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Note 

A new approach to the synthesis of 5-N-ace+D-neuraminic acid or-ketosides 

VOLKER ESCHENFELDERANDREXNHARDBROSS~E~~ 
Institut fir Biochemie II (Med. Fak.), Universitiit Heidelberg, D-6900 Heidebe.-g (German Federai 
Republic) 

(Received February 28th, 1979; accepted for publication, May 17th, 1979) 

Synthetic a-ketosides of 5-N-acetyl-D-neuraminic acid (NeuNAc), which are 
useful tools for studies of neuraminidases, are normally prepared by the Koenigs- 
Knorr procedure, often very successfully’. However, difficulties may be encountered 
with complex aglycons, and as the ratio of aglycon to glycosyl halide decreases. We 
now report a new approach, some details of which have been published*. 

The method is based on the results of Wulff et aL3, who found that glycosyl 
halides react smoothly with alcohols in the presence of an insoluble silver salt (e.g., 
of a 1,Cdicarboxylic acid) to yield the respective glycosides. The good yields were 
explained by participation of a hydroxyl or carboxyl group with the carboxyl anion4. 
Such participation should also occur on the surface of a solid polymer having a steric 
orientation of functional groups similar to maleic acid or Chydroxyvaleric acid. 
Moreover, such a resin-type reagent should expedite and simplify the experimental 
method. In seeking suitable, stable and insoluble reagents, several polymeric acids 
were investigated, including carboxycellulose, sulphonated polystyrene, polymethacry- 
late, and polymaleate. Most of these polymers lacked the required steric orientation 
of functional groups and also shrank extensively when converted into the (Ag+)-form. 
Thus, formation of the glycosidic linkage and steric control were difficult to achieve, 
even in the presence of swelling solvents. The best polymer was a cross-linked poly- 
maleic acid prepared from polymaleic acid anhydride*. Preliminary experiments 
co&rmed that, under the reaction conditions selected, the CL linkage is largely un- 
affected by the weakly acid ion-exchanger. 

In a series of comparative experiments, freshly prepared acetochloroneuraminic 
acid, or the respective methyl ester, was treated with various aliphatic alcohols at 
room temperature in the presence of silver polymaleate and silver polymethacrylate. 
The reactions were monitored by t.1.c. and shown to be complete in 5-12 h. The best 
results were obtained with an excess of polymeric silver salt, and the yields of products, 
50-703, were higher than those obtained with silver carbonate. 

With an excess of ak&ol; both polymers: yiel&d .&iilii r&&s, biit the pbly- 
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ness depends partly on its ability to swell the resin and partly on other factors such 
as dielectric constant and solvent power. A standard method for glycosylation was 
developed, involving acetone, an excess of silver polymaleate, and a ratio of glycosyl 
halide to aglycon of 1: 10. In this way, it was possible, for example, to improve the 
yield of the 2-benzyloxycarbonylaminoethyl a-ketoside of 5-N-ace@-D-neuraminic 
acid6 from 30 y0 to 60 %_ The formation of 5-N-acetyl-2,3-dehydro-2-deoxy-D-neur- 
aminic acid was suppressed in favour of a-ketoside synthesis even at a minor ratio 
of the starting materials. The smooth reaction conditions and simplicity of manipula- 
tion allow the synthesis even of sensitive NeuNAc a-ketosides, and the method has 
been applied7 in the synthesis of several disaccharides containing 5-N-acetylneuraminic 
acid. 

EXPERIMENTAL. 

M.p.s. were determined with a Tottoli-Biichi apparatus and are uncorrected. 
Optical rotations were determined with a Perkin-Elmer 141 polarimeter, using a 
IO-cm micro-cell. 1.r. spectra (KBr discs) were recorded with a Beckman IR-8 spectro- 
meter_ T.1.c. was performed on silica gel (Merck PF& with A, ethyl acetate; B, 
ether; C, 1-butanol-1-propano1-O. 1~ HCI (1: 2 : 2); and detection with 2&dinitro- 
phenylhydrazine-orthophosphoric acid at 150 o for 10-20 min. Polymethacrylic 
acid (No. 5236) and polymaleic acid anhydride (No. 10272) were purchased from 
Merck, Darmstadt, Germany. 5-N-Acetyl-D-neuraminic acid (m-p. 184-185”) was 
prepared from meconiuma. Vibrio cholerae neuraminidase was obtained from Behring- 
Werke, Marburg; 1 ml contained 500 units (manufacturer’s specification). 

Treatment with neuraminidase was carried out as follows. A solution of the 
saponified, deacetylated c+ketoside (200-600 pg) in- 0.05~ Tris-maleate buffer 
@H 6.4, 0.5 ml) containing 5mM calcium chloride and 100 ~1 of neuraminidase was 
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ltEiBsR#lfiti~ &I ,g) iff w2&r @El I#) wt5 s~~~ml~8~ RIES EM #RmMm 
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(c) +vq- &~~~+qcry~& The ammoqiug salt of the Fesip, prepared from 
the @I’)-form (25 ml) by treatment with M ammonium hydroxide, was added in 

portions to a solution of silver nitrate (10 g) in water (200 ml). After stirring in the 
dark for 1 h, the macroporous gel was collected, washed with the filtrate, then with 
water, acetone, and ether. The light-sensitive, yellowish beads were dried over P,O,,,. 
Activity is lost on prolonged storage. 

5-N-Acetyl-4,7,8,9-tetra-0-acetyC_a-D-neuraminic acid alkyl glycosides. - 

Acetochloroneuraminic acid, freshly prepared from peracetylated neuraminic acid 
(2 mmol), was dissolved in the appropriate alcohol (50-250 ml), silver polymaleate 
(4 ml) was added, and the suspension was stirred in the dark for 12 h. The precipitate 
was collected over Celite and washed with acetone. The combined filtrates and 
washings were concentrated, and a solution of the residue in methanol was deionised 
with Dowex-SOW X8(H+) resin at -10” and then coccentrated to dryness. The 
residue was crystallised from methanol-ether (1: 1) by the dropwise addition of light 
petroleum (b.p. 40’). The yields of the products are given in Table I. 

Methyl 5-N-acetyl-4,7,8,9-tetra-O-acetyl-a-D-neuramiizate alkyd glycosides. - 
Using methyl 2,4,7,8,9-penta-O-ace@-D-neuraminate (obtained from the acid by 
esterification with diazomethane) and following the procedure described above, the 
title compounds (the data for which are given in Table I) were prepared. 

EAminoethyl a-glycoside of 5-N-acety&D-neuraminic acid. - Methyl aceto- 
chloroneuraminate, prepared from peracetylated methyl S-N-ace@-D-neuraminate 
(0.5 g, 0.94 mmol), was dissolved in a solution of 2-(benzyloxycarbonylamino)ethanol 
(2 g, 10 mmol) in acetone (2 ml) and stirred with silver polymaleate (1 g) at room 
temperature for 15 h. The solids were collected, and washed with nitromethane, and 
the combined filtrate and washings were concentrated to dryness. The crude material 
was eluted from silica gel with ether. 0-Deacetylation was effected by treatment with 
M NaOH (5 ml) for 15 min. The solution was deionised with Dowex-SOW XS(H+) 
resin, concentrated, and freeze-dried. To a solution of the residue (365 mg) in ethanol- 
water (1: 1) was added palladium oxide (100 mg), and hydrogenation was carried 
out overnight at room temperature and atmospheric pressure. The mixture was 
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fihered and concentrated, and a solution of the resulting, colourless glass in water 
was passed through a column of Dowex--1 -X4(AcO-) resin which was washed with 
water until a negative reaction with the Ehrlich reagent was obtained. Evaporation 
of solvent and freeze-drying gave the chromatdgraphically homogeneous, title 
product (192 mg, 58x), [a]; -17” (c OS, water). Using silver polymethacrylate, 
the yield was 20.3 %, and 25 % was obtained with silver carbonate. 

Anal. Calc. fcr C13H,,N,0, - 2Hi,0: C, 40.21; a, 7.26; N, 7.22. Found: C, 
40.42; i-I, 7.22; N, 7.32. 


