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Comnunication 

A GENERAL METHOD FOR THE MODIFICATION OF THE 9-POSITION OF 

- W-ACETYLNEURAMINIC ACID (NANA) AND THE SYNTHESIS OF I T S  

9-FLUOROANALOGUE 

Moheswar Sharma and Ual t e r  Korytnyk* 

Department o f  Experimental Therapeutics 
Roswell Park Memorial I n s t i t u t e  

666 E l m  S t ree t  
Buffalo,  MY 14263 

Received S e p t q b e r  28, I982 

Analogs o f  3-acetylneuraminic ac id  (1, NANA) are o f  con- 
s iderable f n t e r e s t  as po ten t i a l  mod i f ie rs  of c e l l  surface s i a l i c  
acid. NANA i s  g rea t l y  responsible f o r  t he  negat ive charge on 
c e l l  surface, and plays an important r o l e  i n  c e l l - t o - c e l l  l n t e r -  
act ions, immunogenic propert ies, and metastasis.’ Considerable 
d i f f i c u l t y  has been encountered i n  the development o f  approaches 
f o r  the mod i f i ca t i on  o f  t h i s  molecule? The on ly  f l uo r ina ted  
s f a l i c  a c i d  which has been reported i s  ~ -acety l -3 - f luoro-neur -  
aminic acid, a compound which was obtained i n  on l y  1% y i e l d ?  A 
systematfc approach t o  the i n t roduc t i on  of p ro tec t i ng  groups i n t o  
NANA, a process which would make spec i f i c  groups amenable f o r  
mod i f i ca t ion ,  has no t  been explored. I n  t h i s  conrnunication we 
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312 SHARMA AND KORYTNYK 

report  a successful appl i ca t fon  o f  a protection-deprotectfon ap- 
proach (Scheme 1) t o  the synthesf s o f  H-acetyl-9-deoxy-9-fl u- 
oroneuramf nf c acf d (l I .  

E s t e r f f f c a t i o n  o f  the carboxyl fc ac id  group i n  and sim- 
ultaneous formation of  the methyl glycoside (Scheme 1) were ac- 
complished i n  one step by r e f l u x i n g  1 wl th  methanol i n  the pres- 

ence o f  dry Dowex-50W(H+) r e s i n  t o  g ive 2. Compound 2 was tri- 

t y l a t e d  without f u r the r  p u r i f i c a t i o n  t o  g ive - 3 (mp 138-14Q'C; 72% 
y i e l d  from - 1). Benzylation o f  2 i n  DMF w i th  benzyl bromfde i n  

the presence o f  barium oxide and hydroxide was accompanfed by 
some saponi f icat ion o f  the methyl ester group; hence the crude 

2 OH 
- 

PI 
I .  Pd/c, [H] Cr O s / P y  

CH2 Cl2 
3. H CI/H20 

4, 

Bn = Benzyl 

7 - 8 - 

Scheme 1 
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benzy la t ion  product was t rea ted  w i t h  diazmethane i n  e the r  t o  

g i v e  71% of - 4 lmp 135-137°C). D e t r i t y l a t i o n  was a f fec ted  by 

heat ing  - 4 w i t h  aqueous ace t i c  a c i d  a t  90-110°C ( 2  h) t o  provide 

the  key intermediate - 5 (mp 57°C). 

Pro tec t ion  o f  2 by ace ty l  groups a l so  has been explored. 

Ace ty la t i on  of - 3 (Ac20/pyr id ine) gave the  corresponding acety l  
de r i va t i ve ;  however, d e t r f t y l a t i o n  o f  the  l a t t e r  resu l ted  i n  ace- 
t y l  migrat ion.  Hence the ace ty l  group was no t  su i tab le  as a pro- 

t e c t i n g  group. 

Treatment of - 5 w i t h  d ie thy laminosu l fu r  t r i f l u o r i d e  (DASTI4 

i n  methylene c h l o r i d e  a t  -10 t o  0" f o r  3 h gave the f u l l y  pro- 
t ec ted  9-deoxy-9-fluoro d e r i v a t i v e  - 6 (58.5%). Debenzylatfon o f  - 6 

was achieved by hydrogenolysi s. Sapon i f i ca t ion  (NaOH) and t r e a t -  

ment w i t h  a c i d  IHCJ) gave the t a r g e t  compound 1 [mp 141"C, 

[af5 - 47.6' (c1.0 HpO)], which was character ized by 13C 
and 19F MR spectroscopy: 13C NMR (D20/TMS ext.):  6 23.34 

(CH3), 39.10 (C-3). 53.24 (C-51, 67.83 (C-41, 68.50 (C-7, 

JC-7,F-9 = 7.20 HZ)69.90 (C-8. JC-8,F-g = 17.80 Hz), 71.47 

(C-61, 86.40 (C-9, Jc-9,fgg = 164.9 Hz), 96.42 (C-21, 174.18 

( C = O ) ,  175.50 (C-1); F HMR (D20/CFC13 (Ex t . ) )  6-235.4 

(Sextet, JF-9,H-9' = JF9,H-9 = 46*8 Hz, JF-9,H-8 = 26.0 Hz) 

Compound - 5 has been ox id i zed  t o  the  aldehyde 8 Imp 64°C) 

using chromium oxide-pyr id ine complex. Th is  aldehyde ( 8 )  - i s  an- 
o the r  key intermediate f o r  f u r t h e r  mod i f i ca t ions .  

An a l t e r n a t i v e  method f o r  the synthesis of 7, which i s  an 

adaptat ion o f  t h a t  developed by Kuhn and Baschan? f o r  the syn- 

t h e s i s  o f  NANA (11, - i s  shown i n  Scheme 2.6 Z-Acetamfdo-2,6-di- 

deoxy-6-fl uoro-L-gl ucopyranose (9 )  was synthesized by an improved 

and was shown by '5 NMR spectroscopy t o  be con- 
ver ted  a t  pH 11 t o  a mix tu re  o f  the  gluco (80%) 2. and manno (20%) 
- 10 epimers. Condensation o f  2 w i t h  11 gave a condensation prod- 

u c t  from which - 7 was obtained by hydro lys is  (21% y i e l d )  and was 

shown t o  be i d e n t i c a l  t o  t h a t  obtained from the  protect ion-de- 
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314 SHARK4 AND KORYTNYK 

p r o t e c t i o n  method (Scheme 11. Compound - 7 was a good substrate o f  

c y t i d i n e  monophosphate-sialic ac id  synthetase, g i v i n g  r i s e  t o  
CMp-9-fl uoro-NANA; Elemental analyses o f  a1 1 compounds repor ted  

i n  t h i s  communication were sa t i s fac to ry .  
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