasts oF bhend £ 8 otrenirRd i) acSme Hamadivey 8xhiz,
J[err], [err] 9. QidE as Hivatrirhi) aceérs OFJZ, [(fli 1H, J[gjrr] [err] 9. Oﬁlzmhglb[err]

- [err] 2.7Hz, Herr]), 4.64 (dd,. IH Jlerr] [err] 2.9Hz, J [err err

| 12.3Hz, Hy), 5.34 (mMEhEA, LVEAtLoeFelatesto A [@V]C}éﬁ]Oé mlﬁ%érr]
i [err] 7. 2Hzompdudds] )ancﬁei;lt(mr Ade Jremddiciné. 2. ThiZpadkeeular| ehe]

4.8Hz), 6.05 (d .1H, . d
(18) %25 V4P "m‘F&[‘fr%]a{ES oy ]r“ecf‘ﬁ?l_f'z“dh#{%%'}ﬁs“r’r%?ﬁgnﬁr3(‘ glﬁﬁg;ggpgun
cont ai ni ngdeadmmm de-O-meuramirgicl amid ) methodsm fompshadidre for 2 h,
© then evapgg%gggtagﬁ%w“ y &%ﬁ&qmﬂﬂxié@ﬁenwtﬁg 48 & bRdi gaglyed in

wat er stand at roomtenperature bef ore bei ng
neutral i zes@ &9 B@N@Nﬂi@b(iﬂ%ﬂ{%ﬁr]) resin.” The filtrate was |yophilised

to afford conpound (2@)viies WitiB3¥e 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 sialophilus, and
viruses such as influenza virus, parainfluenza virus, mumps
virus, Newcastle disease virus, fowl plague virus, and Sendai
virus. Most of these virusés are of the orthomyxovirus or
paramyxovirus groups, and carry a neuraminidase activity on
the surface of the virus particles.

Many of the neuraminidase-possessing organisms are
major pathogens of man and/or animals, and some, such as
influenza virus, Newcastle disease virus, aﬁd 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 al., Virology 1974
58 457-63. The most active of these is 2-deoxy-2,3-dehydro-
N-trifluoroacetyl-neuraminic acid (FANA), which inhibits
multi-cycle replication of influenza and parainfluenza
viruses in vitro. See Palese et al., Virology 1974 59 490-
498. _

A number of 2—de0xy~2,3—didehydro-N—acetyl-
neuraminic acid derivatives are known in the art. See for
example P. Meindl et al., Virology, 58, 457-463 (1974); P.
Meindl and H. Tuppy., Mh. Chem, 100 (4), 1295-1306 (1969); M.
Flashner et al., Carbohydrate Research, 103, 281-285 (1982);

E. Zbiral et al., Liebigs Ann Chem, 159-165 (1989); T. Ogawa



[errlHng (Derr]O [err] (ppn')H[l.94](sH[3H]Cl-|[err]CO)HZ 4_._1_4_ 3H, 1,
N- CH , 3.5 4.3 7H, err err err
[err{eérL%err]'g?rg165 (g?llH, Jlerr], [err] 2Hz|| REBLAGEME ¥ SHEET

- 34- Exanple 9 Sodi um 5-acet'am do- 4- N, N- di net hyl az9 QA w
t etradeoxy- D- gl ycer o- D-gal act o-non-2- - 2 - Dateen _ﬂggnnaii (23).
err
[ ] and Y. Ito, Tetrahedron Letters, 28 (49), 6221-~-6224 (1987);
T. Goto et al., Tetrahedron letters, 27 (43), 5229-5232
(1986); H. Ogura et al., Chem. Pharm. Bull, 36 (12), 4807-

4813 (1988); German Offenlegungschrift P 1439249. Many of
these compounds are active in vitro against neuraminidase

from V. cholerae or Newcastle disease virus as well as that
from influenza virus. Neuraminidase in at least some strains
of influenza or parainfluenza viruses has also been reported
to be inhibited in wvitro by 3-aza-2,3,4-trideoxy-4-oxo-D-
arabinoctonic acid &-lactone and O- a-N-acetyl D-neuraminosyl-
}2--->3)-2-acetamido-2-deoxy-D-glucose. See Zakstel’ skaya et
al., Vop. Virol. 1972 17 223-28.

Neuraminidase from Arthrobacter sialophilus is
inhibited in wvitro by the glycals 2,3—dehydro-4-épi—N-acetyl-
neuraminic acid, 2,3-dehydro-2-deoxy-N-acetylneuraminic acid
and S-acetamido—z,6-anhydro-2,3,S—trideoxy-D-manno-non-2-en-
4-ulosonate, and by their methyl esters. See Kumar et al.,
Carbohydrate Res. 1981 94 123-130; Carbohydrate Res. 1982 103
281-285. The thio analogues 2-e¢-azido-6-thio-neuraminic acid
and 2-deoxy-2,3-didehydro-6-thioneuraminic acid, Mack &
Brossmer, Tetrahedron Letters 1987 28 191-194, and the
fluorinated analogue N-acetyl-2,3-difluoro-e-D-neuraminic
acid, Nakajima et al., Agric. Biol. Chem. 1988 52 1209-1215,
were reported to inhibit neuraminidase, although the type of
neuraminidase was not identified. Schmid et al., Tetrahedron
Letters 1958 29 3643-3646, described the synthesis of 2-
deoxy-N-acetyl-e-D-neuraminic acid, but did not report its
activity or otherwise against neuraminidase.

None of the known inhibitors of neuraminidase
activity in vitro has been shown to possess antiviral
activity in wvivo, and indeed some, such as FANA, have
specifically been shown to be inactive in vivo. Thus the
conventional wisdom has accordingly considéred that compounds
exhibiting in vitro inhibition of viral neuraminidase would
not effect an in vivo blockade of virus infection.

Meindl and Tuppy, Hoppe-Seyler‘s Z. Physiol Chem.
1969 350 1088, described hydrogenation of the olefinic double
bond of 2-deoxy-2,3-dehydro-N-acetylneuraminic acid to

3
: T, ¥

- r e $e
v . . ; S



To a,solugion of nethyl iodide (65 ng, 0.46 mmol) and corrpound (5) (100 nyg,

0.23 mol ) in acetonitrile (15 nL) was added si | vVp—eaBorate=t2¥U,

0.46 mmol ). The nmixture was stlrred and pr ot ect ed ﬁEB#ﬁCEyENﬂaﬂﬁﬁﬁ)h

t enperature for , | ' 25 0CT 1908
_3- (D7 (= T

produce the f-anomer of 2-deoxy-N-acetylneuraminic acid.
This pB-anomer did not inhibit Vibrio cholerae neuraminidase.

The most potent in vitro inhibitors of viral
neuraminidase have thus been identified as compounds that are
based on the neuraminic acid framework, and these are thought
by some to be transition-state analogues. Miller et al.,
Biochem. Biophys. Res. Comm. 1978 83 1479. But while many of
the aforementioned neuraminic acid analogues are competitive
inhibitors of neuraminidases, to date, none has been reported
as showing anti-viral activity in vivo. For example,
although a half-planar, unsaturated 6-member ring system has
been asserted to be impoftant for inhibitory activity, see
Dernick et al. in ANTIVIRAL CHEMOTHERAPY (K. K. Gauri ed.)
Academic Press, 1981, at pages 327-336, some compounds
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 THE UPPER RESPIRATORY TRACT, Vol. 1 (J. S. Oxford ed.)» CRC
Press, 1977, at pages 189-205.

We have now found novel 4-substituted 2-deoxy-2,3-
didehydro derivatives of «-D-neuraminic acid which are active
in vivo.

The invention therefore provides in a first aspect

compounds of formula (I) or formula (Ia)

(I

where in general formula (I), A 1s oxygen, carbon or sulphur,

-and in general formula (Ia), A 1S nitrogen or carbon;



16 h.,. Thetresulting suspension was filtered off 3

evaporat ed to dryness. The residue was subj ectedREw.R@EMQN‘f‘bﬁEETC | um
chromat ography (silica gel, ethyl acetate/ isoprgpanol/water=5/2/1)fito
afford conpound (21) (30 ny, 28% as a col gurl esg Headd. QCTEIREAB) 1159

(Merr] + 1)

414 (Iv[err]-N(CI-l[err])[err]) [ er r] H-FAT - (-CDCLE eE ks r]

(ppm) 1.98, 2.05, 2.06,R! &ehdtes cOOH, PYO)WIOH)GHINE,)S0GHI3SOH, s, 6H,

N( CH 3 42 (dd, 1H, J 8 Hz, J 8. 6Hz,
HEerL]e;r]é %Sréé% Cﬁéﬁ% [ergf“é!’:fhle Jerr] %E:H 7[irH;]

J[err][err] 12.3Hz, Hg Z&n&égj oh‘l Pl ecl] Berr}::rﬁ Sm-m‘ SR%raq [err]

8.9Hz, J 9. OHz 9. 0Hz, J6,
2. 9Hz, H{gm e”]e{!le(‘-‘cﬁjm 1€%{*&'ﬁ6 hFiF’g!F"s° %[gréfr’]r][e{re]rr] 12. 3Hz,
H[err]) 5.31 (m 1H, Jperld nyldiddent 4 acid UWihavimgri.coesr]

7.4Hz, Herr]

5.51 (dd, 1H, J[err], [err rr err 4. 4Hz
Herr]), 5. 7‘293{%0“1#0@?&@] 11{‘8?%‘]08 gmkleomi%ﬁagé’é’“%’d 9J ferd ©

[err] 2.8Hz,

&hP#hbh) atoms, or a halogen-substituted analogue thereof ; an
allyl group or an unsubstituted aryl gorup or an aryl
substituted by-a halogen, an OH group, an NO, group, an NH,
group or a COOH group,

3 and R are the same or dlfferent and each

denotes hydrogen, CN, NHRS ¢ N3, SRS, -N-ORG, guanidino,

N—-R8R , N , N - O , -NH-N-RS

l ||

RG RG R6

CH,—

|
ORS
=X N

N

R* denotes NHRS, SR®, OR®, COORS, NWo,, C(R%)j,
CH,COORS, CH,NO, or CH,NHR®, and

RS denotes CH,YRS, CHYRSCH,YR® or CHYR®CHYRSCH,YR®,
where Y is 0, S, NH or H, and successive Y moieties in an
5 group are the same or different,

and pharmaceutically acceptable salts or

derivatives thereof.
Tn both these formulae R!, R?, R’ and R, R, ®°

and R® are subject to the provisos that in gernal formula
(1),
(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),

7



-35 -~ 8 Compound (21) (30 ng, 0.066 mml) was stirred in anhydrous
nmet hanol (4 nlL) containing dry Anberlite IRA 400 (OHerr]) resin (90 ng) at
roomtenperature for 3 h, then the resin filtered off. The filtrate and
washi ngs were conbi ned and evaporated to dryness (22)
(20 ng), which was stirred in water (5 nL) at pHjjl EPa&AQ'%MWTwﬁ EFaffure for

2 h, then was adjusted to pH 7.5 with Dowex 50 X H[ ?
filtration. The filtrate was |yophilised td ”affon%é%n%rdc Z&(
66% as a white powder, Q-er.r g err]
acetyl), 2.33 (s, 6H, N("(’:H%" H%I?[é’ﬁf“ J58’?’1 “&g‘g'gg%ﬁ? MR Tes
He, H7, Hg, "EBTRIEH-, Fhem il calfpeunid dagmdc hm beflrr])

ta) an R? thac is hydrogen, and

(by an R? that is NH-acyl, and

(1iy RS represents a covalent bond when Y 1is
hydrogen.

In a preferred embodiment, the compound has general
formula (11

(1)

i1.e. 1n general Eormula (I) above, r! 1s COOH, RZ LS
hydrogen, rY i1s acetamido, and RS is -CHOH.CHOH. CHZOP, and P3

is hydrogen or r3’ . where R3’ denoces -N3, -CN, -CHoNH,, or
-N.Rs.Rg:

RB and R9 are the same or different, and each ,
denoces hydroqeﬁ, @ linear or cyclic alkyl group of 1 co-6
carbon atoms, an acyl or substitued acyl group of 1 to 6
carbon atoms, -C.(NH!.NHZ, ~-CH5 .COOH, -CH2CH2-0H orc
-CH,.CH.(RLG (grl1,,

Rloand rll may be the same or different, and each

denotes oxygen or R12N=, and

rl2 denotes hydrogen, -OH, -OCH 4, -NH,. or

(CH3) 5N-.

We have found & particular subclass 6: compounds of
formula (11 which are unexpectedly more acrive than their
corresponding 4-hydroxy anaiodgues.

Thus 1n a'partxcularly preferred aspect the

lnvention provides compounds of formula ¢(Ib)



Exampl e 1Q D sodi um 5-acet am do- 4- N- oxycar bonyl net hyI
am no- 2, 3, 4, 5-tetradeoxy- D- gl ycer o- D- gal act o-
non- 2- enopyr anosonat e (26). [err]
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HO

im&)

R'"’

R3P is (alk) NROPR7P, cN or N
where alk is unsubstituted or substituted
methylene,

wherein

x is 0 or 1
r6D is hydrogen, C;_galkyl (e.g. methyl, ethyl),
aryl (e.g. phenyl), aralkyl (e.g. phenC;_salkyl such as
benzyl), amidine, NR7bR8b, or an unsaturated or saturated
ring containing one or more heteroatoms (such as nitrogen,
oxygen or sulphur),
R'P is hydrogen, C;_galkyl (e.g. methyl, ethyl), or
allyl, or NRGbR7b forms an optionally substituted 5 or 6
membered ring optionally containing one or more additional
' heteroatoms (such as nitrogen, oxygen or sulphur), R8P is
hydrogen or C;_galkyl, and
rRIP s NHCOR9b where RIP is hydrogen, substituted
‘or unsubstituted C1_4a1kyl or aryl,
and pharmaceutically acceptable salts of- the
compounds- of formula (Ib) and their pharmaceutically
acceptable derivatives.
In the compounds of formula (Ib) the substituents
(for example the group RS in the substituent r3) may
themselves bear substituents conventionally associated in the
art of pharmaceutical chemistry with such substituents..
Preferably R3 is NR6R7, in particular NHy or
guanidino. '
Preferably R4_is NHCOR? where RY is methyl or
halogen substituted methyl (e.g. FCH,, F,CH-, F;Ci.
References herein to preferred definicions of

groups in compounds of formula (I) apply mutatis mutandis to

the corresponding groups in formulae (Ia), (Ib) and (II).

Cy_4alkyl as used herein includes both straight
chain (e.g. methyl, ethyl) and branched chain (e.q.



To a,solufion of methyl {err]-bromacetate (36 ng, 0.23 mol) and conpound
(5 (100 ng, 0.23 mmol) in acetonitrile (12 nmL) was added silver carbonate

(64 mg, 0.23 mmmol ). The mxture was stirred at r -16 h
whil st shielded fromlight, then filtered. The f REPLACEMENT SHEET
- 36 - evaporated to dryness. The resi due was ¢ Bnﬁtogﬁépﬂﬁﬁ 1986

. ate :

..........
....................

isopropyl, t-butyl) alkyl groups.

By pharmaceutically acceptable derivative is
meant any pharmaceutically acceptable ester or salt of such
ester of the compounds of formula (I) or any other compound
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 compounds of formula (I) may be modified to provide
pharmaceutically acceptable derivatives thereof at any of the
functional groups in the compounds. Of particular interest
as such derivatives are compounds modified at the C-1
carboxyl function, the C-7 or C-9 hydroxyl functions, or at
amino groups. Thus compounds of interest include C;_galkyl
(such as methyl, ethfl or propyl e.g. isopropyl) or aryl
(e.g. phenyl, benzoyl) esters of the compounds of formula
(1), C-7 or C-9 esters of compounds of formula (I) such as
acetyl esters thereof, C-7 or C-9 ethers such as phenyl
ethers, 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 deriVatiVé£~of the
compounds of formula (I) may be derivatised at more than one
position.

Pharmaceutically acceptable salts of the compounds
of formula (I) include those derived from pharmaceutically
acceptable, inorganic and organic acids and bases. Examples
of suitable acids include hydrochloric, hydrobromic,
sulphuric, nitric, perchloric, fumaric, 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
of salts useful as intermediates in obtaining compounds.-of
the invention and their pharmaceutically acceptable acid
addition salts.

Salts derived from appropriate bases include alkali



silica-get colum (ethyl acetate/isopropanol/water=5/2/1. Fractions with
Rlerr] value of 0.60 were collected and evaporated to dryness to afford
conpound (24) (80 ngy, 68.5%. [err]H nnT (CDC rl) ferr]l (ppm_1.97

2.044, 2.047., 2.11 (s, 12H, acetyl CHerr] x 4 ,RébfﬁbgM§kT Eﬁ 17;6%&,

Herr] x 2), 3.50 (dd, IH, J[err], [err],2.9Hz| J[err], [err ,

Herrl), 3.71 (s, 3H Clerr]OOM), 3. 79 18 3H, Ol s COREOCT 4908 (dhd, 1H,
4. 17

J J H
(Eigrr]lH J err‘]gl[err B#ﬂ%’““ﬂ[%r# %Eere‘[ Y, 4.32 (dd, IH

J6,5 8. 1Hz magnesiun ks rgmmonivm a8 Nm4 6@»*(%9 EH-SJF[QLa?[leﬂ-]’ salrs.;
J[err][err] 12. 3Hz, M&Fdddncey Cﬁex(éﬁna%erl[zﬁs rd é&ﬁ?u{}dl@f cHeerr], [err]

3. 1Hz, 7.4Hz, H 5.56 4, 1Hz,
Jlerr], [erG’Tr’}r‘l%t[ierr] inglude t‘%eeg%‘l‘wpufﬁ‘? ‘3% e?‘?f“‘“i- rerEH8a[8er,r CONH), 6. 04

(d, 1H, ‘”ﬂﬁﬁdrmdéédﬂléhfﬁy,aéﬁéﬁidﬁle salts and defbﬁﬁﬁﬂﬂds(ﬁﬁkré89 ny,

0.159 mml ) was stirred in rous tha ?ﬁ rgg cong nn di um

met hoxi de (18 ng, 0. FAIY %g zﬁ ROYY gﬁeﬁ geggﬁ?%ted

to dryness Innxpdeacenpound (26), mhlch was redi ssol ved in wat er (15 nL)

The sol ution was a"9¥@KL4£5£§&EKhEHm{&H"Q 3,4,5-tetradeoxy-D-glycero-D-
galacto-non-2-enopyranosonic acid (also known as S-
(acetylamino)-4-amino-2,6~anhydro-3,4,5~-trideoxy-D-glycero-D-
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)-z,6-anhydro-4-guanidino—3,4,S—tridery?g—
glycero-D-galacto-non-2-enoic acid) and salts thereof,
including the ammonium salt.

The compounds of formula (I) possess antiviral
activity. 1In 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
invention 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.

In a further or alternative aspect there is
provided a method for the treatment of a viral infection, for
example orthomyxovirus and paramyxovirus infections in a
mammal including man, comprising the step of administering to
said mammal an effective amount of a compound of formula (I)
or a pharmaéeutically acceptable salt or derivative thereof.

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



tenperatuge for 2 h before being adjusted to pH 7 by Dowex 50 x 8 (H)

resin.
powder
acetyl)
H5, H6,
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The filtrate was freeze-dried to afford conpound (25) as a white

(59 ngy, 94. 60 H 0 H
73,58 (AR 2/()H, A 1T 6 e, |(4[D[ere;]r]x) 2§erg] 55E %é‘“%”ﬁfﬁ
H7, H8, Herr] & Hg,), 5.68 (d, -1H, ~J[err], :

Exanple 11 Sodi um 5- acet am do- 4- N-2'-hydr 3
2,3, 4 5-t et tRdeoxg fOrghvecherRigaltactreaamenit extends to prophylaxls as

well as the treatment of established infections or symptoms.

It will be further 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
750mgs/kg of bodyweight per day preferably in the range of
0.1 to 100 mgs/kgsday, most preferably in the range of 0.5 to
25 mgskgsday. '

In particular we have found that the effective
doses of the compounds tested are related to their in vitro
potency. Thus DANA (which has ICgy plaque reduction of
Sug/ml) has been found to be effective at doses of between 1
and 10mg/kg per treatment. The corresponding methyl ester of
DANA (ICgg 50-100pg/ml) is effective at proportionally higher
dose.

Treatment 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 example after
the appearance of established sSymptoms .

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
example 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



enopyr ancgsonat e (29) [err]
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as a pharmaceutical formulation.

The invention thus further provides a
pharmaceutical formulation comprising a compound of the
formula (I) or formula (Ia), but not subject to the proviso
thereto, or a pharmaceutically acceptable salt or derivative
thereof together with a pharmaceutically acceptable carrier
therefor.

The carrier must be ’‘acceptable’ in the sense of
being compatible with the other ingredients of the
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.

Thus in general the compounds may be administered
in the form of a solution or a suspension or as a dry powder.

Solutions and suspensions will generally be
aqueous, for example prepared from water alone (for example
sterile or pyrogen-free water), or water and a :
physiologically acceptable co-solvent (for example ethanol,
propylene glycol, and polyethylene glycols such as PEG 400:.

Such solutions or suspensions may additionally '
contain other excipients for example preservatives (such as
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. 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 example with a
dropper, pipette or spray. The formulations may be provided
in single or multidose form. In the latter case a means of .

dose metering is desirably provided. 1In the case of a



To g sol ytion of brompethanol (158 ng, 1.26 mvl) and conpound (5) (84 ny,
0.195 nmmol ) in acetonitrile (10 nL) was added sil vern ==

0.36 nmmol ). The m xture was protected fromlight and
tenperature for 7 days. Then it was filtered off, th
evaporated to dryness. The residue was chqoantograp
col um (et hyl acetatellsopropanol/mater—5/2/1) Fra

0.4 were cod¥b ﬁiﬁ@@féiﬁﬂléQmﬂfYBGSSChDeﬁéﬂobﬂ cbeppaadeﬁﬁ?) (40 m.,

?ggil[err])égé& }sfﬁﬁh? 1aé%ap§f63r1§£%%e%géd%ggﬁkgéééCpggﬁféct% Lﬁéé]kgﬁgg

(br. s, 2H sdtugibh,o?. FGspéisiorH, Fhetheé Xage of. a7spuay thisipayrbe

2. 9Hz, 3a6
aor, “HerpLEvEy £9F koo hrby hERDg) of o' Betbriat, p bRt Blng "Sptay,
7.5Hz, J[erp@pmplerr] 8.4Hz, J[err],NH 8.3Hz, Herr]), 4.19 (dd, 1H, J[err]

7.5Hz, J 4
5?;:1] Cert] gegLé %%?%%s§£taﬁﬁim1§t§§tigﬂ mpi aiESrBL[SEBlev8$r] -

[e
12. 3Hz, H ePepmRs gfsen(ﬁ?resle8°¥mHiEt198 9“2 PngPNPQPP# 1%.5Hz,
H8), 5.55 (gdovilledJiArh, peeskuzisba, pdék8wikh, aHéuitable propellant

such as a chlorofluorocarbon (CFC), for example dichlorodi~
fluoromethane, trichlorofluoromethane or dichlorotetrafluro-
roethane, carbon dioxide or other suitable gas. The aerosol
may conveniently also contain a surfactant such as lecithin.
The dose of drug may be controlled by provision of a metered
valve. '

Alternatively the compounds may be provided in the
form of a dry powder, for example a powder mix of the
compound in a suitable powder base such as lactose, starch,
starch derivatives such as 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 or blister packs
from which the powder may be administered by means of an
inhaler.

In the intranasal formulations the compound will
generally have a small particle size, for example of the
order of 5 microns or less. Such a particle size may be
obtained by 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 therapeutic agents, for example other anti-
infective agents. In particular the compounds of the
invention may be employed with other antiviral agents. The
invention thus provides in a further aspect a combination
comprising a compound of formula (I) or a pharmaceutically
acceptable salt or derivative thereof together with another



6.08.(d, iH, J[err], [err] 2.9Hz, Herr]), 6.09 (d, IH J[err],[err] 8.3Hz,

CONH) - 38- [err]C—nnr (CDC13) 6
(ppm 20.6, 20.8, (CHerr]-COOO x 3), 23.10 (CH[err] 46 5
(derr]), 47.2 ((Jerr]), 52.3 (CH err] COOCH err] =556+ cnu .1
(Cerr]), 62.1 (Cerr]), 68.1, 711(qew]qarﬂﬁmﬁi é:?' 1.6
(Cerr]), 143.7 (Cerr]), 162.1 (Cferr]l);2170.1, }170. 325&
(acetyl carbonyl x 4) Date :.

therapeutically active agent, in partxcular an antiviral

agent.

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

Suitable therapeutic agents for use in such
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
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. _

The compound of formula (I) and its
pharmaceutically acceptable salts and derivatives may be
prepared by any method known in the art for the preparation
of compounds of analogous structure.

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

R OL.

(1th




Compound (27) (40 ng, 0.084 mmol) was stirred in anhydrous nethanol (10 ni)
containing dry Anberlite IRA-400 (OH err]) (120 pep—at—=tocom-tenpersg ure for
4 h, then filtered. The filtrate and washi ngs queﬂERUNﬁEMﬂNEﬁHEEWHaorated
to dryness to give conpound (28), which was rediisolved25ngﬁqtﬁﬁg£ m.)

and adjusted to pH 13 by adding NaOH Jhp3aqueouy Dxné ut.l.on.\as.. -at room
tenperature for 3 h_before being adjusted to pH $fFerF+wmti—bower=»0 x 8

(Herr]) resépeifhrspsuaodesfined inl foatiuda wes) | yaoqdhi 1L i $eda t bead g d

conmpound S ' r {669 . g r err
(oo 1. o T8 BSHoBCbIGBEY B sp i e (Bl Jeh B8 b "o
H4, H5, HEmesyl.Herifduopgmesylpepr] axprptestesl dpriyative thereod o3 Hz,
H3) reacted with the appropriate nucleophile, for example azide,

cyanide, an appropriate carbanion, or thioacetate.
The compounds of formula (IIXI) may be obtained
from the corresponding compounds of formula (IV)

s
%,
4&4’ .
Y, A R
“u,” / '
(IV)
R, ‘ ¢

by inversion of the 4-OH group by methods known in the art,
for example by reaction with a Lewis acid (such as BF;
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 (I) wherein R?
is NH, or CH,NH, may be prepared by reduction of the
corresponding azido or cyano analogues respectively.

Compounds wherein R3 is NH alkyl or guanidino may
be prepared by derivatisation of the corresponding compound
wherein R3 is NH, .

Compounds of formula I where R! is cooH 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 hydroxide), 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 sensitive 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
compounds 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
Ofganic Synthesis’ by Theodora W Greene (John Wiley and Sons
1981).

Conventional amino protecting groups may include
for example aralkyl groups, such as benzyl, diphenylmethyl or
triphenylmethyl groups;‘ahd acyl groups such as N-benzyloxy-
carbonyl or t-butoxycarbonyl. Thus, compounds of general
formula (I) wherein one or both of the groups R2 and R3
represent 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
pProtecting groups, such as trimethylsilyl groups; or as
tetrahydropyran derivatives.

' Removal of any protecting groups present may be
achieved by conventional procedures. Thus an aralle group,
such as benzyl, may be cleaved by hydrogenolysis in the
presence of a catalyst (e.g. palladium on charcoal); an acyl
group such as N-benzyloxycarbonyl, may be removed by
hydrolysis with, for example, hydrogen bromide in acetic acid
or by reduction, for example by catalytic hydrogenation;
silicon 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 salt, for example as an acid addition salt,
this may be achieved by treating the free base of general
formula (I) with an appropriate acid, preferably with an
e€quivalent amount, or with creatinine sulphate in a suitable

- solvent (e.g. aqueous 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 jinvention.
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General Methodologies
The following general methods are appliicable to

the synthesis of compounds of the invention.

Deacetylation

Treatment of the acetylated material with Amberlite
IRA-400 (OH™) with stirring, for a period of time, generally
2-3 h, at room temperature results in complete de-0-
acetylation. The resin is filtered off and the filtrate
concentrated to dryness to afford the desired de-Q-
acetylation material. :

Those skilled in the art would recognise that other
standard procedures are available for the complete de-0-
acetylation of the same material, such as treatment with
sodium methoxide in methanol.

Deesterification

The completely de-0-acetylated material is‘taken up
in aqueous sodium hydroxide and stirred at room temperature
for a period of time, generally 2-3 h. The mixture is then
adjusted to pH 7.0-7.5 with Dowex 50w X 8 (H') resin.
Filtration 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 S-acetamido-7,8,9-tri-O-acetyl-2,3,5-trideoxy-D-

glycero-D-talo-non-2-enopyranosonate (4-epi-
Neu5,7,8,9Ac42en1Me)



Compoeund £30) (332 ng, 1.24 mol) was stirred in anhydrous nethanol (40 mni)

cont ai ni ng -Dowex 50 x 8 (Herr]) resin (50 ng) at roomtenperature for 16
before filtration. The filtrate was evaporated to %?ﬁri%éﬁ? }é
compound (31) (320 ny, 1.13 mol, 91.5% , which waslls ﬂ%%
chloride (5 nL) at HmmtamaaUMefm_agmwtha1e rﬁ&&

to afford Conpound (32) (539 ng, 1.057 mmol, 93.69%. P FﬁﬁTHﬁﬁ"Wﬁﬁ """
di ssol ved | gOMPOUMD B3rile (20 nL) containing silver nitrate (500 ng, 2.94

a5s

”“D|) and pﬂb%ﬁ%h“@‘%%r@%%¥&%-v 8,9-tri-O-acetyl-4-azido-2,3,5- t:rxdeoxy-él0

D-glycero-D-galacto-non-2-enopyrancsonate (4-azido-
Neu5,7,8,9Acs2enlMe)

COMPQUND 5

Methyl S-acetamido-7,8,9-tri-O-acetyl-4-amino-2,3,4,5-
tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate (4-
amino-NeuS,7,8,9Ac42en1Me)

COMPQUND 8

Methyl S-acetamido-7,8,9-tri-O-acetyl-4-N,N-diallylamino-
2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate
(4~N,N—diallylamino—Neu5,7;8,9Ac42en1Me)

COMPOUND 10

Methyl S-acetamido-7,8,9-tri-O-acetyl-4-N-allylamino-

2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate
(4-N-allylamino-NeuS,7,8,9Ac 2enlMe)

COMPOUND 12

Methyl S5-acetamido-7,8,9-tri-O-acetyl-4-amino-2,3,4,5-

tetradeoxy-D-glycero-D-talo-non-2-enopyranosonate (4-epi-4-
aminoNeuS,?,8,9Ac42en1Me)

COMPQOUND 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- 2-enopyranosonate
(4-ep1 -4,5-oxazaloNeu7,8,9Ac32enlMe)

COMPOUND_15

Methyl 5—acetamido-7,8,9—tri—Q-acetyl—4—azido-2,3,4,5-

tetradeoxy-D-glycero-D-talo-non-2-enopyranosonate (4-epi-
azidoNeu5,7,8,9Ac 2enlMe)

COMPOUND 16

Methyl 5-acetamido-4-azido-2,3,4,5-tetradeoxy-D-glycero-D

talo-non-2-enopyranosonate (4-epi-azidoNeuSAc2enlMe)
COMPOUND 18 _
Methyl 5-acetamido-7,8,9-tri-O-acetyl-4-N-methylamino-

2,3,4,5-tetradeoxy—g—glycero-g-galacto—non-z-enopyranosonate
(4-N-methylamino-Neu5,7,8,9Ac 2enlMe)

h



(90 ny, 0.85 mml) protected fromlight and stirred at roomtenperature for
16 h, then filtered. The filtrate was evaporated to small vol une and
partitioned between ethyl acetate (75 nL) and water (15 nmiL). The organic

| ayer was washed with water (10 nL x 3) and evaporated to dryness. The

resi due was chromat ographed on silica gel colum (e
to afford pure conpound (33) (200 ng, 0.423 mol, 4
(CDCl[err]) [err] (ppm 2.062, 2.070, 2.@%3-~ 2.094,

CH 5), 3.80 3H, COOCH 4.19 (dd, 1
J[EE;{][ér&i&ﬂﬂﬁﬂﬂkﬁiﬁ[err]) 4. ggrzgé 1H, JEerr] 0= At

3 0 - o - Ll
12 5o vy 550 Cad e e B 2 p tﬁﬁ% e
H[err]) Q§¥ \ﬁ?thTﬂB$ritﬁPQPYF%ﬂQ§°QE%ﬁr} Femﬁfhzlgﬂﬁn9ﬁerr])
5.49 (dd, NHuSNﬁﬂyﬂlméfﬁr] 3.0Hz, J[err], [err] 5.1Hz, Herr]), 5.57 (dd,
1H, J[err]C dN&ifft’ J[err], [err] 7.0FE, Herr]), 5.97 (d, 1H, J[err]

[err] 3.1
Methyl S-acetamido-7,8,9-tri-O-acetyl-4-N,N-dimethylamino-

_2/|)

yl

2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-2enopyranosonate
(4-N,N-dimethylamino-Neu5,7,8,9Ac,2enlMe)

COMPOUND 22

Methyl 5-acetamido-4-N,N-dimethylamino-2,3,4,5-tetradeoxy-D-
glycero-g—galacto-non—2-enopyranosonaté (4-N,N-
dimethylaminoNeuSAc2enlMe)

COMPOUND 24

Methyl S-acetamido-7,8,9-tri-O-acetyl-4-N-
methoxycarbonylmethylamino-2,3,4,5-tetradeoxy-D-glycero-D-

galacto-non-2-enopyranosonate (4-N-
methoxycarbonylmethylaminoNeu5,7,8,9Acy2enlMe)

COMPQUND 25

Methyl S5-acetamido-4-N-methoxycarbonylmethylamino-2,3,4,5-

tetradeoxy-D-glycero~D-galacto-non-2-enopyranosonate (4-N-
methoxycarbonylmethylaminoNeuSAc2enlMe)

COMPOUND 27

Methyl 5—a¢etamido-7,8,9-tri-0-acetyl-4-N-2’-
hydroxyethylamino-2,3,4,S-tetradeoxy-g-glycero-g—galacto-non—

2-enopyranosonate (4-N-2/ehydroxyethylaminoNeuS,7,8,9-
Ac42enlMe) |

COMPOUND 28

Methyl 5-acetamido—4—N-2’—hydroxyethylamino—z,3,4,5-
tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate (4-N-2/-
hydroxyethylaminoNeuS,7,8,9Acs2enlMe)

COMPOUND 29

Methyl 5—acetamido-7,8,9-tri-03acetyl-4-N—2’-

hydroxyethylamino-2,3,4,5—tecradeoxy-g-glycero—g-galacto-non-
2-enopyranoscnate (4—N-2/-hydroxyethylaminoNeuSAc2en1Me)
COMPOUND 30

3-Deoxy-D-glycero-D-galacto-2-nonulopyranosonic acid (KDN)




Compoeund ¢33) (100 ng, 0.211 nmol) was stirred in anhydrous nethanol (10
nm.) contai ni ng sodi um net hoxi de (24 ng, 0.423 mmol) at roomtenperature for
3 h, then evaporated to dryness to afford conpound (34) (50 nmg, 9096, whi ch
was redissolved in water (5 nL) and left at roomtemny :

adj usted to pH 7 with Dowex 50 x 8 (H+) resin. The sg
freeze-dried to give conpound (35) (47 npg 1% . :
[err] (ppn) 3.69 (dd, IH J[err] [err] 5. 6Hz, J[err] )
3.76 (dd, HCOMROUND[33r] 7.8Hz, J[err], [err] 10.5Hz el s
(m 3H, H7,Md&EhyH L 4pl dd, 1H,
J4,3 2. 3Hz, (géﬁfréj[ﬁ%%fyﬁsﬁr%&gﬁfé% ‘;ng 8- ?W"’TH&%Perr 33695 o
H3)

COMPOUND 32 :
Methyl 4,5,7,8,9-penta-0O-acetyl-2,3-dideoxy~-D-glycerc-f-D-
galacto-2-nonulopyranosyl chloridjonate
(KDN4,5,7,8,9AC52&C11Me)

COMPOUND 33

Methyl 4,5,7,8,9;penta-0-acetyl-2,3-dideoxy-g-glycéro-g-
galacto-non-2-enopyranosonate (KDN4,5,7,8,9Acg2enlMe)
COMPOUND 34

Methyl 2,3-dideoxy-g-glycero-g—galacto-non42-enopyranosonate
(KDN2enlMe)

COMPOUND_36

Hydrazinium 4,S-diamino-2,3,4,5-tetradeoxy-D-glycero-D-

galacto-non-2-enopyranosonate (Hydrazinium 4,S-diaminoNeu2en}
COMPOUND_37

4,5-diamino-2,3,4,5—tetradeoxy-g—glycero-Q-ga1acto-non-2-
enopyranosonic acid (4,5-diaminoNeu2en)

Example 1 The preparation of Sodium S5-Acetamido-4-azido-
2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-2-
enopyranosonate (4-Azido-NeuSAc2en) (4)

The overall reaction scheme is as follows:

Ac
Ac O HC. 1) BF;.E(,0 Acy Ac
Y “/'W*
HC 2N =5 O )HOABAyl Acamer '€ 0
o ) H0 o @
CH,O,
2 NeNy/n-Bu NHSO, /
DMF
OH

- Neo A
HO OH o 0" Na 1) NeOMe/McOH A O c(f\‘ H,C.
W 7 o o o_ 0

¢ N, 2) OH AN 7 o

4) )
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Preparation of (2)

To an agitated solution of methyl 5-acetamido-
4,7,8,9-tetra-o—acety1—2,3,5-trideoxy-Q—g;xgggg-g-gglgggg-
non-2-enopyranosonate (1) (1500 mg, 3.17 mmol) in a mixture
of benzene (50 ml) and methanol (300 mg) was added dropwise-
BF3Et,0 (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
successively with saturated NaHCO3 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 whole mixture was then stirred at room
temperature for two days before being diluted with ethyl
acetate (200 ml). The ethyl acetate solution was washed with
5% NaHCO4 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%).

ly-nmr (cDC1y) & (ppm); 1.95, 2.06, 2.08, 2.10, 2.35 (s, 15H,
Acetyl CH3 x 5), 3. 80 (s, 3H, COOCH3), 4.1-4.4 (m, 4H, Hg,
Hg, Hg, Hg), 4.82 (dd, 1H, Jg g 1.8Hz, Jg g, 12.3Hz, Hg),
5.27 (m, 1H, Hg), 5.45 (dd, 1H, J; g 3.5Hz, Hy), 6.15 (d, 1H,
33,4 5.4Hz, Hy), 6.47 (d, 1H, Jyy,s 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 -30° to -40°C, was added dropwise 2
solution of trifluoromethane sulphonic anhydride (Tf,0) (556
mg, 2 mmol) in dichloromethane (2 ml) over 15 minutes. The
reaction mixture was then stirred at -30° for S5 hours, and
concentrated to dryness in vacuo. The residue was then
dissolved in dry DMF (5 ml) containing a mixture of sodium
azide (650 mg, 10 mmol) and tetrabutylammonium hydrogen
sulphate (170 mg, 0.5 mmol). The reaction mixture was

stirred at room temperature for 16 hours, and then evaporated



A solutiom of compound (6) (125 ng, 0.40 nmol) i T nydrara (5 nl)
under argon was heated at 85[err]C for 3 days, % Jﬂ*ﬂéﬁ%g@ﬁﬂQ¥ Eihixture
was vacuum evaporated to dryness. The residue wa défszﬁvaﬁTl ter (15
m.) and passed through a colum of Anberlite |IRA K CHCOO erry )y tithen
eluted with 1.5 M HCOOH The eluate (20Gg1) was evapor at ed to dryness. The
resi due was chromat ographed on silica gel deactivated with 10% wat er

(devel opi ngosdkyaeks hﬁeé£09§§ﬁ|6&6ﬁ@ﬁ = ﬂhé)rezhaubr@akl@a&ﬁuthbnaa val ue
of 0.1 ver 8oeaaBLNgYG1a2LaREL L 560 B " ¥RESGa ek o sl §15° Ikt

organic layer was separated and washed with water (50 ml x

2), dried over Na,SO4, evaporated to leave a residue (780
mg), which was subjected to double chromatography (silica
gel, the first solvent system was ethyl acetate/acetone:
8/71; the second solvent system was dichloromethane/water:
10/1) to afford a colourless oil (3) (185 mg, 24%).

MS. (FAB) 457 (M* + 1), 414 (M* -Nj. (120 + 19.1°
(Cl,MeOH).ir.(CHCl3) cm™! 2100 (N-N3>. 1748 (carbonyl). lH-
. nmr (CDC13) d (ppm). 2.04, 2.05, 2.06, 2.12, (s, 12H, Acetyl
CH3 x 4). 3.79 (s, 3H, COOCH3), 3.91 (ddd, 1H, Jg yy 8.4Hz,
J5,4 8.8 Hz, J5 ¢ 9.9Hz, Hg), 4.17 (dd, 1H, Jg.g 6.8Hz, Jg-g,
12.5Hz, Hg.), 4.42 (dd, 1H, J4,3 2.9Hz, J4 5 B.8Hz, Hy), 4.48
(dd, 1H, Jg q 2.3Hz, Jg,5 9.9Hz, Hg 4.46 (dd, 1H, Jg g 2.7Hz,

39,9+ 12.5Hz, Hg), 5.31 (m, 1H, Jg 5 5.2Hz, Jg ¢ 2.7Hz,

Jg,9¢. 6.8Hz, Hg), 5.45 (dd, 1H, Jy g 2.3Hz, J9 g 5.2Hz, Hy), .
5.96 (d, 1H, J3 4 2.9H, Hy), 6.13 (d, 1H, Jyy 5 8.4Hz, -CONH)
13c- mr (CDCly) & (ppm)

20.7 (CH3-CO-0-), 23.2 (CH3CO-NH), 48.3 (Cg), 52.6 (COOCH3),
57.8 (C4), 62.1 (Cg), 67.7, 70.9 (Cq, Cg), 75.9 (Cg), 107.6
(C3), 145.1 (Cy), 161.5 (Cy), 170.2, 170.3, 170.7, (acetyl
-C =0x 4.

Preparation of (4)

Compound (3) (S0 mg, 0.11 mmol) was dissolved in
anhydrous methanol (5 ml) containing sodium methoxide (8 mg,
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 S0 x 8 (H') resin,
and then lyophilised to afford the title compound (4) (35 mg,
94%).



The resi due, conpound (36), was dissolved in water (10 m_)
a small colum of Anberlite IR-4B (OHerr] (10 ni) =¥
evaporated to dryness to give conpound (37), M (Fi
(Merr] +lI'). Compound (37) was dissolved in water &n : .
with 0.1 MNaOH, then freeze-dried to afford corrpo as
a white powder. eH]Hnm
(D{err]0) [err] (ppm 3.01 (dd, 1H, J[err? [err] 9.7Hz, J[err] [err] :
10. 2Hz, Hegrl), AL H.qcr L H-a%9d )¢:— 80[ rd 3 , H4,
o e by, 5. L ga\i‘?ﬁfn %'2' 0 [(SE: 0{% [26160] ks r?’) 5167'514 cd&‘%r 13J"

2. 4Hz, H3) H-nmr (020) (ppm). 2 06 ( ¢ 3H, acetyl CH3), . ¢ d,

1H, Jg. g 6.3Hz, Jg- g 11.8Hz, Hg.), 3.65 (dd, 1H, J7'6
3.9Hz, J;_ g 6.8Hz, Hy), 3.88 (dd, 1H, Jg g 2.6Hz, Jg g-
11.8Hz, Hg), 3.94 (m, 1H, Jg,7 6.8Hz, Jg g 2.6Hz, Jg g- _
6.3Hz, Hg), 4.21 (dd, 1H, Jg,4 10.4Hz, Jg ¢ 8.9Hz, Hg), 4.31
(dd, 1H, J4 3 2.2Hz, J4q,5 2.2Hz, J4, 5 10.4Hz, Hy), 4.34 (dd, |
1H, Jg g 8.9Hz, Jg,7 3.9Hz, Hg) 5.82 (d, 1H, J3 4 2.2Hz, H3).

Example 2 The preparation of Sodium 5-Acetamido-4-amino-
2,3,4,5-tetradeoxy-D-glycero-D~-galacto-non-2-
enopyranosonate (4-amino-NeuSAc2en) (6)

The overall reaction scheme is as follows:

Ao : . Al |
Ac O }hc. H,S/pyridine Ac O H.C,.
Lo ne M o1 e K
7 © NN
HN (0]
Ac Ny kgggn
&) | &)
1) NeOMae/McOH OH -
> m\%o. N..
2) OH- HN 7 o
) | Ac HN
6)

Preparation of (5) .
Into a solution of methyl S-acetamido-7,8,9-tri-O-

acetyl-4—azido—2,3,4,5-tetradeoxy—g-g;ycero-g-ga1acto-non-2—
enopyranosonate (3) preparedlas in Example 1, (95 mg, 0.208
mmol) in pyridine (6 mi) was bubbled with H,S for 16 hours at
room temperature. The solution was then flushed with

nitrogen for 15 minutes, and evaporated to remove pyridine
under high vacuum. The residue was chromatographed (silica
gel, ethyl acetate/isopropanol/water = 5/2/1) to afford a
colourless compound (5) (50 mg, 56%).
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t ol uenesul
(39).

tri deoxy-D-gl ycer o- D- gal act o- non- 2- enopyr anosonat e

dry pyridi
(660 ny.,

left to st
chl oride (
an additio

Met hyl 5-acetam do-2, 3, 5-tri deoxy-9-(p-
phonyl) - D- gl ycer o- D- gal act o- non- 2- enopyr anosonat e
A solution made up of nethyl 5-agetamido-2,3.5- -

) _
-Iuenesuwﬁungét%?ﬁLrlde
ir overnight at 4[err]C - 22 - Furt

S ﬂyl
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natographed ( Et OAc/ 1 - Pr err]
3l

éﬁhpound

12H acetyl CHy x 4), 3.81 (s, 3H, -COOCH3), 3.92 (brt, 1H,
Js,q4 & Js, g 10Hz, Hg), 4.17 (dd, 1H, Jg. g 7.2Hz, Jg* g
12.3Hz, Hgr), 4.22 (br. dd, 2H, J4'5 & Js's 10Hz, J4’3 & J6,7
2.1Hz, Hy & Hg), 4.71 (dd, 1H, Jg,g 2.6Hz, Jg g. 12.3Hz, Hg),
5.31 (m, 1lH, Jg,7 4-9Hz, Jg,9 2-6Hz, Jg,g+ 7.2Hz, Hg), 5.45
(d, 1H, J7}6 2.1Hz, J7'8 {.9Hz, H,), 5.97 «d, 1H, J3'4 2.1Hz,
H3,' . :
13c-nmr (cocl; + cp30D) & - (ppm)

20.2, 20.3 (CH3-CO—O-), 22.3 (CH3-CO-NH), 48.2 (Cq), 50.4
(C4), 52.0 (COOCH3), 52.1 (Cgq), 67.8, 71.2 (Cq, Cg),

76.5 (Cg), 112.5 (C3), 143.5 (C5), 162.0 (Cy), 170.2, 170.4,
170.8, 172.2 (acetyl -C = 0 x 4).

Preparation of (6)
Compound (5) (50 mg, 0.116 mmol) was dissolved in

anhydrous methanol (5 ml) containing sodium methoxide (12.4
mg, 0.23 mmol). The mixture was stirred at room temperature
for 1.5 hours and evaporated to dryness in yvacuo 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 =
5/4s1) indicated that hydrolysis was complete. The solution
(pH about 10.5) was then gradually adjusted to around pH 7.5
by Dowex S0 x 8 (H') resin. As soon as the pH.of the

solution reached 7.5, the suspension was quickly filtered by

a press filter. The filtrate was lyophilised to afford the
title compound (6) (30 mg, 83%).

ly-nmr (D501 & (pém). 2.07 (S, 3H, acetyl CHjy),

3.59 - 3.70 m, 2H, Hy & Hg+), 3.89 (dd, 1H Jg,g 2.6Hz, ~-Jg,9°
11.8Hz, Hg), 3.95 (m, 1H, Hg), 3.99 (brd, 1H, Jg,5 10.6Hz,
Hg), 4.21 (brt, 1H, Jg 4 & Jg,e 10.6Hz, Hgy, 4.29 (brd, 1H,
JS,S 10.6Hz, Hg). 5.66 (d, 1lH 33'4 1.9Hz, Hy.



.r ¢KBr)s:[err]max (cnferr]) 2964 (OH), 1730 (CJ e C}{err]) 1656

(NHAc), 1358, 1174 (S2), 810, 662, 550 (Ar) M (F")' -
[err]H nnr (300 MHz, CD[err] QD) TMS); [err] (ppm =
(s, 3H ArCH3), 3.49 (d, 1H J6 71.70, Herr]), 3.
[err] ), 3.91 (dd 1H, J5,6 10. 80, H[errbé 3. 98- 4.
and Herr]'), 4.28 (dd, 1H, J[err] [err] 55, H7),

leril '8 gg%&gﬁ;@g 5. O3t bl Mkt d kot 95 Hidotdni cfbm 2H
’ ' ’ guanidino-2,3,4,5-tetradeoxy-D- glxcero—D-
galacto-non-2-enopyranosonate (7)

The overall reaction scheme is as follows:
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Into a solution of S-methylisourea (546 mg, 3 mmol)
in water (i5 mL) at ice-bath temperature, methyl-5,7,8,9-tri-
O-acetylf4-amino-2,3,4,5-tetradeoxy-g-glxcero-g-galacto-non-
2-enopyranosonate (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 (H")
resin (35 mL). The column was then washed with cold water
(700 mL) and eluted with 1.5 M NH4O0H solution. The eluate
(120 mL) was concentrated to dryness under high vacuum. The
resulting residue was chromatographed (silica gel; solvent
system 1: ethyl acetate/isopropancl/water, 1/5/1; solvent
system 2: 75% isopropanol) to provide the title compound (7)
(8 mg, 24.5%).

Compound (7) gave a strong, positive Sakaguchi
reaction, indicating the presence of a guanidine group. NMR
cata for compound (7) are given below.  4-nmr (D50 +'Cb300)
& (ppm).

2.06 (s, 2H, acetyl CH3), 3.60 (br. d., 1H, Jy,8 9-4Hz, Hy),
3.63 (dd, 1H, Jg., g 6.2Hz, Jg: g 11.8Hz, Hg.), 3.76 (br. d.,
14, J4.45 9.4Hz, H4), 3.87 (dd, 1H, Jg'e 2.6Hz, Jg'gﬁ, 11.8Hz,
Hg), 3.93 (ddd, 1H, Ja") 9.4Hz, J8,9 2.6Hz, J8,9' 6.2Hz, Ha),
4.01 (dd, 1H, Jg, 4 9.4Hz, Js5 ¢ 10.6Hz, Hg), 4.20 (br. d., 1H
Jg,5 10.6Hz, Hg), 5.63 «d, lH, J3 4 2.1Hz, Hj).



Exanpl e 15 © Methyl 5-acetam do-9-azi do-2, 3,5, 9-tetradeoxy-
D- gl ycer o- D- gal act o- non- 2- enopyr anosonat e (40)
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DMF (20 nL) and the yell ow honogenous s@4utton hefEed=te
h, further lithiumazide (186 ng., 3.80 mmol) was
|l eft at 80[err] C overnight. The solvent was renoveyf
and the remai ning dark brown oil dissolved in pyr
chromat ographed (SiQerr] 5/2/1 EtOAc/i-PrOH Hert

was conpound (40) (370 ng., 88%yield) obtained as a vvhlte foam

.r.(KBr):[err] max (cn{err]) 3428 (s, OH), 2104 (s, Nerr]),
CO[err]CH err]), 1656 (s, NHAc) M (FAB) : 331 (MtHerr]) [
MHz, Dierr]0): [err] (ppm = 1.94 (s, 3H NHAc), 3.37

C. Afjter 2

.......

1730 (s,
err] Hnnr (300

Example 4 Sodium S-Acetamido-4-N,N-diallylamino-2,3,4,5-

tetradeoxy-D-glycero-D-galacto-non-

énopyranosonate. (9).

2~

The overall reaction scheme is as follows:
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Into a solution of allyl bromide (60mg, 0.S5mmol)



(dd, 1H, Herr]'), 3.48 - 3.57 (m 2H, J8,9, 5.77 } 1 [err]
13.16, Hg), 3.66 (s, 3H, CJerr]CHerr]), 3.91 - 3 BEPIACERENT ldHEET] {|and
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evaporated to dryness. The residue was subjected to
flash-column chromotography silica gel, ethyl acetate
containing 10% .methanol) to afford methyl S5-acetamido-7,8,9-
tri-O-acetyl-4-N,N-diallylamino-2,3,4,5-tetradeoxy-D-glycero-
Q-galacto-non-i-enopyranosonate (8) (85mg, 80%)."

lH-nmr (cpcly) & (ppm) 1.94, 2.05, 2.06, 2.11 (s, 12, .
acetyl CH3 x 4), 2.97 (dd, 2H, Jy0a,10b & J10'a,10°b 14-3Hz,
J10a,11 & J107a,11* 7-6Hz, Hyga & Hygra), 3.24 (dd, 2H,
J10b,10a & J10°b,10°a 14-3HZ/ J1gp,11 & Jyo¢b,11 4-9Hz, Hygp
& Hygrp), 3.58 (dd, 1H, J4,3 2.4Hz, J4 g 9.3Hz, Hy), 3.79 (s,
3H, COOCH3), 4.12-4.26 (m, 3H, Hg, Hg., Hg), 4.70 (dd, 1H,
Jg,g 2.6Hz, Jg,g- 12.3Hz, Hg), 5.09 (dd, 2H, Jjpcis,11 &
Ji12'cis, 11/ 10.6Hz, Ji2gem & J12°gem” 1-5HZ, Hjpcjis &
Hy2'cis)s 5.14 (dd, 2H, Ji2trans,11 & Jy127trans,11¢ 17-7Hz,

legem & leogem ~1.5Hz, Hthrans & H12'trans" 5.27-5.32 (m,
ZH, Hs & —CONH_) ’ 5-55 (dd' IH' J7'6 2-11{2‘ J7'8 4.7HZ, H7 ) ’
5072 (m' ZH, Hll & Hlll)' 6.07 (d, lH' J3’4 2.41‘12, H3).

Compound (8) (80mg, 0.156mmol) was dissolved in
anhydrous methanol- (10mL) containing sodium 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 S0 x 8 (H') and
freeze-dried to afford the title compound (9) (49mg, 80%).

'H-nmr (D20) & (ppm) 1.94 (s, 3H, Acetyl CHy), 3.24-3.44 (m,
4H, Hlo x 2 & Hlot x 2), 3.48-4.33 (m, 7H, H4, HS' H6' H7'
Hg, Hg & Hgr), 5.24-5.29 (m, 4H, Hy5 X 2 & Hy5. x 2), 5.69
(d, IH, J3'4 "ZHZ, H3), 5.73-5.76 (m,- 2H, Hll & Hll')



-44 -« fildrate applied to a preparative tlc platg {Srorers =
cm X 2 mm eluted with 5/2/1 Et CAc/i-PrOH/ H err] DN i =0. 47

was worked up to give 51 ng. (70% vyield) of con 5195§SEGEMh| e
powder . i.r. (KBr) : [err]max (cm[err]) 3400 ( Datg
(s,CJerr]CHerr]), 1656 (s, NHAc) MS ¢F2B)-: 347
(300 MHz, E{errkO) c [err] (ppmM = 1.96 (s, 3H NHAQ, 2.00
Exam Sodium 5 -Acetamido-4-N-allylamino-2,3,4,5-
tetra-deoxy-D-glycero-D-galacto-non-2-
enopyranosonate (1ll)
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The overall reaction scheme was as follows:
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To a solution of allyl bromide (48mg, 0.40mmocl) and

- compound (5) (155mg, 0.36mmol) in acetonitrile (5ml) 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 off, and the
filtrate was evaporated to dryness. The residue was
chromatographed on a silica gel column (éthyl acetate/
isopropanol/water = 5:2:1). Fractions with an Rf value of
0.5 were combined and evaporated to dryness to afford
compound (10) (53mg; 32%). The starting material (5) with an
Rf value of 0.3 (6lmg, 39%) and N, N-diallyl derivative (8)
with an Rf value of 0.9 (20mg, 11%) were recovered
respectively.



(s, 8H NHAC), 3.23 (dd, 1H, Herr]'), 3.48 (d, 1H_Herr], 3.56 (dd,
J[err] [err] ' 14.17, Herr]), 3.75 (s, 3H, CJerr GREST. c

J8,9 2.90, J[err] [err] 7.40, H8), 4.02 (dd, 1H, J erpf ?N§3M§FT
4.22 (d, 1H, Jlerr] [err] 10.85, H7), 4.45 (dd, 1H| j g?@omrdq 8.9
Herr]), 5.61 (d, 1H, J[err] [err] 2.47, H3); Ex@gupl e "7 e fi...

5,9-diacetanido 2, 3 5, 9-t et r adeoxy- D-gTjE%

gal act o- non:

conpound (4 on1c

ro-D

ti on of

Som ¢ aCI ¢ g‘é SR Ii?eahﬁ”é'lﬂmﬁs-rh&ﬂ WS a[err]

(ppm) 1.96, 2 05, 2 06 2.11(s, 12H, Acetyl CH3 x 4), 3.25

JlOb,lOa'14'1HZl Ji0b,11 5-9Hz, Higp), 3.43 (dd; 1H, J4,3

3.1H2, J4's 7.5H2, H4)' 3-79 (S, 3H' COOCH3)' 4-09 (ddd'

1H,

J5'4 7.5Hz, JS,NH9'1H2' JS,G 8.1Hz, Hg), 4.21 (dd, 1H, J9',8

7.1Hz, Jg+ g-12.2Hz, Hg¢), 4.30 (dd,

IH, Jsls 8.1HZ, JG"’

4.1Hz, Hg), 4.63 (dd, 1H, Jg,g 3.2Hz, Jg g--12.2Hz, Hg), 5.09

(dd, 1H, Jjzcig,11 20-2HZ, J)ocis,12trans~1-3Hz, Hyjcig),
5.18 (dd, 1H, Jj3trans,11 }7-1H2, J)12¢trans,12cis~1-3Hz,

Hj2trans)s 5.36 (ddd,
7.1Hz, Hg), 5.57 (dd,

1H' J8'7 4.2HZ, J8'9 3.21{2' J8'9'

d,

1H, J7,6 4.1Hz, J7,8 4.2Hz, H7), S.65

IH' JNH'S 9.1”2' -CONH-)' 5083 (dddd'

1H, J11,12trans

17.1HZ, J11,12cis 10.2HZ, Jll,lOa 5-8H2, Jll,lOb 5.9H2, Hll)'

6.09 (d,

1H, J3'4 3.1lHz, H3).

Compound (10) (50mg, 0.llmmol) was stirred in

anhydrous methanol (5mL) containing sodium methoxide (12mg,

0.225mmol) 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 50 x 8 (H™) resin.
solution was freeze-dried to afford compound (1l1)

78%).

The agqueous
(31mg,

 'H-nmr (D20) & (ppm) 2.02 (s, 3H, CH3CO), 3.42 (dd, 1H,

J10a,10p-13.4Hz, Jy0a,11 6-6HzZ, H‘Oa" 3.52 (dd,

lH'

JlOb,lOa'13'4sz JlOb,li 6.3Hz, JlOb)' 3.51-4.27 (m, 7H, H4,

.HSI Hs, H7, Hs, Hg & Hgl), 5.30 (dd,
~1.5HZ, Jl2cis,11 10.3Hz, lecis), 5.34 {dd,

1H, J12cis,12trans
IH'

J12trans,12cis 1582/ Ji2trans,11 17-7Hz, Hyjepapns?). 5-72 (d,
1H, J3 4 2.4Hz, Hy), 5.89 (dddd, J); 10, 6.6Hz, Jy; 10pb

613“2, J11,12Cis 10-3HZ, Jllllztrans 17.7HZ, Hll)n
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To a stirred solution of compound (2) (500mg,
1.04mmol) in anhydrous dichloromethane (8mL) containing
pyridine (205mg, 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 S
h, and finally evaporated to dryness under reducéd 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
under high vacuum to remove DMF. The residue was then
stirred in a two-phase mixture of toluene (SmL) and water
(SmL) contaznxng tetra-n-butylammonium hydrogen sulphate
(950mg, 2. 8mmol) and sodium azide (137mg, 2.1lmmol). The
mixture was stxrred at room temperature for 16 h and then

evaporated to dryness. The residue was partitioned betweén



3.82(m, ‘1H, J8 9.3.01, J[err] [err] 7.43, Herr]), 3.94 (dd, 1H, J[err]
[err] 10.42, Herr]), 4.13 (d, 1H, J[err] [err] d, 1H,
J[err] [err] 8.80, Herr]), 5.81 (d, 1H, J[err] FEF%PCEMENTSHBET Exanple
18 Met hyl 5-acet am do- 9-cyano- 2, 3, 5, 9-t et r adgoxy- 25 0CT 1%5
D- gl ycer o- D- gal act o- non- 2- enopyranosonat 9%443) Date :.l... s
nmet hyl 5-acetam do-2, 3, 5-tri deoxy-9- ol uen

) - D-gl ycer cathgnl aséeaeen ?,gmnaaw aaeaenatlgnﬁ,%% 48& r%xe &éJm*?ESﬂd mf‘{ﬁ

tert-butyl ni ani de ) . and sodlun1cyan|

in dry Dl\/gg?’i 5s’ﬁf efadvedyr ?’é&haf'aFSGm ORI & é"t’ur é"f%rt*'@fﬂfyﬁ‘l”mted

Wor kup by pﬂ‘-@p@rnuess.thwhel apeidabr oaat agkephyp (% Pyafidine?X Sun) x 20 cm

X 2 mm el we8h hi [ &, ve as th j or

conponent 30 ?6 5: 8Fd) E g:‘vek'ognébgfg)%eg Qé’ ?afgé}ﬁscsol omed powder .
resx ue was subjected to flash-column chromotography (silica
gel, the first solvent system was ethyl acetate, the second
solvent 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,
collected from the second solvent system, were combined and
evaporated to dryness to afford compound (12) (32mg, 6.5%).

MS (FaB), 431 (M* + 1), 414 (M* - NH2).

lv-nmr (cpcl; + CD;0D) & (ppm) 1.96, 2.06, 2.08, 2.09 (s,
12H, Acetyl CH3 x 4), 3.52 (dd, 1H,

J4,3 5.5Hz, J4 5 4.5Hz, Hy), 3.80 (s, 3H, COOCH;), 4.16 (dd,
14, Jg,s 10.2Hz, Jg 7 2.3Hz, Hg), 4.17 (dd, 1H, Jg. g¢-12.4Hz,
Jg¢,g 7-3Hz, Hg.), 4.23 (dd, 1H, Jg g 10.2Hz, Jg 4 4.5Hz,
Hs), 4.73 (dd, 1H, Jg,g--12.4Hz, Jg g 2.7Hz, Hg), 5.34 (ddd,
1H, Jg,q 4.7Hz, Jg g 2.7Hz, Jg g+ 7.3Hz, Hg), 5.45 (dd, 1H,
37,6 2.3Hz, Jg,g 4.7Hz, Hy), 6.12 (d, 1H, J3 4 5.5Hz, Hy).
13c-nmr (cDC1y + CD30D) 8 (ppm) 20.7 (CH3C(0)0-),
23.1(CH3C(OIN-), 43.8(Cg), 46.2(C4), 52.4(COOCH3),

62.3(Cg), 68.3, 71.8(Cy, Cg), 73.0(Cg), 111. 5<c3), 143.8(Cy),
162.4¢(Cy), 170.3 & 170.8(CH3CO x 4).

Compound (12) was stirred in anhydious methanol
(5mL) containing Amberlite IRA-400 (OH-) resin (100mg) at
room temperature for 3 h. Following filtration, the
filtrate was evaporated to dryness. The residue was
dissolved in water (SmL) and adjusted to pH13 with 0.1M NaOH.
The aqueous solution was stirred at room temperature for 2 hr
and then neutralized with Dowex SO0 x 8 (H%) resin. After
filtration, the filtrate was lyophilized to afford compound
(14) (l6émg, 70%), which was positive in the ninhydrin
reaction.



1726 (s, CQO[err]CHerr]), 1638 (s, NHAc) M5 (
[err]H nnmr (300nmHz, D err]0) [err] (ppm =

- 46 - (dd, 1H, Herr]'), 2.93 (dd, 1H, J[err
3.55 (dd, 1H, J6,7 1.17, H[err] 3.67 (s, 3@F+ cqau

1H J5,6 9.0g_ F%erbé 13-4, 19 g 1H, Jlerr err

Jlerr],[err] "6 58, ¢ §>? 4. 18PPAd2-10, (SpeFy FEBF{:MO 967 +3|[ 8|5r]<)“: 4.37

(dd, 1H J[eRH} Hgrs]H§,95, 3theredd, BHY0JGdg 2tigHd| ey glennl 9Bz42Hghi, err]
3.90-4.02 (m, 2H, Hy & Hg), 4.37-4.44 (m, 2H, Hg & Hg), 5.81
(d, 1H, J3 4 5.14Hz, H3).

(RF=0.74). “ i.r.(KBR) :[err]max (cnferr] ) 3445
93

Example 7 Sodium S5-acetamido-4-azido-2,3,4,5-tetradeoxy-
D-glycero-D-talo-non-2-enopyranosonate (17).

OAc

HO OAc
aco, 1 Y COOMe t
. _ aco, | 0
AcH NW ‘. ACHN™ COOMe
1) T1,0/pyridine/DCM \C /
AcO AcO
3 k]| N.N-diisopropylc!hylammclbMF
1) NaN y/n-Bu N HSO /Toluenc/H,0 rs
4101 MHG
NaQMc/McOH
OH N3 OH Ny
Ho, 1 0 COONa  NaOH wo, 1 o COOMe
AcHN Y/ ACHND /
HO H 20 HO
17

té

To a stirring solution of compound (2) (500 mg,l.04
mmol) 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 §
h, and finally evaporated to dryness under reduced pressure.
Trke resulting residue was stirred in dry DMF containing
N,N-diisopropylethylamine (194 mg, 1.5 mmol) at room
temperature for 16 h. 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 (5
ML) containing tetra-n-butylammonium hydrogen sulphate (956
mg, 2.8 mmol) and sodium azide (137 mg, 2.1 mmol). The



Exanmpl e 19 5- Acet am do- 9- cyano- 2, 3, 5, 9-t et r adeoxy- D-
gl ycer o- D- gal act o- non- 2- enopyr anosoni ¢ aci d
The net hodol ogy used to prepare 5-acetam do-9-

cyano- 2, 3,5, 9-t et radeoxy- D gl ycero- D-galgfto non- 2
(44) is summarised bel ow [err]

REPLACE

enopyy gragp g acd

Date
mixture was stirred at room temperature for 16 h and then was
diluted with 0.2 M HCl (5 mL). The mixture was stirred at
room temperature fof 48 h. To this reaction mixture were
added ethyl acetate (50 mL) and 2 M HC1l (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
column-chromatography (silica gel, ethyl acetate/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 acetate/methanol=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), & (ppm)1.97, 2.04, 2.06, 2.07 (s,12H, acetyl
CH3 x 4), 3.82 (s, 3H, COOCH3), 4.1274.20 (m, 3H,Cg, C4 &
Cg), 4.51 (ddd, 1H, Jg,4 4.4Hz, J5 ¢ 10.7Hz, J5,NH, 10.1Hz,
Hg), 4.69 (dd, 1H, Jg,g 2.6Hz, Jg g 12.4Hz, Hg), 5.31 (m,
1H, 38’7 4.9Hz, J8,9 2.6Hz, J8,9' 7.0Hz, Hg), 5.45 (dd, 1H,
376 2.1Hz, J7,g 4.9Hz, Hy), 5.68 (d, 1H, Jyy,s 10.1Hz,CONH),
6.15 (d, 1H, J3,4 5.7Hz, H3)

13c-nmr (CDCl3) & (ppm)

20.7, 20.8, (CHCO-O x 3), 23.1 (O CH3 CO-NH), 44.8 (Cg),
52.6 (COOCH3), 54.8 (C4), 62.1 (Cg), 67.6, 71.3 (Cy, Cg),
73.5 (Cg), 104.5.(C3), 146.3 (Cz), 161.5 (Cy), 169.9, 170.2,
170.5 (acetyl, -C=0 X 4)

Compound (15) (40 mg, 0.088 mmol) was dissolved in
anhydrous methanol (4 mL) containing sodium methoxide (6.4
mg, 0.12 mmol). The mixture was stirred at room temperature
for 2 h and concentrated to dryness in vacuo to afford
compound (16), which was then dissolved in water (3 mL),
stirred at room temperature for 2 h, adjusted to pH 6™7 with
Dowex 50 X 8 (HY) resin, and then lyophilised to give the
title compound (17) as a yellowish powder (25 mg, 83%).



44 . Met hyl 5-acet am do-9-cyano-2, 3,5, 9-t ‘ =
gl ycer o- D- gal act o- non- 2- enopyr anosonat e (43) (80 ng.|} REPRBCEMENT SMEET ||
di ssolved in 0.1M aqg. sodium hydroxide (10 nL) and the res 1% 80T ut fjon
- stirred at roomtenperature for 3 h. The Datws..t-hen.adj.ust.ef to
4 with Dowex 50W X8(H err]), the resinfidzered off 3

| yophilized to give 75 ng (98%yield) of conpound (43) as a fluffy white
powder . '

i.r. (KBr) cm™! 3400 (br, -om), 2108 (-N3), 1714 (carbonyl)
l4-nmr (D,0) 8 (ppm)

1.97 (s, 3H, acetyl), 3.5%4.4 (m, 7H, Hy4, Hg, Hg,H7, Hg, Hg,
& Hg'), 6.07 (d, J3'4 S.6Hz, H3)

Example 8 Sodium S-acetamido-4-N-methylamino-2,3,4.5-
' tetradeoxy-D-glycero-D-galacto-non-2-
enopyrdanosonate (20)

: OAc
- QAc
ACO.A H’!:l © COOMe AcQO l o COOMe
C N ~
Acd / McUAgI(DyC!hQ‘ ACHNW
NH
2 — ACO NHCH,
5 18
NaOMeMcOt
Ho, 1 o COONa
b NaOH HO, COOMe
AcHNW AcHW _
HO .
NHCH, H;0 HO  NHCH,

20
te

To a solution of methyl iodide (15 mg, 0.10 mmol)

and compound (5) (48 mg, 0.11 mmol) in acetonitrile (6 mL)
was added silver carbonate (42 mg, 0.15 mmol). The mixture
was stirred whilst 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
to chromatography (silica gel, ethyl acetates/isopropanol/
water=5/2/1). Fractions with R¢g value of 0.36 were combined
and concentrated ‘in vacuum to dryness to afford compound (18)
(25 mg, 51%).



- 47 - i*.r. (KBr) : [err]max (cmf[err]) 3370 (s, OH), 2254 (w, CN), 1656
(s, NHAc) Ms (FAB) : 301 (MtH err]) H nnr (300MHz, D2.) [ell n%s

1.98 (s, 3H, NHAc), 2.70 (dd, IH Herr]"), 2.88 (dd, %
17.27, H9), 3.48 (d, 1H, Herr]), 3.97 (dd, 1H, J[err L£er2 9074100 [err]),
4.09-4.2.4 (m 2H, H7 and Herr] Jlerr], [ r] 3.90, J[ ?eTerr}‘

4.41 (dd, 1H J4,5 8.87, Herr]), 5.80 ( 1H, J3,4 2777, H3) Exanple 20

I nhibition s tPAByenzs YigFys, Negyan mf'aﬁeNHCH3)
g - nmr (CDCl,) & (ppm)
1.95, 2.05, 2.06, 2.12 (s, 12H, acetyl CH3 X 4), 2.45 (s, 3H,
N-CH3), 3.72 (dd, 1H, Jq,3 2.3Hz, J4 s 9.2Hz, Hy), 3.89 (s,
3H, COOCH3), 4.16 (dd, 1H, Jg-,g 7.2Hz, J9',9 12.3Hz, Hg'),
4.26 (ddd, 1H, J5 4 9.2Hz, J5 yy 9-1Hz, Js ¢ 9.0Hz, Hg),
4.36 (dd, 1H, Jg, 5 9.0Hz, Jg 7 2.7Hz, Hg), 4.64 (dd, 1H, Jg g
2.9Hz, Jg g- 12.3Hz, Hg), 5.34 (m, 1H, Jg , 4.8Hz, Jg g
2.9Hz, Jg,g9¢ 7.2Hz, Hg), 5.51 (dd, 1H, J7,6 2-7THz, J7,¢
4.8Hz), 6.05 (d, 1H, J3, 4 2.3Hz, H3)

._D'I
J

Compound (18) (25 mg, 0.056 mmol) was stirred in
anhydrous methanol (5 mL) containing sodium methoxide (5.4
mg, 0.1 mmol) at room temperature for 2 h, then evaporated to
dryness to give compound (19), which was redissolved in water
(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%).

1H--nmr (D,0) & (ppm)
1.94 (s, 3H, CH3CO), 2.43 (s, 3H, N-CH3), 3.574.3 (m, 7H, H4:
H5, HG' H-,, He, Hg & Hg'), 5.65 (d, 1H, J3’4 2H2, H3)



An in*vitro bioassay of the above-described conpou
Vi rus neuram ni dase was conducted, follow ng Warner
Bi ochem stry, 1979 18 2783-2787. For conparison, Ww
Klerr] for 2-deoxy-N-acety-[err]-D-neurami,nic acid

10-[err] M Val ues for Klerr][ Weré& neasurég
spectrof | uqy_l@@lré G technd gue Y"*B'-C.n s dde jA\m_rpqgm yISHSId 23 83,4, 5-
4- et hyl unbel T Tery N-acrgeoty neur am ni C ac%?d4 KI) ,l as h}escrl bed by Meyers

et al., Anal. Biochem 1580-TEsieoPB6-D19A¥ Rt aitsh-4dhe assay

m xture contained test censpyrhrdsstars aj23pncentrati ons between 0 and 2
mv] and approxinm@&dy 1 nlJ enzyne in buffer (32.5 MM MES, 4 nM CaCl2, pH

6.5 for N2;ace2. 5 "M acetate, 4 CaCl2, pH 5.5 for Acchol er ae
£odle

neur am ni dase)AcHN tion was stac@d by t L 110O00Me MUN
to final concentr gt 75 or MdvAgEOpRMONAS t er AB 37[err]C,
2.4 nm 0.1 Mglycrne-fagH, pH 10.2 was added to 0.1 gz reaction mxture to

terminate the reaction. Fluorescence was read at excitati#2365 nm
eni ssion 450 nm and appropriate 11

Araberlite RA 400¢0OH)

McOH
OH oH
HO O COONa  NaOH HOo o
. : COOMe
HO
~ NMe, H,0 HO NMe,
23 -

To a solution of methyl iodide (65 mg, 0.46 mmol)
and compound (S) (100 mg, 0.23 mmol) in acetonitrile (15 mL)
was added silver 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 (silica gel;
ethyl acetate/ isopropanol/water=5/2/1) to afford compound
(21) (30 mg, 28%) as a colourless foam.

MS (FAB) 459 (M'+1) 414 (M'-N(CH3)1)

 -nmr (CDCl3) & (ppm) _

1.98, 2.05, 2.06, 2.12 (s, 12H, acetyl, CH3 X 4), 2.33 (br s,
6H, N(CH3)5), 3.42 «dd, 1H, J4 3 2.8 Hz, Jq 5 8.6Hz, Hy),
3.79 (s, 3H, COOCH3), 4.17 tdd, 1H, Jg'g 7.4Hz, J9-'9 12.3Hz,
Hg*), 4.18 (ddd, 1H, Jg 4 8.SHz, Jg yy 8.9Hz; Jg ¢ 9.0Hz,
Hs), 4:31 (dd, 1H, Jg g 9-0Hz, Jg 5 2.9Hz, Hg), 4.68 (dd, 1H,
Jg,g 3-OHz, Jg g 12.3Hz, Hg), 5.31 (m, 1H, Jg 7 4.4Hz, Jg g
3.0Hz, J8,9' 7.4Hz, Hg), 5.51 (dd, 1H, J7,6 2.9Hz, J7,8
4.4Hz, Hq), 5.79 (d, 1H, Jyy,s 8.-9Hz, CONH), 6.09 (d, 1H,
J3'4 2.8Hz, Hy)



concentration). Results are summarized in Table ng Slrm[(‘;\‘ﬁq he_r
stated, refer to inhibition of N2 neuraninidase. || D&% et 45

- 35 -

MUN bi anks (contai ning no enzyne) were subtracte o1 | h
was estimated by Di xon plots (1/fluorescence ver%€?1 %@EH?QEEE¥ .
a

Compound (21) (30 mg, 0.066 mmol) was stirred in
anhydrous methanol (4 mL) containing dry Amberlite IRA 400
(OH™) resin (90 mg) at room temperature for 3 h, then the
resin filtered off. The filtrate and washings were combined
and evaporated to dryness to afford compound (22} (20 mg),
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 lyophilisgd
to afford compound (23) (15 mg, 66%) as a white powder.

l-nmr (D50) & (ppm) |
1.97 (s, 3H, acetyl), 2.33 (s, 6H, N(CH3)y), 3.5074.26 (m,

7H, Hy, Hg, Hg, Hq, Hg, Hg & Hge), 5.71 (d, J3 4 1.8Hz, Hj)

Example 10 Disodium S-acetamido-4-N-oxycarbonylmethyl-

amino-2,3,4,5-tetradeoxy-D-glycero-D-galacto-

non-2-enopyranosonate (26).
OAc : - OAc '

AcO_ 0 COOMe AcO. 9 4 0_1_COOMe
i AcHN ; NS 4
o / BrCH,COOMe/Ag,COv/CH,N AcH :izf;\:]”’

AcO

3
NH2 ACO s \CH,COOMe
10 1y
S } : 14
NaOMeMcOH
OH ~ OH
Ho, ] o COONa  NaOH HO, l 0 COOMe
ACHNW ACHND Y
HO
HO NHCH,COONa H,0 NHCH,COOMe
26 ) 1¢

To a solution of methyl a-bromoacetate (36 mg, 0.23
mmol) and compound (5) (100 mg, 0.23 mmol) in acetonitrLLg
(12 mL) was added silver carbonate (64 mg, 0.23 mmol). The
mixture was stirred at room temperature for 16 h whilst
shielded from light, then filtered. The filtrate was
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evaporated to drymess. The residhe was chromatographed on

'silica-gel column (ethyl acetates/isopropanol/water=5/2/1).

Fractions with Rg¢ value of 0.60 were collected and evaporated
to dryness to afford compound (24) (80 mg, 68.5%).

'H-nmr (cDC13) & (ppm) .

1.97, 2.044, 2.047, 2.11 (s, 12H, acetyl CHj x 4), 3.49 (AB,
2H, Jpp 17.6Hz, Hjg x 2), 3.50 (dd, 1H, J4 3 2.9Hz, Jg s
8.4Hz, Hy), 3.71 (s, 3H,C;;00Me), 3.79 (s, 3H,C;00Me), 4.09
(ddd, 1H, J5 4 8.4 Hz, J5, yy 8-8Hz, Jg g B.1Hz,Hg), 4.17 (dd,
1H, Jg«, g 7.4Hz, Jg. g 12.3Hz, Hg.), 4.32 (dd, 1H, Jg s
8.1Hz, Jg,7 4.1Hz, Hg), 4.63 (dd, 1H, Jg g 3.1Hz, Jg,g-
12.34z, Hg), 5.37 (m, 1H, Jg 7 4.1Hz, Jg g 3.1Hz, Jg g
7.4Hz, Hg), 5.56 (t, 1H, Jy,¢ 4.1Hz, J; g 4.1Hz, Hy), 6.03
¢d, 1H, Jyy,s 8.8Hz, CONH), 6.04 (d, 1H, J3 4 2.9Hz, H3)

Compound (24) (80 mg, 0.159 mmol) 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') resin. The filtrate was freeze-dried to afford
compound (25) as a white powder (59 mg, 94.6%).

1H—nmr (D50) & (ppm) '
2.04 (s, 3H, acetyl), 3.58 (AB, 2H, Jap 17.6 Hz, Hig x 27,
3.5074.40 (M, 7H, H4., Hg, Hg, H7, Hg, Hq & Hg/), 5.68 (d, 1H,

.J3’4 Z.lHZ, H3)



£
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. Inhibition of Influenza Virus Replication In REPLAGEMENT SHEET
I nhi bition of influenza A/ Si hgapore/l/57 (H2N2) and

' Date 25.0CT..1906.......
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Example 11 Sodium S5-acetamido-4-N-2‘-hydroxyethylamino-
2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-2-
enopyranosonate (29)

EAC ) OAC i
AcokcHNﬁcooMe a0 4 ; 20! coome
AcO: BeCH,CH,OH/AE,CO WCH OV ACHNW
NH, A0 ¢ NHCH,CHL0M
5 21 LI |
Ambxetac IRA HXXOH
MOt
OH OH
Ho, 1 0 COONa  NaQH o ] 0 COOMe
AcHNW ACHNW
HO
NHCH;CH,0H H,0 HO NHCH,CH,0H

19 18

To a solution of bromoethanol (158 mg, 1.26 mmol)
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
silica gel column (ethyl acetate/isopropanocl/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)

1

H-nmr (CDCl3) & (ppm)

1.96, 2.05, 2.10 (s, l12H, acetyl CH3 x 4), 2.29 (br. s, 2H,
NH &OH), 2.76 (ABm, 2H, Hlo X 2y, 3.47 (dd, 1H, J4'3 2.9Hz,
J4'5 7.5Hz, H4), 3.62 (t, 2H, Jll,lQ 4 .9Hz, Hll x 2), 3.79
(s, 3H, COOCH3), 4.15 (ddd, 1H, Jg5 4 7.5Hz, Jg g 8.4Hz, Js yy
8.3Hz, Hs), 4.19 (dd, 1H, Jg"s 7.5Hz, Jg!lg 12.3Hz Hg'),
4.29 (dd, lH, JG,S 8.4Hz, J6,7 3-8“2, HG)' 4.65 (dd,_ 1H, J9,8
2.9HZ, JQ'Q' 12.3HZ, Hg), 5.36 {m, 1lH, JB 7 4Hz, J8 9 2.9Hz,
J8,9' 7.5Hz, Ha), 5.55 (dd, 1lH, J7,5 3.8Hz, J7 8 4Hz, H7):
6.08 (d, 1H, J3 4 2.9Hz, H3), 6.09 (d, 1H, Jyy g 8.3Hz, CONH)



I nfl uenza*B/ Victorial/ 102/85 replication in vitro was neasured by reduction
of viral plague formation in Mudin Darby canine kidney (MDCK) cells

Monol ayers of confluent MDCK cells, grown in six
plates, were inoculated with 0.3 m of virus dilu eval&‘mm@iw%” ﬁ&g -100
pl aques/wel|l. Virus was diluted in serumfree m nijnal es§ di

(MEM containing 2 [err]g/m N-tosyl-I-phenyl al anilinpaiehl eromi:t hytKef one
(TPCK) treated trypsin (Worthington Enzy@8sy, and %est—corpound.

Virus was adsorbed at roomtenperature for one hour, and the cells then
overlaid with defined cell culture nedi um ver si on 1 (DCCM.1) / agar overl ay

cont ai ni ng X¥xstngo % y % "ot | . DCCM | is a serumfree conplete cell

growt h medi um (Bi ol o I ndustries P te y i n and
DEAE-dextra?Ptéy ﬁal (EHannQats 'ofé):’zv?% &f%ﬁ% a&ﬁ? 881 e i
respectivelqs. ZNEf Godesk . AgagH{CBICK{ ndudb oG edCyms 6lL+ Lit é@li)lo gnlthe

over |l ay bef ég%bdﬁeg &/'6 ’D| aje. 9 (Cg)s nlcgcgcgyerhqgm pd;fl; es

wer e |ncuba
162. 1 (Cy), 170.1, 170.3, 170.6, 171.0 (acetyl carbonyl x 4)

Compound (27) (40 mg, 0.084 mmol) was stirred in
anhydrous methanol (10 mL) containing dry Amberlite IRA-400
(OH™) (120 mg) at room temperature for 4 h, then filtered.
The filtrate and washings were combined and evaporated to

. dryness to give compound (28), which was redisso;ved in water
(10 mL) and adjusted to pH 13 by adding NaOH. The aqueous
solution was left at room temperature for 3 h before being
adjustad to pH 6™7 with Dowex 50 x 8 (HY) resin. The
solution after filtration was lyophilised to afford compound
(29) as a white powder (20 mg 66%).

lH-nmr (D50) 8 (ppm)

1.99 (s, 3H, acetyl), 2.91 (AB, 2H, H;g x 2), 3.53 7 4.25 (m,
9H, H,, Hg, Hg, Hq, Hg, Hg, Hgr, Hyy X 2), 5.65 (d, J3,4 2-24
Hz, H3)



Cderr] for 3 days. Cells were then fixed with 5% gl utaral dehyde. stained

wi th car bol
-53- [err]

fuschin and the viral plaques counted. EPLAdgaghfghégﬁl
25 OCT 996
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Example 12 Sodium 2,-3-dideoxy-D-glycero-D-galacto-non-2-

enopyranosonate (35)

. o OH oH
H*McOH
_ A ~coocn,
OH
' 3t
30
CH,COoCt
p
OAc OAc ,OA¢ ¢
AcO_ o COOMe
AcO / AgNQ,/CH,CN
AcO OAc
33 32
NaQOMc/McOl
1
Ok
NaQH/MH 0
HO__ COOMe 2 HO_ o COONg
HO 2 / HO ; /)
HO 5
o W4
34 ' 35

Compound (30) (332 mg, 1.24 mmol) was stirred in
anhydrous methanol (40 mL) containing Dowex 50 x 8 (H*) resin
(50 mg) at room temperature for 16 h before filtration. The
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
dryness to afford Compound (32) (539 mg, 1.057 mmol, 93.6%).
The residue was dissolved in acetonitrile (20 mL) containing

silver nitrate (500 mg, 2.94 mmol) and potassium carbonate
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. tetradeoxy- D-al ycer o- D- gal act o- non- 2- enopyr anosor]
prepared from conpound (11) described in Exanple
met hods.
conpounds of Exanples 2,3 and 6 (4-am no,4¢--guan

wel |

wer e

Sodi um 5-acet am do-4-N-al Iyl - N hydroxy-2, 3,4, .5-

h%ﬁgliésg O] d'{at Fon

CT 186The

kyy be

Exanpl e 22 In Vivo Anti-Viral Activi

ate el ..

ino) ,

as the conpound DANA (2- deoxy-N-acetyl-[err]-D-neuramnic acid),
whi ch was sk8@nmign Bx#5p o] b&oh&bﬁeanfkomeum@ﬁﬁﬂaﬁﬂNSGﬂﬁreﬂ1QF|ﬂ$thr(L

temperature for 16 h, then filtered. The filtrate was
evaporated to small volume and partitioned between ethyl
acetate (75 mL) and water (15 mL). Thé organic layer was
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%).

 YH-nmr (cDCly) & (ppm)

2.062, 2.070, 2.073, 2.094, 2.096 (s, 1SH, acetyl CH3 x 5),
3.80 (s, 3H, COOCHy), 4.19 (dd, 1H, Jg g 5.9Hz, Jgr,g 12.3Hz,
Hg'), 4.33 (dd, 1H, Jg g 9.4Hz, Jg 7 3.0Hz, Hg), 4.57 (dd,
1H, Jg g 1.9Hz, Jg g 12.3Hz, Hg), 5.20 (dd, 1H, Jg 4 7.0Hz,
Js, ¢ 9.4Hz, Hg), 5.38 (m, 1H, Jg 9 5.1Hz, Jg g 1.9Hz, Jg g«
5.9Hz Hg), 5.49 (dd, 1H, J; ¢ 3.0Hz, J; g S5.1Hz, Hy), 5.57
(dd, 1H, J4 3 3.1Hz, J4 5 7.0Hz, Hy), 5.97 «d, 1H, J3 4
3.1Hz, H3)

Compound (33) (100 mg, 0.211 mmol) was stirred in
anhydrous methanol (10 mL) containing sodium methoxide (24
mg, 0.423 mmol) at room teémperature for 3 h, then evaporated-
to dryness to afford compound (34) (50 mg, 90%), which was
redissolved in water (5 mL) and left at room temperature for
3 h before adjusted to pH 7 with Dowex 50 x 8 (H') resin.
The solution was freeze-dried to give compound (35) (47 mg,
S1%).

lH-nmr (D50) &6 (ppm)

3.69 (dd, 1H, Jg.p 5-.6Hz, Jg:g 12.0Hz, Hg.), 3.76 (dd,1H,
J5’4 7.8HZ, J5,5 10.5Hz Hs), 3.87 ~ 3.99 (m, 3H, H7, HS' Hg)l
4.13 (d, 1H, Jg 5 10.5Hz, Hg), 4.40 (dd, 1H, J, 3 2.3Hz, Jq,5
7.8Hz, H4), 5.67 (d, 1H, J3’4 2.3Hz H3)



tested for anti-viral activity in a standard in vivo assay. When
adm ni stered intranasally to mce before and during-chal | enge w
i nfluenza A virus, these conpounds reduced the tit, S Boiaas!
tissue 1 to 3 days after infection. M ce CLT 1
intranasally with 50 [err]l of 10[err] TC D err] u

I nfl uenza A virus (A/Sing/l1/57). The tesulcenpouno A

intranasally at a dose rate of either 12.5 or bo (50
[err]| of Exam@le 43| uti 6atiumsd) Sadifgiinans / 3214* %ﬁiﬁg%%ﬁrs bef or e
infection; 3 hours after |19E%%_@19taugr¢ﬁdmrﬁﬁl-clalénomamﬁmwtejay}8n 2
and 3 after infection. The struchraIIy unrel ated conmpounds ribavirin and
amant adi ne were al so used for conparison. The m ce were sacrificed

on days 1, 2 and 3 after infection, their lungs renoved and virus titres in
t he | ungs neasur The titres were plotted graphPéhlly and expressed as

t he percenttdQe geocurves (AUC) conﬁarei to untreat ed
m ce. Resul t sAghiid: s zed bel ow. “HEND
. HO NH,NH,.H,0 o
NH, HO  nh,
6 Heat 16

1} Ambeslite IRA-40XHCOO )
231 S M HCOOH
1} Amberhite R-4 B(OH")

HO_ l COONa  NaOH HO_ l COOH
0

H HO
NH, _ NH,

38 Ty7

A solution of compound (6) (125 mg, 0.40 mmol) in
hydrazine hydrate (5 mL) under argon was heated at 85’é 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 (HCOO ), then
eluted with 1.5 M HCOOH. The eluate (200 mL) was evaporated
to dryness. The residue was chromatbgraphed on silica gel
deactivated with 10% water (developing solvent:
isopropanol/water = 4/1). The fractions with R¢ value of 0.1
were combined and.evaporated to dryness, then freeze-dried.
The residue, compound (36), was dissolved in water (10 mL),
passed through a small column of Amberlite IR-4B (OH (19
mL). The effluent was evaporated to dryness to give compound
(37), MS (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.
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t hree conpounds tested showed greater potency
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- 42 - Da;ez5 OC m

14-nmr (D5,0) & (ppm)
3.01 (dd, 1H, Jg5,49-7Hz, J5 ¢ 10.2Hz, H5>, 3,58 (m, 2H, Hg, &
H7): 3 80™3.89 (m, 3H H4, HB' & Hg), 4.06 (d 1H, J6,5
IO-ZHZ' Hs)’ 5.54 (d' IH' J3’4 2'4Hzl H3)

Example 14 Methyl S-acetamido-2,3,5-trideoxy-9-(p-
toluenesulphonyl)-D-glycero-D-galacto-non-2-
enopyranosonate (39).

A solution made up of methyl S-acetamido-2, 3,5-
trldeoxy—D-glycero -D-galacto-non-2-enopyranosonate (1000 mg.,
3.16 mmol) in dry pyridine (85 mL) was cocled in an ice-bath.
p-Toluenesulphonyl chloride (660 mg., 3.46 mmol) was added
and the pale yellow homogeneous solution left to stir
overnight at 4°c.

Further p—toluenesuiphonyl 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 mL)
followed by rotary evaporation to afford a viscous yellow oil
which was flash chromatographed (8i0,, EtOAc/i-PrOH/H,O,
6/2/1,v/v/v) to give as the major product 1.19 g. (80% yield)
of compound (39). |

i.r (KBr) : vp,, (cm™1) 2964 (OH), 1730 (CO,CH3), 1656
(NHAC),

1358, 1174 (SO), 810, 662, 550 (Ar)

MS (FAB); 460 (M+H")

'H nmr (300 MHz, CD30D/TMS); & (ppm) = 2.03 (s, 3H, NHAC),
2.45 (s, 3H, ArCHy), 3.49 (d, 1H, Jg 71.70, Hg), 3.76 (s, 3H,

CO,CH3),

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

4.28 (dd, 1H, J7,g 9.55, Hy), 4.39 (dd, 1H, Jq 58.64, Hy),
5.92 |

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



than DANA. ° Exanple 23 The following fornul ati of§_gafe. Leprese

of conpositions according to the invention: AQUE( iENF BHEET
% w w Conpound of fornula (1) 10.0 QGoucg | orjde
0. 04 Phenyl et hyl al cohol 0. 40 ﬁ@ﬂ?ﬁr "mahernmu‘

to 100% ww  AQUEOQUS COSOLVENT SOLUTI O 43 - )

% w w Conpound of _fornul a 10. 0 Benzal koni um chl ori de
0.04 Pol yet HF#3RRLg L3 0| Aéﬂthyl 5-acetamido-9tapifpppyPefe IgkfEEpdeoxy-

30.0 Purified water D-glycero-D-galactolfod0f%nbpyranosonate (40)

Methyl S-acetamido-2,3,5-trideoxy-9-(p-
toluénesulphonyl)-g—glycero-g—galacto-non-z-enopyranosonate
(39) (600 mg., 1.27 mmol) and lithium azide (186 mg., 3.80
mmol) were dissolved in dry DMF (20 mL) and the yellow
homogenous solution 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 reméining dark brown oil dissolved in
pyridine (2 mL) and flash chromatographed (Si05, 5/2/1
EtOAc/i-PrOH/H,0). The major product was .compound (40) (370
mg., 88% yield) obtained as a white foam..

i.r.(KBry:vp,, (cm™l) 3428 (s,0H), 2104 (s, N3, 1730 (s,
COZCH3), 1656 (s, NHAcC)

MS (FAB) : 331 (M+H")

H nmr (300 MHz, D,0): & (ppm) = 1.94 (s, 3H, NHAC), 3.37
(dd, 1H, Hg'),

3.48 - 3.57 (m, 2H, 38 9 5.77, Hg and Jg g° 13.16, Hg), 3.66
(s, 3H, CO,CH3), 3.91 - 3.98 (m, 2H, Hg and Hg), 4.15 (d, 1H,
Jy,8 10.86, Hy), 4.38 (dd, 1H, J4 5 8.88, Hy), 5.91 (d, 1H,
J3,4 2-44, Hy)

Example 16 Methyl 5,9-diacetamido-2,3,5,9-tetradeoxy-D-

glycero-D~-galacto-non-2-enopyranosonate (41).

' Thiolacetic acid (130 mL, 1.82 mmol) was added to
methyl 5-acetamido-9-azido-2,3,5,9-tetradeoxy-D-glycero-D-
galacto-non-2-enopyranosonate (70 mg.,0.21 mmol) to give a
pale yellow solution that was left to stir overnight at room
temperature.

Excess thiolacetic acid was then evaporated off
under low pressure and the remaining solid repeatedly treated
with water followed by evaporation (3x3 mL). The remaining
solid was dissolved in methanol (4 mL), filtered and the



AEROSOL FORMULATI ON

of formula (1)

0.4 Propellant 11

66.5 DRY POADER FORMULATI ON
w. w Conmpound of fornula (1) 40. 0 L§
60.0 These fornul ations are pgepared b
active ingredient and excipients by conventional ph

filtrate applied to a preparative tlc plate (SiO3, 20ncm. x
20 cm. x 2 mm. eluted with 5/2/1 EtOAc/i-PrOH/H,0). The band
(70% yield) of

%W w Conmpound
7.5 Lecithin

with Rg=0.47 was worked up to give 51 mg.
compound (41) as a white powder.

i.r. (KBr) : v
(s, NHAcC)

'MS (FAB) : 347 (M+H")

1§ nmr (300 MHz, D,0) : & (ppm) = 1.96 (s, 3H, NHAC), 2.00
(s, 3H, NHAC), ;

3.23 (dd, 1H, Hg'), 3.48 (d, 1lH, Hg), 3.56 (dd, 1H, Jg g’
14.17, Hg),

3.75 (s, 3H, CO,CH3), 3,89 (m, 1H, Jg ¢ 2.90, Jg g* 7-40,
Hg), 4.02 (dd, 1H, Jg g 9-10, Hg), 4.22 «d, 1H, J7,g 10.85,
Hy), 4.45 (dd, 1H, Jq g 8.94, Hg), 5.61 «d, 1H, J3 4 2.47,
H3);

max (cm 1) 3400 (s, OH), 1728 (s,COpCH3), 1656

Example 17 5,9-diacetamido-2,3,5,9-tetradeoxy-D-glycero-D-

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

The preparatioh of compound (42) from compound (39)
is summarized below:

OH
OH
S ¢ 0 COOMe Y | O—__COOMe
ACHN:; / LiNVOMF/80°C ACHND / '
HO OH : HO -OH
39 b
CHCOsH
OH oH
achN_ 1 O—__COOH 1) 0H Achn, ] O__coOMme
A/ s> T
HO OH il H HO OH
41

41



- 57 - It wll be clearly understood that the invention in
Its general aspect is not limted to the specific

her ei nabove. ﬁ LACEMENT SHEET

Date soc.rm

- 45 -

A solution of methyl 5,9-diacetamido-2,3,5,9-
tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonate (41) (46
ng., 0.13 mmol) dissolved ' in 0.1M ag. sodium hydroxide (5 mL)
was stirred at room temperature for 2.5 h. The solution was
then adjusted to pH S with Dowex 50W-X8 (Ht), the resin
filtered off and the filtrate lyophilized to give 40 mg.

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

i.r. (KBr) : vpa, (cm~1) 3376 (s, OH), 1652 (s, NHAC)

MS (FAB) : 333 (M+HV) _ B

1H nmr (300 MHz, D,0) : & (ppm) = 1.89 (s, 3H, NHAC), 1.93
(s, 3H, NHAC),

3.15 (dd, 1H, Hg'), 3.40 (d, 1H, Hg), 3.48 (dd, 1H, Jg g’
14.18, Hg), |

3.82 (m, 1H, Jg g 3.01, Jg, g 7.43, Hg), 3.94 (dd, 1H, Jg g
10.42, Hg), 4.13 «d, 1H, Jq g 10.91, Hy), 4.36 (dd, 1H, Jg, s
8.80, Hy), 5.81 (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)-D-glycero-D-galacto-non-2-
enopyranosonate (39) (80 mg., 0.17 mmol), tert-butylammonium
cyanide (2 mg) and sodium cyanide (12 mg., 0.25 mmol) in dry
DMSO (1.25 mL) was stirred at room temperature for S5 days.

Workup by preparative thin layer chromatography
'(Sioz, 20 cm. x 20 cm. x 2 mm. eluted with EtOAc/ i-
PrOH/H-0, 5/2/1) gave as the major component 30 mg. (61%

vield) of compound (43) as a cream coloured powder.

(Rg=0.74).
i.r.(KBR) : Vmax
CO,CH3), '
1638 (s, NHAcC)
MS (FAB) : 315 (M+H")

'4 amr (300mHz, D,0) : & (ppm) = 1.92 (s, 3H, NHAC), 2.75

-1

(cm™ ") 3440 (s, OH), 2256 (w, CN), 1726 (s,



- 58 - CEAI M. 1. A compound of formula (1) or formula (Ia)

[err] where in general formula (1), A is oxygen, carbon or

sul phur, and in general fornula (la), Ais nitrogen_or _carban,. o

Rlerr] denotes COOH, P(O (OH)[err], NdJerr], SOCH, REP[AEEMENT SHRED!

CHerr]CHO CHO or CHAiO]Jerr], - 4¢ -Rlerr] |denotes H %srr] F,

CL, Br, CN. NHRlerr], SRlerr] or pate .2, 0CT ¥88
(dad, 1H, HQ’)' ' : —

2.93 (dd, 1H, Jq g.17.22, Hg), 3.55 (dd, 1K, Jg 67 1-17, Hg),
3.67 (s, 3H, CO,CH3), 4.02 (dd, 1H, Jg,g 9-05, Hg), 4.13-4.19
(m, 1H, Jg g 3.91, Jg g-6.56, Hg), 4.16 (dd, 1H, Jj g 10.90,
Hy), 4.37 (dd, 1H,J4 g 8.95, Hg), 5.90 ¢d, 1H, J3 4 2-42, Hy)

Example 19 S-Acetamido~%9-cyano-2,3,5,9~tetradeoxy~D-

glycero-D-galacto-non-2-enopyranosonic acid_:
44).

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

OH OH
o, | o COOMe T | 0 COOMe
ACHN_ / NaCNA-BuNCN AcHNW
HO OH : HO OH
DMSO/S days
39 43
1) aq NaQ#t-
D H renn
OH
ne, I O—__COOH
ACHN Y/
HO OH
44

Methyl S5-acetamido-9-cyano-2,3,5,9-tetradeoxy-D-
glycero-D-galacto-non-2-enopyranosonate (43) (80 mg., 0.25
mmol) was dissolved in 0.1M aq. sodium hydroxide (10 mL) and
the resﬁl;ant solution stirred at rodm temperature for 3 h.

The pH was then adjusted to 4 with Dowex
50W-X8(H"), the resin filtered off and the filtrate
lyophilized to give 75 mg (98% yield) of compound (43) as a
fluffy white powder.



CH erf]X, Wherein Xis NHR[err], halogen or OR[err]
hydr ogen; an acyl group having 1 to 4 carbon atons;
al kyl group having 1 to 6 carbon atons, or a halogen-u
thereof; an allyl group or an unsubstituted aryl grout
substituted by a hal ogen, an OH group, andWNCGrerr] gr otp—ar=Neerrt—groy p
or a COOH group, Rlerr] and R err] are the sane or different,
and each denotes hydrogen, CN, NHR[err], Nerr], SR err] =NOR[err],

Rlerr], guanicdirgar) :{& 1] (cm™1y) 3370 (s,0H), 2254 (w, CN), 1656 (s,
NHAC)
MS (FAB) : 301 (M+H")
4 nmr (300MHz, D,0) : & (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, J5, ¢ 9.84, Hg), 4.09-4.24 (m, 2H, H, and Hg,Jg, g
3-90'\]8’9' 6-53)[ 4-41 (dd’ 1H’ J4'5 8.87, H4)' 5-80 (d’ IH’
J3’4 2.42, H3)

Example 20 Inhibition of Influenza Virus Neuraminidase

An in vitro bioassay of the above-described
compounds against N2 influenza virus neuraminidase 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 { x
1074 M.

Values for K; were measured via a
spectrofluorometric technique which uses the fluorogenic
substrate 4-methYlumbelliféxyl N-acetylneuraminic acid (MUN),
as described by Meyers et al., Anal. Biochem. 1980 101 166-
174. For both enzymes, the assay mixture contained test
compound at several concentrations between 0 and 2 mM, and
approximately 1 mU enzyme in buffer (32.5 mM MES, 4 mM CaCl,,
pH €.5 for N2; 32.5 mM acetate, 4 mM CaCl,, pH 5.5 for V.
cholerae neuraminidase).

The reaction was started by the addition of MUN to
final concentrations 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, émission 450 nm, and apprépriate
MUN blanks (containing no enzyme) were subtracted from
readings. The K; was eétimated by Dixon plots
(1/fluorescence versus compound concentration). Results are
summarized in Table 1, and unless otherwise stated, refer to
inhibition of N2 neuraminidase.



‘denot , S ,. rr], COOR[err], NJerr],
EEE{Q%r??Fgﬁsf,Ngﬁ%gﬁﬁ}cccg%gﬁi} gﬁ%:rr}hKIerr] or CHEerr]NHR[err] ‘and
Rlerr] denotes CHerr]YRerr] , CHYR[err]CH[err]YR["“", Bf .
CHYR err]CHYR[err]CH err] YRl err], where Y is 0, S, REPLNCEMEMNTSSHEETS S v

Y noieties in an-R5 mm:e%s‘agpwgt gr

the sanme or different, and pharmaceuti cal | LS |
derivatives thereof, provi ded-t4ft- i n gene
(i) when Rerr] or R[erL] S err] or hydrogen, and.Ahls oxygen 2I é}
sul phur, then said conpgynd cannot haﬁ’e bo‘t‘h @ ‘é?o 3 h. 53 an,o o r]
that is hydrogen and ~ S S a ) - . S - T
=l % *® ® X = ﬁc o o, » ® o
-l o~ -~
- . o & z ~ n B
Xl ™ ™~ o - g - o A g
] o
= =
o a
2 =z

-galacto-non-2-
-galacto-non-2-~

~-glycero-D-

lycero-p
lvcero-bD

Table 1
Inhibition of Influenza Virus Neuraminidase In Vitro

galacto-non-2-enopyranosonate (7)

enopyranosonate (6)

enopyranosonate (4)
sodium 5-acetamido—4~am1no—2,3,4,5~tetradexoy-g-

sodium S—acetamido-4—azido-2,3,4,5-tetradeoxy—g-

2-deoxy~N-acetyl X~-D-neuraminic acid

Com ound
ammonium 5-acetam£do-4-guanidino-2,3,4,S-tetradeoxy-g
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[err]
CN or



where al k i's unsubstituted or substituted methyl ene, X 1s,0
or 1 R6b is hydrogen, Cerr]  -[err]alkyl, A= —
am di ne, NR[err]bR[err]b or an unsaturated or sat ur{ptREFLACEY lﬁﬂﬁﬁﬁ g
one or nore heteroatons (such as nitrogen, oxygen af SU|gﬁﬂkﬁ:ﬂ -
< -

' R7b is hydrogen, Cerr][err]alkyl or allw, or Date : er )] b
fornms an optionally substituted 5 or 6 nenbered ringoptronat Iy

cont ai ni ng Exemple NP1 e aqmﬂiEEEion JEt A OPLORBa Virus ReplicKEe6h]IhsS
hydrogen or Clerr] [err]alkyl Rlerr] is NHCOR err] wher e
Rlerr] is hydrogen, subst d or unsubstituted Cferr][err]al kyl or

aryl, or a pharnaceutically acceptabl e salt or derivative

t her eof . g%gz n

wherein R er r is NH u&g &8 fifl 3 A%ﬁ%ﬁ&ggoi}%é?fmgb nFIr{liNégl a?nn%

wher ei n R3bE uem@q {¥Q@$¢¥1a/302/85 rephe€6ﬁ$80né_a§_EEQ|Héa PRagRYe8ne
of O ains Jbﬁ(réhucﬂiﬁﬁeéﬂ WPLillpl&que 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 50-100 plaques/well. Virus was
diluted in serum-free minimal essential medium (MEM)
containing 2 pg/ml N-tosyl-l-phenylalanine chloromethyl °
ketone (TPCK) treated trypsin (Worthington Enzymes), and test
compound.

Virus was adsorbed at room temperature for one
hour, and the cells then overlaid with defined cell culture
medium, version 1 (DCCM-1l)/agar overlay containing test ’

'compound, 4 ml/well. DCCM-1 is a serum-free complete cell
growth medium (Biological Industries), to which TPCK treated
trypsin and DEAE-dextran to a final concentration of 2 pg/ml
and 0.001% respectively, were added. Agar (5%) (Indubiose)
was diluted 1:10 in the overlay before being added to the
plate.

Once overlaid, plates were incubated at 37°C, 5%
CO, for 3 days. Cells were then fixed with 5% L
glutaraldehyde, stained with carbol fuschin and the viral

plaques counted. Results were as follows:
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deoxy- D- gl'ycer o- D- gal act o- non- 2- enopyr anosonat e (4-epi - am no- Neu4Ac2en);
Sodi um 5- acet am do- 4- am no- 2, 3, 4, 5-t et radeoxy- D

gl ycer o- D-t al o- non- 2- enopyr anosonat e; Met hyl ,

5-acetam do-7,8,9-tri-Oacetyl-4-N, N diallylam np-2—3, %

, 5-tetradeoxy- D-gl ycer o- D- gal act o-non- 2- enopyr an ﬁﬁ?é—t‘@_EMENTSHEET
(4 N, N-di al I yl am no- Neu5, 7, 8, 9Ac[ err] 2enl I\/b)
5- acet am do- 4- N, N—dlaIIyIanlno 2,3,4,5- 34
t et radeoxy- D- gl vcer o- D- gal act o- non- 2- enopyr anosonat e; - MetFRYy|
5-acetam do-7,8,9-tri-0O acetyl-4-N- allylam no-2;.

3, 4, 5-t et radeoxy- D gl Sediwn [5 gatecdmidmd -2N-ahoply+ Brbgdnake-2,3,4,5-

(4- N‘a||y|aﬂéfﬁh&@%@&jbg%gggéféré2§§i£§? -non-2-enopy2dhH8bnate (45) can

5-acet am do-4
t et r adeoxy- ¥ #&&r Be Prerared- fisem xamRpyRdnbsbhadescribed in Exguplem

2, - 3-di deoxy; Dugliyg ebRi da €20 RCHELHGds 2- €NOopyr anosonat e; © Met hyl
5-acetam do-7,8,9-tri-0O acetyl -4-azi do-

2,3,4,5-tetradeoxy-D-gl ycero-D-tal o-non- 2- enopyr anosonate (4-

epi - azi doNeEfaip Be 922 er riReniwk)Anti-Viral Activity

5- acet am do- 4- am no- 2, 3, 4, 5-tetradeoxy- D-glycero-D

The compounds of Examples 2,3 and 6 (4-amino, 4-
guanidino and 4-epi-amino), as well as the compound DANA (2-
deoxy-N-acetyl-e-D-neuraminic acid), which was shown in
Example 20 to have anti-neufaminidase activity in vitro, were
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
titre of virus in lung tissue 1 to 3 days after infection.

Mice were infected intranasally with S0 ul of 103
TCIDgy units/mouse of H2N2 influenza A virus (A/Sing/1/57).
The test compound was admionistered intranasally at a dose
rate of either 12.5 or 25 mg/kg body weight (50 ul of aqueous
solution/mouse) as follows: 24 hours and 3 hours before
infection; 3 hours after infection then twice daily on each
of days 1, 2 and 3 after infection. The structurally
-unrelated compounds ribavirin and amantadlne 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
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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[err] ‘ where in general formula
or sul phur, and in general fornmula (la), Ais
Rl err] denotes CCCH,_P(C»(C}D[err], NJ err], SOOH,

), Ais oxygen,

‘car bon

56 - .'..,......_. ....................

All three compounds tested showed greater potency
than DANA.

Example 23 The following formulations are representative
of compositions according to the invention:

AQUEOUS SOLUTION

$ w/w

Compound of formula (I) ' 10.0
Benzalkonium chloride 0.04
Phenylethyl alcohol 0.40
Purified water to 100% w/w
AQUEOUS COSOLVENT SOLUTION

$ w/w
Compound of formula (I) 10.0
Benzalkonium chloride 0.04
Polyethylene glycol 400 10.0
Propylene glycol : 30.0
Purified water to 100% w/w
AEROSOL. FORMULATION

$ w/w
Compound of formula (I) 7.5
Lecithin 0.4
Propellant 11 25.6
Propellant 12 _ 66.5
DRY POWDER FORMULATION

$ Ww.w
Compound of formula (I) 40.0
Lactose 60.0

These formulations are prepared by admixture of the
active ingredient and excipients by conventional

pharmaceutical methods.



tetrazol, CHerr]CHO 0 or-CH(CHO[err],

ORlerr], F, C1, Br, CN, NHR[err], SRl err] or
NHR[ err], halogen or ORlerr] and

group having 1 to 4 carbon atons; a linear or
1 to 6 carbon atons, or a hal ogen-substituted
group or an unsubstituted aryl group or an aryl s y

hal ogen, an OH group, an NJerr] group, "aR’NA[err] group or a COOH

group, ?kern] and err are, the sa or diffeg nd each

denot es hydrogen, CN, *RH¥ErT PaN 41¥§§19?ﬁ§tq: (i%%ﬁrf?echﬁg%?f?°" i

guani di no, its generxfadr rdspect is not limited to the specific details '
referred to hereinabove.

Rlerr] denotes H,

REPLACENENPSRBETAN acy!

I oup fpavi ng




Rl err]__denotes NHRfer+}, SRerr] , OR[err] COOR[err] NJerr]

C(R[err])3 CHZ ], CHerr]NJerr] or CH2ZNHR , and
denot eﬂ“im R[ err] CGH2YR{ err] or CHYR err] N
wher e , and successive i eties in{lan

the sang of df fferent " or a ph ceuticall 2
derivative thereof, together wth a ph C cally a ahi-e—t

t herefor. 13. A pharmaceuti cal %‘g‘k{% n as.clained in CI aim12
wherei n the conpound of f or ntregeivpd by the Hignels Boteained in any one of
"Clainms 1 to 9. 14. A phar9m Qsteker| 19p r‘ﬁi:rllai?ldn as claimed in daim

12 or Caim13 V\/ner he fornﬁF n3jpclaim i nt ranasal
admi ni strati on. ecLRm"s &) gs?

N ?Jlgﬁgﬁ as defined in-
Claim12 in the rranufacturé'e"(')oﬂé Forcigisibm el fr Tent of a viral
I nfection.  16. Use of a-conpound as cl |rred "M - a|m15 wherein
1. : A compound of formula (I) or formula (Ia)
85 A R,
’-.l/ AN
LN
RY ™

M ' (la)

where in general formula (I), A is oxygen, carbon or sulphur,
and in general formula (Ia), A is nitrogen or carbon;

R! denotes COOH, P(0)(OH)., NO,, SOOH, SOsH,
tetrazol, CH,CHO, CHO or CH(CHO).,

R® denotes H, ORS, F, Cl, Br, cN, NHR®, SR® or CH.X,
wherein X is NHR®, halogen or OR® 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 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, NHR®, N;, SR®, =N-OR®, OR®, guanidino,

N—RS NRS N— 0 |,  -NH-N-R®
l ' I [
ORS RS : ' RS RS
C]"l:—‘
N/Efggs/ _ - or N‘i %35
\b——N \h—-N ,

R denotes NHR®, SR®, OR®, COOR®, NO., C(R%),
CH,COOR®, CH,NO, or CH,NHR®, and

R’ denotes CH,YR®, CHYR®CH,YR® or CHYR®CHYRCH,YR®,
where Y is 0, S, NH or H, and successive Y moieties in an R’



the vir | nfluenza. 17. A nethod for the treatnent of a
manmal ﬁ“u m ferl ng froma viral infd St —e-a a3 es the
step of said mammal an effecti

formula (1) as defined in Claim1l. 18. A -thod S d ffn aim-
17 wherein the viral infection is |nflueﬁ¥h 19.j Date :..4.

preparation gtoapcagRoynd 8hmboppubarEbYyept, defiT , |
conprises the steps Of?nd pharmacgu%lcaf£§lggcgétgbfgnggfgg 8L-fornula

(rern) [err
derivatives thereof,

provided that in general formula (1)
(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 R* is OR® or hydrogen, and A is
nitrogen, then said compound cannot have both
(a) an R? that is hydrogen, and
(b} an R that is NH-acyl, and
: (ii) R® represents a covalent bond when Y is
hydrogen. '
2. A compound as claimed in Claim 1 wherein the
compound is a compound of formula (II)

{10

n\ulo

COOH

/n

cnjco.NH g
3 3

xhu

wherein R’ is hydrogen or R and R* is -N,, -CN, -CH,NH,, or -
N.R3.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
-CH..CH. (R!%) (R!}), ' ‘

R!? and R!'! may be the same or different, and each
denotes oxygeh or R!°N=, and

R!? denotes hydrogen, -OH, -OCH,, -NH,, or
(CH,) ,N-



- 64 - Ww}an Rlerr], Rerr], Rerr] and R err]
and L-+s—ateaving group with a nucl eophile; or

jinterco npound of fornula (1) to
formul a mﬂnﬂ H‘wm“ sary or desired, subjecting
to one reeact i ons conpri si-ngsg -

protecting groups ' (ii) converting a conpound of formula (1) or
a salt thereof into a pharnam@atmaahhylaarlyn&&deptﬁﬂﬂé sheteof .

derlvatlve thereof.

are as. def

pound

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

NH
|

NH, or NH-C-NH,.

S. A compound as claimed in Claim 1 and selected
from the group consisting of:-

Sodium S-acetamido-4-azido-2,3,4,5-tetradeoxy-D-
glycero-g-galaqto—non-z—enopyranosonate (4-Azido-
NeuSAc2en) ;

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

Sodium S~acetamido-4-N-allylamino-2,3,4,5-
tetradeoxy—g~g1ycero-g-ga1acto-non—2-enopyranosonate;

Sodium S-acetamido-4~amino-2,3,4,5-tetradeoxy-D-
glycero-D-talo-non-2-enopyranosonate; (4-epi-amino-
Neu4Ac2en);

Methyl S-acetamido-7,8,9-tri-O-acetyl-4-N,6N-
diallylamino-2,3,4,5—tetradeoxy-g-glycero-g—galacto—non-2-
enopyranosonate (4-N,N-diallylamino-Neus,7,8,9Ac,2enlMe);

_ Sodium S-acetamido-4-N,N-diallylamino-2,3,4,5—
tetradeoxy~-D-glycero-D-galacto-non~2-enopyranosonate;

Methyl S-acetamido-7,8,9-tri-o-acetyl-4-N-
allylamino-2,3,4,5-tetradeoxy-D~glycero-p-galacto-non-2-
enopyranosonate (4—N—allylamino-Neﬁ5,7,8,9Aq@en1Me);

Sodium 5-acetamido-4—N,N-dimethylamino—2,3,4,5~
tetradeoxy—D-glycero—D—galacto—non-z-enopyranosonate;

Sodium 2,3-dideoxy-~D-glycero-D-galacto-non-2-
enopyranosonate, and

Methyl 5-acetamido-7,8,9~Eri—o-acetyl-4—azido-
2,3,4,5-tetradeoxy-D-glycero-D-talo~non-2-enopyranosonate
(4~epi-azidoNeu5,7,8,9Ac,2enlMe).

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



-65-_clained in any one of Clains 17 to 23. 29. A rrethod as clai med in
Cl ai m 28 whereimthe—infection is a viral respir akeey

net h Calim 28 or Caim?29 whereil QMEthrgﬁggﬂ
inflﬂmﬂm i"]?ﬂ’!” nmet hod as claimed in any ofle of ims 28 to |
wher ei*n thecac redient is admnistgered to MQFQGT 5
A nethod as clainmed in any one of d ai ns to 3t=w -
admi ni st er ed ldlén‘ﬁfm&lel ihe{-’é’bf togefhBBl §9€h a8 ﬁ)hé‘i—di@éledﬂdmlyone of
Caims 28 to 32, r%&n und i s 5-acet am do-4-am no-2, 3, 4, 5-

t et radeoxy- D- gl YCar & r2L8Kopyranosonic acid or a

phar maceut i caITy acceptamtmnﬂdeutheakoforﬂdlatlon as rdalipgdadnctdimd in
any one of C ag 0 e3GR0 [

o otamido- 4. %elg%lltlnxotgg f’%ﬁa’%xbﬂ is QBQHEQd for intranasal

t etradeoxy- D Qa‘P'acto non- 2- enopyranosoni ¢ acid or a

pharmaceuticalgy accepta@éama tcompeugnal of 3Pormula (d9e @f (Fapoapound as
claimed in anya 0 f s 810 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
the viral infection is influenza.
10. 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)

)

R( (' 3)

wherein in general formula (I), A is oxygen, carbon or
sulphur, and in general formula (Ia), A is nitrogen or
carbon;

R! denotes COOH, P(O) (OH),, NO,, SOOH, SO3H,
tetrazol, CH,CHO, CHO or CH(CHO),,

R? denotes H, ORG, F, C1l, Br, CN, NHRS, SRS or
CH,X, wherein X is NHRS, halogen or ORS and

R® is hydrogen; an acyl group having 1 to 4
carbon atoms; a linear or cyclic alkyl g:::oup having 1 to 6
carbon atoms, or a halogen-substituted analogque 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,

3 and R are the same or different, and each

denotes hydrogen, CN, NHRS, Nj, SR®, =N-ORS, ORS, guanidino,



17‘F6‘§§‘Tﬁ‘rhe~ﬁaﬂuiacture of a nedicanent for the treatnent of a viral

inf?ﬂw A compound as clained in any one of Claims 17 to 23 for
use ' l ﬁg’llj&l" A method for the prepar §FTOT=0f —a T 0
ANC EET |

formil a¢ (1
steps of: reaction of a é% npoundg
wherein R err] is as deflned I n Cla|n117 d
group, or a protected geri atlve |d N 0 :

nucl eophil e; or ! |ﬁ¥ercoﬁver5|on of ohe conpound of formul a
(1b) to another conpouhd of fornula (I'b)

RS RS RS

ORS
CHz“"‘
\k——N _ \L__N

R* denotes NHRS, SRS, ORS, COORS, NWO,, C(R%)j,
CH,COOR®, CH,NO, or CH,NHR®, and .

R’ denotes CH,YRS, CHYRSCH,YR® or CHYRSCHYRCH,YR®,
where Y is 0, S, NH or H, and successive Y moieties in an

o 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 to the
respiratory tract. '
1S. A method as claimed in any one of claims 10 to 14
wherein the active ingredient is administered intranasally.
16. A method 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)



¥

66 - Ly _subjecting the resulting conpound to one or two

further ctions conpri sing: (i) removi ng any protecting
groups; ”"m mel converting a conpound of fopm-a—tthr—or
t her eof tically acceptable salt t her §OREPLACEMENT SHEET
25 0CT 0%
- 63 - Date teeveneerianns :: ...... irane

(ah

wherein R!, R?, R* and R’ are as defined in Claim 1 and L is a
leaving group, with a nucleophile; or
(B} 1nterconver51on of one compound of formula
(I) to another compound of formula (I), and if necessary or
desired, subjecting the resulting compound to one or two
further reactions comprising :
(i) removing any protecting groups;
(ii) converting a compound of formula (I) or a
salt thereof into a pharmaceutically acceptable salt thereof.
17. A compound of formula (Ib)

COIH
/

o R1IL
()
2

wherein R® is (alk),NR®R™, CN or N,

where alk is unsubstituted or substituted
methylene,

x is 0 or 1

R® is hydrogen, C,qalkyl, aryl, aralkyl, amidine,
NR™R¥® or an unsaturated or saturated ring containing one or
more heteroatoms (sdch as nitrogen, oxygen or.sulphur),

R? is hydrdgen, C;salkyl or allyl; or _
NR®R® forms an optionally substituted 5 or 6

membered ring optionally containing one or more additional
heteroatoms,

R® is hydrogen or Cbéalkyl and



—_—

ARET ) "lLl Il ' _-

. R® 1§ NHCOR™ where R is hydrogen, substituted
or unsubstituted ¢, alkyl or aryl, '
or a pharmaceutically acceptable salt or
derivative thereof.

is. A compound as claimed in Claim 17 wherein R i
NR®R™, '

19. A compound as claimed in Claim 17 or Claim 18
vherein R® is NH, or NHC(=NH)NH,. '

20. S-acetamido-4-amino-2,3, 4, S-tetradeoxy-D-glycero-

P-galacto-non-2-enopyranosonic acid and pharmaceutically
acceptable salts and derivatives thereof.

21. Sodium S-acetamido-4~-amino-2,3,4,5-tetradeoxy-D~
glycero-D-galacto-non-2-enopyranoscnate.
22. ' S-acetamido-4-guanidino-2,3,4,5-tetradeoxy-D-

glycero-D-galacto-non-2-enopyranosonic acid and
pharmaceutically acceptable salts and derivatives thereof.

23. Ammonium S-acetamido~4-guanidino-2,3,4,5~-
tetradeoxy-p-glycero-D~galacto-non-2-enopyranoscnate.
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
carrier 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 pharmaceutically acceptable carrier therefor.

26. A pharmaceutical formulation as claimed in Claim
24 or Claim 25 wherein the active ingredient is S-
acetamido-4~amino-2, 3,4, 5-tetradeoxy-D-glycero-D-galacto-
non~-2-enopyranosonic acid or a pharmaceutically acceptable
salt thereof.

27. A pharmaceutical formulation as claimed in Claim
24 or Claim 25 wherein the active ingredient is S- '
acetamido—4—guahidino—2,3,4,5-tetradeoxy-D-qucero-D—
qalacto—non-z-enopyranosonic acid or a pharmaceutically
acceptable salt thereof.

28. A method for the treatment of a mammal including
man suffering from a viral infection éompfising
administration of an effective amount of a compound as
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claimed in any one of Claims 17 to 23.

29. A methdd as claimed in Claim 28 wherein the
infection is a viral respiratory infection.
30. . A method as claimed in Calim 28 or Claim 23 wherein

the viral infection is influenza.

31. A method as claimed in aﬁy one of Claims 28 to 30
wherein 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 S-acetamido-4-amino-2,3,4,5-
tetradeoxy-D-giycero—o-galacto-non—2-enopyranosonic acid or a
pharmaceutically acceptable salt thereof.

34. A.method as claimed in any one of Claims 28 to 32
wherein the compound is s-acetamido~-4-guanidino-2,3,4,5~
tetradeoxy~D~glycero-D-galacto-non-2-enopyranosonic acid or a
pharmaceutically acceptable salt thereof. _

35. Use of 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.

36. A compound as claimed in any one of Claims 17 to 23
for use in medicine. |

37. A method for the preparation of a compound of
formula (Ib) as defined in any one of Claims 17 to 23 which
comprises the steps of: -

(A) reaction of a compound,of formula (I11b)

H
Ho ﬁ / .
ou

wherein R® is as defined in Claim 17 and L is 2
leaving group, or a protected derivative of said
compound with a nucleophile; or

(B) interconversion of one compound of formula
(Ib) to another compound of formula (Ib)

it
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and if necessary subjecting the resulting compound to one or

two further reactions comprising: ' |
_(i) ~ removing any protecting groups;

. | (ii) converting a compound of formuia (Ib) or a

salt thereof into a pharmaceutically acceptable salt thereof.
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DERIVATIVES AND ANALOGUES OF

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

Derivatives and analogues of 2-deoxy-2,3-didehydro-N-acetyl neuraminic acid,
pharmaceutical formulations thereof, methods for their preparation and their use in the

 treatment of viral infections, in particular influenza, are described.



