
i l l
Bitxtrtanic & I ledicinal Chemistry Lettcrs, Vol.3, No.4, pp.141 752, 1993

Printcci Ln Great Bri tain

0960 894X/93 S6.ffi + .00

O tSSl Pcrgamon Prcss Ltd

Synthesis of Methyl cr-Sialosides N-substituted with Large

Alkanoyl Groups, and Investigation of Their Inhibition of
Agglutination of Erythrocytes by Influenza A Virus.'

Walther  Schmid2,  Lu is  Z.  Av i la ,  Kev in  W.  Wi l l iams3 and George M.  Whi tes ides*

Department of Chentistrr ' ,  l larvurd University, l2 Oxford .Strt ' t ' t ,  ( 'umbridgt ' ,  l l lA 021-18

(Ret'eirt 'd in USA l l  Februurv 1993)

K e v w o r d s :  S i a l i c  a c i d .  i n h i b i t i o n .  h c m r r g { . l u t i n a t i o n .  i n t l u c ' n z u  r  i r u s .  N - s u h : t i t u t i r r n

Abst rac t :  The syn thes is  o f  a  sc r ies  o f  ncw inh ib i to rs  o f  thc  h ind ing  o f  in t lucnza v i rus  lo  c rv th rocr  tcs  i :  t l cscr ibcd .

T h e  i n h i b i t o r s  a r c  d c r i v a t i v e s  o f  s i a l i c  a c i d  w i t h  C 4  -  C ' 1 1  l l k a n o i c  a c i d  g r o u p s  a t t a c h c d  i r t  t h c  N 5  p , r s i l i t r n  a s  a c y l

g r o u p s .  T h e s e  m o l e c u l c s  w e r c  e v a l u a t c d  f o r  t h c i r  a b i l i t r  t , r  p r c v c n t  v i r u s - i n d u c c d  a g g l u t i n l t i o n  o l  c r y t h r o c y t e s .

T h e r e  a p p e a r s  t o  b e  a  c o r r e l a t i o n  b e t w e e n  i n c r e a s e d  c h a i n  i c n g t h  a n d  i n c r e a s c d  i n h i b i t i t r n  o f  v i r u s - i n d u c c d

agg lu t ina t ion  o f  e ry th rocv tes  These der iva t ives  d id  no t ,  howcvcr .  shorv  inc rcascd h ind ing  to  R l lA .  l r  so luh lc  l i r rm o t '

the  lec t in  hemagg lu t in in  tha t  i s  respons ib lc  fo r  thc  a t tachment  o f  v i rus  to  cc l l .

I
,'  In t roduct ion

In f l uenza  A  rema ins  a  se r i ous  d i sease  i n  man . 'Wh i l e  t he  i n fec t i v i t y  o l  t r pc  B  anc l  C  v i r uses  i s

concentrated in man, type A viruses al,so infect birds, horses, chickens, pigs and whalcs. '  
- l -hc 

membrane of the
inf luenza A viruses consists of a l ipid bi layer (derived from the host ccl l  during maturation) that presents tw'o

glycoproteins on i ts surface: ( i)  hernagglut inin) (HA: a tr imer) and ( i i )  neuraminicl l5g" (N.\.  a tetramer, E.C.

-1 .2 .1 .18) .  In  the course of  an in fect ion,  v i ra l  HA in i t ia l ly  b inds to  s ia l ic  ac id  (SA,  N-acctv lneuramin ic  ac id)

residues attached to glycoproteins and glycol ipids on the surface of the host cel l ,  Inhibitors oi this associat ion
that  b ind t rgh. t ly  to  HA would be potent ia l  inh ib i tors  o f  in f luenza in fect ion.  Inh ib i tors  u t i l i z : ing b identate 'and
polyvalents-l l  derivatives of sial ic acid have bcen reportecl.  A number of analogs of monomcric sial ic acicl have
also been investigated for their inhibitory potential.  To date, however, the most cffect ivc monovalcnt inhibitors
of hemagglut ination are the cr-glycosides of sial ic acicl i tself . l2-16
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Resul ts  and Discuss ion , l
The binding of simple a-sialosides to HA is weak: cr-methyi-siai ic acid has a K,i  = 2. l l  mNI \\ 'e

hypothesized that the attachment of long(er) chain alkanoyl residues to the amintr group cn C-5 ,r i  sir lrc acid

might  lead to  t ighter  b ind ing spec ies,  and therefore be bet ter  inh ib i tors  o f  v i rus- induced agr l , i t rnat ion o f

erythrocytes. An increase in binding would reflect non-specific hydrophobic intcractii,n:. betu'ec';r lir. rl-alkanoyl

chain attached to the sialoside and l ipophil ic regions present on the protein surfacc rr l i rrrr io the st: , l te acir l  binding

site of HA.17
A ser ies  o f  N-subst i tu ted s ia l ic  ac ids ls  uary ing in  the length o f  the a lkv l  group of  i i , , - ' i r  ant ide moiet ies

was synthesized (Scheme I).  The cr.-methyl glycoside of sial ic acid I  r ' . 'as treatcd wrth a r i tr ihanoiic solut ion of

tetramethylammonium hyclroxidee to afford the free amino derivatirr '2. Hcid resicir j{ . '* .  u". ' rc attached to the

amino functicn of 2by st irr ing and/or ref luxing the corresponding N-hvdroxysucci,r ' r11i i1 L' ' ,11' 's r ' ; i th amino

der ivat ive 2  in  a  mix ture o f  water  and THF,  u ,h i le  mainta in ing the pH of  thc  I  : i t ion r t i  S  i )  -  8 . -5  (see

Experimental).  The synthesis of the activated esters was straightforward. The prep.rr i  'n and puri l icatron of the

s ia l ic  ac id  der ivat ives wi th  cha in  lengths 10 carbons or  l r rnger  (6  -  8 ;  was cor"np i i r , , : .  ' ' )  t l tc i t ' t ' :ndt ' i tc i  to  forn t

micelles.

Scheme I

I I OOH
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We tes ted  c -meth ) ' l  s ia l i c  ac i c j  and  compounds  3 , - .8  f t r r  t hc i r  po tencv

ch icken  e ry th rocy tes  caused  b -v  i n t l uenz l  \ - -11  v i rus . ' " - - "  Thc  r r su i l s  l r r i  s

ind icate  a  s ign i f icant  increase in  inh ib i tor i  ac t iv i ty  Ior  th ,  long-chain  ( (

der ivat ives 6  -  8 .  S ince the N-decanov l  de r ivat ive 6  is  s t i l i  rc la t ive lv  watcr

of these der ivat ives.  Longer N-alkanovl  chain icngths at luche,J to SA !cat l  t . ,

HAI assay,  but  these der ivat ives i ' rcconre increas inq l \  nr ( ) rc  d i t ' i rcu l t  to  prcp l i (

p rog ress i ve l y  l ess  so lub le  i n  w 'a te r .  Thc  N -n r \ f r : t o t I co l r noun t l  8  * ' as  t i r r

accessible using the "activated ester" nrr:thod.
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. r : c ' .  t ) f  cou rSC,
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Figure 1. Conelat ion bet* 'cen the

length o f  a lky l  subst i tu t ion a t  N5 of

s ia l ic  ac id  and the i ( r$cst  c ( )ncent ra t i ( )n

of the compount that inhibits the virus-

induced hemagglut inat ion K:n^"

using a 96-wel1 plate essay.
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Synthesis of substi tuted methyl o-sialosides

We do noi know if  the increase in inhibit ion of hemagglut in:. t ion by derivatives 6 - 8 is caused by an

addirionai interaction cf the long chain amide residue to llpophilic regi':tts on the HA surface, to the formation of

micelles, or to some other effect. Low resolution 4-r"y crystallograpr';c studies failed to show binrling of these

derivatives at the f irst hemagglut inin binding site,s or at other posit ions on the protein surface' ' '  When the N-

myristoyt compound 8 was incorporated i;.t.j;"r; ^"Jtno int,;ui,ion of hemagglutination took place (rr(to')t

l rnM). Finai ly, N-octanoyl <lerivative 5 was unable to displace a f luorescent I igand from the active site of

t-rromelaine-cleaved hemagglut inin (BHA) even at concentrat ions above 5 mM.-- '  I t  appears that these

compounds do not bind directly at the sialic acid binding site of HA.

Conc lus ion
The investigation of a series of dif ferent N-alkanoyl substi tuted sialosides showed a signif icant

clependence of the ability of the compounds to inhibit hemagglutination on the chain length of the alkanoyl group.

The origin of this inhibition is not known, and it may represent an effect unrelated to the binding of erythrocyte-

surface sialic aci4 moieties to viral hemagglutinin. Two pieces of evidence -- the absencc of binding of 5 to BHA

in a competit ive f lourescence assay, and the absence of electron density corresponding to 8 in an init ial  single

crvsral x-ray experiment -- indicate that binding probably does not occur at the sial ic acid binding site of HA' We

hypothesize that inhibit ion may result from interacticn of these amphiphi l ic compounds with other hydrophobic

resiclues present on the surthce of viral hernagglutinin, perhaps close to the binding site tbr sialic acid.

These results establ ish a new class of derivatives of sial ic acid capable of inhibit ing agglut ination of

erythrocytes but they make the cautionary point that inhibit ion of this prccess need not necessari ly involve

interaction at the sial ic acid binding site of HA.

Exper imenta l
General Methods. Reagent grade ctremicals were purchased from Aldrich. Biogel P2 was purchased from

RioRad" Solvents were driecl and dist i l led before use. Analyt ical thin layer chromatography was performed on

Merck piates (si l ica g. l  Fr-.*,  0.25 mm). Compounds that were not visual ized by UV were detected by spraying

with a solut ion of 3To Ce1'Sb,*),  in 2N H.So4 fol lowed by heating to 200 "C, o, by spraying 'with a mixture of

ninhydrin (0.3 g) and acetic o. i , l  (- l  mL.) in ethanol (100 mL) fol lowed by heating. Flash chromatography was

performed using Merck Si l ica gel 60 (0.01 - 0.06 mm mesh). 
'H NMR chemical shif ts are reported in parts per

mil l ion from internal TN{S (6 = 0.0) with CDCI. as solvent and the HOD peak (6 = 4 8) 
Ylt  

DrO as solvent '
' lC i . ' iMR spectra chemical shif ts are reporied ir iparts per mil l ion relat ive to CDCI., (6 = 77.0) with CDCI, as

solvelt  and relat ive to external cl ioxane (6 = 66.5) with D.O as solvent. Phosphate bul ' fered sal ine (PBS) useC in

the HAI assay was prepared from 80 g NaCl, 2 g KCl. 1i g Na2HPO4 and 2 g KHrPO* in 1L of dist i l led H2O.

This  s tock so lu t ion was d i lu ted 1 par t  in  10 in  d is t i l led I {2O and then ad justed to  pH 7.2  wi th  1N NaOH.

Chicken erv throcytes was purchascd f rom Spafas,  Inc .  (Stor rs ,  CT 06268-119t i ,  Te l .203-429-1990\ ,

Inf luenza virus X-31 was a generous gif t  from Prof. D. C. Wiley and Prof. J. J. Skehel.

Genera l  procedure for  the preparat ion o f  N-hydroxysucc in imide esters  o f  a lkanoic  ac ids (Cn '

OSu). To a st irred solut ion of N-hyclroxysuccinimide (10 mrnol) and tr iethylaminc (1'5 ml-) in CHCI3 ( 25

rnL) rvas adcled the corresponding acyi chioride (10 mmol) while keeping the reaction mixture at OoC. The

mixture was al lowed to u,arm up to RT over t  hour fol lowed by the addit ion of sol id NaHCO, (200 mg).

Stirr ing was continuecl for 10 minutes. The precipitate was removed by f i l t rat ion and the f i l t rate concentrated

under vacuum. The residue was purif ied bv chromatography over si l ica gel (40 g) using cthvl acetate:ntethanol

( 9 : i ) .

N -Bu ty roy loxysucc in im ide  (C . -OSu) .  Y ie l d :  92  o /o .  'H  N t t ' tR  (CDC l j )  6  2 ' 78  (bs ,4H) ,  2 .53 ( t , 2H ,

c r c [ r r ) ,  1 . 7 3 ( d t , 2 H ,  B C H , ) , 0 . 9 s i t . 3 F I .  C r { 3 ) . ' ' c  x v R l c D C l r ) :  6  1 6 9 . t d ,  t O S . + S . 3 2 . 6 3 .  2 5 . 4 8 .  1 8 . 1 1 ,

13.24.
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N-Hexanoyloxysuccinimide (C.-OSu).  Yield:
crcH2), 1.69 (dt, 2H, BCH2),7.36 - 1.29 (m, 4H,
168.63, 30.79, 25.50, 24.75, 22.05, 13.72.

N-Octanoyloxysuccinimide (Cr-OSu).  Yield:
aCH2), 1.69 (m, 2H, BCH2), I.42 - 1.18 (m, 8H,
1,68.57, 31.47, 30.91, 28.69, 25.57, 24.57, 22.45,

N-Decanoy loxysucc in imide (Cro-OSu) .

aCH. ) ,  1 .71  (m ,  2H ,  BCH. ) ,  1 .40  -  1 .19

169.ti, 1,68.66, 3i,.77, 30.8f, 29.25, 29.15,

N-Lauroy loxysucc in imide (Crr -OSu) .  Y ie ld :  87 7o.

aCH2), 1.69 (m, 2H, BCH), 1.36 (m,2H, CH2), 1.31

NMR(CDClg )  6  169 .15 ,  168 .60 ,  37 .79 ,30 .82 ,  29 .44 ,

14 .00 .

700  7o . 'H  NMR (CDCI1 ) ,6  2 .78  (bs ,  4H) ,  2 .55 ( t , 2H ,

2xCHr) ,0 .86 ( t ,  3H,  CH3i .  
' 'C  NMRICDCI. ) :6  169.18,

95 7o . lH  NMR(CDCI , )  6  2 .79  (bs ,  4H) ,  2 .55  ( t ,2H,
4xcHr),0.84 (t, 3H, cHi). ' 'c NnaRlcDCl3) 6 168.99,
13 .89 .

Y ie ld :  96  vo . ' t t  NMRICDCI3)  6  2 .80 , (bs ,  4H) ,  2 .56  ( t ,2H,
(m, 12H, 6xCH2),0.84 ( t ,  3FI,  CH,).  ' , 'C NMR(CDCI3) 6
28.73. 25.53. 24.52. 22.60. 1 4.05.

'H  NMR(CDCI3)  6  2 .78 (bs,  4H) ,  2 .55 ( t ,  2H,b
-  1 .19  (m ,  14H , ' 7xCH, ) ,  0 .83  ( t ,  3H ,  CH. ) .  

l 3C

29 .24 .  2s .21 .  28 .98 .  Zx . r r x .  25 .4o ,  24 .47 . "22 '57 ,

N -Myr i s toy loxysucc in im ide  ( c ro -osu ) .  Y ie l d :  84  o /o . 'H  NMR(cDC l j )  b  2 .u1  (bs ,4H) ,  2 .58  ( r , 2H ,

aCH2),  t .72 (m,2H, BCHI),  1.3 '8" (m,2H, CH2),  1.30 -  1.21 (m, 18H, gxCLlr)_1' .S_1( j ,  ' ! :  
9I , ] .^ '19

N M R ( C D C l 3 )  6 1 6 9 . 1 5 ,  t 2 9 . 6 q , 3 7 . 8 1 , 3 0 . 9 0 , - 2 9 . 5 8 , 2 9 . 5 0 , 2 9 . 3 0 , 2 9 . 0 4 . 2 t J . 7 - 5 . 2 5 . 5 4 , 2 4 . 5 3 , 2 2 . 6 5 ,
14 .08 .
Methy l  5 -amino-3 ,5-d ideoxy-D-g lyc€ro-c r -D-ga lac to-2-nonu lopyranos ic ion ic  ac id  (2 ) .  To  a

solution of I (310 mg, 0.96 mmol) in water (6 mL) was added a solution of 2-5 r., ' t ' , i  tctramethylantmonium
hydroxide in methanol (1 mL). The reaction mixture was heated at reflux for 24 h; thc progrcss of ttre reaction

was monitcrred by TLC using ninhydrin (CHjCN: lOToAcOH 4:1; Rfz=O.+). The crudc rcaction mixture was

neutralized with acetic acid and desalted by passing through a column of-Biogel P2 (30 g). L.rophil ization yielded

345 mg of 2 (perhaps as a hydrate).
tH 

NtvtRl+00 MHz, Dro) 6 3.91 -

Hz, H.), 2.65 (dd, 1H, J = 4.5 Hz, J

17 4.3 i .  101.84,  73.67, ' , t2 .82,  69.26,

3 . 2 6  ( s ,  3 H .  0 C H 1 ) . ? . . 2 7  ( t .  l l { ,  J  =  9 . 9

l H , J  =  1 2 . 3  F t z ,  H .  ) .  
' ' C  

N M R ( D " O )  b

41 .21  .

General procedure for the preparation of the N-substi tuted derivatives 3-8. To a solut ion of amine

2 (25 mg,0.08 mmol) in water (3 mL), adjusted to pH 8 by addit ion of 0.1 N NaOH, * 'as added a solut ion of

the corresponding Cn-OSu ester (0.1 mmol) in TI{F (1 mL) and the reaction mixture st irred and/or ref luxed for

var ious t imes as deta i led under  each of  the compound.  The react ion was moni tored by TLC

(CH3CN:107oAcOH5:1). On completion of the reaction, the entire reaction rnixture was loaded on a Biogel P2

column (50 g) and eluted with dist i l led water. The fract ions containing the product rvere pooled, the volume

reduced to 2-3 mL and a second chromatography over Biogel F2 perfornred. Thc pooled fract ions was

concentrated under vacuum, the residue redissolved in methanol (1 mL) and passed ovcr si l ica gel (2 g) using a

mixture of acetonitrile and methanol (4:1) as eluent.

Me thy l  5 -N -bu ty roy l - 3 ,5 -d ideoxy -D-g l yce ro -a -D -ga lac to -2 -nonu lopy ranos idon i c  ac id  (3 ) .  The

react ion was s t i r red for  24 h a t  RT.  Y ie ld :  70 7o.  i  H UUn(400 MHz,  DZO) b 3 .90-3.5  4  (m,  711,

H4.5,6 ,7 ,8 ,93,96) ,  3 .33 (s ,  3H,  OCH3),  2J0 (dd,  1H, . {  =  4 .5  t lz ,  J  =  72.5 Hz.  H. , .u) .  2 ,26 (m,2H,  CH2) ,

i . 65 -1 .52  (m ,  3H ,  CH2 ,  H ru r ) ,  0 .95  ( t ,  3H ,  CH3) .  
' 'CNMR1100  MHz ,  D rO)  b  73  69 .  72 .73 ,69 .40 ,

69 .74 ,63 .64 ,52 .89 ,  + f . : 0 , - : 8 .89 ,20 .07 ,14 .05 . -C - l  and  C=O were  no t  de t cc t cd ,  h i gh  reso lu t i on  mass

spectrum (FAB) mlz 350.7441 [(M-H), calcd for C,oHroNOe , 350.145 i  ] .



Synthesis of substituted methyl o-sialosides t 5 T

Methy l  5 -N -hexanoy l -3 ,5 -d  i deoxy -D-g l yce ro -a -D -ga lac to -2 -nonu lopy  ra  n  os idon  i c  ac id  (4 ) '

The reaction mixture was st irred for 24 h at RT. Yield: 55 7o. 
tH Nt"tR1+00 MHz. D2O) 6 3.90-3.50 (m,7H,

H - - ) ,  3.30 (s,3H, OCH3), 2'67 (dd,lH,J= 4'68 Hz'J = 12'40 Tf 'H,.- l '  2:2} ! l ' " '* ! i^Tt):- '  
4 "5-6 .7 .8 .9a .9b"

t . 62 -L52  (m ,3H ,  CH, ,  H "^ - ) ,  1 .29 -120  (m ,  4H ,2xCHr ) ,0 .84  ( t , 3H ,  CH3) .  
' 'C  wMh(100  MHz '  DzO)  6

t i g . 5 S ,  I 7 4 " 5 3 ,  t } I . i G , ' 1 T 1 t , 7 2 . 7 6 , 6 9 . 4 8 , 6 9 . 1 1 , 7 3 . 1 2 , 5 2 . 8 9 , 5 2 . : 6 4 , 4 1 ' 3 8 ,  3 6 ' 9 3 '  3 1 ' 5 9 ,  2 6 ' 1 5 '

22.73,14.28,high resolut ion mass spectrum (FAB) mlz 378.1755 [(M-H), calcd for C', ,Hr.NOo' 378'1764]'

Me thy l  5 -N -hexanoy l -3 ,5 -d ideoxy -D-g l yce ro -a -D -ga lac to -2 -nonu lopy ranos idon i c  ac id  (5 ) '

The reaction mixture was st irred for 18 h at room temperature and then ref luxed for th. Yield: 8570' 
tH

NMR(400 MHz, D"O) 6 3.87-3.50 (m, 7H, Ho.r"u.r.r.nu.nn), 3'32 (s, 3H, OCli '  ' : - '? (.oo'^!! ' . t  = 4"50 Hz'

. r  =  rz .50Hz.H \ , ' z .z t  ( ,2H,  c r r " ) .  1 .65111 '3 t i ' ?# . '3H,  cH, ,  [ t . . * ) ,  1 .30- l . l f i  (m,8H.4xcHz) .0 '83

( t .3H,cHr ) . i rc - ' i { i ;R  (100 MHz,  Dro l  6  179.57 ,  174.44 .  t t i t . t i i i l .72 .72 .1e .  69 .s4 ,  6e .10 .  63 .80 '

5l.gg, 52.65,41.3g, 36.96, 32.05, ZC).i5, 29.15, ?6.46, 23.02, 14.44, high resolution mass spectrum (FAts)

mlz 406.2071 [(M-H), calcd for C,*HrrNOe, 406'2077]'

Methy l  5 -N-decanoy l -3 ,5 -d ideoxy-D-g lycero-a-D-ga lac to-2-nonu lopyranos idon ic  ac id  (6 ) .  The

reaction mixture was stirred for 48 h at RT. Yield: 437o. NMR shorved verv brortd signals due to micelle

fo rmat ion . tH NMR (400 Mt {2 ,  D2O)  d3 .g3-3 .52  (bm,7H,  Ho. r .o . r . r .n , , . s r , ) .3 .32  (bs ,  -3H,  O9FI3) ,?7 t .

( b d d ,  l H ,  H "  ) , 2 . 2 8  ( b t . 2 t l ,  c H 2 ) ,  1 . 6 8 - 1 . 5 5  ( b m , 3 H ,  C H . , ,  
" ; ; ; t " t ' . 4 5 - t . 2 0  

( h m .  l 2 l i '  6 x c H , l ' - l ; l o
- l e q -  

,

(bt,  3H, cH.i ihigrr resolut ion mass-spectrum (FAB) mlz 434.?39: t(M-Hl. calcd for C,,,H.,. . , ,Noq, 434'23901'

Me thy l  5 -N - l au roy l -3 ,5 -d ideoxy -D-g l yce ro -a -D -ga lac to -2 -nonu lopy ranos idon i c  ac id  (7 ) 'The

reaction mixture was st irred f or 72 h at RT and then ref luxed for 48 h. Yield: 2 I  %. N N{R showed very broad

signals due to micel le formation. 
'H NMR (400 MHz, D?O) 6 3.91-3.50 (bnl.  

1l ' l l ,+,-; .n,7.a.go.l , l ) :  1] ' , , j t" '
l i ,  ocHr ) ,2 . i7  (bdd ,  1F I ,  Hq . . , ) ,2 .28  (b rn ,  2H,cH) :1 .66-1 '53  (bm, , t l ' 91 . , : l J tn . ) ; .1 ] t  t ' 15  (bm '

t6H, gxCH"), 0.g3 (br, 3H, CifJ. high resolurion mas's spectrum (FAB) mlz 462.27(i8 [(M-H), calcd for

cr, H.,0NO,)". 462.27 o3l.

Me thy l  5 .N  -my r i s toy l - 3 ,5  - c l i deoxy -D-g l yce ro -a -D -ga lac to -2 -non  u  l opy ra  n  os idon  i c  ac id  (8 )  '

'fhe 
reaction mixture was stirred for l2h at RT and then refluxed far 72 h. Yield: 39olo. N1vlR showed very broad

s ignals  due to  mice l le  format ion. 'u  l . tv tRl+O0 MHz,  DrO)  6  3 .96-3.42 (brn.7H,  L{4, - r , , , , r .n .gr , : l ) , -1 ' l3 . lbo '

lH ,  ocHr ) , 2 .77  (bdc l ,  lH ,  I { 1 . , , ) , 2 ,27  (bm.2 l - i ,  cH , t  1 .70 -1 .52  (hm. , * r ,  , . 1 ] . : ' ^ l l l r ^ )  
. 1 ,40 -1 ' 18  

(bm '

20H,  1OxdHr) ,0 .g5 (br ,3H,  c idr ,  h igh reso lu t ion ma--ss spect rum (FAB) mlz  4 t ) ( \ .3( t i i r  [ (M-H) ,  ca lcd f . r

C , .HooNOo,4OO. :O iO1 .

Hemagglut inat ion inh ib i t ion (HAI)  assay.  Compounds I  and 3 -  8  were euc:h d isso lved in  PBS to

make stock solut ions that were 40 mM in the inhibitor. The fol lowing operations \\ 'crc doner trt  4"C' Thc HA

t i t e ro f  as tockso lu t i ono f  X -31  i n f l uenzav i rus ( i nPBS)wasde te rm inec l  byse r i a l  d i l u t i onc f  
' l (X )p l - o f  t heV i rus

solut ion in 100 pL pBS. A suspension of chickr:n ervrhrocytes in PBS (100 pL) rvas added t<'r each rvel l .  mixed

and incubated for t h. The HA endpoint is clefined as the last well before erythrocyte pellcts begin to torm'

The inhibitors (50 pt-) were serial ly di lured in 50 prt- of PBS using a 96-rve l l  plate set-up. To each rNeli

w a s a d d e d 5 0 p L o f  v i r u s X - 3 1 .  T h e v i r u s a n d t h e i n h i b i t o r w e r e i n c u b a t e r . J f o r 3 0 n r i n a t t e r w h i c h  1 0 0 u [ ' c ' f

e.5Vo chicken erythrocytes in pBS was added ancl mixed. The corrcentrat ion of virus X-31 in this nrixture is

equal to i ts concentrat ion at the HA endpoint. The wells were examined for inhibit ion ot 'hr:magglut ination after 1

hr. The highest di lut ion of the inhibitor that prevented hemagglut ination was recorc, lcd as the K(HAI) for the

inhibitor. The reprorJucibi l i ty of the endpoints was within one we l l  from the reporte d crr i lpoint.
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