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METHOD OF DETECTION OF JNFLUENZA VIRUS AND COMPOUNDS FOR USE THEREIN 

This invention relates to diagnostic methods, and 

in particu1ar to methods for diagnosis of influenza virus 

5 infection. The invention provides a novel diagnostic 

method which can be uaed for detection of a11 strains of 

influenza virus Type A and. 'l'ype B. The :method is baaed on 

the use of compounds able to bind specifically to the 

active site of influenza virus neuraminidase, or 

10 functionalised derivatives of such compounds, as binding 

and/or detecting agents to identify influenza virus in 

clinical specimens. The term •neuramJ.nidaae binders" is 

used hereinafter to refer to these compounds and. their 

functionalized derivatives. The method and compounds of 

15 the invention can function either in the presence or the 

absence of compounds binding non-specifically to influenza 

virus neuraminidase. 

'l'he invention particularly relates to a new class 

of chemical compounds and their use as diagnostic agents 

20 for the visual or instrumental detection of influenza A and 

B. More apeoifically the invention concerns a group of 

nove1 neur••inic acid (aia1ic acid) derivatives which bind 

to influenza A and B neuramtnidaae, and which also have a 

functionality which allows the oompouncls to be bound to a 

25 surface or to a detectable label. 

Bagkgrgupd of th• Znyeption 

Influenza A and B viruses are major causes of 

acute respiratory disease, with an estimated 30-50 million 

30 in£ections annually in the United States alone. Influenza 

A has been responsible for major epidemics, such as the 
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•spaniah Plu• of 1919 which killed millions of people. 

Many viral and bacterial infections may present with 

symptoms similar to those of influenza. The rapid 

identif :Leation of respiratory viruses would anahle 

5 phys:i.c:Lana to uae the most appropriate therapy early in. the 

illness. l'or example, an early and accurate diagnoaia 

would allow decisions regarding the use of antibacterial 

therapy and hospitalisation of chi~dren and the elderly. 

Laboratory tests for the identification of 

10 viruses in. c11nical materia1 are widely used, and a variety 

of different detection :methodology is available. The 

textbook, •Laboratory Diagnosis of Viral Infections•, 

Marcel Dekker 1992, Bd B.H. Lennette generally discusses 

methods which are used for a wide range of viruses, 

15 including influensa virus. 

A number of teats are available for the diagnosis 

of influenza A and B. 'l'he traditional method of 

identifying influenza viruses has been the use of oe11 

·culture, which is highly sensitive and specific. 

20 Unfortunately, the time required for culture, isolation and 

identification of influenza virus can range between 2 and 

10 daya, thus mald.ng it virtually useless in guiding the 

physician to an appropriate therapy. Since influenza virus 

infection is normally self-limited, diagnosis must be rapid 

25 if therapy :ls to be effective. J:n. other wordll, auch cell 

culture methods are nozm.ally only of value in. providing 

retrospective epidemiological information. 

:In addition to the cell. cu1ture methods for 

detecting influenza, there have recently become available a 

30 few rapid direct tests, which are specific for influenza A. 

Thus, a monoclonal immunofluorescence assay (XFA) baa been 

THIS SHEET HAS BEEN 
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reported (Spada, B. et al, J. Virol. Methods, 1991 ~ 305) 

and at least one enzyme hmnunoassay (B:IA) is available 

(Ryan-Poirier, :rt.A. et al, J .• Clin. Microbiol., 1992 ll 

1072). A number of comparisons of these rapid detection 

s methods for influenza A have been reported1 see for example 

Leonardi, G.P. et al, J. Clin. Microbiol., 1994 32 70, who 

recommended that direct specimen testing be used together 

with culture isolation, so as to pftZ:Dlit both identification 

of the virus, in time to institute therapy and infection 

10 control measures, and to monitor the antigenic constitution 

of influenza strains prevalent in the community for 

epidemiological purposes. 'l'he :IP'A method is reported to be 

labor-intensive, and requires considerable technical 

expertise, with the results often being difficult to 

15 intez:pret. OD the other hand, the Bll method (Direatigen 

PLV-A1 Becton Dick.:l.Dson llic:robiology Systems) gave a high 

level of £alse-positive results, and it has been 

recommended that this assay shou1d be used in laboratories 

only in addition to or as a substitute for direct 

2 o immunofl.uorescence teats (Waner, J. L. et al, J. Clin. 

llicrobiol., 1991 2..9. 479). 

As we11 as the problems mentioned. above with the 

available rapid assays for influenza1 there are other 

func:!amenta1 deficiencies in some of these methods. 

25 Pirstly, none of the available assays can detect 

influenza B, which :means that even a negative test result 

would leave the physician uncertain about the type of 

therapy that should be used. Secondly, if a rapid 

immunoassay method c:lepanda on the use of antibodies to one 

30 of the influenza A proteins, there may be a serious problem 

in detecting new strains of the virus which have undergone 
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a drift or shift in t:be structure of the antigenic 

proteins. J:nfluen.sa A is notorious for :I.ta propensity to 

undergo such changes. 

Another type of rapid assay for influenza viruses 

5 has been described in a aeries of patent specifications 

(see for example Li.av, A. et al, :International Patent 

Application. No. WO 92/12256). 'l'he method involves the use 

of a chromogenic: substrate for the :.influenza neuraminidaa'e 

enzyme. In other words tbe assay depends on visualising a 

10 dye, which is fo:rmed when the influenza neuraminidase 

c1eaves a special sialic acid-dye conjugate mo1ecule. This 

technique appears to offer limited specificity, because it 

could not reacli.ly distinguish between the presence of viral 

neuramini.d.ase anc:l other forms of the enzyme, particularly 

15 bacterial neu1'mainidase. :It may also have l.ow sensi:tivity 

because of the relatively slow activity of viral 

neuramiDidase. 

lleuraminidase is one of the key proteins present 

on the surface of the influenza virus, and it plays an 

20 important role in the ability of the virus to in.feet human 

cells. :It has long been thought that agents which bind to 

the neuraminidaae enzyme might prevent infection by 

influenza, and much effort has gone into seeking such 

binders. 'Whilst many compounds have shown :in v.1.tro 

25 activity against influenza neura:minidase, only recently has 

it been establ.iahed that it is possible to achieve 

protection from influenza infection in v.1.vo by the use of a 

powerful neuraminidase binder which binds to the active 

site of the enzyme (see von Xtzstein, M. et al, Nature 1993 

30 3.§.a. 418 and our earlier patent applications, Xnte:cnational 

Patent Appliaations No. WO 92/06691 and No. WO 91/16320, 



----- ----------------

WO !>7132214 PCT/AU97/00109 

- s -
the entire disclosures of which are herein incorporated by 

this reference). :tn particular it has been found that 2,3-

didehydro-2,4-diclaoxy-4-guanidinyl-N-acetylnauramin.ic acid 

(Compound X, designated aG167) is a potent binder of 

s influenza neuraminidase, mid also shows potent :l.D vivo 

antiviral activity in animals (Ryan, D.H. et al, 

Antimicrobial Agents and Chemotherapy, 1994 ll 2270) and in 

human volunteers (Hayden, F.G. et a)., J. American Medical 

Assoc., 1996 XLS. 295). 

10 

OH 

Compound (I) GG167 

OH 
~ 
f 

H NH 

~. 

COiff 

More recently it has been foUDd that certain 

15 substituted cyclohexene derivatives of sialic acid are also 

potent binders of influenza virus neuramin.idase (ltim, c.v. 
et al, J. Amer. Chem. Soc., 1997 .11..2 681), and specifically 

the compound (3R,4R,5S)-4-acatamido-S-amino-3-(1-

ethylpropoxy)-1-cyclohexene-1-carboxy1ic acid (GS 4071) 

20 Xt :la the purpose of the present invention to 

overcome some of the problems inherent in the prior art 

methods and to provide a simple and sensitive means of 

detecting influenza viruses. 

Accordingly, we have now found that biologically 

25 active substances which possess atereochemical 

complementarity to the active site of influenza virus 
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neuraminidase. aa diacloaed in the publication by 

von Itz•tein et al referred to above, such that the XC50 

for binding is 10-'M or less. and in particu1ar certain 

derivatives of Compound I can be used to detect influenza 

$ virus through their ability both to selectively bind the 

influenza virus and at the same time to be attached to a 

surface or to a detectable liDlc:ing group. 

l.0 

Snmmnry of the lnyentign 

The invention therefore provides in a first 

aspect a method of detection of influenza virus, comprising 

the step of exposing a sample suspected to comprise said 

virus to a compound (neuraminidaae binder) able to bind 

specifically to the active site of influenza virus 

15 neura:mi.n.idase. 

The method of the invention is applicable to al..1 

known strains of influenza A and influenza B. 

Preferably the neur••inidase binder is linked via 

a spacer group to a surface or to a detectable label. The 

20 spacer group should be sufficiently long that the 

detectable label is exposed on the surface of the virus 

particle. 

The method of the invention may use selective 

capture and concentration of the virus, followed by 

25 detection of the virus using any convenient conv~tional 

method.1 the detection method need not have inherent 

selectivity. Por example, the neuraminidase binder may be 

attached to a support material, such as a membrane or 

polyme+, such that virus particles will be selective1y 

30 captured and concentrated when a sample is passed over or 

through the support. Therefore in one preferred embodiment 

THIS SHEET HAS BEEN 
REPLACED 



W097/32214 PCT/AU97/00109 

- 7 -
of the invention, the spacer group te:cminates in a 

functionality able to bind to a surface. Many suitable 

functionalities are known iD the art. For example the 

te:cminal functionality may be a biotiDyl group which can be 

5 used to attach the b:l.Dder to a surface coated with avidin, 

streptavidin, or an antibody directed against biotin. 

Alternatively the te:r:min.al functionality may for 

example be an amino group which can~be used to conjugate 

the neuramiD.idase binder to a carboxy-compriaing surface. 

10 Alternatively, a selective detection approach may 

be used1 the virus particles in a sample may for examp1e be 

exposed to a neuraminidase binder coupled to a detectab1e 

label, under conditions such that the binder binds 

selectively to the viral neuraminidase OD the surface of 

15 the viral particle. Preferably the detectable label is 

covalently ~oupled to the neuraminidase binder. The 

detectable label is then detected using any convenient 

method.. For same detection. systems, :Lt is convenient to 

focus the sample into a con.fined area, for example a spot 

2 o or a line on. a surface. 'l'his may be achieved by a variety 

of methods; for example, the sample may be suspended or 

non-selectively captured on to a filter or other support 

material, and than exposed to the labelled neuraminidase 

binder aa described above. There are several known methods 

25 for the non-selective capture of influenza virus, for 

exa:mp1e on a fetuin-coated surface (J. Virolog:i.cal Methods, 

1992 ll l.11) or OD a auitab1e membrane (J. Vi.rological 

Methods, 1992 il 77). Another suitable detection system 

could be an optical assay device as described by Miller, 

30 B.J. et al, United States Patent Application No. 5,418,136. 
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:tn another, alternative, aspect the invent:lon may 

use a combination of selective capture and selective 

detection to provide a simple and senaitive two-stage 

method of detecting influenza virus. This makes use of the 

5 fact that each influenza virus particle typically baa about 

one hundred neuraminidaae molecu1es spread over its 

spherical surface (White, D.o., Curr. Top. Kicrobiol. 

Immunol., 19'74 il 1-48) , and can t~erefore attach to more 

than one neuraminidase bind.er molecule at the same time. 

10 'l'hus, a neuram.inidase binder compound may be 

attached to a support, for example as a narrow band across 

a length of porous :membrane. The test sample is then 

applied at the other end of the :membrane and allowed to 

flow across the band of bound compound. Any influenza 

15 virus particles in the test sample will be trapped by the 

membrane-bound compound and thua retained in the narrow 

band. J:n the second stage of the test a detectable label 

attached. to the neuraminidase binder is allowed to flow 

through the membrane across the band of bound influenza 

2 o virus particles. The presence of influenza virus is then 

shown by an observable change in the membrane at the site 

of the bound compound. Suitah1e chromatographic assay 

devices have been described, for example by Chandler, B.M., 

Xntei:national Patent Application No. WO 92/21977. 

25 A very large number of suitable detection systems 

is known in the art, for exmnp1e biotin-streptavidin, 

enzymic systems such as horseradish peroxidase or alkaline 

phosphatase, fluorescence systems, chemiluminescence 

systems, colloidal gold, radioactive labels and 

30 agglutination systems. :tt is contemplated that aol1oida1 

gold linked to a neuraminidase binder via a spacer group 
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will be a particularly convenient detectable label. 

Another convenient detection ayatem would u~lize the 

neuraminidase binder covalently coupled to horseradish 

peroxidase. The skilled person will readily be able to 

5 select a suitable detection system and to optimise 

conditions for detection,. using normal trial and error 

experimentation. 

The neuraminidaae hinder !MY be any agent which 

binds to the active site of the influenza virus 

10 neurami.nidase, provided that it does not comprise a 

detectable label or spacer group which is cleaved by the 

neuram.inidase. The binding need not be irreversible. The 

:CC50 for binding is suitably 10·' M or better. 

Suitable agents include, but are not limited to, 

15 compounds of suitable :IC50 diacl.osed in our earlier patent 

applications, :Cntern.ational Patent Appl.icatiOJ:la No. 

W0/92/06691 and W0/91/16320, and also U.S. Patent No. 

5,453,533 by Luo et ai, u.s. Patent Ho. 5,512,596 by Gilead. 

Sciences, Inc., and :tntez:national Patent Application No. 

20 W0/96/26933 by Gilead Scienaes, :enc. Although these 

specifications disclose the use of the compounds disclosed 

thereJ.n for treatment or prophylaxis of influenza virus 

infection, it is not suggested that the compounds are 

useful for diagnostic purposes, using assays of the type 

.2 5 described herein. 

According to a second aspect, the invention 

provides a neuraminidaae binder suitable for use in the 

method of the invention, comprising an analogue of 

neura:minic acid (aialic acid) substituted at the c., or 

30 equivalent position with a spacer group suitable for 

coupling to a detectable label or to a surface. 

THIS SHEET HAS BEEN 
REPLACED 
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Zn a preferred embodiment, this aspect provides 

compounds of foJ:mUla (XX): 

/y 
w 
'x 

0 C02H 
HO .: I (II 

-= HS 
R2NH ! 

ii 

wherein 

R represents an azido group, an unsubstituted or 

substituted guanidino group, or an unsubstituted or 

substituted amino group; 

R 2 represents co~, C:OCP3 or S02CH3; 

X represents o or NB; 

W represents a spacer group made up of a chain of 

atoms having a total length of between four and one hundred 

atoms, and optionally also comprising substituted carbon 

15 and/or nitrogen atmDB and optional1y including oxygen 

20 

and/or sulphur atoms; 

Y represents OB, SB, NB:z, CB=O, CH-CBa, CO~,. 

C:ONBHH2 or RB-biotinyl, or a protected form of one of these 

end functionalitias1 

and wherein the substituent on the amino or 

guanidino group, when present, is a substituted or 

unsubstituted C1., alkyl, aue1h as a methyl or ethyl group or 

an aryl group such as phenyl; or an amino, hydroxy, cyano 

or alkoxycarbonyl group; 
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with the proviso that X-W-Y does not include the 

group OC(•Z)D5R', wherein Z represents o or S, and R5 and 

R' independently represents B or a hydrocarbon group 

optionally substituted by llB2 , OH or SB. 

:In another preferred embodiment, the invention 

provides neuraminidase binders of formula (:Cll) or (:CD) 

/y 
w 

R,AD ··0f'C02" ·v 
R2NK : 

R 

(IIA) 

R 

(IIB) 

wherein R, R2
, W and Y are as defined above for 

formula (J:I) , A and B are oxygen or CH2 or may represent a 

singl.e bond, and R1 is a lipophil.ic C1 -C12 alkyl group which 

is optionally substituted by one or more halogen atoms, 

cycloalkyl, alkoxy, haloalkoxy or optionally substituted 

15 aryl groups. 

Suitable spacer groups W include, but are not 

limited to, linear peptides, oligosaccharides, polyols, 

polyethylene glycol groups, hydrocarbon groups and 

hydrocarbon groups linked together with oxygen or sulphur 
20 atoms or with carbonyl, md.do, urea or hydrazide 

functionalities. Spacer groups W may also comprise 

combinations of these various groups. 

Suitable protecting groups for the end 
functionality Y include, but are not limited to, esters of 

THIS SHEET HAS BEEN 
REPLACED 
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the OH, SB and C02B groups, carbamates of the ~ and 

c~ groups, and acetala of the CB•O group. 

As used herein, the texm "'hydrocarbon group• 

includes saturated and unsaturated straight or branched 

S hydrocarbon groups, including aryl groups, and combinations 

of such groups. 

Pref erred compounds of the invention include 

compounds of formula (IJ:) wherein ~ represents guanidino 

and R2 represents acetyl. 

1 O Another group of preferred compounds of the 

invention of formula (I:I) are those wherein X is O and Y is 

~ or NB-biotinyl. 

A third preferred group of compounds of the 

invention includes neura:minidase binders of formula (I:IA) 

15 in which R is amino, R2 is acetyl, B is oxygen and R1 is an 

alkyl group. 

J'urther pref erred compounds are those of formula 

(Il:) wherein W ia a spacer group selected from. the group 

consisting of C01Ul(CB2)D, C01Ul(CB2)DRRC01Ul(CB2>., 

20 CORR(CB2)n[HllCO(~)sl., CO(~)., CO(CB2}.RRCORB(CR:i)., 

CO (Cllz) nHBCO (CB2) qr CONH ( ~) gNB ( COCB2NRl qCOCHi 1 

25 

CO!Ul ( CH2CB20) n~C&,aNBCO (C!li) qr and COHll (Cll:a} 8 NBCO (~) .11 ,, 

wherein n mad m are integers between 2 and 12, and q is 0 

or an integer between 1 and 12. 

The person skilled in the art will be able to 

select a suitable detectable label and detection system, 

and to test the compounds referred to above for their 

suitability using routine :methods. Thus the skilled person 

wou1d be able to choose a suitable detection system., such 

30 as ·selective capture or selective detection as described 

above. For selective capture systems, the spacer group 
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will terminate in a functionality able to bind to a solid 

support. Many suitable functionalities are known in the 

art. 

The substitution by the group W-Y at C7 (or 

s equivalent) should not decrease the ability of tba parent 

compound to bind to neuramiDidase by a significant extent; 

prafa:r:ably the binding-is not decreased more than 100-fold. 

The abi1ity to bind to neuraminida~e :may be assessed using 

any convenient method; one suitable method is the in vitro 

10 bioassay of neuraminidase activity described by Warner and 

O'Brien, Biochemistry, 1979 lJl 2783-2787. In vitro 

bioaasay is described in our Application Ho. WO 91/16320. 

Alternatively binding of a radioactively-labelled binder 

com.pound to neuraminidase can be assessed by methods known 

l.5 in the art. 

Suitable types of clinical samples ~or use in the 

method of the invention include throat awaba, nasal awaba, 

naao-pha~eal washings, nasal washes and gargles, or 

comb:l.nations of any of these; the gargles :may optionally be 

20 concentrated, for example by ultracentrifugation, if 

necessary, but it is expected that this will only be the 

caae when the number of v:l.ral particles is law. 

Zt will be clearly understood that the label 

which is linked to the spacer group may be an epitope 

25 suitable for uae in antibody detection kits, such as those 

described in U.S. Patent No. 4943522 by Eisinger et al 

(assigned to Quidel); in optical assay devices having an 

active receptive surface, such as those described in U.S. 

Patent No. S.418,136 by Miller et al (assigned to Biostar, 

30 Xnc.); or in agglutination detection systems such as those 

described in U.S. Patent No. 4,894,347 and Xnternational 
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Patent App1ication Ho WO 91/04492, both by Agan Limited. 

J:t is also contemplated that biosensor systems are suitable 

for use in the method of the invention. For ex•mple, a 

carbohydrate bioaenaor surface for detection of bacteria 

5 has been described (Nilsson, lt.G.:C. and C.F. Mandenius1 

BioTechno1ogy, 1994 .12. 1376-1378). 

Some compounds according to the invention bind 

particu1ar1y strongly to influenza ~irus neuraminidaae, 

-· with J:C50 of 10 M or better, and these compounds may also 

1 O be therapeutically useful. 

The compounds of the invention may be prepared by 

a variety of methods, and in a further aspect of the 

invention provides met:hOds for the preparation of compounds 

of fo:cmul.a (:II:). J:n one type of approach the preparation 

15 of the compounds of the invention wherein X ia o :may_ be 

carried out as shown in the reaction schemes be1ow in which 

R, R2 and Y are as defined for for.mu.la (:IX), R' is an alkyl 

group and W' is a spacer group. Thus, a sialic acid 

derivative of foZ'mUla (J:J:J:) is converted into the 8,9-

20 protected fo:cm of fo:cmula (:CV), which may be for example a 

cyclic carbonate (A• C•O) or an acetonide (A= CMe2 ). The 

remaining free 7-hydroxy group is acy1ated with either an 

isocyanate group OCN-W'-Y or an acyl chloride -(C1COL), 

which has a second leaving group L, the group L then being 

25 displaced by an amine ~-w• -Y. The group W' is a spacer 

group, general.ly of 4 to 10 atoms length, genera1ly within 

the definition of w, and w may be equivalent to CONBW'. 

'l'be spacer group W' can be further extended or 

functionaliaed, for example by the addition of biotin to 

3 O the e:nd of the chain as in (VI) • 
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Pinally, the protecting groups A, R' and any that 

are present on the substituents R. and Y, can be removed 

under standard conditions to give the campounds of formula 

(:I:r). A variety of protecting groups suitable for 

5 protection of the hydroxy and carbonyl groups is lmown in 

the art; see for example •Protecting Groups in Organic 

Synthesis• by T.B. Greene (Wiley & Sonar 1981). 

10 

OH 

(III) 

(VI) 

Protect 

Funcllonalisaor 

extend spacer 
~ 

(IV) 

l OCN-W-Y' 

or 

(l)CICOL.(11) H~W-Y' 

0-CONH-W-Y' 

C~R' 

(V) 

/-
(II) (X = 0) 

Compounds of formulae (:C:IJ:) and (J:V) are known, 

and their preparation has been described, for exampler in 

International Patent Application No. WO 91/16320. 
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Another type of approach for the preparation of 

compounds of the invent:ion wherein X is NH involves 

starting with a sialic acid derivative and carrying out 

reactions which give a double inversion at the C7 position. 

s Por ex•q>le, an int.e:cmediate of general fo:r:mula (XV) may be 

reacted under Kitaunobu Reaction conditions to give a 

suitable leaving group ester with inverted stereochemistry 

at C7 (Anderson, N.G. et al, J. Or~. Chem., 1996 .§.l. 7955). 

Displacement of the C7 ester with a nucleophile such as 

10 azide then gives a C7 nitrogen substituted derivative with 

the correct stereochemistry. An alternative method for the 

introduction of nitrogen to the C7 position of sialic acid 

derivatives has been described (Kong and von Xtzstein, 

Tetrahedron Letters, 1995 J.§. 957) • 

15 

20 

Most of the intermediates of formula (V) and (VI) 

are novel compounds, and these comprise a further aspect of 

the present invention. 

Deta£1ed Desgr;i,ptipn pf tbe %nyontipn 

The invention will now be described in detail by 

way of reference only to the following non-limiting 

exaaq;>l.es. 

Examples of compounds of the invention of formula 

(J:::C) (X•O) are shown in Table 1. Those examples of 

25 aubstituent Y which include b.iotin have the biotin attached 

via an amide linkage to its carboxy group. 
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Compound No. 

8 

11 

13 

17 

19 

20 

21 

22 

23 

25 

26 

27 

28 

29 

30 

31 

R 

&C(.ml)Nllz 

&C(.ml)BB:i 

RJIC(.ml)BB:i 

HBC (.ml) llll:i 

llBC ( •llB) llll:i 

~ 

l1RC (•11!0 RH:i 

llBC (•BJI) D 2 

RllC(-ml)~ 

HBC (.ml) l1B:i 

BBC (-ml) l1B:i 

BBC (•11B)llB:i 

BBC (•118) l1B:i 
NBC (•RB) RH3 

NBC(-D)RHa 

R 

Ac 

Ac 

Ac 

Ac 

Ac 

Ac 

Ac 

Ac 

Ac 

Ac 

Ac 

AC 
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Table 1 

w 

COzH 

CONB (CHz) ,RllCOHB (Cllz), 

CORH ( CHz) , 

CON'll ( CHz) I 

C!ORB (CllzCBzO) 2CB2CB2 

COE(CB::i) s 

C01IB (Cllz) .OCONB ( Clla) , 

CORH (C8a), (RHCOCllz) 3 

COl1B (C8a) ,RllCO (Cllz) 11 

COD (Cll2) .-CO (Cllz) s 

COD(Cll:i), [RHCOCCBa) sl 4 

com (CB2). [DCO Cc:Ba> sl 4 

con <CB:.> g1G1CO <Cira> ,nco 
CB3 (OCB2CB2) u 

CORB {~) c [RBCO (CJI-..) sl 2 

CORB (CBz) c [HHCO (C!l:a) 5] 4lf 

H-COCB::iCBz 

Ac CORB CCll::i) 1 [11BCO (Cll::i) 51.U 

H-COCB2Cll::i 

Ac COD ( Clt.i) ,RHCOCBaCB:i 

y 

RBBoc 

NH-Biotin 

RllBoc 

RB-Biotin 

RB-Bi.otin 

RB-Biotin 

Ea 
RB-Biotin 

RH-Biotin 

and examples of intermediates of foJ:mU.la (V) and (VJ:) are 

given in Table 2. Again Boe represents butoxycarbonyl. 
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Compound A 

Ho. 

3 C=O 

4 C•O 

5 C•O 

6 C•O 

7 C=O 

9 C-0 

10 C-0 

12 c-o 
14 C•O 

15 C-0 

16 C-0 

18 C-0 

24 c-o 
32 C•O 

5 
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Table 2 

C0iM9 

w• 

•:s COD(Cllz)1 

N3 COD(Cllz), 

R, COD (c:Bz) 1RBCOIUI (Cit.a) 1 

Rll:a CORB (C8:a) ,RBCOIUI (CBz), 

llHC ( -llH) m1z CORB (C8:a) 1RBCOIUI (c:Bz) 1 

Rll:a COHH(c:Bz)c 

llHC(•RBoc)RBBoc CORK ( c:Bz) 1 

HBC (-llH) Rlla CORR ( CBa) 1 

•• COllll(Cllz~) 2CllzCBa 

Rll:a COllB(c:BzClt.aO) 2CBaCllz 

llllC(•llBoc)tmBoc COBB CCBaCllzO) 2CBac::Bz 

llllC (.Jiii) llBz COl1ll (CB,) ' 

HBC (dB) RBz C0111l(Clra) 1 [DCO(CBz) ,J, 
me < llRB) 1111:a CCDlll ( CBa) sJ1BCOCBaCJl:a 

y' 

RBBoc 

•:a 
HBBoc 

mac 

RBBoc 

RBBac 

RllBoc: 

RllBoc 

moc 

RllBoc 

11111Boc 

Rll:a 
RllBoe 

co,B 
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M1,inohu;yl.ure.idol-hu;y1 J-garb•9¥10X¥-4-

Q11ani4ino-2.3.4.5-tatradeaxy-p-glyaero-D­

galagtg-npp.-2-eDQPlC:•JLQ•mrl,g •aid (8) 

5 (A) .Preparatio.n 0£ methyl 5·acetam1do-4-as1do-8,9-

.mcmoaarbo.nylc:lio.xy-2,3,4,5-tetradeOJCy·D-glycero-D-galaato­

.ncm-2-m:lopyranoso.nate (2). 

To a suapension of methyl~S-aaetamido-4-azido-

2,3,4,S-tetradeoxy-D-glycero-D-galacto-non-2-

10 enopyranosonate (1) (1.32 g, 4 .03 mmol) in dry 

dichloromethaDa (32 ml) and acetonitrile (16 ml) containing 

H,N-dimethylaniline (1.6 ml, 12.46 :mmol) in an ice-bath 

under argon, was added dropwiae a 20% solution of phosgena 

in toluene (3 ml, 6.06 :mmol) over a period of 20 min. The 

15 clear reaction mixture was stirred at ice-bath temperature 

for 2 hr, than left at roam temperature for 16 hr before 

being evaporated to dryness. The residue was partitioned 

between ethyl acetate (300 ml) and water (SO ml). The 

organic 1ayer was washed aucoessivel.y with o.s M HCl 

20 solution (32 ml) at 5 ... 10°c, saturated sodium chloride 

solution (3x30 ml), dried over anhydrous Ra2so., then 

evaporated to c:lryness. The residue was subjected to £1ash 

column ahramatography (ailiaa gel, ethyl 

acetate/hexane•8/1) to afford compound (2) (1.035 g, 71%) 

25 as a white foam. 

MS (l'AB) : 357 (M+1) + 

3314.2101,1774,1734,1654. 

30 
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1Jl-nmr (CI>Dl3) 5 (ppm): 2.13 (s, 3H), 3.81 (s, 3B), 3.82 

(d, 1B) 3.90 (d, lJI), 4.08 (dd, lB), 4.21 (dd, lH), 4.72 

(d, 2H), 4.97 (ddd, 1H), 5.95 (d, lB), 6.55 (d, lH). 

5 (BJ Preparation of metbyl 5-acetamido-4-asido-7-(6'-

tert-buto.xyc:arbonylam.iDo.hezylJ-carbamoylozy-8,9-

.moDocarbo.nyld1oxy-2,3,4,5-tetradeo.xy-D-glycero-D-galacto­

non-2-euopyra.zzosOAate (3) 

To a solution of compound (2) (577 :mg, 1.62 mmol) 

10 in anhydrous pyridine (8 :ml) under argon, was added 

4-dimethyla:minopyridine (DMAP) (275 mg, 2.25 :mmol) and 

4-nitrophenyl chlorofo:rmate (424 :mg, 2.11 mmol). The 

reaction :mixture was stirred at 30-35°C for 3.5 hr. To 

this mixture was added 6-tert-butoxycarbonylamino-

15 hexyla:mine (567 mg, 2.63 mmol) and mmP (4:05 :mg, 3.32 

mmol). The mixture was stirred at room temperature under 

argon. for 24 hr then diluted with ethyl acetate (400 m1). 

'l'he ethyl acetate solution was washed successively with 

water (3x40 :ml), 2H BC1 (40 :ml) at S-10°C and then water 

20 (3x20 ml). The organic layer was evaporated to dryness to 

give the crude product (1.103 g) which was then flash 

chromatographed (silica gel, firstly, ethyl acetate/hexane 

= 2/l. secondly ethyl acetate) to afford the title compound 

(3) (726 mg, 75%) as a white foam. 

25 

i -1 .r. (CBC13 ) cm : 3328, 2734, 2099, 1799, 1732, 1682. 

30 1H-nmr (CDC13 ) 8 (ppm): 1.20-1.40 (m, 4H), 1.40-1.60 (:m, 

13H), 2.07 (s, 3B), 3.01-3.42 (m, SH), 3.84 (s, 3H), 4.50-
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4.85 (m, 4H), 4.93 (m, 2H), 5.03 (m, 1B), 5.41 (:m, 1H), 

5.95 (d, 1H). 6.48 (d, 1B). 

(CJ Preparation of .methyl 5-aaetamido-1-[6'-(6n-

5 tert-buto.xyaarbonylma:!no.hezylureido} -.hezyl J -carbamoyloxy-4-

asido-8, 9-m0J2ocarbonyld1ozy-2, 3, 4, 5-tetradeozy-D-glyc:ero-D­

galacto-no.n-2-enopyranosonate (5). 

A so1ution of compound (3~ (200 mg, 0.334 mmol) 

in trifluoroacetic acid (2 ml.) was stirred under argon at 

10 room temperature for 1 hr, then evaporated under reduced 

pressure to dryness. 'l'he residue was taken up in methanol. 

(5 ml) and evaporated to dryness again to give compound (4) 

as a white foam. 

15 1s-mar (CDC13 ) 5 (ppm): 1.25-1.70 (m, 8B), 2.08 (a, 3B), 

3.0-3.S (m, 4B), 3.81 (a, 3B), 3.88 (dd, 1B), 4.4-4.8 (m, 

4H), 5.01 (ddd, lB), 5.30 (dd, lB), 5.51 (dd, lB), S.86 (d, 

lB), 6.73 (d, lB), 7.34 (d, lB). 

20 Compound (4) was then dissolved in pyridine 

(2 ml.) containing a mixture of DHAP (30 mg, D.246 mmol) and 

6-tert-butoxycarbonylmninohexyl. :i.soayanate (0.15 1111, 

0.434 mmol). The reaction mixture was stirred under argon 

at 18-20°C £or 72 hr, then stirred with methanol (0.2 ml.) 

25 at room temperature for 3 hr. 'l'be resulting reaction 

mixture was evaporated to dryness and partitioned between 

ethyl acetate (200 ml) and 1M NaB2P04 solution (SO ml). 

'l'he organic layer was washed successively with 1M NaH2P04 

(2x50 ml), water (3x25 ml) and vacuum evaporated to 

30 dryness. The residue was flash-chromatographed (silica 

gel, using ethyl acetate/hexane = 8/1, then ethyl 
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acetate/methanol • 10/1) to afford the title compound (5) 

(180 mg,72%) as a white foam. 

MS (FAB): 741(m+1)•, 749(a+9)+ 

5 

i.r. (CJIC13) cm-1 
: 3356, 2934, 2098, 1801, 1732, 1654. 

1B-mar (CDCl3+CD30D) ~(ppm): 1.12-1 ... ,:42 (m, 25H), 1.80 (s, 

3B), 2.90-3.18 (m, 9H), 3.70 (s, JB), 3.90 (cld, lB), 4.18 

10 (dd, 1H), 4.32 (dd, lB), 4.55 (d, 2B), 4'91 (m, 1B), 5'21 

(br, 1B). 5.35 (dd, lH), 5.45 (br d, lB), s. 82 (d, 1H), 

6.05 (cld, lH) I 7.82 (d, 1H). 

(DJ Preparat1on of methyl 5•acetam.!do-4-amino-7-l6'-

15 ( 6 "-tert-buto.xycarbcmyl aminohezylureidoJ-.hexylJ­

car.bamoyloxy-B,9-monocarhonyldio.xy-2,3,4 ,5-tetradeo.zy-D­

glycero-D-galacto-zaon-2-e.no.P.)"Z'aaosonate (6). 

A mixture of compound (5) (180 mg, 0.246 mmol) 

acetic acid (35 mg, 0.58 mmol) and Pd/C (10%) (30 mg) was 

20 agi.tated in a :mixture of methanol (10 ml) and toluene 

(6 ml) Wlcler hydrogen at room temperature for 1 hr. The 

reaction mixture was filtered through Ce1ite, the filter­

cake was washed with methanol (30 ml) and the filtrate and 

washings were combined and vacuum evaporated to dryness. 

2 5 'l'he residue was subjected to flash column chromatography 

(silica gel, ethyl acetate/2-propanol/water = 5/2/1) to 

afford compound (6) (46 mg, 47.5%) as a white foam, as 

well as recovered starting material (80 mg, 44%). 

30 1u-mnr (CD30D) &{ppm): 1.15-1.55 (m, 25B), 1.87 Cs. 3B, 

AcOB), 1.92 (s, 3B), 2.90-3.10 (a, BH), 3.56 (dd, lH), 3.69 
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(s, 3B), 3.91 (dd, lB), 4.20 (dd, lB), 4"62 (d, 2B), 5.05 

(dd, 1B), 5.46 (dd, 1H), 5.BS(dd, lB). 

(B) Preparation of .metllyl 5-acetamido-7-{6'-(6"-

5 tert-buto.xycarbo.aylam:Lnobexylureido) ·.bezyl J-carbamoylo.xy-

4- { 2, 3-bis ( tert-butozyoarbo.ay1J-gua.aidino-8,9-JDODOcarbony1-

d.1o.xy-2,3,4,5-tetradeoxy-D-giyco-D-galacto-non-2-

enopyranosonate(7 J. 

A solution of compound (6) (46 mg, 0.065 mmol) in 

10 methano1 (10 ml) was treated with Amberlite J:RA-400 (OH) 

resin (100 mg) for 30 seconds and filtered off. The resin 

was washed with methanol (20 ml). The filtrate and washing 

were combined, evaporated to dryness to give 41mg solid 

substance which was then mixed with H,H'-bis-tert-

15 butoxycarbony1-1B-pyrazole-1-carboxamidine (103 mg, 

O .332 mmol) in methanol (S m1). 'l'he mixture was stirred 

under argon at 30-35°C for 5 days, then evaporated to 

dryness. 'the residue was flash chromatographed (silica gel, 

first ethyl acetate/hexane • 8/1, then ethyl acetate) to 

20 give compound (7) (47 mg, 88.8 %) as a white foam. 

3312, 2933, 1802, 1728, 1643, 1564. 

1B-mnr (CDC13 ) 8(ppm): 1.20-1.60 (m, 43B), 1.8? (a, 3H), 

25 2.19 (s, 1B), 2.90-3.20 (m, SB), 3.73 (s, 3H). 4.17 (dd, 

1B), 4.33 (br d.lB), 4.53-5.20 (m, SH), S.51 (br. 1B), 5.88 

(d, 1B), 6.66 (br, lH), 8.38 (d, lB). 
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(F) Preparati011 of 5-acetllJDido-7-!6'-(6n-

a.mino.bexylureido)-bexylJ-aarbamoy1oxy-4-guanidiuo-2,3,4,5-

tetradeoxy-D-glyaero-D-galacto-non-2-enopyranos011ic acid 

(BJ. 

A solution of compound (7) (47 mg, 0.058 mmol) in 

a mixture of methanol (5 ml) and water (5 ml) containing 

trietbylmd.ne (0.8 ml) was stirred under argon at room 

temperature for 6 hr, then evapora~ed under reduced 

pressure to dryness. The residue was disao1ved in a 

10 mixture of methanol. (5 ml) and water (5 ml) , then stirred 

with Dowex SOWX8(H+) resin (1 g) at room temperature for 

1 hr. 'l'he resin was filtered and washed with a mixture of 

methanol and water (1:1), then stirred with 2M D 40H 

solution (20 ml) at room temperature for 2 hr and filtered 

15 off. The filtrate was evaporated to dryness. 'l'he residue 

was redissolved in water (S ml) and evaporated to clrynesa 

again. ".rhe resulting sol.id was diaaol.ved in water (2 ml.) 

and freeze-dried to afford compound (8) (16 mg, 45.7%) as a 

white solid with a positive guanicline (Sakaguchi) reaction. 

20 

MS (PAB): 617 (M+l)• 

1x-mnr (D20) 5(ppm) :1.10-1.1'7 (m, 18B), 2_.07 (s, 3H), 2.85-

3.20 (m, GB), 3.50 (clcl, lH), 3.70 (cld, lB), 4.10 (m, 2B), 

25 4.45 (clcl, 1B). 4.52 (cld, lB), 4.95 (dd, 1H), 5.65 (a, lB). 
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(A} 

- 25 -
Preparation of 5-acatamido-7-li'-

emjpohexyll-carbnmoylmr;y-4-guapidino-

2.3.4.5-tetra,deo:xy-D-glycero-n-galactp-pgp-

2-epommmoagn:l.c acid as triflugroacetic 

ag;l,d salt Clll 

PreparatiOD of methyl s-aaetamido-4-amino-7-(6'-

tert-buto.xyc:arbcmylamino.hexylJ-carbamoylo.zy-8,9-

monoaarbonyldioxy-2,3,4,5-tetradeC)JO"-D-glycero-D-galaato­

non-2-enopyranosonate (9). 

10 Compound (3) (Example 1, part (B) (500 mg, 

0.836 mmol) was hydrogenated,· according to the procedure 

described in Exampl.e l, part (D) to afford compound (9) 

(285 mg, 59.6%) as a white foam. 

15 MS (FAB) : 5'13 (M+1) + 

:L.r. (CBC13 ) Clll1
: 3385, 2935, 1794, 1725, 1670, 1542. 

1H-mnr (CD30D) 6 (ppm): 1.15-1.48 (m, 17H), 1.91 (s, 3B), 

20 2.96 (m, 4K), 3.51 (cld.. 111), 3.70 (s, 3K), 3.88 (dd, lH), 

4.21 (dd, 1H), 4.62 (d, 2H), S.05 (ddd, lB), S.45 (dd, lH), 

5.87 (d,. lB). 

(BJ Preparation of methyl 5-acetam.ido-7-(6'-tert-

25 butozyc:arbo.Dylam.:lno.haxylJ-aarbamoylo.xy-4-[2 ',3 "-bis(tert­

butozyaarbcmyl} J-guanid.:Lno-8,9-monoaarbonyldio.xy-2,3,4,5-

tetrad~-D-glyeero-D-gaiacto-non-2-enopyranosonate (10). 

The title compound (10) (149 :mg, 83.4%) was 

obtained as a white foam from compound (9) (125 mg, 

30 0.219 :mmol) following the procedure described in Bx•mp1e 1, 

part (E). 
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MS (PAB) : 815 (M+1) + 

i.r. (CHC13) 

s 1558. 

-1 cm : 3313p 2978, 1805, 1727, 1643, 1610, 

1B:-nmr (CDCl3) a (ppm) : 1.11-1. 82 (m, 35B) , 1. 91 (s I 3H) , 

2.98-3.21 (m, 4B), 4.13 (d.d, lH), 4~32 (dd, 1B), 4.50-4.80 

(m, 3B), 4.91-5.22 (m, 3B), 5.45 (dd, lH), 5.89 (d, 1B), 

10 6.69 (br d, 1B), 7.63 (d, lB), 8.48 (d, lB). 

(CJ Preparation of 5-acetamido-7-(6'-am1nol1e.xy1J-

carbamoy1oxy-4-gum:a.id:!no-2,3,4,5-tetradeo.xy-D-g1ycero-D­

galacto-non-2-enopyraaosonic acid as trifluoroaaetia acid 

15 salt (llJ. 

Compound (10) (54 mg, 0.066 mmol) was stirred in 

a mixture of methanol (25 ml) and water (25 ml) containing 

triethylamin.e (5 ml) under argon at room. temperature for 

6hr then evaporated under vacuum to dryness. The residue 

20 was chromatograpbed (silica gel, ethyl acetate/2-

propanol/water • 5/2/1) and the fractions with Ri value of 

0.4 were combined and evaporated to dryness. The residue 

was stirred in trifluoroacetic acid (2 ml) under argon at 

room temperature for lhr then evaporated to dryness. '!'be 

25 residue was dissolved in water (3 ml) and freeze-dried to 

afford the title compound (11) (27 mg, 69 \). 

MS (PAB): 475 (M+l)•, 589 (M+l+TPA)+. 

30 1B-nmr (D20) 8 (ppm) : l.. 27 -1. 81 (m, 8B) , 1. 98 ( s, 3H) , 

2.89-3.21 (m, 4H), 3.51 (d.d, lH), 3.69 (dd, lH), 4.04 (m, 
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1B) , 4 .. 18 (dd, 1H) , 4 .46 (dd, 1B) , 4. 57 (dd, 1H) , 4 .. 96 (dd, 

lR), 6 .. 01 (d, 1H). 

BzeJQPle 3 Preparation of 5-acet•m3do-7-(6'-tert­

huto:x,ycarl><mY11Pinohez::vl>-carb•m'>l'lQXY-4-

guanidino-2.3.4.5-tat:radeogy-D-glyqerp-D­

galacto-non-2-eDO»l'J'ADQPQDia agid (131. 

'l'o a solution of compound~ (9) (24 mg, 0.042 mmol) 

in water (5 ml) was added lH-pyrazole-1-carboxamidine 

10 (44 mg, 0.30 mmol) and imidazole (43 mg, 0.63 mmol) at room 

temperature. The resulting mixture was stirred under argon 

at 90-95°C for 22 hr, then evaporated to dryness to give 

crude compound (12) which gave a strong positive Sakaguchi 

reaction, indicating the presence of a guanidine group. 

15 The residue was stirred in water (5 ml) containing 

triethy1amine (0.5 ml) under argon at room temperature £or 

16 hr before evaporating to dryness. The residue was 

subjected to chromatography (silica gel, 2-propanol/water = 

3/1). The fractions with Ri value of 0.2 were combined and 

20 evaporated to dryness, then freeze-dried to afford the 

title coapound (13) (9 mg, 37%) as a white solid • 

MS (BAB): 575 (M+l)• 

25 1B-mar (D20) a (ppm): 1.25-1.83 (m, 17B), 1.95 (s, 3H), 

2.95-3.25 (:m., 4B), 3.52 (dd, lB), 3.63 (dd, lB), 3.72 (d.d, 

1H), 3.98 (d.d, 1R), 4.10 (m, 1H), 4.46 (dcl, 1B), 4.52 (dd, 

1H), 5.62 (d, lH). 
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Bxeigple 4 Preparation of 5-agat•mido-7-(2-C2-<2-

emtnoethpgyl-et.hogyl-at.hyl}-garb•moyloxy-4-

guapidinp-2.3.4.5-tetr&d•ogy-D-gl.ygerp-D-

gal•cto-non-2-en,opyrapgaopig acid <171 

5 (A} .Preparat1cm of methyl 5-acetamJ.do-4-a•:Ldo-7-{2 '-

{2 "-(2 'n-tert-butoxycarboDylaminoethoxyJ-ethozyJ-et.bylJ­

carbamoyloxy-8,9-monocarbonyldioxy-2,3,4,5-tetradeozy-D­

glycero-D-galacto-non-2-enopyranosQDate (14}. 

Pollowing a similar procedure to that described 

10 in Example :I, part (B) compou:nd (14) (420 mg, 67%) was 

obtained as a white foam from COlllpound (2) (356 mg,, 1 :mmol) 

and 2-[2 1 -(2"-tert-buto:xycarbonylamino-ethoxy)ethox.y}­

ethylaaine. 

15 MS (PAB) : 631 (M+1) + 639 (M+9) + 

i..r. (CHCl3) 

1537. 

. -1 
CJD : 3328, 2934, 2099, 1802, 1734, 1658, 

20 1H-nmr (CDC13 ) & (ppm): 1.41 (ii, 9!1), 1.97 (s, 3!1), 3.12-

3 .64 (m, 12B), 3.78 (a, 3B), 4.41-4.71 (m, 4B), 5.01 (d, 

2H), S.12 {m, 1H), 5.43 (dd, 1B) 5.67 (br, 1B), 5.91 (d, 

1H), 6.83 (br d, lB) • 

25 (B) .Pre.Paration of methyl S-acetaaido-4-amino-7-{2'-

{2 "-( 2 n '-tert-buto.xycarbonylam:LnoethoxyJ-ethoxyJ­

et.hyl}carbamoyloxy-8,9-.monocarbonyldioxy-2,3,4,5-

tetradeoxy-D-glyaero-D-galacto-DOn-2-enopyranosonate (15). 

Cata1ytic-hydrogenatio:n of compound (14) (400 mg, 

30 0.634 mmol), as described in Example x. part (D) af£orded 

compound (15) (144 mg, 3?.5%) as a white foam after 
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chromatography (siiica gel, ethyi aaetate/2-propanol/water 

= S/2/1). 

1Jt-mm: (CD30D) 6(ppm): 1.32 (s, 9H), 1.82 (s, 3B), 1.89 

5 (s, 3H, AaOK), 3.04-3.22 (m., 4K), 3.36-3.53 (m., 8K), 3.68 

(s, 3B), 3.72 (br d, 1B), 3.98 {dd, 1H), 4.25 (dd, 1K), 

4.62 (d, 2B), 5.03 (dcld., lB), S.43 (dd, 1H), 5.84 (d, 1H). 

( c J Preparat.icm of methyl 5-acetam.:Ldo-7-{2 '- C 2 "- ( 2" '-

10 tert-buto.xyc:arbonylam1noetboxy}-et.hoxyJ-ethylJ-

carbamoyloxy-4 - [ 2 ', 3 "-b.is ( tert:-but:oxycarboDyl) J -guan:Ldino­

B, 9-mm:10-aarbonyld1oxy-2,3,4, 5- tetradeoxy-D-glycero-D­

ga1acto-ncm-2-enopy.ranoscmate (lGJ. 

Compound (15) (101 mg), 0.167 mmol) was 

15 guanidinated by the procedure deseribed in Bxmaple X, part 

(B) to give compound (16) (72 mg, 51%) as a white foam.. 

1u-nmr (CDCl3 ) 8(ppm)1 1.42 (s, 9B), 1.49 (br s, 18B), 1.89 

(s, 3K), 3.12-3.65 (m., 12B), 3.78 (s, 3B), 4.07 (m, 1B), 

20 4.32 (br d, lB), 4.55-4.75 (m, 2B), 4.90-5.35 (m, 3B), 5.40-

5.68 (m, 2B), 5.91 (d, lB), 6.38 (d, 1H), 8.42 (d, lB) • 

. (DJ Preparat:Lcm of 5-acetam.ido-7-(2 '-{2"-(2"'-

am.tnoetbo.xy)-etJJozyJ-et.byl}·carbamoylo.xy-4-guanidino-

2 5 a I 3, 4, 5-tetrademr:y-D-glyc:rero-D-galacto-non-2-enopyranoson.:i.c 

ac:l.d ( J. 7 J • 

De-protection of compound (16) (70 mg, 

0.082 mmol) by the procedure descril:>ed in Example x, part 

(F) afforded the title compound (17) (25 mg, 60%) as a 

30 white so1id whieh gave a positive Sakaguchi reaction. 
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MS (PAB): 507 (M+l)+ 

1s-:amr (D20) S (ppm): 1.96 (a, 3B), 3.14-3.78 (m, 14H), 4.12 

(m., 2B), 4.41 (dd, lB), 4.52 (cld, 1B), 4.93 (dd, 1B), S.68 

5 (d, lB). 

10 

Bxagple 5 Preparation of 5-agetam.ido-7-(6'­

biotinyl.aminoh•:gyl>-carbpgoylaxy-4-

gu,an.idin.o-2.3.4.S-tatradeo:gy-D-glyeero-D· 

galacto-non-2-en,opyranoaonic acid (19) 

Compound (10) (176 mg, 0.216 mm.ol) was stirred in 

trifluoroacetic (Sml) under argon. at room. temperature for 

1hr, then vacuum evaporated to dryness to afford compound 

(18) which was then allowed to react with N-hydroxy· 

15 succinimide ester of biotin (110 mg, 0.324 mmol) in aqueous 

acetone (7.S :ml of water and 15 ml of acetone) containing a 

mixture o:f NaBC03 (27 mg, o .32 mm.ol) and. Naic~ (34 :mg, 

032 mm.ol) at roam temperature for 3 hr. 'rhe resulting 

mixture was evaporated to dryness. The residue was stirred 

20 in a :mixture of methanol (25 ml) and water (25 ml) 

containing triethylamine (4 ml) under argon at room 

temperature for 16 hr. The mixture was vacuum evaporated 

to dryness and the residue was subjected to chromatography 

(firstly, ethyl acetate/2-propanol/water = 5/2/1, then 

25 2-propanol/water • 3/1). The fract:l.on.s with !ti value of 

0.25 in the second solvent system were collected and 

evaporated to dryness. 

The residue was dissolved in water and treated 

with Dowex 50X8(H+) resin (0.5 g) for o.s hr at room. 

30 temperature. The resin was washed successively with water 

(SO ml), methanol (20 ml), water (10 ml), then eluted with 
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2MHB40B. The eluate was evaporated to dryness and freeze-

dried to afford the tit1e compound (19), (60 mg, 39.7%) as 

a white foam, which gave a positive Sakaguchi reaction. 

5 MS (l'AB) : 701 (M+1) + 

-1 i.r. cm : 3330, 2934, 1674, 1616, 1429. 

1s-nmr (D20) 6 (ppm): 1.25-1.80 (m, 14H), 2.01(s, 3H), 2.23 

10 (dd, 2B), 2.78 (d, 1H), 2.98 (dd, 1B), 3.08-3.26 (m, 4H), 

3.35 (m, 1H), 3.51 (dd, lB), 3.68 (dd, 1B), 4.02-4.28 (m, 

2B), 4.32-4.08 (m, 4B), 4.92 (dd, lH), S.76 (d, 1H). 

l:x•sle 6 

15 

Rreparation of 5-agetapido-4-••ipq-7-(6'-

.J.i"-text-butogygarbQDY1-enr&nohax,y1ureido>­

hegyll-carhamoylaxy-2.3.4.5-tetr&daoz;y-n­

glycero-D-galacto-ngp-2-epQlJXADO•OPic agid 

..l.lll.. 

Compound (6) (SO mg, 0.07 mmol) was stirred in a 

20 mixture of methanol (30 m1) and water (15 m1) containing 

triethylamine (4 ml) under argon at room temperature for 

16 hr. The resulting mixture was vacuum evaporated to 

dryneaa. The residue was chromatographed (silica gel 

2-propanol/water • 3/1) to afford the title compound (20) 

25 (30 mg, 63.5%) as a white foam. 

MS (PAB): 675 (M+1)+ 

i -1 .r. cm :3333, 2932, 1710, 1633, 1557. 

30 
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1B-nmr (D20) 8(ppm): 1.22-1.57 (m, 25B), 1.98 (s, 3B), 2.98-

3.18 (m, BB), 3.49 (cld, lB), 3.64 (cid, lH), 4.02-4.28 (m, 

3H), 4.53 (br d, lH), 4.92 (dd, lB), 5.72 (d, lB). 

5 bnmpla 7 Preparation g£ 5-acet•pjdo-7-ffi'-

biotiny1emipp-trigl¥Qipnmicio-h&X;¥1>­

carb•moyloz;y-4-guanidipp-2.3.4.s-

tetracieoxY-D-glyqerp-D-ga1acto-non-2-

ezugnrrapp1onic agid (211 

10 To a solution of 6-biotinylaminotriglycine 

(101.2 mg, 0.24 mmol) in a mixture of water (0.4 ml) and 

acetone (4 ml) at -10° were ac:lded successively 

triethyl.amine (24.6 mg, 0.24 mmo1), N-methylmorpholine 

(7 mg, 0.06 :mmol) and isobutyl chloroformate (35 mg, 

15 O. 256 mmol) • '!he whole mixture was stirred under argon at 

-10° for 12 :min. before being combined with a solution of 

cam.pound (18) (92 mg, 0.156 mmol) in a mixture o:f water 

(1 m1) and acetone (1 ml) containing triethylamine 

(24.6 mg, 0.24 mmol) at 0-5°. 'l'he resulting reaction 

20 mixture was allowed to stir at 15-20° for 4 hr and then 

evaporated under reduced pressure to dryness. 'l'he residue 

was taken up in acetone (2 x 25 ml.) and filtered to give a 

solid (69 mg) which was then stirred in a mixture of 

methanol (10 :ml) and. water (10 ml) containing triethy1amine 

25 (5 ml) under argon at room temperature for 16 hr. 'l'he 

solution was evaporated to dryness and redissolved in water 

(20 ml) and then evaporated to dryness again. This 

procedure was repeated five times to produce crude compound 

(21) (60 mg), which was then subjected to flash column 

30 chromatography (silica gel, firstly 2-propanol/water = 5/1, 

and then secondly 2-propanol/water = 3/1) to afford the 
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title compound (21) (17 mg, 12.5%) as a white so1id which 

gave a positive Sakaguchi reaction (guanidi-ne co1our 

reaction) and a positive biotin colour reaction. 

5 MS (PAB) i 872 (M+l) +, 871 (H+) 

i. r. cnn·1
: 3287 (br) , 1651 (br) • 

1B-mar (D20) &{ppm): 1.22-1.81 (m, 14H), 1.98 (s, 3B), 

10 2.37 (m, 2B), 2.78 (d, 1B), 2.95-3.55 (m, 7B), 3.61-4.16 

(m, 9B), 4.39-4.67 (m, 4H), 4.92 {dd, lB), S.67 (d, 1B). 

15 

Example 8 5-Agatamido-7-(6'-biotinyl.•m1no-doci•OanQyl­

•pipphexyll-aarbaaoyl-4-gsa•pisU.pg-2.3.4.5-

tetrademc:y-D-glycero-D-galacto-non-2-

engpyranoamrl,c acid f 22) 

This compound was prepared by coupling of 

biotinylaminododecan.oic acid and compound (18) using 

carbonyl diimidasole, as described in Methods in 

20 Enzymology, 1990 l.U. 664. 

1H-mnr (CD30D) ~ (ppm): 1.28-1.85 (m, 33B), 1.98 (s, 3B), 

2.22 (m, 4K), 2.75 (d, 1B), 2.97 (dd, 1B), 3.03-3.28 (m, 

6B), 3.49 (dd, lB), 3.64 (dd, lK), 4.07 (m, lB), 4.20 (m, 

25 1B), 4.34 (m, 2B), 4.50 (m, 2B), 5.57 (d, lB). 
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5-Ac;etmpjdo-7-<6:-biotig,y1amjno-gaproy1-

aminobaxy1l-garb•moy1-4-guantdinp-2.3.4.5-

tetrasiemr;y-D-gl,yperg-D-galagto-non-2-

enopyranosonic agid C23l 

This compound was prepared by coupling of 

biotinylaminocaproic acid and compound (18) us~ng sJ.mi.1ar 

conditions to those described in Example 8. 

1B-nmr (CD30D) 8 (ppm): 1.30-1.85 (m, 21H), 1.99 (s, 3B), 

10 2.24 (m, 4B), 2.76 (d, 1B), 2.98 (dd, 1B), 3.05-3.3 (m, 

7H), 3.50 (dd, 1B), 3.66 (m, 1H}, 4.07 (m, 1B), 4.21 (m, 

1R}, 4.37 (m, 2R), 4.52 (m, 2B), 5.58 (d, 1B). 

15 

Example 10 Preparation pf 5-acetamido-7-(6 1 .:.1§.:.:.1§..::._~ 

eminogaproy1>-tri•mipggaproyll-am,ipohexr1>-

qarb•mayl,oxr-4-gvantc:Un.g-2.3.4.5-

tetrad•oX¥-P-gl70erg-p-galaqt;o-npp-2-

epgpyrauosgnig agid (25) 

(AJ Preparation of methyl 5-acetamido-7-{6 '-[6"-(6'"-

20 tert-butoxycarbcmylaminocaproylJ-tri-amiDo-aaproylJ-

aminohexylJ-carbamoylo.xy-4-guanid.:lno·8,9·monocarbonyldio.xy-

2,3,4,5-tetradeaxy-D-g1ycero-D-ga1acto-non-2-

enopyra.aosonate (24). 

'l'o a soluticm. of 6-[6'-(6"-tert-butoxycarbcm.yl-

25 aminocaproyl)-di-aminooaproyl]-aminocaproic acid (150 mg, 

0.263 mmol) in methanol (S ml) at -20°c were added 

successively potassium t-butoxide (30 mg, 0.267 mmol), 

N-methylmorpholin.e (15 mg, 0.148 mmo1), and i.sobutyl 

ch1oroformate (40 mg, 0.293 mmol}. The whole mixture was 

30 stirred under argon at -1s--20°c for 20 min. before being 
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combined with a solution of compound (18) (140 mg, 

0.238 mmol) in a mixture of methanol (1.5 ml) and water 

(l.S ml.) containing triethylamine (38 mg, 0.372 mmol) at 

o-soc. The resulting reaction mixture was allowed to 

s agitate at 1s-2ooc :for 4 hrs, then evaporated under reduced 

pressure to dryness. The residue was taken up in acetone 

(SO ml :x 2) and filtered to give a white solid (224 mg 

after air-drying) which was then cliro:matographed on silica 

gel (ethyl acetate/2-propan.ol/water•S/2/l) to afford 

10 compound (24) (80mg, 31.5%). 

MS (FAB) 1068 (M+l)+ 1067 (JI+) 

ls-mar (CD30D) d 1.21-1.72 (m, 41H), 1.99 (s, 3B), 2.18 (t, 

15 BB), 2.92-3.24 (m, 12B), 3.79 (a, 3B), 4.14 (dd, lB), 4.51-

4.78 (m, 4B), S.19 (ddd, lB), 5.59 (dd, lH) 5.92 (d, 1H). 

(BJ Preparat:.:Lon of cam.poUDd (25) 

Compound (24) (29.5 mg, 0.027 JmDol) was dissolved 

20 in trifluoroacetic acid (2 ml) under argon. This mixture 

was stirred at room temperature for 1 hr, then evaporated 

under reduced pressure to dryness. The residue was 

redissolved in water (5 ml) and vacuum evaporated to 

dryness again before redissolving in water (2 ml) and 

25 freeze-drying to form a white solid. This solid was 

disaol.ved in a mixture of :methanol (10 ml), water (10 ml) 

and trietbylamine (5 ml). 'l'he resulting solution was 

allowed to agitate under argon at room temperature for 

16 br before being evaporated to dryness. Zt was 

30 redissol.ved in water (10 ml) and evaporated to dryness 
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again. 'l'he residue was triturated successively in acetone 

(20 ml x 3) and ethanol (20 m1), then freeze-dried to 

afford compound (25) (14 mg, 56%) as a white solid, which 

gave a positive Sakaguchi reaction and positive ninhydrin 

5 reaction. 

MS (PAD) 927 (M+l)+ 

lH-nmr (D20) d 1.15-1.69 (m, 32H), 1.90 (s, 3H), 2.11-2.23 

10 (m, SH), 2.91-3.21 (m, 12H), 3.41-3.70 (m, 2H), 3.85-4.12 

(m, 2H), 4.48-4.52 (m, 2B), 4.92 (dd, 1H), 5.58 (d, lR). 

15 

Exqple 11 Preparation 0£ 5-acetemicio-7-{6'.::.l.§.:.=..!§.~­

hiotin.ylemipogaprgy1>-tri-mp1noc&»roy11-

2.3.4.5-tetradeo:x;y~D-glyqero-D-galacto-non-

2-ep.opyranoaonie ac;£4 .ca&>. 

A solution. of compound (24) (71.4 m.g, 

0.0667 mmol) in trif1uoroacetic acid (2 m1) was stirred 

20 under argon at room temperature for 1br, then vacuum 

evaporated to dryness. The residue was dissolved in water 

(S ml) and evaporated under reduced pressure to dryness. 

The resulting residue was disso1ved in pyridine (6 m1) 

containing biotin-N-hydroxysuccinimide ester (36 mg, 

25 0.105 mmo1). 'l'be reaction mixture was stirred under argon 

at 40-sooc for 48 hrs, then evaporated under reduced 

pressure to dryness. The resulting residue was stirred in 

acetone (30 ml) at room temperature for 4 hr and then 

filtered. 'l'he precipitate was washed with acetone (10 ml x 

30 2) and air-dried to afford a white solid (72 mg). This 
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solid was stirred in a mixture of :methanol (25 ml.) and 

water (25 ml) con.taiDing tr:l.ethylamine {S ml.) under argon 

at room temperature for 16 hrs before being vacuum 

evaporated to dryness. The residue was subjected to 

5 chromatography (silica gel, the first run. ethyl acetate/2-

propanol/water•S/2/1 and the second run 2-propanol/water 

• 3/1) to afford the title compound (26) (30.4 mg, 39.5%) 

as white sol.id, which gave a positi.ye Sakaguchi reaction 

and a positive biotin colour reaction. 

10 

MS (l'AB): 1153 (M+1)+ 

infrared spectrum: 3292, 2931, 1638, 1541 mn-1
• 

15 1H-nmr (D20) d (ppm) 1.12-1.62 (m, 38H), 1.91 (a, 3B), 2.12 

(:m., 108) , 2. 65 (d, 1B) , 2. 82-3 .15 (:m., 13H) , 3 • 30-3. 62 (a, 

3H), 3.81-4.18 (m, 3B), 4.25-4.56 (m, 4B), 5.51 (d, lH). 

20 

Preparation of 5-aoetam,!dg 7- { Ei~.:.1..6" ~~.:. 

J;a:vdraziOoauqcfn.ylam,nogaproyl>­

t~i•minoqapro.y11-aminohexr1}-oarbamoylmr:y-

4-gpnp;iding-2.3.4.5-tetredeox,y-D-glygerp-D­

galaqtq-non-2-enom"ranoson;ig ag;id C30l 

To a solut:LOD of 6-{6'-[6"-(N-Boc-hydrazido-

25 auccinyl)-aminocaproyl]-diaminocaproyl}-amino-caproio acid 

·(100mg, 0.146mmol) in anhydrous methanol (Ual) at -20°C 

were aucaeaaively added potassium tert-butoxide (16.4:mg, 

0.146mmol), N-methylmorpho1ine (14.7:mg, 0.146mmol), and 

iaobutyl chloroformate (24mg, 0.176:mm.o1). The whole 

30 mixture was stirred at -15°C for 12 min. before combining 
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with a solution of S-acetamido-7-(6'-aminohexyl)-

carbamoyloxy-4-guanidino-2,3,4,S-tetradeoxy-D-glyaero-D­

galaat:o-non-2-enopyranosonic acid trifluoroacetic acid salt 

(11) (76.6mg, 0.13mmol) in a mixture of methanol (1.Sml) 

s and water (1.Sml) containing trietbylamine (16mg, 

O .158mmol) at 5°C. The resulting reaction mixture was 

allowed to stir at room temperature for 2 hrs, then 

evaporated under reduced pressure ~o dryness. The residue 

was taken up in acetone (SOml) and fil.tered. The solid was 

10 washed with acetone (10ml) , then air-dried. :It was 

subjected to column chromatography (silica gel, firstly 

ethyl acetate/2-propan.ol/water•S/2/l, then 2-

propanol/water•3/1) to afford the compound (29) (63:mg 

42.5%) as a white solid. 

15 

1-21-1.72 (m, 41B), 1.95 (s, 3K), 2.17 (m, SB), 2.48 (.AB, 

4B), 3.0-3.28 (m, 12B), 3.51 (dd., lB), 3.62 (dd, lB), 4.13 

20 (m., 1B), 4.17 (dd, 1H), 4.35 (dd, 1B), 4.46 (dd, 1H), 4.98 

(dd., 1B) , 5. 56 (d, 1B) • 

Compound. (29) (60mg, O.OS26mmol) was stirred in 

trifluoroacetic acid (2ml) under argon at room temperature 

25 for l hr, then vacuum evaporated to ~eaa. The residue 

was dissolved in water (Sml) and evaporated under reduced 

pressure to dryness, then l.yophilizecl to afford compound. 

(34) tifluoroacetate as a white solid. This was dissolved 

in water (10:ml.), treated with Amberlite XRA-400(0B-) resin 

30 to remove trifluoroacetic acid, and filtered off. 'The 

fi1trate was evaporated to dryness. The residue was 
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triturated in acetone (1Sml), then freeze-dried to afford 

the title compound (30) (40mg, 73%) aa a white solid which 

was stored under argon. 

5 MS(FAB) 1041 (M+l)+ 1042 (M+2)+ 

1H-mnr (D20) 8(ppm) (Trifluoroacetic acid salt) 

1.15-1.68 (m,32H), 1.93 (s, 3H) 2.18 (m, 8B), 2.52 (AB, 

10 4B), 2.98-3.23 (m, 12H). 3.40-4.20 (m, 4H), 4.42 (dd, lB), 

4.52 (dd, lH), 4.92 (dd, 1H), 5.88 (d, lH). 

Bxumle 13 

15 

Preparatiop, pf methyl 5-ac;;etam,Wo-7-(6'.:. 

1.3."-bycirogygarbonylprapionyll-nminphu:yll­

aarb•poyloXY-4-gu.anidino-8.9-

mpp.pgarhQDJ'ldiaxy-2.3.4.5-tatradapgy-P­

glycaro-P-galaqto-non-2-enopyran.oappate 

To a solution of methyl S-acetamido-7-(6'-

20 aminohexyl)-carbamoyloxy-4-guanidino-8,9-monocarbon.yldioxy-

2,3,4,S-tetradeo:xy-D-glycero-D-galaeto-non-2-

enopyranoaonate trifluoroacetate (18) (100mg, 0.159mmol) in 

anhydrous pyridine (2.Sml.) were added dimethylaminopyridine 

(24mg, 0.19Sllllll01) and auccinic anhydride (19.Smg, 

25 0.195mmol). The mixture was stirred under argon at 45°C 

for 20 hrs then vacuum evaporated to remove pyridine. The 

residue was disso1ved in methanol (lOml) and acidified to 

pH 2 with 2N HCl, then the acidic solution was evaporated 

to dryness. The resu1ting residue was subjected to f1ash-

30 chromatography (firstly ethyl acetate/methanol=10/1, then 
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ethyl acetate/2-p:r:opano1/water•S/2/1. silica gel) to afford 

campound. (32) (40mg. 40%). 

MS (PAB) 615 (M+l)+ 

5 

1.25-1.62 (m, BB), 1.93 (s, 3H). 2 •• 8 (AB, 4B), 2.95-3.21 

(m, 4B), 3.80 (s, 3B). 4.10-4.30 (m, lB), 4.50-4.80 (m, 

10 3B), s.o-S.25 (m, 2B), S.59 (dd, lH), 5.92 (dd, 1H). 

Determination gf the bincUng of the 

gmqpgunda gf the invention tg influenza 

rirus 

15 Two influenza A virus strains and one influenza B 

virus were used to test the ability of the compounds to 

bind to whole virus infl.uenza neuraminidaae. 'l'he influenza 

A strains were RWS/G70C and HWS/Tokyo and the influenza B 

strain was B/Vic/02/87. The neuraminidase assay was 

20 carried out following a published procedure (Potier, M. et 

al, Anal.. Biochem., 1979 H 287, and the measured 

inhibit.ion constants (:tC50) are summarised in Table 3. 
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J:Ahl.11 3 

Bincli.ng Ccm.atants (II) for Binding :tnf1uenza 

Viruses Compounds of the Znvemtion 

Compound No. HNS/Tokyo RWS/G70C B/Vic/02/87 

8 4 x 10·• 1 x 10·• 7 x 10'1 

11 2 x io·• 2 x 10·• not done 

13 2 x 10·• 2. x 10·• 8 x 10·1 

17 2 x 10·• 2 x 10·• 5 x 10·7 

19 1 x 10·• 5 x 10·' 2 x 10·1 

20 1 x 10·5 1 x 10·5 not clone 
21 4 x 10·• 2 x 10·• l x 10·7 

22 3 x 10·• 5 x 10·' 5 x 10·• 

23 2 x 10·• 5 x 10_, 6 x 10·• 

25 s x 10·• 4 x 10·• 1 x 10·7 

26 2 x 10·• 2 x 10-• 4 x 10·• 

·D.U1A 4 x 10·5 1 x 10·5 2 x 10·5 

GG167 (J:) 1 x 10·9 1x 10·' 3 x 10·' 

5 

Cgature gf :tnf1ttep.•a Vi.g:ua gn tp Ayidj.n 

Cgatad J!!L+BA Wa11a JJaipg Crpsgj2oupd Hg. 21 

A .96 well BLJ:SA plate was coated overnight with 

10 an av:l.din (Sigma) solution (10 pg/ml.) . The plate wells 

were then blocked wit:h a PBS(Phoaphate buffered aaline)­

Tween 20 solution. Compound. Ro. 21 was added at l and 

10 JIM to all wells in each of two rows down the plate. 

Compoun.d Ho. 8 (control) was added at 10 µM to all the 
l.5 we11a in another row. After incubation for 1 hour at room 

temperature. unbound conjugate was removed and the plate 
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was washed i.n PBS-'l'Ween 20. HWS/G70C Influenza A virus 

(B1N9 subtype) was added, starting from 2. S x 106 virus 

particles in the first well (equivalent to 5 x 107 pfu/m1), 

and diluting in aerial two-fold dilutions across the plate. 

5 The virus was allowed to incubate for approximately 30 

minutes and mmound virus was removed by washing • Bound 

virus was reacted with a polyolonal rabbit anti­

hemagglutinin antibody and then th~bound. anti­

hemagglutinin antibody was detected with a sheep anti-

10 rabbit antibody-horseradish peroxidase (Ab-HRPO) conjugate, 

with washings at each step. Virus bound Ab-BRPO was 

detected by the addition of ABTS (Sigma) as the BRPO 

substrate and incubation for about thirty minutes. 

Both concentrations (1 and 10 µM) of Compound No. 

15 21 gave similar results; a strong absorption signal at the 

highest virus concentration and then a decreasing signal 

with virus dilution, thus clearly capturing virus and 

allowing detection down to at least l.6 x 105 pfu per teat. 

:tn. contrast, the non-biotinylateci control Compound Ho. 8 

20 showed only a weak, unchanging absorption at a11 virus 

concentration.a. 

Detagtign pf +nflueu1a Virus gn BLXSA 

Platea Uaing CoJQpoun.d Hg, 21 

25 Starting with a virus solution of approximately 

1 x 108 pfu/ml., serial two-fold dilutions of NWS/G?OC 

influenza A virus in PBS were added direet1y on to an BLXSA 

(Dynatech) plate and allowed to bind by standing overnight 

(all the EL:ISA wells contained 50 µl). After washing, the 

30 plates were blocked with PBS-Tween 20 and then Compound 

Ho. 21 was added at l and 10 µM to two separate rows, with 
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control Compound Ho. 8 added at 10 JIM to another row. 

After incubation for 1 hour the plates were washed to 

remove unbound compound and then the virus was detected 

with Streptavidin-BRPO (Boehringer-Mannheim.), again using 

s ABTS as the c:h.romogeai.c substrate, with about thirty 

minutes incubation. 

Both concentraticm,s of Compound No. 21 allowed 

detection of the virus, giving an ,lncreasingly strong 

absorption in paralle1 with increasing virus concentration. 

10 A minimum of about 105 virus particles per wel1 coul.d 

readily be detected with Compound No. 21. In contrast, the 

non-biotin control Compound Ho. 8 gave no signal at any 

concentration of virus • 

. ~ture apd detection of a aomplp bet;ween 

:l.n.fluen11a y:irua and Cnsrn1nd Ho. 21 

To allow. coating of virus particles with the 

GG167-biotin derivative, 10, 2.5 and 0.625 pl of a solution 

of the HWS/G70C influenza A virus (1 x 108 pfu/ml) was pre-

20 incubated for 1 hour in each well of separate rows of an 

EL:ISA plate. Half log10 dilutions of Compound No. 21 were 

added, starting £rem 1 f1ll and going down to 0.00001 µM. 

The virus-compound. complexes ware then transferred to an 

BLXSA plate which had been pre-coated with avidin (as in 

25 Example 15) and incubated for 1 hour to allow capture. The 

plates were washed in PBS-'l'ween 20 and the captured virus 

was detected with a polyclonal rabbit antibody directed to 

the virus hemagglutinin (as in Example 15). 

The best result was found with a 0.01 µM 

30 concentration of Compound No. 21, which clearly allowed 

detection of virus down. to 0.625 x 105 pfu. At higher 
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concentrations of compound the signal was weaker, possib1y 

due to the blocking of same avidin sites by free Compound 

No. 21, whi.lat at lower concentrations (< 0.0001 µM) the 

detection signal was also weaker, probably due to there 

5 being insufficient compound to fully bind to all of the 

virus particles. 

:LO 

Direct detection of bound virus with 

streptavidln-BRPO was also found t~be possible, though 

there was a lower level of signal in this case. 

Cnptµre and detection of a g~lex between 

influenza yirus and. COJQPound Ho. 26 

Pollowing the same procedure given in Bxample 17, 

but using the GG16?-derivative Compound No. 26, it was 

15 found that the two subtypes of influenza A, HWS/G70C and 

RWS/Tokyo (Bl.H2), were both readi1y detected when present 

at 2.5 x 105 pfu/well. "l'he concentrations of COmpound No. 

26 tested were from 0.001 DH to 10 pH; the best results 

were obt:ained at 0.1 µM for both subtypes of virus. 

20 Xt will be apparent to the person skilled in the 

art that while the invention has been described in some 

detail for the puz:pose of clarity and understanding, 

various modifications and alterations to the embodi:ments 

and methods described herein may be made without departing 

2 5 £rc:mt the scope of the inventive concept disclosed in this 

specification. 
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1. A method of detection of influenza virus, 

comprising the step of exposing a sample suspected to 

comprise said virus to a compound (neuraminidaae binder) 

s able to bind specifically to the active site of influenza 

virus neuraminidase. 

2. A method according to Claim 1, in which the 

neuraminidase binder is attached to a support material such ... 

that virus particles will be selectively captured and 

10 concentrated when a sample is passed over or through the 

support. 

3. A method according to Claim 1 or Claim 2, in 

which the nauraminidaae binder is linked via a spacer group 

to a surface. 

15 4. A method according to Claim 3, in which the 

spacer group tez:minates in a functionality able to bind to 

a surface. 

s. A method according to Claim 4, in which the 

te:cminal functionality is a biotinyl group and the surface 

20 i.s coated wit:h avidin, atreptaviclin, or an antibody 

directed against biotin. 

6. A method according to Claim 4, in which the 

terminal functionality is an amino group and the surface 

ccmprises oarboxy groups. 

25 7. A method according to Claim 1, in which the 

neur•minidaae binder is linked to a detectable label. 

a. A method according to CJ.aim 7, in which the 

detactab1e 1abel is covalently coupled to the neurmd.nidase 

binder. 

30 9. A method according to Claim 7 or Cl.aim 8 in which 

the virus particles in a sample are exposed to a 

THIS SHEET HAS BEEN 
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neuramin.:l.dase b:l.nd.er coupled to a detectable label, under 

conditions such that the bind.er hinds selectively to the 

viral neuraminidaae on the surface of the viral particle. 

10. A method accordin$J to Cla:l.m 7 or Claim 8, which 

5 comprises the steps of selective capture and concentration 

of the virus. 

11. A method according to Clatm l, comprising the 

step of selective capture and sele~~ive detection of 

influenza virus. 

10 12. A method according to Claim 11, comprising the 

steps of: 

a) exposing the sample to a neurami:nidase 

binder hound to a support, and 

b) exposing influenza virus particles retained 

15 on the support to a neuraminidaae binder linked to a 

detectable label. 

13. A method according to any one of the· preceding 

claims, in which the neurudnidase binder bas an IC50 for 

binding of less than 10·' M. 

20 14. A neur•minidase binder campraiing an analogue of 

neuraminic acid (aialic acid) substituted at the C7 or 

equivalent position with a spacer group suitable for 

coupling to a detectable label or to a surface, in which 

said analogue does not comprise a detectable label or 

25 spacer group which is cleaved by the neuraminidase. 

30 

15. A neuraminidase binder according to Claim 14, in 

which the analogue of neuraminic acid is a compound of 

formula (:C:I) : 

THIS SHEET HAS BEEN 
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. ---;{ 

C02H 

(II 

5 R represents an azido group, an unsubstituted or 

10 

15 

substituted guanidino group, or an unsubstituted or 

substituted amino group; 

R.2 represents COCB3 ,. COCP3 or S02CB3 ; 

X represents O or NB; 

w represents a spacer group made up of a chain of 

atoms having a total length of between four and one hundred 

atoms, and optionally also comprising substituted carbon 

and/or nitrogen atama and optionally including oxygen 

and/or sulphur atoms; 

Y represents OB,. SB, Nllz, CB=O, CB•CB2 , C02B, 

COHBNB2 or HH-biotiDyl, or a protected form of one of these 

end functionalities; 

and wherein the subatituent OD the amino or 

gwmidino group, when present, is a substituted or 

20 unsubstituted C1 _, alkyl group, or an amino, hydroxy, cyano 

or al.koxyoarbonyl group1 

with the proviso that X-W-Y does not include the 

group 0C(=Z)NR5R6
, wherein Z represents o or s, and R.5 and 

THIS SHEET HAS BEEN 
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R6 independently represents B or a hydrocarb.on group 

optionally aubatituted by RR2 r OH or SH. 

16. A neuraminidase bind.er according to Claim 15, in 

which the X-W-Y group attached at the 7-position is a 

5 terminally fUDOticma1ized H-aubstituted-a1kyl carbama.te. 

10 

17. A neuraminidaae binder according to Claim 14,· in 

which the ana1ogue of neuraminic acid ia a compound of 

formula (Z:cA) or (ZZB) 

/y 
w 

....l.. 
R1 B '···~C02H ·0 

R2NH ~ 

R 

(IIA) 

/y 
w 

J... Rl B:(Y~ 
R2NH ! 

R 

(IIB} 

wherein R, R2 r Wand Y are as defined for foJ:mU.la 

(l:J:) in Claim 14r A and B are oxygen or ~ or may 

represent a single·bondr and R1 is a lipophilic C1-C12 alkyl 

15 group which is optionally substituted by one or more 

halogen atoms, aycloalkyl, alkoxyr haloalko:xy or optionally 

substituted aryl groups. 

18. A neuraminidaae binder according to Claim 17, in 

which the spacer group W is selected from the group 

20 consisting of linear peptides; oligosaccharides; polyols; 

polyethylene glycol groups; and hydrocarbon groups linked 

together with oxygen or sulphur atoms or with carbonylr 

amidor urea or hydrazide functionalities, or combinations 

of these groups. 

THIS SHEET HAS BEEN 
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19. A neurlllllinidase binder accord.ing to any oDe of 

Claims 15 to 18, in which the protecting group for the end 

functionality Y is selected from the group consisting of 

esters of the OB, SB and co~ groups, carbamates of the NB2 

5 an.d COmD1B2 groups. and acetala of the CH•O group. 

20. A neuraminidaae binder according to C1aim 15, in 

which R. is guaniclino and R.2 is acetyl. 

21. A neuraminidaae binder ac~ording to Claim 15 or 

Claim. 20, in which X is O and Y is NH2 or NB>-biotinyl. 

10 22. A neuraminidase binder according to any one of 

Claims 15, 20 and 21, in which W is a spacer group selected 

from the group consisting of COBB(~)•' 

CONB(~) 11NBCONB(CB2)., CONB(CB2) 8 [1ftlCO(CH2)sJ., CO(~)., 

co CCH2) .NJICONK (CH2) •' co (CH2> .HBCO (Cll;i) q.t 

15 COD ( CH2 ) siN8 (COClt.zRJI) qCOCB2 I CONH (~CH,O) 11Cll;iCB;iHHCO ( ~) q" 

and CORB(CJli)n&CO(~)q, wherein n amd m. are integers 

between 2 and 12, and q is o or an integer between 1 and 

12. 

23. A neuramtntdaae binder according to any one of 

20 Claims 14 to 18, which has an :CC50 of leas than 10"6 M. 

24 • A neurand nidase binder according to Claim. 23, 

which has an :tC50 of less than 10·• II. 

25. A nev.raainidaae binder according to any one of 

Claims 14 to 17, selected from the compounds of Tab1e l, 

25 other than Compound 11. 

26. s-acetamido-7-(6'-biotinylamino-triglyainamido-

hexy1)-carbamoy1oxy-4-guanidino-2,3,4,S-tetradeoxy-D­

g1ycero-D-ga1acto-non-2-enopyranosonic acid (21). 

27. s-acetamido-7-(6 1 -(6"-(6" 1 -aminocaproyl)-

30 triaminocaproyl)-aminohexyl)-carbamoyloxy-4-guanidino-
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2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-2-enopyranosonic 

acid (25). 

28. 5-acetamido-7-{6 1 -[6"-(6"'-biotinyl••inocaproyl)-

tri-aminocaproylJ-aminohaxyl}-carb11JDOyloxy-4-gua.nidino-

5 2,3,4,5-tetr~eoxy-D-glycero-D-galacto-non-2-enopyranaaonic 

acid (26). 

29. 5-acetamido 7-{6'-[6"-(6"'-

hydrazidosuccinylaminocaproyl)-tri8-inocaproyl]­

aminohexyl}-carbamoyloxy-4-guanidino-2,3,4,5-tetradeoxy-D-

10 glycero-D-galacto-non-2-enopyranoaonic acid (30). 

30. A nauramindase binder according to any one of 

Claims 14 to 29, linked to a detectabie label. 

31. A neuraminidase binder according to Claim 3 0, in 

which the link is covalent. 

15 32. A neuraminidase binder according to Claim 30 or 

Claim 31, in which the detectable l.ahel ia an epitope 

suitable for use iD an antibody detection. kit, in an 

optical assay device having an active receptive surface, or 

in an agglutination detection system. 

20 33. A neuraminidase binder according to Claim 14 

which is linked to a detectable label, wherein the 

neurami.nidaae binder is a compound disclosed in 

International Patent Applications No. W0/92/06691, 

No. W0/91/16320 or No. W0/96/26933, or in U.S. Patent No. 

25 5,453 ,533. 

34. A diagnoat~c composition comprising a compound 

according to any one of Claims 14 to 33, together with a 

diagnostically-suitable carrier. 

35. A method of synthesis of a neuraminidase binder 

30 of foz:mu1a (~X) according to Claim 15, in which X is 

oxygen, comprising the steps of: 
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a) converting a sialic acid derivative of 

foraula (XZZ) to an 8,9-protected compound of formula (IV), 

(Ill) 

OH 

o~XJ"'·· o co~· ' 
... . 
~ I A-0 

R2NH : 
: (IV} 
R 

in which R and R2 are as defined for formu1a 

(I::I), R1 is an alkyl group, and A is a protecting group; 

b) aoylating the 7-hydroxy group; 

a) optionally extending or functiona1ising the · 

spaaer group W 1 
, and 

d) removing the protecting groups. 

36. A method of synthesis of a neuraminidase binder 

of fonmla (:t:t) according to Claim 15, in which X is JIB, 

ao:mprising the steps of 

a) reacting a ·compound of fonrul.a (:CV) as 

20 defined in Claim 35 under llitsonobu reaction conditions to 

give a leaving group ester with inverted stereocbemistry at 

C7; and 

25 

30 

b) disp1acing the C7 ester with a nucleophi1e. 

37. A compound of general foxmula (V) or (VJ:) 

0-CONH-W-Y' 

O~XJ~... 0 C~R' 
I ..... I 
A-0 

R
2
NH ! (V) 

R 

{VI) 
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in which A is a protectUig group; 

W and W' are spacer groups as defined for W in 

Claim 15 or Claim 18; 

R and R2 are as defined in Claim 15; 

R1 is an alkyl group; and 

Y' is as defined in Claim 15 or Claim 19; 

38. A method according to Claim 37, in which A is C=O 

or CMe2 • 

39. A method according to Claim 35. in which A in 

10 formulae (:CV) to (VI:) is C•O or CMe2 • 

40. A method according to Claim 35 or Claim 36, in 

which the 7-hydroxy group is acylated with an isocyanate 

group OCN-W' -Y, and where W' is a spacer group as defined 

for W in Claim 15 or Claim 18 and Y is as defined in Claim 

15 15 or Claim 19. 

41 • A method according to Claim 3 5 or Claim 3 6, in 

which the 7-hydroxy group is acylated with an acyl chloride 

of formula ClCOL, in which L is a leaving group, and L is 

then displaced by an amine of formula ~N-W'-Y, where W' is 

20 as defined for W in Claim 15 or Claim 18, and Y is as 

defined in Claim. 15 or Claim 19. 
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