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Abstract: The 2-halo-38-phenylthio derivatives of N-acetylneuraminic acid afforded 2a-glycosides 
in a high stereoselectivity. 

Among numerous unsolved problems in oligosaccharide synthesis, the introduction of a 

sialic acid residue is undoutedly one of the most challenging tasks. Although considerable efforts 

have been devoted to achieve this crucial transformation*), reasonable yields were obtained only 

for highly reactive primary alcohols. Furthermore. a serious obstacle has been caused by the 

lack of stereoselectivity which makes a tedious isomer separation unavoidable. 

As part of our project on complex glycolipid synthesis, we recently reported the 

stereoselective synthesis of 2a-glycosides of N-acetylneuraminic acid (NeuAc). the most 

representative of the sialic acid family, using the fluoride 1 which carries C-3 phenylselenyl 

group as a stereocontrolling auxiliary2). This approach presented, for the first time, the avenue 

to the construction of the a-D-NeuAc linkage predictably in a high selectivity. However, the 

efficiency was rather dcterioratcd, when a secondary alcohol was used as a substrate, because of 

the predominant formation of the 2,3-dchydro derivative 2 as a result of the elimination of a 

cationic selenium species. From a comparison of the polarizability of sulfur with that of selenium 

it was expected this tendency to be attcnuatcd by changing the C-3 substituent to a sulfide group. 

WC report herein a highly efficient synthesis of 2a-glycosides of NeuAc by use of 2-halo-38 

phenylthio derivatives 3, 4 and 5. As a common precursor of these compounds, the hemiketal 6 

was chosen and synthesized from 2 in a following manner. At first, 2 was converted to a mixture 

of bromohydrins 7, [a]H +15.1° (c 0.8p) and 8, m.p. 148-15O’C. [a]D -52.8’ (c 0.8) [NBS4), MeCN, 

6O’C; 97%. 7:8=4.1:1]. The axial isomer 7 was treated with thiophenol (2.0 equiv) [t-BuOK (1.5 

equiv), t-BuOH-THF (1:l). 2O”C] to afford 3a-sulfide 9 presumably as a result of an anchimeric 

OBn 

1 X = F, Y=SePh 

3 X = F, Y=SPh 

a X = Cl. Y=SPh 
2 X = Br, Y=SPh 
fi X = OH, Y=SPh 

R 3, R’=Br, R*=H 

k l&H, &Br 

0 R’=SPh, R*=H 
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assistance of the C-2 OH substituent. Compound 9 could be epimerized with remarkable ease 

iDBU(O.1 equiv), toluene, 20°C] to give 3P-sulfide 65) in an 83% yield from 7. On the other hand, 

the equatorial isomer 8 directly afforded 6 in a 45% yield on treatment with thiophenol under a 

similar condition as above. In consequence, the hemiketal with the desired C-3 configuration 6 

was obtained in a 73% overall yield from 2. 6 was then transformed into halides 3 [DAST, 

(ClCH2)2-toluene (1:2), -4O-O”C; 96%, a$=2:1], 46) [(Me2N)3P, CCl4, THP, -78-2O’C; 99%], and 56) 

[(Me2N)3P. CBr4, THP, -78-20°C; 97%]. 

The reactions of 3, 4 and 5 with glycosyl acceptors 107). 118). 121bP) and 1310) were 

examined under various conditions. As shown in table 1, all reactions proceeded 

stercoselectively, giving a-isomers 1411). lSl2), 16’3) and 1814) as major products. The bromide 

5 served best with respect to both the yield and the selectivity. Particularly noteworthy is the 

reaction with the lactose derivative 12, which enabled the introduction of a NeuAc unit to C-3 OH 

the galactose residue in an unprecedentedly high yield. The product 16 represents a common 

trisaccharide part of various gangliosidesl3). Even a severely congested galactose derivative 13 

0 

g, 

00 x 
I4 ‘J 

BnO 

U 

12 : YSPh 12 : lkm. Y&Ph 

12 : Yd 19 : R.Bil, Y&l 
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Table 1 Results of glycosylation reactions 

entrya) halideb) acceptorb) promotere) 
1 3c) 10 A 
2 3c) 10 A 
3 3c) 10 A 

4 3d) 12 A 

5 4 10 B 
6 4 10 C 
I 4 11 C 

8 4 12 C 

9 5 10 C 

10 5 12 C 

11 5 13 C 

solvent 
Et20 

(CtCH2)2 
CC4 

CC4 

CC4 
CC4 
CC4 

cc4 
cc4 

cc4 

a4 

temp(“C) 
20 
20 
20 

20 

20 
30 
40 

40 

20 

20 

20 

time(h) product 
18 14 
18 14 
18 14 

18 
16 
17 

18 14 
12 14 
40 15 

40 
16 
17 

18 14 

18 16 
17 

18 18 

yieldf) a : ph) 
5659) 7:l 
5848) 20: 1 
72Rag) 20: 1 
45% 3.5: 1 
5% i) 

52% i) 
46% 0 
71% 0 
64% 30 : 1 

2% 0 
72% 0 
78% 0 
2:: i) 

i) 

a) All reactions were carried out under atmosphere of dry nitrogen in the presence of molecular sieves 4A. b) 
Molar ratio of halide: acceptor was 1:1.6. c) An anomeric mixture (a$=2:1) was used. d) Pure a-anomer was used. 
e) A: AgOTf (2.0 equiv)-SnC12 (2.0 equiv). B: AgOTf (2.0 equiv). C: Hg(CN)2(1.6 equiv)-HgBr2(0.5 equiv). f) Based 
on used halides except in entry l-3. g) Yields were based on consumed 3. h) Determined by individual isomer 
separation. i) Corresponding g-isomers could not be detected. 

afforded the product 18 stereoselectively. Although the yield was only modest, this result is 

remarkable since none of previous studies succeeded in attaching ,an a-NeuAc residue to 2,4,6- 

triprotected-D-galactopyranosideslc)f6). 

Sulfide groups of these products could be removed by tin hydride reduction and the 

stereochemistry was confirmed as follows. Thus, 14 was treated with PhgSnH [AIBN. toluene, 

100°C] to afford 19 (97% based on 79% conversion) which was reported previously2). Similarly, 

15, 16 and 18 gave 2O*7), 2118) and 2219), respectively. These were further transformed into 

the heptaacctate 232) and fully deprotected compounds 241b)2) and 2S*b) in a straightforward 

manner. 

The results obtained here clearly demonstrates the highly expedient nature of the halides 

3, 4 and 5 as NeuAc synthons. Further application of this method to the synthesis of sialic acid 

containing glycolipids is under current investigations. 
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