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NEURAMINIC ACID WITH THE PRIMARY AND SECONDARY HYDROXYL GROUPS IN

THE SUITABLY PROTECTED GALACTOSE AND LACTOSE DERIVATIVES
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Development of an efficient a-glycoside synthesis of sialic acids is

critically significant for the syntheses of sialoglycoconjugates, especially

gangliosides which carry important biological functions in biological

systems. Previously, we demonstrated a new a-glycosylation of sialic

acids by use of dimethyl(methylthio)sulfonium triflate (DMTST) as the

glycosyl promoter, the suitably protected glycosyl acceptors and the methyl

2-thioglycoside 1_ of N-acetylneuraminic acid (NeuSAc) as the donor in

acetonitrile under kinetically controlled conditions, and accomplished

the syntheses of a variety of gangliosides and their analogs.

Recently, N-iodosuccinimide (NIS)-trifluoromethanesulfonic acid (TfOH)

was introduced ' as a powerful glycosyl promoter for the thioglycosides

and n-pentenyl glycosides as the donors. Now we report here on reactivity

of DMTST and NIS in regio- and a-stereoselective glycosylation of Neu5Ac

with the suitably protected galactose and lactose derivatives. Methyl

(methyl 5-acetamido-A,7,8,9-tetra-O-acetyl-3,5-dideoxv-D-Rlycero-D-Ralacto-

2-nonulopyranosid)onate (1_) as the donor, and 2-(trimethylsilyl)ethyl

6-0-benzoyl-a-D-galactopyranoside (2), 2-(trimethylsilyl)ethyl 3-0-benzoyl-

B-D-galactopyranoside (.2)* 2-(trimethylsilyl)ethyl 3-O-benzyl-B-D-galacto-
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pyranoside7 (4^, and 2-(trimethylsilyl)ethyl 0-(2,6-di-0-benzyl-fl-D-galacto-
o

pyranosyl)-(l-4)-2,3,6-tri-0-benzyl-B-g-glucopyranoside (5_) as the suitably

protected glycosyl acceptors were selected for this purpose.

The results in Table show that, when NIS-TfOH is applied as the

promoter in acetonitrile, less reactive secondary hydroxyl groups (entries

2 and 12) and a hindered primary hydroxyl group (entry 5) are glycosylated

regio- and a-stereoselectively in high yields, respectively, However with a

less hindered primary hydroxyl group in acceptor {*_ (entry 8) an anomeric mix-

ture of disaccharides £ and l_0 (a : B = 2 : 1) results. A similar regio-

and a-stereoselective glycosylation (entries 1, 4, 7, and 11) has been ob-

served in DMTST-promoted reactions in acetonitrile, indicating an analogous

reaction mechanism of both of the thiophilic promoters. On the contrary,

when dichloromethane (entries 6 and 9) in the place of acetonitrile is used

as solvent, substantial amounts of the B-glycoside are formed, and the rate

(a:B = 32:50) of thermodynamically stable B-glycoside of Neu5Ac is in-

creased vith rise of the reaction temperature (entry 10).

A reasonable reaction mechanism for affording the thermodynamically

unfavorable a-glycoside of Neu5Ac stereoselectively, by use of the methyl

2-thioglycoside 1_ of Neu5Ac and the thiophilic promoters in acetonitrile,

is rationalised as follows (Scheme); when the donor 1̂  is treated with
9 10

the promoters in acetonitrile at low temperature, acetonitrium ions '

(d and e) are formed, via intermediates £, t>, and c_, and the equilibrium

lies so far to B-acetonitrium ion d, that Sfj2 displacement undergoes at the

anomeric center, to form the a-glycoside of Neu5Ac. In this respect it has

been demonstrated that use of acetonitrile as solvent in low-temperature

glycosylation of the methyl 2-thioglycoside of NeuSAc using the thiophilic

glycosyl promoters leads to enhanced a-selectivity.

On the other hand, the reactive alcohol (entries 7 and 8) can attack

the intermediates a and c or b and £, along with d and e, consequently

the increased amount of B-glycoside of Neu5Ac is formed. In addition,

using dichloromethane as the solvent (entries 6, 9, and 10), nucleophile

will react with the intermediates b and £, to give an anomeric mixture of

glycoside non-stereoselectively.

In conclusion, it is noteworthy that regio- and a-stereoselective

glycosylation of Neu5Ac with the sterically hindered and less reactive

hydroxyl groups in galactose and lactose derivatives was achieved in high

yield by using an anomeric mixture (a:B = 1:1) of the methyl 2-thioglycoside

1_ of Neu5Ac and the suitably protected acceptors, with the thiophilic pro-

moters (NIS and DMTST) in acetonitrile under kinetically controlled
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Table
NIS-TfOH and DMTST Promoted Glycosylationa of Neu5Ac Using the Methyl

2-Thioglycoside 1 of Neu5Ac

Entry

l c

2

3
4c

5

6

Acceptor

2

2

2

3

3

3

Promoter

DMTST

NIS

NIS

DMTST

NIS

NIS

Solvent

CH3CN

CH3CN

CH2CI2
CH3CN

CH3CN

CH2CI2

Product

6

6

6

7

7

7,8

a
52

61
16

70
59
49

d&(%)

P
0

0

0

0

0

25

7

8

9

10

4

4

4

4

DMTST

NIS

NIS

NIS

CH3CN

CH3CN

CH2CI2

CH2CI2

9,10
9,10
9,10
9,10

50

51

43

32

15

26

45

50

11

12

5

5

DMTST

NIS

CH3CN

CH3CN

11
11

CO2MeDMTST

OAc

a : P = l : l

NIS

CH3

C
+ N

CO2Me
•-SMe

Me

a CO2

Me

30
59

8

10
a Reactions were performed at -40 °C, except entry 10 (-20 °C).
b Isolated yields.
c Ref. 2b.

OAc
C

Nu"
>CO,Me

>£.

a - glycoside

Scheme

- glycoside
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conditions. On efficacy of the glycosyl promoters, NIS-TfOH seems to be

superior to DMTST in the case of glycosylation of Neu5Ac with the less-

reactive hydroxyl acceptors. Compounds 6_, 7.> ar>d .11. obtained here in good
A 7 11

yields, have been widely used ' ' for the ganglioside syntheses.

The new compounds synthesized gave elemental analyses, IR and NMR

data in agreement with structures assigned.

General elycosylation procedure:

A) DMTST-promoted glycosylation

To a solution of donor (5.2 mmol) and acceptor (2.6 mmol) in dry

acetonitrile (20 mL) was added powdered molecular sieves 3A (3 g), and the

mixture was stirred for 5 h at room temperature, and then cooled to -40 °C.

To the cooled mixture was added DMTST (15 mmol), and the mixture was stir-

red for 17 h at -15 °C. The precipitate was filtered off, and washed with

dichloromethane. The filtrate and washings were combined, and successively

washed with H sodium carbonate and water, dried (Na2SO/,), and concentrated.

The product was purified by silica gel column chromatography.

B) NIS-TfOH-promoted glycosylation

To a solution of donor (3.2 mmol) and acceptor (1.9 mmol) in dry

acetonitrile (or dichloromethane)(15 mL) was added powdered molecular

sieves 3A (2.3 g), and the mixture was stirred for 5 h at room temperature,

and then cooled to -40 °C. To the cooled mixture were added NIS (6.4 mmol)

and TfOH (0.64 mmol), and the mixture was stirred for 2 h at -40 °C.

A similar work-up as described above gave the product.
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