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Abstract: An N-diacetyl derivative of neuraminic acid exhibits excellent glycosyl donor 
properties and Is a very useful substrate for the preparation of glycosides of N- 
acetylneuraminic acid. The donor will be a key component in the preparation of a 
heptasaccllarlde derived from group B type III Streptococcus. © 1998 Elsevier Science Ltd. All 
rights reserved. 
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Group B type III Streptococcus is a major cause of bacterial meningitis in new-born infants, t It has been 

proposed 2'3 that pregnant mothers deficient in antibodies specific for the native, type HI group B Streptococcus 
polysaccharide should be vaccinated with a polysaccharide vaccine. As part of a programme to develop an ELISA 
assay to detect antibody levels in pregnant women, we reported a high convergent synthesis of hexasaccharide I 

4 (Figure 1) which is derived from the capsular polysaccharide of group B type III Streptococcus. However, the 
minimum structural element that can induce the production of protective antibodies needs an additional N-acetyl 
neuraminic unit (e.g. compound II, Figure 1). 
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F igure  I (R~3)-1]-n-Galp (II) R = ot-Neu5Ac(2--) 

An important step in the preparation of the hexasaccharide I was the coupling of thioglycoside 1 with di-O- 
trityl pentenylglycosyl acceptor 2 (pent = pentenyl) in the presence of methyl triflate (MeOTf) to give 

disaccharide 3. 4 This glycosylation proceeded with very high regio- and stereoselectivity and it was 
demonstrated that the secondary trityl ether enhances the nucleophilicity of the C-4 alcohol (Scheme 1). 
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A similar glycosylation between the neuraminyl containing thioglycoside 7 and 2 to give trisaccharide 8 
was planned as a key step in the synthesis of compound II (Scheme 2). The glycosyl donor 7 was conveniently 

prepared by an approach described by Hasegawa et al. 5 which entails a regio- and stereoselective coupling of 46 

with 5 to give disaccharide 6 which was converted into glycosyl donor 7 by a three step procedure. 7 However, 
MeOTf mediated glycosylation of 2 with 7 did not give the requisite trisaccharide 8 but FAB MS (irdz 1570 
[M+Na +] and NMR data (3.57, s, 3H, NMe) showed unambiguously that during the course of the glycosylation 
the N-acetyl group of the neuraminyl unit had been methylated to give compound 9. Indeed, treatment of methyl 
(methyl 5-acetamid•-4•7•8•9-tetra-•-acety•-3•5-dide•xy-2-t••t•-D-glycer•-D-galact•-n•n-2-u••-pyran•sid)•nate 
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Ref  [ B ~ , ~  

Ac 
L~OAc COOMo 

A c O , , ~  _ AcHN' 0 SM~ 
4 

~7~OAc ?OOM* OH 

As~O Hb I'~'OBz 6 

i _~o/t~: 1 i / ~ 0  / BFa ,,EI~O / OCM; 85% 
Ill TMSSMe/TMSOT! / DCM 

,cooM, OA,: 

AeO AcID t""OBz 7 

MeOTf / MS 3A / DCM J / ~  
70% 1 

~.~OAc ?00Me ~Ac ...~-OTr 

1~1 - O/Ac - A ~  ~"OBz " NPhth 
8 R = H  
g R=Mo 

Z_%. coo. l 

HO | 

~,"OAe / TsOH 

i MeONa/MeOH 
ii Ac20 / Py 

H o H O ~ ~ T M S  
OH 

Rel[SI 5 

~.*OTr 
TaD Bnb '~- -~OPent  

NPhth 
2 

- • i  ~..-OAc I TsOH 
ii TMSSMo / TMSOTf 

OAc 
,, L ~,OAc COOMe 

10 

~ NISITfOHIMS3AIMeCN 
< 5 rain, -40"C, 72 % 

Ac COOMe H 

Ac~.. o 0 0 ~ T M S  

AcO ~HO O ~ B T H  11 

88*/* 1 I Ae=O/Py; /W~O / BF 3 ,EI=O / DCM; 
III TMSSMe / TMSOTf / OCM 

OAc 
~.~,~OAc i COOMO OAe 

AcO,. / ~  1 

AcO 12 Ac~)/"'OBz 

" ~  MeOTf / MS 3A / DCM 
95% 

..~Ac ?OOMo ~Ac ....--OTr 

A ~ N ' ~ = 4 f  " g " ~ d  B ~ n O ~  OPent 
AcO Ac~ Z-...Oez NPhth 

13 

(4) with MeOTf in acetonitrile at -40°C for 10 minutes gave the analogues N-methylated derivative in a 
quantitative yield. These reactions indicate that the acetamido moiety of 7 is of considerable nucleophilicity and 
reacts faster with MeOTf than its anomeric thiomethyl moiety. 

During the investigations to address the above mentioned problems, we found that 5-N-diacetyl neuraminyl 
derivative 10 (Schemes 2 and 3) is significantly more reactive and gives higher yields in glycosylations than the 
corresponding mono-N-acetylated derivative 4. Furthermore, the nucleophilicity of the N-diacetyl moiety is 
significantly reduced and is not methylated on treatment with methyl triflate and therefore 10 is an ideal substrate 
for the preparation of the heptasaccharide I I  and other sialyl containing oligosaccharides. 

N-Diacetyl derivatives of carbohydrates have been described and for example Schmidt and co-workers 
reported that methylthio N,N-diacetyl glucosamine and galactosamine derivatives act as efficient glycosyl donors 
• . 8 
m DMTST promoted glycosylaUons. 

Several methods were attempted to prepare the N-diacetyl neuraminic acid 1O. As can be seen from Table 
1, treatment of Neu5Ac with acetyl chloride and Htinigs base in acetonitrile gave almost no product formation. 
This result was rather surprising since these conditions gave excellent yields for the preparation of N,N-diacetyl 
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Table 1. N-Acetylation of Mono-N-acetyl Derivative 4 to Give Di-N-acetate 10 

Entry Reagents Temperature Time Yield 
1 AeCI / i-Pr~lEt I MoCN RT 24 h < 5% 

2 Ae~ I AcONa 140°C 20 h 55% 
3 Ac~O 140°C 20 h 70% 
4 CH3(CH~=)COAc / TsOH 94°C 4 h 80% 
5 CH~(CH2=)COAc / TsOH 65°C 16 h 99% 

glucosamine and galactosamine derivatives. Acceptable yields were obtained by employing acetic anhydride as 
the acetylating reagent at evaluated temperatures (entries 2 and 3). However, a quantitative yield of 10 was 
obtained when mono-N-acetyl derivative 4 was treated with iso-propenylacetate in the presence of a catalytic 

amount of p-toluenesulphonic acid (TsOH) at 65°C (entry 5). 9 Compound 10 can be obtained directly from 
Neu5Ac by the N-acetylation followed by the reaction with TMSSMe in the presence of a catalytic amount of 
TMSOTf. Furthermore, transformation of the N-diacetyl moieties of into a mono-N-acetylated derivative with 
concominant O-deacetylation could easily be achieved by treatment with methanolic sodium methoxide (e.g. 
transformation 10 to 4, Scheme 2). 

Having successfully prepared 10, attention was turned to its use as a glycosyl donor. Surprisingly, the 
trivial additional N-acetyl group dramatically improved the glycosyl donor properties of 10. For example, 
coupling of 10 (1.7 eq.) with galactosyl acceptor 5 in the presence of NIS/TfOH (3.4 eq / 0.4 eq) in acetonitrile 
at -40°C gave, after a reaction time of < 5 minutes, the required disaccharide 11 in a yield of 65% together with 
the corresponding 2,4-1actone (34%). Thus, the total yield of dimeric product was almost quantitative. On the 

other hand, as described by Hasegawa et aL,6 coupling of the mono-N-acetylated glycosyl donor 4 with acceptor 

5 required 2 - 6 hours and yielded 61% of disaccharide 6. 
The formation of the undesirable lactone could easily be avoided by reducing the excess of donor and 

promoter and for example the employment of only 1.1 equivalents of 10 in the presence of NIS/TfOH (2eq. / 0.2 
eq.) gave 11 in a 72 % yield and no lactone formation was observed. 

O-Acetylation of 11 with acetic acid anhydride in pyridine followed by acetolysis of the anomeric TMSEt 
group with acetic anhydride in the presence of BF3 etherate and finally conversion of the resulting anomeric 
acetate into methylthio glycoside by treatment with TMSSMe in the presence of a catalytic amount of TMSOTf 
gave 12. Coupling of the glycosyl donor 12 with the ditritylated acceptor 2 in the presence of MeOTf yielded the 

trisaccharide 13 with absolute regio- and stereoselectivity in an excellent yield of 95%. 1°'" As expected no N- 
methylation of the diacetamido moiety had occurred. 

N-Diacetyl derivative 10 proved also an efficient glycosyl donor for the glycosylation of other galactosyl 
acceptors (Scheme 3). As expected, coupling of 10 with benzylidene protected galactoside 14 under standard 
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conditions gave the disaccharide 15 in an excellent yield of 71% as one anomer. In this case, no lactone 
formation was observed. Interestingly, coupling of the 10 with the 1,2-cyanoethylidene acceptor 16 also 
proceeded smoothly and 17 was isolated in a yield of 85% as a mixture of anomers. It is envisaged that 
disaccharide 17 would be a very useful derivative for the synthesis of H since it can immediately used as a donor 
for the glycosylation of 2. 

In conclusion, the glycosyl donor properties of the often employed thioglycoside of Neu5Ac 12 can 
dramatically be improved by conversion of its acetamido group into an N-diacetyl moiety. The latter 
transformation can quantitatively be performed by treatment of Neu5Ac with i-propenylacetate in the presence of 
a catalytic amount of TsOH. Removal of one of the N-acetyl groups and concomitant O-deacetylation can be 
accomplished by treatment with NaOMe in methanol. Preliminary results have shown that 10 is also an excellent 
glycosyl donor for the preparation of Neu5Ac(2-8)Neu5Ac and Neu5Ac(2-9)Neu5Ac fragments. 
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