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In spite of the exceptional importance of neuraminic acid, which is contained in many essential biopolymers, 
there is almost no information on the synthesis of its derivatives [1]. Compounds modelling fragments of natural glyco- 
peptides containing neuraminic acid and necessary for the elucidation of the linkage of the latter with the skeleton of 
the polymer are of particular interest. We have previously obtained the methyl ester of 9-O-glycyl-N-acetylneuraminic 
acid [21. 

Continuing this work, we have synthesized by the carbodiimide method [8] the methyl ester of N-glycylmethoxy- 
neuraminic acid, which contains a N-aminoacyl bond. The synthesis was carried out from the methyl ester of methoxy- 
neuraminic acid by the following route: 
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The first s,r.age of the synthesis presented certain difficulties, since no satisfactory method of obtaining the methyl ester 
of methoxyneuraminic acid (II) was known. 

The methyl ester of methoxyneuraminic acid was obtained by heating acetylneuraminic acid with 5% hydrochloric 
acid in ab~iolute methanol at 105°C for 3 hr. Although partial resinification of substance (I)took place under these condi- 
tions, compound (II) was obtained in high yield (~ 8(yr/o). The hydrochloride of (II) was freed from C1-  ions on a column 
of the anion-exchanger "Dowex" 2 X 8 (CO s - -  form). The methyl ester of methoxyneuraminic acid (II) was mobile on 
electrophoresis, was shown up by ninhydrin (presence of an amino group), by potassium periodatecuprate (presence of 
a glycol grouping), ferrous chloride and hydroxylamine (presence of an ester linkage) and C 2 and benzidine (test for an 
NH 2 group). On thin-layer chromatography, substance (II) was shown up by resorcinoL It was impossible to obtain com- 
pound~(II) by methylation with diazomethane of the methoxyneuraminic acid isolated by methanolysis from the sub- 
maxillary mucin [4], since in this process almost equal amounts of compound (II) and a substance apparently consisting 
of a methylation product of the methoxyneuraminic acid at the amino group were formed. Substance (II) readily under- 
goes condensation with carbobenzoxyglycine in the presence of N, N'-dicyclohexylcarbodiimide in 95% aqueous pyri- 
dine in the cold [5]. With equimolecular amounts of the substances, the reaction takes place exclusively at the amino 
group, checked by electrophoresis and thin-layer chromatography. Only traces of another reaction product running above 
the main substance was found in the reaction mixture. 

The structure of the condensation product obtained (III) was confirmed by elementary analysis, tests on the chroma- 
togram with potassium periodatecuprate, with C12 and benzidine, with ferrous chloride and hydroxylamine, and with 
resorcinol. Compound (III) is immobile on electrophoresis and is not shown up by ninhydrin. 

The structure of the compound obtained was confirmed definitively by periodate oxidation. The absorption of 
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2 moles  of periodic acid unambiguously showed that the product obtained (III) is the methyl  ester of N- (N ' - ca rbobenoxy-  
g lycyl ) -methoxyneuraminic  acid.  To exclude over-oxidat ion,  the periodate oxidation was carried out in an acetate  buf-  

fer at pH 3.72 in the cold (+4°C) in the dark.  

An at tempt  to synthesize a N-aminoacy l  derivat ive of methoxyneuraminic  acid with a free carboxyl group has not 
yet  been successful. The condensation of methoxyneuraminic  acid with carbobenzoxyglycine by the carbodi imide  m e -  
thod could not take  p lace ,  this apparently being expla inable  by the formation of a Zwitter  ion.  

Thehydrogena t ion  of substance ( l i d  on Pd/BaSO 4 in 75070 aqueous CHsOH in the presence of (COOH) 2 • 2H~O gave 
an aminoacyl  der ivat ive with a free amino group (IV), which was isolated in the form of the oxala te .  On electrophoresis,  
it migrated towards the anode, was shown up by ninhydrin, by potassium periodatecuprate ,  and by C1~ and benzidine .  

An investigation of the s tabi l i ty  of the aminoacyl  bond in the compounds obtained and of other features of the 

chemica l  behavior of this new model  of the natural glycopoptides is continuing. 

Experimental 

The chromatograms were obtained by the descending and ascending methods.  Mobile  phase: b u t a n - l - o l  - ace t i c  
acid - water (4 : 1 : 1), upper layer (system 1), Thin- layer  chromatography was carried out on s i l ica  gel  plates in the 
systems: n-propanol  - 1 N NH4OH -- water (6 ; 2 ; 1) (system 2) and chloroform - methanol  - ace t ic  acid (20 • 30 : 0.1) 
(system 3). Electrophoresis was carried out in a buffer consisting of pyridine (2 ml)  - ace t ic  acid (4 ml)  - water (to 1 
l i ter) ,  pH 4 . 2 - 4 . 5 ,  and at a vol tage of 900-1000 V. The spots were revealed by means of ninhydrin, potassium per iodate-  

cuprate ,  chlorine and benzidine,  ferrous chloride and hydroxylamine,  and resorcinol.  

Methyl ester of methoxyneuraminic  acid (II). A mixture of 500 mg (0o 6 mmole)  of N-ace ty lneuramin ic  acid and 
200 ml of freshly-prepared 5°70 hydrochloric acid in absolute methanol  was heated in a tube at  105-110°C for 3 hr. The 
excess of hydrochloric acid in the  cooled solution was neutraIized with PbCO s to pH 6-6,  fi, and the  precipi ta te  was c a r e -  
fully washed with hot methanol ,  The methanol ic  solution was evaporated to dryness in vacuum,  and the residue was left  
overnight over caustic potash in a desiccator  to e l imina te  traces of C 1 -  ions; it  was then dissolved in 100 ml of dist i l led 
water,  the solution was f i l tered to remove humic substances, and the aqueous solution was extracted with butanol 
(3 × 16 ml)  to e l imina te  colored substances. The colorless aqueous solution was lyophi l ized .  

The yield of crude product was 378 mg (80°]0). The lyophi l ized  product contained C 1 -  ions (Beilstein test).  To 
e l imina te  the C 1 -  ions, the substance was dissolved in 25 ml  of water and the solution was passed through a column con-  
taining nDowex" 2 × 8 (CO~---  form). Then the column was washed with 100 ml  of water,  the aqueous e lua te  was evap -  
orated in vacuum,  and was lyophi l ized.  The yield of compound (II) was 305 rag. The substance was e lec t rophore t ica l ly  
and chromatographica l ly  homogeneous. On electrophoresis it  migrated towards the anode.  It was shown up by ninhydrin, 
periodate,  FeC1 s and hydroxylamine,  C1, and benzidine ,  and resorcinol.  Rf in system I -- 0.43; in system 2 -- 0.64; 

in system 3 -- 0 .32.  

Found, 0]0: C 45.45; H 7.48.  Calcula ted  for CItH21OsN, qo: C 44.73; H 7.16.  

The substance was hygroscopic,  readi ly  soluble in water and methanol ,  and insoluble in e ther .  

Methyl ester of N- (N ' -ca rbobenzoxyglycy l ) -methoxyneuramin ic  acid (III). A solution of 305 mg (0. 001 mole)  of  
the methyl  ester of methoxyneuramin ic  acid in 5 ml  of 95°]0 aqueous pyridine was cooled to +4"C, 209 mg (0.001 mole)  
of N-carbobenzoxyglyc ine  and S00 mg (0.015 mole)  of N, N ' -d icyc lohexy lca rbod i imide  were added,  and the mixture  
was left  at +4* for a day.  The pyridine was dist i l led off to dryness, residue was washed with absolute toluene,  and the 

la t te r  was also d is t i l led  off to dryness. 

The dry residue was dissolved in a mixture of water and ether (25 + 25 ml)  and f i l tered from the insoluble d i c y c l o -  
hexylurea;  the aqueous solution was extracted with ether (10 × 10 ml) to e l im ina t e  the  unchanged N-carbobenzoxyglycine  
and carbodi imide  and the N, N ' -d icyc lohexyluma.  The aqueous solution was extracted with b u t a n - l - o l  (5 x 15 ml) ,  
t h e  butanol ic  extracts were washed with water (3 × 15 ml) ,  the the butanol ic  solution was evaporated to smal l  bulk and 
left  overnight in the  refr igerator .  In the  course of 2-3 days, erystais of condensation product precipi ta ted;  they were f i l -  
tered off and washed with anhydrous n-butanol .  The yield of crysta l l ine  substance (III) was 130 mg.  Mp 189-190"C (on a 

Kofler block); [ a ] ~  -25 .  28* (c 2. 2; water). 

The substance was chromatographical ly  and e lec t rophore t ica l ly  homogeneous and was immobi le  on e lec t rophore-  
sis. It was read i ly  soluble in pyridine,  water,  and methanol ,  and insoluble in ether .  Rf in systems 1 and 8 -- 0 .7 .  

Found, %: C 52.08,  52.28; H 6.21,  6,20; N 6.05,  6 .18.  Calcula ted  for C$1Hs0N2OII, ~o: C 51.84; H 6.21; 

N 5.75.  

By evaporat ing the mother :liquor and lyophi l iz ing the aqueous solution, 87 mg of a substance containing,  together  

with the condensation product,  another substance with a R~e value  in system ~ of 0 .9  was obtained.  The combined 
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aqueous extracts were re -ex t rac ted  with b u t a n - l - o l  (5 x 15 ml) ,  thebutanol ic  extract  was washed with water (8 X 20ml) ,  

and evaporated to dryness, and the residue was dissolved in water and lyophi l ized,  giving an addi t ional  67 mg of  chroma-  
tographical ly  and e lec t rophore t ica l ly  homogeneous condensation product. 

The total  yield of compound (III) was 58%. The combined aqueous extracts were lyophi l ized,  giving 106.8 mg of 
unchanged in i t ia l  methyl  ester of methoxyneuraminic  acid.  

Methyl ester of N-glycylmethoxyneuraminic  acid (IV). A solution of 47 .4  mg (0 .1  mole)  of the methyl  ester of 
N- (N ' -ca rbobenzoxyglycy l ) -methoxyneuramin ic  acid in 1 ml  of 75qo aqueous methanol  was treated with 25 ml of Pd/  
BaSO 4 and 75 mg (0.85 mole)  of oxal ic  acid and was hydrogenated at 20 ° for 45 mtn.  The solid mat ter  was centrifuged 
off, the solution was f i l tered through a dense fi l ter ,  and the hydrogenation product was precipi tated with a ten-fold  
volume of dry acetone.  The f locculent  precipi ta te  was rapidly centrifuged off, dissolved in the min imum amount of 
water (2-8 drops), and precipi ta ted with a large volume of dry acetone.  The oil  which separated was tr i turated to a 
powder with absolute acetone,  giving 21 mg (60%) of substance (IV) in the form of the oxala te ,  mp 183-155"C (decomp. ,  
on the Koiqer block),  [a]~) s - 1 7 . 1 6  ° (c I. 9; water).  

Found, %: C 42.88,  42.93; H 6.85, 6 .53.  Calcula ted for C28Hs0N402~, %0: C 42.31; H 6.34.  

The substance was e lee t rophore t ica l ly  homogeneous and migrated towards the anode. 

Oxidation of the methyl  ester of N-(N ' -carbobenzoxyglycy l ) -methoxyneuramin ic  acid with periodate.  A solution 
of 20 .4  mg of the  substance in 35 ml  of an aceta te  buffer with pH 8.72 was t reated with 5 m1 of a 0.05 M solution of 
sodium metaper iodate  (c 10.7 g / l )  and was made up to 50 ml with dist i l led water.  Oxidation was carried out at  + 5°C in 
the dark. After predetermined intervals of t ime  (30 min,  1 hr, 2 hr, 3 hr, 5 hr), aliquots (5 ml)  were taken and neu-  
t ra l ized with 0.2 mg  of NaHCOs, and 1.5  ml  of 4% NaHCO s solution (buffer) and 0.5 g of KI were added.  The samples 
were left  tn the dark for 5 min and were t i t ra ted with sodium arsenite (to starch). After 1 hour, 1. 955 mole  of periodate 
had been absorbed. No over-oxidat ion was observed. 

The paper chromatography was carried out on grade "B" paper of the Leningrad "Goznak" mi l l .  

Summary 

1. The methyl  ester of N- (N ' -ca rbobenzoxyglycy l ) -methoxyneuramin ic  acid has been synthesized by the ca rbod i -  
imide  me.~hod. 

2. Hydrogenation of the methyl  ester of N-(N ' -carbobenzoxyglycy l ) -methoxyneuramin ic  acid over Pb/BaSO 4 has 
given the methyl  ester of N-g lycy l -methoxyneuramin ic  acid .  
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