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Abstract

Reductive ring opening reactions of 4,6-O-benzylidene-protected carbohydrates to the corresponding
benzyl ethers using trialkylsilane derivatives were examined. When Et3SiH(or PS-DESTM)-TfOH was used,
6-O-benzyl ethers with 4-hydroxy unsubstituted were obtained, while, when Et3SiH(or PS-DESTM)-PhBCl2
was used, 4-O-benzyl ethers with 6-hydroxy unsubstituted were obtained in quantitative yield with excellent
selectivity. # 2000 Elsevier Science Ltd. All rights reserved.

Recently, the protein carbohydrate recognition process was revealed to be involved in various
biological responses, and has become the target of much attention.1 We focused on the interac-
tion between sialyl Lewis X (SLex, Neu5Aca2-3Galb1-4(Fuca1-3)GlcNAc) and E-selectin which
is expressed on the surface of endothelial cells during in¯ammation.2 We have suggested that
SLex-polysaccharide conjugates should be useful as homing devices for an active targeting drug
delivery system (DDS) to in¯ammatory lesions.3 To our knowledge, this is the ®rst experimental
evidence of SLex being useful as a DDS homing device.
As part of our program to develop SLex-polysaccharide conjugates, we conducted the selective

ring opening reaction of 4,6-O-benzylidene acetals of Fuca1-3GlcNAc (i) to the corresponding 6-O-
benzyl ether derivative, which was a useful intermediate for the synthesis of 1-4 linked oligo-
saccharide (ii) (Fig. 1).
Reductive ring opening of benzylidene acetals requires NaBH3CN±HCl4 or Et3SiH±TFA.5

However, NaBH3CN is a hazardous chemical that precludes its use on a large scale, and the
reaction of 1 using Et3SiH±TFA resulted in poor yield (40±50%) of the desired product. Thus, a
selective method was needed to prepare 6-O-benzyl-4-hydroxy derivatives. Also, many 1±6-linked
oligosaccharides exist in nature, and the development of an e�cient method for synthesizing these
compounds is important in the area of carbohydrate chemistry.6 Here we describe the selective ring
opening reaction of 4,6-O-benzylidene acetal in carbohydrates using Et3SiH as a reductive reagent.

0040-4039/00/$ - see front matter # 2000 Elsevier Science Ltd. All rights reserved.

PI I : S0040-4039(00 )00877-7

Tetrahedron Letters 41 (2000) 5547±5551

* Corresponding author. E-mail: masahiro.sakagami@shionogi.co.jp



First, the reductive ring opening reaction was attempted using the 4,6-O-benzylidene acetal of 1
which is the important intermediate in the synthesis of SLex-derivative. When TfOH was used at
^78�C as an acid,7 compound 1 was e�ciently converted to the corresponding 6-O-benzyl-4-
hydroxy derivative 2 in high yield with excellent selectivity (Scheme 1). However, when TfOH was
used at 0�C, 2 decomposed to give fucose derivative 4. On the other hand, using PhBCl2 as an
acid, the corresponding 4-O-benzyl-6-hydroxy derivative 3 was obtained in almost quantitative
yield with excellent selectivity (Table 1, Entries 1 and 7). The ®ve boron reagents displayed dif-
ferences in regioselectivity (Table 1, Entries 3, 7, 8 and 9). Also, the use of activated molecular
sieves was important in these reactions. When they were not used, for instance, the yield of 2 in
the reaction of Entry 1 decreased to ca. 60%.8 The regioselectivity may be due to the relative
acidities and steric factor of O-4.9

Figure 1.

Scheme 1.

Table 1
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Other sugars were explored, with results similar to the case of fucosyl GlcNAc derivatives 1.
Using TfOH or PhBCl2 as an acid led to high yield of the corresponding 6-O-benzyl-4-hydroxy or
4-O-benzyl-6-hydroxy derivative with excellent selectivity (Table 2). There was no reaction when
galactose compound 6 and 7 were subjected to Et3SiH±TFA.5 By changing the acid from TFA to
TfOH, the reaction took place smoothly to give the desired product in high yield with excellent
selectivity (Table 2, Entries 2 and 3). Moreover, though BH3±Bu2BOTf was reported to be an
e�cient reagent for reductively cleaving 4,6-O-benzylidene-protected carbohydrates to the corre-
sponding 4-O-benzyl derivatives,10 our system using PhBCl2 was found to also be widely applicable.
However, when EtCN was used as the solvent (Table 2, Entry 8), the reaction almost did not take
place because PhBCl2 was coordinated with the nitrile group of EtCN, and thus the Lewis acidity
of PhBCl2 was lowered (Scheme 2).11

Recently, rapid progress has been made in solid-phase organic synthesis,12 and in the area of
combinatorial chemistry, the utility of the polymer-supported reagent is well-recognized because
of the ease of the workup and separation of products and reagent. To expand application of solid
phase organic synthesis, the ring opening reaction using PS-DESTM was examined (Scheme 3).13

As shown in Table 3, the reaction using PS-DESTM was equivalent to the case of Et3SiH. On
the other hand, using iPr3SiH, a bulky alkylsilane derivative, resulted in an extremely reduced
conversion yield (Table 3, Entry 6).14 These results showed that the polymer-supported trialkyl-
silane derivative was e�ective for this reduction, and the choice of silane reagent was also
important.

Table 2

Scheme 2.
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In summary, when a suitable Lewis acid is used in the presence of trialkylsilane derivative, 4,6-
O-benzylidene-protected carbohydrates can be converted to the desired corresponding O-benzyl
ethers in high yield with excellent selectivity. These methods should be useful for synthesizing
various oligosaccharides.14
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