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

ABSTRACT · .. ·· 

Der~v:atives and analogues of 2-deoxy-2,3-didehydro-N-acetyl neuraminic acid, 
.' o.o: •. ·~ ... 

pharmaceutical formulations thereof, method for their preparation and their use in 

the treatment of viral infections, in particular influenza, are described . 

• 
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f "JD.IVAm!S AND ~ OF 2-mm'-2.:3-DlIEIXIR>-N-rm NfDBAMlNIC AClD .AND 1BEIR. 
US£ AS AN'l'lVDAL jQ!IftS•. 

This ipvention relates to a new class of chemical 

compounds and to ~heir use in medicine. In particular the 

invention concerns new 4-substituted-2-deoxy 2,3-didehydro 

5 derivatives of «-Q-neuraminic acid, methods for their 

preparation, pha.r.maceutical fo.rJftulations thereof and their 

. use as antiviral agents. 
Enzymes· with the ability to cleave N-acetyl 

neuraminic acid CNANA>, also known as sialic acid, from other 

XO suqars are present in many microorganisas. These include 

bacteria such as Vibrio cholerae, Clostridium P!rfringens, 

Streptococcus pneumoniae, and .Arthrobacter &ialophilus, and 
::> 

viruses such as influenza virus, parainfluenza virus, mumps 

virus, Newcastle disease virus, fowl plaque virus, and Sendai 

15 virus. Most of these viruses are of the orthomyxovirus or 

paramyxovirus groups, and carry a neuraminidase activity on 

the surface of ;:.he virus particles. 
Many of the neuraminidase-possessinq organisms are 

major pathogens of inan and/or animals, and some, such as 

20 influenza ~irus, Newcastle disease virus, and fowl plague 

virus, cause diseases of enormous economic importance. 

It has lonq been thought that inhibitors of 

neuraminidase activity might prevent infection by 

neuraminidase-bearing viruses. Most of the known 

.2s neuraminidase 1nhibitors are analogues of neuraminic acid, 

such as 2-deoxy-2,3-didehydro-N-acetylneuraminic acid <DANA> 

and it~deri~atives. See, e.g., Meindl et al., Virology 1974. 

ii 457-63. The most active of these is 2-deoxy-2,3-dehydro­

N-trifluoroacetyl-neuraminic acid <FANAl, which inhibits 

30 multi-cycle replication of influenza and parainf luenza 

viruses !n viero. See Palese et al., Virology 1974 2.2. 490-
498. 

' A number of 2-deroxy-2, 3-didehydro-N-acet.yl-

neuraminic acid derivatives are kno'"1 in the art. See for 

JS example P. Meindl ~ !.!,., Vi~ology, 56, 457-463 tl9741; P. 

Meindl and H. Tuppy, Mh. Chem, 100 C4>, 1295-1306 <1969>; M. 

Flashner ~ 2.1·1 Carbohydrate Research, 103, 281-285 <1982>; 

E- Zbiral ~ ~ .• Liebiqs Ann Che~, l59-l65 cl989); T. Ogawa 

iiiiii/Of 
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produce the P-anomer of 2-deoxy-N-acetylneurAminic acid. 

This P-anomer did not ~nh1bit Vibrio cholerae neuraminidase. 

_,/ The most potent in vj.tro inhibitors of viral 

neuraminidase have th~s been identified as compounds that are 

S 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 §l. 1479. But ~hile many of 
• I 

t.he afo:rement.ipned neuraminie acid analogues are competitive 

inhibj_tors of neu.raminidases, to date,' none has been reported 

10 as showing anti-viral aceivity in vivg. For example. 

although a half-planar, unsaturated 6-member rinq system has 

been asserted to be important for inhibitory aetivity, see 

Dernick et al. in ANT1VIRAL CHEMOTHERAPY <K. K. Gauri ed.> 

Academic Press, 1981, at pages 327-336., some cozn.,ounds 

15 characterized by such ~ 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~UPP£R R£SPIRATORY TRACT, Vol. 1 <J- S. Oxford ed.l CRC 

Press, 1977, at pages 189-205. 

20 ~e have now found novel 4-substituted 2-deoxy~2,3-

didehydro derivatives of ~-0-neuraminic acid which are ae~ive 

iA ~-

008 

The invention therefore provides in a f irsc aspect 
' compounds of formula CI> or formula <Ia> \ 

_,/. { I.: i 

. 
25 where in general formula <Il, A is oxygen, carbon or sulphur, 

and in general formula Cia>, A i.s n1tro9en or carbon; 
' 

1iiii1ii1Mr 
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R1 denotes COOH, P(O)(OH)2 1 N02 1 SOOH, S03H, 
tetrazol, ClfiCHO, CHO or CH(CH0) 2 , 

2 . 6 6 6 R denotes B, OR I. P, Cl, Br, CN, mm:, SR or 

~x, wherein x is NHR6, haloqen or OR6 and 
5 R6 is hydrogen; an acyl qroup havinq l to 4 

carbon atoms; a linear or cyclic alkyl 9roup havinq 1 to 6 
ear~on atoms, or a halogen-substituted analogue thereof; an 
a~·l group or an unsubstituted a:i-:yl qorup or an aryl 
substituted by a halogen, an OH group, an N02 group, an Nll:z 

10 group or a COOH group, 

15 

re and R3• are the same or different, and each 

denotes. hydroqen, CN, NHR.6 , N3 , SR6 , =N-OR6, guanidino, 

' 
N - R~ I I N - O 

.~COOR6 , 

or -

R4 denotes NHR6
, SR6

, oa6, COOR6 
I N~, c (R6) 3 I 

CH.iN02 or ~NHR6, and 

~ denotes CHiYR6 , CHYR6CHi\!R6 or CHYR6CHYR6CH2 YR6 , 

where Y is O, s, NH or H, and successive Y moieties in an 
20 ~ group are the same or different, 

and pharmaceutically acceptable salts or 
derivati~es thereof. 

In both these formulae R1, a2, R3 and R3., R4 , R5 

and R6 are sub)ect to the prov~sos that in qernal formula 
25 (I), 

( i) when R3 or R3' is OR6 or hydroqen, and A is 

oxygen o~ sulphur, then said compound cannot have both 
(a) an R1 that is hydrogen and 

(b) an R4 that is o-acyl or NH-acyl, and 
30 (ii) R6 represents a covalent bond when Y is 

~ydroqen, and that in general formula (Ia), 
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(i> when RJ or RJ' is OR6 or hydrogen, and A is 

n~~roqen. chen said compound cannot have bo~h 

<a> an R2 thac is hydrogen. and 

<b> an R 4 chat is NH-aeyl, and 

S <l.i> R6 represen~s a covalenc bond Yheo Y is 

!O 

. l.S 

20 

25 

hydrogen. • 
In a prefe~red em.bodimen~. che compound has general 

formula <I I 1 

HO OH 

. ~~· ... , 0 coo~; 
6... er . 

_,/ CH.,CQ.NI~_... . 
= R, - ] R1 

1.e. in 9eneral formula <I> ~bove. R 1 l.S COOH, R2 l.S 

hydrogen, R4 •is acecamido. and R5 is -CKOH.CHOH.CH 20M, and R3 

is hydrogen or R3 '. Yhere R3 ' denoces -~ 3 • -CN, ·CH2NHi, or 
8 9. -Ill. R • R , 

Ra and ~9 are the same oc different, dno each 

denoces. hydrogen, a linear or cyclic .alkyl group of l ~o 6 

carbon acoms. an ocyl or subs~icued acyl gro~p o: l t.O 6 

ea rbon a toms I -c. (NH J. NH2 I -CH 2. COOH I a CH 2CH 2-0li or 

-CH2 .CH. o~1 C\ <I~ l l) I 

' RlO and R l l may be t.he s.aine oc d .1. ff ererH;.. and each 
denoees·oxyqen or R12N=, enc 

. ../· R 12 denotes 
0

hydroqen, -Oi-!, -OCH 3, ·Nil~ • .:>C' 

CCH3>iN-. 

we have founa.~ p.ac~Lcula~ s~bcl4ss o: compounds oi 

formula < l 1 wh i.cri are unex;:>eeced l y moi:e act 1. ve u\an the i. r 

corresp~ndlnq 4-nydroxy andiaques. 

rhus Ln a particularly preferred aspec~ t.he 

i.nvent.ion pcov1des compounds of fonnul~ <tbs 

SUBSTITUTE . SHEET 
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._;/'. wherein R3b is <alk>xNR6bR7b, CN or N3 

·~here alk is unsubstituted or substituted 

methylene; 
x is 0 or l 
-~6b is hydrogen, c1_6alkyl ce.q. methyl, ethyl>, 

aryl (e.g. phenyl>, aralkyl <e.g. phenc1_4alkyl· such as 
ben2yl>, amidine, NR7bR8b, or an unsaturated or saturated 
ring eontaininq one or more heteroatoms tsuch as ni~rogen, 
oxygen or· sulphur>, 

10 . R7b is hydrogen, c1_6alkyl <e.g. m•thyl, ethyl>, or 
allyl, or NR6bR7b forms an optionally substituted 5 or 6 
membered ring optionally contain~ng one or mo~e addit1onal 
heteroatoms. <such as nitrogen, oxygen or sulphur>, a8b is 
hydrogen or c 1_6alkyl, and 

15 R4b is NHCOR9b ~here R9b is hydrogen, substituted 
or.~ub$tituted c 1 _4alkyl or aryl, 

and pharmaceutically acceptable salts of th~ 
compounds of formula. <Ib> and their pharmaceutically 
acceptable derlvatives. 

20 In the compounds of formula <lb> the subs~i~uent$ 
<for examplp 1:.he group R6 in the substituent R)> may 

i 
laJ Of! 

., . 

themselves bear substituents conventionally associated in the 1 
art of pharmaceut_ical chemist:.ry wit:h such substi tuents :. 

Preferably R3 is NR6R7 , in particular NH 2 or 
25 quanidino. 

Preferably R4 !s NHCOR9 where R9 is me~hyl or 
halogen substituted methyl <e.g. FCH2~ F2CH-, r3c,. 

Referen~es herein to preferred def 1n1~1ons of 
groups in compounds of formula <I> apply mutatis mutandJs to 

30 the cor~esponding qroups in formulae <Ia1, <lb> and cIJ1 . 
... /' C1.4alkyl as used herein includes both st.ra1qht. 

chain ce.9. methyl, ethyl> and branched chain ce.q. 

•. 
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RJn 

·wherein R3b is calk>xNR6bR7b, CN or N3 

where alk is unsubstituted or substituted 

methylene, 

x is o or 1 

S ~6b is hydro9en, c1_6alkyl <e.g. methyl, ethyl>, 

aryl <e .• g. phenyl>, aralkyl (e.g. phenc1_4alkyl" such as 

ben~~. amidine, NR7bR8bw or an unsaturated or saturated 

ring:containin9 one or more heteroatoms csuch as nitrogen, 

oxygen or sulphur>, 

10 Rib is hydroqen, c1_6alkyl {e.g. methyl, ethyl>, or 

allyl, or NR6ba7b fo:rms an optionally substituted 5 or 6 

membered rin~ o~tionally containing one or more additional 

heteroatoms <such as nitrogen, oxy9en or sulphur•, R8b is 

hydrogen.or c 1_6alkyl, and 

15 R4b is NHCOR9b where R9b is hydrogen, subs~ituted 

or unsupstituted C1_4alkyl or aryl, 

and phannaceutically acceptable salts of th~ 

compounds of formula Cib> and their pharmaceutically 

acceptable derivatives. 

20 In the cOnlpounds of formula tlbl t.he subs~icuen~s 

25 

<for example the group R6 in the substituent R3 1 may 

t.h~elves bear substituents conventionally associated 1n the 

a.rt. of pharmaceutical chemistry \.tith such substi"tuents ;. 

Preferably R3 is NR6R7 , in pa~ticular NH 2 or 

guanidino. 

Preferably R4 is NHCOR9 where R9 is methyl or 

halogen suQ.stituted methyl .<e.g. FC.H2 , F2CH-, r 3c 1. 

References herein to preferred def 1n1:1ons of 

groups in compounds of formula CI> apply mutat.is mut.and1~ c.o 

30 the corresponding qroups in formulae <la), Clb> and <II>. 

C1_4alkyl as used herein includes both straiqht 

chain <e.g. rnet.hyl, et.hyl1 and branched chain <e.g. 

. 

.. 
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·ay phannaceuti.cally acceptable derivatbre is 

meant any pha:aaaceutically acceptable ester or salt of such 

ester_.gf the compounds of formula <I> or any other compound 

5 which upon administration to the recipient is capable of 

providing <directly or indi~ectly> a compound of formula <ll 

or an antivirally active metabolite or r~sidue thereof. 
It will be appreciated by those skilled in the art 

e~at the c0m~unds of formula CI> JnaY be modified to provide 

10 p~armaceutically 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 

15 

20 

25 

amino groups. Thus compo~nds of ~nteres~ incl~de C1_4alkyl 

(such as met.hyl, 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~, benzyl ethers, p-tolyl ethers, and acylated amino 

derivatives such as formyl, acetamido. 
It will be appreciated ~y those skilled in the 

art that the pharmaceutically acceptable derivatives of the 

compounds of formula <I> may be derivatised at more than one 

position.· 
• Phaxmaceutically acceptable salts of the compounds 

of formula CI> include those derived from pharmaceutically 

acceptabl~, inorqanic and organic acids and bases. Examples 

of suitable acids include hydrochloric, hydrobromic, 

sulphuric, nitric, perchloric, fumaric, maleic, phosphoric, 

30 9lycollic, lactic, sa~icylic, succinic, toluene-p-sulphonic, 

tartaric. acetic, citric, methanesulphonic, formic, benzoic, 

maloni.c, naphthalene-2-sulpnonic and benzenesulphonic acids. 

Other acids such as oxalic, while not in themselves 

phaz:maceut.ically acceptable, may be useful in the prepara-r.ion 

JS o~alts useful as intermediates in obtaining compounds of 

the invention and their pharmaceutically acceptable acid 

addition salts. 

~~~~~~~S~a~l~t~s derived from appropriate bases include alkali 

li1013 
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metal <e.q. sodium>, alkaline earth metal <e~9. 

magnesium>, ammonium and NR: <where R is c 1 _4alkyll salts . 

. · References hereinaf~er to a compound of the 

invention include the compounds of formula <I> and 

5 pharmaceutically accep~able salts and derivatives thereof. 

Particularly preferred compounds of the invention 

include :-
S-Acetamido-4-amino-2,3,4,5-tetradeoxy-~-glycero-D­

galaGtb.-non-2-enopyranosonic acid calso known as .5-

10 (acetylamino>-4-amino-2,6-anhydro-3,4,S-trideoxy-Q-glycero-~-

galacto-non-2-enoic acid>, salts thereof including the sodium 

salt and 5-Acetamido-4-quanidino-2,3,4,S-tetradeoxy-~-. 
glycero-~-qalacto-non-2-enopyranosonic acid <also known as S­

<.Acetylamino~216-anhydro-4-guanidino-3, 4, 5-trideoxy-Q-

15 qlycero-O-galacto-non-2-enoic acidl and salts thereof, 

including the ammonium sal~. 
The compounds of formula <I> possess antiviral 

activity. In partic~lar these compounds are inhibitors of 

viral neuraminidase of orthomyxoviruses and paramyxoviruses 

.20 for example the viral neuraminidase·of influenza A and B, 

parainfluenza, sumps, and Newcastle disease, fowl plaque and 

Sendai virus. 
There is thus provided in a further aspect of the 

in~~ion a. compound of formula <I> or a pharmaeeu~ically 

25 acceptable salt or deri~ative thereof for use as an active 

therapeutic agent, in par~icular as an antiviral agent, for 

example in the treatment of orthomyxovir~s and paramyxovirus 

infections. 

30 

35 

I~ a fuTther or alternative aspect there is 

provided a method for the treatment of a viral infection, for 

example orthomyxoyirus and paramyxovirus infections in a 

mammal including man, comprising the step of administe~in9 to 

said mammal an effective amount of a compound of formula CI> 

or a pharmaceutically accept~ble 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 infeeeion. 

It will be appreciated by those skilled in t.he ar~ 

141014 
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that reference herein to treatment extends to prophylaxis as 
well as the treatment of established infections or symptoms. 

It will be.further appreciated that the amount of a 

compound of the inven~ion 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 beinq treated and the age and cond~tion 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 
150mg/kq of bodyweight per day preferably in the range of 
O.l to 100 1ll9'/k9/day, mos~ p~eferably in the range of 0.5 to 

25 mg/kgJday. 
In particular we have found that the effective 

15 ·doses 9f the compounds tested are related to their in vitro 
../ 

potency. Thus DANA <which has IC50 plaque reduction of 
Sµg/ml> has been found to be effective at doses of bet~een l 
and lOmq/kg per treatment. The·correspondin9 methyl ester of 
DANA cic50 50-lOOµg/mll is effective at proportionally higher 

20 dose. 

taiois 

Tr~atm~nt is prefe~ably 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 

25 the appearance of established symptoms. · 

Suitably treatment is given 1-4 times daily and 
continued for 3-i, e.9. 5 days post infection depending upon 
the par~icular compound u~ed. 

The desired dose may be presented in a single dose or 
30 as diV'ided doses adn\inis.tered at appropriate intervals, for 

examl)'le as two, three, four.or more sub-doses per day. 

35 

The compound is conveniently administered in unit 
dosage from for example containing 10 to lSOOm9, conveniently 

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

WAile it is pos$ible that, for use in ~herapy, a 
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. 

5 

10 

The invention thus further provides a 
phaonaceu~ical formulation comprisinq a compound of the 
formula <I> or formula <Ia>, but not subject to ~he proviso 

thereto, or a pharmaceutically acceptable salt or derivative 

the~ed'f toqether with a pharmaceutically acceptable carrie~ 

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 forsnulations may be in the 
fo.J:m of eonventiona.l formulations for the intended mode of 

administration. 
For intranasal administration accordin9 to the 

15 method of the invention the neuraminidase inhibitors may be 
actministered 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. 

20 Solutions and suspensions will generally be 

25 

aq~s,. for example prepared from water alone <for example 
sterile or pyroqen-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 aqents/surfactants such 
as polysorbates <e.g. Tween BO, Span 80, benzalkonium 
chloride>. buffering agents, isotonicity~adjusting agents 

30 <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 . 
35 the nasal cavity by conventional means, for example with a 

d~~er, pipette or spray_ The formulations may be provided 
in sin9le or multidose form. In t:.he latter case.a means of 
dose me~e~ing is desirably provided. In the case of a 

_, 

\ 

.. 
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dropper or pipette this may be achieved by t e patient 

administerin~ an appropriate, predetermined volume of the 

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

achieved fo% example by means of a metering a~omisin~ spray 

5 pW'Clp. 
Intranasal adtninistration may also be achieved by 

means of an aerosol fonnulation in which the compound is 

provided in a pressurised pack with a suitable propellant 

such as a chlorofluorocarbon'ccFCl, for example dichlorodi-

10 fluor~thane, trichlorof luoromethane or dichl~rotetraf luro­

roethane, carbon dioxide or other suitable gas. The aerosol 
may conveniently also contain a surfactant such as lecithin. 

The~se of drug IDaY be controlled by p~ovision of a metered 

valve. 
15 Alternatively the compounds may be provided in the 

forll\ of a d.ry powder, for example a powder mix of the 

compound in a suitable powder base such as lactose, starch, 

starch derivfatives such as hydroxypropylmethyl cellulose 

and_polyviny1pyrrolidine CP~>. Conveniently the powder 

20 carcier ~ill form a qel in the nasal. cavity. The powder 

composition may be presented in unit dose form, for example 

in cap~ules or cartridges of e.g. gelatin or blister pack.s 

from which the powder may be administered by means of an 

inhaler. 
25 In the intranasal formulations the compound will 

generally have a small pa~ticle size, for example of the 

order of S microns or less. Such a particle size may be 

ob~·necf by means known in the art, for example by 

snicronisation. 

30 When desired the formulations may be adapted to 

give sustained release of- the active inqredient. The 

compounds of the invention may also be used in combination 

wieh other cherapeutic aqents1 for example other anti­

infective agents. In particular the compounds of the 

35 invention may be employed with other antiviral agents. The 

invention t.hus provides in a further aspect. a combination 

comprising a compound of formula CI> or a pharmaceutically . 
acceptable salt or derivative thereof together with another 

li!017 
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therapeut.ically active agent, in pa.rticular an antiviral 

agent. 
The combinations .referred to above may conveniently 

be p~ented for use in the form of a pharmaeeutical 

5 formulation and thus· such formulations comprising a 

. combination as defined above together ~ith a 

pharmaceutically acceptable carrier therefor comprise a 

further aspect of the invention. 
Sui~able therapeutic agents for use in such 

10 combinations include other anti-infecti~e agents, in 

particular anti-bacterial and anti-viral agents such as those 

used to treat respiratory infections. For example, othe~ 

COlllpoun~s effective against infl~enza viruses, such as 

aman~adine, rimantadine and ribavirin, may be included in 

15 such combinations. 
The individual components of such combinations may 

be admirtistered either sequentially or simul~aneously in 

separate or combined phar:maeeutieal formulations . 

...../". When the compounds of the invention are used with a 

20 second therapeutic agent active against the same virus. the 

dose of each compound may either be the same as or differ 

from that employed ~hen each compound is used alone. 

Appropriate doses will ~e readily appreciated by those 

skilled in ihe art. 

25 The compound of formula <I> and its 

pharmaceutically ~cceptable 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> 

01. 

.'\ 1' ' ... , 
'-.../ 

11 

:\ 
! 

• 
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wherein R2 is as defined in formula <I>, and Lis a leaving 

group <for example a sulphonic acid residue such as tosyl, 

mesyl, trifluoromesyl> or a protected derivative thereof is 

reacted ~ith the appropriate nucleophile1 for example azide, 

5 cyanide,. an appropriate carbanion, or thioacetate .. 

10 

lS 

20 

25 

The compounds of formula <?II> may be ob~ained 

from.the corresponding compounds of foX'1l\ula <IV> 

Rs ... 
1$-••_..~A Rt 

1e-'9/ / 

R4 \ 
OH' R2 

(1\1) 

by inversion.of the 4-0H group by methods known in the art, 

for example by reaction with a Lewis acid <such as BF3 

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 Cl> by 

interconversion. Thus compounds of formula tll wherein R3 

is NH2 or CH2NH2 may be prepared by reduction of the 

correspondin9 azido or cyano analogues respecti~ely. 

/' Compounds wherein R3 is NH alkyl or quanidino may 
be'prepared by derivatisation of the corresponding compound 

wherein R3 is NH2. 

Compounds of formula I where R1 is COOH may be 

prepared by hydrolysis· of the correspondin9 ester under 

either acidic or basic conditions, for example at pH 11-12 ' . 
<using a base such as sodium o~ ammonium hydroxide!, or at pH 

2-3 <using an aci~ such as sulphuric acid). 

As will be appreciated by those skilled· i·n the art., 

it may be necessary or desirable ~t any staqe in ~he above 

described processes to protect one or more sensitive groups 

in the molecule to prevent undesirable side reactions; the 

30 protecting 9~oup may be removed at any convenient subsequent 

stage ~n the reaction sequence. 

/" 

tmo1e 
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The protectinq qroups used in ehe prepar~tion of 

compo~s of formula (I> niay be used in conventional manner. 

See for example •protective Groups in Or9anic Chemistry' Ed. 

J. F. w. McOmie tPlenum Press 1973> or 'Protecti~e Groups in 

S Or9anic Synthesis' by Theodora W Greene <John Wiley and Sons 

1981>. 
Conventional am!no 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 qeneral · 

form.ula <IJ wherein one or both of the groups R2 and R3 

represertt_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 

triphenylmethyl groups, acyl groups, such as acetyl; Silicon 

protecting groups, such as trimethylsilyl groups; or as 

tet~ydropyran derivatives. . 

Removal of any protecting qroups present may be 

20 achieved by convent~onal procedures. Thus an aralkyl group, 

such as benzyl, may be cleaved by hydrogenolysis in the 

presence of a catalyst <e.g. palladium on charcoal>; an acyl 

qroup such 4s N-benzyloxycarbonyl, may be removed by 
: 

hydrolysis with, for example, hydrogen bromide in acetic acid 

25 or by reduction, for example by catalytic hydrogenation; 

sil~con p~otecting groups may be removed, for example, by 

treat11\ent with fluoride ion; tetrahydropyran qroups may be 

cleaved by hydrolysis under acidic conditions. 

30 

35 

Where it is desired to isolate a compound of the 

invent~on as a salt, for example as an acid addition salt, 

this may be achieved by treating t.he free base of general 

formula <I> with an appropriate acid, preferably with an 

e~valent amount, or with creatinine sulphate in a suitable 

solven~ <e.g. aqueo~s ethanol>. 

The present invention i~ further described by the 

·following examples, which are for illust.ra~1ve purposes only, 

and should not be construed as a limitation of the invention • 

• 

IG020 

. ,, 

.. 

\ 



19/03 61 3 9243 8333 
. '96 HON 10:01 FAX 81 3 9243 8333 GRIFFITH HACK & CO 

--------------------
W09l/1'320 • PCf/ AU9l/0016t 

- 15 - i14tS SHEET HAS BEEN. 
REPLACED 1\ 

§enertl ~ethodoloqies ~·-~-~-~;::::=======-
:···:···.:..._. 

The following general methods are appliicable to 

the synthesis.of compounds of the invention. 

Deacetylation 
5 Treatment of the acetylated material with Amberlite 

10 

IRA-4-eO'. <OH-> ~ith stirringr for a period of time, generally 

2-3 h, at room temperature results in complete de-Q­
acetylation. The resin is filtered off and the filtrate 

concentrated to dryne$s to afford the desired de-0-
aeetylation material. 

Those skilled in the art ~ould recognise that other 
standard procedures are ava!labl~ for .the complete de-Q­

acetylation of the same material, such as treatment with 

sodium methoxide in methanol. 

lS Deesterif icatlon 

20 

The completely de-Q-acetylated material is taken up 
in aqueous sodium hydroxide and stirred 

for a period of time, generally 2-3 h. 
adjusted to pH 7.0-7.S with Dowex SOw X 
Fil ~-tion followed by freeze-drying of 

the desired deesterified material. 

at room temperature 
The mixture is then 
8 <H+> resin. 
the filtrate affords 

Those ski11ed in the art would readily be able to 

identify several alternative options for the deesterif ieation 

of the same material such as acid hydrolysis, alternative 

25 base hydrol~es e.g. ammonium hydroxide, potassiu~ hydroxide. 

Intermedia~e compounds referred to in Examples 1 to 
15 are identified.as follows: 

. ~OMPOUNO 2 

Methyl_'S-acetamido-7,8,9-tri-O-ac:etyl-2,3,5-trideoxy-Q-
30 glyeero-~-talo-non-2-enopyranosonate <4-epi-

Ne~S, 7, 8, 9Ac42en1Me> 

IZI 021 
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COMPOUND 3 
Methyl S-acetamido-7,8,9-tri-O-aeetyl-4-azido-2,3,5-trideoxy­
~-9lycero-g-9alacto-non-2-enopyranosonate <4-azido-
NeuS, 7, 8, 9Ac42enlMel 
~OMPOYNO S • 
Methyl 5-aeetamido-7,8,9-tri-O-acetyl-4-amino-2,3,4,S­
tetradeoxy-~-glycero-~-qalacto-non-2-enopyrano$onate <4-
amino-NeuS, 7,8,9Ac42enlMe> 

COMPOUND 8 
10 Methyl ·5-aeetamido~7,8,9-tri-O-acetyl-4-N,N-diallylamino-

2,3,4,5-tetradeoxy-2-glycero-Q-9alacto-non-2-enopy~anosonate 

<4-N,N-d~allylamino-Neu5,7,8,9Ac4 2en1Me> 
COMPOUND 10 

Methyl S-acetamido-7,S,9-t~i-O-acetyl-4-N-allylamino-

15 2, 3.-..J-~ .. 5-tetradeoxy-.Q-qlycero-Q-galacto-non-2-enopyranosonate 
<4-N-allylainino-NeuS,7,8,9Ac42enlMe> 

<;QMf,OUND 12 
Methyl 5-acecamido-7,8,9-tri-O-aeetyl-4-amino-2,3,4,S­

tet.radec.ncy-Q-9lycero-.Q-t.alo-non-2-enopyranosonate <4-epi-4-. . 
20 amin0Neus,1.s,9Ac4 2en1Me> 

COMPOYND 13 
Methyl 7,8,9-~r1~0-acetyl-2,3,5-trideoxy-4',S'-dihydro-2'­

methyloxazolo CS,4~dl R-qlycero-Q-talo-non-2-enopyranosonate 
I 

<4-epi-4,5-oxazaloNeu7,8,9Ae32enlMel 
• 

25 COMPOUND 15 

Methyl 5-aeetamido-7,8,9-tri-O-aeetyl-4-a~ido~2,3,4,5-

te~radeoxy-D-glycero-g-talo-non-2~enopyranosonate <4-epi-
·azidoNeuS,7,8,9Ac42enlMe> 

COJ$POQNO 16. 

30 Me_;p-yl 5-acetamido-4-a~ido-2,3,4,5-tetradeoxy-Q-glycero-Q 

talo-non-2-enopyranosonate (4-epi-azidoNeu5Ac2enlMe> 
~OMPOUND 18 

35 

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

2,3,4,5-tetradeoxy-~-91ycero-R-9alacto-non-2-enopyranosonate 

<4-N-methylamino-Neu5,7,8,9Ac42enlMe> • 

i111i1nr 

.• 
l 
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CQMPOUND . 19 REPLA9_~D__ .. ·"'·: .. 
Methyl 5-acetamido-4-N-methylamino-2,3,4,S-te ra eoxy=o:·· 

glycero-~-galac~o-non-2-enopyranosonate <4-N-methylamino­

NeuSAc2enlMe> 
5 CQMPOUNO 21 

Me~h~· S-acetamido-7,8,9-tri-O-acetyl-4-N,N-dimethylamino-

2,3,4,S-tetradeoxy-2-91YCero-Q-9alacto-non-2enopyranosonate 

C4-N,N-dimethylamino-NeuS,7,8,9Ac42enlMe> 

COMPOUND 2.2 
10 Methyl S-acetamido-4-N,N-dimethylamino-2,3,4,5-tetradeoxy-~-

9lycero-~-ga]!acto-non~2-enopyranosonate <4-N,N­

dimethylaminoNeu5Ac2en1Me> 

COMPOUND 24. 
Methyl 5-aeeta~ido-7,8,9-tri-O-acetyl-4-N-

15 . methoxy~arbonylmethylamino-2,3,4,S-tetradeoxy-R~qlycero-0-

9alae~o-non-2-enopyranosonate C4-N­

methoxycarbonylmethylaminoNeu5, 7 ,8,9Ac42enlMe> 

COMPOUND 25. 
Methyl '5-acetamido-4-N-methoxycarbonylmethylamino-2,3,4,5-

20 tetradeoxy-~-glycero-Q-galacto-non-2-enopyranosonate <4-N­

met~ycarbonylmethylaminoNeuSAc2enlMe> 

25 

COMPOUND 27 

Methyl 5-acetamido-7,8,9-tri-0-acetyl-4-N-21 -

hydroxyethylamino-2,3,4,5-tetradeoxy-~-qlycero-Q-galacto-non-

2-enopyranosonate <4-N-21-hydroxyethylaminoN~uS,7,8,9-

Ac4 2en1Me > • 
CQMPOUND 28 

Methyl 5-acetamid~-4-N-2 1-hydroxyethylamino-2,3,4,S­
tetradeoxy-2-glyeero-~-9alacto-non-2-enopyranosonate <4-N-21 -

30 hydroxyethylaminoNeu5,7,8,9Ac4 2enlMe> 

CQMPOUND 29 
Methyl. 5-a.cetamido-7,8,9-tri-0-acetyl-4-N-21 -

hydroxyethylamino-2,3,4,5-te~radeoxy-o-glycero-Q-galacto-non­

. 2-e.nopyranosonate < 4-N-21 -hydroxyet.hylaininoNe~5Ac2enlMe > 

35 COMPOUND 30 

J~~xy-Q-glycero-Q-galacco-2-nonulopyranosonic acid <KON> 

----------This Sheet Ha B 
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kQMfOUND 31 • 
Methyl 3-Deoxy-R-glycero-.Q.-qa.lacto-2-nonulopy:s:'anosona t.e-···· 

<KDNlMe> 

COMPOUND 32 
5 Methyl <4,S,7.8,9-penta-O-acet.yl-2,3-dideoxy-:Q-glycero-D-.Q­

galacto-~-nonulopyranosyl chlorid>onate 

<KDN4,S,7,8,9Ac52PC11Me> 

COMPOUND.33 
Methyl 4,5,7,B,9-penta-o-acetyl-2,3-dideoxy-Q-qlyeero-Q­

lO galacto-non-2-enopyranosonate <KDN4,5,7,8,9Ac52enlMe> . 

15 

20 

COMPOUND 34 :z 
Methyl 2,3-dideoxy-R-glycero-Q-galacto-non-2-enopyranosonate 

<KDN2en1Me> 

&:OMPOUND 36 
Hydrazinium 4,S-diamino-2,3,4,5-tet.radeoxy-Q-glycero-~­

galacto-non-2-enopyranosonate <Hydrazinium 4,5-diaminoNeu2en> 

COMfOUND 37 • . 

4,5-diamino-2,3,4,5-tetradeoxy-~-9lycero-Q-galac~o-non-2-

enopyranosonic acid <4,5-diaminoNeu2en> 

Example. 1 The preparaeion of Sodium 5-Aeetamido-4-azido-

2, 3 ,4 ,S-tetradeoxy-~-glycerg-Q-galacto-non-2-

enopyranosonate <4-A%ido-Neu5Ac2en1 <4> 

The overall reaction scheme is as follo~s: 

1) BP1.8'zO Ac 0 AJ; . H C 

MoO~ AcO~~~o 

l)HONl&hyl~ tt,cl'(~-,.. ... o 

• 

OH 
HO..,. --1......_~o~o· Na• 

HiO 0 (l) 

I 
1)1cit~~ 
l) ~1Jitf,,·B"1.cN.HS04 I 

DMP 

J > N .OMc/M.cOH 

-~~ 'o . ----­lf N, l)OH' 

(-4) 

laJ024 
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Preparation of < 2 > REPLACE=!.· ;: 
. - .... .. ..... 

.... ,/ To an aqitated sol.ution of snethyl -aee a i ·-··· · · · 

4,7,8,9-te~ra-o-acetyl-2,3,5-trideoxy-Q-glyoero-Q-galacto­

non-2-enopyranosonate Cl> ClSOO mg1 3.17 mmoll ~n a mixture 

S of benzene (50 ml> and methanol <300 mg> was added dropwise 
BF3Et2o <12 ml> over thirty minutes under a nitrogen 
atmosphere at4 room temperature. T~e whole mixture was then 

allowed to stir at room temperature for 16 hours. The 
solution was diluted with ethyl acetate <250 ml>, washed 

10 successively with saturated NaHC03 .solution (30 ml ~ 3> and 

water <20 ml x 3>, then evaporated to a small volume <about 

10 m.l >, 'to whJ.ch was added water < 0. 5 ml> and acetic acid 

cO.S ml>. ~he whole mixture was then stirred at room 

temperature. for two days before bei~g diluted with ethyl 

15 acetate <200 ml>. The ethyl acetate sol~tion was washed with 

S\ NaHco3 solution <30 ml x 2> and water <20 ml x 3>, then 

evap~ted to dryness. The residue was chromatographed 

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

20 1H-nmr <CDCl3> & <ppm>: 1.95, 2.06, 2.08, 2.10, 2.35 (S1 15H, 

Acetyl CH3 x S>, 3.80 cs, 3H, COOCH3 >, 4-1-4.4 (m, 4H, H4 , 
' . 

H5, H6, H9>1 4.82 Cdd, lH, Jg,s l.8Hz, J9,91 12.JHz, H9>1 

5.27 cm, lH, H9), 5.45 <dd, lH, J1 8 J.SHz, H7>1 6.15 (d, lH, . , 
JJ,4 5.4Hz, H3>, 6.47 (d, lH, JNH,5 8.8Hz. -CONH). 

25 Pre2~ration of <3> 
To a stirred solution of compound <2> <800 mg, 1.67 

mmolJ in anhydrous .dichloromethane ClO ml) and dry pyridine 

<316 mg_, 4 mmol> at -3Q0 to -404 C, was added dropwise a 

solution of ~rifluoromethane sulphonic anhydride CTf 20> <556 

30 mg, 2 mmol> in dichloroinethane <2 ml> over 15 minutes. The 
reaef.ion ~ixture ~as 'then stirred at. -30° f~r. 5 hours 1 and 

concentrated to dryness .in vacuo. The residue.was then 

dissolved in dry DMF <S ml> containing a mixture of sodium 

azide <650 mg, 10 mrnol> and tetrabutylammonium hydrogen 

35 sulphate Cl70 mg, O.S mmol>. The ~eaction mixture was 
s~irred at ~oom temperature for 16 hours,. and then evaporated 

iai 025 
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to dryness under high ~acuum. ~he residue was partitioned 
between ethyl acetate <200 ml> and water (50 ml>. The 
organic iayer was separated and washed ~ith water <SO ml x 
2>, dried over Na 2so4 , evaporated to leave a residue (780 

5 mg), Whiqh was subjected to double chromatoqraphy (Silica 
gel, the first solvent system was ethyl acetate/acetone: 

8/1~ t~e second solvent system was dichloromethane/water: 

10/l~o afford a colourless oil <Jl ClSS ~g, 24\l. 

MS. CF.AB> 451 <M,.. + l>, 414 <M,.. -N3. [uJ·2oo-+ l.9.1° 

10 <Cl,MeOH>.ir.<CHCl 3 l cin-l 2100 <N-N3 l.· 1748 tcarbonyl>. 1H­

nmr <CDCl3> 6 <ppm>. 2.04, 2.05, 2.06, 2.12, (S, 12H, Aeetyl 
CH3 x 4>. 3179 (S, JH, COOCH3>1 3.91 Cddd, lR, Js,NH S.4Hz, 

Js,4 8.8 Hz, Js,6 9.9Hz, H5>,· 4.17 Cdd, lH, 39·9 6.BHz, J9'9' 
12.SH~, Ha·), 4.42· (dd, lH, 34,3 2.9Hz, J4,S S.8Hz, H4>, 4.48 

l.5 <dd, lH, -'6,7 2.JH~, J6,5 9.9Hz, H6 4.46 (dd, lH,- Jg,a 2.7H~, 

J 9 , 9 • ~2.SHz, Hg>, 5.31 <m, lH, J 8 , 7 5.2Hz, J 8 , 9 2.7Kz, 

Ja,9'' .6.8Hz, Ha>, 5.45 <dd, lH, J7,6 2.3Hz, J1,a S.2H2, H7), 
5.96 <d, lH, 33

1
4 2.9H, H3l, 6.13 Cd, lH, JNH,5 B.4Hz, -CONHl. 

llc-nmr <COC1 3> 6 tppm> 

20 20.7 <CH3-CO-O.->, 23.2 <CH3CO-NH>, 48.3 CC5>, 52.6 <COOCH3>, 

s7.:J/CC4>. 62.l <C9>1 67.7, 70.9 cc,, Cs>, 75.9 <C6>, 107.6 

<C3>, 145.l (C2 1, 161.5 cc1 >, 170.2, 170.3, 170.7, <acetyi 

-c IC 0 X 4). 

Prepara;ion of <4> 
25 ~ompound <3> CSO mg, 0.11 mmol> was dis$olved in 

anhydrous methanol cs ml> containing sodium methoxide <8 mg, 
0.15 mmol>. Th~. mixture was stirred at room temperature for 
2 hours and concentrated to dryness !n vacuo. The residue 

was taken up in water (3 ml>, stirred at room temperature for 

30 1.5 hours, ajusted to pH 6-7 with Oowex 50 x 8 <H•> resin, 
and then lyophilised to afford the title compound C4> <35 mg, 
94\). 

la!026 
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i.r. (KBr>cm-1 3400 <br.-OH>, 2100 <-N3>1 11l!&:::::::E::Eibi:i!!~~~ 
la-nmr <D2o> 6 <ppm>. 2.06 <S, JH, ace~yl CH3>, 3.64 <dd, 

lH, Jg• ,B 6.3Hz, Jg' ,g ll.8Hz·, Hg•>, J.65 <dd, lH, .J7,6 

3.9Hz, 37 • 8 6aSHz, H7 >, 3.88 <dd, iH, J 9 , 8 296H%, Jg,9• 

11.BHz, Hg>, 3.94 cm, lH, J 8 , 7 6.8Hz, Js,9 2.6H~, Je,9' 
6.3Hz, Ha>, 4.21 <d~, lH, Js,4 10.4Hz, Js,6 8.9H~, H5>, 4.31 

<dd, lff,.J4 , 3 2.2Hz, J 4 , 5 2.2Hz, J4,5 10.4Hz, H4 >, 4.34 <dd, 

_lH, 361 ~ 899~z, J 617 3.9Hz, H6> S.82 <d~ lH, JJ,4 2.2Hz, H3 >. 

The preparation of Sodiwn 5-Acetamido-4-amino-

2, 3,4,5-tetradeoxy-Q-glycero-Q-galac"to-non-2-

enopyranosonate <4-amino-Neu5Ac2en> C6> 

./. The o~erall reaction scheme is as ·follows: 

· Ac o-"0 Jv: H,c. 
o:..._~oJ 

._-tm.~ 'o 
Ac Ns 

• (3) 

l)N.OM~H 

2)0H' 

Prepa£~tion of <1> 

OH 
.HO ...... __J.__~ 0 ...__,__o- Na• 

. ._.. trti~~ 'o 
AI; H~ 

(6) 

Into a solution of methyl 5-aceeamido-7,8,9-tri-O-

15 acetyl-4-azido-2,3,4,S-tetradeoxy-Q-glycero-Q-galacto-non-2-

20 

e~yranosonate <3> prepared as in Example l, <95 m9, 0.208 
mmol> in pyridine <6 ml> was bubbled with tt2s for 16 hours at 
room temperature. The solution was then flushed with 

nitroqen for 15 minutes, and evaporated to remove pyridine 

under high vacuum. The residue was ch>:omatoqraphed <silica 
gel, ethyl•ace~ace1isopropanol1wate~ = 512/l> to afford a 

colourless compound <5> cso m~, 56\>. · 

~027 
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REPU.\CF.:J. . 
1'!:::::e:a::~;aq::=::::-:: . ; MS. (!'ABl 431 CM+-+ 1), 414 (M+ -NH2l1 (cil 200 +3 • I .. : .. ·:.c • _ _._._,·:.: .. ' 

MeOH>. 1.r. <CHC13 > em-1 3400 (br.NH2>, 1140 <carbonyl>. 
la.-nmr .(CDClJ + co3oo> 6 <ppm>. l.96, 2.06, 2.01, 2.10 <s, 
12H aeetyl CHJ x 4l, 3.81 CS, lH, -COOCH3>1 3.92 <brt, lH, 
35,4 & Js,6 lOHz, H5>1 4.17 <dd, lH, Jg· ,8 7.2Hz, 39• ,9 
12.3~ .Hg·>~ 4.22 <br. dd, 2H, J4,S & 35

1
5 lOHz, J4 1 3 & J6,7 

2.lHz, H4 & H6>, 4.71 <dd, lH, Jg,s 2.6Hz, Jg,9' 12.JHz, Hg>, 
s.31 <m, lH, J 8 , 7 4.9Hz, J 8 , 9 2-6Hz, J 8 , 9 , 1.2Hz, H8 >, 5.45 
<d, lH, 37,6 2.lHz, J7,a 4.9Hz, H7>, 5.97 <d, lH,; J3,4 2.lHz, 

H3>· 
13c-nmr ccoc13 + co3oo> 6 cppm> 
20. 2, 20. 3 ccH3-co-o- >, _22. 3 < ca3-co-NHl, ~a. 2 <Cs 1, so. 4 
<C4 >, 52.0 <COOCH3>", 52.·l <Cg>, 67.8, 71.2 <C7, C9>1 

76.5 <C6 >, 112.S <C3>. 143.S <C2>, 162.0 cC1 >, 170.2, 170.4, 
170.8, l72.2 <acetyl -c =Ox 4>. 

Pr§pa;at~on of <62 

compound <5> <50 m9, 0.116 :nunol> was dissolved in 
anhydrous methanol ts ml> containing sodium methoxide <12.4 
m9, 0.23 mmol>. The mixture was stirred at room temperature 

20 fo~_x'~S hours and evaporated to dryness 1!l vacu~ at J0°C. 

25 

The residue was stirred in water <3 ml> at room tempe~ature 
until TLC <silica gel, ethyl acetate/methanol/O.l N HCl = 
S/411> indicated tnat hydrolysis was complete. The solution 
<pH abou~ 10.5> was then gradually adjusted to around pH 7.5 
by Dowex so,x 8 <H+l 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 <61 <30 mg, 83\>. 

1 H-nm~ co2o> 6 <ppm>. 2.07 <S, 3H, acetyl CH3 >, 
30 3.59 - 3.70 m, 2H, H7' H91), 3.89 <dd, lH Jg,s 2.6Hz, -J9,9• 

ll~SHz, Hg>1 3.95 <m, lH, H9>, 3.99 <brd, lH, J 4 , 5 10.6H~, 
H4>. 4•.21 <brt, lH, Js,4 'Js,6 10.6Hz, H5>1 4.29 Cbrd, lH, 

J6,5 10.6H%, Hs>· S.66 <d, lH 33,4 1.9Hz, H3l· 

.. /' 
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The preparation of Anunonium 5-Acetam:cff~F===· ···· ··--·· 
4 
guanidino-2,3,4,5-tetradeoxy-Q-glycero-Q-

galacto-non-2-enopyranosonate <71 

The overall reaction scheme is as follows: 

OAc . 

-~ ) ~ " ·- _Jl 01, ~ .... ·1~- ... ~!J- 0/ 
Ac"' U2N 

_,,/ {C\) 

l} OowcJ. SOW it 8, 

Nl-l~OH 

uo 

) 
HO -{ 011 o 

~i;-:7/r,1· 
M 1\1'1 

l I 

.Jl . () 

)=- N\l 
U1N 

(7) 

5 Into a solution of s-methyl1sourea <546 mg, 3 romoll 

10 

in water <15 mLl a~ ice-bath temperature, methyl-5,7,8,9-~ri-

0-acetyl-4-amino-2,3,4,5-tetradeoxy-D-glycero-Q-galacto-non-

2-enopyranosGnate CS> prepared as in Example 2 <40 mg, 0.093 

rnmol> was added. The reaction mixture was stirred at s•c for 

seven days and poured onto a eolwn.n of Dowex SOW X 8 <H+> 

resin (35 mL>. The.column was then washed with cold water 

<700 inL> and elu~ed wLth 1.5 M NH 40H solution. The eluate . 
tl20 mL> was concentrated to dryness unde~ hi9h vacuwn. The 

resulting residue was chromatographed <silica gel: solvent 

15 sys~em l: ethyl acetate/isopropanol/water, 115/l; solvent 

system 2i 75\ isopropanol> to provide the title compound <7> 

C 8 mg, 24. S\ L 

_,/. Compound <7> gave a strong, positive Sakaguchi 

reacti?n, indicating the presence of a guanidine group- NMR 

20 data for compound <1> a.re given below. lH-mnr <D2o + co30D> 

6 <ppm>. 

25 

2.06 ($, 2H1 acetyl CH3>, 3.60 <br. d., lH, J 718 9.4Hz, H7>, 

3. 6 3 < dd, lH, Jg· , e 6. 2Hz, J 9 • , 9 11. 8H2:, Hg. > , 3. 7 6 < br. d .. , 

lH, j4,S -9.4Hz, H4>1 3.81 <dd, lH; J 9 ,a l.6Hz, Jg,g•, ll.8Hz, 

HgJ, 3.93 (ddd, lH, Ja;7 9.4H~, Ja,9 2.6Hz, Ja,9' 6.2Hz, H9>, 

4.0l (dd, lH, J 5 , 4 9.4Hz, J 5 , 6 10.6Hz, Hs>, 4.20 <br. d., lH 

J6,5 l'0.6Hz., H6), 5.63 <d, lH, J),4 2.lHz., H3 1. 
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Example 4 

OA.c 

Sodiwn 5-Acetamido-4-N,N-diallylamino-2.3,4,5-

tetradeoxy-Q-qlycero-~-9,i\lacto-non-2-

enopyranosonate. <9l. 

The overall reaction scbeme is as follows: 

0Ac 

•• 
' :l '·n. 

11 

<S> I" II 

HO 

,, l'h0Mct1*0W HO 

hOU 

Jnto a solution of allyl bromide c60mg, O.Smmol> 

' 

\ 
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and methyl s-acetamido-7, 8 ,9-tri-O-acetyl-4-ami =---..:....-===···-
tetradeoxy-n-glycerp-g-galacto-non-2-enopyranosonate <5> 
<90mg, 0.209nunol> in acetonitrile <SmLl, was added silve~ 
earbonate (116mg, 0.418mmol>. The mixture was stirred and 

S protected from liqht at room tempe~a~ure for 16 h. The 

rasulting suspension ~as filtered, and the filtrate was 
evaporated to dryness. The residu~ was subjected to 

flash-colwnn chromotoqraphy silica %el, ethyl acetate 
con~aining 10\ methanol> to afford methyl 5-acetamido-7,8,9-

10 tri.-.o4c:etyl-4-N, N-diallylamino-2, 3_, 4, 5-tetradeoxy-Q-glycero­

,2-galacto-non-2-enopyranosonate <S> <8Sm9, 80\>. 

lH-nmr <COCl3> 6 Cppm> 1.94, 2.os, 2.06, 2.11 (S, 12H, 

acetyl CHJ x 4>, 2.97 <dd, 2H, J 1o~,l0b & ~lO'a,lO'b 14.JHz, 

Jioa,ll 'J1e•a,ll' 7.6Hz, H1oa & H1o·a>, 3.24 <dd, 2H, 
15 J1ob,lOa & J1o'b,lO'a 14 -3Hz, J1ob,ll & jlO'b,11' 4 -9H2 , 8 1ob 

'H1o•b>r 3.58 <dd, lH, J4,3 2.4Hz,_ J4,S 9.3Hz, H4>. 3.79 (S, 

3H, COOCK3>r 4.12-4.26 <m, 3H, fi6, Hg•, H5>1 4 .. 70 <dd, lH, 

Jg 8 2.6Hz, Jg 9 • 12.3Hz, H9>1 5.09 (dd, 2H, Jl2cis ll & 
• I t I 

J12'cis,ll' 10.6Hz, 3 12gem & J12•9em-l-SKz, Hi2cis & 
20 H12'ci.s>, 5.14 Cdd, 2H, J12trans,ll ' :J12•trans,ll' i 7 .7Hz, 

Jl2gem & .112'9em -1.saz, H12trans & H12•trans>, 5.27-5.32 <m. 
2H, Hg & -CONH-l, s.ss <dd, lH, J7,6 2.lHz, J1,a 4.7Hz, H7>, 
S.72 cm, 2H, a11 & Hll''' 6.07 <d, lH, 3 3 , 4 2.4Hz, H3 >. 

25 

30 

JS 

__ ,/ 
Compound <Bl <80m9, 0.156mmol> was dissolved in 

anhydrous methanol ClOmL> containing sodium methoxide 

<16.2mg, O.JOmmol>. 
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 
resultin~ solution was neutralized with Dowex SO x 8 <H+> and 
freeze-dried to afford the title compound <9> <49mg, 80\). 

1H-n~ (020> 6 Cppm> 1-94 (S, 3H, Acetyl CH3>1 3.24-3.44 <m, 

4H, HlO x 2 & H10' x l>, 3.48-4.33 Cm, 7H, H4 , Hs, H6 , H7 , 

Ha, H9 & H91), S.24-5.29 (m, 4H, H12 x 2 & H12· x 2>, 5.69 
(d, lH; 33

1
4 -2Hz, H3 >, 5.73-5.76 lm, 2H, Hll & Hii·> 

_./ 
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Example S Sodi\1Ill S-AcetanU.do-4-N-allylatni.no-2,J,4,S­

tetra-deoxy-Q-glycero-R-<JAlacto-non-2-

enopyranosonate <ll) 

The 9verall reaction scheme was as follows~ 

OAc OA.c 

A!trl_..... 
(l 

,.CH, A*JC:O)IOt )QI '-1( ... cu, 
4 I (> 0 .. 

""~· 
(5) 

I! :-..CH· 

I! 

../ HO 
(1(11 

t I flaOMcfMe(ltl uo 

o· 
ZIOK' HN 

l, 
' CH2 

(11) 

5 To a solution of allyl bromide <48m~, 0.40rnmol> and 

=ompound CS> <15Smg, 0.36inmol> 1n acetoni~rile <SmL> was 

added ~ilver ca~bonate <107~g, 0.38wnol>. The mixture was 

stirred, whilst p~oteeted from light, at room temperature for 

l~ h. The resulting suspension was filtered off, and ~he 

10 fi~~ate was evaporated to dryness. The ~esidue was 

chroma.tographad on a sil!ca gel column <ethyl acetate/ 

isopropanoltwater = 5;2:1>. Fractions with an Rf value of 

0.5 were combined and evaporated to dryness to afford 

.compound <lOl <Slmg, 32,>. The starting material <S> with an 

15 Rf value of 0.3 <6lmg, 39\> and N, N-diallyl derivative <B> 

with an Rf value of 0.9 (20mg, ll\> were re:::_co~v~e~r~e~d~~~~~~-

respectively. 

_lgro32 

.. 

~ 

L 
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REPLACED 
1H-nmr <CDC13 > of compound <10> is shotAn as follows!.!=================~ 

6 <ppm> l.96, 2.os, 2.06, 2.11cs, 12H, Aeetyl CH3 x 4>, 3.25 

<dd, lH,·Jioa,lOb-14.lHz! Jioa,ll S.8Hz, H1oa>' 3.37 Cdd, lH, 

Jiob,lOa-14.lHz, Jiob,ll S.9Hz, Hiobl, 3.43 cdd, lH, J 413 
l~ltt~·, J4,s 7.5Hz, H4>1 3.79 (S, 3H, COOCH3>, 4.09 (ddd, lH, 

Js,4 7.SHz, Js,Nff9•1HZ, Js,6 8.lHz, H5>1 4.21 <dd, lH, .Jg• ,a 

7.lHz, .Jg·,9-l2.2Hz, Hg•>, 4.30 Cdd, lH, J6,5 8.lHz, J6,1 

4.l~a-(H6>, 4.63 (dd, lH, Jg,s 3.2Hz, jg,9·-12.2Hz, Hg>, 5.09 

Cdd, lH, 312cis,ll 10.2H%, J12cis,12trans-1 · 3Hz, 812c1s> 1 

5.18 <dd, lH, 312trans,ll i 7 .lHz, 312trans,l2cis-1 -3Hz, 
s 12crans>, 5.36 <~dd, lH, J 8 , 7 4.2Hz, Ja, 9 3.2H~, J 8 , 9 • 

7.lHz, H9>, 5.57 tdd, lH, J1,6 4.lRz, J1,a. 4.2Hz, H7>, 5.65 

Cd, lH, JNH,~ 9.lHz, -CONH->, S.83 <dddd, lH, J 11,12trans 

11.lH2, J 11 , 12eis 10.2Hz, Jll,lOa S.8Hz, Jll,lOb S.9Rz, H11 11 

6.09 Cd, lH, J3,4 3.lHz, H3>· 

Compound ClO> <SOmg, O.llmmol> was stirred in 

anhydro~s methanol <5mL> containing sodium methoxide <12m9, 

0.225mmol> at room temperature for 2 h, then evaporated to 

dryness. The residue was redissolved in ~ater C5mL> and 

20 allowed'to stand at room temperature for 2 h before beinq 

neutralized with Dowex SO x 8 <H+> resin. The aqueous 

sol~on was freeze-dried co afford compound <11> <Jlmg, 
78%). 

1H-nm~ C020l 6 (ppm> 2.02 <s, 3H, CH3CO>, J.42 <dd, lH, 

25 Jioa,lob-13.4Hz, Jioa,ll 6.6Hz, Hioa>, 3.52 cdd,. lH, 

J1ob,lOa-13~4Hz, Jiob,ll 6.3Hz, Jiob>, 3.51-4.27 cm, 7H, H4 , 

H5, H6, H7, H51 Hg' H91), 5.30 Cdd, lH. J12cis,12trans 

-l.5H%, Jl2cis,11·10.3~z, H12c1s>• 5.34 <dd. lH, 

J12trans,12cis- 1 · 5Hz, J12trans,ll i 7 .7Kz, H12trans>, S.72 <d, 
30 lH, J3,4 2.4Hz, H3>, 5.89 <dddd, J11,1oa 6.6H~, J1l,lOb 

6 -lHz,_' J11,12c:1s lO.JH:a:, Jll,l2t.rans l7.7H:.t, H11>· 
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Sodium 5-Acetamido-4-amino-2,J.4. eoxy-

Q~glycero-~-talo-non-2-enopyranosona~e <14> . 

• 
The overall reaction scheme is as follows: 

(.21 

HO 

OAc 

J1ll,Y·O..~J'MWll 

'I f'l..,..)f«·l'ac""JfSQ~"°'"zO 

'' H2Slpynt!Mw 

,-·· ... 
, 11 

Cll. 

II """''"'""" ""' .u~• 

---~-,. 

To a stirred solution of compound <2> <SOOmg, 

S l.0411Uaol> in anhydrous dichloromethane <8mL> containing 

pyridine <205mg, 2.6mmol> at -30°, was added dropwise a 

~olutio~ of trifluoromethanesulphonic anhydride <Tf20> 

<36/mg, l.3mmol> in dichloro~ethane <2mL> over a period of 20 

minutes. The reaction mixture was then stirred at -30° for S 

10 h." . ..afi'd. finally evaporated to dryness under reduced pressure. 

15 

The resulting residue was stirred in dry OMF containin~ 

N,N-diisopropylethylamine (194mg, l.Smmol> at ~oom 

~emperature for 16 h. The reaction mixtu~e was concentrated 

unde~ high vacuum to remove OMF. The residue w~s ~hen 

s~irred in ~·two-phase mixture of toluene <5rnL> and water 

<SmLJ containing tetra-n-butylammon1um hydrogen sulphate 

<950mq, 2.8nunolJ and sodium azide <137mg, 2:1mmol>. The 

mixture was stirred at room temperature for 16 h and then 

evaporated to dryness. The residue was partitioned between 
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ayer 

washed su~cessively with wate~ CSIUL x 2>, and then evaporated 

to dryness. The residue was taken up in pyridine <5mL>, 

bubbled.with H2s, and then evaporated to dryness. The 

S residue{ was subjected to flash-colwnn chromotog~aphy <silica 

gel, the first solvent system was ethyl acetate, the second 

solvent system was et.hyl acetate/iso-propanol/H20: S/211>. 

The ethyl acetate eluate contained compound <13> <260mg, 

Sl\>. The fractions wi,th a positive ninhydrin reaction, 

10 collected froJfl. the second solvent system, were combined and 

evaporated to dryness to afford compound <121 <32~9, 6.5\). 

MS. <FAB> I 431 CM+ + 1). 414 CM+ - NH2>. 
1H-nmr .<CDCll + C0300> 6 <ppm> l.96, 2.06, 2.08, 2.09 <s, 

l2H, Acetyl CH3 x 4>, 3.52 (dd, lH, 

15 34
1

3 5.SHz, J4,S 4.Sff%, H4>1 3.80 <s, 3H, COOCH3> 1 4.l6 <dd, 

lH, J6,S l0.2Hz, J 61 7 2.3Hz, H6 ), 4.17 <dd, lH, Jg' ,9-12.4H%, 

J9·,s 7.JH~, H9•>1 4.23 Cdd, lH, Js.6 10.2Hz, 35,4 4.SHz, 

H5), 4.73 <dd, lH, Jg.g·-l2.4Hz, Jg,a 2.7Hz, Hg>, 5.34 (ddd, 

lH,· ~- 7 4.7Hz, Ja 9 2.7Rz. Je 9' 7.JHz, H9>1 S.45 (dd, lH, . , , , 
20 J1,6 2.38~, 31,a 4.7Hz, H7>. 6.12 (d, lH, J3,4 5.SHz, H3>· 

13c-nrnr <CDCl3 + CD30D> 6 <ppm> 20.7 <CH3C<O>O->, 

23.l<CH3C<O>N~>, 43.8<C5 >, 46.2<C4>, S2.4<COOCH3>1 

@035 

62.3CC9l, 68
4
.3, 71.8<C7, C9>1 73.0<C6>,_ lll.5<C3> 1 l43.8<C2>, 

162.4<C1>, 170.~ & l70.8CCH3CO x 4l. \ 

25 Compound _c 12 > was stirred in anhydrous methanol 

<5mL> containing Amberlite IRA-400 <OH-> resin <lOOmgJ at 

room temperature for 3 h. Follo~ing filtration, the 

filtrate was evaporated to dryness. The residue was 

dissolved in water <5:nL> and adjusted to pH13 with O.lM NaOH. 

30 The aqueous solution was stirred at room temperature for 2 hr 

and then neutralized with Oowex SO x a (H•> resin. After 

filt5ation, the filtrate was lyoph1lized eo afford compound 

<14l Cl6m9, 70\), which was positive in the ninhydrin 

reaction. 
-~----·--------

• 
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1H~nmr <D20l 8 <ppm> 2.10 (S, 3H, CH3CO>, 3.67-3.16 (m, 

2H, H4 & H91), 3.92 <dd. lH, Jg,s 2.8Hz, Jg,9 1 -ll.9Hz, Hg), 

3.90-4.02 <m, 2H, H1 & H9>1 4.37-4.44 <m, 2H, H5 & H6>, 5.81 

<d, lH, J3,4 S.14H~, H3>· 

gxample·7 Sodiwn 5-acetamido-4-azido-2,3,4,5-tetradeoxy· 

Q-glycero-D-talo-non-2-enopyranosonate <17>. 

OAc: O 
. AcO.. l~H .o COOMe 
../AcHN: .. · AcO A n TC10/pynd.Ulc/OCM 

OAc N3 

AcO. 1~ .....-rl·O~COOMe 
~cHN::(£.J._j/ 

AcO 

l :? ) N .N .dijscopropylcthyl:att11n~JUMF 
'\1 NaN,1"·8uaN.H.-.OJf"olucpe/H,() 
410 t M HO 

I S 

OH N3 

HO. l_ .A"'\.o'-cooNa · NaOli 
ACHN~ ------

HO 

17 

N;aC IMc/MC"( II I 

Oti NJ 

HO. l_ _......-l 0---coOMe 
AcHN~ 

HO 

I ' 

To a stirring solution of compound c 2 > < 500 mg, L 04 
,., in anhydrous dichlorometha.ne ( 8 mL > containing pyridine 

<205 mg, 2.6 mmolJ at -30°C, a solution of trifluo~omethane-

10 sulphonic anhydride <Tf20> <367 mg, 1.3 PUnol> in dichloro­

methane <2 mLl was added dropwise over a period of 20 

minutes. The rea~tion mixture was then stirrred at 3°C for 5 
h, and finally evaporated to dryness unde~ reduced p~essure. 

Jgio36 

.. .. 

The resu1t\n9 residue was stirred in dry DMF containing • 
15 N,N-diisopropylethylamine <194 mg, l.S mmol> at room 

temperature for 16 h. The reaction mixture was concen~rated 

under high vacuum to remove DMF. The residue was then 

stirred in a two-phase mixture of toluene <5 mL> and water <5 
mL> containin9 ~etra-n-bu~ylamznonium hydrogen sulphate <950 

20 mg, 2.8 mmol1 ~nd sodium azide <137 mQ, 2.1 11\mOl>. The 
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m1.xture lflas sti.rred at room temperat:.ure for 16 h and then was 

dilut.e'Ci with 0.2 M HCl cs mL>. The mixture was stirred at 

room temperature for 48 h. To this react1on mixture ~ere 

added ethyl acetate C50 mL> and 2 M HCl <l 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-chr~toqraphy <silica gel, ethyl acetate/hexane=2/l>. 
I 

The fractions with Rf value of 0.32 <ethylacetate/hexane=2/l 

as developing solvent> W4;!re combined and evaporated to 

dryness to afford compound <15). <40 mg, 8.4\>. The column 
was then eluted with ethyl acetate/methanol=lO/l to recover 

the starting material <2> <280 mg.56'>· Compound <15> was 

~solated as a wh1te foam substance. 

MS <FAB> 457 <M+ +1) I 414 (M+-N3) I 

·15 i. r. <CHC1 3 > cm-1 2108 <-N3 >, 174 8 <carbonyl) 
1 H-~ <CDC13 >, 6 <ppm>l.97, 2.04, 2.06, 2.07 cs,12H, aoetyl 

CHj x 4>, 3.82 <s, JH, COOCH3l, 4.12-4.20 <a. 3H,C6, C4 & 

C9>, 4.Sl <ddd, lH, J5,4 4.4Hz, jS,6 10.7Hz, Js,NH. 10.lHz. 

H5>, 4.69 (dd, lH, Jg,e 2.6H~, Jg,9• 12.4H~, H9>. s.31 (m, 

20 lH, J 8 , 7 4.9Hz, J 8 , 9 2.6Hz, 3 8 , 9 • 7.0Hz, H8 >, s.45 <dd, lH. 

J7,6 2.lHz, J1,s 4-9Hz, H7l, S.68 Cd, lK, JNH,5 10.lHz,CONH> • 
• 6.15 <d, lH, J3, 4 S.7Hz, H3l 

'• 
13~-nmr CCDCl3> 6 <ppm> 
20.7, 20.8, <CH3CO~O x J>, 23.l CO CH3 CO-NH>, 44.8 <C5> 1 

25 52.6 CCOOCH3>1 54.8 <C4>1 62.l <Cg>, 67.6, 71.3 <C7, C9> 1 

73.S tC6>, 104.S.<C3>1 146~3 <C2>, 161.S <C1lr 169.9, 170.2, 

170.S <acetyl, -C=O X 4> 

. 
Compound Cl5> C40 mg, 0.088 Jnmol> was dissolved in 

a_nhydrous methanol < 4 mL' containing sodium methoxide < 6. 4 

·30 m~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 wate:r: (J mL>, 

stirred at room temperature for 2 h, adjusted to pH o•7 with 

35 

Oowex 50 x B <H+> resi~, and then lyophilised to give the 

title comp~und (17> as a yellowish powder <25 mg, 83\>. \ 
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~.r. (ICBr> c:m-1 3400 <br, -OH>~ 2108 c-N3 >, 1714 <carbonyl> 
1H-nmr <o2o> 6 <ppm) 
1.97 cs, 3H, acetyl>, 3.S-4.4 (m, 7H, H41 ff51 H61H71 Ha, Hg, 

& .Hg • ·, , 6,. o 7 < d, J 3 , 4 S • 6Hz , H 3 > 

Exa~._, 8 Sodium S-acetamido-4-N-methylamino-2,J,4.S­

tetradeoxy-~-glycero-Q-qalacto-non-2-

enopyranosonate <20> 

OH 

HO .. ' l~o COONa NaOH 
AeHN . /j -----

HO 
. NHCH3 

. .../ 10 

OAc 

AcO,. 1"'7o"Jr-C00Me 
AcHN~ 

· AcO NHCH3 

l8 

1~· 
OH 

HO, ~~~COOMe 
AcH~ 

HO NHCH3 

1 ., 

Tp a solution of me~hyl iodide c1s mg, 0.10 mIDol> 
and compound <S> <48 mg, O.ll mmol> in aeetonitrile (6 mL> 

10 was added silver .-::arbonate <42 mg, 0.15 rnmol>. The mixture 
was stirred whilst. protected from liqht, at room temperature 
for 16 h. The resultin9 suspension was filtered off, and the 
filtrate was evaporated to dryness. The residue was subjected 

to chromatography <silica 9el, et.hyl acet:.at.e/isopropanol/ 

15 water•S/2/1>. Fractions with Rf value of 0.36 were combined 

and concentrated in vacuum to dryness to afford compound <18> 
C 25 mg, S 1 \ > • 

This Sheet R .B 

llllliiil}~ 

llJ038 

.. 
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MS <FAB> ~4.45 CM++l>, 414 <M+ - NllCH3> 
1H - nmr <.CDCl3) 6 <ppm> 

w THtS SHEET HAS BEEN \l REPLACED 

1.95, 2.os, 2.06~ 2.12 (S, l2H, aee'Cyl CH3 x 4>, 2.45 (S, 3H, 

N-CH3>1 3.72 t'tid, lH, J4,3 2.3Hz, 34,5 9.2Hz, H4>,· 3.89 (S, 

3H, COOCll3>, 4.16 Cdd, lH, Jg~,a 7.2Hz, J9',9 12.JHz, Hg'>, 

4 • 26 ( ddd, lH, J 5 , 4 · 9 • 2H-z, J 5, NH 9 • lHz, J 5
1 

6 9 • OHz, H5 J , 

4 • 3 6 ( dd, lH, J 6 , 5 9 . ·OHz , :J 6 , 7 2 • 7Hz, H6 ) , 4 • 6 4 < dd, lH, Jg , 8 
·2.9Hz, Jg,g' 12.JHz, Hg>, S.34 <m, lH, Js,7 4.SHz, J9,9 

2.9Kz, J·s,9' 7.2Hz, H9>1 S.51 <dd, lH, J7,6 2.7Hz, J1,a 

4.8Hz>, 6.05 (d, lH, J3,4 2.Jffz, H3> 

Compound <18> <25 mq, 0.056 mmol> was stirred in 

anhydrous methanol CS mL> containing sodiwn methoxide <S.4 
mg, _JJ,..l'i :nimol> at room temperature for 2 h, then evaporated to 

dryness to give compound Cl9>, which was redissolved in water 

15 <S mL> and allowed to stand at room temperature for 2 h 
before being neutrali~ed with Dowex 50 x 8 CH+> resin. The 

filtrate was lyophilised to afford compound c2·o> 
<15 mg, 82\>, 

lH-nmr <02o> 6 <ppm> 

20 1.94 Cs, 3H, CH3CO>~ 2.43 (S, 3H, N-CH3>, 3.5~4.J <m, 1H, H41 

H5, H6, H7, H9, Hg & Hg'>, s.•s td, lH, J3,4 2Hz, H3> 

Iii 039 

l . . 
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~ample 9 Sodium S-acetamido-4-N,N-dimeth.fia.sirll~:::ib~d:J~:::=::::!.J 
tetradaoxy-g-9lycero-D-9alacto-non-2-

enopyranosonate <23>. 
OAc 

AcO..,. -~O~COOMe 
Ac:~o:~ /) MeJ/Agplpt,OI 

c N~ . 

s 

OAc 

AcO. -!,~o'il-cooMe 
AcH.~ 

AcO NMe2 

21 

141040 

Ambct11tc IRA .llOO(OK) \ 

5 

10 

01-1 

HO~ ~COONa 
AcHN A ------------

HO 
. NMe2 

NaOH 

lJ 

Mc:OH 

OH 

HO. ~~o"j]-cooMe 
AeH~~ 

HO NMe2 

12 

"l'o a solution of methyl iodide <65 ~g, o.46 mznol> 

and compound CS> <100 mq, 0.23 nunol> in acetonitrile <15 lllL> 

was --'9<1ed s;Llve:r: carbonate (127 :mg, 0.46 mmol>. 'The mixture 

was.stirred and protected from light ~t room temperature for 

16 h. The resule~ng suspension was filtered off and the 

fil~raee was e~aporated to dryness. The residue was 

subjected twice to flash-column chromatography <silica qel, 
ethyl acetate/ isopropanol/water~S/211> to afford compound ' . 
<21> <30 l'l\g, 28'> as a_ colourless foam. 

MS <FAB> 459 <M++l> 414 <M+-N<CH3>2> 
1H-nmr CCDC1 3 > 6 Cppm> 

15 1.98, 2.05, 2.06, ,2.12 <s, 12H, acetyl, CH3 X 4>, 2.33 <br s, 

6H, N<~H3l2l 1 3.42 (dd, lH, J4,3 2.8 H%, J4,S 8.6Hz, H4 >~ 
3.79 cs, 3H, COOCH3l, 4.17 <dd, lH, Jg's 7.4Hz, Jg·,g 12.31i%, 

.Hg">~, 4\.18 <ddd, lH, Js,4 8.Stb., Js,NH 8.9H2,_ Js,6 9.0Hz, 

K5>, 4.31 <dd, lH, J6,5 9.0H~, J6,7 2.9Hz,.H6 >. 4.68 <dd, lH1 

20 J9,9-l.OH2, Jg,9• 12.3Hz, Hg>, 5.31 <m, lH, Ja,7 4.4Hz, Ja,9 
J~~~. J 8 , 9 • 7.4Hz, tt8 >, s.s1 <dd, lH, Ji, 6 2.9Hz, J 7 ,e 
4.4Hz, H7 >, S.79 Cd, lH, JNH,S 8.9Hz, CONH>, 6.09 <d, lH, 

J 3, 4 2. SHz, ti 3 > 

' 111im1nr 
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Compound C21> C30 mg, 0.066 nunol> ~:S:::_:s:'!i~f!&d=:i:n==w:::::::::!J 

anhydrous meth:i.nol <4 mL> containing dry Amberlite IRA 400 

<OH-> resLn <90 mg> at.room temperature for 3 h. then the 

resin filtered off. The filtrate and-washings were combined 

5 and evaporated ~o dryness to afford compound <22> <20 mq>w 

which was stirred in water <5 mL> at pH 12 at room 

temperatu:r:e for 2 h, then was ad.justed to pH 7. S with Oowe:ic; 

SO X 8 <H+> before filtration. The filtrate was lyophilised 

t~ affor~ compound <23> <15 mg, 66t> as a white powder. 

10 1H-~ .<D20> 6 <ppm> 

lS 

1.97 . ..-6, lH, acetyl>, 2.33 cs, 6H, N<CH3 >2 >, 3.so-4.26 <m, 

7H, H4, H5, H6, H7, He, H9 'H9d, 5.71 <d, 33,4 l.8Hz, H3> 

~xampl,U.Q, Disodium 5-ace~amido-4-N-oxycarbonylmethyl­

amino-2, 3,4, 5-tetradeoxy-D-9lycero-Q-galacto-

• non-2-enopyranosonate < 26 >. 

.• /' OH 

HO.. l~o COONa 
AcHN . · /) . ------

HO 
. NHCHiCOONa 

Na.OH 

26 

OAC I 

AcO, 9 ~~O'jf.-cOOMe 
ACHr~ 

AcO S NHCH~OOMe 

1 " 
10 11 

OH 

HO. 1"7oj.,--COOMe 
AcHN~ 

HO . NHCH2COOM~ 

To a solu-cion of methyl a:-bromoacetat.e < J6 mg •. O. 23 

mmol> and compound. <5> llOO mg, 0.23 mmol> 1n acetoni.t.r1le 

<12 mL> was added silver carbonate <64 mg, 0.23 mmol). The . 
~ixtu~e was stirred at room tempera~ure for 16 h whilst 

20 shielded from liqht, then filtered. The filtrate was 

~041 
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evaporated to dryness. The residue vas ch: 
sillGY'gel column cethyl acetate/isopropanol/wa.ters::S/2/1 > • .· 
Fractions with Rf value of 0.60 were collected and evaporated 
to dryness to afford compound <24> C80 mq, 68.S'>· 

1H-nmr <COC1 3> 6 <ppm> 
1.97, 2.044, }-047, 2.11 <s, 12H, acetyl CH3 x 4l, 3.49 CAB, 

2H, JAB 17.6Hz, ffio x 2>, 3.50 <dd, lH, J4,3 2.9Hz, j4,S 
8.4Hz, H4 >, 3.71 <s., 3a,c1100Me>, 3.79 <s; 3H,C100Me>, 4.09 

Cddd, lH, 35,4 8.4 Hz, Js,NH 8.SHz, 35,6 S.lHz,H5>1 ~.17 Cdd, 

lfl, 39·,a 7.4Hz, Jg•,9 12.JH~, Hg•>, 4.32 (dd, lH, J6,5 
8.lHz, ~6 , 7 4.lHz, a 6 >, 4.63 <dd, lH, Jg, 8 3.lHz, Jg,9' 
12.JHz, Hg>, 5.37 cm, lH, J 8 , 7 4.lHz, .J8 , 9 3.lHz, J 8 , 9 , 

7.4Hz, He>, 5.56 Ct, lH, J7,6 4.lff~, J1,a 4.lffz, H7>1 6.03 

(.d, iH, .JNK,5 S.8Hz, CONH), 6.04 Cd, lH, .:r3,4 2.9Hz, H3> 

. _./'. Compound <24> <BO mg, 0.159 mmol> was stirred in 
anhYdrous methanol c20 mL> containing sodiwa methoxide (18 

mg, 0.32 minol> at room temperature for 2 h, then evaporated 
-co dryness to give coll\p~und C26>, 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 CH+> reJin. The filtrate was freeze-dried to afford 

compound (25 > as a white powder < 59 mc;i, 94. 6% >. 

1H-nmr co2o) 6 <ppm> 
2.04 (S, JH, acetyl>, 3.58 CAB, 2H, JAB 17.6 Hz, H10 x 2), 

25 3.so-4~40 <M, 7H, H4, H5, H6, H7, Hg, Hg & Hg•>, S.68 Cd, lH," 

J3,4 2.lHz, H3> 

.• ./' 
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E;JSample l:t, Sodium 5-acetamido-4-N-2•-hydroxye~ Y a i 

2,3,4,5-tetradeoxy-Q-glycero-n-qalacto-non~2-

enoPY,ranosonate <11> 

OH 

HO. lrt;:ro COONa 
AcHN. -----

HO 
NHCH~CH20H 

N:10lt 

19 

01-1 

Ambc:•lt1C' IRA .4fXC011 t 

McOll 

uo 1._.-ro-;;--cooMe 
Ac•tN~ 

HO llfHCH~CH20H 

i I 

To a solution of bromoethanol <158 mg, l.26 nunoll 
• 5 and COlftJ?OUnd <5> (84 mg, 0.195 mmol> in acetonit.rile <10 mL> 

was added silver carbonate <100 mg, 0.36 nunol>. The mixture 

was protected from light and stirred at room temperature for 

7· days. •_Then it was filtered off, the filtrate was 

evaporated to dryness. The residue was chromatographed on a 

10 s11~ gel column <ethyl acetate/isopropanol/water ... s12111.' 

Fractions with Rf value of 0.4 were cmnbined and evaporated 

to dryness to afford compound <27> <40 mL, 40\>. 

MS <FAS> 475 <M++l>. 414 CM+-NHCH2CH20Hl 
1H-runr <CDCl 3> 6 <ppm> 

• 

Iii 043 

15 l.96f 2.os, 2.10 cs, 12H, aeetyl CH3 x 4>, 2.29 <br. s, 2H, ~ 

NH &OH>f ·2.76 <A~, 2H, B10 X 2>, 3.41 <dd, lH, J4,3 2.9H~, 

J 4 ,s 7.SHz, H41, 3.62 <t, 2H, Jll,lO 4.9Hz, tt11 x 2>, J.79 

cs, 3H, COOCH3l, 4~15 <ddd, lH, Js,4 7.SHz, Js,6 Q.4Hz, Js,NH 

8.3H%,' H5l 1 4-19 <dd, lH, J9• ,8 7.Stfa, Jg• ,9· l2.31i2: H9• >, 

20 4.29 (dd, lH .. J6,S 8.4H.2, J6,7 3.8Hz, H6), 4.65 Cdd, ltl, Jg,e 

2.~Hz, J 9 , 9 • 12.JHz, Hg>, 5.36 <m, lH, J 8 , 7 4Hz, Ja, 9 2.9Hz, 

. Js,9' J.Sflz, H5>1 5.55 <dd, lH, J7,6 3.8Hz, J1,a 4Hz, H7>, 

6.08 (d, lH, JJ,4 2.SH~, H3>, 6.09 Cd, lH, JNH~S S.3Hz, CONH> 

iii1~mn1r 
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20.6, 20.8, <CH3-co-O- x 3>, 23.10 <CH3-Co-NH>, 46.5 <C5>, 

47.2 <C10 >, 52.3 <CH3COOCH3>1 55.6 <C4>1 61.1 (C11>, 62.l 

<Cg>, 68.1, 71~1 <C7 1 C8 >, 76.7 <CG>, 111.6 <C3>1 143.7 <C2>, 

162.l <C1 >, 170.1, 170.J, 170.6, 171.0 <acetyl carbonyl x 4> 

Compound <27> <40 mg, 0.084 mJl\Ol> was· stirred in 

anhydrou~ methanol ClO mL> containing dry Amberlite IRA-400 

<OH->· c120 mg> at room temperature for 4 h, ~hen filtered. 

The flltrate and wasb.i.ng·s were co.mbined and evaporated 1:0 

10 dryness to give compound C28>; whi~h was redissolved i.n water 

< iO mL> and adjusted to pH 13 by adding NaOH. The aqueou·s 

solution was lef~ a~ room temperature for 3 ~ before being 

adj~~d to pH 6•1 with oowex 50 x 8 <H+> resin. The 

solution after filtration was lyophilised to afford compound 

15 <29) as a white powder <20 mg 66\>. 

1H-nmr CD20> a· <ppm> 

l.99 ($., 3H, ,acetyl>, 2.91 (AB, 2H, a10 x 2>, 3.53 - 4.25 <m, 

9H, H4, H5, H6, H7, H9 1 Hg, H9'1 H11 X 2>, 5.65 Cd, JJ,4 2.24 
H-z, H3> 

• 
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1xarnplg 12 Sod~wn 2 1 -3-dideoxy-g-glycero-_­

enopyranosonate (35> ... 

H .. /Mc:OH 

lO 

• 

.OAc 

AcO.: l 
:-

Ac()' ~COOMe 
AcO OAc ------

N.10Me/Mc011 

,Ql-4 

HO...._~COOMe 
HO: /J 

.:: 
HO' OH • • 

]4 

.n 

\ ~1,coc• 
OAC OAc 0 

~="· 
OAt.: 

lZ 

compound < 30 l < 332 m9, l. 24 nunol >-"'as stirre·:I in 
• 

anhyd~ous methanol <40 mL> containing _oowex SO x 8 <H+> resin 

S <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\>, .,,hich was stirred in acetyl chloride 

<S mL> at room temperature for 3 days than evaporated to 

d~~y;riess to afford Compound <32> <539 mg; 1.057 mmol, 93.6\l. 

to The residue "'as dissolved in acetonitrile <20 mL> containing 

silv~r nitrate <500 mg, 2.94 nunol) and potassium carbonate 

' li!045 
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(9~ ~g, 0.65 npol> protected from light and stirred at room 
temperature for 16 h, then filtered. The filtrate was 
evaporated to sJtl&ll _voluine and partitioned betwee" ethyl 
acetate <75 mL> and water <15 mL>. The or9anic layer was 

5 washed with watex- <10 mL x 3> and evaporated to dryness. The 
residue was chromatoqraphed on silica gel colwnn (ethyl 
acetate/hexane=211> to afford pure compound <33> <200 mg, 
0.423 mmol, 40•>. 

10 

lS 

lH-nmr (CDCl3> 6 Cppm> 
2.06~-2.070, _2.073, 2.094, 2.096 Cs, lSH, acetyl CH3 x 5>, 
3.80 (S, 3H, COOCH3>, 4.19 <dd, lH, Jg,e 5.9Hz, J9 1 ,9 12.JHz, 
Hg'>, 4.33 Cdd, lH, J6,S 9.4Hz, J6,7 3.0Hz, H6>1 4.57 Cdd, 
lH, 39

1
9 l.9Hz, 39,9' 12.lliz, Hg>, 5.20 <dd, lH, 35

1
4 7.0Hz, 

J 5 , 6 9.4Hz, Hs>i s.38 tm, lH, J 8 , 7 s.1Hz, J 8 , 9 l.9H~, J 8 , 9 • 
S.9Hz Ha>, 5.49 <dd, lH, J7,6 3.0Hz, J1,a S.lHz, H7>, 5.57 
Cdd, lH, J 4 ,l 3.l~z, J 41 5 7.0Hz, H4l1 S.97 <d, lH, JJ,4 
3.lHz, H3 > 

Compound (33> <100 mg, 0.211 mmol> was stirred in 
anhydra.us ·methanol <10 mL> containing sodium methoxide <24 

20 mq, 0.423 :nunol> at room tempera~ure for 3 h, then evaporated 
to dryness to afford compound (J4> CSO m9, 90\), which was 
redissolved in water <S mL> and left at room temperature f°or 
l h b~f~re adjusted to pH 7 with Dowex SO x 8 <H+> resin. 
The solut~on was freeze-dried to.give compound <35> C47 mg, 

25 91~· 

30 

1H-nmr co2o> 6 <ppm> 
3 • 6 9 . ( dd, lH,. jg , e s . 6Hz, j 9 • 9 12 • OHz, Hg t ) I 3 • 7 6 ( dd, 1 H. 
Js,4 7.8H~, ~5,6 10.SHz H5l, 3.87 - 3.99 (m, 3H, H7, Ha, Hg>, 
4.13 (d, lH, J6,S 10.SHz, H6), 4.40 <dd, lH, J4,3 2.JHt, J4,s 
1.8Hz, H4>; 5.67 <d, lH, J3,4 2.3Hz H3 > 

li!048 

. ' 
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Exa.m"Qle 1.3- Sodium. 4,S-O~amino-2,J,4, - etra e 
glycero-Q-galacto-non-2-enopyranosonate <38> 

OH OH 

HO 1....--70"//"coo 
'H2N~ 

1-tO NH~ 

HO .. ~· o coo· 
AcHN.: .. 

HO NHa 

• Hcac ,,, 
6 

Ott 

HO, l~o COONa 
. HiN . /j ------

HO 

Na OH 

NH2 

)8 

A so1ution of compound <!> <125 m9, 0.40 mmol> in 
hyd~azine hydrate cs mL> under argon was heated at ss•c for 3 

5 days, and tl}e resulting mixture was vacuum e~aporated to 
dryness. The residue was dissolved ~n water <lS tnL> and · 

passed through a ~olwnn of Amberlite IRA-400 <HCOO->, then 
eluted with l.~ M HCOOH. The eluate <200 mL) was evaporated 
to dryness. The residue was chromatoqraphed on silica gel 

10 deactivated with 10\ water <developing solvent: 

isap:ropanol/wa~er • 411>. The fractions with Rf value of 0.1 
were combined and.evaporated to dryness, then free~e-dried. 
The residue, compound <36>, was dissolved in water ClO mL>, 
passee through a small column of Amberlite IR-48 coH-l<lO 

15 m!j?· The effluent was evaporated to dryness to give compound 
<'37 >, MS <FA8> o~ which was 249 <M+ +l >. Compound < 37) was 

dissolved in water and adjusted to pH 7.5 with 0.1 M NaOH, 

then freeze-dried to afford compound <38> c20 mg, 20\> as a 
white powder. 

111r111nr· 

Ill 047 
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J.01 <dd,, lH, J5,49.7H~. Js,6 l0.2Hz, H5>1 3,58 (m, 2H, Hg, & 

H7>, 3.a~WJ.89 Cm, 3H, H4. Ha, & Hg>. 4.06 Cd, lH, J6,5 

10.2Hz, H6>• 5.54 <d, la, J3,4 2.4Hz, H3> . 

Methyl 5-acetamido-2,3,5-trideoxy-9-<p­

toluenesulphonyl>-12::.glycero-D-9alacto-non-2-

enopyranosonate C39>. 

A solution made up of methyl S-aceta.mido-2,3,5-

trideoxy-D-9lycero-D-qalacto-non-2-enopyranosonate <1000 mg., 

10 J.16 mmol> .in dry pyridine <85 roL> was cooled .in an ice-bath. 

p-Toluenesulphonyl chloride <660 mq., 3.46 mmol> ~as added 

and ~he pale yellow homogeneous solution left to stir 

overni~ht at 4°c. 

15 

20 

Further p-toluenesulphonyl chlor~de <220 m9., 1.15 

mmol> wa• added and ·the solution left to stir for an 

additional 4h at room temperature • 

Workup was first by addition of wate~ <l mL> 

followed by rotary evaporation to afford a ~iscous yellow oil 

~hich w~s flash chromatographed csio2 , EtOAc/i-ProHIH20 1 -

6/2/1,v/v/v) to gi~e as the major product 1.19 q. <80' yield> 

of compound <39>. 
· _ _,/ 

i -1 .r CKBr> : Vmax <cm ) 2964 (OH>, 1730 CC02CH3>r 1656 

<NHAc>, 
1358, 1174 ($02>1 810, 662, sso (Arl 

25 MS <FAB>; 460 (M+H+> 
1H nmr <lOO•MHz, C0300/TMS>; 6 <9prn> = 2.03 (S, 3H, NHAc>, 

2.45 ts, 3H, ArCH3>1 3.49 <d, lH, J6,71.70, HG>, 3.76 <s, 3H, 

C02CH3 >, 
3.91 Cdd, lH, Js,6·10.80, H5J, 3.98-4.13 (m, 3H, H91 Hg and 

30 Hg. ) I 
• 

4.28 {dd, lH, J7,8 9.55, H7>, 4.39 (dd, lff, J4 158.64, H4 >, 
S.92 

Cd, lH, J3,4 2.49, H3>,· 7.74 <d, 2H, Arff>, 7.7~ Cd, 2H, ArH> 

IZJ048 

. ~ 

.• 
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Methyl S-acetamido-9-azido-2,J,5,9-tetradeoxy­
y-glycero-R-9alacto-non-2-enopyranosonate <40) 

Methyl S-acetamido-2,3,5-trideoxy-9-<p­
toluenesulphonf 1 > -D-9l.yce.ro-,n-9alacto-non-2.-enopyranosona te 
<39> <600 mq., 1.27 mmol> and lithium azide <186 mq., J.80 
:mmoll were dissolved.in dry DMF <20 mL> and. the yellow 
homoqenous solution heated to so0 c. After ~ h, further 
li~i.um azide Cl86 mg., J.eo mm.ol> was added and the solution 
lef~ at eo0 c overniqht. The solvent was removed by rotary 
evaporation and the remaining dark brown oil dissolved in 
pyridine ~2 mL> and flash chromatog~aphed <Si02, 5/2/l 
EtOAc/i-ProH1H201. The major product was compound <40> <370 
mg., 88\ yield> obtained as a white foam. 

_/ 

i.r.<lCBr>z~ma.x <cm-1> 3428 <s,OH>, 2104 cs, N3 >, 1730 <s; 
15 C02CH3> 1 1656 cs, NHAc> 

MS <FAB> : 331 CM+H+> 
lH mar <JOO MHz, n20>: 3 Cppml = 1.94 <s, 3H, NHAc>, 3.37 
<dd, lH, H9 ' >• 
3.48 - 3.57 cm, 2H, J 8 , 9 , 5.71, H8 and Jg,g' 13.16, Hg>, 3.66 

20 cs, 3H, co2cH3 >, J .91 - 3. 98 <m, 2H,- a 5 and Hs ~, 4. is cd, lH, 
J1,s 10.86, H7>, 4 •. 38 <dd, lH1 .14

1
5 8.88, H4>1 S.91 <d, lH, 

25 

. J3,4 2.44, H3 > 
• 

Example 16 Methyl S,9-diacetamido-2,3 1 5,9-tetradeoxy-~­
glycero-Q-galacto-non-2-enopyranosonate <41>. 

Thiolacetic acid <130 mL, 1-82 mmol> was added to 
meth~ S-acetamido-9-azido-2,3,5,9-~etradeoxy-D-glycero-0-

9alacto-non-2-enopyranosona~e <70 mg.,0.21 mmol> to qive a 
pale yellow solution that was left to s~ir overnight at room 
temperature. 

30 E~cess thiolacetic acid was then evaporated off 
Qnder low pressure and the remaininq solid repeatedly treated 
with water follo~d by evaporation <3x3 mL>. The remaining 
solid was dissolved in methanol <4 mL>, filtered and the 

~049 
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_ 44 -t===R=EP=L=A=C=E=D==::il .. 
filtrate applied to a preparative tlc plate <Si02, 20 cm. x 
20 cm. x 2 1Dftl. eluted with 512/1 EtOAc/~-PrOH/H20>- The band 
with Rf=0.•47 was worked up to qive Sl mq. <70\ yield> of 
compound <41> as a white powder. 

. .-?. 
1.r. ·<nBr> :· 

(S, NH.Ac> 
MS <FAB> : 347 (M+H+> 
lu runr <300 MHz, o2o> : 6 <ppm> • 1.96 <s, 3H, NHAc>, 2.00 

<s, JH, NHAc>, 
3.23 (dd, 1H, 1Hg'>, 3.48 Cd, lH, H5> 1 3.56 <dd, lH, 39

1
9' 

14.17, H9>1 
3.75 <&, 3H, C02CH3), 3,89 Cm, lH, Ja,9 2.90, J9,9• 7.40, 

Ha>, 4.02 (dd, lH, Js, 6 9.10, H5 >, 4.22 Cd, lH, J1,s 10.85, 

·H7 J, 4.4S <dd, lH, J4,5 8.94, H4) I S.61 <d, lH, J3,4 2.47, 

H3 >; 

~xample 17 S,9-diacetamido-2,3,S,9-tetradeoxy-D-glycero-Q­

g@laeto-non-2-enopyranosonic acid <42>. " 

J. The preparation of compound (42> from compound <39> 

is summarized below: 

OH 

TsO... 1~0'""-;r-COOMe 
AcHN.: ...J..-r-.....} . 

HO 4 OH 

OH 

N3.. l~o COOMe l.iN-.n .. uc1aA•(." v..,,,,.....,°', AcHN · A 

lP 
HO OH 

40 

OH . OH 

AcHN.. 1........,;.,--0~coo•-t 11011 AcHN. l~o"'j,-COOl\Ae 
AcHN~ ------ AcHN~-..JJ 

HO OH HO OH 2) H' 

.J· 4! 

• iloso 
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~ solution of methyl S,9-diacetamido-2,3,5,9-

tetradeoxy-D-gllycero-R-9alacto-non-2-enopyra~osonate <41> <46 

mg., 0.13 mmol> discolved'in O.lM aq. sodium hydroxide <5 mLl 

was stirred at room cemperature for 2.5 h. The solution was 

s then adjusted to pH s.with oowex sow-xa <H+>, the resin 

filtered off and the filtrate lyophilized to give 40 ntq • . 
<91\ yiel~> of compound <42> as a white powder. 

i .. r. <.KBr> : "max <cm-1 > 3376 <s, OH>, l652 cs, NHAc> 
Ms· (FAB> t 333 CM+ir+> 

10 1H runr (300 MHz, D20> : & <ppm> d l.89 (S, 3H, NHA.c>, 1.93 

. ( s , "3.!Y'' NHAc ) , 

3.15.<dd,· lH, Hg•), 3.40 (d, lH, 86>, J.48 (ddf' lH, 39
1
9' 

14.18, Hg># 
3.82 <~, lH, J 8 , 9 J.01, J 8 , 9 , 7.43, H8 >, J.94 <dd, lH, J 5 , 6 

15 10.42, H5>, 4.13 <d, lH, J7,s 10.91, H7>, 4.36 <dd, 1H, J4,5 

s~so, H4>1 S.fl <d, lH, 33,4 2.41, H3> 

Methy~ S-acetam~do-9-cyano-2,3,5,9-tetredeoxy­

Q-qlycero-~-qalacto-non-2-enopyrenosonate <43> 

20 • A solution of methyl 5-acetamido-2,3,S-trideoxy-9-

25 

<p-toluenesulphonyl>-~-glycero-D-qalacto-non-2-

enopyranosonate <39> (80 mg~, 0.17 mmol>, tert-butylammonium 

cyanide ,(2 mg> and sodium cyanide <12 mg., 0.25 IUll\ol.> in dry 

DMSO <1.25 mL> was $tlrred at room temperature for S days. 

_,/ 
Workup by ~rep~r~tive thin layer chromatography 

<Si02 , 20 cm. x 20 an. x 2 mm. eluted with EtOAc/ i­

Pr0HtH2o, 5/211> gave as the major component 30 mg. <61\ 

yield> of .compound <43> as a cream coloured powder. 

CRt=0.74>. 

JO i.r.<KBR> : Vmax <cm-1 > 3440 Cs, OH>, 2256 (w, CN>. 1126 <s, 

C02CH3 >, 
1638 Cs, NHAc) 

MS <FAB> : 315 <M+H+> 
1H runr· < JOOmHz. 020> : 6 <ppm> = l. 92 <s, JH, NHAc >, 2. 75 

li!051 
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td.d, lH, 'Kg' ) I 

THtS SHEET HAS BEEN 
REPLACED 

2.93 <dd,. lH, Jg,g•l7.22, Hgl 1 3.SS <dd, lH, J6,7 1.17, H6>• 
3.67• ~ 3H, C02CH3>1 4.02 <dd, 1H, Js,6 9.o_s, H5>1 4.13-4.19 

Cm, 18, Ja,9 3.91, J9,g16.S6, H9>1 4.16 (dd, lH, J1,s 10.90, 
H7> 1 4.37 (dd, 1H,J4 , 5 8.95, H4> 1 5.90 Cd, lH, J3,4 2.42, H3> 

1xample 19 5-Acetamido-9-cyano-2,3,5,9-tetradeoxy-~­

glycero·-g-ga lacto-non-2-enopyranosonic acid 
• (44). 

The methodology used to prepare 5-ace~amido-9~ 
10 cyano-2,3,5,9-te~radeoxy-D-glyeero-a-galac~o-non-2-

·enopyranosonic acid c 44 > is summarised below:. 

OH 

rs0.. . l~o-;,-cooMe 
· AcHN~ 

HO OH 

DMSO/Sdayi: 
39 

• 

OH 
N c. 1..........,-o"';r-COOMe 
AcHN~ 

HO OH 

OH 

NC. l~O~cOOli 
AcHN~ 

HO (\H 

Methyl S-acetamido-9-cyano-2,3,5,9-tetradeoxy-~­
glycero·-Q-galacto-non-2-enopyranosonate <43 > t 80 mg., o. 25 
nunol> was dissolved in O.lM aq. sodium hydroxide (10 lftL> and 

15 th~e$ultant solution stirred_at room ~emperature for 3 h. 

The pH was then adjusted to 4 with Dowex 
SOW-XS<H+>, the resin fil~ered off and the filtrate 
lyophilized to give 15 mg <98\ yield> of compound <43> as a 
fluffy white powder . 

• 

iiiir1m1r 

~052 

. . . 

·' 
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i.r. CKBr> : ~max (CJD-1> 3370 <s,OH>, 2254 <w, CN>, 1656 <s, 

NH.Ac> 
MS CFAB> t 301 <M+H+> 
lH runr <300MHz, 020> : 6 <ppm> = 1.98 (S, 3H, NHAC>, 2.70 

5 (dd, 1H, Hg'>, 

10 

2.8.8 ~dd,. ,lH, Jg,g• 17.27, Hg>r 3.48 (d, lH, H6>, 3.97 <dd, 

lH, Js,G 9.84, H5>, 4.09-4.24 (m, 2H, H7 and H9;J8,9 
3.9o.ja .g• 6.53>, 4.41 (dd, lH, J4,S 8.87, H4>1 5-80 (d, lH, 

JJ,,4 ~2 ,. H3> . 

Example 20 Inhibition of Influenza Virus Neuraminidase 

An in vitro bioassay ot t~e above-described 

compounds agai'hst N2 influenza virus neuraminidase was 
conducted, following warner and O'Brien, Biochemistry, 1979 

lJ. 2783-2787. For comparison, with the same assay the Ki for 
15 2-deoxy-N-acety-&-~-neuraminic acid was determined to be 3 x 

10-4: M. 

. Values for K1 were measured via a 
spectrof luorometric technique which uses the f luoroqen1c 
substrate 4-methylwnbelliferyl N-acetylneuraminic acid <MUN>, 

· 20 as· described by Meyers n. .!.!- , Anal. Biochem. 1980 101 166-
174. For both enzymes, the assay mix~ure contained test 
comp~d at several concentrations between 0 and 2 mM, and 
approximately 1 mu enzyme in buffer <32.S mM MES, 4 mM CaCl2, 

25 

pH €.5 for N21· 32.5 mM aceta't.e, 4 mM CaC12 , pH S.S for :3!.=,. 

cholerae neuraminidase). 

The reaction was started by the addition of MUN to 

final eoncen~ations of 75 or 40 ~M. After S minutes at 
37°C, 2.4 ml O.l M glycine-NaOH, pH 10.2 was added to O.l ml 
reaction mixture to terminate the reac~ion. Fluorescence was 

. . 
30 re~d at excitation 3.65 run, emission 450 nm, and appropriate 

MUN blanks (containing no enzyme> were subtracted from 
• 

reading~. The Ki was estimated by Dixon plots 
<llfluorescence versus coapound concentration>. ~esults are 

sumanarized in Table 1, and unless otherwise stated, refer to 
JS inhibitibn of N2 neuraminidase. ~~--~~~~~~~ 

Ill 053 



table l 

Inhibition of Influenza Virus Neuraminidase .l!l Vitro 

Compound \. 

2-deoxy-N-acetyJ:--o<-R-neul:'aminic acid 

·\. 

. ' 

5 sodium 5-acetamido-4-azido-2,3,4,S-•etradeoxy-n-alYcero-Q-galacto-non-2- •. 

10 

15 

~ -en 
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el 
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- -

IYc...itll 4 
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2 x 10-6 

6 x 10-8 
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5 

10 

15 

~ -u;· 
iiiiiiiiCl.l 

=r = ... -::c: =!}l 
=~ 
-§ 

4.5 x 10-4 

<Y.:. cbolerae neuraminidas~i pH 5.8> 

l 
!!!!!!!!!!~ 

Et . 

.,. . > 10-2 

<she~ neura~inidase; pH 4.SJ 

sodium 5-acetamido-4.r-N,N-diallylamino-2,3,4,5-tetradaoxy-~-alycero-~-
. . 

galacto-non-2-enopyranosonate <9> 

sodium 5-acetamido-4-N-allylamino-2,J,4,5-tetradeoxy-Q-qlycero-Q­
galacto-non~2-enopyranoonate <11> 

Methyl 5-acetamido-7,9,9-tri-O-acetyl-4-amino-2,J,4,5-tetrade~xy-n­

qlycero-Q-talo-non-2-enopyranosonate <12> 

Methyl 7,8,9-tri-O-acetyl-2,3,5-trideoxy-4',5'-dihydro-2'-methyl­
oxazolo (5,4-dl Q-qlycero-Q-ta1o-non-2·enopyranosonate (13> 

sodium 5-acetamido-4-amino-2,3,4,5-tetradeoxy-Q-glycero-~-talo-non-2-
enopyranosonate (14> 

Sodium 5-acetamido-4-azi~o~2,3,4,5-tetradeoxy-g-glycero-Q-talo-non-2-
enopyranosonate <17> 

- -

4 x io-6 

2.s x io-0 

cN2 and N9 neuraminidase> 

approx. J x io-3 

3 x 10-S 

l x 10-7 

tN2 and N9 neuraminidase ' 

2.8 x 10-S 
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Sodium S-acetamido-4-N-methylamino-2,3,4.5-tetradeoxy-Q-glycero-Q-
galacto-non-2-epopyranosonate C20> . '· . \. 

Sodium 5-ace tamido- 4 -N, N·-dimethy1amino-2, J, 4, 5-tetradeoxy-Q-g lycero-Q-. 

qalacto-non-2-enopyranosonate (23> .. .. 
5 Methyl. 5-acetamido-4-N-methoxycarbonylmethylamino-2,3,4,5-tetradeoxy-~­

. glycero-Q-galacto-hon-2-enopyranoson~te C25> 

Sodium 5-acetamido-4-N-2'-hydroxyethylamino-2,3,4,5-tetradeoxy-Q-qlycero­
Q-qalacto-non-2-enopyranosonate <29> 

l.15 x 10-6 

\ 
7 x 10-7 

41> 

7 x io-6 

1.6 x 10-6 

tN2 and N9 neuraminidase> 

10 

15 

Sodium 2,-J-dideoxy-Q-glycero-.Q-galacto-non-2-enopyranosonate <35> 

Sodium 4,5-0iamino-2,3,4,S~tetradeoxy-Q-qlycero-Q-galacto-non-2~ 

enopyranosonate <38> 

Methyl 5,9-diacetamido-2,3,5,9-tetradeoxy-.Q-glycero-D-galacto-non-2· 
enopyranosona te < 41> 

S,9-diacetamido-2,3,5,9-tetradeoxy-Q-glycero-~-galacto-non-2-

enopyranosonic acid C42> 
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Methyl S-acetamido-9-cyano-2,3,5,9-tetradeoxy-D-glyce
ro-D-galacto-non-2~ 

enopyranosonate <43> 

.:;-Acetamido-9-cyano-2~3~,9-tet~adeo,xy;-l!-qlycero-!2-galac:to-no~2-
enopyranosonic acid ·c44> ~ 

g =U> ga 
• n ~ 

;:r:: 
~ 
~ n 
9 

!!!!!!!!!~ 
~ =--g_ 

• 

-

• 

-
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Inhibition of lnfluen~a Virus 

Vitro 

THfS SHEET HAS BEEN . 
REPLACED • 

_;/. Inhibition of inf1uenza A/Singapore/l/57 <H2N2> and 

lnf luenza B/Victoria/102/85 replication in vitro was measured 
by reduction of viral plaque formation in Madin Darby canine 

kidney CMDCK> cells 

Monolayers of confluent MOCK cells, grown in six • well tissue culture plates, were inoculated with 0.3 ml of 
virus di1uted to giv~ about 50-100 plaques/well. V1rus was 

10 diluted in serum-free minimal essential medium <KEM> 
containing 2 µg/ml N-tosyl-1-phenylalanine chloromethyl 
ketone CTPCK> treated trypsin <Wor'thington Enzymes>, and ~est 

compound: 

Virus was adsorbed at room te~peratu~e for one 
15 h~ur,·an~ the cells then overlaLd with defined cell culture 

med:ium, version 1 <OCCM-1) /agar overlay containing test 

compoun4, 4 ml/well. OCCM-l is a serum-free complete cell 

gro~medium <Biological _Industries>, to.which TPCK treated 
ti;ypsin and DEAE-dextran to a final concentration of 2 pg/ml 

20 and 0.001\ respeeeively. were added. .Agar CSI> <Indubiose> 
was diluted 1:10 in the overlay before being added to the 
plate. 

One' overlaid, plates were incubated at 37°C, S' 
C02 for 3 days. Cells were then fixed with 5' 

25 glutaraldehyde, stained with carbol fuschin and the viral 

plaques counted. Results were as follows: 
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TABLE 2 

compound 

$.odium ·5-..l\cetamido-4-amino-2, 3, ~\-tet~~deox:r.-l!­
g l~cero-Q-qa lac to-non-2-enopyranosona te 
( 4-amino-Neu5Ac2en > .< 6 > 

Sodium 5-Acetamido-4~amino-2,3,4,S-t&tra deoxy-Q­
qlycero-.Q-talo-non-2-enopyranoscnate <14>. 

Amlnonium 5-Acetamido-4-guanidino-2,J,4,S-tetradeoxy­
g-qlycero-Q-galacto-non-2-enopyranosonate <7> 

Sodium_ 5-acetamido-4-N-2'-hydroxyethylamino-2,3,4,5-
tetradeoxy-Q-qlycero-Q-galacto-non-2-enopyranosonate <29l 

Sodium 5-acetamido-4-N-allyl-N-hydroxy-2,3,4,S-tetradeoxy­
g-qlvcero-Q-galacto-non-2-enopyranosonate <45> 

15 Sodium 4,S-Diamino-2,3,4,5-tetradeoxy-~-qlycero-Q-galacto­
non-2-enopyranosonate <38> 

-

• 

-
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Sodium 5-acetamido-4-N-allyl-N-hydroxy-2,3,4,5-
tetradeoxy-R-qlycero-D-galacto-non-2-enopyranosonate <45> can 

readily be prepared from compound Cll> described in Example 

S, using oxidation lftl\'lthods • 

• 
£xample 22 .!n Vivo Anti-Viral Activity 

~he compou~ds of Examples 2,3 and 6 <4-amino, 4-

quanidino and 4-epi-~mino>, as well as the compound DANA <2-

deoxy-N~acetyl-«-D-neuraminie acid>, which was shown in 

Example 20 to have anti-neuraminida~e activity in ~itro, were . 
10 tested for anti-v~ral activity in a standard in vivo assay. 

When.admi.ni.stered intranasally t~ mice before and during 

challen9e with influenza A virus, these compounds reduced the 

titr~f ~irus Ln lun~ tiss~e l to 3 days after infection. 

· Mice were infected intranasally with 50 ~l of 103 

15 TCin50 units/mouse of H2N2 influenza A virus (A/Sing/1/57>. 

20 

The test compound was admioni.stered intranasally at a dose 

rate of e~ther 12.S or 25 mq/kq body weiqht <SO ~l of aqueous 

solution/mouse> as follows: 24 hours and 3 hours before 
• infection; 3 hours after ~nfection then twice daily on each 

of day& l, 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 lunqs removed and virus titres in the lungs 

25 measured. The titres were plotted graphically and expressed 

~s the percentage area under the curves CAUC> compared to 

those for untreat~d mice. _Results are swmnarized below. 

_,,/ 
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Table l 
.. 
~ 

Ef f.icacy in Influenza Virus Infected Mice 
. 

~ 
4D 
GI 

~ ~ ... ,Z 

Experiment ·~ompound 
Dose 'AOC· 

.... .... 

'· 
... c 

\. I .. 
5 Number Cmq/kg body weight) .... ... 

"IJ· 

~ 

1 Sodium S-Acetamido-4-amino-2,J,4,S- GI 

• 
.... 

• 
tetradeoxy-R-qlycero-D-galacto-non-2- • Col 

enopyranosonate C4-amino-Neu5Ac2en> ( 6) 25 . 0.06 4D 
NI ... 

10 Amantadine 2S o.oa c:.t 
OD IJ' 

DANA 25 0.18 
Col ..... 

~LJ 

~ 

2 Anunonium 5-Acetamldo-4-quanidino-2,3,4,5- ~ 

tetradeoxy-Q-glycero-Q-galacto-non-2· ' ~ffl 

15 enopyranosonate <7> 12.5 0.03 t: ~t1 
I 

,... 

Ribavirin 25 29.8 ~ 

,Amantadine 25 0.2 ~ 
~ 

12.S 0.03 • 
DANA 12.5 2.0 

n 
0 

20 

3 Sodium 5-Acetamido-4-amino-2,3,4,S- -i 

tetradeoxy-Q-glycero-Q-talo-non-2-
~ 

~ 
(/) - .... :0 (/) a enopyranosonate <14> 12.s 

Cl> 

~ 21.1 !B~ 
(11 ,-m 

Amantadine 12.s --=~ 8.8 .:J> -i > 

25 
12.5 r o:c f8 

DANA 
.. 48.0 m::r> ---=IJ:I c (/) g 

~!I a:J .... 
~ 

m 0\ 
z ... 

S" 
(') 

- a. I 1§1 

- c - GI .... 
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All three compounds tested showed qrea er potency 
than DANJ't. 

Examoie 23 The following formulations are representative 
of compositions according to·the invention: 

AQUEOUS SOLQ1ION 
J' 

Compound of fo:cnula <I> 
Benzalkonium chloride 
Phenylethyl alcohol 
Purified water 

• 
AOUEQUS COSOLVENT SOLUTION 

Compound of f oxmula ("1) 

aenzalkoqium chloride 
Polyethylene glycol 400 
Propylene glycol 

· Purified water 

A~BQ~OL FQRHDLlttION 
.. /; 

Compound of formula <I> 
\ 

Lecithin 

Propellant 11 
Propellant 12 

• 
QRY POWDE8 [ORMO~TJ;ON 

Compound of formula (.!) 

Lactose 

\ W/W 

10.0 

0.04 
0.40 

tO 100\ W/W 

\ W/W 

10.0 

0.04 

10.0 

30.0 

to 100\ w/w 

% w/w 

7.S 
0.4 

25.6 
66.5 

' w.w 
40.0 
60.0 

These fol:ll\ulations are prepared by admixture of the 
Qctive ing~edient and excipients by conventional 

· 30 pharmaceutical methods: 

• 

\ 
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l'.t will be ·clearly understood that ·the-:~t.t:on---tn 

its qeneral aspect is.not 1imited to the spee~fic details 

referred to hereinabove. 

__ ,/ 

• 
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original claim 13 canoelled-: 

CLAIMS: original claims 1.3.7 and 12 amended: 
new claims 10. 13-15, 19 and 24-37 added: 

· other claims unchanged ( 9 pages)] 

• A compound of formula (I) or formula (Ia) 

(I) (laj 

where in qeneral formula (I), A is oxyqen, carbon or sulphur, 
a~d i~eneral formula (la), A is nitroqen or carbon; 

. R1 denotes COOH, P(O) (OHh, NO:v SOOH. S03H, 

tetrazol, CH~CHO, CHO or CH(CH0) 2, 

R2 denotes H, OR6 • F, Cl, Br, CN, NHR6 , SR6 or CH:!X, 

wherein X is N¥R6, hal09en or OR6 and 

R6 ·is hydroqen; an acyl 9roup having l to 4 carbon 

atolllS; a linear or cyclic alkyl group having l to 6 carbon 
atoms, or a halogen-substituted analogue thereof; an allyl 
qroup or an unsubstituted aryl group or an aryl ~ubstituted 

by a hal~qen, an OH group~ an NO: group, an NH: group or a 

COOH qroup, 
·R3 and. R3' are the same or different, and each 

denotes h~dro9en, CN, NHR6 , N.3 , SR6, =N-OR6, OR6 , 9uanidino, 

I 

. 6 
NR2 -NH-N-R6 

CH~­/ . 
.... . . ... 

\ 

~~ 
\'·-··/ 
'·-~ 

,y .. 
. , . . } 
. ,· - '1 

,·-r' 11111111111111 11111 1111111 1111 
* C L ~ S * 

R..i denotes NHR(., SR6 , OR6 , COOR6 , NO:, c ( R6 ) ~, 

Cl'f:COOR6 , CH~NO: or CH:::NHR6 , and 

· R5 denotes CH:? YR6 , CHYR6cH2 YR6 or CHYR6CHYR6CH::? YRI:', 

where Y is o, S, NH or H, and successive y moieties in an P.5 
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and pharmaceutically acceptable salts or 

derivatives thereof, 
.provided that in qeneral formula (I) 

(i) when R3 or R3' is oR6 or hyaro9en, and A is 

oxyqe~or sulphur, then said compound cannot have both 
(a) an R2 that is hydrogen and 

(b) an R4 that is o-acyl or NH-acyl, and 

(ii) R6 represents a covalent bond when Y is 

hydrogen# and that in qeneral formula (Ia), 
( i) •when R3 or R3• is OR6 or hydrogen, and A is 

nitrogen, then said compound cannot have both 
(a) an R1 that is hydrogen, and 

(b) an.R4 that is NH-acyl, and 

(ii) R6 represents a covalent bond ~hen Y is 
I 

hydroqen •. 

2. A compound as claimed in Claim 1 wherein the 
compouJ\(i is a compound of formula (II) 

HO OH 
j O ('OOH 

~·"····q1 ,,. 
CH3CO.NH..,. :. I 

~ R~ 
R3 : 

• 

tll) 

wherein R3 is hydrogen or R'' and Rr is -N3, -CN, -CH2NH2, or -

N.R8.R9 ; 

R1 and R9 are· the same or different, and each 

denotes hyproqen, a linear or cyclic alkyl qroup of 1 to 6 

carbon atoms, an acyl or substituted acyl qJ:oup of 1 to 6 
carbon atoms, -C.(NH).Nff~, -CH:.COOH, -CH:-CH:-OH or 

-CH~.CH. (R'~> (R11) I 

a'0 and Ru may be the same or different, and each . 
denotes oxy9en or R12N=, and 

.. / Rll denotes hydrogen, -OH, -OCM3 , -NH:z, or 

(CH3hN-

,. . 

. " 
t 

.. 
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5 

or a pharmaceutically acceptable salt or 
derivative.thereof. 

3. A compound as claimed in Claim l or Claim 2 
wherein R3 is NHR4. 
4. A compound as claimed in any one of Claims 1 to 3 
wherein R3 is 

NH 

II 
NH2 or NH-C-NH2. 

10 ·5. ·; A compound as claimed in Claim 1 and selected 
f~om the group consisting ot:-

_,/. Sodium S-aoetamido-4-azido-2,J,4,5-tetradeoxy-Q-

91YCero-R-qalacto-non-2-enopyranosonate (4-Azido-
NeU5AC2en); 

15 Sodium 5-aceta•ido-4-N,N-diallylamino-2,3,4,S­
tetradeoxy-Q-qlycero-n-qalacto-non-2-enopyranosonate; 

Sodium 5-aceta•ido-4-N-allylamino-2,3,4,5-
tetradeoxy-Q-q1ycero-Q-qalacto-non-2-enopyranosonate; 

Sodi\1111 s~acetamido-4-a~ino-2,3,4,5-tetradeoxy-Q-
20 qlycero-~-talo-non-2-enopyranosonate; (4-epi-amino­

Neu4Ac2en); 

25 

JO 

• 
Methyl 5-acetamido-7,8,9-tri-o-acetyl-4-N,N­

diallylamino-2,J,4,5-tetradeoxy-~-91ycero-~-qalacto-non-2-

enopyranosonate (4-N,N-dially1am~no-Neu5,7,S,9Ac42en1Me}; 
Sodium 5-acetamido-4-N,N-diallylamino-2,3,4,S­

tetradeoxy-D.-qlycero-D-qalacto-non-2-enopyranosonate; 
_,/. Methyl S-acetamido-7,8,9-tri-o-acetyl-4-N-

allylamino-2,3,4,5-tetradeoxy-Q-qlycero-Q-qalacto-non-2-
enopy~anosonate (4-N-allylamino-Neu5,7,8,9Ac42en1Me); 

Sodium 5-aceta•ido-4-N,N-dimethylamino-2,3,4,5-
tetradeoxy-Q-9lycero-Q-9alacto-non-2-enopyranosonate; 

Sodium 2,J-dideoxy-D-9lycero-~-galacto-non-2-
enopyranosonate; and 

Methyl S~acetamido-7,8,9-tri-O-acetyl-4-azido-

35 2,3,4,5-tetradeoxy-~-qlycero-O-talo-non-2-enopyranosonate 

(4-epi-~zidoNeuS,7,8,9Ac42en1Me). 

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

_,/ 

la!066 
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· · derj:Vati~ thereof, toqether with a pharmaceutically 
ac~le carrier therefor. 
1· •. .,,/ A phannaceutical formulation as claimed in Claim. 
6 wherein the f orm.ulation is adapted for intranasal 

5 ad.Dlinistration. 

10 

8. Use of a compound of formula (I) or (Ia) as 

defined in Claim 1 in the manufacture of a medicament for 
the treatment of a viral infection. 
9. Use of a compound as claimed in Claim a wherein 

the viral infection is influenza. 
10. A method -for the treatment of a mammal including 
·man sufterinq from a viral infection comprising 

• 
adJD.inie;tration of a compound of formula (l) or formula (Ia) 

R~Q::' (0 

./. R1 '~ 

~--~ex·~ R, 

Rf . R 
~l It:' ~ 

Clal 

wherein in 9enera1·tormula (I), A is oxygen, carbon or 
15 sulphur. and in general formula (Ia), A is nitrogen or 

carbon; . 
R1 denotes COOH, P(O) (OH) 2, N02, SOOH, S03H, 

tetrazol, CH2CHO, CHO or CH(CH0)21 

R2 denotes H, OR6 , FI Cl, Brr CN I NHR6 , SR6 or 

20 6i:zx, wh~rein X is NHR6 , haloqen or OR6 and 

R6 is hydrogen; an acyl qroup having l to 4 

ca~~ atoms; a linear or cyclic alkyl group having l to 6 

carbon ato~s, or a hal09en-substituted analogue thereof; an 
allyl group or an unsubstituted aryl group or an aryl 

25 substituted by.a haloqen, an OH group, an N02 group, an NH2 

qroup or a COOH group, 
R3 ~nd R3' are the same or different, and each 

denotes hydrogen, CN, NHR6, N3 1 SR6, =-N-OR6, OR6, guan idino, 

®067 
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5 

N - rt' 
I 
OR6 

, 

or 

I N-o , 

R4 denotes ~, SR6 , OR6, COOR6 
I N02' c ~:a') :J, 

~N~ or ~NHR6, · and . 
R'J denotes CffiYR6

, CKYR6~YR6 or CHYR6CHY·R6CH2YR6 , 

where Y is o, s, NH or H, and successive Y moieties in an 
as group are the same or different, 

o~ a pharmaceutically acceptable salt or 
10 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 co•po'und of formula (I) or (Ia) as defined in Claim l• 

15 12. A method as claimed in Claim 11 wherein the viral 

20 

25 

infection is influenza. 
13. • A method as claimed in either Claim 10 or Claim 
11 ~herein 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. 
15. A method as claimed in any one of claims 10 to 14 
wherein the ac~ive inqredient is administered intranasally. 
16. A m,thod tor the preparation of a compound o! 
formula (I) as defined in Claim 1 which comprises the steps 
of 

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

ll!068 

\ 
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i1iii1i1f 
wherein R1, R2 , R4 and tt5 are as defined ·in Claim l and L is a 
leavinq qroup, with.a nucleophile; or 

'(8) 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 
fur't;her reactions comprising : 

(i) removing any protecting qroups; 
. ./. (ii) converting a compound of formula (I) or a 

salt tnereof into a pharmaceutically acceptable salt thereof. 
17. A compound ot formula (Ib) 

f c 

wherein :alb is ( alk) xNR6bR7b, CN or N3 
where alk is unsubstituted or substituted 

methylen~; 
x is 0 or 1 

· _}t6b is hydroqen, c1-6alkyl, aryl, aralkyl, amidine, 
or an unsaturated or' saturated ring containing one or 

more hete~oatoms (such as nitro9en, oxygen or sulphur), 
R1b is hydroqen, c1~alkyl or allyl; or 
NR~ib forms an optionally substituted 5 or 6 

me'Dlbered ring opt!onally containing one or more additional 
heteroatoms, 

R8b is hydrogen or C1-6alkyl and 

·-

\ 

\ \ 
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or unsu.bstituted c1~alkyl or aryl, 

or a pharmaceuticaliy acceptable s~lt or 
derivative thereat. .. 
18. A compound as claimed in claim 17 ~herein R3b is 
NR~"lb. 

19~· . ../· A coapound as claimeCl in Claim 17 or Claim 18 

wherein J?Jb is-~ or NHC(=NH)NH2 • 

20. S-acetoido-4-amino-2,J,4,S-tetradeoxy-J2-qlyc:ero-
.12-cJalacto-non-2-enopyranosonic acid and pharmaceutically 

acceptable salts and derivatives thereof. • • 

21. Sodium 5-aceta.mido-4-amino-2,J,4,5-tetradeoxy-U-
9lycero-]2-qalacto-nqn-2-enopyranosonate. 

22. S-acetamido-4-guanidino-2,3,4,S-tetradeoxy-D-

qlycero-D-qalacto-non-2-enopyranosonic acid and 
pharmaceatically acceptable salts and derivatives thereof. 

2J. .· Ammonium 5-acetalllido-4-guanidino-2,3,4,5-

tetradeoxy-U-qlycero-n-galacto-non-2-enopyranosonate. 

24 .• , A pharmaceutical fo:ni.ulation comprising a 
compound as claimed 
ingredient together 
carri~ therefor. 

in any one of Claims i7 to 23 as active 

with a pharmaceutically acceptable 
·, 

25. A pharl!laceutical forinulation suitable for 

intranasal administration co~prising a compound as claimed 

in any one of Clai~s 17 to 23 as active in9redient togetner 

with a pharmaceutically acceptable carrier therefor • • 
26. A pharmaceutical formulation as claimed in Claim 

24 or Claia 25 wherein the active inqredient is s­
acetamido-4-a•ino-2, 3 ,~,5-tetradeo~y-0-9lycero-D-galacto­

non-2-enopyranosonic acid or a pharmaceutically acceptable 
salt therebt. 

27. A pharmaceutical formulation as claimed in Claim 

\ 
Ill 070 

~~~~~~~~ 

24 or Claim 25 wherein the active ingredient is s-
ace~amido-4-quanidino-2,3,4,S-tetradeoxy-D-glycero-D­

qalacto-non-2-enopyranosonic acid or a phar~aceutically 

accepta~ salt thereof. 
28. · A aethod for the treatment o! a mammal includinq 

man sufferinq from a viral infection comprisinq 

administration of an eftective amount of a COJapound as 

• 
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claimed in any one of Claims 17 to 23. 

29. A method-as claimed in Claim 28 wherein the 
infection is a viral respiratory infection. 
30. A m,thod as claimed in Calim 28 or Claim 29 wherein 
the viral.infection is influenza. 

31. A method as claimed in any one of claims 28 ~o 30 

wherein the active in9I"edient is administered to the 

respiratory tract. 

3·2. A method as claimed in any one of Cla'isus 28 to 31 
wherein the compound is administered intranasally. 

33. A method as claimed in any one of Claims 28 to 32 

wherein th~ compound is 5-acetamido-4-amino-2,3,4,S­

tetradeoxy-D-glycero-D-qalacto-non-2-enopyranosonic acid or a 

pharma~tically accepta.ble salt thereat. 

34. A method as claimed in ·any one of Claims 2a to 32 
wherein the compound is s-acetamido-4-quanidino-2,3,4,5-
tetradeo:k'y-D-9lycero-D-9alacto-non-2•enopyranosonic acid or a 
pharmaceutically acceptable salt thereof. 
35. Use oi a compound as claimed in any one of Claims 

17 to 23 in the manufacture of a medicament for the treatment 

of a viral inf ec:tion. · 
36. A cODlpound as· claimed in any one of Claims 17 to 23 
for use in medicine . 

• 
37. ~method for the preparation of a compound of 

formula (Ib) as defined in any one of Claims 17 to 23 which 
comprise~ the steps of: 

(A) ·reaction of a compound, of formula (IIIb) 

Ol-

iaio11 

.. 

\ . 

0 . \ ::JT°'2U l llllll\ "'''' lllll lllll II llll H * C L M · S * 

wherein•R4b is as defined in Claim 17 and L is a 

leavin9 qroup, or a protected deriyative of said 
compound

1
with a nucleophile; or 

(B) interconversion of one compound of formula 
(I~) to another compound of fo~mula (Ib) 

. ! 

., 
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' . . . 
and if necessary subjectinq the resultinq compound to ona·or 
two further reactions comprisinq: 

(i) removing any protecting 9roups; 
(ii) converting a compound of formula (Ib) or a 

salt thereof into a pharmaceutically acceptable salt thereof. 
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