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This communication describes the first synthesis of the
u-methyl ketoside of an N-unprotected neuraminic acid in the
form of i ts methyl ester (Neu5NH21Me-u-2Me) (5a). This com-
pound is a valuable intermediate for the synthesis of unnatural

N-substituted sialic acids. Syntheses of NeuSmyristoyllMe-cr-
2Me (5b) and Neu5cyclopropanoyl lMe-s-2Me (5c) are pre-
sented,

Sialic acids are involved in a large variety of cellular func-
tions as components of glycoproteins. gan-eliosides and
polysaccharides l 'r). They are essential parts of the carbo-
hydrate structures of mammalian cell membranes and are
important in molecular recognition. We are particularlf in-
terested in their role in the infection of mammalian cells b1'
influenza virus. The initial event in infection involves bind-
ing of the membrane heamagglutinin (HA) of the virus to
the surface of the cells 3). Terminal sialic acid glycosides of
cell-surface glycoproteins and glycolipids and the viral HA
are the only components necessary for this interaction be-
tween virus and cell.

Af ter  the crystal  structure of  the HA-sial ic acid compler
became avai lableai ' .  several  programs have been started
with the object of modifying 5-acetvlneuraminic acid in or-
der to increase its affinity to the recognition site of the viral
haemagglutinin. Successful synthesis of compounds capable
of binding to the sialic acid recognition site of HA with high
affinity would suggest possible approaches to the develop-
ment of drugs against influenza that would work by block-
ing the binding of virus to cell. A number of research groups
have synthesized sialic acids with structural variations in the
side chain (mainly to investigate their behaviour toward
CMP-sialate synthase)6'7). Many of these compounds have
also been screened for binding to HA, but no strongly bind-
ing materials have been discovered. We have been particu-
larly interested in neuraminic acids with new substituents in
the C-5 position. Therefore, we focused our work on neu-
raminic acids having small residues at the C-5 position and
those substituted with fatty acids. The former were inter-
esting because the crystal structure suggested unoccupied
space in the vicinity of Trp-153 in the complex of HA with
1/-acetyl neuraminic acid. The latter were to investigate the
effect of non-specific hydrophobic interactions between the
alkyl chains and non-polar regions of the HA close to the
sialic acid binding site. Because binding to haemagglutinin
shows an absolute requirement for a cr-glucoside structurea),
we have developed a practical synthesis of a chemically sta-
ble sialic acid intermediate as an o(-anomer with a free amino
function at C-5.

Due to the ease of its transformation to free amines, the
azide group represents a valuable intermediate functionality.
An enzymatic approach using l/-acetylneuraminate pyru-
vate lyase (8.C. 1.4.3.3) to 5-azidoneuraminic acid seemed
to be particularly appropriate. Our own investigations, as
n'cll as those by Aug6 et al., had already shown thatZ-azido-
2-deorr nrannopvranose is a good substrate for the ly'-ace-
tv lneururmin l r te  p r  r t t r  a te  l vascs ' r ) .
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Employing a synthetic strategy developed independently
from that of Augc et al., we obtained free 2-azidomanno-
pyranose 2 in 45n/u yield after treatment of the 2-azido-a-
mannopyranoside 1 with sodium methoxide followed by
neutralization with a weakly acidic ion exchange resin and
reaction with 6 u hydrogen chloride/acetic acid solution.
The enzyme-catalyzed condensation to the 5-azidoneura-
minic acid (3) was carried out with 10 equivalents of sodium
pyruvate in 5 mu tris buffer at pH 7.5, containing 0.1n/n
sodium azrde, at 37 C. In analogy to a procedure of Vasella
et  a l . r0)  we produced the methyl  ester 4a by st i r r ing Neu5Az
3 in methanol in the presence of a catalytic amount of tri-
f luoroacetic acid. The subsequent reactioti with acetic an-
hydride/DMAP in pyridine led to the pentazrcetyl derivative
4b. Chloride 4c was prepared from the acetyl compound 4b
by treatment of 4b at 40 C in dry ether u'ith anhydrous
hydrogen chloride. This rcaction furnished 4c in an almost
quant i tat ive y ic ld.  The convcrsion of  4c into the z-ketosidc
4d was accomplished in dry methanol usitt-t l catalysis by
freshly prepared si lver carbonatcrr ' iu 83%, y ic ld.  From the
.r-anomer 4d. we obtained the desired z-methyl ketoside 5a
of neuraminic acid with an unprotected amino group as its
methyl ester in more than 90%, yield after deacylation and
reduct ion wi th hydrogen and pal ladium on carbon. The re-
duct ion step could also be performed with 1.3-propanedi-
thiol in the presence of triethylamine in comparablc
yields ' r" t .  This lat ter  system is much mi lder than the pal la-

dium-catalyzed hydrogenolysis and permits certain useful
selective reactions (c.g. reduction of azidcs to free amitlt-s it l
the presence of a Cbz-protected amine rrb)). The final ao lrr-
t ion of  the f ree amine group was carr ied ot t t  e i ther accorcl i t tg
to standard procedures in pyr id ine wi th catal l 's is by DN,l . \P
or after conversion of the acylatior-r rea-uent into thc c()rrc-
sponding .N-hydroxysuccinimide ester.  The'V-myristor I  r t t t t l
the l/-cyclopropanoyl derivatives of neuraminic acid rtttt l
other l/-acyl analogs of this substance arc currently bcing
tested for their activity in binding to HA.

We thank the lVat l r . rnul  Inst i tute o/ 'Heul t l t .  GM 395t19.  r t t rd thc

D e ul sc he For st' hut q s q e tt t e inst' htl i tor thci r gr-'nero us supp()rt.

Experimental

Chcmicals wcre purchascd f rom Aldr ich and werc reagent graclc.

Solvents were dr icd and dist i l led before usc.  Blochemicals r icrc

purchascd i rom Sigma. Ner-r5Ac aldolasc (E.C. 1.4.3.3.)  was ob-

ta ined f rom Toyobo. Analyt ical  th in- layer chromatograph;-  r i  as

pcrformcd on Mcrck platcs,  Kicsclgcl  60 Fr51,  having 0.25 mm la l"cr

th ickness.  Flash chromatography was performed using Merck Kie-

selgcl  60 wi th 0.04-0.063 mm thickness.  Compounds that  were not

v isual izcd by UV were detected by t reatment wi th a solut ion of  p-

anisaldchydc in a mixture of  ethanol lsul fur ic  acid/ace t ic  acid or  by

spraying wi th a solut ion of  3 '% Ce(SO4):  in 2 N H2SO4 fo l lowed by

heat ing to 200 C. rH-NMR spectra wcre recorded on Brukcr AM

300, AM 400 or AM 500 spectromcters.

M ethyl 2-azido-3- O-benzoyl-4, 6- O -llcnzylidenc-2-deoxy-cx,-D-man-

nopyranoside (1)  was obtained in four steps star t ing f rom u-methyl

g lucopyranoside according to l i terature proceduresrr  r6) .

A .  S c h r e l l .  C ; .  \ l  \ \  h i t r . t . l - '

n o p y r a n o s i d e  ( l ) i n  u  n t i r t u r c  o 1 - l 5 ( )  r n l  o f  m c t h a n o l  i t t l t l  j l  t , ' r i  , ' l '

1 ,2 -d i ch lo romethanc  \ \ ' as  t r c l t c r l  u i t h  i 5  m l  o f  a  I  N {  sod t i t t t - -  t r - - r l : r -

o x i d c  s o l u t i o n  a t  4 0  C .  A f t c r . l  h  t h c  s o l u t i o n  w a s  c o o l c t l  t r ' i  (

qucnched  by  add i t i on  o f  l 0  n t l  r r l ' . t  r t c l t k l y ' ac id i c  i on  c re l t . r t t r ;

resin (Amber l i te CG-50, capacrt r  i  5 ntcr l  n l l )  and st i r red for  I  I r

The  reac t ion  m ix tu rc  was  f i l t c rc r l  t , , . t l ' l i , l . d  l t  so lu t i on ,  wh ich  t t . r .

conccn t ra tcd  anc l  co -evapora ted  th l cc  l l l l l L ' \  \ \ i t h ' " l a te r  to  r cn to rc

the  rnc th r l  bc t t zo l t t e .  To  the  resu l t i t t c  ( \ t l .  . i  l l l i \ l t t r c  c l f  98 .5  m l  o f

acct ic  l rc i t l .  6- i  nt l  of  concentrated H( I  . t r l t i  . l l  t r l l  t l f  water  was

adclccl  r rnt l  t l ic  solut ion was heatcd to -15 : r r  (  \ i tcr  72 h the

rcac t ion  n t i r t t t r c  uas  coo led  to  room tc t l l l - r c1 .111 ; : ' ' . t l l ( l  cvapora tcd

undcr  h igh  r l e l rLu t t  t o  -e i ve  a  res iduc .  uh ich  \ \ i t .  i ' t . : ' i l ' i cd  hv  f l ash

c h r u t m a t o c r l p h r  [ 1 5 0  g  o f  s i l i c a  g c l .  s o l v c t t t :  t o l t t c t t , . '  - l h . t r l r r l  1 { ; 1 ; 1

to  a f fo rd  l . f ' 6  g  ( -159 /o )  o f  2 -az idomannosc  2  as  t t  ) c l l , " . ' .  I , ' ' t t t r .  Thc

500-M Hz  H- \  \ l  R  spec t rum o f  th i s  ma te r ia l  c ( ) l ' r c \ l ' \ ( \ r r \ i - ' . :  $  i t l t

t ha t  r cp t r r t c r l  i n  r c f .n ' :  [ " ] t J '  :  24 .4  ( t :  -5  i n  t l l c th i t r l , , i ,  : . 1

t r l t l '  
:  l l l  t r  -  -5  i n  me thano l ) ) .

j -  l - - i r 1 , , - - i . - i - r / i 11e ,o .x_ t ' - f i - n - t1 l . t ' t ' t ' r o - l ) -qu lu ( ' t o - ) - r t r t r t u lop . l / ' ( i i i 1 , \ i -

t l t t r t i t  l ,  r , 1  t \ c t r5Az .  3 ) :  Sod iL tm pv ruva te  (4 .74  g ,  43  mn lo l )  u  r t '

d i sso l r c t l  i n  l 5  n t l  o l  t r i s  bL r l ' i c r  (50  rn r r  i n  t r i s  and  15 '6  mr t  r t t

sod iun r  . r / r ( l c .  pH  7 .5 )  anc l  t r c i t t cc l  r l i t h  a  so lu t i on  o f  885  mg (4 ' - l

n rmo l )  t r l ' l - r r z ido -2 -dcoxvmiu l r ( ) sc  t2 t  i n  6  m l  o f  t he  samc bu f fe r

so lu t i on  I  hc  p tJ  o f  t hc  r cac t i ( ) l t  t t t i r t t t r c  uas  ac l j us tcc l  t o  pH 7 .5

u  i t h  I  \  \ ( ) ( l i un r  hyd rox ic l c  s t r l u l i on .  \dc l i t i on  o f  l t  s t - t spcns ion  o f

l 0  [  , r l '  \ cu5  \ c  a ldo lasc  (F . . ( ' .  LJ  r . r t  i r r  I  r t r l  o f  bL r f f c r  i n i t i a ted

t h c  e t r r r r . ' r ' - i t r l t  l r t  3 7  C .  T h c  r c l t e t i t ) l l  \ \ i l \  l l l ( ) l l i t o r c d  b y ' H  N M R

u n t i )  i g n . t l \  e h a r a c t c r i s t i c  f o r  t h c . t . t r t i l r g  t l l i t t c r i l r l  h a d  c o m p l e t e l y

c l i ' l r 1 " r1 ' r . ' . 11g11 .  Fo r  pu r i f i ca t i o r t .  t hc  r i  h , , i c  s t r l t t t i on  was  loaded  on to

i . rn  i ( ) l r  l r eh i t t t gc  co lumn c t l t l t l t t r l t l l g  l i l )  n l l  o f  B io  Rad  AG 1 -X2

{ l ( } ( )  l t x )  n tcsh .  fo rmatc  fon t t .  e . t l . ' . t e  r t r  ( ) .6  mec l r im l ) .  washcd  w i th

\ \ r r t c r  ; . r t i r l  u a s  t h c n  c l u t c d  r i i t h  . i  \ ( ) l u l l l c  o f  1 . 3  I  o f  a  0 -  1 . 5  t t

l ' , . , r ' n r i c  l re rd  g rad ien t .  F rac t io t t \  r ' ( ) t t l . t l t l i l l g  the  p roduc t .  de tcc ted  by

I  L - (  [ : t r l r  cn t :  bu tano l racc t i c  . t t  r t l  r i  . t t c r '  (8 :3 :  3 ) ;  R r  :  0 .26 ] ,  wc rc

e  t r l l cc l c t l  and  concen t ra tcd  u l t ( i e : '  l t r t h  i acuum to  d ryncss  to  g i vc

S t ) 6  n r L t  { 7 0 ( l ' o )  o i  N e u 5 A z  ( J t  . r . . r  e o l o r l c s s  s i r u p .  T h e r H - N M R

r l r r t r r  ug rccc l  w i th  those  in  r c l '  . ' . t )  ,  -  -54 .8  ( r '  :  5  i n  H lO) .

. : -  l : i d o - - J , , 5 - r i i r / c o r r ' -  l l - t t - , t ! , r  t t r t - l ) - t l o l u t ' t o - l - r t t t t t t t l t t l . \ ' r u t t , ' s t -

J r tn i<  4 t ' i t l  Me th t ' l  Es te r  (Nc t r i  \ . , 1  \1c .  4a ) :  To  a  so lu t i o t t  o f  5Jo  t l l s

1  1  . \ )  n tmo l )  o f  Neu5Az  3  in  5 ( )  n t l  t r l ' t l r r  mc thano l  u  l t s  r td t l c t i  l o l )  r t l

( ) i  t r i f l uo roace t i c  ac id .  A f t c r  ' t i i ' t ' t t iS  t l t c  r cac t io r l  t l l i r t u rc  i o r  l ' l  h .

1hc  s t t l i , cn t  was  rcmovec l  rn t t l c l . r c t l t t ccd  p rcssu rc  to  g i r c  c r t t c le  {a

l rs r r  foam. Thc product  u 'as l - r r t r t l ' rcd l - r )  chromatclgr ; rph1'  on a f l l tsh

eo lu r . r - r r . r  [ 50  g  o f  s i l i ca  gc l .  s t r l r c t t t :  c t l t r l  ace ta te  mc the tno l  (9 : l ) ]  t o

sc1-r l t ratc thc estcr  f rom morc f r t r l l t r  i t l lpLtr i t ics '  Concentrat ion of  thc

p roduc t -con ta in ing  l rac t i o t r s  g r t r c  5 - { l  rng  o f  4a  (1 .69  mmol .  91%, )

as u u hi tc  nt icrocrystal l inc pr t 'u r lcr .  r t f tc-r  recrystal l izat ion f rom ethyl

acc ta tc  n rc thano l ,  sma l l  r i h r t c  I t ! ' cd l cs .  m .p .  16T  C .  -  TLC w i th

c t h r l  i t c c t a t c / m c t h a n o l  ( 9 : l t  I t ,  -  0 . 3 7 .  -  ' H  N M R  ( 4 0 0  M H z .

I ) r O  H D C ) ) :  b  :  1 . 9 2  ( d d .  l H .  3 - H , . ) . 2 . 2 8  ( d d ,  1 H .  3 - H . q ) .  3 . 5 3

( c l d .  1 H .  5 - H ) . 3 . 6 5  ( d d .  1 H .  9 - H , ) .  3 . 7 4  ( m ,  1 H '  8 - H ) .  3 . 8 1  ( s '  3 H ,

C O I C H r ) .  3 . 8 4  ( m ,  2 H . 7 - . 9 - l { h ) .  3 . 9 6  ( d d ,  1 H . 6 - H ) . ; 1 . 1  ( r n .  l H . 4 -

H);  - / (3, , . .3. , , )  :  -  12 Hz- , / { . i . ' ' . -11 :  12 Hz.  . / (3. , , . '1)  :  4.5 Ha

J ( 4 . 5 ) :  1 0  H z , . / ( 5 , 6 )  :  1 0  H z .  . l ( 6 . 1 ) :  1  H z .  . / ( 8 - c ) . , )  :  5  H z ,

- / (8 ,9b )  :  2Hz .  - I (9 , , , 9 i . )  :  -11 .5  Hz .  -  MS (FAB.  70eY) :  m lz

f / " ) : 3 0 u ( 1 4 . 5 )  [ M t  +  l ] . 2 9 0 ( 2 8 )  [ M *  -  N ] l .  l l 7 ( 1 0 0 )  [ M *  -

c . ,o rH6 l .  109  (95 ) .

C11 ,H1 ,N .1Os  (307 .2 )  Ca lcd .  C  39 .09  H  5 .57  N  13 .67

F o u n d  C  3 8 . 6 9  H  5 . 6 5  N  l i . l 6

2 ,4 ,7 ,B,9-  P ent  u-O - t tc  et  1 ' l -5-azido- - l  .5 - t l ideo xt ' -  [ l -  n-ul  t 'c  ct ' t t -  t t - t1ul-

ctc ' to-2-nonulop) ' ranosi t lonic Acid Methr l  Ester  (Neu5A22.4,7,8 '

2- Azitlo-2-tleoxl,mannopyranose (21: A solulion of 7.4 g (18 mmol) gAcsl Mc, 4 b): To a solution of 100 mg (0.32 mmol) of NeusAzl Mc

methyl 2-azido-3-O-benzoyl-4,6-O-6enzyl i<lcne-a-2-deoxy-u-man- (4a)in2mlofpyridineat5 C.wasaddcdl ml ofacetic anhydride.
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Neuraminic Acid Der ivat i res

Thc mixture \ r 'as warmcd to room temperature and st i r red unt i l
TLC (e thy l  acc ta te  mc thano l .  9 :1 ,  R1  :  0 .84 )  showed  the  d i sap -
pearance of  , la.  Af tcr  craporat ion of  the solvent .  thc crude mater ia l
was pur i f ied br  f lash chromatography [25 g of  s i l ica _ecl ,  hcxane/
e t h y l  a c e t a t c  t l : l t l  t o  - ' - i e l d  4 b  ( 1 8 5  m g .  0 . 3 5  m m o l .  9 2 o / o )  a s  a
co lo r l css  foa r r . r .  -  TLC w i th  c thy l  ace ta te  mc thano l  (9 :1 ) :  R1  :

0 . 8 4 .  -  ' H  \ \ l R  ( " 1 0 0  M H 4  c D C l : r ' c H C l , ) :  c i :  l . g 2  ( d d ,  1 H .
3 - H . , ) .  1 . 1 ) - .  t . l .  1 . t 4 .  2 . 1 7 , 2 . 2 2  ( 5  s .  , 5  r  . r H .  C O C H ] ) ,  2 . 6 7  ( d d .

1 H .  - r _ H . . ) .  - r . . 1 7  ( d d ,  1 H ,  5 _ H ) .  - 1 . 7 7  ( d d .  l H .  6 _ H ) ,  3 . 9  ( s ,  3 H .
C ' O - C  H , t .  - 1 . 1 1  ( d d ,  I  H ,  9 - H , ) .  . 1 . 1 1  r d d .  l H .  9 - H b ) ,  5 . 2 2  ( m ,  2 H ,
- + - .  \ - t l l .  5 . 5 . 1 ( d d ,  1 H , 7 - H ) : . / ( 3 . , . - 1 . " t  :  -  l 3  H z , ,  - / ( 3 , , , , 4 )  :  1 1  H z ,
. / { -1. , . -11 :  4.5 Hz,  J(4.51 :  r ) . - i  Hz.  - i ( -5.6)  :  9.5 Hz,  J(6,7)  :

l . - i  Hz .  J (1 ,8 )  :  6 .5  Hz .  , / t f i . 9 , t  :  5  Hz^  - / (8 ,9b )  :  2 .5  Hz .
- / { 9 , , . 9 n 1  :  - 1 2 . 5 H 2 .  -  \ 1 S  r F . { B .  7 0  c V ) :  n l z  ( o h ) :  4 5 9  ( 1 1 )

[ M '  -  C r H , O r ] ,  3 9 8  t - ; 6 r  [ \ t  -  C ] H - O r l .  1 9 6  ( 1 0 0 ) ,  1 5 4  ( 6 8 ) .

C z e H , 7 N 1 O r :  ( 5 1 7 . - 1 t  ( ' l l c d .  ( ' 1 6 . - t l  H  5 . 2 5  N  8 1 2
f j t r u n t l  ( ' 1 6 . 6 1  H  5 . 3 4  N  7 . 7 9

Met l tv l  4,7,8,9- t t ' t r , t - ( ) -  - l t  t ' t  r  l -  j -Lr-- r t i  r r - -1.  j - ,1 i lcr i . r  . t ' -a- t t -q l t ,c 'ero-n-
qu lu t ' t o -2 - t ton l r k tp . \ ' r , t t r r r r i r i r r l i r  l t  i 1  . l l t t h , ,  l  I s t c l '  (Ner :5  A24 ,7 .8 .
9 . \ c . l  N ' Jc - r - lN Ic .  Jd  r :  Thc  pcn t r r i l cc t \  I  co r l l ' r ound  {  b  (  185  mg,  0 .35
n . r r . r . ro l l  uas  c l i ss t r l r cd  i n  l - i  rn l  o i  d r r  c thc . r  i u t ( l  coo lcd  to  -40  C .
l ' h c ' n r i r t u r L -  \ \ i r \  t h c . n  t r c u t c d  u i t h  a  s t r c l r n t  r r l ' l r r r h l d r o u s  H C I  g a s
(gcncrrr tc-d l l - ( rnt  iunlnrrn iur .n chlor ide ancl  .u l iLrr ic  ucid)  for  60 min.
T h c  l l r r r k  r i . r s : t o p p c r c d  t i g h t l y  a n d  t h c : r r l u t i o n  l i a s  a l l o w e d  t o
rcuch  r t r t r r .n  tL -n tpc ra tL r rc .  A f t c r  12  h .  th . .  g l reos r l ch lo r idc  4c  was
iso la tcd  as  l  l i gh t  y ' c l l ow  o i l  by  evapora t l ( ) l t  ( ) f  t l . l c  so l vcn t  w i th  an
asp i ra to r  and  d ry in -e  thc  res idue  undc r  h igh  r . reL rLu l . ' f o  the  c rude
mate r ra l  uc rc  added  d ry  me thano l  (10  n r l r  un r l  f r csh l r ,  p rcpared
s i l ve r  ca rbona te  (400  mg,  1 .44  mmol )  un r l  rhc  n r i r ru rc  uas  s t i r red
fo r  5  h .  F i l t ra t i on  th rou -eh  cc l i t e ,  r cn t ( ) \u l  o l '  t hc  so l r cn t  under
rcduced pressurc and f lash chromato_qraphr f  l r )  u o l . : i l ica - r re l .  hcx-
a n e ' e t h y l  a c e t a t c  ( 2 . - 5 : 1 ) l  r e s u l t e d  i n  l - 5 E  n r c  r t ) l l  r l n r o l .  l t 3 7 o )  o f
thc  r -mc thy l  kc tos idc  4d  as  a  wh i t c  foan t .  I  t _ ( '  r r i t h  hc ranc /
c t h r l  a c c t a r c  ( l : l ) :  R ,  :  0 . 5 6 .  -  r H  N \ l R  r 5 l r r )  \ l H z .  c - D C l . i
C H C I , ) :  t i  :  l . 7 l  ( d d .  I  H . 3 - H , , . ) . 2 . 0 8 . 2 . 1 1 .  l . l ' . : . l t  r l : .  i  r  3 H .
C O C H , ) .  I  r l  r d d .  l H .  - l - H . " ) ,  3 . 2 2  ( d d .  l H .  5 - t t r .  . r  N -  ( d d .  l H .
6 - H ) .  - l . l - r  ( d d .  I H . 9 - H , , ) . 4 . 3 3  ( d d .  l H . 9 - H h ) . . 1 . 1 i - l  r d t l t l .  I t t .  - + - H ) .

5 . , 1 4  ( r I .  1 H .  s - H t .  - s . , i 4  ( d d .  1 H ,  7 - H ) :  . / ( 3 , . . 3 " ,  |  -  l l . 5  H z .
/ (3 , , . . 41  :  l )  H t .  , / { J " . , . -1 )  :  4 .5  Hz .  J (4 .5 )  :  10  5  l l z .  . / (5 .6 )  :

1 0 . 5  H z .  J ( 6 . 1 1  -  1 . 5  H z .  / ( 7 . 8 )  : 9  H z . - / ( 8 . 9 . , )  -  J  l t t . . / { E . 9 , . y  :

2 . 5  H z . . / ( 9 . , . 9 n 1  :  -  l l . . s  H z , .  -  ' t C  N M R  ( 1 1 5 . -  \ 1 H 2 .  C D C l . , i
C H C I . ) : r i  :  2 1 1 . 7 - 1 . l 0 . t , i .  l l  0 1  ( 3 c ,  C H : C O ) .  1 7 . - l  r ( ' -  j  t .  f 3 1 . 5 2 . 1 7
( 2 C .  C - , ) .  O C H . ) . 6 0 . 0 . 1 .  6 1 . 9 7  ( 2 C .  C - 9 ,  C O T C H . ) . 6 - . f 1 .  1 0 r ) 9 . 1 1 . 4 4
( 1 C .  C - 1 .  - 6 .  - 1 .  - E r .  9 8  6 7  ( C ' - 2 ) .  1 6 7 . 6 ,  1 6 9 . 6 .  l 6 e . r l .  1 6 e 9 3 .  n \ l 1
( 5 C .  C H . C O .  C - l t .  -  N I S  ( F A B .  7 0  e V ) :  n t :  1 , , , , )  :  3 9 8  ( 3 8 . 5 )

[ M *  -  C . H . O . ] .  1 1 7 1 1 0 0 ) .

CyeHlrN.O;  ( -1E9.-+)  Calcd.  C 46.62 H
Found C 41.09 H

M ethyl  5 -  Atnino- - l  . - i - r1 i  r1e,r . , r t . -  I  -  o-r l lv t ,ero-  t ) - t1tr t ' t  o-  2-nonulopl , r -
anos idon ic  Ac id  t r l e t l n ' l  E .s te r  (Neu5NH. lMe-e - lMe .  5a ) .  -  Rc -
duct ion of '4d x, i th H .  Pd C. The z-mcthyl  ketoside 1d.  130 mg (0.26
mmol) .  was dissolvcd in 15 ml of  dry mcthanol  and t reated wi th
90 pl  of  1 u sodium mcrhoxidc solut ion (90 prmol) .  Af ter  st i r r ing
fo r  abou t  12  h ,  TLC [e thy , l  ace ta te  rme thano l  (9 :1 ) l  i nd i ca ted  the
complete disappearance of  the star t ing matenal .  Mcthoxide was
removed by column f i l t rat ion and the solvent  was evaporated under
reduccd  p ressure .  Dry  mc thano l (10  m l )  and  10  mg o f  ca ta l ys t  (10%
Pd on act ivatcd carbon) were addcd,  the f lask was f i t ted wi th a
bal loon of  hydrogen. evacuated and purged three t imes wi th hy-
drogen. Af ter  3 h,  the solut ion was f i l tered through cel i te,  concen-
tratccl  and pur i f ied by f lash chromatography on 15 g of  s i l ica gel

[ so l r cn t :  e thy l  ace ta tc .mc thano l  ( l : 1 ) ]  t o  a f fo rd  72  mg (94%)  o f

L i e b i g s  A n n .  C h c m .  1 9 9 0 ,  1 1 1 1 - 1 1 1 4

1 1 1 3

pure 5-amino-u-methyl  ketoside 5a.  -  TLC wi th butanol /acetone/
w a t e r  ( 4 : 5 : 1 ) :  R t  :  0 . - 1 8 .  -  r H  N M R  ( 5 0 0  M H a  D T O / H D O ) :  6  :

1 . 7 8  ( d d .  1 H . 3 - H , , . ) . 2 . 6 9  ( d d .  t H .  3 - H . q ) , 2 . 8 4  ( d d ,  1 H ,  5 - H ) , 3 . 4 2
(s .  3  H .  OC-H, ) ,  3 .58  (ddd .  1  H .  8 -H) ,  3 .73  (dd ,  1  H ,  7 -H) ,  3 .76  (dd ,

l H . 9 - H . , ) .  3 . 8 8  ( d d .  1 H . 6 - H ) . 3 . 9 3  ( s . 3 H ,  C O T C H , ) . 3 . 9 3 - 3 . 9 6  ( m ,

lH.  . l - .  9-Hn),  - / (3, , . .3. ' )  :  -12 Hz. .  / (3, , , .4)  :  12 Hz. .  - / (3. ' ,4)  :
. 1 . , 5  H z . . / ( 4 . 5 )  :  1 0  H z .  / ( 5 . 6 )  :  1 0  H z ,  J ( 6 . 1 ) :  1 . 5  H 4  J ( 7 , 8 )  :

l 0  Hz .  . / (8 .9 , )  :  6 .5  Hz .  . / (8 .95 )  :  4  Hz^  - / (9 , , . 95 )  :  -  11 .5  Hz .  -

N I S  ( l ' , A I ) . 7 0  c V ) :  t r t i : ( n / u l : 2 9 6 ( 4 7 ) l M  '  +  1 1 . 2 6 4  ( 8 )  [ M '  -

( - H , O l .  I  r 7  ( 1 3 ) .  1 0 9  ( 5 3 ) .  9 t  ( t 0 0 ) .

( '  H INOI  (295 .2 )  Ca lcd .  C  44 .14  H  7 .16  N  4 .74

Found  C  44 .25  H  7 .16  N  4 .90

I l t ' d t t c t i t t t t  o l ' 4d  v ' i t h  1 ,3 -Propur t t : t l i t l i o l :To  a  so lu t i on  o f  20  mg
(61 .5  l Ln r t r l t  o l4d  (dcacy la tec l  acco rd ing  to  thc  p roccc ' l u rc  ou t l i ned

r u l - r o r c )  r n  I  m l  o f  d r y  m e t h a n o l . 3 4 . 6  p t l  ( 1 5 0  p m o l ) o f  t r i e t h y l a m i n c

. rn r l  l 5  r r l  t l - 50  pmo l )  o f  1 .3 -p ropancd i th io l  werc  addcd .  The  re -
I re t l ( ) l r  l n t \ t r l r c  u 'as  s t i r r cd  fo r  l 4  h  a t  room tcmp. .  evapora tcd  to
t l r rnc :s  i Ln t l  pu r i l i cd  by  ch ro rna tog raphy  on  a  f l ash  co lumn (5  g  o f
: r l i e r  gc l t  r i i t h  u  c rad icn t  o i  c thy l  acc ta tehc thano l .  Thc  y i c ld  o f
5a  u r r '  l ( ,  ( ,  111o  (9091 , ) .  The  ana ly t i ca l  da ta  werc  i nd i s t i ngu ishab lc

i l 'onr  lh, , .e , r t ' r tu inccl  l rom the product  of  the hydrogcn rccluct ion.

I I t t l t , , 1  . i . i - / ) i t l r , o . r r ' - - i - r i l t ' r i s to l l -a -o -q l t ' ( ' c ro -D-qu lu t ' l o - ) - r to r ru lo -

/ ru ' ( r / r l ) \ i r 1 ,  , , i t ,  l t  t , l  l l t ' t l t . l ' l  Es l c r  (Neu5myr l  Mc- : -2Me,  5b ) :  ,V -hy -
r l r - o r r : u e . r n r n r i t l c  r l l  n r g . 2 0 0  p m o l )  a n d  3 0  F l  ( 2 1 5  p m o l )  o f  t r i -
c th - r l r r rn ine  r re  l c  r l r sso l r cd  in  I  rn l  o f  d ry  ch lo roh r rm.  Myr i s toy l

c h l o r i c l c  t 5 J  I  r r l .  : ( l ( ) u l l ( ) l ) u a s  a d d e d  a t  0  C  a n c l  t h c  s o l u t i o n  w a s
s t i r r c t l  l i , r  I  h  \ l l e r  t hc  r rd t l i t i on  o f  sod ium b ica rbona tc  (10  m-s )
a n c l  s t i r r i n r  l r r r . l ( t l n l r . r t  r . ( ) ( ) l n  t c l n p . .  t h c  m i r t u r c  w a s  l i l t c r c d  a n d
conccn t r i r t e  ( l  rn  \  i r !  u r .un .  I  l t c  r csu l t i ng  res iduc  l vas  ch rc lma to -
g raphcd  t r t t  : r i t e l r  -ue l  t ( ,  g t  u i th  c th r l  acc ta te  as  c luan t .  F rac t i r t ns

con ta tn in !  \  - l n r  t ' l : t t r r  l : L ree  in in t i r l c  cs tc r  r vc rc  co l l cc tcd .  thc  so lvcn t
w i l s  r cn r ( r \ c t l  l r nc l  t hc  r . csu i t i ng  r i l r i t c  pou ,dc r  d r i cd  i n  h igh  vucuum.
For  thc  i r c \  l i r t i ( )n  o i5a .  thc  succ in in t i c l c  n 'as  thcn  c l i sso lvcd  in  1 .5  m l
o f  d r y  p \ n ( l u t c  r r n t l  J ( )  r l g  ( l - j 5  p r r n o l )  o l t h e  a m i n e  5 a  w a s  a d d c d .
A f te r  s t i r r rns  thc  r c r re t i on  n t i r l u rc  l o r  40  h  a t  room temp. .  TLC

[ b u t a n o l  u e c l ( ) n c  \ \ u t c r  { - l : - 5 :  l ) l  s h o w c d  t h a t  a c y l a t i o n  w a s  c o m -
p le te .  Thc  p r r i t l i ne  \ \ i l \  r cn to \cd  and  thc  r cs i c luc  u ,as  l oac led  on  a
f l ash  co lun tn  t i - i  u  r r l  : i l i c i r  gc l ) .  E lu t i on  u ' i t h  a  g rad icn t  o f  e thy l
a c e t a t c ' m e t h r u r ( ) l  f c \ u l t c d  i n  - 1 1 . 7  m g  ( 6 l o / b ) o f  5 b  a s  a  u , h i t e  p o w -

d c r ;  m . p .  l 1 6  ( ' t d c e . t .  -  T L C ' r v i t h  c t h y l  e r c c t a t e  m c t h a n o l  ( 9 : 1 ) :

R r  :  0 . , 5 1 .  H  \ \ l R  ( , s O t t  M H z .  C D C l r i C H C l . ) :  d  :  0 . 9  ( t ,  3 H .
C H r ) .  l . l l i  t n r .  l l H .  l l  x  C H l ) .  1 . 9  ( d d .  1 H , 3 - H , , . ) . 2 . 2 1  ( t . 2 H .

R C H r C O N l l r .  l . S i  ( d d .  l H .  3 - H . . r ) .  3 . 4 4  ( d d ,  l H .  6 - H ) ,  3 . 5 5  ( d d .

1 H , 7 - H ) .  l . 6 t  ( d d d .  t H . 4 - H ) , 3 . 7 6  ( d d .  1 H . 9 - H , , ) . 3 . 8 6  ( m . 4 H . 5 -

H ,  COOC' t { , t .  l . r ) - t  (dd .  I  H .  9 -Hr , ) ,  4 .0 t  (ddd .  I  H .  g -H) :  - / (3 , , . . 3 .q )  :
-12 .1  Hz . . l t - i , , . . - l 1  -  12 .7  Hz . ,  - / (3 . . r .4 )  :4 .5  Hz . , J (4 .51  :  10 .5  Hz .
. r (5 ,6 )  :  9 .8  f l z .  , l ( 6 .7 )  :  1 .8  Hz . . / (7 .8 )  :  8 .6  Hz , - / (8 .9 , , )  :  5 .5  Hz .

- / (8.9b) :  l . , i  H7.  . l (9, , ,9b) :  -  11.3 Hz. .  -  MS (FAB, 70 eV):  ; r , r :
( " /n )  :475  (70 )  [ ]V {  

'  -  CH]OI .  457  (100)  [M  
'  -  an ]O -  HrO) .

229 (12).

C: .Hr-NO, ,  (505.6)  Calcd.  C 59.38 H 9.36 N 2.77
Found  C  58 .66  H9 .21  N  2 .11

Methvl 5-C.t ' t ' l t tpropanecurhony' l--1,- j- t l i t leort-y.-n-q!t ' t 'ero-D-(Jal-
t t t ' to-2-nonuloprrunosidonit '  Acit l  Methyl Ester (Ncu5cycloprop-
I  Me-e-2Me.  5c) :  To a mix ture o f  40 mg ( l  35 pmol )  o f  the a-me thy l
ketosidc 5a in 2 ml of pyridine. 1.1 equiv. of cyclopropanecarbonyl
chloridc and a catalyt ic amount of DMAP were added at 10 C.
The solut ion was st irred at room tempcraturc unti l  TLC [butanolT'
acctone/water (4: 5: 1)l  showcd the completc disappearance of the
start ing matcrial.  The mixture was evaporated to dryness and thc
result ing acvlated neuraminic acid puri f ied by f lash chromatogra-
phy on 15 g o f  s i l i ca  gc l  wr th  e thy l  acetate /methanol  (20:1) to  y ie ld

5  56  N  8 .58
5 .6 -5  N  8 .12
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29.3 mg (81 pmol, 60%) of 5b as a white powder; m.p. 127 ' 'C. -

TLC in  e thy l  accta te /methanol  (9 :1) :  Rr :  0 .21.  -  IH NMR
(400 MHz,  D2O/HDO):  6  :  0 .85 (m,  4H,2 CH2) ,  1 .59 (m,  1H,
RRCTICONH), 1.77 (dd, 1H, 3-Hu*), 2.66 (dd, 1H, 3-H"q), 3.35 (s,
3 H ,  O C H r ) , 3 . 5 3  ( d ,  1 H , 7 - H ) , 3 . 6 2  ( d d ,  1 H , 9 - H u ) , 3 . 8 1  ( m , 8 H ,
4-, 5-,6-, 8-H, 9-Hb, COOCH:); . . /(3o",3.o) :  -72H2, J(3^*,4) :

12 H4 J(3"q,4) : 4 Hz, J(7,8) : 9 Hz,.r(8,9") : 5.5 Hz, J(8,9) :

8.5 Hz, J(9^,9b) - -11.5 Hz. - MS (FAB,70 eV): mlz (%) : 364
(38 )  [M*  +  1 ] ,  332  (19 )  [M*  -  CH4O] ,314  (23 )  [M*  -

cH4o - Hrol,  217 (78), 109 (100).

Cr .H: ,NOq (363.3)  Calcd.  C 49.58 H 6.93 N 3.85
l ' ounc l  ( '  - 18 .89  H  ] . 11  N  3 .81

CAS Registry Numbers

l:  129213-72-5 I 2:97604-58-5 / 3: 123451-69-2 I 4a: 129151-82-2
4b: 126695-28-1 I 4d: 129151-83-3 I 5a:129311-s9-7 I 5h:12915t-
84-4 I 5c: 129151-85-5 / myristoyl chloride: 112-64-1 / cyclopro-
panecarbonyl chloride: 4023-34-l / sodium pyruvate: 113-24-6
Neu5Ac aldolase : 9000-88-8
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